
._

%%fA
% *...$

U NIT E D STATES

N UCLE AR R EG UL ATO RY COMMISSION

in the matter of:

EVIDENTIARY HEARING AT

SACRAMENTO MUNICIPAL

I UTILITY DISTRICT

(RANCHO SECO)
DOCKET NO. 50-312

Place: Sacramento, Ca.

Date: Tues., Feb. 26, 1980 Pages: 165 - 279

INTERNATIONAL VER84 TIM REPORTERS. INC.
C 199 SOUTH CAPITCL STREET. S. W. SUITE 107

WASHINGTON, D. C. 20002

202 A%3550

8 0 0 31 10 ]p



165
1

2 UNITED STATES
|- a

3 NUCLEAR REGULATORY COMMISSION

4
_________________________________x

5
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20
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21

ELIZABETH BOWERS, Chairnerson

22
MR. FREDERICK J. SHON, Member

23
DR. RICHARD F. COLE, Member

24
L

25



i

|
>

9

,

f

~ !?
APPEARANCES OF PARTIES,

,

6 ,

'

,'3.S. NUCLEAR REGULATORY COMMISSION

"I*

|
Steohen Lewis, Esq. i

_ ; Richard J. Black, Esq. |
| Office of Executive Legal Director ,

, ]: .
Washington, D. C.

c
a
.

.

7'

SACRAMENTO MUNICIPAL UTILITY DISTRICT ;

3i
'

Thomas A. Baxter, Esq.
9 Shaw,- Pittman, Potts & Trowbridge, Esgs.

| 1900 M Street, N.W.
10 ; Washington, D. C. 20036 .

!

I
11 ! i

I
12 , STATE OF CALIFORNIA |

,

t CALIFORNIA ENERGY CCMMISSION
I

13
Chrirtocher Ellison, Esq. I

ta [ Office of General Counsel
i 1111 Howe Avenue

.-| Sacramento, California 95825 |10
4

Y
1

Lawrence N. Lanpher, Esc. :.,

to - i

Hill, Christopher & Phillips, P.C. !

1900 M Street, N.N. |,,
\1

Washington, D. C. 20036 |
| i

18 ! I
i !

|

19 i !
i !

20
i
,

l ,

,

22

.n. |
,
I

24 i

|II I
23 ,

:,

|
i
f

I



167

1

WITNESSES

2
NAME PAGE

3

4 Mr. Ellison 183

Mr. Lewis 1835

Mr. Baxter 1886

Mr. Crary 1897

Mr. Minor 198
8

Mr. Combatalade 202g

r. us 204
10

Mr. Seal 206

Ms. Price 207

Mr. Vande rvelden 210
13

Mr. Vanvleck 225
14

Mr. Keogh 227

Mr. Caples 230
16

Ms. Moose 231
17

Mr. Grabow 234
18

Mr. Whitecloud 239
19

Mr. Will 245
20

Ms. Moore 246
21

Mr. Bodi 249
22

Mr. Grabow 252
23

Mrs. Leshan 255
24

Mrs. Hubbard 258
25

_ _ _ _ . . . _ . _ _ _ _ . _ _ _ _ _ . . _ . _ _ . . _ . . _ . . . . _ . . _. _ . . . . _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ . . _ .



__. _ - .

167-A

I NAME PAGE

2 Ms. Hughes 262

3 Mr. Hill 264

4 Mr. Kotila 266

5 Mrs. Leshan 269

6 Mr. Baxter 269

7 Dr. Schuster 274

8 Mr. Hill 277

9 Mrs. Leshan 278 -

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

. . . . _ . . . - . . . . . . . . . - - - .- - - _ . . .. . - - - - . - - - - - .



!

I

1 P R O C E E D_ I ,N G S_ !

: :
'

2 CHAIRPERSON BOWER: We would like to begin.
;
.

i

3 Now, I am going to repeat very briefly the intro-

4 i duction of the Board. Some of you, I am sure, have been !
l

5i here at other proceedings. You were here, perhaps, February ,

! ,

6 6, when we had a prehearing conference. But, for those of

|

7 you who are attending for the first time, I will briefly
;

g introduce the Board and then, call for appearance of the |

| t

9| parties. i

!
10 My name is Elizabeth Bowers, I am a lawyer, and

I am a Member of the Kansas Bar. I have been involved in13
|

Federal Administrative hearings for approximately 28 years. i,3
..

;

l

The first 15 years as Government Trial Counsel and the last i

13

12 or so years as hes' ding Officer for various departments.g

I have been in this program almost 8 years.g
I

] On my right, is Mr. Federick Shon. He is an
!

engineer who is an expert in nuclear reactors. He has had'

a long and distinguished career in private industry and in

Government. As I mentioned February 6, this is almost

like coming home for him, because he spent a number of years -

I! at the Lawrence Livermoore Laboratory.
-- 21 !

lil
i =. g |

On my left, is Dr. Richard F. Cole, he is an |

;E, 22 |-

3| |!
iE environmental engineer. When he was on the facuity of the

| 23 , |

|$f University of North Carolina Chapel Hill, he was asked to f
'

-E 24
setupaspecialprograminGuadamalaonenvironmentalconcerns.j

.

!I !I 9 ::1

Il

a
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l He spent 4 years there before returning to
i

2 Chapel Hill. Both Mr. Shon and Dr. Cole have been with this i

3 program over 7 years.

4 Now, let me call for appearances the parties, f
5 Is the licensee present?

6 MR. BAXTER: Mrs. Bowers and Members of the Board,
,

7 appearing on behalf of the licensee of Sacramento Municipal |

!
8! Utility District, I am Thomas A. Baxter and to my right j

' I

9 is Lex K. Larson. We are of the firm Shaw, Pittmen, Potts

|
'10 & Troubridge.
,

'11 CHAIRPERSON BCWER: Is the NRC Staff present?

12 MR. LEWIS: Mrs. Bowers and Members of the Board, j

l

13 my name is Steven Lewis. I am accompanied by Richard Black,

14 we are Counsel for the NRC Staff. We also have with us Mr. ,

!
,

15 Robert Capra, who is the project manager for this proceeding.

16 CHAIRPERSON BOWER: Is the California Energy Com-

17 mission Energy Commission present?
|

18 MR. ELLISON: Yes, Mrs. Bowers. My name is |,
'

|

19 Christopher Ellison, I am Counsel for the California Energy

V: 20 Commission. On my right is Mr. Clifford Webb, who is the
-. ,

ef I

EI project manager for the Commission on this proceeding. |2111 :

{ {"j CHAIRPERSON BOWER: Now, at our prehearing conference22
351

n February 6, we were dismayed to learn that one of the fj!j 23
Wis i

5si public interest intervenor groups Hursh & Castro decided,,

;l
.*

I
to withdraw from this proceeding.iI ,5 |

,

k
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c( '

I

1 A week ago, I had a phone call from public informa- ;
!

2 tion specialist if our Bethezda, Maryland office telling me |
t

3 chat she had been informed by a Sacramento reporter that

4 Friends of the Earth, FOE represented by Mr. Reme had scheduled

5 a press conference for the next day and he understood that the

6 purpose of the conference was to announce that they were with-
,

'

7 drawing from the proceeding. I
I
.

I

8 We have heard nothing from them. We did leave very |
t.

9| early Monday morning to come here, and so, if something was |
|

.

10 filed we simply didn't receive it. Let me check with the !
.

11 parties.
.

13 | Mr. Lewis,do you have any information on this?
|

13 Sir, are you part of FOE? i

!

MR. VANDERVELDEN: As a matter of fact, yes, I am.14
I

15 |
We did on February 19 mail a letter to you indicating our

t

16 p sition with regard to this and I think, I may address

'
that letter when it is more appropriate during the limited

17

!appearance section.18

CHAIRPERSON BOWER: But, you are no longer proceeding;yj
,.

as a party, is that correct?'

jg 20
i

.! ,

MR. VANDERVELDEN: Yes, I think we make that rather

[[l
i

2
I= t

2 50 clear in the letter. I don't think that you probably did get
3,

II* ~~i
!3! the letter.
5!| 23 |
25s | .

CHAIRPERSON BOWER: We didn't. |j:; |- 24 I
ij ll

$g || MR. VANDERVELDEN: I may have copies for you, ifyouf
,c, q ,- .

!I
'

l '
'

h.L
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!

I would like?
|

2 I think I may have some copies.
i

3 MP. COLE: Is that a copy of the letter?
i

4 MR. VANDERVELDEN: Yes, sir. !
!

CHAIRFEPSON BOWER: It is a long letter, we don't |5j
6|

'

I want to take time now to read the whole thing, we can read

7 it at the midmorning recess.
|

MR. VANDERVELDEN: I will summarize it.8,

| I

9; MR. BAXTER: Mrs. Bowers, could we have an identi-
|

|
fication for the record of the person in the audience?

10 |
!

1; | CHAIRT ERSON DOWER: Sir, will you please identify i

12 yourself?

|
MR. VANDERVELDEN: My name is Mark Vandervelden, 1

13 |
I f

a Sacramento representative for Friends of the Earth.14
I

15 h CHAIRPERSON BOWER: Well, we mentioned February 6.
I t

We w uld like to proceed. Now at our prehearing
16

't

;7 [ conference February 6, when the question of opening statements

by the parties came up we said that we understood why the
83

!

parries might feel it was appropriate to make an opening
79

statement, but we want that to be very, very brief. We !

0

||1
'

are here today and we will be here this evening and tomorrow

l-
25g to hear limited appearance statements from the general public.,,
I:n ~~

:E-
I"! j But, before we actually start I would like to mention.
5!! 23 > i

!

ar*|
i

|| | something briefly. This is not a town meeting hall. This |
;g 24 j
!| is not forum where you show your support or your disapproval

25*

b '

Il
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I by applause or laughter or booing or whatever you think

2 is appropriate at the time. There will be an opportunity
I

3 at recesses and at the luncheon break to speak to those j

4 who have spoken that you wish to express your support or !
l

5 opposition. !

:

I This is a judicial proceeding. In all Federal6

7 Government departments and agencies, these administrative
'

8|: hearings are conducted by one person, a Federal Administrative j
l

,

9| Law Judge. Because of the technical questions in the matters j

|
10 that we consider, Congress decided in its wisdom many years

11 ago that our proceedings should be conducted by a three-person

12 Board. A lawyer who has had experience in Administrative

13 hearings, and the appropriate technical people for the :
)
,

14 particular hearing.
'

I

15|| I want to emphasize that this is a judicial proceeding,

16 we want a verbatim transcript, we want to hear every word you

'

17 have to say. The best way we can do that is for the audience

to remain silent as if you were in a rederal Court.
18

Now, another point I would like to make, if there
19

is any disruption of any kind, you are doing a disservice
}g 20
.:
EI to those who wish to make limited appearance statements, because

31
bl

-

iso the time has been set for these two days. We want to hear
2.,

3-
-I,! i

! from as many people as we possibly can.
>|| .3 |

, ,

-

Wia f

Mr. Baxter? ||?i .{. , ,
j--

i| i

jg MR. BAXTER: Mrs. Bowers, my opening remarks will be '
,5 g-

i

i
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1 brief because we, too, are interested in proceeding with
;
t

2 the limited appearance statements by members of the public. '

1

3 I advised you at the prehearing conference on
'

4 February 6,that licensee would like the opportunity to present I
!

5 an additional opening statement by a representative of the !

6 District's management. In order that we do not interfere

7 with public statements today, however, we will defer with f
!

8 your permission the opening statement of John J. Mattimoe, ,

9 Assistant General Manager and Chief Engineer of the District, i

i
'

i

10 until the afternoon session of tomorrow's hearing. :
:

11 I have, however, distributed today to the Board

12 and the parties copies of Mr. Matthee's remarks. In addition, :

I

13 copies of his statements are available on the side of the room !

14 and we invite members of the audience to have a copy.
;

15 First, I would like to briefly review the history

16 of this case, because I feel it is important for members of

i

17 the audience here to understand how we got here and why, ini ,

l

18 my view, there is integrity to this process in which we have
,

all been so heavily engaged in recent months.19

I Immediately following the accident last year at
]; 20

t

.:
$1 Unit 2 of the Three Mile Island Nuclear Generating Station,

2111
j[E-

the Nuclear Regulatory Commission became concerned with theu 22
S

'

f 23
apability of reactors designed by Babcock & Wilcox to respond

vsi :

isi to transients such as a loss of feedwater. I
24 |--

E! II

-is ; On April 28, 1979, the District shut down Ranchn,_
.1

i

!
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I

'
,

1 Aacn Nuclear Generating Station, another B & W reactor.

2 On May 7, the NRC is.3ued a nunber of orders confirming the

3 shutdown of all B & W reactors. 2ne order directed the

District to undertake certain so-called short-term modifications'4

i

3 at Rancho Seco before the plant could be returned to |

6 service.
.

7 The District implemented these modifications, the !
!
!

8 NRC Staff confirmed that they were completed satisfactorily, j
l

9 and Rancho Seco was returned to service of July 5, 1979.
!

10 In addition, the May 7 order directed the District -

i

11 to undertake certain long term actions not directly related
-

12 to safety to enhance the plan's capability to respond to |
!

13 feedwater transients. Most of these long term actions have I

!

14 been completed and the remaider are well along in the

15 implementation process.

,

16 i The May 7 order was made effective immediately but
I

-

17 the Commission provided that any person who's interest might j
!

'

18 be effected could request a hearing with respect to the order.

19 |
Hearing requests were filed and on June 21, the Commission

i

V 3 20 !
directed the establishment of an atomic safety and licensing

gr .

board to rule on the hearing requests. Pursuant to standards ;

:|| 2 2 |!)
,

j[is..j-
set forth in the Rules of Practice and to conduct any hearing

22
I

! required.}!j 23
,

#55 |
!?I | The Commission also specified that three fundamental !

9,

SI ~'
i !

ca -

I issues to be considered if the hearing were held. One, ifj3 25
a

1

a '



'
!

|

/ 173

1 the short term modifications provide reasonable assurance !

|

|2 pending completion to the long term actions, that the
|

3 facility will respond safely to feedwater transients.

4 Second, whether the licensee should be required !
i

5 to implement the long term actions as promptly as practicable. '

,

6 Third, whether the long term actions provide continued

'

7 reasonable assurance that the facility will respond safely
i

!

8 to feedwater transients. ;

!
I,

9| In addition, at an open meeting held last July, ;

,

I

10 the Commission stated that the Board was not foreclosed from .'

11 considering the question of licensee management competence.

12 There has never been any question that these issues :
I

!

13 specified by the NRC last spring define the scope of any hear- !
_

'

14 ing to be held as a result of the May 7 order.
.

15 Following a conference held here in Sacramento
u

16 in early August, the Board determined that each of the request-

'

17 ing parties met the Commission standards for intervention in
I
.

such proceedings and concluded that a hearing would be held.
18

The Board also granted that a request by the California Energyyg
;

! Commission to participate in these proceedings as a represent- i

}; 20
.:
'l ative of an interested state under provisions of the Commission s

2111 ,

f:w rules which afford an opportunity for such a representative to !
Is 22 :

i-e

! participate without taking a position on the issues.
3-

via I !

5;; 2 4 y. In that capacity, the Energy Commission has raised
:: ,

15 |
gg certain questions to which we will respond here with evidence.

,
'

a

!

c :
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1 In early October, the Board issued a lengthy order
i

2 ruling on the various contentions raised by the intervenors ;

I

!
3 and admitted as matters in controversy to be decided here, ,

i

4 those which were within the scope of the issues specified by |'
|

5 the Commission. i

i

6 Altogether, some 35 contentions and issues were

7 raised and admitted. Later, the Board itself raised questions i

8 within the scope of these issues and contentions to which
!

9| licensee and the NRC Staff are directed to respond with
|

10 testimony.
.

These issues are broad in scope as well as many in |
11

12 number. They address many fundamental aspects of the B & W ;

i

|

13 design and of the balance of plant design at Rancho Seco. j

The training and competence of Rancho Seco operaters and manage14
,

15 ment, the adequacy of plant emergency and other operating
,

I '

16 procedures, the design and contiguration of the control room,

and the adequacy of the diagnostic information and controls
17

I

available to the operators.
18

Virtually, the only significant issue which the
19

'Board decided not to hear, was offsite emergency planning.
jg 20
s-
El The Board rejected this issue because the Commission is addres-!

2y
11
E[" sing the adequacy of its emergency planning standards generic-

2*7
I

!r*533 ally in a rule making proceeding.=.!i 23
15!
isi

At the same time, agencies of the State of California
3 ',

li i
~

are conducting hearings on revisions to the State's emergencyea
is ,..c- i

'
||
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|

1 plans. One such hearing was held here in Sacramento earlier ;

i

2 this month. |

!
!

3 On the basis of the NRC's new rulemaking proceeding

4 initiated in December the Energy Commission subsequently |
i

3 withdrew its appeal of the Board's ruling on this question. j

i

6 From early October, when the contentions were

'

'.nuary, the parties have been busy with7 defined, until mid '

8 the discovery process. Exchanging relevant information about

i I

g| the issues. During this period the District answered the |

10 questions posed by other parties. Made available drawers full
:

11 f documents for inspection and copying and cooperated with 1

12 requests for inspection of the plant itself. i

I

In addition, three Rancho Seco operators voluntarily i
.3 |
.

agreed to testify on their day off without the issuance of
1 ,, ,

i
a subpoena at depositions called by the California Energy '

15

Commission.,,.o

i So, from our standpoint, the development of the
7

i

issues here and the exchange of information relevant to those 1
18 i

issues, has been full, open, and vigorously pursued by the

! Board, the Energy Commission, the intervenors, and the f
- ||. licensee. |

21
-

-|tl
E ". g It does not detract from the integrity of this
;, 24

,

-e

5 !||
i: hearing that the Commission does not intend it to be another ,

23 |

|S! full scale investigation of the accident of Three Mile Island. I

E" 24

f This task was undertaken by the President's Commission,
I 25I ,

'
.

f
il
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I

1 several committees of the Congress, the NR*'s own special |'

t
!

2 inquiry group under the direction of Mitchell Rigovin, and {
:
i

3 several divisions of the Commissions Staft. !

!

4 Neither is it appropriate or in the public interest

5 for a hearing on this one plant to attempt to resolve the |

1

6 many important issues not unique to Babcock & Wilcox's

7 reactors which are now being examined and acted upon by the |
.
I

8 nuclear industry and the NRC. |
i

9| These are not being ignored. Proceedings to consideri
i

|
10 proposed rule changes will be initiated. The NRC Staff i

,

! has presented the Commission with a proposed action plan11

12 to respond to and implement the recommendations of the various i
i

13 investigative groups I have mentioned. i

i
Many of the short term recommendations of the TMI 2

14 | :
|

i
Lessons Learned Task Force are being implemented right now at15

Rancho Seco during the current refueling outage as ordered by16
'

the Commission on January 2.
17

The testimony filed by the NRC Staff in this case
18

pr vides the Board, the parties, and the public with a wealth
19 !

f inf rmation on the status of these many activities as they
V: 20
-.

er .',

!!- 21 ( apply to Rancho Seco.

I=i i

I$d This is not, however, a proceeding to determine |33

lia ;**

the adequacy of or our compliance with the Lessons Learned ;
23

iEI |
'

{!; Task Force recommendations.
-: 24 ,

11 i:jg Bulletins issued by the Office of Inspection and
,_

, ,

!

,
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l)-
1 Enforcement, or the wisdom of all of the actions under !

|

2 consideration by the Staff and licensee. |
i

3 Certainly, these are to some extent relevant to the !

!

4 Board's assessment of the adequacy of the May 7, 1979 order |
!

5 but that finally is the job relegated by the Commission to !
!

f this Board.

7 At this stage of the proceeding with testimony filed

8 we are without any of the parties who originally requested

i

9, this hearing. !

10 Following the withdrawal of Mr. Hursh and Mr. Castro

!
'n February 6, the Board adopted 9 of their contentions as11

I

Board questions to be pursued at this hearing. Now, that ,

13
t

Friends of the Earth at all have withdrawn we have essentially ,

13
i
'

an uncontested case.
14

!

There are no allegations here dut the May 7 order i

5
I

'

is inadequate in any respect. As you well know, the Board'sle,
,

role in the discretionary hearing such as this one, is to
7

i

decide the matters in controversy among the parties and in j
8 !

,

| the process pursue whatever questions it might have directed
,

!.
-

| toward deciding the contentions raised. !

li 20
,

!f We no longer have matters in controversy. Neither |
21

-It
s '. g is this a show cause proceeding. Licensee has not been put
356 22

!! on notice of any dificiency or violation of anv Commission
5|!

i

23 | |
|!|| 24|i

regulation or order to whlch it must answer. ;

;E
ugj j It is clear, I believe, that this proceeding could
1, 2:-

,

'

r,
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I' 1 not have been initiated without a qualified intervenor under i

2 10 CFR Section 2.714. At this point, the Board would be

1
3 acting within the scope of its delegated authority and

!

the Commission's Rules of Practice if it terminated the |4 '
j

|
5 proceeding.

6 There are, after all, no hearings being held on
i

7 the other B & W reactors except for Three Mile Island, because !

a none were requested.
j

g' The District recognizes, however, the substantial

10 ! public interest in this hearing as well as the importance of +

1 !

11 the questions raised by the California Energy Commission and
'

i

12 by the Board itself.

I

13 consequently, we are prepared to perceive to hearing

14 to answer these questions. In fact, we intend with your
,

'

,5 permission to offer our testimony on the Friends of the Earth
-

i

contentions even though *. hey have been withdrawn.,6
!

'

'

Licensee has filed three pieces of testimony. j7,

i

The testimony of Bruce Kerish and Robert Jones from Babcock '

18
.

I

& Wilcox addresses the questions raised with respect to
'

g

i the B & W nuclear steam supply system, f_V:_ 20
i

.j=1[ ,, , | The testimony of Robert A. Dieterich, Senior !
"

1
E ". , Nuclear Engineer in the District's generation engineering

,,

! j o. i 1
-

!3! ! department responds to the questions raised on aspects of the
;!! 23

=

.:! Rancho Seco design.|j ,,
gy * ,

2|E Finally, the testimony of Ronald J. Rodriguez,
25 .

:

e .
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|

f1 the District's Manager of Nuclear Operations, will address

|

2 the competence of Rancho Seco facility management and operatorsj,

l

3 the emergency and other operating procedures employed at the

|4 plant, controlroom configuration and instrumentation of the

5 plant, and the actual performance of systems in response to |

6 feedwater transients.

i
7 The California Energy Commission filed to date

i

a four pieces of testimony. Dr. Harold Lewis of the University

9; of California at Santa Barbara, concludes in his testimony |

|
10 that what hardware problems there were had been largely

,

t

11 remedied by the series of orders that have been mandated by

12 the NRC in the aftermath of Three Mile Island. He suggests

I

that par'.icular attention be given to operators at this point.13

14 The testimony of Mr. Webb and Mr. Mann, both of
,

l
i
I whom are Members of the Energy Commission Staff suggest the, o-
i.

!

need for further studies some of which are already actively16
I
i

underway, ;37
!

-
,

Finally, the testimony of Mr. Minor and Mr. Briden-
8 i

I

| baugh questions the adequacy of operator training at Rancho Seco
'9
,

!

and proposes the installation of three instruments, one of
J: 20

I

|~u
!

| which is being installed during this refueling outage.s

|t|
||

j
2 ". s We believe at the conclusion of the hearing, the i

,,
I:n ~ ~ , i,

-! I record will show that this testimony is contradicted by!8
5!! 23 i ;
aen '

|j| substantial evidence.
, ,,-- .

il
1

g
j The record will also show, we believe, that the

25 -|*

h

d
4



182 |
,

|

1 short and long term actions and modifications directed by the
,

i

2 Commission in its order of May 7, 1979, were adequate to j

f3 provide reasonable assurance that Rancho Seco will respond ,

4 safely to feedwater transients.

5 In conclusion, I would like to mention, Mrs. Bowers, |
,

6 the we have also provided for members of the audience to pick

7 up a copy of each of the three pieces of licensee testimony |
I

|3 that I discussed in my opening statement. These are on the

|
9 side of the room. !

!
'

10 Thank you very much.
,

,

11 CHAIRPERSON BOWERS: They are in the boxes on the

12 side of the room. t

i

13 Mr. Lewis, has California Energy Commission and the

14 Staff decided the pecking order, who goes first?
I

MR. LEWIS: Well, with respect to the general15

16 course of the proceeding normally, I believe that California

'

17 Energy Commission would conduct cross examination and put on
;

their case prior to the NRC Staff.
8 ,

So, if Mr. Ellison wants to speak first, he may.
9

' CHAIRPERSON BOWERS: Fine. Mr. Ellison?

.:
MR. ELLISON: Thank you, Mrs. Bowers.!g- 21- '

I=i i2 ". g The California Energy Commission has filed -- '

,,
Ito 4

i
7E-
!"! CHAIRPERSON BOWERS: Will you please pull the
511 23 | ,

tii | i

);; mike up a little closer? I
2 ,,

il |$" MR. ELLISON: Is that better?I 2502
a

l!
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I

1 CHAIRPERSON BOWERS: Fine. |

|
.

MR. ELLISON: The California Energy Commission has .2
!

l
3 filed a brief opening statement explaining our interest in -

4 this proceeding, listing the witnesses that we intend to |
|
,

'

5 Produce to assist the Board in its inquiry. I am not going

6 to repeat that statement here although we do have some extra
i

1

7 copies available. '

I

8 However, I would like to emphasize that we believe j

9 the importance of this hearing is to decide whether Rancho Seco
e i
l

i

10 can safely respond to feedwater transients today and although, j
|

11 this proceeding was initiated in response to the Commission's
,

12 May 7 order, as we have stated previously in this proceeding, i

i

i

we believe it is very important for the Board to consider the13

actions which have been taken at Rancho Seco, subsequent to
14

that order in evaluating whether it can safely respond to
5

I ,

feedwater transients.
16 I

'
i

!

We do not believe that this inquiry would prove j
'

37

fruitful if the Board were to examine only the May 7 order.
g

We also believe that the actions taken at Rancho Seco to enhance
9

the ability of the facility to respond to feedwater transients i
O

||1
demonstrate that in the view of the NRC, the May 7 order by |

,

1
-

2 ". y | itself was not sufficient to assure the safety of Rancho Seco. ,

,2
lia i*

!3! CHAIRPERSON BOWERS: Thank you, Mr. Ellison.
5!! 23

|

,

,

151 :
Mr. Lewis?

.

3:; j
24

::|
,

*
MR. LEWIS: Mrs. Bowers, we would reserve our right f5 , ,y

.c ;-

f'
i
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!

1 to make a brief opening statement at the time that we commence i
,,

\ ,

2 the presentation of our direct case. ,

I

3 At this time I would simply note that myself and !

4 my associates are available at the break to talk to anybody

5 who has questions of us today and tomorrow and also that
.

6 during the break I will set out extra copies of our testimony

7 which will be available to anybody who might want to pick

!

8 them up. j

i i

9 CHAIRPERSON BOWERS: Mr. Lewis, you are volunteering jI

'

10 : to make an opening statement Thursday morning. It is very ,

11 significant to the Board. We were going to put you on notice

that we are directing the Staff to respond to the motion for12
|

consideration of the CEC 5-2 contention. Now, one of the .

13

primary questions there is whether it does or does not14
i

challenge the regulations. We want the Staff to respond to
15

i

the motion for reconsideration at the opening Thursday
16 ,

morning. So, maybe you can include this in your opening'

.7 |
,

|

statement. ;

18
I '

Let me back up half a minute here. On January 24,
g

the Board issued an order scheduling an evidentiary hearing
O

e

5g! | and that was published on Friday, February 1, 1980 in the

!n I j

2',|i
Federal Register by a 45 page 7356. We recited the issues :i$q

ilia

5|!
! | that will be heard when the evidentiary hearing starts. The

| 23 i j

fh_! | last two paragraphs pertain to our limited appearance state-
,

;|
. , ,

i ! I

g j ments. The public is invited. ,

25 iI

<

i|
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!

!1 The first two days, February 26 and 27 will be
I

2 set aside for limited appearance statements.
t

3 There will be an evening session on Tuesday, February,

4 26, from 7 to 10 p.m. to hear limited appearance statements. !
,

5 Oral statements will be limited to five minutes :
,

6 each but written statements without limitation and length
!
I

7 may be submitted.

I

8 Now, this morning the Board was asked for us to wave !

9 our five minute rule. We said no. If you waive it for one
i
'

10 you have to waive it for everybody and the whole idea is for

11 us to hear from as many people as we can as to what your posi-

12 tion is, what your concerns are in this matter.
I

!

13 Now, let me check and see if there are any other :

14 preliminary matters. We would like to go right in to the

15 limited appearance statements.

!
'

MR. ELLISON: Mrs. Bowers, pardon me?
16

CHAIRPERSON BOWERS: Yes, Mr. Ellison?
17

MR. ELLISON: I do have one procedural preliminary >

18

matter.19
,

As you recall at the prehearing conference, thejg 20
0

.e
El parties agreed that the testimony on CEC Issue 5-2 would be

21 :1*l
IIv | filed today. Since that time, the licensee has filed a !

I:n 32 3. '

.! motion for reconsideration of the Board's ruling on motion!|>.| 23
,

,

ita
1;i I for summary judgment on that issue. We have ;esponded. You

2%
,

>

;! i! ' have this morning directed the Staff to respond to that -

jg
'5

!i

!! i
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A'
|

1 on Thursday morning. In addition, the Staff has also filed

|2 a motion to postpone the filing of that testimony apart from
|

3 the controversy that I just mentioned and in that regard we ;

i

4 do not intend to file our testimony today as we haa previously |
|

5 planned. We have agreed with the Staff that the simultaneous !
t

6 filing of that testimony a week from today, I believe it was,

!
7 is that correct Steve -- is acceptable to us, and provide that

i
!

8 the Board so directs, we will assume that all parties will i

i

9 file testimony on this issue one week from today, unless the |
i

10 Board pursuant to the motion for reconsideration by the licensee

,

11 directs otherwise.

12 CHAIRPERSON BOWERS: You can't hear, is that the i

1
i

13 problem?
|

MR. SHON: I believe you have a telephone call.14

15 Is that right, sir?

CHAIRPERSON BOWERS: You can't hear.16
'

MR. SHON: You can't hear.
3i |

MR. COLE: Can you hear Mr. Ellison?g ,

i :
'

CHAIRPERSON BOWERS: You have to pull the mike
9

f| a little closer, Mr. Ellison.
20

. |

si We recognize in considering the matters pending !2111
23. before us that this filing scedule, of course, was based on

23
1:a
:sg
!"- ther than having a motion of reconsideration in front of us

' 3>=|:a
3:3 and then, go back. We will give our determination on the

24-

1R

$| motion for consideration as soon as we can this hearing. We ,
r 73

h
a i,

I t

I !
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!

I want to hear from the Staff first, on this. :

'
,

'

2 MR. ELLISON: Mrs. Bowers, just to clarify, I presume 'I
i
!

3 there is no need for parties to file their testimony today.
i

4 We will hold our testimony in advance. ,

I
'

5 CHAIRPERSON BOWERS: Now, we have been given a few j

6 names of people who are signed up to give limited appearance
I

7 statements.

8 Mr. Hamilton, can you?
!

9' This is Mr. Paul Hamilton from our Staff, he is the jl

,

||

one who has been getting the names of people who would like'
,

10 | '

i

11 to make limited appearance statements. So, if you will just

contact him, then, he will pass the information on to us.
12 , i

i

13
Now, the first name we have -- let me check, any i

!
other preliminary matters?14

i
>

Mr. Baxter?15 |
'!

16 |
MR. BAXTER: No, Mrs. Bowers.

I
!

CHAIRPERSON BOWERS: Mr. Ellison?
17 t

MR. ELLISON: Well, Mrs. Bowers, there is a possible
yg

preliminary matter which I would like to raise at this time.
19 '

|
This morning Mr. Baxter suggested to me that if ,'.,

V: 20 ,

-.

E! a limited appearances statements do not encompass the entire |.!

21 !

rB{
550 day today, then, he would like to proceed with the evidentiary,,

l i a.
**

!!! 23 ! ortion f the hearing. We would object to that. !
|

fil We understood the schedule to allow for the com-3"i |24;j
is n mencement of the evidentiary hearing on Thursday, and we arejg 3 c. j; ,j '-

9

I
'

a
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I
i

!

l not prepared to begin cross examination of Mr. Kerish and i

i

2 Mr. Jones today or tomorrow. In addition, I would like to

i
3 point out that the Staff has presented us just this morning

4 with a document entitled " Generic Evaluation of Small Great !
l

5 Loss of Coolant Accident Behavior" from Babcock & Wilcox |

6 design 177 FA operationg plants, otherwise known as NUREG
T

7 0565 which is a document that we have been watting for for !

8, sometime and we believe to the cross examination that Mr. |
1 i

Kerish and Mr. Jones. So, for that additional reason |9|
! !

10 we would not be prepared to go forward with that cross j

11 examination today.

12 CHAIRPERSON BOWERS: Mr. Lewis, does the Staff -

h
13 have a position on this matter? '

MR. LEWIS: The Staff might be prepared to proceed14
i

13 with cross examination of B&W panael by tomorrow, we wouldn't

16 be prepared to do it today. We had understood that if

the limited appearance statements did not require all of .,7 !~
,

tomorrow, there would be a commencement of the evidentiary i
18

portion of the hearing.yg
I, we w uld be prepared to begin that cross exam-

J: 20
.

ij ination tomorrow. j21
lil i

(Iv CHAIRPERSON BOWERS: For the whole idea -- Mr. |22

!!"!.
i

!E Baxter?
5!! 23 i
Wil
|;; MR. BAXTER: I simply wanted to add that we would

2
ii

just like you to know that we have the panel here and if it !| i

'

I.
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1 is convenient to make the maximum use of our time, we would i

;

2 be prepared to proceed with them, if the Staff has its cross |
i

3 examination ready or if Members of Board have questions that
I
.

4 they are ready to ask the panel even in the absence of Mr.

5 Ellison's cross examination, we would be ready to put them :

'

6 on today or tomorrow. Nhenever you find it convenient.

7 CHAIRPERSON BOWERS: We don't think it is appropriate |
I.

I

3 to break into the limited appearance statements by putting on !

i

9 piece meal, the expert witnesses for the evidentiary hearing.

10 It does not give us a continuity. Of course, the whole idea

11 of setting aside two days, and only two days, was so you could ,

schedule your expert witnesses and they would not be here ;
12 i

i

over an extended period of time while we were hearing limited i

13 - ,

i

'

14 appearance statements without a date certain.

|
'

15 |
Well, what we would like to ask, the first one i

i

I '

n the list here is Mr. Harold Crary, and the second name,
16

i

17 if y u come up, these are our microphones.'

!

A** Y " M** C' *YI18 )
,

MR. CRARY: Yes.yg
i

| CHAIRPERSON BOWERS: The second name is Mr. Russ !

jg 20
i

. .r
El Minor, if you could come up, and there is an extra chair so i

2111
II. you would be ready.39

!!*!.
~~

> |.1
Will you please for the reporter, please spell .

! !23
!

"|il and if you would like to give your address. |"I your name,,,

|;l
.,

,

'i
[g .5 ||

Remember, five minutes. ;
,

y '-

n
it i

0
'

il !
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1 MR. CRARY: The reporter has my name and my address. f

/
~

2 CHAIRPERSON BOWERS: Can you hear?

I 3 They can't hear, you need to pull the mike closer.
- ,

4 MR. CRARY: The reporter already has my name and

5 address and she will have a copy of this written report j

d

6 that I am about to make.

,

7 According to what you just said, I cannot limit -

I.
i

jS this to five minutes. It is a written report that I want

9 to read.

\\

10 j CHAIRPERSON BOWERS: Can you summarize? {

'.l

i

11 ' MR. CRARY: No. !

t

12 I can possibly get it out in ten minutes. :

|'

CHAIRPERSON BOWERS: Mr. Crary, why don't you i
13

start out and give us as much as you can in five minutes,14
i

and then, we will have the essence of the report in the
15

! !

1 6 |i written document.
'

n

,0 MR. CRARY: My name is Harold Crary and I live ,

*/I |

in Sacramento and I am so old that I can remember when theregg ,

i
' was a Republican in the White House in Washington.

9
I

i A remarkable man was Herb Hoover. He learned how to
_V :

7 0 :
.e

[[1 21 { run an arthmover. He went around damming rivers in his

1-
E;" v rgrown Flivvers. I wish he had been here when they
1: 22

I:E-I"! started building Auburn dam. The dam wuld have been done fif-;
s3 ;,

>
!

.e| I|| teen years ago and would have been producing cheap electricity
,

ii |
~

$| years ago, and SMUD wouldn't be raising their rates the_i,2 ;- .
,

!

!! |
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'

1 first of this coming month.
|

2 We can't complain. Here we are, living in California

3 where we are enjoying the best of all possible fs rms of govern

4 ment. The best form of government is no government at all. !
l

5 For the last six or eight months, that is the kind of govern- !

l

6 ment we have had.

7 Were cny of you folks at the last USNRC meeting on

!

8 February 6? If you were, you heard a report form one of the |
I

9 crunch-bunch in regard to two horrible devestating compounds

I

10 i found near Rancho Seco nuclear plant. !
.

11 One of these was Krypton. The way the man said that !

12 word, sent shivers up and down your spines, and made your
!

13 heart palpitate. You just knew by the way he said that word
,

i

14 it must be something pretty awful.
'

|-

15 He went on to tell about the devestation this dire

16 element would cause if it were spread all over Sacramento.

17 I encountered the word in comic books years ago. It seems
;

that some super person arrived here from a planet beyond18

the farthest star and went around doing incredible feats
19

I

]g 20
- f strength and being mistaken for a plane and a bird and

.: ,

El finally f r a man flying through the air with the speed of21lui .

5 5d light. |33

lia i
"

g Super guy had one weakness. Every six months ;

23 '

W55 .., j he would run out of his miraculous power and have to goiii ,,

;! i.I 0 I

back to his home planet and have his fuel tank filled up withlig i ,

l,,

!

!
i

|
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'

1 Krypton. !

2 I never bothered to look the word up until I heard

|
3 it again at the last meeting on February 6. Until then, '

I

4 I thought it was a word made up by the comic book author. !
!

j5 To my surprise I did discover it in a dictionary. Here

6 is what I found out.

7 Krypton is a colorless, odorless, inert gas found in i
!
!

the air. On e part per million parts of air by volume, j8

If you go higher, there is a little more Krypton. It is alsog

f und in greater concentration around Thermal Springs, and
10

!

in the vacinity of natural springs, and sometimes in the .y

run ff fr m such natural springs. ;2
!

S if y u happen to be down around Rancho Seco and .,

13
!

were looking for it, I don't know how you would tell it because
4

i

it is colorless. If you were looking for it, you would be i
,_.o

!

pretty sure to find it and you couldn't smell it.
, e,. ,

It is inert. Now, if anybody know what that means

when it comes in contact with another element, it doesn't do i
18 i

anything, it just lays there. It just stays still. Inert, !

'
it minds its own business.

]; 20 i

if We all know that air is the mixture of several gases !I- 21
Esi

,

g =, g and when air is cooled minus something or other, and then
I:o 2,4
-c

5f|i: compressed under *.errific pressure, it becomes liquid air.
t 23

sc=
ajs From the liquid air it is possible to extract the Krypton.

E" 24
1[ lj It is used in high intensity lamps, where a brilliant '
2, 25 i-

,

!

,
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i

I

illumination is desired. Now, you can buy one of these |;

high intensity lamps in any chain drag store for $10 or $12
3

i

nd take it home and enjoy all the Krypton radiation you want
3

to right in the privacy of your own living room.
4

Krypton radiation is harmless and quite benign |5
|

and it is very useful to us all. It enables people to read
6

,

in the dark by flipping the switch. j
7

|
I should warn you, however, that these high intensity |

8 |

lamps can be hazardous to your health. If you eat too many |
g

1
! of them.

No wonder they found Krypton at Rancho Seco. You

could find it anywhere on earth in up to 10 or 20 miles
t12

in the air above the earth to the edge of the atmosphere.
13 |

The second terrible discovery, according to this I

14

young person was Potassium iodide. The way he pronounced that !

it made strong men shudder and women moan and wring their hands.I

16 !
If that stuff could get loose, it would do away with fertility

17 |
I

[ in people.
!18 i

I Not only in all the people, but all their sons and
19 |

i their grandsons even to the third or fourth generation. Besides,
'

.V. :. 20

t:I
it would give them all cancer.

21
1*I Potassium Iodide according to this Chicken Little,
g ., |

,

I5 22
35s had been discovered in cow's milk on the Garcia Ranch, near ,

$|| 23 i
iga the Rancho Seco site. I've seen the cows grazing in the

!!" 24

!a pasture so near the plant, that when the wind was right,
1

-

,3 ;

,
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5 I
r

1 their bodies would be wrapped in the steam from the cooling !

!

2 towers. These people took samples of milk from several cows,

3 and discovered Potassium Iodide in every sample. f
,

4 I will guarantee you that every cow on that ranch

5 near Rancho Seco has Potassium Iodide in its milk. I will also
1

i

6 grarantee you that every dairy critter in the United States

|
7 and probably Canada, too, will have Potassium Iodi.de in its

8 milk.
I

9 i Do you know what Potassium Iodide is? Le me explain |
|

lo it to you so you can stop shivering. A long time ago people
I

11 ate Sodium Chloride on their food. Common ordinary table !

12 salt. And then the American Medical Association found out
.

I

I

that sodium caused hardening of the arteries, which in j13

certain circumstances could lead to heart attack.14
I

Consequently, there are probably millions of people '

15
l

right here in California who are on low sodium diets. Human
16

beings being human like salt on their food, SOME ARE17

sodium dieters and I happen to be one of them, switched |g

I to salt containing potassium iodide. You can buy it .

*93

|
in the fad food stores in nice little glass bottles with

1 20

!.) shaker tops, and pay around, oh, about $2, for a four ounce |
,

|t| |
'

I3e bottle of it. You can buy the same potassium iodide salt in I

33, 22 |
i i

>|1-e!23 | any grocery store for 60C for a four ounce package. For!
. |

Wit i

{;; the last 20 years or more, you can buy it in one pound pachagesi
2 ,,

il ;

|| for the same price that sodium chloride salt cost. I buy
,

,2.; ;.-

! l

!
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,

1 mine by the pound and put it in my own salt shaker and I have ;

2 eating around a half an ounce of this stuff every day for the !

i

!3 Past 10 years.
i

4 According, to the Chicken Little at that meeting |
1

5 a couple weeks ago, there is enough potassium iodide in a j

'

6 pound of salt to make eunuchs of all the male population of

7
California overnight, and put the business of pro-creation out j

f business. Besides giving them all cancer, and probably
8

measles, whooping cough and chichen pox. It would wipe out |9 !

the entire human race in less than 30 days.
10

Now, we have a group of people in America called
3,
4

dairy famers. They aren't supermen, or eve pretend to be, but
12

they aren't dummies either. Wehn sodium chloride salt was all f3
!

they could get, they fed it to their cows for the same
4

reason that human beings ate it. It made the cow feed taste
lo.

better, the cow would eat more food and she would give more

milk. hhen potassium iodide came out, it was as cheap as the :

17 t
i

sodium chloride salt, those dairymen fed it to their cows j

18 ;

i for the same reason that human beings ate it. A cow with
19 ) ,

|
hardened arteries would be more apt to suffer a heart attack.

'

'

!.g By giving it the potassium iodide salt, it prolonged the |

21
fB
E =. s

cow's life which more milk fro;m each cow.
22gC 6

-r! And these comic book educated ninnies tried to scare iIE
sfI 23
.c
jij me to death by warning us about haveing Krypton and iodide

24
il

at the Rancho Seco site. If any of you are worried about it
[j '

25 .*

|} ,

i |

! !
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I
'

t

1 you better go home and eat some potassium iodide salt and ;

2 get rid of your tension or your ateries are going to harden.
I
!

3 So, I tell you folks, Egoism is the asperin people
!

4 use to ease the pains of stupidity. |
|

5 Today, I bring you news and some of it is good and |

6 some of it is bad. I am going to give you the bad news first.

7 Item one: Auburn dam is still half done and nobody |
i

3 knows when it will be producing electricity. Item two: the I

i

9 archealogy team scraping up old pottery shards at the New Melong
i

i

10 reservior-to-be ran out of funds last week. A bill is stalled j

11 in Congress to raise more money to complete the digging so

12 that the dam can go into production. Well, youknow how these i

l

13 Congressmen can stall and stall and stall. Federal officials

say that raising of that money would delay using the dam14
!
'

15 an ther year or so, or so, or so.

CHAIRPERSON BOWERS: Mr. Crary, you are up to your16
'

five minutes. Will you please what you have and we will see j17
!

that it goes in the docket. I
g

I

MR. CRARY: Can I have just another minute?

!

CHAIRPERSON BOWERS: We told you five and that is '

31 20 ;
.= >

;j_ what we are telling -- -

1il
2"o One minute can you summarize?g
gg, ,2.

!! MR. CRARY: I think so. I

5!? 23
a c=
jj| The New Melone Dam was completed in 1978 at a cost

2,--

ij
.

i

j
25 j|

of $430 million and with the rain we've had since then, should,y
2 i ,

-

I
'
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!

I have been full and slopping over by now and the dynamoes hum- !

2 ming and the ozone oozing, and the electricity flowing
I

3 out all over the community. If Auburn Dam and New Melone

4 Dam were in operation today, SMUD wouldn't have raised their

5 rates, they would have lowered them. j

'

6 That is the bad news and now for the good news.

7 Last week 2700 members of the California Medical Association
1

8, of San Diego and did an about-face on their "Go Slow"
l

9 policy regarding building more nuclear plants in California. ,

i

i

10 According to the report on that meeting, they had found
!

11 | out that any other method of producing electricity is no more

12 hazardous than is nuclear. The report wound up with the words

i

13 a complete flip-flop on their former attitude and they say j
i

14 it is symtomatic of the American concern for its self suffi-
|

15 ciency in the matter of producing energy and especially with
'

I
'

16 the buying of oil from foreign countries. You know what that
I

'

17 means, it means they like as near as I can understand it

it means that if gasoline at the pump price goes up much more |
18

pe ple w n't have enough money to buy gas to get to the doctor's
19

'.

I i **
}; 20
.:

CHAIRPERSON BOWE9C: Mr. Crary, we must stop you

![1
,

21
1-

now. I think you have given us the idea of your thinking5 "a s |,,

Ito 44
i-e

! on this matter, and we must go on to other people. !>|!
1%[a

j, 3.

|;; If you would like to hand us the ribbon material,

il 2 ', l'

j| | if there is anything further, then, we will consider.

i :

I
:!

.

'
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Sacramento, CA 95821 -
,, ,, _

1ren't you a l ar' I'n hore?
I' :| lad you'ro here, too!

If you veron"t all I;ere I would be tal?:in; to ryself and people would
be nointing at re, an? saying: ""ey, I_o o k . ~b. t p1y ain ' t all therel

''y nace is I arold Crary. I live in Pacratento. Am' I'r so old I can
rererSer tten there was a 'lepublican in the 'Ibi te reuse in '.ashi ngton.

A rerarkable wn was I: erb Hoover. IIe learned how to run an Eartbrover.
'' lent arovd dmming rivers in hic overgrown Flivvers. How we wi sh he'd been here wbon
we fi rst st'.rted buildin~ luD"rn dam. The dam would have been done fif teen voars ano
and would have been producinP cheap elec tici ty yours n "o, and SM't von:dn't he rnicing.
t1nir rates the first of next nonth. Tha t ra i s e i s noing to hit us ri ght in our
pocketbooks.

Uut we custn ' t cort plain. Here we are, living in California whore we are
enjoying the best of all possible forms of government. The best forr of governrent is
no governrent at all, you know. And for the last six or eight cenths, that's the kind
of government we've had. Things have actually irproved in tha t time, too. ~ ben Jerry
does core back to Sacranento he will find that infletion has had no effect on the price
o f a lfa lfa sprou ts . . . . . .or bubble gur oi ther. "ickey Mouse can have his hat back then
and get of f '!elfa re and go back to work again.

' Tere any of you folks at the last USNR C meeting on Feb. Oth? If you
vore you heard a report from one of Tom and Jane's crunch-bunch in regard to two
horrible, devastating corpounds found near the Rancho Seco Fuclear Plant.

One of these wa s IC1YPTON. And the way the little Prophet of foom
pronounced that word sent shivers up and down your spines, and cade your heart go
pitter-pat. You just knew, by the way he said the word that if rust be sorething
pretty awful. And as he went on to tell us what devastation this dire eierent

d cause if it r:ere sprend all over Sacrarento. I'd encountered the word in
ic books yer.rs ago. It seems that some Super-Parson arrived here fror a planett.

far beyond the farthest star, and went about doing incredible feats of strength
and boina ristaken for a plana, a bird, and finally for a ran flying thron~h the
air with the speed of li~ht. Super-guy had one weakness. Pvery six months he
would run our of his riraculous power, and have to go back to his home nlanet
an ' Favo Lis fuel tank filled up with KIOTTON. I never bothered to look the word up
in a dictionary until I heard it agtin at the last meeting on Feb 6. Until then I'd
su p-o s ed it was a word rade up 'r the ccmic book author. But to my surprise I did
discover it in the dictionery a couple of weeks ago.

And here's what I fcund out about it. ITTTor is a colorless,
odorless INTP.T gas found in the air. One part per million parts of air by volume
at sea level. If you go higher, it is a little more up there. It is also found
in gran ter concentration arcund Thermal Springs. And in the vicinity of na tur'l
enrings, nnd in the rinoff from such natural springs. So if you happened to be
down at Rancho Secco and were looking for it, you 'd be pre t ty sure to f ' rd i t, if

you could see i t, which you couldn't because it's colorless. 'fou cou ldn ' t ovan
svoll it. And it is also inert, which anyone knows reans that when i t cores in
contact with other elenents, it doesn' t do anything. It just stays still, inert,
nn ' rinds its own business.

Yle all know tha t air is a rixture of severa l g'sse s. ' Ten air
is ceeled to rinus sorethin~ or other, and t! cn cor -ressed u der terrific pressme
it becores lionid air, just like you or I would if they did that to us. And
frcn the lionid air it is possible to extract the Fr'm t o n . It is used in hirh
intensity larps where a brilliant illurination is desired. You can buy ore of

''see hich intensity larns in any chain drug store for ter. or trolve dollare, and
it bore and en. joy all the Frrv on radiation you want to, ri It in the privscy

or vnnr own living room. Krynton radation is harmlees, and o"i t c her i rn , a: - it ie

very useful to us all. It enables people to read in the dark by jurt flip 7 n~ ai

svitch. I sho tid warn y n. ' owever tha t the re hi gh i ntensi ty 1.trps ca. b hw ranies
to von r hea l th . . . . . . . . . i f you ea t too n a ny of them.

O
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' o wonder they found i:rynton at Rnncho "eco. You could find it ney where

3rth, and any:.-ho re up to ten or twenty r.iles in the air above the earth to the e ' ~o<

o.-che atmosphere.
The second terrible discovery, ccording to this young person wa s

"*T P Ir" 10"T"'. Anain, the way he "rruourced it made stron" ren shudder and weren
conn and wring their hands. If that stuff should get loose, it would do a ray with all
f"rt i li ty in neople. And not only in all people, but their sons, and t! e i r grn n'' sons
even to the third or fourth generation. And nesides that it would give ther all cancer.

Potassium Indide, according to this Chicken Little, had been discovered
in cows milk on the Garcia ranch, near the hrcho Neo site. I'vo seen the cors gr zina
in nn s t" re s so near the plant, that if the wind was richt * heir bodies wruld he wrwnnod
in t ha ste-r fror the cooline towers. They took sarples of milk f ror several cows, nna
discovared Potassium Iodide in e-'r- eneple.

I will guarantee you that every cow on that ranch near k ncho Foco
En s "otassium Iodide in its rilk. I will runrantee you that every dairy crittor in all
the t'ni ted States, and Canada, too, will have Potassium Iodide in its milk.

Po you know what Potassium Iodide is? Int me explain it to you.
A lon- tire ago people ate SM'?I" CULO"Ir r on their food. Corron ordinary table salt.
And then the American "edical Osociation f ound out that the Sodium caused hardoning of
the areteria. 'Th i c h i n c e r ta i n circunstances could lead to heart attacks.

Consequentl , there are p"robably millions of people right here
in California who are on Low Sodium diets. unan beings, being human, like salt

on their food. So us Low Soduin "ieters, and I am one of them. swi tched to salt
ico littlecont: tining Potassium Iodide. You can buy it in the Fad-Fo od stores -

glass bottler rith sh'.ker tops, and pay around two dollnrs for a f our ounce bot tle of it.
Ye" ca" buy the sare "ottssium Iodide salt in any grocery store for abcut sixt" certs for

sur nunce packace. And for the last trenty years or more, yen can buy it in one
.d na c ka ge s for the %"r MICT tha t the Sodiem Chloride salt costs. I buy mine by

the no"nd and out it _into mv own salt shaker, and I have been eating arc'ind a half
~

ounce of the s tu f f f A r' 'th e last ten years. According to the little Chicken Li t t le
^

at th t rootin~ a couple of weeks ago, there is enough Potarc i"m Iodide ir a neurd of
ralt to rake eunuchs of all the male population of California overnicht, and ou t
the business of pro-creation out of business. !!e s i d e s wiring ther all cancer, an<'
-ro,ahly measles, whooning cough and c!. i c. a pox. 'fh y, it would wipe out the entire

huran race in 30 days.
t'e have a croup of peo,le in /cerica called dairy farrers. The y

arn't "upormen, or even pretend to be, but they aren't durmies either. * Ten sodiur
cFloride salt as all they could get, they fed it to their cows for the snre reason
huran beings ate it. It made the cow feed taste bet ter, the cow would eitt more foo:

otassium Iodide care out, and was as cheap as the Fodornand ci vo more rilk. t'ho n
C''oride salt, those Fairvren fed it to their cows, for the sar e reason thnt Enrnn
beings ea t it. A cow with hardened arteries would be r: ore stui to suffer a hcart
a*+rck. ily giving it the t'otassium Indide salt, it prolon ed the cow's life, "'ich
reant core riIk fror th^t cow.

And these Coric Ilook educated ninnies try to scare us to deTth

by warrine us about h tving found Frynton and Potassium Iodide at e cho Pe tzo. If any
of ven ore word ed abrut it, you hetter go here and eat ''otassium Iodide, arc fot
rid of yr"r tensions or your arte-ies will harden.

Oh, I tell you, Fgoism is indeed the asnirin sor e eenple use to
ease the na i n s o f Stu pi d i ty.

Today I brina you news: Scre of it is gooJ. and sore of i* i~ ')ad .

T'11 -i ve you the had news firrt. Iten One: Auburn dan is s till half done an ' - o'>o y'

when it will be pre '"cin e e le c tri ci ty. Iter Two: The areboalony tear ser nin~w

ol ' ,ot tery sbards at tPe Mer ' c lone reservior- to he rar ou t c f fu:. 'r In s t re n' .
.

< so + ' * * 4'eA bill is stalloa in Congroes to rnise core rc: ey to co -loto tFo disci:

dar car an into pro 'uc ti en. . ell, y-n ' nor how those Con nro ssr on c .~ r r t ' l l . . . . . a m'
Pt i l l . . . . A''' ST i! L . Federrl officials say tN t ra i si:- thi rency co I delay

arot'or vo'r or so....or To.....F1 S0.
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The "ew ''elone far cas cor oleted in 1978 at a cost of 3340 cillion
olltrs, and with the rai" 've've had since, shculd have beer fu l l a n,' s l o oni r over

'

% no 7, ar ' the a w roe s lau in g ant' the ozone oozing, an,' the elec tri ci ty f Io -in v

ir a st: ad str"ar all over the c ercrun i t y . If lu' urn -, aw the 'cet '~e fo. e

er vore i: opor.ttion tor'ay, Pruc wou l dn' t have rai sed tbo , rctes, they ou b' hnve

lowered them. So who's really responsible for the energv c ho rta ge?
Thn t ' s the bad news, and now for the good news. Inst week 2,700

rechere of the Calif ornia "edicttl Society ret in San T i e go , and did an abont-face
rove on their "Go Slow" policy regarding building core nuclear plants in
California. .tecordinc to the report on thatmeeting, they had found out that
7roducing energv in nuclear plants was no trore haznr<'ouG tFan ,roducing electri city
by any other r ethod, including coal. The re" ort wound up with the words: the cove was
a ccrplete flin-flop on their former attitude and is syrtorpatic of the !cerican ccreern
tevard self sufficiency in the energy prod"cing area, esnecially with the bu"in- of
oil from foreign countries. ',re l l , you know how dcctors are. They like to use big words.

As nonr as I could urWorstand it, it means that if c'soline at the nurp roe s ruch bi shor
'obody will have en ugh money to buy gas to get to a doctor's ofiice, a ra' you 'erew how
tb - feel ' bent rahin:t hcuse calls.

So you see, folks, you ray not wir ' er a ll , bu t you sure ain't going
.

to lose 'er all either.
The second good news was the anno"ncement 'sv t'.m rient's Of The "arth

weren't no i n :- to be at thi s t;.ee ti n g to,'ay. " ark Vandervelen who calls hicself the
rain spokestan in Eacr-rento for the group said there wasn' t any use for ther to be
here. Because this reeting is so narrow in Scope, and of a forr.at tha t reenires

eco pin n t i s Jar nerous, as o nno., e dthe cri e n<'s of the "arth to prove that t' e rancho c

to the "rc ard Frud to prove that it i- rafe. This should give tPen tire to go ba c T-
their Ceric looks a:W ccre up with scrothing even core dire and throatening tb'nto

Prypton and Potassium Iodide.Ilow nice it is here today, not to have to listen to the Fren' i sh
thered Priends, the Chicken Littles tho dash about, hither and yon cackling

~he "ky i s Fa l lin g. "un f or ymir lives, the Sky is falling. Look out. . . . . Look
look loo'- l oo'c ou t . Vas a tire when a fool was born every rinute, but no- it seers
to happon to everybody.

I hr ve one core niece of good news. Core of you ray hcVe noticed
th~t it h,s bee" ra i n inr a- Rttrie here in California. No- California necon't be
c a l l o r' the l a n,' of fruit and nuts any rore . Te can call it the Clear.ost Ctate in
tbo P, ion. Stop a,d think. You've never seen a fish vi t' 'irt" feet, or ring-around

the coller, now hnve you.
The olver a ran rets tFo n" inter he becomes. ? 'a ybe because he

bas moro to be oniet about. .tnd I ' r o lde r t ha n I r, s rho n I go t u p h n ro to talk,
so now T 'r go:ng to be ouiet.......

\ca
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1 Mr. Minor, are you ready to proceed? !

|

Is E. A. Combatalade in the audience?
|2

Sir, will you please come forward? |3

Alright, we will have the speaker stay on the
4

1

seat on the left. This is better for the reporters. I am .

5
I

'

sorry could you gentlement trade, now?
6

'

These extra microphones tie in with the T.V. and ;

7

also with the reporter.
8

Mr. Minor? |g
1

MR. MINOR: Thank you, my name is Russ Minor, I |
0 ,

live at 4707 Illinois Avenue in Fair Oaks. I am appearing
Al
,

here today as a private concerned citizen who is deeply concern d
,
.

about the energy future of this State, both for the other !
'

people living here and the people that reside in my household, '

'

my family.
la,

I have been analyzing the energy demand and supply -

16
situation in California for the last 10 to 12 years. While .

17- |

working for a major utility, while working with the State i
18

Energy Commission, and with two consulting firms. I have
19

been analyzing the demand in the State as well as the risk '

_1 : 20

i:I
and benefits of various supply alternatives for meeting demand.!_

21
g .;11 I am a professional engineer in California.
75, 22

|U ! The major thrust of my statement today, is to
.

3!t 23 I

#!! request that you carefully weigh the risk of shutting down i

|h!" 24

! ! the Rancho Seco plant even if for a short time. !

I I 25
'

i
i
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The Rancho Seco plant must not be shut down for |1
!

any period of time unless their is a bonafide showing that |2
1

such a temporary shutdown is needed to correct a safety pro- |
3

i
,

blem.4

By bonafide showing I mean that this would require ;5
i

analysis by either the NRC Staff of an industry technical '

6
i

group that has the capability of making such an assessment.
7

There are several important risks which need to
8

be examined in the decision to shut down Rancho Seco even
g

if f r a temporary period. f10

First, the margin of energy supply demand is getting i
y

alarmingly thinner each year in California. The State's
2

Energy agencies are again taking their annual hearings to I
13 ;

find out how bad things might be this summer. Particularly,
14

if Rancho Seco was shut down and Diablo Canyon 1 and 2 in
15

i
t

the PG & E service area is not licensed.
'

16 ,

If both Rancho Seco and Diablo Canyon 1 and 2 are |

17 1

l
not on line this summer, Northern California will have a j

18 i

negative reserve margin of about 2.4 percent, that is the ,

19
available capacity would be less than the keep low demand ;

jg 20 ,

by about 400 megawatts. I believe that these figures are :

||1 21
.1 consistent with those that have recently been put forth

3 =. g
22

I 3. a..js!
23 |

by the California Energy Commission. !
!5!!

ar=f The only way to rectify the situation is for
gs
;i' 24

! ! i PG & E and for Sacramento District to try to ge emergency
II '5 ! !

'
!

b
'

!
,

e
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1 imports. The good hydro year in Calirornia may help. This ;

2 will require more analysis.

3
However, since the Pacific Northwest hydro-year

4 is less than average, capacity and energy help will to a
i

5 large extent come from Southern California's oil fired i

'

6 power plants, This brings three addional risks into focus.

Additional oil comsumption, additional cost to k
7

|
the consumer, and additional pollution. Let's quickly

g

9 ! examine the consequences of not having the 3100 megawatts

I fr m Diablo Canyon 1 and 2 and Rancho Seco on line this
10

summer.33

Concerning the additional oil comsumption, approxima ,
I

i
tely 80 thousand barrels per day additiona oil consumption .

3 I
'

i -

would be required to replace the energy lost from these
1*, ,

_ 3000 plus L;gawatts of nuclear power. i

,2 l2

I Additional cost to the consumer, if we assume '

16 | ,

; that the average cost at the utility bears when he burns a
t

barrel of'cil is about $30 a barrel which is actually a little i
18 !

l

| bit low and it is going up. There would be an additional !

19 |
.

! 40 mills per kilowatt hour, that is above and beyond what |

|| it would have cost to operate the existing nuclear plants,
- 21 ||* t

g =. g 40 mills per kilowatt hour for the consumer. I

~
|!!*

ja! This translates to about S6 million per month
5!I 23 ,
ACE
ia additional cost of having to displace nuclear energys

!!" 24
1a
Ea with oil energy.
5 I 25 i |

'
9

|
! '
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1 Let's consider very briefly the additional pollution.

I

2 For 3100 megawatts of nuclear power displaced by !

!

3 oil we have approximately 90 tons per day of NOX that is ,

4 nitrogen oxide, approximately 90 tonsperdayofsulfuroxides.f
I

5 approximately 15 tons per day of particulates being distributed

6 to the atmosphere.

7 The ARB testify, that is the Air Resources Board
!

8| in California testified in December of 1975, that replacing
I

9 natural gas in Southern California with low sulfur oil of |
|

10 about .5 percent sulfur, would cause many premature deaths

11 and many additional asthma attacks. I won't go into the

12 figures in the interest of time.
I

13 Secondly, the American Medical Association, in '

!

14 a study two years ago, found that oil plants would cause ,

i

15 about 24 to 90 times the deaths as in nuclear plant when

|

16 provideing the equivalent unit of power.
|

' I would like to be able to share more on the ;17

ig ( various risk and the benefits but I think you have been i

able to gain the thrust from the summary that I have given.
19

In closing, I would like to say, that for reason
V 20
ei ?

fEi of p tential capacity and energy shortages, for reasons21
bl :

f decreasing oil consumption, which this State is already i

55$I :: 22 |
:Eg '

verrelying on. for reasons of collution control, and forjhi 23 i
1ii
|si reasons of cost that the State absolutely cannot tolerate !

24 i
II d jea o

il a shut down of its existing nuclear facilities or any delay ;

.i. g 35 g.
.

ti

c
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1
in the licensing of Diablo Canyon unless there is a valid*

2 overriding reason that a temporary closing be done in order I

i

to correct a safety problem. !3

|4 So, the thrust of my statement, again, is to
:

5 request that this Board carefull weigh the risk of what !

6 happens if we are not generating the nuclear power but
i
!7 we are using oil power.
!

8 Thank you, very much.

9 i CHAIRPERSON BOWERS: Thank you.
I i

10 Herb Silvius, if you will switch over beyond
,

.

I

11 that, please.

12 MR. COMBATALADE: Madame Chairman, my name is |
!
'

13 Ed Combatalade, I have given it to the young lady with my

i

14 address. .

I

15 I want to welcome you to Sacramento and hope that
.

16 you will stay to see the opening of our 26th annual festival

17 this Saturday. I know you will enjoy it.

'

18 We have several people in the audience that are a
f

19 j little shy on microphones but they are supporting Rancho Seco '

t;

j; 20 | and Nuclear energy. Is it permissable for me to ask them |
.:
El to stand, Madame Chairman?

9 '-11 -

{{" CHAIRPERSON BOWERS: You will be taking your five22
!!r

I minutes.}!i 23 |
#fi i

Ijs MR. COMBATALADE: Hurry up, stand, please.
24 ,

!!
Thank yo..jI 25

.

I

il ;

i |-
u >
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1 Now, we all agree that we need energy in this !
!

2 industrialized nation of ours. We all agree that it must j

i
'

3 be " safe". We also want safe autemobiles, safe aircrafts,

4 safe coal mines, and if there is such a thing safe drugs.
|

I5 A major concern to me for the need of energy in
i

6 addition to maintaining our standard of living and even

!7i improving it, is this. We are being surrounded by a philoso- !

8 phy that has as its major objective the acquisition of this
I

9' great country of ours.
I

10 | We are being surrounded by this philosophy day ;
<

t
l

11 i by day as you know by reading your papers and taking cognizance

12 of the events that are going on around this wall. The world |

1

|

13 I is getting smaller everyday. We are outnumbered and we need |
|

14 our big muse.le energy to maintain what this country stands
!

'

15 for.

!

16 I have had the experience in 31 years of military

17 life, not all active of course, to talk to many knowledgable ,

military people fhat have told me that we could have easily18
i

have lost World War II had we been without the big muscle
19

energy to out produce our opponents. |1: 20 |' ,--

.! j
It behooves us, then, to develop all the energyEl- 21lui i

Ie that we can and I think and I am sure that the facts and
23

Ita i

figures will show you that nuclear energy is what we now
3'>{

Wta !

1;1 ! have available to us and we should develop it quickly.
2 ,, !--

!! j
jg I, for one, am for building Rancho Seco tomorrow. .

3,
,-

iI

d !
o
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1 This energy is essential, for our lifestyles, for our j

|

2 preservation, and I hope we can build not only Rancho Seco -

1

'

3 but many others. We have never had any real problems with i

it and the problems we have had have been problems not |4
!

f nuclear energy but problems of human failures.
5

Thank you, Madame Chairman, for the opportunity
6

7| to appear. 1

|
'

CHAIRPERSON BOWERS: Thank you.
g

Will Mr. Roger K. Seal please come forward?
9

MR. SILVIUS: Madame Chairman, my ame is Herb
10

Silvius, I am one of these unusual persons in town here that i

g,

was born here. I have seen progress go by leaps and bounds
g

1

and I am convinced as many of you are that there is a real !
13 ;

need for generation of energy. I am not limiting that comment
1*, :

to just nuclear energy, because I realize that studies are
,,

As |
'l
4 being made to determine the proper use of not only oil, gas,

16 y ,

chemical, coal, nuclear, windmills, shale, and even geothermal

I

generation of energy. ,

18 |

I do believe that the years I have been in this
19 |

| City, I am convinced that there are three steps to follow ;'

}; 20

t| in solving a problem. First, and most important, is to
- 21
E*gg analyze the problem thoroughly and always detail with expert
1E6 22

!Ii Counsel, in determining exactly a complete analysis. .

I5!I 23
ses
j0i Second, consider alternatives, many altarnatives.

i!' 24
| Third, adopt and implement the one deamed best i

5 8 i

l I 25d
n
'l
il
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1 in the interest of the people as a whole. |
,

2 We have heard a lot about the coeration of our'

l

3 business world, the cost benefit basis for determining whether |
|

4 decisions should be made one way or another.
{
:5 I would suggest that the greatest benefit to most

6 people and the least detrimental effect of the people should
,

1
7 be the basis upon which their problems should be solved. .

|

8, And that goes for the nuclear energy and all energy. I

9 Let us not close our eyes to the experience
i l

10 of other countries, which countries have shown a very high i
;

11 degree of safety. Let us come closer to home and study the

12 results and experiences of our nuclear powered submariines !
i

13 and aircraft carriers.
,

i

14 I believe that nuclear energy is best developed ,

i

any of these methods of creating energy with the least ,

15 ,

'

16 detrimental effect. We have coal miners problems, black

17 j lung. We have smog problems,just to cite two of them.
|

So, I don't want to be too redundant but let's con-yg ,

I
!

79 sider and I am sure that your Board will, the two methods of
I !

V: 20 | solving the problem and I fell confident that the development
--

i
N .gj- f nu lear energy fr m where we are now, will go a long ways i

21 ,

lil
2 .y toward solving the energy problem. Unless, and until somethingI:n 2

I

-c! t|| i is proven beyond all reasonable doubt to be superior to what we>.I ,3-

ff have. I suggest we waste no more time in our competition,-- ~

$|
*

2g 25|; for world position and delay no further. :
i

1

|
; !
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1 Thank you for the opportunity. |
|

2 CHAIRPERSON B)WERS: Thank you. ;

i
'

3 Mr. Seal?

I
4 Could D. Price please some forward?

1

5 MR. SEAL: My name is Roger Seal, I live at 2390

6 Oakmont Street. I am here today to speak in the hope that

7 I can get one person here to open their eyes.

8 As I understand it the purpose of this hearing |
|
I9| is to determine whether Rancho Seco is dangerous. I feel

I |
10 j that the fact that all nuclear power plants must now have i

l '

11 , emergency evacuation plans, should be proof enough.

12 The burden of proof should be on SMUD and the NRC ;
i

13 to prove that Rancho Seco is safe and that no evacuation '

!

14 plan is necessary.
I

15 There is not enough known about the low level
.

'
:

16 r diation to be able to say that it is of no harm to people.

'

17 If the money that has been spent on building nuclear power i

plants had been put into research on solar, nuclear fusion,18

and other alternatives, many of our energy problems that we
|

,g'

! had today probably could have been solved.
20

||1
The risk and cost to human life is much too high.

3

1
-

2"o No amount of money or energy from nuclear fission can everg
3:. 22 '
7E |

j"g
,

! replace the value of a human life. It is very easy for many

f| people to dismiss those who speak out against nuclear fission
,

;I
.

I
as radical revolutionaries. Jurt let me remind you that pecole.:3 -

252
' ;

'
,
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1 such as Thomas Jefferson, George Wa: tington, and Martin |'

.

|

2 Luther King were also considered radical revolutionaries ;
I

!
3 in their time.

'

4 Thank you. l

I
,

5 CHAIRPERSON BOWERS: Thank you.

6 Mr. Vandervelden?

7 MS. PRICE: My name is Anna D. Price and I have

8 been a resident of Wilton, California sicne 1959 and my |
( '

9' husband, Joe Price, has been a resident of that community |
! !

10 since 1939.

!

11 i Our small ranch is located about 6-6 1/2 miles

12 , from the Rancho Seco site, and my husband's family have been ;

I

I

13 ratepayers to SMUD since its beginning.

14 At the time Rancho Seco was proposed for construction.,
;

'
I

15 |
I much more than my husband opposed its construction. We

i

16 f
were concerned about the Folsom South Canal taking Northern

California water to Southern California and I was most17

certainly not pro nuclear.18

After attending a meeting in Sacramento, I feltyg

that de should build a bomb shelter, but with this plant
]g 20
.:

being constructed in Mather Air Force Base in the other$j- 21lui
I3e direction, I was concerned about the explosion of one or f,241:a , i-e i

! the other.
>|| 33 [. -

j;; My husband had worked in engineering at Aero-jet |
ita

,

ii : I'

e8 1

gg i| General Corporation for over 11 years and was then laid off.,,..o j-

i

:.
e



S
208'

SC ,~SC
i

TAPE 3/1 !

1 Four years later, June, 1974, he was accepted for employment

8 2 by this utility. I was very pleased until I learned where

i

3 he would be working. !

4 Many discussions ensued and I do remember informing

5 him " you are not going to work at that place and bring that i

,

6 stuff home to us". I told this to let you see how very ig-

I
7 norant I was about nuclear power.

I

8 My husband has now been at Rancho Seco for almost

9 6 years. His employment did little to change my mind or |
r
'

10 ease my fears. He brought home training materials to study
i

11 which I read and then became thorough'y convinced that he was
4

12 being totally brainwashed by the utility.
|
!

13 Along came California's proposition 15, the nuclear

14 initiative and I was given a small handbook about nuclear

15 p wer. After reading the booklet twice, I started doing

some checking because it became rather apparent that I had
16

received a dose of radiation in excess of what my husband
17

could be allowed while working at Rancho Seco.yg

I was alarmed and angry to say the least. I wondered
9

why someone wasn't making a big stink about this source of
20

!! radiation. Why not scare people with exrays, attack radiolo-
21

til :

5 ". . gists and the rest of the medical profession? Why, indeed. |
1:a 22

'

:s! In both instances the radiation is being used 'I"
5!! 23
#55 !

);; for the good of mankind while I personally do not approve j
2 ',

ji i

2| 25 |
of nuclear weapons, I certainly, endorse the peaceful uses ,'$

!

!'

1:
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i
-

i

1 of the atom. i

!

2 Since 1975, I have been involved 'rith several !

l

3 pro energy groups and done a great deal of studying of the

issue both technical and ethical. I have read and read and )4
!

5 read until it is now done with glasses. ;

While I can empathize with the anti-nuclear people
6 ,

)who are truly concerned citizens and who have not yet learned
7

|
m re of the facts. I have no sympathy for their leaders. j8

.

Many of them do have the facts and still pursue the issue.
9

We have had SMUD directors, Gary Hursh and Rick
10

:
Castro, friends of the Earth, et al, and our own publically ,3

financed California Energy Commission. We all pay for theg

California Energy Commission and that is their tax chargeg

on our utility bills make contentions and allegations against

i
the operation of Rancho Seco. This was done in a rather

, , ,as
I

|
sophisticated langurage that the general public would probably

not fully understand. These charges were made and then the

ace m rs withdrew from the hearing when it became necessary
18

'for them to prove the charges. '

19
i

|
In my opinion, these people were not just asking for '

ij a public hearing, they wanted to publicize and air a public |
21

-|t
3 =. 9 debate on nuclear power. We welcome the public hearings

!!* 22
;

i3$ here in Sacramento. We want critical issues addressed so that !

581 23
.re
jjj the public will know that Rancho Seco is being operated in

24
::!! | a safe manner and that these hearinas are not a " sham and
I I 25 i

~

.

'
a

j 1.

1

!



macz sc. 210 fo
|-

'

I
i

I

| and white wash".'

i'

'
i

I have a vested interest in this plant being
; ,

'

operated in a safe manner. The constant charge is whether
;

i
'

i or not SMUD and its management is competent to operate
4

,

!, a nuclear facility. This is an area of scrutiny by NRC
.e

and rightly should be.
6

However, the operators and personnel of Rancho Seco
7

| are often spoken of as if they were the incompetents. The
$ .

f people who work at the plant have families, live near the |

plant or in the surrounding Sacramento area. They own homes,
, ,

10 ; i

the spend their paychecks in the Community just like any other
11

!
!

worker, they teach sunday school, lead boyscout troops, parti-
12

cipate in PTA's, work as volunteer firemen and yes, they, too,
,

1
IU |

|
have a vested interest in this plant being safely operated. |

'

1.L

I have not said anything in this presentation that
i

15
this Board has probably not already heard but I want the

I ,

16
community to hear it this time. |

1:
I think the time has come for all Rancho Seco,

I18
i employaes to let the community know that they are concerned,
t
'

19
! responsible citizens, and that Rancho Seco will continue to

i'

operate safely to provide this community with jobs and energy.|20 ,

'

.

21 ! Thank you.

CHAIRPERSON BOWERS: Stan Van Vleck, please?
i i

i MR. VANDERVELDEN: Mrs. Bowers, Mr. Shon, and I
!
l
'
'

Dr. Cole, my name is Mark Vandervelden and I am a Sacramento.'' ,

' '

Representative of Friends of the Earth. I am somewhat sorry j-e
~~

'

ico % vm.m. a i c.

'l
- - , . , - , ,
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i

1 i that you haven't had the benefit of reviewing the letter ;
!

!

that we sent on February 19, indicating our position with |-
,

:

regard to these hearings, so what I would like to do is
3

!

|
briefly summarize the content of that letter and also3

1t

make some additional comments relative to the position that j3

!l we have taken with regard to these hearings.
0

i

7 |
I will read to you the first paragraph or so

! of the letter that we sent. The letter starts out quoting
i i

g

Emery Lovintz who is Friends of the Earth's British represent-
9

,

ative and who is also internationally recognized as an energy

'
analyst.

il
'

| He has commented the following, he said, " When
12 |

the history of the nuclear controversy comes to be written
13 |

j those who killed nuclear technology will be seen to have
14 |

been its most avid promoters who systematically missed,

'. |13
to copes for facts, advocacy for analysis, commercial

I
16

zeal for national interests, expertise for truth, and the
i

,

17 ,

people for fools."

18
When the chapter on the accident of Three Mile

19 Island and its aftermath is written it will be recognized
|

| as the critical and decisive turning point in nuclear develop-

21 ment.
i
i~.

" Three Mile Island will not simply be remembered !

I !
i-,

j as possibly the worst accident in the history of commercial ;
*-

!

U nuclear power. It will also be remembered as one part of '

d purvasive and disquieting pattern of arrogance by an industry
'

1
i-% vamm. w, is '
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,

i

and an agency which has engendered in the public mind the |
1

2 deepest possible feelings of mistrust, anger, and cynicism.'

! l

! Victor Gilinsky who is one of the NRC Commissioners
I

4 ; has said, "Certain things it appears to me are clear right

'

5 now. The significance of the accident lies not in the extent

'

6 of public exposure radioactivity, but rather in the exposure

!
7 of flaws in the system we have depended on to assure the

| public health and safety. The fact that things happendedg

i

9 j at Three Mile Island that weren't supposed to happen sent

|

g j shock waves through the industry and the regulatory agency."
)

He concludes by saying, The public's less than"

;)

enthusiastic acceptance of nuclear power has been ascribed

; variously among other causes to an anti-technology movement,
13

i to a loss of nerve of Western civilization, and even to I
l<4

|
i

| the generation gap." And Gilinsky goes on and says, " The i
L!

14
'

explanation seems to me to be simpler. The problem is,

|
chiefly that the public has not yet been convinced that the,

17 |

| regulators can be counted on to do their jobs. Althoughm
18

-

| in is not the NRC's job to foster public enthusiasm for
19

.

| nuclear power, it is the Commission's responsibility to

:o |

| regulate it in such a way as to' dispel doubts about its

21

| performance."

= t

Now, let me give you a different feeling for the |,

23
i scenario events that led to this hearing. a scenario that

24
is little different from Mr. Baxter's. {

15 i
i

|
Inygymn a?)Camm. Vtyrmafias -, w= IMC
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.

i Rancho Seco was shut down by the utility on |,

f2 April 28. It must be noted that this shutdown came after-

extensive discussions between the NRC Staff and the utility.

4 NRC Staff documents essentially disclose that'

the NRC assumed a diagnostic role and left it essentiallye

up to the utilities to determine the remedies at least
3

t

i in the short term.
7

;

This they did and the NRC came along on May 7
3

| and essentially confirmed that that :he utilities had shut
9 !

down and that they would be allowed to resume operation
10

'
.

I'

pending the completion of certain items.
,

i

There was an offer in the May 7 order for public
12

hearings and after talking to technical people and so forth !
is -

i our concern was not that that order was not adequate. That
14

it did not deal with emergency planning, that it did not

deal with generic issues and,in fact, it did not provide
14 I

for an explicit determination prior to resumption of operations
,

17 '

that the plant was, in fact, safe to operate.

18 !

It is because we felt that those assurances were

19
absolutely necessary. Reasonable assurances that that plant

,

20
could be operated safely. We decided to go ahead and embark

,

21 '

on this process.'

-e ,

I"
We asked for these hearings prior to the resumption

|

of operations. We had support for that position from the
,

.#' City Counsel, from the County Board of Supervisors, from

|..
some 40 or 45 assembly members. We has support form the j~

i.,rs== v =m. % i e.
'ase sta,ne C.im ffwtr*. 3 e. Sufft ie7
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I

i

1 B, we had support from 10 thousand people who signed peti-

,

2 j tions and who repeatedly requested that the Sacramento |

!i

3 Municipal Utility District conduct hearings. Three separate
,

!

4 i times those requests were denied.

Sacramento B commented in an editorial just prior
3

to the resumption of operations that the danger lies !
"

3

I

7 I not only in the loss of public confidence and in the warping

of the priorities that must be maintained when technical j
3

;

concerns in the public interest conflict, but also as we i

9
i

have learned in the record of the NRC dangerous mistakes
'

| '
have been made when protesting voices were silenced or

11 i

|
ignored."

12 ,

Now, I would like to emphasize that the political !
13

1 tentions generated by Three Mile Island are very real.
14 |

iThey are not just words on paper, they are not justi

|15 '

'

| posturing for the cameras, they are many, many real people
i

14

with very valid concerns about the safety of Rancho Seco. i:

17 i

These are people who aren't necessarily committed

18

|
to shutting it down. They are people who recognize that

19 |
an investiment has been made in a facility and that thati

20..

| facility is going to continue to operate. Their concern
!

21
is that the plant be operated safely. But, there is also

D 6

another concern and this is also one of the major lessons |,

., i

learned from Three Mile Island and this is something that I~

#
hope you listen to. |

2

.

\ @ @ % Y N DM !N
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|
! There are political lessons. Lessons related |

!

to the legitimacy of the political process itself. The !: i

!
t

: faith the public has in the regulatory agencies in the

t utilities acting in the public's behalf to protect them. |
i

,

Part of what makes for legitimacy in a political |
3 I

i

process is full and open discussion of issues that bear sig- ,
3

nificantly on people's vital interest: their health and'

7

their safety, their economic situation, their piece of mind.
3

,

!In the letter I go on to say, even more important

than whether these people are right, is that they have

a right to influence and tangibly effect major decisions about
,

their lives. j
i i

.

Denying them that right is a sure road to a system ofj
I:

government that few of us would want to live under nor
la

! care to defend. I

IJ l

Indeed, if the process is designed merely to !
1

!4 :

Idiffuse controversy without legitimately resolving conflict,

17
without seeing to do justice, it will only make the conflict

18
worse and radicalize previously placid onlookers.

19 |
A process designed to probe the merits of contro- -

1
'

20
versy in order to examine real and acknowledged problems can

21
add great power, flexibility, validity and legitimacy to the ,

-,
~ decision making process.

!

A process designed to suppress such examination

*4 or to rob it of its effectiveness or forego these advantages*

15

,-.ne vo m.= _ x
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,

I and gain in their place the anomity citizens concerned
f
,

; only with the particular safety issues but with the |
!

: integrity and the legitimacy of the process as well.,

A I go on to say that legitimacy is seen by anyone j
i

3
whether a minority or not as a precious gift that should j

i
n t be lightly hazard.

6

To presume the superior wisdom of a few appointed
7

'
or non appointed officials betrays an astonishing contempt

for the painstaking efforts to develop self processes and

principals in our society. |
10 |

We feel that there has been some contempt for some [
11 |

of these legitimate concerns that have been expressed not j
12 !

only by Friends of the Earth, Hursh and Castro and by the !
13

public at large that hasn't had a voice in this proceeding
14

to this point, we point to one of the major more outstanding |
IJ !

findings of the Kemeny Commission in which they conclude, j
id .

'

" Fundamental changes must occur in organizations, procedures,

17
and above all in the attitudes of people. No amount of

technical fixes will cure this underlying problem. We

19
'

,

are convinced that unless portions of the industry and its

20
*

'
regulatory agency undergo fundamental changes, they will

*1'
over time totally destroy public confidence and hence they '

will be responsible for the elimination of nuclear power as j

-m j
a viable source of energy." >

~

|

I# One of the things that Peter Bradford who is

2 also a Commissioner has pointed out is that there are problems
,

{64D4V WDM '' us p i6 N
*
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I that an agency that is in the business more of reassuring

then -- well, let just sort of -- it says"The essential :
; i

!

element, it seems to me in any regulatory system that it !

4 reassures more than it regulates, is that it has immense

1

3
capacity for self dillusion."

I

3
He goes through and identifies a number of these

7 elements of self dillu.icn which he feels are significant.

I pointed these out in this letter, it is a lengthy quote, |

because I think a number of these items bear on this process
9 '

and let me just sort of comment on one or two of them.
10

'
The fourth item he says is "The system should

11

deal with its critics, more or less, the way the tar baby i

12 i '
i

dealt with Fraer rabbit. It should have an almost infinite !
'

13 !
Icapacity for repressive tolerance, the extending of exquisite :

i

14 '

procedural courtesy to participants who are never, in fact, {
!.5 '

allowed to get their hands on anything vital. This can
I4

be expected to frustrate critics to a point in which they
n. ,

become obsessed or shrill, or demagoguic, or a little crazy.
18

Then again, their arguments are more easily dismissed as obsessdd
i

19 'I
'

shrill, demogoguic, or crazy especially if others had these
i

characteristics all along have at some point been attracted
'

*1*
into the fraer. I think we have seen some of that already. '

!
-,

;"
Since May 15, 1979 when we sent a letter to the

e
NRC indicating our intention to have some of these issues aired,i~

,

U Friends of the Earth has attempted in a good faith way to try
7L ,

[wrcessam Vtyesafiam O.r,,, - l%
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I to get some of these vital questions answered. |
t
,

'

; We were denied our requests for hearing prior

(
; to reopening, but there seemed to be broad community support, j

i
broad poliitcal support for holding hearings in spite of the jt

.

I

.
,

fact they are occurring after the plant was going to be ;,
. ,

. allowed to resume operation. j
o

So, we went on with the process..

7

| MR. CRARY: Madame Chairman, I thought we were 1

3
'

going to hold these for five minutes.
,

'
!

MR. COLE: You are considerably past the five |
10 i

i

iminutes. It might very well be though that we could consider
11

this not an opening statement but a closing statement for

FOE which was a party in this proceeding. So, because |
1:2 I

,

| of that I recommend we give him some additional time.
14

CHAIRPERSON BOWERS : Actually, I think it is too i

1.5 I

bad, Mr. Vandervelden, that you chose to go this route because
,
'

id
'

you certainly would have had unlimited time to have made a

17
closing speech in the opening speech time.

13
Perhaps, you could summarize.

19
MR. VANDERVELDEN: Mrs. Bowers, there is no one

20
who regrets that more than I do.. I promise you that, there

*1 is no one who wanted these hearings more than I did. There*

I-,
'is no one who has been as frustrated with this process as~

|
,

I have been. There is no one that I know of in the public~~
,

i

2d sector that has tried and invested as much blood, sweat, and ,

2 !

'
i,,T.,,,e. m .o. % m. = _ x
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I tears into this as I have. |
I

2 I am not trying to make -- I wish I could be
!

; in these proceedings instead of a very poor second sitting i

|
I

A right here making testimony that isn't even on the record, j

i

as far as I know. |3
!

. I would appreciate having additional periods to I
a

comment if I may.
7

CHAIRPERSON BOWERS: Can you wrap it up pretty soon? ,

We do have your 9-page letter.
'

MR. VANDERVELDEN: Yes, for the benefit of those
10

who don't have it, I would just like to highlight some of the
11 '

other points that I made.
i

12 1

In the last few months, we have tried to engage j

IU !
,

in this process, as parties are expected to. We have tried
I.L

to meet all of our substantive and procedural obligations. !

12 i
We have tried to file documents on time, we have undertaken

|
id

'discovery. We have responded to inquiries ourselves and

17
we have tried to, but a combination of factors have compelled

,

|!3
us to withdraw from this proceeding.

19
I just want to make it very clear why we have decided

20
to do that, j

*1 |' We have concerns related to the scope of the

I '
proceeding. I think that other parties don't feel that that

U is quite the problem that we felt it was. It was clear '

4

.d from the rulings of the Board at the February 6 meeting, that

l! ,

i,.vo - vo w :_, : c
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I
I some of the matters that we had inquired into during our ;

l

; discovery process with the NRC were deemed by the Board to |i

]
be not relevant to this proceeding. Central to this were;

't
the issues related to the Lessons Learned Task Force recom- ;g

t,

mendations, their implementation and criteria for determining [,

!
'

mpliance and the adequacy of those measures to provide for f
6

the public health and safety.
7

A lot of money is being spent right now, as the

plant is being shut down to implement those items that do go

beyond the question of whether the plant can go be' yond the
,

question of whether the plant can respond safely to feedwater *

11

transients. We felt that that was a legitimate area of
,

1:: |

inquiry. },

I:3 i

We are concerned about emergency planning as many,

14

|people are. We are concerned about the loss of offsite

15
power and a number of other things. But, I think the

'id
most difficult impediment to our pursuing this proceeding,

17
was our feeling that the burden of proof essentally the

burden of moving forward our contentions and moving i

19
forth through the evidence was extraordinarily difficult

1

task.
'

First of all, because like Peter Bradford suggests,-

intervenor parties are only able to get only a limited amount"
;

m" of information out of that process. We are only able to

'
I# get what we can get from discovery. There is an entire

23
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!

! universe of information related to Three Mile Island and |
!

2 Babcock & Wilcox plants. Most of that information is husband

I by the NRC and the utiility.
|

|A There is an infinite amount of information on
|

e | the subject on this subject. We are essentially in the |

|

6
p sition of having to show why that plant is not safe to j

7 operate, what has to be done to make that plant safe,

, ,

and on what criteria in order to prevail on our contentions?
I
i

Now, it seems to me that fairness would dictate
9

-

that the burden should be on the utility or on the agency
,

to show why what they did is adequate.
,le

Now, at the end of this process, it may very well

be established that without any adversarie' relationships in
13

,

the proceeding, of course, may well be estailished that they,

14

probably can respond safely to feedwater transients but to
13 ,

say -- the important part I want to make is who is going j

to believe that?
17

I honestly don't believe that there is a whole
'

18

lot of --SMUD has a whole lot of credibility in this community.

19
I certainly believe that the NRC has very little credibility

- 20 I
in this community and I think the way that this proceeding

~1*
is going to be conducted is going to eliminate whatever

!

shreds of credibility the Board may have. ,

I am saying that is the real danger here, not whether|
|

~1
the plant's going to melt down. The real danger is that*

1

-.
from a political standpoint, there is a crisis of legitimacy-"

e.,7 .nc vo n :- x
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'

t here, a crisis of confidence, and this proceeding is not going
i

: to allay those fears. j
!
:

That is where the real problem lies.,

The final paragraph in the letter is just rather !

|
g

.

harsh I am afraid. It is written I have to admit out of |,

I
*

a considerable amount of frustration. Trying to keep pace ,

,

with this process, trying to deal with all the paperwork,,

' I

trying to raise the money. I don't think you understand f

what a public intervenor has to go through to participate
9

meaningfully in this kind of process.
,

'

10

I don ' t think there is a real appreciation for that. j
11 )

We cannot possibly afford spend naybe a quarter of a million
|!!

dollars that SMUD spent or maybe an equal amount that the j
13 I

NRC has spent. It is very much like eing a gnat on a wind-

14

shield. ,

'
13

The final paragraph goes, under these conditions, i

l
id -

Friends of the Earth can no longer participate in this pro- !

17
ceeding. To do so would perpetuate a cruel hoax that is

18
being foisted down in threats to the public. !

19 It would create an illusion that the public's
,

ig
health and welfare are being . tended to. Finally, the |

'

|*1 truth would be the ultimate casualty.*
;

!-,
To continue to participate in these proceedings*-

,

i

U would confirm more legitimacy to a white wash. I hope 4
.

N that that is not true. I hope that is not true. I hope

_e

8,ft359eafiCNA4. VtFPSAff M Orwiw. | 8eC

me E3/m Ci&M"'G. STptIT. L e. surft '07 -

.= a- a - --



223a c- sacz we. |
|

|
.

I that this Board undertakes a rigorous hard examination of !

|
2 the issues that you have before you.

What is at stake here, honestly, is not just simply
7

I

the safety of that plant, but the legitimacy of that process |g

which is under attack and it is under attack because people>

3

like myself who have valid concerns find themselves fighting

and almost impossible to participate in a meaningful way. |
7 I

I

We have public hearings with no public intervenors, l

3 ,
,

no adversarial relationships and that in itself is creating |
'

9
'

a cloud of suspicion over the nature of these proceedings.
,

Just as a final note, the other frustrating part '

11
'

of this is that we had hoped that the Board would stay the
|!!

operation of that plant pending the completion of this |
'

13 !

| review. It is ovbious, apparent that the Board has absolutely |
i

14

has no intention of doing that. To me that seems to indicate !

15
that there has been a predisposition on the part of the Board j

'

14
.

to presume the plant innocent until proven guilty.

17
I am saying that now, since Three Mile Island things

18
have changed. The plant in my mind is guilty until proven !

1

19 i

innocent and the charge for this Board ought to be to not I

:

O !simply vindicate SMUD and the NRC but to honestly inquire
!

1 I' into some very real outstanding problems.

22 I know I took a long time. It has been 9 long hard
!

-,
months for me and I want to thank you for allowing me the"

,

IA time to make my presentation.
f

'

am co. <,s.m.,s =T :co
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4

I MR. COLE: Thank you for your statement, Mr.

!.
.

Vandervelden. I personally think it is regrettable that |

: |
it is associated organizations and parties chose not to |

1 I

i
proceed on an evidentiary basis in the proceeding. j,

!
'

5 I think it is a shame I think it would have --

7 I personally would have liked to have you assist us in our

3 hearing. I think it makes our job harder. Again, it

9 is truly regrettable to the Board's viewpoint.
,

10
Thank you.

MR. VANDERVELDEN: I know what you all put into this;; ,

'

also.
!!

I
CHAIRPERSON BOWERS: We need to take a mid morning |

recess not only for some of us but for the hardest woixer in

I
the room, our reporter. So, we will take ten minutes. i

13 |

(whereupon a ten-minute recess was taken.)a ,
1

18

I9

i.
.

:a ,

21

= |
i

m..

'

:4

*!. i
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AFTER RECESS
eM

! CHAIRPERSON BOWERS: May I have your attention, j

{- .

please?|
*

i

2 | Is Mr. Keogh here, please? And we are ready to

4 hear from Mr. VanVleck.

I
|

Reporter ready? Fine.

6 MR. VANVLECK: The Chairman and Members and the

7 | people present.
:

3 The first thing I am going to say is that number

!

9 one, I am a rancher, and I am not a public speaker and by!

|

the time I get finished you will know that.10 j

The reason I am here is that I traveled around
11 i

|

to agriculture meetings and throught California I am a goodig

| listener and I became aware of the fact that there just wasg
,

not anyone hardly in agriculture opposed to the generation
;,

i of nuclear energy. But there were not any of us attending

i hearings, we were the oi. lent majority that were sitting on

our butt. So, it got me off of mine this morning and I came-

17

down here.

| We ranch rather close to Rancho Seco downwind
19 ,

*0
'

from the prevailing wind.,

,

We have approximately five thousand acres that;

*1 *

I guess this radiation has fallen all over, but during that ,

'

I3 i

time our cattle still keep having calves in fact our calf j;

crop has gotten better, our sheep still have lambs, and our
24

lamb crop has gotten better, except when the coyotes work ;

'l
!

I
i.,vo % vo w v+, i c. ii
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For tho ;iecord, I an :iornan Gra cow.
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Let's talk connon Jenso and placcothings in their proper perspect-
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Phaao-0ut is Replacouble. *

Life is irroplacablo - there was no loss of Life from the so called
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'
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2 i

:

1 i on them pretty bad. i

!%

; { Recently, I attended California cattleman's

association meeting in Palm Springs and at that meeting I, ,

,

heard all the people there unanimously approve a resolution
4

'

{ to Governor Brown's office. After being here today, it was
3

probably totally wasted asking his good office to do all he

| could to see the Diablo Canyon got onstream as quickly as
,
,

t

possible as well as New Malone's to produce energy as cheap

| as possible.
9 .

i

; We are the largest industry in California that is
10 i I

i agriculture and we use tremendous amounts of power, we have'

11 >

to pump. We have to get our produce to the market. We have

I to do it competitively, not just competitively with the United
i: !

States but competitively with the world.
,

14

! As you know, agrity1ture products are what has

!.! ,

made the difference in the balance of payments. It is sad,
,

16
but it would be a lot sadder if it was not for agriculture

i

17 ', exports,
i

18
'

The reason they buy our exports is because we
;

|
19

j procace cheaper than anybody else in the world. That is.the,

:

*0 only reason, and as long as we.can do that, they will keep'

{ buying, when we stop doing that and one of the reasons we
!

II can do it is because of energy. It takes tremendous amounts ,

22 of it to produce. To produce good agriculture products.'

24 We would even like to see you go further because
!

U there has been concerns expressed about twenty years down

fi.mn % vo m. em=ms. i c.
n c - c . a .. . ~ m .,
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!
,

1 !
the road running out of uranium. We do not really know how !

,

|~ ,
*

much uranium we really have. When we look around the world |
,

I,

! and find France and West Germany and Russia using the breeder !*

A
reactor plants, we think perhaps there should be some

I
i

I'
,

,

advancement in those areas because in order to stay in the* '

6 forefront in the World it takes energy to do it. i

;

I | Now, I am going to tell you that I have some
i

3 concerns about Rancho Seco. I am downwind and my concerns !
! |
'

9 are the day I look over and old huff-and-puff is not putting

10 ! out any steam. Thank you. |
t

11 CHAIRPERSON BOWERS: Thank you.'

1 Mr. R. A. Caples? -

13 MR. KEOGH: Madam Chairperson. I am John Keogh

!

;4 the Executive Vice-President of the Sacremento Metrcpolitan !

l
,

te Chamber of Commerce and I would like to welcome all of you |
!t

i to Sacremento and I know Ed Combatalade has given you the
16

,

buttons and this is a beautiful time of year in Sacramento.'

;.7

My concern in being here is to raise the Chamberi
33

| of Commerce concern over the progressive growth of our
19 ;

Community. |
'

20 :-

4

| The Chamber of Commerce has been in existence
,1

|
4

I since 1895. It has been a strong advocate of preserving the
20 i

values of our community and insuring that our community has
,

22 !
i

the economic stregth to maintain itself in the future. |
'

24
1

I know that we have made a close study of a ;
,

' '

3 ,

'report which was done in 1962 by the California Group on
I

i.,n, % v-, w n.c. i
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1 i

the preservation of some of these values and we supportad such,

*
s

as the American River Parkway. We have supported the Municipal,

Utility District in its ef fort to have electrical energy to

1 ;

meet our construction and our economic needs.
t !

Immediately following the emotional reaction to* '
,

!
'

5 the Three Mile Island situation, we are a sensitive area to;

I Community alarms and the bells that went of f following that ,

| I

3 i were very minimal from the standpoint of the community. |
| !

9 In fact, a survey which was taken by our energy

10 ! task force indciated an 80% support of the people this
' i

community for the Municipal Utility District, Sacramento11 '

,

12 | SMUD and PG&E which was not associated at that point because

| they haven't a nuclear plant in the Sacremento area, but 80%13

i

;f ; of the people were supporting the managers and engineers in !

I'

what they had from the standpoint of their professional j;c
:

g | expertise.

I think it is a high degree of arrogance for'

),

those of us who are laymen in the area of nuclear science
j

to preempt those who are devoting a life to this particular

i area and I think the Nuclear Regulatory Commissicn should
20

1

! be applauded this morning on the decision which has been
21 .

|

| made to move the moratorium nationwide because as Mr. ,

'2 |

i VanVleck stated, igance, and the Soviet Un on and West i

O |

Germany are s c11 ' ing this form of energy production to !

i
24

Imaintain ti._ momentu.m of productivity of their societies

a.c. ,

and their people.
'
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|

1
; |

!f When it comes to Sacramento, we are a Government

4 i
,

community with jobs as a key issue. We haven't much private |i

3 | |
| sector development. We have on the horizon a threat to the -

,

4 i

State jobs because of the taxpayer's anxieties over something
3 |

called Jarvis 2.

6
! We have to insure in the eighties having the jcbs

7 !
! to meet the demands of our people.

3 We at the Chamber were very saddened that a majorj
!

9 firm Signetics chose not to locate in Sacramento because we

10 could not assure the electrical power needed. That would be |

Il four thousand jobs in the private sector.
,

I: The State Energy Commission has to be a villain

| in this particular situation because of their knee jerk13

!

reaction to the criers of gloom and doom they have not14 i

13 chosen to ef fectively plan for the future of electrical |

14 power needs of our people, f
i

17
Therefore, the Chamber of Commerce has taken

'

gg j a policy to support conservation as a number one need to

support both the Sacramento Municipal Utility District andg
i

Pacific Gas and Electric and developing predictable electrical
, 3

i

power for the 1980's and the third part of this program isg

to applaud the efforts to seek new technological developmentsi
_ ,

the alternate energy sources that will be assuring the futurei

22 >

'

of this community.
*L I

i

On that note, I thank you very much for the ;
,

ac .

me

!

!
-- v -T,- % i <.
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|

1 -

; opportunity to testify and again, welcome.

I| |.
' ! CHAIRPERSON BOWERS: Thank you very much. .

!

9

| Miss Virginia Moose, is that correct?*

# MR. CAPLES: Madam Chairman, my name is Al Caples,

i
3

| I represent the building and construction trades counsel

| for organized labor and it is rather ironic that you scheduled '6
I

t

7 | me to speak right behind my very dear friend with the Chamber
!

$ ! of Commerce and in this particular case, organized labor in

! l
9 I the Chamber of Commerce is set in the same particular spot. '

!

to | We are both in support of the continuation of

Rancho Seco. We are both concerned about the safety of
11

.

!

Rancho Seco and we know that you people are also.j7

,

;3 | We are in full support of continued growth in this
!

7, ;area.

I
This area is probably one of the faster growing i

;,
I

areas in the United States today. |
14 .

!
'

ii We need further electrical energy and if Rancho
1,,

,

Seco is shutdown or closed down, in any way it will damage,

|'
in our estimation a considerable amount of people. '

19

My people representing approximately twenty,

- 20
i

thousand construction workers in this area is depending
'

21

[ upon their livelihood for construction, and without electrical
z -

energy we are not going to have a job. |,

22 ;
,

ISo, quite frankly we are in full support of

24
'

the continuation of Rancho Seco.
i

*c
~

Thank you.
i
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Beaque of OYomen %oten af Sacramento
k 2206 K Street, Suite 2 e Sacramento, Ca 95816 e 443-3678

1
February 26, 1980

TO THE ATG4IC S AFETY AND LICENSING BOARD OF THE
NUCLEAR REGULATORY COMMISSION

After a two-year evaluation of energy sources, the League
of Women Voters of the United States adopted a position which
calls for increased reliance on conservation and renewable re-
sources and no increase in nuc11 _c energy. While this position
recognizes that nuclear power has a place in the energy mix,
it assigns it the lowest priority because of long-term waste
disposal and safety problems.

The League, both on a national and a state level, has
called for openness on the part .of the nuclear ccmmunity and
for " prompt public disclosure" of findings resulting frcm in-
vestigations of nuclear power safety matters by the NRC and
any other public body. --

Phyllis Price, State Energy Director for the League of
Women Voters, stated in a letter to the NRC dated August 9,
1979: "The League of Yomen Voters of California urges the
Nuclear Regulatory Comnission to conduct full public hearings
in Sacramento on the operation of the Rancho Seco Nuclear
Plant. We feel the citizens living in the Rancho Seco area
must be given an opportunity to hear the findings of the in-
vestigations into the Three Mile Island incident. These cit-
izens also deserve full access to the NRC in order to ask
questions regarding the operation of Rancho Seco."

The Sacramento League of Women Voters does not have a
statement to make regarding the safety or lack of safety of
Rancho Seco. We do wish, however, to address ourselves to
the way in which the nuclear community has treated the sub-
ject of safety as it concerns the general public, and by
" nuclear community" we mean both industry and government.

Peter Bradford has been quoted as saying that the first
casualty of atomic energy was the truth. Whether or not the
nuclear community deserves this, the public's perception is
that it has not been told the truth, that it has been given
a sales pitch inntead of the facts, and that, in fact, much
time and effort has been expended on keeping information from
the public.

A week or so ago, a nuclear expert on a San Francisco
talk show came out with that same cliche about the Three
Mile Island accident proving how safe nuclear power is be-
eause no one was killed. This is not the kind of thing the
public wants to hear from the nuclear community. Nor does it



.

want to hear that nuclear plants are failsafe when no allowance
is made for human error, or that there will be no harmful effects
from low level radiation when the scientific community is sharp-
ly divided on that issue, or that the chances of being injured
by a nuclear reactor accident are as remote as being hit on the
head by a falling meteorite. Nor do people want safety hearings
which are so narrow in scope that they become meaningless to
the public in general.

_

This tendency to deal with the public via cliches instead
of with real information has resulted in a tremendous loss of
confidence by the public in the nuclear industry and in the
nuclear regulatory agency. The public has a need and a right
to know. No significant headway can be made in solving our
energy problems if we are not working together, and right now
an enormcus gap exists between nuclear advocates and nuclear
critics <ith the general public caught somewhere in the middle.

Both nuclear advocates and nuclear critics have some
changes to make. It is incumbent upon nuclear critics not to
blow up out of proportion expressions of scientific caution
on the part of nuclear advocates as admissions that nuclear
power is unsafe. Critics must also deal realistically with
the consecuences of shutting down producing nuclear power
plants. Nuclear advocates, both industry and government, must
stop impugning the competence and motives, and even the right,
of outsiders to question their judgenents.

Give the general public the facts. Let us, especially
those of us who live within a few miles of a nuclear plant
and who use the electricity produced by that plant, weigh
whatever risks exist against the consequences of doing without
that electricity. It may be too late for candor, but, at
least, let us give it a try.

M
Goldie Hall, President
League of Women Voters of Sacramento

.

cE w ,
Virginia Moose, Energy Consultant
League of Wenen Voters of Sacramento

' '3, z ~ c ,c .: 7 a:: ..u
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I i

: MS. MOOSE: My name is Virginia Moose, I am here |
i ;:

on behalf of the Sacramento League of Woman Voters and I>

t
S
~

.

!| have given my address to the young lady.

4
I have a statement to read which has been signed i

!.i
,

,

by Goldie Hall, the President of the Sacramento League, and* '

|

6
'

by my self.,

:

I
| After a two-year evaluation of energy sources,
|

3 | the League of Women Voters of the United States adopted a
!

9 position which calls for increased reliance on conservation
.

| and renewable resources and no increase in nuclear energy. |10

11 While this position recognizes that nuclear power has a place

:

in the energy mix, it assigns it the lowest priority because12 i

| of long-term wase disposal and safety problems. |13

I>
'

14 The League, both on a national and a state level,

!

13 has called for openness on the part of the nuclear community

|

14 i and for " prompt public disclosure" of findings resulting

'

from investigations of nuclear power safety matters by the
17

gg | NRC and any other public body.

!

Phyllis Price, State Energy Director fo the Leagueg

of Women Voters stated in a letter to the NRC dated August 9,
1

04
.

1979, and I am quoting now;'

41
,

| "The League of Women Voters of California urges

3the Nuclear Regulatory Commission to conduct full publici

_,.
,

hearings in Sacramento on the operation of the Rancho Seco
24 I

Nuclear Plant. WefeelthecitizenslivingintheRanchoSeco|
'! !

!inn = % vm u m e i c
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i

#

i !

| area must be given an opportunity to hear the findings of !

i

4 '

the investigation into the Three Mile Island incident.i

These citizens also deserve full access to the,

s !

NRC in order to ask questions regardi..g operation of Rancho'

I
,

' |
e

| Seco." !*

|| '
5 i The Sacremento League of Women Voters does not

!

7 ! have a statement to make regarding the safety or lack of safety
!

3 | of Rancho Seco. We do wish, however, to address ourselves to

\
9 the way in which the nuclear community has treated the subject

10 l of safety as it concerns the general public, and by " nuclear
' i

11 : community" we mean both industry and government.
I

12 Peter Bradford has been quoted as saying that the

13 first casualty of atomic energy was the truth. Whether ori

l
i

;4 ; not the nuclear community deserves this, the public's percep- j
' /

tion is that it has not been told the truth but has been given i
3 !L

| a sales pitch instead of the facts, and that, in fact, much
16

I

time and effort has been expended on keeping information from'

l,e
,
,

j the public.

! As week or so ago, a nuclear expert on a
19 |

| San Francisco talk show came out with that same cliche about
20

!

|
the Three Mile Island Accident proving how safe nuclear power

i
: is because no one was killed. i

|22 :

i This is not the kind of thing the public wants !

22
to hear from the nuclear community. Nor, does it want to |

,

24 |

hear that nuclear plants are f ailsafe when no allowance is j
,u ,

I~

made for human error, or that there will be no harmful effects
i
'

:.nr e = v: = = m oo m ,a i c
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1 |

|
from low level of radiation when the scientific community is

| sharply divided on that issue, or that the chances of being

4 injured by a nuclear reactor accident are as remote as being*
|
,

# hit in the head by a falling meteorite.

I | Nor do people want safety hearings which are so
i

6 narrow in scope that they become meaningless to the public,

i

7 in general

I

3 | This tendency to deal with the public via cliches j
i
i

9 instead of with real information has resulted in a tremendous

10 |
loss of confidence by the public in the nuclear industry and

+ s

11 | in the nuclear regulatory agencies.
!

The public has a need and a right to know. No
;; ,

t

f significant headway can be made in solving our energy problems;3
I
6

;, |
if we are not working together, and right now an enormous

i

! l
gas exists between nuclear advocates and nuclear critics ;

;,

with the general public caught somewhere in the middle.

Both nuclear advocates and nuclear critics have
17 ,

some changes to make. It is incumbent upon nuclear critics'

18 i

I not to blow up out of proportion expressions of scientifici

19 ,

i

I caution on the part of nuclear advocates as admissions that
20 ,

,

nu lear power is not safe.,

21 |
i Critics must also deal realistically with the

= i

; consequences of shutting down producing nuclear plants.
~, ;

! Nuclear advocates, both industry and government,

24
'

;

'

must stop impugning the competence and motives and even:the '

!e. :

ii.,rm ~ v m. i,.c
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'

i right of outsiders to question their judgments. |

; Give the public the facts. Let us, especially

i

those of us who live within a few miles of a nuclear plant .

2 4

I

4 | and who use the electricity produced by that plant weigh

3
whatever risk exists against the consequences of doing without

6
that electricity.

t

It may be too late for candor, but please let
7 i

! us give it a try. Thank you.
3

I

I CHAIRPERSON BOWERS: Thank you. Herman Grabow? ,

9

MR. GRABOW: Madam Chairman and Members. For
i

10 t
;

i

the record, I am Herman Grable known as a cow commentator.
,

This bronze cow bell is 101 years old. I was
;

; a legislator representative for the California State grains
13 :

I

i for 18 years.
1.1 i |

|For the past eight ; rears on my birthday, January
13 \'

lith, I have passed out butter to the legislators, the |
16

'

,

secretaries and my many friends. I have butter labe2s for
,

17
| you. It is too late, Januarv llth is long gone.

18 !

| I understand, according to the publicity in
,

I
19

the newspapers that today is set aside for testimcay covering
,

20 ,

broad aspects of the safe operation of Rancho Seco.

21 -

This is the way I see it. The cow commentator;
'

i

has lived in the Florin area just a few miles from Rancho'"

,

t
-,

I
j Seco for twenty years. So, let us regurgitate a few facts.~~

i
>

s One, I have never seen anything that is invisible,'*

i
,

-c
have you? Nor, have I ever seen two gases that unite to j~

;|
i _ % vm.m-:- ic

i
.

_ , , - , . ,_ - . . .
' -. n-. 1-
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!I
create rain nor do I know exactly what causes pain, nor can Ij ,

; i

!
,

! or anyone else predict exactly Rancho Seco's reign. Nor,'

,

j there is nothing in this world that is permanent forever,*

i

# actually the only permanent thing is change, and safety is
ii

e !

| no accident.*

I

6 | You can have ultimate safety at Rancho Seco
!

I through a complete shutdown forever. Rancho Seco cannot be
1

3 | operated without potential danger because everything has an
|

9 f ultimate potential danger.

10 Maybe Friends of the Earth misspelled the words ;

11 i friends. Do they really want to protect people? Well right
i

12 ! here in Sacramento there are stabbings, purse snatchings,
,

13 robbe ry , holdups, arson almost every day. So, Sacramento i

!

l

;g j is a fertile field for the good intentions and efforts to

'

help and protect humanity.
|73

g |
My question is, how many deaths or crime in

Sacramento can Friends of the Earth name are caused by
i7,

Ranco Seco? My answer, is none. The way I see it, the

I Three Mile Island Accident, as far as animals and humans arei

19 !

| concerned is a safe, harmless kind of accident. Just hope
20 ,

;

and pray that trains, plances, autos, guns, knives, bicycles,,

21 !

and earthquakes has as safety as safety record as Three Mile

|22

i Island had. !

22 !
1

'

Chairman, I have here_a copy of Hoards Dairyman, !
'

24
| June 10, 1979 that has a picture of the RichaR1Alwine Dairy |

,e i
me

t
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12 i

i

i !

| located near Three Mile Island. No adverse effect on the

2 I
animals, the milk, or man. I request permission to read my,

|
- .

previous testimony of July 5, 1979|
*

.

1

# I ring this bronze cow bell in support of

! Rancho Seco.
e
-

I .

5 i Now, whatever time I have left, this is what
i

jI I read on July 5, 1979.
t

3 Here is a picture of a Three Mile Island and

9 here is Richard Alwine's Dairy, and I called him Saturday
,

i

10 and he said nothing has ever happened to the milk to the |

i

11 j animals, to his family, nothing at all.
t
i

!; i This Cow Bell is over a hundred years old. I

|!
I

l
was a Champion Hand Milker at the State Fair ove - 80 years;3

I

)
;g ; old.

I |
Let's talk common sense and place things in

|;3
.

,

their proper perspective. Property lost by storms, floods,
16

'

fire, or even a nuclear plant phase-out is replaceable.!

1,,
,

i

|
Life is irreplacable. There was no loss of

| life from the so-called Three Mile Island nuclear disaster.
19 i

i

! So, let's use common sense when evaluating
20 ,

, .

nuclear reactor problems.
21 }

f

| Let's place values in perspective. There was
;

22 ! !

I nothing that is a thousand percent danger free. Let's look |

22 ;

at the record.
24 !

i

Man. In the beginning, muscle was his only
'

15 '
,

energy. i

i , von nce.*u ve,manu acomum is.c i
'
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MUCIZMR RESULATORY Co?2!ISSION

Fab, 26, 1980

NCR Atomic Safoty and Licensing Board:

Ur. Chairman and Hombers: -_

For the Record, I an Hernan Grabow, known as the " Cow Common-

tator". This Bronzo Cow Bell i's 101 years old. I was the Log-

is lativo Reprsentativo for the California Stato Grange f'or

31ghtoon years. The past eight yocrs,(on ny Birthday,Jan.ll,

I have passed out Butter to tho Logislators,Socrotarios and my
.

nany Friends.

Mr. Chairman: I have Butter Labols for you and Members.

I understand, according to the publicity in the newspapors,

that, today is sot asido for testicony covering broad aspects of
,

the "Safo Operation" of Rancho Seco.

THIS IS THE UAY I SE2 IT.

The Cow Conacntator has lived in the Florin Area, just a fou

miles from Rancho Soco, f or twenty years - so lot's "Rcgurgi-

itate" a few Facts.*

1. I havo never soon anything that is invisible, Have You?

2. Uor havo I ever soon the two "gasos" that unite to croato
rain.

3 Nor do I know exactly what causos pain!

4. Nor can I or anyedo else predict exactly RTncho Soco's reign!

5. There is nothing in this World that is pernanent forevor.

6. Actually, the only Pormanent +hing is Chango!

7. Safety is no accident!

d.



.

d

two Rancho Seco

8. You can have Ultinato Safety at Rancho Seco thru a;conplete

" Shutdown Forever". Rancho Sc.co can not be operated without

Potential Dangor - because, everything has an alrinate '

Potential Danger!

Uaybe, " Friends of the Earth" dispelled the word " Friends".

Do they really want to protect peoplo? 'ioll,ri.;ht here in.

Sacrarconto there are: Stabbings,Purso snatchingyRobbery, Hold-

ups, Arson almost everyday. So Sacranento is a fertile iald for
,

their good intentiond and efforts to help and protect hunanity.
My question is : "How nany Death's or an/' orino in Sacramento can

the Friends of the Earth name caused by Rancho Soco?

Hy answer is "JIC:TE" .
,

The Uay I Sco It - The Three Mile Accident - as far as animals,
and Humans are concerned,is a Safe,Harnless kind of an Accident.

Let us Hopo and Pray that Trains - Planos - Autos - Guns -

Knives - and Bicyles and Earthquates have as SAFETY RECORD as

THR:G UILE I3LAIID HADI.

Ur. Chairman , I have here a cory of Hoards Dairynan, Juno 10.

1979 that has a picturo of the Richard Alwine Dairy located nocr

TFREE MILE ISLXiD.110 ADVERSE E77ECT GU THE iTE1113,?lIIZ, or UAII!

I request permission to read ny previous testinony of July 5,1979
I RII!G THIS BRONZE Co'l B2LL III TORT OF RAITCHO S2002

liernan Grabow
" Cow Connontator"

(// /mm- .

i
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1

13 |
.

i,

; ; i

i Horse. So, he advanced his power through the i

! |.

) horse. This new energy created problems. They balked, k icked ,|'

I
2 ran away causing injuries and even deaths. |i

! l

I* Trains. They moved goods and materials faster,

f cheaper and to various sections of the nation. Yet, they5

i

6 | too had accidents, collisions and deaths.
I

7 ! Trucks. They had mobility, speed and are economic 41
i

\ \

3 i yet they too had wrecks, caught on fire, overturned and caused'
!

9 dea ths .
|

10 ! Tractors. They had more horse power, did more
i
i

work, accidents and deaths.
11

|

| Automobiles. More power, speed, injurie 2nd
12

i dea ths .
I.d ;

Oil. Crilling for oil is dangerous, fires,
;,

injuries, price is sky high and there are deaths.

There is nothing one thousand percent danger;

I
'

free.i

17
,

Let's look at the record.

} Every day in California, in fact here in Sacramento
19 ;

,

j County, there are auto accidents with bodily harm even deaths,f
'

20
I

do we . op driving autos? No,'we don't.:

21 | There are fires in homes, schools and apartments

O |
'

i with age losses both material, physical and even deaths. j

22 i:

Do . stop building? We do not. Why then, when there are j
'

24
no serious problem caused from minor problems at the nuclear.

e
~

power plant; and without deaths do some individuals want to
'

m % v- m. w ,_!ci

me SCUD. Cap'TCL. STEPG? 1 g $Uf?C 147
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14 !
i

j1 i

i forbid the operation of those energy saving electric providing i
!

:
power plants? Since we do not stop building homes, churches, !

i

l
! i,

schools, auditoriums, what should we do? Do we improve their I
*

>

,

,

1 i

fire resistance and try to eliminate the causes of these'

t

<

| fires. Smoking, add sprinkler systems and try to catch any-

i
0 arsonists.I

!

I ! The above covers what has happened in the past
i
I

3 to man. To man himself, horses, trains, autos, tractors, j
.

|
9 trucks, fires, which have a record of destruction practically ;

|
10 ! every day of the year. j

11 ; What about nuclear power? Do we have a record

12 there? Yes, there is such a record. Three Mile Island the

13 one that shook the world. The one that demonstrated how

I

;4 ; safe nuclear power is for everyone in the area where the

problem existed. I
;3

permitmetoquotefromtheJune10,i,! Mr. Chairman,
73 ,

I

1,, ; 1979 issue of Hoards Dairyman by Dieter Krieg on Three Mile

Island --

| CHAIRPERSON BOWERS: Mr. Grabow, looking at
19

| your document, which if I understood you correctly, you did
,0. ,

read at the July 5 pre-hearing conference; is that correct?
21 i

| So it is already in the docket and you do have considerably
2: !

i more so we would like to pass on to the next person if we
22

may.
I

24
'

'

MR. GRABOW: Be happy to do that.

15
.
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!

15 '

,

i

!

1 i

I,

CHAIRPERSON BOWERS: Mr. Whitecioud. !

2 !
8MR. WHITECLOUD: took some notes from some of !

'
I

2 |i

', the other people while some of the other people were speaking
'

4
,

and I would like to address some of those things first.'

$

| I guess the first thing is that your comment
,

i
6

that you would like to have seen Mark stay in the hearings, |
,

:

7 |

| well, you are getting paid to be here, we are not. If you

3 !
pay us, we will be here and conduct legitimate hearings.

!

9
If you will support us, not even pay us, justt

10 i
i feed us, take care of us. We will conduct legitimate hearings.

11 i

You are getting paid to be here, we are not. I 1i

!

12
'
Ithink you should keep that in mind.

1

| The second thing was the comment on the potential !
i !

Id loss of generating capacity from Rancho Seco and Diablo Canyon

II of .24% or something like that.

I
16

~ All of the energy experts agree our largest
I

t

17 energy resource right now is conservation. Look at the

'
18 lights in here, half of them would be enough. That is where

i
!

19 |
we can do away with Rancho Seco.

20 The need is not there. There is the comment |

|
21 ! that other things are dangerous and have caused deaths as

= well. Coal, oil, those things need to be dealth with too,

n we are not denying daat. We are just saying that we feel

the nuclear threat is the most dangerous one right now.
;4

'.y

,

i-m % vo ri- :_ _ i c
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16 ;

i

| I

i i !

fSo, we are not denying that all of these other

2 I i

things need to be dealt with right now. ;'

I
2 i

! Fourth was the comments on potassium iodide and I

.

4 I

crypton in the milk I do not really know where he got those.
,

5 |.

The things that were in the milk were iodine 131, ;

!
-

4
! and stronium 90, so that I do not understand -- the potassium i

7 iodide is one of the things that people to take to help them'

i
i
'

3 !
; after a nuclear accident to help wand of f the radiation, by !

I
|

f9 ', the way it is beneficial.
|

10
[ Iodine 131 is one of the main things that was

,

Il ! released. There were over 14 curies of iodine 131 released
t i

12 f rom Three Mile Island during the first two days of that |
:

|
13 accident, not peco curies, as is normally measured, but ;

|
'

14 i curie. This is from the utilities own documents and records ;
!

'

'
1.5 of the gases releases after that accident.

I

14
' This is significant in that iodine 131 concentrates

17 in the thyroid gland and especially in the thyroid gland of
,

13 the fetus.

In doing so it retards the development of the
79

I

.g |
fetus and the babies are born premature, that babies effected :

i
t

4

are born premature with under developed lungs and other
!.)'
I

j organs and just are incapable of surviving and they die. {
,

Dr. Ernest Sternglass did research into the
23 j

;
,

!

inf ant mortality rates af ter Three Mile Island and in some i

1
24

areas the infant mortality rate increased 100% in the months
15

'
i., % vo m. m - i c
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.

|
'

I | |
immediately following the accident and then dropped of f again :t

!2 !

after aboud a four or five month period of time. !

3 |
This is explainable because iodine 131 has a !

i
4 l

'

' very, very short half flight, eight days and does not stay
'

$ .

around long. i!

!

6
: Babies who were in pre-thyroid development at
1

!

7 I

: the time of the accident were not affected, they were born
,

,

3 | normal because they did not have a thyroid gland for it to
!

9 be effective.

10 i The next thing is we have done a little bit of !

II research around Rancho Seco. Not enought, but again, we are
'

,

I2 not a a paid staff, we are people working giving up our jobs

i !
'I3

|
and lives to do the work that we feel that the government and

i i

14 | this board and the NRC should be doing and are not. |
i

!

13 We found that when Rancho Seco was lid off and

14 ; went on line for a matter of just a few months and then back

17 ', off line for eight, when in went on line the first four months

18 there was a 25% increase in infant mortalities in the areas
|

19
around the plant.

l

Average over the years time, for the first year.g ,

I
of operation considering that the next eight months of operaticn

3'
i

| were down time the infant mortality rate had decreased.> i_,
i

This is exactly the same pattern as af ter the

Three Mile Island Accident, only on a slightly reduced scale ,

,sa ,

i

but the pattern of infant mortality is bare around Rancho ;

,,
i

i

:
im% vornari Acpaeries i c.
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I

18 i

!,
1

'

i Seco. The idea that people supply and demand that we need
I

the electricity is only valid to the point that we start !i

!n
* saying that it is okay to kill our babies to get the electricty ;

'4
We cannot do that, we cannot allow that. It is',

e
i murder and it is suicide.-

i
6 j To maintain a faith of our own moral consciousness,

I we have to do everything in our power to prevent these murders

i
3 | from continuing. We are duty bound and law bound to try to

!
l

9 prevent this from continuing to happen.'

!

10 | If people did not know the effects of Rancho Seco j
i

11 .
when they built it and when they let it off, that is under-

!

12 standable, but now you know, you know the effects of radiation,i

i; | you know that that plant will start killing people when it

;4 goes back on line again and if you allow that to happen, you

;3 ; are allowing murder to happen.

You are, because you here have the power to stop'

16

it at a minimum. At a minimum you can demand that it not gog,

on line until after the safety hearing. That is the minimum;

i

j that you can morally responsibly do and call these hearings
19 ,

!

; anything at all but public hearings.
i

I have got two pages of notes out of the'

,

standard California Codes, 1980 edition. They address the
22 | ;

i first note is from Article 187 and it constitutes murder. !

22
,
.

It describes what murder is.
24 !.

Murder is the unlawful killing of a human being ;,

15 ;

!

l
i.,fri m v o==m *- ia c i
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19 |

!
1

1 I
i;

t or a fetus with malice aforethought, i

2
We feel that we can prove that babies are dying'

2 ! I
j at Rancho Seco, if it is necessary for us to take it to '

,

4 i

{
Court. We do not want to do that. Be reasonable people,

'
e

| we do not want to take you to Court on murder charges. That~

6
is a very heavy thing to do. But you are leaving us no options.'

t

I7
! If you allow that plant to go online, we have
!

3 ! no choice, we must pursue every legal non-violent option

9 available to us to protect the lives of our children and our-

10 | selves. !
> >

11 ' You must do it or we must act. It is your choice.
,

I

!

12 You can either shut it down or face the possiblity of criminal ,
,

l'

13 ! charges of conspiracy to commit murder.
I

I

14 i CHAIRPERSON BOWERS: Whitecle'id and is Will in
, ,

13 the audience, W-I-L-L? Okay fine. !
,

t,$ MR. WHITECLOUD: I am Whitecloud, and I am not

17 a town, I am a country, America. |

I have no organization or group that I belong;g
i

! to.
j9

I
t

My mongrel spirit transcends those tribal
20

!

| limitations. My tribe is the whole of humanity and that
14 ,

i

humanity that tribe is in the process of conf ronting nuclear
,

!i disaster.
22 ,

I have a responsiblity for your lives. You are ,

responsible for mine. I do not come here this morning
'5 ,

i.,vo % venan= h . i=c. i
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end i

20 i

i I

i
j attack because to attack is to attack myself since I am part

Je

! of that whole.'

>

' |
; I come only to inform you that I am ef f ecting,*

# introducing you to a curative, concentric circle of magic.

'

| I gathered that magic together this morning and*

I
6 released it the moment I entered this room.i

I

7 | It is now in operation. It began with the people
i

3 around me and it surrounded this room and it is now a circle
l

9 i around this entire building.
I

10 i If you close your eyes, you might be able to see i

' |

11 i it. That circle is designed to spread over a 150 mile radius

1; and to expand continuallys and concentrically for as many

thousand miles as 1 can send it. -
|!

i;3

I I am not the only person involved in creating;4 ;

i those circles. There are people all over the country and
;3

h
! the world who are effecting those circles.

16

At the risk of stretching political credibility,t

1,,
,

j those people are generally called psychics and mystics.

I The origin of the word, India, the original
19 |

! meaning was land of the actor, Columbus was right. We all
*0 ,

i

have roles to perform in this theater of God. Let it not
j

i
! be our part to profane something which she has made sacred,

O ! |
|

1 and that is the aarth and that is human life. The perpetua-
. ,.

I tin to which I am dedicated.
I

24 .

'i

CHAIRPERSON BOWERS: Thank you.
i

n
-

Will, you will be next and Mary Moore.

i.m % vo ri.e -ic
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TAPE 5/1
|

1 MR. WILL: I have been involved in questioning !

|

2 the validity of many activities our society has decided to ;

I

!
3 do in nuclear being one of them.

I

4 In my pursuit something really started to bother |
i

5 me, I found the underlining theme that is most discerning j

6 to many of the activities that we now accept in our society ,

7 today. Most of our industries are set up in pattern to !

I have allowable deaths,8
'

i

9| What safety has become to us is whether the nunber
'

i i

10 of allowable deaths we can tolerate for what we are willing :

I

11 to pay for and we all, every one of us have accepted this
|

;2 for all these years. Now, it is the same story with nuclear
!

13 power. We are asking to define safety as the number of

PGOP e we are willing to allow to die for the benefit of14 | l
'

i ,

i

13 |
producing electricity.

|

! I can't consciensiously believe that any human
16

being has been given the authority to make that decision. I :
17

would get very frustrated about this and the people that Iig

thought were promoting nuclear power, I conceive them to
19

be enemies and demons and just vicious, bad people. I realize
jg 20
s

$1 what I was doing was actually attacking their activities. Now ,

21
Iil

i

I h. u 2., | I can honestly sit here and say I love these people and
I o n
IEgjhi 23 || e erybody here for being human beings but I hate and I feel

i

i

15i I

|"i really regretful that we have allowed ourselves to take part
24

;-||
jg in the activities that now we all take part in. We are alli

i ,

i

t
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'

t in this together. We have to mutally begin to work together

2 to come up with new and creative ways of dealing with our !
I

e own destructive tendencies. If we don't we are going to !
*

I

exterminate ourselves.A

!The NRC people have been used by these arbitrary
3

authorities we have set up to be whipping boys and whipping .

3
i
i

persons and we failed to realize the human beings there, and j-

7
| |

today that is all I want to address. I

I !

I plan to do a silent visual with the Members !
'

'

9
s

here of the NRC today.
,

CHAIRPERSON BOWERS: Lauren Bodi, please? '

11

This will be -- Ms. Bodi will be the last speaker
12 i

before we break for the lunch in one hour and then after |
13

that Mrs. E. J. Leshan and Helen Hubbard and Diane Hughes,

14 |
after lunch. !

'

13

Sorry. |
I4 i

'
MS. MOORE: My name is Mary Moore. I didn't

17
come here prepared to say anything. I came here and I thought

la
I would just see what felt right to me in my five minutes. ,

!
19

Just since I got up here looking at the people that aresitting|
here at this table, all men sitting at the table all in their

*1*
ties, which is the acceptable mode of dress. I would like

i
i~,

to ask each one of you individually how many ever thought i
~

|

of not wanting to put on your tie? I see a few smiles of

2# recognition.
'

2

'

.m ro.vo m. - _ < c.
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I,

(

You do it to conform, you do it to be accepted.
I

There are people in the audience who aren't dressed quite
.

I
'

as acceptably, it is a suit and tie but maybe a little different
1

style. ;

i |
I am saying that because I want to make the point i

3 !
that new ideas are difficult to accept, you know, the mainstream

f4
t

; we all about the mainstream and the outsiders. Whenever i

7
' there is a new idea, it merges on the consciences of people

3
and this has gone throughout history, you all know of this.

9 ' It is usually done by people who are not accepted

10 |
at first, little by little that idea gains acceptance, seem i

11
in radical sheak, seem in county when the rich people and

!
the poor people. Seen in large numeration, you all know

'
!

I.d what I am talking about.

Id So, there are a few people here, that are saying i
i

I3 so many far out things, and probably some of you don't even f
:

Id want to hear. On some level, as you know, what we are saying |

I7 is true..

IS All of you have your jobs and your lives are

19 depended onthem. So, you don't want to let it in.'

20 The second thing I want to make is about vested

*1 interest. Vested interest don't want to let in new ideas.
;

:: If I were the wife of a worker who was going to work at
!

3 Rancho Seco I wouldn't want to believe that radiation might

3 kill my husband. If I were a rancher around Rancho Seco |

and my whole life depended on it, I certainly would not want.I

i

!PrTTPenaPcueA4. Vestaves O r-,. w. Iasc
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I to believe that radiation could effect me, my family, ,

!

2 : and I wouldn't want to let that idea in. That is what I !

'

heard happen this morning. I have heard a lot of people

being used to the old ways who didn't want to let in new4

ideas.,
-

I ust want to back up what was said before. !
6 ,

i

The three of you have the opportunity and are paid to do'

7

it, to examine all the evidence. I know what I would do
,

if I was in your shoes, there wouldn't be any question
,

about it. Because, I deep down with all the evidence
10 :

i

unless you are engaging in real massive denial.
11 '

I don't need to go into all that. Since Three
12

.i.le Island was not the first accident, it was the first

' widely publicized accident. There has been a lot of accidents
*

1.L

and there have been people killed on nuclear power.
i

I.! !

I am a member of a group, but we are all speaking |
II4
Ifor ourselves today, but a member of a group that has an

17
cffice at 1414 16th Street, called People United Against

IS
Rancho Seco. We invite any of you to come down and talk

19
for linger than 5 minutes if you really want to know what

20
we are talking about. Rather than sit here and try to tell

*1'
it to you in 5 minutes which you all know is limiting.

Come on down we will talk to you. We will show i

= you what we have got. We have got 3 large shelves full of
!

evidence. I invite the three of you, too, if you are going f2#

i

U to be here. Come on down we will be willing to talk to you i

:
,,vimm vimew =~ . !,.c
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'

i on our turf just as we always come and talk on your turf,
l

2 with your rules and regulations. I dare you. Any of you, f
I

come on down, you, too, Mark.
;

4 CHAIRPERSON BOWERS: Thank you. |
'

Warren Bodi, please?
3

:

MR. BODI: Yes. First of all, I would like to say
3

i

that I have no dislike for the Nuclear Regulatory Commission,
7

that is sitting up here. I have great compassion for the

Nuclear Regulatory Commission. I have been in the anti- ,

7 .I

nuclear movement for quite a while now and was at hearings |
10 |

on about Diablo Canyon. Where we presented all kinds of
11 '

evidence. Part of that evidence was about an earthquake !

12 I
i

that sits under Diablo Canyon that has the potential of i

13

up to 7.9.
,

14 i
'At Lawrence Livermoore Lab there was recently an

i.! !
earthquake that was recently 5.6, that damaged the structure

T4

of the Lawrence Livermoor Labs. Now, 7.9 is at least 25 times

17
stronger. You take a sound and you tap and you magnify the

18
sound 25 times and that intensity is going to strike Diablo

19
Canyon, j

-
20

Now, I am using that as a point that you all have

*1'
no validity anymore. YOu all have no credibility. I have ,

-

compassion for you. I do not feel like you are evil. Not ,

I

:

at all. I feel like we are dealing with acute psychosis, !

*1
I feel like we are dealing with acute insanity.*

2 Insanity relative to what it means to see life
;

i.,ro e.r c,. vo = :-, c
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I as a sacrament.

|I ' I am not approaching any more. This whole nuclear
|-

:

thing from a technical point of view. You all know all the i.

i technical arguments we have given you. Your ears

!
I have remained deaf to it. |

|
6 I am not approaching this anymore on a political

,

!

7 point of view. You all have been pressured by political !
I

i

people. You see our own Governor is trying to pressure3
,

|

9 you to deaf ears. I am pressuring you out of a spiritual
'

more f a psychic type level.
10

Your spirit has gone astray. You are rationalizing
;; ,

to yourself genicide. The people that work at Rancho Seco
:

I believe have been brainwashed. They are not at fault. !
,

la,
i

They are brainwashed thinking nuclear power and nuclear'

!

weapons can be made safe. You ' mow yourself they cannot ;

!.! I

be made safe.
I4

I
I cannot assume that you a- scientist telling |

;7 .

us constantly things like an earthquake that is 20 times
18

stronger than one.we experienced at Lawrence Livermoore Lab
19

is safe. I cannot assume that there is sanity or you
20

~

are so corrupt by the greed of money.
Il

I A friend of mine, Brad, a little while ago, talked '

I-,

about bringing up judicial papers to more or less a citizens

2 |
arrest of you all because it would be next to impossible to

get most government officials to take a risk. They are
,

a

'eccenas. toesanne -. !<
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eaan wegTOs.1 * mang



i, sacz sc.
i

I all too scared about losing their jobs or being reelected.

IWe have the intent in Sacramento, we have the intent as -

spreading this idea throughout the country of confronting ,

I
A directly not each individual nuclear power plant, not the j

i

3 governments, well, yes, the government, but directly the

.

6 utilities, directly the people that sit on the Nuclear |
,

!
7 Regulatory Commission and directly the Government, and

directly the military industrial complex.
3

You all have violence. We seen what has happened
9

in the past to dissent, in this world. YOu have violent
,

ways of dealing with it potentially. There is now too many i

of us. Too many people are aware of what is happening.
|
|

Is our intent non vioi_ntly to resist you all i

13
,
.

spiritually? Basically, if you want can even potentially ,
'

14
I

kill members of our group. There have been members ,

I3 i

of anti-nuclear groups in Austin, Texaswhohavebeenmurdered.|
I4 :

1
There have been native American Indians like !

17 |
John Trudeau who have been murdered because of their

18

resistance to uranium mining at Indians land..

19
But, you cannot kill millions and millions of people

*0
in good faith. You saw what happened after Kent State, when

21
you killed four people you talked out against genicide in

i

I
Viet Nam. I am talking about genicide in America. |

We are going to confront you with love so you i

|
~1*

can't just turn to us and say " Boy, these people are weird

you know, they hate us." I do not hate you. I love you. I !

,

'arfenuarcron '/UPEAftts be n ! 8'C
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; love your spirits. That is why we are addressing this to you.'

In this moment you can repent your evils, and return to some
7

sanity and as far as I am concerned it is over. You made'

2

your apologies to society. There is no reason to punish.

'
I don't believe in punishing people. I am asking people

|
resist now, we are asking you all, the three of you |

6

up their for Nuclear Regulatory Commission to join us. I am

asking the people in the audience to join us in non-violent i

3 i

resisting genicide. |

9 i

Genicide when it comes to nuclear power, genicide |'

10

when it comes to nuclear weapontry, genicide when it comes 6

f11 '

to uranium mining, and genicide in any form. >

T2
Basically, what we are dealing with is pain. When j

T3
you die of something like cancer if you are a child, when

14
you die of something like lung disease from uranium mining,

!f.!
it basically, is very, very painful. It is conceptual to !

I

I6 I

say it isn't connected to that, but you all are scientists i
,

and you know it is.

18 There is not that many of us who are this persistently
'

19 saying this, because we are wrong. We are like the people

20 that confronted the third righ.t. You can stop as of now,

21 your allegience to nuclear authority. Resist.

22 I appeal to you to resist. I appeal to everybody

22 in this room to resist,
i

'

24 Thank you.

i

"3 MR. GRABOW: Madame Chairman, I inadvertently left

i

:-- vomm :-. _ _ : c
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.

I; ,

:lef t c 't two short paragraphs to Three Mile Island,
|
t.

it is vet, important. i*

!

3 Could I put them in now?
,

1 CHAIRPERSON BOWERS: Can't you give us a copy f
I

3 of that? We will be here for a couple of weeks so if you |
l

6 could run off a copy, we will put i +. in the record. ,

!

7 Fine. !
!

3 We would like to remind all of you in the room'

9 that there will be a session for limited appearances
,

i

|
10 this evening beginning at 7:00 p.m.. ,

i

We hope those who are planning to come, can |
;7

!

come at that time or soon after because if we find our- |g
.

!
i selves here and there is simply no people to take their

f ,.4 |

limited appearance statements, we will assume that those
14

t I
who have been interested in speaking have attended. ,

Mr. Vandervelden?
I4 .

!

MR. VANDERVELDEN: Some people work and can't make '

i17
!

it.
|

IS .

"3AIRPERSON BOWERS: You might they couldn't come
19 ;

this evening?
*0 ,

MR. VANDERVELDEN: I might very well be able to 1,

21 |
'

come this evening. What time are you going to -- ;
!

2
CHAIRPERSON BOWERS: 7 to 10 p.m. |,

22 :

I would say by 3:30 or 9:00 if we have no one to listen to

01
we will assume that people have -- everyone has come that

'

15

'
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is interested in coming.;
I

Alright, we will have a luncheon break and plan !;

!

to resume as close to 1:00 p.m. as possible. !,

!
'

'I don't know what the situation is as far as getting

something to eat. |
5 |

(Whereupon the Board recessed for lunch at |
6 -

<
:

1

12:00 p.m..) |

1 !

.

'
10

11

12 ,

'.
I

13
I

I

|t.!

i.

id
'

|
!

17

18

19

20

11

i
!M

i

= |
,
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!
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AFTERNOON SESSION 2:00
1

.

I CHAIRPERSON BOWERS: May I have your attention, ,

I please? Are you Mrs. E. J. Leshan?
!
'

3 MRS . LESHAN: Yes, I am. ;'

i

i CHAIRPERSON BOWERS: Would you like to proceed |

!
I please? |

i

6 MRS. LESHAN: Yes. I have something prepared |

|
7 in answer to the gentlemen who spoke about his cows and his j

i

butter. Bu t , I feel at this point that I should make it more !
3

!

personal and I should tell you that I am the widow of
9

Edward J. Leshan who was a very fine theoretical physicist
10

trained at Cornel with great potential who preferred to
;;

'
be known by his work and not because he had a Phd but for

people to wonder why he did not have a Phd and who in nine- i
,

teen hundred and sixty-one gave his life at the age of
i

34 for the complete abolition of nuclear energy. He left ;
13 |

five children and incidentally, Mrs. Bowers, I am French |
I4 |

I am not an American and I had to raise those five children

alone in this country and I did it with one thing in mind.
la

That is that they should be aware of who they |
I

19

|i
were as individuals and not as society necessarily defined

20
them. I

11
My oldest daughter is graduating from Medical

!22
School. She is deeply aware of what took her father's ;

,

*"
life. She knows very well the work of Dr. Ernest Sternglass ,

and Dr. Helen Kalcut and I have become increasingly aware'

as a scientist. I was myself going into medicine. I went

!,m,,.ne vo n : _ . c
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i
I

|
t i

into cultural anthropology instead that those people whom
,

are in authoratative positions on your Nuclear Regulatory

Commission are by and large not any of them interested
|

1 or trained in the biological sciences and I have made it I

!
I my business tc take the work of Dr. Ernest Sternglass on

'

4 Three Mile Island to those that I know at U.C. Medical
t

I

7 School at Stanford Medical School and at Doner Laboratory

3 the information on Three ''ile Island and what has happened '

I

!

9 at Three Mile Island. !
, I

I

to I hope that any of you in any life are presented i

|
i

;; with the difficulties I had in raising five children alone
|

as a widow. But I hope that you are presented in your jg

lives the opportunity to grow so that you define yourselfg
I

and that you do not allow yourself to be defined by outer .

g,
i

exterior conditions. That you have the courage and bravery

to face life as Edward Leshan's five children are facing i

,

it and as his widow is facing it. j
|

I feel that what happened as Will stood behind

you in silent prayer because he held in his hand the prayer
19

book that was used by the early Quakers in this country i

2a !

I brought it and gave it to him. As he was !

|21

made a laughing stock in today's society as the early Quakers ;
u

were in the early history of this nation and which inciden- |

25
!tally founded this nation on its ideals of freedom that
'

24
you become aware of his sacrifice for you.

'
'J

Now, as a scientist, and a trained scientist

n,,muno~ me =- s~e
de 23L,T%e QFTCa. STWCIT.1. e. SufTT '47

e r_ _ . 1 !. mma



I4 3 ,- maCZ N o. i

.

! I

and a good scientist, all I can say is that since Galielo I
,

I-
'

and Copernicus limited the area of science to the laboratory i

ithasstillandconsistentlyandwillalwaysbetheperogative|
!

' |of science to say what is new that I cannot control in i

this environment. That is the definition of science. What
!

6 are the sufficient and necessary conditions for something |
|

I to occur. Thus far, the instrumentation of science is
,

i
'

3 not capable of measuring this new element and we are dukes

9 and prisoners of that which we felt constituted since the
r

|'
10 15th our freedom. ;

>

I am only pleading with you members of the11 '

1 Nuclear Regulatory Commission to begin to not close your |
|

13 eyes to that which is new which thus f ar you have not been i

14
able to measure, which is radiation, man-made radiation

i

as contrasted and different from cosmic radiation. !13
i

If I could have a moment. I have a statement
74

here written for People United Against Rancho Seco. Other
1,

,

than that I would like to introduce it into the body of

this documentation.
19

CHAIRPERSON BOWERS: We have been given a copy.
,

,04

It will go into the transcript. Does the reporter have |

a copy? Okay, fine. ,

|22 '

!MRS. LESHAN: Incidentally, if you would permit
20

!me to use the statement that the gentlemen made who talked
24

about butter.
'

"J
The cows are known nowadays to become very

t wTt3Hea Poema. '/IPaarne O-, ,,.. ' auc ,
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#' 26' February '1980 h
*

NUCLEAR RI!DUIATORY CCISISSION
TO' AT0!EC LICINSING AND SAFEJ BCARD

HEARINGS ON RANCHO SECO NUCLEAR FACILITI
26 FEERUARY 1980
SACRAlENTO, CAIlFORNIA

FROM: PEOPLE U!TITED AGAINST RANCHO SECO (PL. J3)
1414 16th St.
Sacramento, California

Although the following cor=unication is addressed specifically
to those persons of the Nuclear Regulatory C't=ission (NRC), it
applies equally to all covernment and utilit' officials who have
the power to shut-down Rancho Seco nuclear facil4ty.

We must first inform you that our own investigations agree
with the finding of the Kemeny Report on the Accident at Three File
Island which indicates.that the NRC has promoted nuclear power
rather than to regulate it. It is as if the NRC has pursued a
policy of " safety first, unless it costs too much to fix". However
interpreted, the end result is that we the people cannot have
trust that the NRC has as its first priority the health and safety
of our people.

In the above respect we note our technical task force report
"I=minent Peril at Rancho Seco" which notes the Kemeny Report's
admission that, for example, generic design defects exist which
have never been corrected either for the Three Mile Island nuclear
facility, and we would note, for its twin, the Rancho Seco nuclear
facility.

In view of the above facts, we must duly note that these present
hearings cannot be considered valid with regarti to protecting the
safety of our people with regard to Rancho Seco nuclear facility.

The obvious failure of responsible officials to duly protect
the life and safety of our people, and the ever present threat of
a nuclear disaster--a disaster which would be worse than the gas
evens of World War II-requires us, the People United Against
Rancho Seco, to declare in public forum the following declarations
of conscience:

.



.

continued, page 2
26 Feb. 1980
TO: NRC, ALSB - EFAREGS ON RANCHO SECO NUCLEAR FACILITY
FRCM: PUARS

(1) That in oztler to maintain faith with our own principles
of conscience, it is our moral duty to do everything in our power
via nonviolent means to prevent the continued indiser%% ant murder
of ourselves and our children by nuclear facilities. That the
dangers of low level radiation, the unsolved problems of nuclear
waste disposal, and the ever present threat of the tragedy of a
nuclear accident go beyond reasonable standards of moral principle.

We note with regard to nuclear accidents that (la) THE
TECHNICAL SAFETY CF NUCLEAR FACILITIES HAS NOT AND CANNOT BE
MADE 100% PERFECT. THEREFORE, NUCLEAR ACCIDENTS ARE INEVITABLE.
(1b) HUMAN ERROR 21 THE ONGOING CPERATION OF NUCLEAR FACILT. IT.:3
HAS NOT AND CANNOT BE 100T ELIMINATED. THEREF0P2, NUCLEAR ACCIDENTS
API INEVITABLE.

(2) That as the public becomes more and more aware of the
facts, that it appears that nuclear energy at best is a terrible
=istake, and appears now to be the moral equivalent of murder.

That if Rancho Seco nuclear facility is allowed to resu=e
operatien, it is our moral obligation to determine if cri=inal
charges should be filed against those officials who are responsible.

THAT EACH AND EVERY PERSON MUST NCR BE FELD NOT ONLT MCRALLY
P2SPCNSIBLE, BUT ALSO MUST BE FELD L'dDALLT ACCOUNTABLE FOR HIS OR
HER ACTIONS OR INACTION AND THE PISULTS THEREOF. THE EFFECTS OF
"IN IREL" RADIATION FROM OPERATING A NUCLEAR FACILITY AS WELL
AS A NUCLEAR "ACCIDDIT" MUST NCR DEMAND ACCOUNTABILITY FROM
RESPONSIBLE OFFICIAIS.

(3) We the People United Against Rancho Seco, put the NRC and
the other responsible officials on notice of our intention to
p sue fully the applicability of criminal charges to all responsible
officialt,with the power to protect our people from Rancho Seco
nuclear facility, and who fail to do so.

We will explore the following criminal charges in accordance
with the California Penal Cede:

CHAPTER 1, section 189- Murder of First or Second Degree.
CHAPTER 1, section 192- Manslaughter. (Voluntary or Involuntary).
CHAPTER 8, section 182- Conspiracy. According to this section of

the California Penal Code, conspiracy occurs
when two or more persens censpire "To
ecmnit any act injurious to the public
health, to public morals, er to pervert or
obstruct justice, or the due administration
of the laws."
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continued, page 3
26 Feb. 1980
TO: NRC, ALSB - HFAP.EGS ON RANCHO SECO NUCLEAR FACILITY
FROM: PUARS

(4) We of PUARS declare our intention to pursue fully all legal
avenues in order to fully protect our people and our children's children
from a nuclear mistake. We regret that as citizens we are forced
to intercede in what should have been work already done by our
government and by the corporations and utilities responsible for
the nuclear threat.

As the facts warrant it, we vill dear,nd that appropriate legal
charges be applied and be pursued fully in a court of law wherein
the facts can speak for themselves.

WE OF PUARS HAVE AGREED TO THE PCSSIBLE NEED TO PERFORM
CITIZEI'S ARREST IF REQUIRED TO INSURE A FULL LEAL AIRING OF
THE CHARGES AGADST RESPONSIBLE OFFICIALS IF THEY FAIL 'IO ADEQUATELY
PROTECT CUR PEDFLE FROM RANCHO SECO NUCLEAR FACILITI.

(5) We, the People Unitsi Against Mancho Seco, deeply regret the
serious and grave nature of this comunicatien. We regret that the
original hopes of " atoms for peace" now appears to be a scientific,
technical, business, firutneial, and medical nightmare. A tragic mistake.

BUT TO NOR PERSIST IN NUCLEAR PCRER WITH FULL KNG7 LEDGE THAT IT
HAS NOT TET BEET PROVEN SAFE, INDEED THE EVIDENCE INDICATES THAT IT
IS CLEARLY UNSAFE, IS TO RAISE THE QUESTION NG1 CF BOTH MORAL AND
LEAL CULPABILITI CF THE NRC, OF OTHER RESPONSIBLE GOVERNMENT CFFICIAIS,
OF UTILITY OFFICIALS, AND INDEED THOSE WHO WORK IN NUCLEAR FACILITIES.

(6) We ask you, or should we say invite you, to examine your
motives and your values, to cuestion whether or not you must personally
be involved in a pledge of allegiance to a nuclear authority whose
calling card appears to be genocide and the threat of the extinction
of our planet and its people?

We are all victims now of constant nuclear stress. The challenge
to each of us is to remove nuclear stress from our lives both here
in America, and throughout the world so that we, and our children, can
once again live without fear.

Respectfully,

PEOPLE UNITED AGAINST RANCHO SECO

.
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I
wild as a result of being milked with electrical milking

,

,
*

machines.
I

I wonder if Dr. Marvin Goldman who was used |
i

!# as your authority -- he will be here this evening -- I

I wonder if since he is in veternary science if he has measured

6 this electrical impulse on the tits of the cows to see |

|
7 why it is that they become so wild or if he is willing j

i

3 to use this as part of his scientific documentation as |
|

9 a scientist that is not as a paid politician. |

|
10 Thank you very much. i

11 CHAIRPERSON BONERS: Now, is Helen Hubbard'

t; here, please? |
\

MRS. HUBBARD: Good afternoon. My name is '

13

Helen Hubbard and I live near Livermore in Alameda County.g,
I

I

Just as an aside from the Miss Moos who spoke i;y
Ithis morning I am also a long-time member of League of ,

la, .

!

Women Voters and with the general public , all league members
,

do not agree with Miss Moos and I am one of them.

I am also aware of the ASLB's position in these
19 ;

proceedings, so please bear with me it is going to be quite !
i

20

short.
21

I am here today because no one is representing
,

!~,.

my point of view and I too am part of the public. !

22
Since a portion of my electricity is supplied ,

'
24

by SMUD I do not int nd to sit idly by while my lights are
'

15
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I !

in danger of being turned out. !

ie s*
Those who so vociferously protest against nuclear I

!
',

energy and use the Courts to further their objectives, what- i
* '

!

1 |ever they might be have seemed to me to have bastions in -

e i

inviolate and proclaim that they alone care about the unborn
|

'*

i.

generations and the pristine planet. ;*

I
I Well, I am a wee bit tired of that fantasy |

!
3 and more and more I have grave doubts about their altruistic

9 motives. i

l
10 I think I know what they want. They want the !

.

11 total shutdown of all nuclear facilities in the United State,

t2 and now I will tell you what I want. |
i

|

13 I want a future. A future that is not sopped j
'

|
;4 and barren and second rate and unemployed and defenseless. j

!

!

g3 They seem to want their children to wander through j
'

i

the wilderness communing with nature.g

I want mine to build, repair, to research, develep[;7,

produce and protect this country militarily if nead be.
t

The need for electricity will continue to |
19 :

!

grow no matter how much they wish it wouldn't. |
~

Electricity can be created by spinning turbines
,

powered by expensive crude oil by natural gas as long as i
'

22

it lasts, by falling water where circumstancos permit
22

and by water held back where environmentalists permit and
24

it can be created by burning coal.
2

i,mm rie vv m. w ,, i c

me 23UThe CAPT'3. ff1rGT. S. e. Wi*T '97
e"- _ima* must



' Ia o sacz so.

.

|

Each of these methods have caused deaths and j

2 ! !

disaster and damage to the environment, or we can produce i
I

electricity by using the nuclear fission process. There
]

A
is no way to get around the fact that this method has not f

killed or injured one person nor has it contaminated the

5 environment.

I While the protestors posture before the nation's

I
3 media, the Courts and Federal and State Commissions and -

9 Boards, honest, caring, knowledgeable people such as the
'

10 operators of Rancho Seco work in the nuclear energy field. ;
P

11 This is their country also and their beliefs
.

I

12 deserve equal weight.
I
i

As a fellow citizen, I dislike the protestors ' |'
13

g4 plan for my future and I protest actions which assure me

of a chronic energy crisis. !g
!

We are a proud, industrious, innovative society;3
I

and no matter what the theory, we have come a long way fromg,

flying kites.
,

It is time that those who would shut off the
19

nuclear option realized our predicament and grew up to face
20 ,

the responsibilities we all must face as a nation.
,

I am very concerned about their constitutional |
2 !

rights but I am even more concerned about the survival of |
3 |

ithe free world,
'

24
Therefore, I would urge to consider this message

*5.
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I prosperous.
:

Indeed, abundant energy is the economic basis fI '

!

fr arvival.

I
1 This brings me to the heart of the matter which

I

3 is electrical generation.

3
Presently, Rancho Seco is shutdown for refueling. i

7 Hopefully, this Board will find that it is safe enough to
I

start up again.
3

In my opinion, nuclear generated electricity is
9

one of the best hopes of mankind to provide clean, safe,,g
I
'

economical and abundant electricity.
,fi

If one is to believe the energy commission in

their recent letter Docket Number 80-EA-4, on the matter of |
13

the adequacy and reliability of California's electrical
ta

supplies in the summer of 1980, which states that " California !
!

i.5

nuclear power plants that currently provide electricity to

California may be unavailable during the summer of 1980 if '

17
the NRC requires shutdown for changes in the design and

18
operation of such facilities..."

19
Surely they are referring to Rancho Seco. Just

20
as surely the Commission is instituting hearings to solve

21
tha problem that it allowed to happen.

!~,

The Commission is just as surely spending more j~'

'
.,

!~~ of the ratepayers' money.
i-*4 As a ratepayer, supporting the California Energy i

'
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f
however unimportant or emotional it may seem, and in the name .

i
'

j ,

of reason and logic, let us get on with the job of producing ;

2 !

electricity sufficiently for this State and the nation. |
1 I

Thank you. j

;
e

!
~

CHAIRPERSON BOUERS: Diane Hughes and the next

5
i

person, it looks like V-E-A Callahan. |
'

7
MS. HUGHES: Good afternoon. My name is Diane

'

Hughes and I am here from San Jose in Santa Clara County,

9 California. !

|
10 It is a privilege here to be here today before

,

II the NRC Atomic Safety and Licensing Board, whose responsibility
!
,

I2 it is to insure safe operations of Rancho Seco. I

!
I

13 The reason I am here is to express my confidence !,

I

la in the ability of the operators to run this plant in a safe

13 manner, and in accordance with all the NRC safety regulations.|
!

1

I4 I am here also to protect my interests and

17 the interest of all Californians to have an adequate electrical
!

13 energy supply.
I

I live in an electric house and depend PG&E for |g9

my electricity. They purchase a portion of their electricity ,.g
i
'

from Rancho Seco. So, therefore, it is in my best interestg

to see that Rancho Seco operates safely so that I may operate :
,,

j

my house. Not only is the electricity important to maintaining

a home, but it is essential to operating the highly electri-
,1.

cally intensive ccmputer industries which keep Santa Clara
,

:,,rm .ve ve n. -. _ c.
es 1 CUTT. cap?ca. STWEI?. L e sufTT e7

.~~
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I !Commission, I resent the Commission's expansion into an

!; ,

enormous parer shuffeling factory which has yet to create -

l

I'one single new electric generating plant.
'

1
I resent their apparent talent to obstruct what

i

%

generating plants we do have. In fact, it actually seems ,!
l

5 to me that the Commission has an uncanny ability to act i

I against nuclear power generation.-

3 In my opinion, an attack against one nuclear {
l

9 facility is an attack against all nuclear f acilities. |

f
10

' This therefore, constitutes an attack against |

11 energy and an attack against energy raises the spector of

12 an enforced change in my life and stand rd of living. !
t

I

I:; After all, electricity is the slave of mankind, ii

|

;4 operating at about SC a kilowatt hour. I do not wish to

;,e become the slave to some il concieved, over safety conscious,i

I
y elitist, arrogant anti-nuclear factions plan to save the world.

'
,

For whom are we saving the world?;-.

Personally, I believe the safety licensing board
18

is empowered to save Rancho Seco from oblivion by findingg

that it is indeed compentently run utility, needed by the
,.0

State of California.
Il

I thank you for your kind attention. i

2: !
.

CHAIRPERSON BOWERS: Thank you. Is there is i

22 |
< '

Vea Callahan in the audience?
2A

,

(No response) |
2 ,

,
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TEJTIL.ONY OF uI..Un riU3!ina d6F0iin : "'!IT in) STATr.S DUCLnait ildGULaT0itY
CtLIJ.IS., ION AToimIC aaF _.TY m 7 LICduCING d0aRD

SU3 JECT: Ii TdE ..TTdit OF SaCha...a..TO ti.HiiICITnL UTILITY DI' TRICT( RnNClic.
J

ddC0 tiUCL2,..R GdLRuTING STuTICU)
DaTE: F.21UuhY 26, 1980
PLnCE: Furih.L SUILDING,. S ACRai.IENTO,. CALIFORNIA

GOOD IT.ORNING, I ALI DInNE liUGHES, FR0!!! SAN JOSE IN SnNTa CLJiA COUNTY,
CALIFORNIA. IT IS a PRIVELEGE TO BE lih2E BEFORE Thd U.S. NRC AT0idIC
SAFETY . ND LICdNCI:iG B01.RD, ?/ HOSE RESPONSIBILITY IT IS TO INSU2E SUPE
OPERaTICNS OF RnUCli0 SECO. THE hsASON I':.: .idRd IS TO EXPRlSS LIY CONFIDENC:
IN h aSILITY OF Iiid OP_EnTORS TO RUN I!iIS ILAliT IN a S. FE LNUJR, a:!D I:.
ACCORD.sNCd .IITH aLL NRC SuPaTY hiGLL.TIONS. I a.a !idRE, ALSO TO PROT'c* Y

INTERrSTS, nND T.iE INTERESTS OF ALL C;.LIFORITIaI!S TO HnVE nN ADdC.UnTE ELEC-
TRICuL ENnRGY SUPPLY. I LIVE IN AN ELECTRIC HCUSE, nND DEPEliD ON PG&E FOR
ELECT 2ICITY, aND THiY PURCHACE a PORTION OF EL3CTRICITY FROLI RANCHU SECO.
THz:tEFORE, IT IS IN LIY BdST INTEREST TO SEE THaf RANCHO SECO OPERATES SL:00-
LY,,50 THaT I CAN OPERATE liY HOUSE.

NOT ONLY IS 3LdCTRICITY I:..PORTANT To unINTaINING A HOI.S. BUT IT IS
ESSENTIAL TO OPERuTING THE liImiLY ELECTRICALLY INTENSIV1 COI2UTa INDUSTRI_
JiiICH KEEP 3aNTA CLnRA COUNTY PROSPEROUS. INDEED, ABUNDANT ENERGY IS THE
ECONOLIC BASIS FOR SURVIVAL.

TiiIS BRINGS :.iE TO THE liEART OF THE . UTTER '.iHICH IS ELECTRICAL G.JidR-
ATION. PR3.3ENTLY, RANCHO SECO IS SHUT D07 N FOR RE FUELING. .IOPEFULLY, Ti"

E0nRD .41LL FIND IT SAFE ENOUGli TO SLRT UP AGAIN. IN MY OPINIO.1, NUCLEAR
GdNERaTdD FO?iER IS ONE OF TiiB BE3T . 0 PES OF r..aNKI::D TO PROVIDE CLEdi,. S... . .
ECCDO:..ICnL, u.!D ABUNDANT ELECTRICITY. THIS OPIIIION IJAY EVEN BE SHAR2D BY
TiiE CALIFORNIA ENF.RGY COL 1.ISSION,. IF ONE IS TO BELIEVE TiiEIR REC _.NT NE?iS-
LETTER, DOCKET li8O-Ea -4,. ON TiiE L.ATTER OF THE* ADEQUACY aND RJLIABILITY 0.
CnLIFORNIA'3 ELECTRICAL SUPPLIES IN TiiE SUL2JER OF 1980" ?!IIICH STATES THnT
" NUCLEAR P0i/2R PLnNTS TiiaT CURRENTLY. PROVIDE ELECTRICITY: TO CuLIFORNIA
hY BE UNAVnILn3LE DURING TiiE SUI |2 DER OF 1980, IF THE NRC REC.UI2ES SHUT-
D0 VINS FOR CNANGES IN THE DESIGN AND OPERaTICNS OF SUCH FnCILITIES. . . . . ."

-

SURELY THEY nRE REFERRING TO RANCHO SECC. JUST AS SURELY,. THE CO?l.

ISSION IS INSTITUTING HEnRINGS TO SCLVE Thi PROBLEL:S IT ALLO 7/ED. T0 fiAPPJ:..
Tlid COL 2nISSION IS JUST AS SURELY SPENDING :7. ORE OF THE RETEPaY-:RS L.UNEY.
AS A RaTEPalTER, SUPPORTING THE C.E.C. ,I RESENT THE CCLUuISSION3 EXFnNSION -
TO AN ENORLOUS PAPER SHUFFELING F ACTORY WIiIC'i Ha3 YET TO CR.m d C.:.' SINGI
NE., ELdCTRIC G..IR. RATING PLAliT . I HSS_JT THEIR aPPuR2NT T ALnNT TO CBJTRUC~,
s/ hat GENERATING PLANS '.iZ D0 liaVE., IT ACTUaLLY SEE:.is. TO ii.E Ti. ,I CSE CC?.JJ-
ISSION Had AN UNCANIIY ABILITY TO ACT AGaINST NUCL2AR POWER GEUditaTIO:i.
IN LY OPINION,. nil ATTACK aGnINST ONE NUCLEuR FACILITY IS M. ATTACK AGuTNSI
ALL NUCLEAR FACILITIES.. TiisR2 FORE,. TLT CCNSTITUTES AN AT f nCK AGaILT d _
nN ATf ACK AGaINST ENdRGY RAISES TiiE SPECTRE CF AN ENFORCED CHANGE IN t..Y LI
AND STAND.JD OF LIVING. AFTER ALL, SLUCTRICITY IS TES SLnVi 0F kn..;:IND,
OPdLTING uT aBOUT 50 A K?iH. I DO NOT ,,ISii TO BECO:JE Thd SLAVE TO .50L:E

TO :suYE TiiEILL CONCIdVED, OVER .LF TY CONSCIOU3, ELITI5T, aRROGnNT PL l;b F4 TINAW-umVIORLD. FOR .lliCL nite o.. SaVIiiG Tiid '!CID? ?
PERSONALLY,. I SiLIdVE Thd SAFETY LICENCING BOARD I.s a.au.,ERED TO SuVL

RANCliO SECO FROLI O3LIVION SY FINDING TNAT IT I3 a COL'PETENTLY RUN UTILITY,
NEEDED BY THE STnTE OF CALIFORNIA.

THnNK YOU FOR YOUR i.IND uTTENTION,.
DIANE HUGHES,. 20845 SCl.NIC VISTA DRIVE,. SAN JCSE, CA.#

I/2:7.3ER OF "CITISENS FCH TCTAL ENERGY", A GRASS ROOTS 95120
E:c:.RGY M UCaTIU L L OR3nNI4aTION .

b f~ _lm, pm.

, ~ ,



TESTI!i.UNY OF DI.U HUGHisS BnFORE: UNITED STATES NUCLEAR REGULaT0iiY
CvIdL.ISSION ATOMIC sAF_:TY aND LICEHCING if 0aRD

SU3 JECT: Iit THE a.uTTnd 0F SaCRid.nuTO ?i.UHICIPaL UTILITY DISTRICT ( RnNCliO
SECO UUCLa..R GENaRaTIUG STATION)

DaTE: F;2RUJtY 26,1980
PLACE: FEDnHaL SUILDING,. SaCRaidiNTO,. CALIFORHIA

GOOD "0 RUING, I AM DIANE HUGHES, FROM SAN JOSE IN SANTA CT.nRA COUNTY ,
CALIFORNIA. IT IS a PRIVELEGE TO BE HERE BEFORE TiiE U.S. ;;RC ATOIJIC
S AFETY aND LICENCING 30i.RD, "lHOSE RESPONSIBILITY IT IS TO INSURE SAFE
OPERnTIONS OF Ra:iClio SECO. TiiE anASON I'7: HERE IS TO EXPR2S3 EY CONFIDENC:
IN IHE a3ILITY OF IHE OP RnTORS TO RUU TIIIS PLAUT IN .. SJE MaNNaR, a:!D I:.

ACCORDaHCE JITH ALL NRC SnPaTY REGUIw.TIONS. I ..a HERE, ALSO TO PROT'.C* Y

INTERESTS, nND T.iE IUTERESTS OF ALL C,.LIFORUI. DIS TO HaVE AN ADEC.UaTE SLEC-
TRICnL EUnRGY SUPPLY. I LIVE IN aN ELECTRIC IIOUSE, aHD D;. PEND ON PG&E FOR
ELECTRICITY, aND TiiEY PURCHACE tt PORTION OF ELiCTRICITY FROL; RANCHO SECO.
THnnEFORd, IT IS IN I4Y BEST INTEREST TO SEE Tiir.f RaNClio SECO OPERATES S:40t.
LY,,SO TH.sT I CnN OPERATE BiY HOUSE.

NOT ONLY IS dLECTRICITY I'GORTaI!T TO LINTaINING A HOLiE, BUT IT IS
ESSENTIuL TO OPERATING THE HI%LY ELECTRICALLY INTENSIVE CCL2UT a INDUSTRI_.
i/HICH KEEP SANTA CLnRA COUI;TY PROSPEROUS. INDEED, ABUNDnUT ENERGY IS THE
ECONOLiIC BASIS FOR SURVIVAL.

TiiIS BRINGS lie TO TiiE HEART OF THE . UTTER /iHICH IS ELECTRICAL G_.NER-
ATION. PRESZHTLY, RANCHO SECO IS SHUT D074H FOR RE FUELING. I?OPiFULLY, Ti:-
30nRD .ilLL FIND IT SJE EIiOUGH TO 5' ART UP AGr.IN. IN dY OPII IO:. , !UC L E..R
G6NERaTED F07/ER IS ONE OF Tii2 BEST . 0 PES OF L.diUI::D TO Ph0 VIDE CLEas,. 3a. . .

ECCHOL.ICaL, a:!D ABUNDANT ELECTRICITY. THIS OPIRION ICAY EVEU BE SHARED BY
THE CALIFORNIA ENERGY COL.L.ISSICN,. IF ONE IS TO 3ELIEVE THEIR REC _.NT NE',73-
LETTER, DOCKET ff 80-EA -4, ON Tii3 :..ATTER OF THENDE;UACY aHD R2 LIABILITY i
CnLIFORNIA'S ELECTRICAL SUPPLIES IN THE SULTaZR CF 1980" ?!HICH STATES THaT
" NUCLEAR 207/ER PLnHTS TiiAT CURREUTLY. PROVIDE ELECTRICITY: TO CALI?ORUTA
MAY BE UNAVAILn3LE DURING TiiE SULTdER OF 1980, IF THE URC REC.UI2ES miUT-
D07 INS FOR CHAIIGES In TiiZ DSSIGN AND OPERATIONS OF SUCH FACILITIES. . . . . . "

SURELY THEY ARE REFERRING TO RaHCHO SECO. JUST AS SURELY,. THE COL.T -

ISSION IS INSTITUTING :iznRINGS TO SOLVE Ilid PROSLEL.S IT ALLO? LED T0 dJF25.
THE COL 2nISSION IS JU3T AS SURELY SPEUDING CORE OF TIi2 RETEPAYdiS 'J.UUSY.
AS A RaTEPnER, SUPPORTIsG THE C.E. C. ,1 RESENT THE CC:,JJIS3 ION 3 E.GnUSICL

'

TO AN ENOR:.0US PAPER SIIUFFELIHG FACTORY W:iICH HaS YET TO CREnN 0::d SIUSI
NEa ELECTRIC GsN2 RATING PLAUT. I RESadT TiiEIR JPuRsNT TaLii? TO NJTRUC1
7/ hat GENERATING PLAGS JS DO HaVE.. IT ACTUALLY SELL.S. TO J.E II.-T T32 C C L..-
ISSION HaS an UNCANUY ABILITY TO aCT AGaINST NUCLEAR P0|.2R GnJEdaTION.
IN .'..Y OPINION,. aH aTT ACK aG..IUST ONE HUCLEAR FACILITY IS an ATIACK AGnIUSI
ALL NUCLEAR FACILITI25.. TH REFORE,. THaT CCN3TITUTdS AN ATTACK nGaINST U_

aN ATTACK AGnINST EN2RGY RAISES TiiE SPECTRE CF AN ENFORCED CHANGE IN ...Y L1

AND STnNDaRD OF LIVIRG. AFTER ALL, ELECTRICITY IS T=.E SL.'.V5 0F L;n:./A.
OPZHafING ..T ABOUT c c A iCliH. I DO NOT nISH TO BECORE THs SLnVE TC SOL;E

To dave T!i:ILL CONCIEVED, OVaR Sui;TY CONSCIOUS, JLITIaT, nRR0GaNT PL.d['b FCDCEr
40RLD. FOR ..iiOL. adE ad SnVING Tiil cio.lLD?? A W- uu:

PERSONALLY,. I SELIEVE ThE SJETY LICENCING BOARD IS C:.307/ERED TO SaVL
RANCli0 SECO FROM 03LIVION. BY FINDING T:iaT IT IS a COLTdTZUTLY itUN UTILITY,
NEEDED BY Thi STATE OF CALIFORNIA.

THuNK YCU FOR YOUR KIND ATTEUTION,.
DIuNE HUGHES ,. 20845 SCENIC VISTA DRIVE,. S AM JCSE, C A.

#
I42M3ER OF "CITISEJS FOR TOTAL ELERGY", A GRASS RCOTS 95120
E3hRGY ZDUCATICHaL CRGnKIZaTION

Mpnm d.IhhE



TESTIkONY OF uI..I:s liU0iino BEFORE: UIIITi{D JT ATc2 NUCLEait REGULaT0itY
CufdL'.IS3 ION aTOL:IC SnF TY c.ED LICENCING board

SUBJECT: In TiiE ... TTnH OF baCiti..MTO li.UNICIFnL UTILITY DISTRICT ( RnNCi10.

SECO NUCLE..R GENaRaTING STnTION)
DnTE: F 3RUnRY 26,1980
PLnCE: FEDch<.L 5UILDING,. S ACRaidENTO,. CnLIFORNIA

GOOD L".0RNING, I AM DIANE HUGHES, PROM SAN JOSE IN SMiTA ci, ARA COUNTY,
CALIFORNIA. IT IS 4 PRIVELEGE TO BE HERE BEFORE T:iE U.S. NRC AT0iaIC
SAFETY aND LICENCI!G B01.RD, 7/liOSE RESPONSIBILITY IT IS TO INSU.ld SnFE
OPERe.TIONS OF RMiCHO SECO. THE .inaSON I''. HERE IS TO EXPRESS :.IY CONFIDE::C'
IN I?iE 4.iILITY OF 2HE OP EnTORS TO RUN THIS ILAI!? I:i a Su?E MANNER, n.w I:,
ACCORD 4 ICE , LITH aLL URC SnF;TY ltEGLL.TIONS. I n.a HERE, ALSO TO PROTEc* Y

INTERESTS, i;D T.IE INTERESTS OF ALL C2.LIFORI! INNS TO %VE aN ADEC.Ur.TE ELEC-
TRICnL ENERGY SUPPLY. I LIVE IN AN ELECTRIC HOUSE, t.ND DEPEiD ON PG&E FOR
ELECTRICITY, nND THEY PURCHACE a PORTION OF ELECTRICITY FROM RANC;io SECO.
TH&tEFORE, IT IS IN JY BEST INTEREST TO SEE Tiiaf RaNClio SECO OPERATES SIJOU.
LY,,30 THaT I CAN OPERATE f.iY HOUSE.

NOT 0:iLY IS ELECTRICITY Ih.PCRThi!T TO IaaINTAINING A HOLIE, EUT IT IS
ESSENTIAL TO OPER.. TING THE liImiLY ELECTRICALLY INTENSIVE COGUT_.a INDUSTRI.
'i/HICH KEEP SANTA CLnRA COUNTY PROSPEROUS. INDEED, ABUNDANT ENERGY IS THE
ECON 0IcIC BASIS FOR SURVIVAL.

TiiIS BRINGS IllE TO THE HEART OF THE .:aTTER |liiICH IS ELECTRICAL G;NER-
ATION. PRESENTLY, RANCHO SECO IS SHUT D0'J.H FOR RE FUELING. HOPEFULLY, T1.-
30nRD ;ILL FIND IT SAFE ENOUGH TO 57 ART UP AGaIN. IN MY OPIDIOf., HUCLdaR
GENERnTED PO7iER IS ONE OF THE BEST .;CPES OF t.aNEI::D TO PROVIDE CLEuN,. S....

EC olio:..ICnL , n.;D nBUNDANT ELECTRICITY. THIS OPINION MAY EVEN EE SHARED BY
THE CALIFORNIA ENERGY COML ISSION,. IF ONE IS TO BELIEVE THEIR REC _.NT NZ7/S-
LETTER, DOCKET E80-EA -4, ON Ti3 LATTER OF THE* ADEQUACY 4:D RELIABILITY 0
CnLIFORNIA'S ELECTRICAL SUPPLIES IN THE SUICJER OF 1980" 'llHICH STATES THnT
"NUCLEnR PO7iER PLnNTS THnT CURRENTLY _ PROVIDE ELECTRICITY TO CALIFORNIA
MaY BE UN AVnILnBLE DURING THE SUL21ER OF 1980, IF THE NRC REQUIRES SHUT-
D07 INS FOR CHANGES IN THE DESIGN AliD OPERATIONS OF SUCH FACILITIES. . . . . . "

SURELY THEY mRE REFERRING TO RANCliO SECO. JUST AS SURELY,. THE CO2. -

ISSION IS INSTITUTING IiEnRINGS TO SOLVE THE PROBLEMS IT ALLO 71ED TO HAPPEN.
THE C0!/.idISSION IS JUST AS SURELY SPENDING ECRE OF THE RETEPAY5HS i..UNEY.
AS A RnTEPnIIER, SUPPORTING THE C.E.C. ,I RESENT THE CCCJISSIONS EXPnNSICN -
TO AN ENORL.0US PAPER SIIUFFELING FACTORY WiiICli iia 5 YET TO CREnTE ONE SINGI .
NE.i ELECTRIC GansRnTING PLANT. I RE.5aHT TiiEIR APPuRENT TALENT TO OSSTRUC'_
s/ hat GENER4 TING PLAnd 'iiE D0 HaVE.. IT aCTUALLY SEEMS. TO EE Ti. T T:iE CCL2;-
ISSION. lins AN UNCANNY ABILITY TO ACT nGAINST NUCLEnR Poller GsN&taTION.
IN L.Y OPINION,, aN ATTACK AGnINST ONE NUCLEnR FACILITY IS aN ATTAC:: AGnINSI
ALL NUCLEAR FACILITIES.. THJREFORE,. THnT CCNSTITUTES AN ATTACK AGAINJT .1
AN ATTACK AGnINST ENERGY RAISES TiiE SPECTRE CF AN ENFORCED CliANGE IN LY L1
AND STANDnRD OF LIVING. AFTER ALL, ELECTRICITY IS THE SLt.VE OF innN IND,
OPSHn2ING nT AS0tTf fe A KliH. I DO NOT ,4ISH TO 3ECOr.E THE SLAVE TO SOME
ILL CONCIEVED, OVER SnF;TY CONSCIOU3, CLITIST, nRR0GaNT PL..F TO unVE THEAul- uud MTwMrliORLD. FOR ,, HOR nRE i.E S AVING TiiE 402LD??

PERSONALLY,. I 3ELIEVE THE SnFETY LICENCING BOARD IS 12'P07iERED TO SnVi.
RANClio SECO FROM OBLIVION. BY FINDING THAT IT I3 a C03 ETENTLY RUN UTILITY,
NEEDED BY THE STnTE OF CALIFORNIA.

THnNK YGU FOR YOUR KIND ATTENTION,,
DI ANE HUGHES ,. 20845 SCENIC VISTA DRIVE,. S AN JCSE, CA.

#M2IJBER OF " CITIZENS rv2 TOTAL ENERGY", A GRASS RCOTS 95120
E:c,RGY EDUCATIONnL ORGM;IZaTION
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TESTIkONY OF DI.dit HUGHi,3 3EFORE: UNITED STATES NUCLiaR REGULATORY
CUML:ISSION ATOL:IC SaF2TY aI D LICEHCII!G SOARD

SUBJECT: II4 THE u.nTTER OF SaCRua::TO I;tTdICIFnL UTILITY DISTRICT ( RnNCHO
SECO NUCLE..R GsN4 RATING STuTION)

DATE: F;3RUnRY 26, 1980
PhaCR: FEDrRr.L 3UILDING,. SACR JENTO,. CALIFORNIA

GOOD MORNING, I aM DInNE HUGHES, FROC Sr.H JOSE IN SANTA CT. ARA COUNTY,
CALIFORNIA. IT IS a PRIVELEGE TO 3E liERE BEFCRE TEE U.S. NRC ATOI;IC

SAFETY nND LIC6SCING 30<.RD, 7/liC53 RESPONSIBILITY IT IS TO IUSURL ac3E
OPERc.IICUS OF ha:,CHO SECO. THE annSON I'I: hdRE IS TO ZXFRESS I.Y CO:iFIDENC:
IN IliE 43IIITY OF Ilid OP_.Er. TORS TO RE: THIU PLAI!T I3 4 S.JE M.u!Ula, n:!D I:.
ACCORDr.IICE .iITH 4LL URC Sc3_.TY REGUL..TIONS. I a.. HZHE, ALSO TO PROT:C* 'Y
INTERESTS, n*:D T.15 INTSRESTS OF ALL Cr.LIFORUI.-J!S TO HnVE ni! aDdC.Ur.TE SLEC-
TRICnL ENERGY SUPPLY. I LIVE IN nN ELECTRIC HCUSE, ..::D DI. PEND ON FG6:E FOR
ELBCTRICITY, n.:D ThEY PURCliACE a PORTION OF sLECTRICITY FRO ~. R,J:CEO SECO.
THunEFORd, IT IS IN :.7 anST INTrRaST TO SEE That' RnNCR0 SECO OFLRAT3S SJ0L-
LY,,30 THnT I Cr.N OFERnTE .. , HOUSE.tY

NOT 0:;LY IS iLECTRICITY IL20RTnET TO :..cIUTaINING n HOLE , EUT IT IS
ESSENTIAL TO OPER.. TING THE illwLY ELECTRICALLY INIEU3IVE CCL2UT .. IND"STRI_N '22
WHICli KEEP 3nNTA CLnRA COE TY ?ROSPERCUS. INDEED, A3CUDnHT EHiRGY
ECOH03.IC BASIS FOR SURVIVAL.

TiiI6 BRINGS L2 TO T= ur RT OF THE .JATTER liHICH IS ELECTRICAL G_.IIIR-
ATION. PRESsGTLY, RnNCHO SECO IS SHUT DC|.N FOR RE FUELING. :: ;FiFULLY, ~i ~
E0nRD IILL FIUD IT S23 EI?OUGH TO ST ..RT UP AGr.I2. IN '.Y OFI.:I D:. . NUCLE.3
GENERnTED F0 SIR IS ONE OF THE BEST . 0?ES OF r. .SI~I::D TO PROVIaZ CLEnN,. 3;.. .

ECCliO...ICnL, n.iD m3EiDAUT ELECTRICITY. THIS CPIGION IJAY EVI; EE SliARED BY
THE CaLIFORUIa EUERGY CCMI..ISSION,. IF OIIE IS T ' 3SLIEVE ThEIR REC. ::T :IEUS-
LETTER, JOCEET Tf60-Za -4,. On TiiZ :.nTTER OF THE r.DE;UACY .4:D RZLInDILITY :-"

CnLIFORNIA'S ELECTRIClL SUPPLIES I:! THE 3C. JER CF 1980" .iHICH STnTES THnT
"NUCLdaR 20JER ?LnHTS THaT CURRZ5TLY PROVIDE ELECTRICITT TO CnLIFOS YA
MAY BE UNAVnILn3LE DURING TFE SUI.3iER OF 1980. IF Tlis NRC Rect'I2ES JEUT-
DOWNS FOR C:IAU3ES IU THE D2 SIGN cl!D OFERaTIONS CF SUCH PnCILIcI25......"

SURELY THEY nRE REFERRING TO R..NCHO SECC. JUST AS SURELY,. THE CO:.:~ -

ISSION IS II'STITUTING HanRINGS TO SCLVE TH2 FRGEL .:.:S IT ALLO'llED. TO H.JFZ:..
THE C0ifiaISSION IS JUJT nS SURELY S?ENDING L:0RE OF T:i RETE?c.Y- RS .UNEY..

AS A RaTEFnEla, SUFFORTIUG Tlid C.E.C. ,I .SSEUT THE CC:Z;ISSICNJ EZTnUSI:':. ~
TO AN ENCR:.0US PnPER SHUFFELIEG FACTORY W:iIC:i HaS YET TO CRssi:2 CUi: SIUGI.

., =...,,m.. ... - ,,. - . . ~

. m . . .. I n, n.t,r a.a.. ai .1 1 at .u, ,iv ,, a,n ~1
. . . ..

. n.asaalN.Ea. sLs,c,.,i,nIC v,2.,23.a,I..G P. .. ,oaa1., .

a Ans
m, . -

m 0 ..., .. _, -.w,. u vi. .-
, . , .nCmya. Ly o s m ... a .G n.,.,c,,R n 1 I G .7 ... .Lano a s D O .. V ,..m .., , . ,

a J un 2. 1 t. 2 1.d. y . m 1 L _. .a 1 ,, -, m

u s. . ~,aa 11 n...a.
. - , >

a a au 1 n u a L. r m. a u o t ~ n.,.. cuasu
. . . , , - .

,, .g . .oaa n,. L .Cn. ... f a, s-,ILI,iY ,-.0 nC 1I a, c, I 0. , n. . ,a
-

v 11 a . n C u.- nunL...., .. c
r., u Lr . ,., L 1,s u n d a. ,,I L ..,,,f I a, a.,n i i nC..u c.G nI... a. C ,a, .,

. .cm. . aa.Ih. ,Y vrIh,IO..u ,. n...

ALL NUCLEnR FnCILITI2a.. TE REFORE,. TiinT CCNJTITUT2S aN ATInCK aGaIN ,T :.
**

o" ** . C r., n*% *9s u '' nu :...: unC 2"D C ~ *n*..* f. ''ua l *a* . ' . . .y-* 9 ** "***1 9*

aN a. T i nC n** n. Galmtu aT s-9* *aanGy RnIa* * c**'a** Q. n* *s-4
,. n. 9 r i a u.

.

AND STn.'D.-3D OF LIVIRG. AFT 3R ALL, ELECTRICITY 10 0H2 SLaVi CF L.c ZIED,
OPZRaTI:iG nT abOCT 9 n KWii. I DO NOT ..ISH TO 3ECC:J.S THS SLAVE TO .50L'E
ILL CONCISV3D, OVda Sni TY CONSCIOUJ, JLITIaT , naROG.4;T FL..F TO auYE TFEA w- wr,D FO N
WORLD. FOR .aIOL. nRE ,,E aaVING T:i_. . ORLD??

PERSONnLLY,. I SZLIdVE THE Sr.FJTY LICEUCIIiG BOARD I:, J:207;ERED TO SnV:
RANClic SECO FROM 03LIVIOI! SY FI5DI5G T: int IT I3 a CO:.22TEUTLY RCi UTILIT*l,
NEEDED SY Th3 ST;.TE OF CnLIFCESI...

THnNK YCU FOR YOUR KIUD nTTEUTION,.
DIANE HUGliES, 20645 SCEHIC VISTA DRIVE,. San JCSE, CA.

#
KEMBER OF "CITICESS FOR TOTnL NEliGY", a GRASS RCOTS 95120
ENERGY EDUCATIONAL ORGnHIZaTION .

f'h ??&lhIl \ fr~ s kWum



TESTIkONY OF DI.J:2. HUGHi.S BEFORE: UNITED STATc NUCLr.AR REGULaT0iiY
COfdL;ISSION ATOMIC SnFETY uND LICEHCING B0aRD

SUBJECT: IN THE waTTER OF 5.tCRar..:.uTO faUHICIPaL UTILITY DISTRICT ( RnNCHO
SECO UUCLE.R GENERnTING STATION).

DaTE: F EBRUARY 26, 1980
PLACE: FEDcHnL BUILDING,. SACRAMENTO,. CALIFORNIA

GOOD L:0RNING, I AM DIAITE HUGHES , PROL S AN JOSE IN S ANTA CT. ARA COUNTY ,
CALIFORNIA. IT IS a PRIVELEGE TO BE hERE BEFORE TI!E U.S. NRC ATOI,IIC

SAFETY aND LICENCI:iG B04.RD, ?lHOSE RESPONSIBILIT'l IT IS TO INSURE SnFE
OPERnTIONS OF R4NCHO SECO. THE aEASON I'I: HERE IS TO EXPhESS EY CONFIDENC:
IN hie a5ILITY OF 2Hd OP;RnTORS TO RUN THIS PLnNT IN 4 SnFE MANNdR, nUD I:
aCCORDnNCE JITH ALL NRC. SnFaTY ;tEGULv.TIONS. I 2.2 HERE, ALSO TO PROTEC* Y

INTERESTS, MiD THE INTERESTS OF ALL C,.LIFORNInUS TO HaVE AN ADEQUnTE SLEC-
TRICnL EUnRGY SUPPLY. I LIVE IN AN ELECTRIC fiOUSE, ..ND DJEND ON PG&E FOR
ELECTRICITY, aND TiiEY PURCliACE a PORTION OF :.LiCTRICITY FROIu RANCHO SECO.
THEnEFORd, IT IS IN I4Y BEST INTEREST TO SEE Thaf RANClio SECO OPERATES SI<:0L _
LY,, 30 THnT I CnN OPERATE 'dY HOUSE.

NOT 0:iLY IS SLECTRICITY IL20RTANT TO LaINTAINING A HOIdE, BUT IT IS
ESSENTInL TO OPERATING THE liImiLY ELECTRICALLY INTENSIVE COL 2UT a INDUSTRI-
"VHICH KEEP 3ANTA CLnRA COUI:TY PROSPEROUS. INDEED, ABUNDANT ENERGY IS TiiE
i

ECONOuIC BASIS FOR SURVIVAL.
TiiIS BRINGS L1E TO TriE IIEART OF THE .GTTER .iHICH IS ELECTRICAL GJNER-

ATION. PRESENTLY, RAIiCHO sic 0 IS SiiUT D07,N FOR RE FUELING. dOPEFULLY, TF-
E0nRD ;ILL FIND IT SAFE ENOUGH TO 5".,RT UP AGAIN. IN MY OPINION, NUCLE..R

.

GENERnTED PO7iER IS ONE OF THE BE3T .;0 PES OF IE!KI::D TO PROVIDE CLEAN,. 3.._ ~.
ECCHOL.ICnL, nUD ABUNDANT ELECTRICITY. THIS OPINION L:AY EVEN dE SiiARED BY
THE CnLIFORNIA ENERGY COML.ISSION,. IF ONE IS TO BELIEVE THEIR REC NT NE',7S-
LETTER, DOCKET /f80-EA -4,, ON Tii2 L.nTTER OF THE* ADEQUACY 4:D RiLIABILITY -.
CALIFORNIA'S ELECTRICAL SUPPLIES IN THE SUL2JER OP 1980" JiiICH STATES THnT
"NUCLEnR 20iVER PLnNTS THnT CURRENTLI PROVIDE ELECTRICITT TO CALIFORNIA
MAY BE UNAVnILaBLE DURING THE SUUl.iER OF 1980, IF TiiE NRC REQUI2ES SHUT-
D07 INS FOR CHANGES IN THE DESIGN Arid OPERnTIONS OF SUCII FACILITIES. . . . . . "

SURELY THEY ARE REFERRING TO RANCHO SECO. JUST AS SURELY, TH3 CCU.:7 -

ISSION IS INSTITUTING HEnRINGS TO SOLVE THa PROBLEMS IT ALL0i7ED TO HaPPd;.
THE COLISSION IS JUST AS SURELY SPENDING L".CRE OF THE HETEPAYdRS LxNEY.
AS A RaTEPnIIER, SUPPORTING THE C.E.C. ,I RESENT TiiE COL 2dISSIONS EXPnNSION -
TO AN ENORL.0US PnPER SiiUFFELING F ACTORY WHIC:i HaS YET TO CRZnTE C::d SINGI
NEW ELECTRIC G2h RuTING PLANT. I RES2NT TiiEIR APPnRENT TALd:IT TO CBSTRUCT
WHnT GENERATING PLANS 'JE DO HaVE.. IT ACTUALLY SEELiS. T O IT.E Th 4T T US COLZJ.-
ISSION HnS aN UNCANNY ABILITY TO ACT AGAINST NUCLdn3 POWER G:.NEdaTION.
IN !..Y OPINION,, ad ATTACK AGnINST ONE HUCLEaR F ACILITY IS aN. ATI' ACE AGnINS :
ALL NUCLEnR FACILITIES., TH_.REFORE,. THnT CONSTITUTES AN ATTnCK AG..INaT EU_
AN ATTACK AGnINST ENJRGY RAISES THE SIECTRE CF nN ENFORCED CHANGE IN f..Y L!.
AND STnUDnRD OF LIVING. AFTER ALL, iLECTRICITY IS THE SLAVE OF i.in., KIND,

OPiHafING nT ABOUT fc A D H.. I DO NOT nISii TO uCCor.d THE SLAVE TO SOME
ILL CONCIEVdD, OVER snPaTY C0KSCICU3, ELITIST, aRROGnNT PLaM. TO SnVE TiiEA w- wrd pgpcnr
WORLD. FOR '.iHOL nHE uE SaVING Tiil 30HLD??

PERSONALLY,. I 3dLISV2 Tiid SAFETY LICENCING BOARD I.3 l'LTO7iERED TO SnVL
RANClio SECO PROM OBLIVIGN. BY FINDING THnT IT IS n CO:,TETENTLY RUN UTILITY,
NEEDED BY Th3 STnTE OF CnLIFCHNIA.

THnNK YOU FOR YOUR KIND nTTENTION,.
DIANEHUGHES,.20845SCcNICVISTADRIVE,.SANJgSE,CA.

MEI2BER OF " CITIZENS FOR TOT.tL ENERGY",. A GRASS RCOTS 95120
E:,ERGY 2.DUCnTIONaL ORGnNI/,nTION

bih0 R ge u % w(s%e d8a-
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TEJTILUNY OF uI..as, iiUGHn3 dEF01M: UNITED JTATaS HUCLdad REGULaT0nY
Cuf.Hi.ISSION af 0L:IC sa? TY AND LICEIiCING B0 add

SUBJECT: Ile TifE . UTTER OF LaCRur..a..TO fi.UNICIPnL UTILITY DISTRICT ( RANClio
SECO NUCLE..R G:NoRnTING STnTION)

DaTE: F;3RUnRY 26,1980
PLACE: FED RnL BUILDING,. SnCRahiENTO,. CALIFORNIA

GOOD ??.0RNING, I Ali DIANE HUGHES, PROM SAN JCSE IN SnNTA N. ARA COUNTY,
CALIFORNIA. IT IS a PRIVELEGE TO BE HERE BEFORE T::E U.S. .iRC AT0!dIC
SAFETY aND LICENCING B0i.RD, 7/ HOSE RESPONSIBILITY IT IS TO INSURE SAFE
OPnRnTIONS OF RaDCHO SECO. THE REASON I':: H RE IS TO EXPRESS LY CONFIDE:,C:
IN fHE aSILITY OF THE OP EnTORS TO RUN THIS PlaIIT IN A SUPE M.d|NER , a.!D II.
ACCORDnNCE JITH ALL NRC SnPaTY nEGUL,.IIONS. Ini HERE, ALSO TO PROTLC"' Y
INTERESTS , .diD T.iE INTERsSTS OF ALL C..LIFORNIaNS TO HnVE aN ADECUnTE ELEC-
TRICnL SUnRGY SUPPLY. I LIVE IN aN ELECTRIC HOUSE, aND DnPEND ON PG&E FOR
ELECTRIC!TY, aND THEY PURCHACE a PORTION OF ELECTRICITY FROIJ RANCHO SECO.
THExEFORE, IT IS IN IJY BEST INTEREST TO SEE THaf RANCHO SECO OPERATES SL:0U_
LY,,30 THaT I CAN OPERnTE HY HOUSE.

NOT 0:iLY IS ELECTRICITY IL20RTANT TO '.:nINTAINING A HOL1E, BUT IT IS
ESSENTIAL TO OPER.. TING THE HImiLY ELECTRICALLY INTENSIVE CCL2UTa INDUSTRI .
i/HICH KEEP SANTA CLnRA COUNTY PROSPEROUS. INDEED, ABUNDANT ENERGY IS THE
ECON 0?uIC BASIS FOR SURVIVAL.

THIS BRINGS ME TO ThE HEART OF THE i.nTTER 7/HICH IS ELECTRICAL G NER-
AT ION . PRESENTLY, RANCHO SECO IS SHUT D07.N FOR RE FUELING. tIOPEFULLY, T!:~
E0nRD JILL FIND IT SAFE E:iOUGH TO START UP AGaIN. IN MY OPIDIOD, NUCLE..R
GENERnTED POYiER IS OIIE OF THE BEST . 0 PES C? ud;I:ED TO PROVIDE CLEAN,. S. . .. .
ECCNOMICaL, nND nBUNDANT ELECTRICITY. THIS OPINION L:AY EVEN 6E SHARED BY
THE CnLIFORNIA ENERGY COLU..ISSION,.IF ONE IS TO BELIEVE THEIR REC _NT NE7/3-
LETTER, DOCKET ti80-EA -4,. ON THE :-nTTER OF THE* ADEQUACY anD RELI ABILITY 02
CnLIFORNIA'S ELECTRICAL SUPPLIES IN THE SUL2CER OF 1980" JiHICH STATES THnT
" NUCLEAR POVIER PLANTS THaT CURRENTLY. PROVIDE ELECTRICITY ~ TO CALIFORNIA
MAY BE UNAVnILABLE DURING THE SUIT. LIER OF 1980, IF THE NRC REQUIZES SHUT-
D07 INS FOR CHANGES IN THE DESIGN AND OPERATIONS OF SUCH FACILITIES. . . . . . "

SURELY THEY ARE REFERRING TO RANCHO SECO. JUST AS SURELY,. THE C0:7.:. -

ISSION. IS INSTITUTING HEnRINGS TO SOLVE THa PROBLEL:S IT ALLO 7iED TO HAPPEN.
THE COITIIaISSION IS JUST AS SURELY SPENDING EORE OF THE RETEPAYiRS ICOMEY.
AS A anTEPAIPER, SUPPORIING THE C.E.C. ,I RESENT THE COL'LiISSIONS EXPnNSICN r
TO AN ENORMOUS PnPER SHUFFELING F ACTORY MiICH HaS YET TO CREnTE CNE SINGL.
NEY ELECTRIC GaNcRuTING PLANT. I RESaNT THEIR nPPnRENT TALnNT TO OSSTRUCT
VIHAT GENERATIIIG PLAN 3 i/E DO HaVE.. IT ACTUaLLY SEE:. S. TO ME T!. .T THE CCL2J-
ISSION HaS nN UNCAN:iY ABILITY TO ACT AGAINST NUCLEnR P0i/ER GENEdaTION.
IN L.Y OPINION,, aH nTT ACK AGnINST ONE NUCLEnR F ACILITY IS aN ATTACK AGnINST
ALL NUCLEAR FACILITIL.. TH_.REFORE,. THnT CCNSTITUTES AN ATTACK AGaINST d.
AN ATfACK AGaINST ENERGY RAISES THE SPECTRE CF AN ENFORCED CHANGE IN LY LI.
AND STnNDARD OF LIVING. AFTER ALL, ELECTRICITY IS THE SLAVE OF IJn 'XIND,
OPiRaTING AT ABOUT c c A ICV H .. I DO NOT LISH TO BECCI7.E THE SLAVE TO S0!aE
ILL CONCIEVED, OVER 3nF TY CONSCIOU3, ELITIST, aRROGnNT PL.dgTO SnVE THE

A W- WKc._ Ft1CTIC.C~?/ORL D. FOR '.liiOM nRE nd SnVING THE liORLD??
PERSONALLY,. I SELIEV4 THE SAFETY LICENCING BOARD IS EL307;ERED TO SAVE

RANClic SECO FRO:n OBLIVION. BY FINDING THAT IT IS a COLTETENTLY RUN UTILITY,
NEEDED BY THE STnTE OF CALIFORNIA.

THnNK YOU FOR YOUR KIND ATTENTION,.
DI ANE iiUGHES ,. 20845 SCENIC VISTA DRIVE, S AN JOSE, CA.

LIE:JSER OF " CITIZENS FOR TOTAL ENERGY", A GRASS RCOTS '95120
ELRGY EDUCATIONnL OdGnUI4aTION m

q.
'

h

> ( .m.,.-

.![ f' s

n;a .. ,;cgj(
->

~ a.



264 |M 0 * &CE N C. i

|10 |

|
I Now, I do not really believe that there is j

2 somebody in the audience by the name of I. Ratepayer, but
i

2 did someone sign to speak using that name? f
I

A CNo response)
!

! Is there a K-A-R-M-A-K-A-N-I-C in the audience? |

!
'

5 CNo response)

7 Well, let me ask, do you have any more names?
!

3 Dr. Rodger 'otila? !..

!
i

Well, if he was here, then I will go back to !
9

check in a few minutes for that.
10

,

Now, let me check is there anybody else in the
;;

audience at 'this time who would like to make a limited i
. . ,

ji .,

appearance statement who has not done so today? Sir, would I

you come forward and give your name, so the reporter will
i

have it. !
I'

MR. HILL: My name is Warner Hill.
!d ;

I just want to clear up one thing that keeps
17

coming up at these hearings and I can understand why it

has come up because people have not gotten the quality infor-
19

mation.
j!20

The old argument that no one has died from I
i

21 |

nuclear power and I just want to bring out that three people !
!

I':
died in Idaho in '67. Some of you may know about this but j

if I hear one more person say that nobody has died from

:4
nuclear power, I am going to be forced to do my imitation

'

2

;
r.,vus= nc v m ea m . e - , x
age & CAFTTE ff1FG*. L * Surv1 '07

.= =+~ x =



'
i= 0 psG3 No. ,

'

11
,

I r

of a groaning dying, a person dying of cancer, and I do not

i-

want to do that. 5'

Aside from the three people that died in the'

i
1 explosion in Idaho as Dr. Sternglass and others have pointed |

i

out, the main danger of nuclear power is not what we see |
'

e
-

6 right in front of us. It is a long-range contaminatin of
'

I the gene pool and the deaths are not -- the deaths are !
,

!
l

3 estimated to come within twenty to forty years after the ;
,

!
7 contamination and we all know how long nuclear power has

!.

I
10 been with us now. |

.

11 So, the point is if we say there are no deaths,

t; it is very obviously who we are thinking about and I think
i

;- everyone should be aware that if you are not concerned about |

|
the deaths, it is a real selfish outlook. It is like one ;gg

,

generation and that -- one generation is about all the nuclear,
;,

i
plant -- that is as much uranium as there is and we all know, ig

i

well, I hope most people know that thirty years is about the !
g,

ultimate life span of a nuclear power plant.i

So, after thirty years, okay the pro-nu people
19 i

got what they wanted and it is all over. Noboday can go
,

20

near the power plant for two hundred fif ty thousand years
Il

and the waste would be left with future generations. So, |
22

'

I think it is really important that people understand that

23 '

the deaths are not deaths that will -- you won't have to
IA

suffer the deaths, it is our children and our children's

2 ,
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12 '

,

I
children, it is the contamination of the gene pool and

I
any one who has not seen the evidence now I would recommend |

3
,

stopping by the office, People United Against Rancho Seco.

* Dr. Sternglass and others have done research.

I

3 regarding the fallout and the inf ant mortality related to |
'

\
!6 Th re ' Mile Island Accident. So, this is starting to come

,

7 out in the light now. Admittedly the explosion in Idaho in

3 '67 which killed three people was pretty well covered up and

9 I am sure that accounts for a lot of people no knowing about ,

'

I
';0 that.

1; I just want to do one more little thing. This

g; is my imitation of John Wayne.

|

73
Well, kids, remember your grandparents cause ,

we are the ones that made manifest our destiny.
;, ,

Invest in future generations, no way, I'll putg

my money with Great Western. f
,di

CHAIRPERSON BOWERS: Now, let me check and see
,

if Dr. Rodger Kotila has returned yet. Okay, fine. You

left for two minutes and we called your name. ,

I19 i

MR. KOTILA: My name is Dr. Rodger Kotila. I

20

am a Clinical Psychologist and'I live in Mill Valley,
*1 |

. ,

CalAfornia,
,

22
I am a member of the People United Against |

*a ,

Rancho Seco and I wish to make a couple of comments part of
,

'

24
which will come from a written statement from People United

".5
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.

I Against Rancho Seco that brings some very, very serious and
.

I.

grave issues to bear. j*

, Addressed to the Nuclear Regualtory Commission*

!
' and to all Government and Utility Officials. I

,

i

3 The obvious failure of responsible officials to |

5 duly protect the life and safety of our people and the ever-

7 present threat of a nuclear disaster, a disaster which would
'
i

'

3 be worst than the gas ovens of World War II requires us,

9 the People United Against Rancho Seco to declare in public
%

to forum the following declarations of conscience. I am only ,

;; going to read one of these.

We note with regard to nuclear accidencts that |g
|
ila, the technical safety of nuclear f acilities has not andg
|cannot be made 100% safe. ,

;,
i

lb, the paper follows that nuclear accidents

are inevitable. :

16 i
!

lb, human error in the ongoing operation of '

,

nuclear facilities has not and cannot be 100% eliminated.
18

Therefore, ence again, nuclear accidents are inevitable. i

19

I wish to make a couple of comments on the :

!
20

human error issue as a psycholbgist most of which to insure

21
|you that we cannot 100% eliminate hmman error.

::
There is no way, and any psychologist would |

|2
safely make that statement.

*L
'I think that that is an important issue.

*!

,,ve, .nc v m m. : - , _ r c
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!.

I | The second comment I would like to make has to
!

- ,

do with the notion of nuclear stress.'

3 I think the Country now has to start considering
i

what is happening to us with regard to the emotional and ji

! psychological pressures that are being brought to bear.'
,

5 I refer to this as nuclear stress and would simply like to

7 point out to this Board that in Northern California, I as

3 a psychologist, see more and more people who are reacting'

i
lto nuclear stress, chronic and constant, background, appre-

9
,

hension and worry that something bad might happen. It is
10

,

the "what if" problem.
;;

Well, what if, there is an accident and I do not j

i,

believe that this body and others relating to nuclear issue i
, , ,

'd :
i

in this Country are adequately facing now the problems of -

,ai

nuclear stress.
1.5

,

People and their children are starting to have
14

nightmares. People, in my opinion, are starting to show,

17 |
|

psychiatric disorders related to worry. Worry in regard i

I
18

| to the "what if" question. What if there is an accident? !

19 i

; Any of you sitting here, including myself, who f
20 ,

has read extensively much of the data on nuclear power has ;

|*1 '

to conclude that if there is a so-called accident which our |
22

logic shows to be inevitable, it will be quite a tragedy.

23
So, we cannot even reassure our children and I would like

24
to personally appeal to you to please, please, look into

3

!.,vo = v m. v , . _ i,.c
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!

'

!

1 I your hearts now when we are at the crossroads in America at
! a time when we must question our basic value system and mine.

' '

2 is an appeal to look into your heart that now is the time.'

! America is at a crossroads. People United Against4

! I Rancho Seco means no harm to anybody. We want to see Northern
!

!

6 California safe for our children.
1'

I7 Thank you.
i
.

! CHAIRPERSON BOWERS: Thank you. Is there anyone
3

! else in the audience who would like to make a limited appear-I
9

10 ance statement at this time?
l

(No response)
11

!

MRS. LESHAN: I had intended to bring you --
|g

CHAIRPERSON BOWERS: Please identify yourself.
,,
w

! MRS. LESHAN: Yes, I am Mrs. Edward J. Leshan. ,

,A 's

I had intended to bring you documentation that Dr. Ernest'
,

| Sternglass had left with me, but I had intended to bring it
,6.

tonight because I c.d not have an opportunity to get hold

of it before coming -- I just came from San Francisco, direct:.y
18

| here -- I wondered if it would be possible to make provisions
19 |

that this be part of your material --
20 |

CHAIRPERSON BOWERS: Yes, it can be handed in.
,

21
'

MRS. LESHAN: May I hand that in?'

O
CHAIRPERSON BOWERS: Yes, fine. Thank you.

:
..,

..

MR. BAXTER: While we have a pause, Mrs. Bowers,,

j

i
24

could I make an announcement for the record that at the !

i

=! ,

a
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I

16
,

i
,

; i

j pre-hearing conference on February 6th, when the Board j
!n -

! adopted some of the Hurst Castro contentions as its own'

i questions, we expressed the possibility there might be a

# ! need to supplement our testimony in some way af ter we saw
i

i

'
e your written pre-hearing conference order with your re-- '

1

6 | formulation of those issues.
'

,

I ! I would just like the record to reflect that
|

3 I have distributed to the Board and the parties this after-
!

9 noon, two pieces of supplemental testimony by a Licensee,'
,

.

10 | one by Robert A. Dietriech in response to Board question ,

i
I

11 !
Hurst Castro, 20 and another by Bruce Carish and Robert Jones

!

f in respone to Board question Hurst Castro 22 and we wouldgg

g; j intend to present that supplemental testimony at the same
I

time those witnesses present their main testimony distributed;g
|i

i on February llth.;3
: i

! CHAIRPERSON BOWERS: Just a matter of curiosity,

i you know, we were very late getting our transcript from I

l,e :

that pre-hearing conference.

Now, the pre-hearing was February the 6th which
19

! was what on a Wednesday and we were a week getting our
20

i transcript. We did not get it until the close of business
21 !

! on Tuesday which created a real problem for us.
:: i

Do you have any idea when you got your copy, |i

i
23 , 1

,

Mr. Baxter? !
l

$$ s

MR. BAXTER: Well, I had extra problems because ,

i
-

15
!

I stayed out here.
!inenm ro vo n a i c
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,

I

I
I | CHAIRPERSON BOWERS: Mr. Lewis, do you recall

' :

2 ! when you got your copy on that transcript. |
t ;

,

3 | MR. LEWIS: Not specifically.
|

4 I CHAIRPERSON BOWERS: Well, because we were delayed

l
!

5 |
in getting it and we recognize the urgency of getting the j

|
order to the parties, we worked out a special messenger service6 j

7 now it was supposed to be b;ad carried to the plane in the
|

!
IWachington area and hand carried in Sacramento to the

3

California Energy Commission and Friends of Earth. Do you
9

,

|

have any idea -- did you get that Friday?g
!

MR. BAXTER: I am sorry, Mrs. Bowers, I am not
;)

sure when.

| CHAIRPERSON BOWERS: Well, anyway we are going
13 |

to improve the situation that created a problem for us

because we knew the parties who were not only interested>

15
'

in getting that post pre-hearing order, but were entitled
16

to it and we simply could not get a hold of the transcript,

17 |

until what we considered to be too late.

Well, we are kind of puzzled actually we expected

19
to have many more people here today to give statements and

;

20

f it might be a number of people here this evening, it is
21 !

! hard to know.
i

:2 4

Is there anyone in the audience who knows of j
;

| someone who plans to come shortly, because we could take
' ,

:4 someone is indicating -- do you have information .

i a recess --
I k

j

* C.m
!
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I18
i

i
|,

|1 !

about people who are planning to appear this afternoon?' ,

l: i

MS. PRICE: I know of one who was planning to |'

!

3 i

be here this afternoon. |
, ,

4 \
|CHAIRPERSON BOWERS: Well, we could take a --'

;

5 I
let me check and see with the parties to see if there are:

b
: other matters to be considered, Mr. Baxter?
I

7 !
MR. BAXTER: I have none, Mrs. Bowers.

l
I ! CHAIRPERSON BOWERS: C. E. C.? !

! !
9

[ MR. WEBB: None for us.

10 I CHAIRPERSON BOWERS: Mr. Lewis? |
!

'

11 ; MR. LEWIS: No.
|
'

12 MS. PRICE: I will call my party.,

.

13 I CHAIRPERSON BOWERS: Could this person come |

I
14 | tonight?

!

!.! MS. PRICE: That is what I am going to suggest. |

!
16 CHAIRPERSON BOWERS: Okay, then what we will

i

| do is take a 15 minute recess now and Mr. Hamilton, will17

gg j you please remain in the room so that if peoplc come to

|
1 let them know that we will come back and see if there are

39
i

others and it may be too the person making the phone call'

0. ,

t
' wili have some information. So, we will recess for 15

1a ,

!
: minutes. j

a r g
i

I (Whereupon the Board took !

,

i
i

a 15 minute recess.) i

24 !
!

15 '
,

1
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19 ,
,

end
i

!

I i

j (Whereupon the Board returned
i

'

a i -

from the recess.)' '

CHAIRPERSON BOWERS: May we have your attention,

# please. Mr. Hamilton, do you have any additional names

3 for limited appearance statements?'

|
6 MR. HAMILTON: No.

i

!
<

7 ! CHAIRPERSON BOWERS: Let me check with the
;

3 audience. Is there anyone in the audience who has not given
,

limited appearance statement who would like to do so at9 a'
,

i

10 | this time? ;

!

(No response);; i

Well, what we will do is simply adjourn until
12 ;

I 7:00 and we will ask Mr. Hamilton to put some signs on the
;3

> doors that we waited and that we had no one to listen to.;

;g

So, we will return at 7:00. ,

;3 ,

!

16 (Whereupon the Board ;

;

II adjourned until 7:00.)

i
18

i

|

19 |

i

20 i'

|
21

j:: ,
.

I

22 | |--

i
i

24
,
.

9C
==
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T7dE 7/1 |
!

1 I |

I EVENING SESSION 7:00 |

2 1

!

!
! CHAIRPERSON BOWERS: May I have your attention, ,

4 !

|
please. We are here to hear limited prepared statements

'
e

! and we have one information names, Dr. William Schuster~

!

6
j who wants to make a limited prepared statement. Dr. Schuster,
;

7 |

: will you come forward please?
,

i

I ! DR. SCHUSTER: Well, my statement is based upon
I

l
9 my decision that af ter examining evidence for and against

10 I nuclear energy, I have made what I feel is a rational decisioni

11 that nuclear energy is the only feasible current source
;

12 i of adequate energy and politically and economically we must
i

1:; I not only maintain the energy resources we have now but we i

i
i

14 | must expand our energy resources because the trouble in

15
the Middle East cannot only decrease our supply of fossil '

16
fuel but could terminate it completely.'

I In which case I think that we would be helpless
37

18 |
economically and that would be connected with failing military

and national stregth.
39

I would like to offer the fact that based on'

20 .

t

j a meeting of environmental scientists early this year, there
,14

was a very responsible group of scientists certainly as ,
_

,.

I capable as any opponents of nuclear energy, maybe they do !
,,
.

not have as many credentials but they certainly have !'

I

24

| respectable ones in my opinion.
,

-. ,

|6DM YNUtd Nmim 0%
1
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|

t t

i I

They went on record during this meeting in !i

: !,

supporting as a matter of organizational policy, the continued'

3 ,

use of nuclear energy. The reason was based on the fact

4 !

this was post Three Mile incident that in all the recorded j

'

use of nuclear energy, including the naval use and there

had never been one life taken by an accident involving
'

7
nuclear energy.

i

f There have been accidents but these accidents
i

9 ; seem to have been reasonably controlled by the safety systems.

10 I For example, there was an accident today in Florida and i

II the current report is that there were no injuries and that
'

I2 the emergency cooling system served its purpose.

13 | The only other comment I can make is that opponentd

14 of nuclear energy undoubtedly are sincere but in approaching
i

13 an analysis of the issue they seem to leave a position of
i

16 rationality and go to a position of extremeism which in
i

i

17 the law would be characterized as going into ad hominem I

13 argument, that is they attack the integrity, the responsibility| ,

!
! and the morality of the pro-nuclear position.pp

! In the meantime, of course, the enshrine their;g

negative position with all kinds of sanctity.
14

' There is no doubt danger in nuclear energy because
.,
a

Ithere is danger in every kind of energy production even
,

i

a friendly camp fire may spread and unless regulated may
,A.

1

dessemate a forrest. A friedly fire in our home that we j
,, ,
me ;

!

|
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!

i

i I

have in a fireplace can expand its energy and consume our !
,

I: :
Ihome.,

l

i In a coal mine accident site
,

L .

some where in Virginia there was a loss of 14 lives and
t,

I'e

| the media did not even report that tragedy.*

6
i So, in making a rational decision on this

7 | important issue, we must consider always the f act that the
i

people who report the nature of pro-nuclear energy seem !3 i

9 to seize on the melodramatic aspects of it and that is bound

10 to effect public awareness and it is bound to turn a lot

il of the people off on nuclear energy and perhaps it would'

12 be better for all of us if the debate were continued on'

13 f extremely' rational basis with all of us continually digging

! for more facts before we make a dec ision.14

t,$ Do you have any questions?

| CHAIRPERSON BOWERS: Just one question, Dr.
14

I

Shoster?I ,,
,

DR. SCHUSTER: Schuster.
18 i

! CHAIRPERSON BOWERS: CSUS?

DR. SCHUSTER: California State University
20

of Sacramento.-

21

CHAIRPERSON BOWERS: Thank you and the doctorate .

22 !

!is in what?
|~,

' DR. SCHUSTER: Law, J. D. juris doctar.
24

CHAIRPERSON BOWERS: I know that. Thank you. ;

15 ;
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4 |
,

i

|1 i

Who else in the audience would like to make a |i

2 ; !

limited appearance statement? Anyone?i

lt MR. HILL: Madam Chairman, I know that Dr.

4 i

Goldman from the University of California said he wculd be

here and it is about 35 miles away and if we can wait a'

'
i

!

6 few minutes I think he will be here. Also, Dr. Whalen from |
i

1
|- |

the California State University is supposed to be here also. ;'

:
I !

I I hoping that they are not too late. |

| i

9
'

CHAIRPERSON BOWERS: Well, we will recess for j

l
10 ! 20 minutes and then come back to get these people because :

i .

11 ! we are interested in hearing from those people who are

C interested in the Sacramento area so we will be here in
i i

13 20 minutes, at scme point we go home.

I (Whereupon the Board took
14

.
i

a 20 minute recess.) |13

I16

(Whereupon the Board returne )
.

17 ,

These roses are from the peopleMR :
i

18 i

| in jail to the NRC with love.

19
'

CHAIRPERSON BOWERS: We are in session and wa
!'

20 '

have had a request from Warner Hill to make a statement.j

I
21

Is this your statement Mr. Hill?

O
MR. HILL: Will and Whitecloud were arrested today

;

iw
..

i and they are members of People United Against Rancho Seco
i

|
:4

and that is their request. ;

CHAIRPERSON BOWERS: Let me check with Mr.

i.,v = m vo.ori =c anrois. i c.
me scarn. c.ames. sTwar?. s. . surrr 'er
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!

I l

i Hamilton and also with the audience. Are there any people !

I.

I^
in the audience who have not made limited appearance,

1 ,
* statements who would like to make limited appearance statements;

4 ,

at this time?
'

|e

I am just amazed. I thought there would be~ ' '

6
i hundreds at the evening session and that simply is not true.
:

7 '
DR. COLE: Well, I think if anybody planned to |

| 1

3 | be here they should be here by now. We announced the time
i

| as 7:00 so I am going to confer with my colleagues now and9

10 we will tell you what we are going to do. |

II j MR. SHON: I might say I am very surprised to

12 in my own experience the evening sessions have drawn f ar
,

1:; ! more people than this and I rather thought that this was

i

ja an area that was very, very interested in saying their' i

i
i

13 peace both pro and con, it is surprising.

i CHAIRPERSON BOWERS: We thought that we would;6

have many people here this evening and that is why we gave'

g

;g |
up the evening to -- yes, mam?

MRS. LESHAN: Perhaps what we make up in quantity
g

i

can be made up in quality in as much as you have the statement
,0.

from Dr. Ernest Sternglass and the University of Heidelberg.
,16

I think that they are very exact and very appropriate and I
,

am sorry that we cannot do more but I think that that will
-,
..

,

speak to your conditions.
24

-

,

MR. SHON: Mrs. Leshan, just out of curiosity, -

,

me

c.m am vmaam. nvoena n.c. |
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6 |

|

1 : |

! did your husband work it the radiation laboratory? !

1 i

MRS. LESHAN: Yes, he did. At Lawrence Livermore

2 '

| Laboratory.

4
MR. SHON: As sort of a little aside, his name '

{

sounds very like mine and I think I have of ten answer his pages|'

|

6
'

! and he mine on the public address system. I

i

MRS. LESHAN: Well, God Bless you, I am glad that
!
'

3
t you are a live.
|

9
| MR. SHON: I am glad too.

10 I CHAIRPERSON BOWERS: hell, we have checked with ,

| '

Il
i the audience and let me check again.

12 Anyone in the audience who would like to make
i

I
i

|
limited appearance statement who has not done so already?13 a

!

la | No response, negative.
I
'

!! We will adjourn and resume at 9:30 tomorrow j

16 mcrning and tomorrow we will also call for a limited appearanc'

i

i

17 statement. |

|

jg |
(Whereupon the Board was

adjourned at 7:30 to resume
j9

|again at 9:30 at the same
*0

! l

| location.) f.)' s

!

:: !,

i _ _ _ ;

:3 |
|

24

i

i
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T S FALLOUT fro = nuclear reactors expcsing people to"

QmNr $l ^ 'H .L dangerous levels of radiation - even without an acci.
-

Y

C:;|f?hy[*ig.7GE*WW ~ NJ'~U
. which the commiuion has been sitting en since early this

, dent? The Nuclear Regulatory Commmion clai=s that'

_ - n 7! m nme:T- b~~' ' 1'- nor=21 emissions from reactors are safe. But a repor:'

i
~

r | h .P.
' ' "

- .'
,[ 7,Wt? NNhij .. 1 .J .|.7 M { ear shows that these gover==ent safety claims ara
,/.''n:'$. g.3y ,.pyg; p, , p .1n y y .^~ * (i.V'e 3;x *e g 4, ,ased on haudulent research.

. . , q - Perfer=ed by Ato=ic Energy Co==Ission scientists 20Tgprg . - r="p If g
M$tp@M:@;j ; . i -N(g)h M, ; ,:c

ago. the experiments demonstrate the Eisenhower...,

Strauss policy of mrias fallout look harmless.
-

.;""*%g;.gi?f,y,f04:
*

1. ', :e. c,. , !1 Thus today, the ew report says. fallout fro = nor= allyp ,n .~ ,g,,...J >~ ~. d ope =&g nuclear reac'ers is expming people to radiation
, , m- - r.. : y .k -

i' 1 in exces of the author =edlimits.
3

' ~

.E E.. d ~ . QM. w
,

~b T..
d%-~ '7 ^ L i Although the NRC ad=its de charge about the fraud-

"

'gQr.'[ y,,,1 '.
%

^ ' W}
ulent experi=ents, it denies that fallout fro = nuclearsu

4:
-x;,Q.Cih7 q h *J y M>

. . ."- reacters is a health 'a""d. To dnd de truth in these
$2 '. I conflictpW it helps to begin wid what is known.

%C &aQQg(r ..
.f.f ' N;r W, ,

; p**e.wg.repa.c=y, F' " 1 It is known that each of this countr s 72 reactors re-.'
/

; j. ' ('^ leases some radioactive waste. This happens by design
,

'

and because of human and =echanical tlaws. Uramum.w m :. ~
7 q fuel rods enck. pipes leak, filters fail and so do worie shV . J h. j ,1 when they open the wrong valve. Thus the NRC limits

* *
,

[I M'-
. . . .r,y a. ^ c. the water and azr.

{ _
how =Uch ata=ic w8ste each react 0r =27 discharge int 3'

-.

.c - 4

7 . Tg;. /g ]4 ;p; p '
.I To =easure what this is doing to people, the commh.e m 7,% x. -

A gjon =ahes & do8e Calculation. This t:3Ch3 the radioac.

hM).f ' ,gM!, - ,
;e

M d '

h_ese-V4* S 0. hu=an bone and tissue. The resulting "dese esti=ata"
tivity 60= the reactor througir the food chain into

a P I iiW .

O. ?' ;) J is the core of the claim that a cor= ally cperating nu.
.

h%gs/ _ ;,.
.. 'g a.q' i,WC N..W + 'JC P" d clear reactor is safe,-

$ 4. M "5 : ~ " ~\ But the NRC now acknowledges that this safety cal-
p-q.1;.m.cp,4 |,

*

v im L :M' 7 culation is based in part on de dubious e: peri-
pA?w ^g.qPg 3 Qb7. ps;., e;- . A ? ;A ments of the 1950s.The problem begins with-W,. de conviction dat atmospheric nuclear. , ,. ..
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site, such as wind patterns, nearness
To quiet de Nervous Neules who of -nbnd, s::e and type of reactor

wanted a test ban, the olc AEC tooic c uM bnng dese fgmes up or
steps to show it was keeping on top dC"3-of fallout. One such step was a pro-

edcEo" '{duf 'dd @ But the German sc~entists say dat that reaHsn saf
in musuri:4 fa utdangerous levels of fallout ham the residence m.s l?urney fr m would show each of dis ccent:y's 72
nact r t tne body, the nactors burdening people with more

soil Mc
tha dn ' boo''$out a Egma an "eMer.atl fo wer ndiadon dan de new 25demsdu tha we and of the unge given m de hten- limit.Since the NRC uses these dose

P"' . s&. . _ost of de ture or far below the values that =ay esti=ates as its basic yardstick for

rod ceNe es e r$u.as agarded as naHsh It foHows H"ner and regulation, it would

O** O* "'"hy# * "e assessments
have cause to act against au the

In measuring how much faHout- an unng g ,- counWs miclear plants in more
plants would pick up &om the sw:

a The AEC scientists made pre. They say, for example, that NRC nan a coscene way.

bimy tests on a variety of soils. Judgments on how much plutonium, But dis ts not likely to happen.

They chose for their esperiments cesium and strontium crops pick up fer more than economic reasons.
,

those soils which absorbed the lease fmm de sod are "between 10 and Just as the ne:delberg group caus

amount cf fallout. 1.000 times too low." the NRC t:gures too low, the ccm-

* It was 'cown that plants have The Heidelberg group reached its m:ssion repues that the Ger=an sci-

dif5culty assimilating tnany faHeut condtsion after digging through 25 entists' Sgmes an mo high. "Their

Ingredienu unni they are acted yests of scientinc journals to End literature search was not compre-

unon by son bacteria. To prevent what expen=ents had been done on hensive," an NRC spo'em ccm-
this, the scientists cooked their sad how much faHout was gett:g to ments. "They looked for, gzpen-
in ovens and kiHedits bacteria. people. They then ec= pared de re- .=enu that would suppcrt tnetr con-

. Then they added the radiotoxic. suits of these other expen=ents dcstons."

*m a to the soil shortly before with de NRC Sgures - eight other More importantly. Dr. Frank Con-

the olants were harvested. This uperi=ents in de case of cesium, gel. Icader of de NRC's radiological

avoided the conditions of reality, 11 others in the case of strontium. i= pact sectics, says dat "real =ess-

where the plants would grow hom After m-N ! the NRC safety unments" by the utnities show that

seedsin the contammated soit est=ates, the report secres another =diation e=itted by nudear planta
Not surpnsingly, these experi. first. It calculates de dose from a is weil within curnnt safety ll=its,

ments showed hardly any faHout nuclear reactor, using Hguns chosen Can de utdities be trusted to.

was gettinginto crop planu. by independent scientists. What the scnitor how much radiatica deir
German scientists did was feed deir own plants are giving off' Asked

C C Sgures into the NRC computer whether the NRC had assigned de
modet for to guard the chickencoop. Dr.

The nport which reveds this in- They r,ound that a pressurized Congel responded dat de NRC
for=ation bush new ground. It's. water reactor planned for de town " reviews the recern,s and prececures
the Erst ti=e independent scientists
have dug into the NRC's safety as- of Whyl on de Rhine cou!( be ex- of each ;:lant on an average or twica

surances to expose deir founda- pecud to upose pe ple m a pany a par. , The ecm=us, ton 2!so
dose of 1,071 * ems of whole- spotchecks seven or eigni, plants

tions. Written by a team of 14 West
German scientists - aghedtud body mdiation. The =ajor part of esca year.

tais dose would come trem nc:cac-biologists, physicists, chemists, a. C Ct:ve substances taken into de bodyma^amann a physician and a
veterinarian - hem de University with f d and drink. The nactor's, But these "resi messun=en s"by

uhaust air is th principal source ot- the utuities fail to answer de Hei-9of Heidelberg, it applies direcdy to 6:s e nemn n, with its waste delberg report. The German scien-this coun=y. Not only does Ger-
many build its reactors kom Ameri- water playing a signi5 cant but lesser

20l*-esn desig=s but it proves deir safety
with the seme set of calculations de

The exposee limit .m de United
States :s 170 =dlire=s of wncie-Nuclear Regulatory Comm:ssion

uses forthat purpose here. body radiados pariy &cm an,nq-
dear facuities. On Dec.1, the r.nyt-As performed by the NRC or the ron= ental Protectica Agency will - . . In certain areasutnines, dese calculations show a
reduce this limit to 25 =Hlin=s. near nuclear plants thereacwr gmng !itde radiation to a 3ut 18 would be insecurate t level of strontium 90 inperson living within 10 miles - a
transter t.u.e 1.071.cudinm nsult& action of a miHirem to less dan 5 Sem de Whyl study m a reactor in milk has at times risen

nunirems yearly. (Current esti=ates this councy er anywhere eise. Con- higher than it was atpeg a chest X.ny between 15 and 00
=nny=3,3 ,oit: ens spec:nc to each power piant's the height oi atmos-

pheric nuclear testing.

-

- - . . ---- - .- - - - ,
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Without -. ccilents?cs. .r. - g =.t d. - m.
emission dgures but de set of calcu-
lations used to estimate what dose
these releases give to hu=an beings. gg g,;7, ,.g.3 ,gt., .3

90 cam m a W,nenases d scandu:
The laque i 2To venty the Heidelberg report testbooks coes not always happen in isconsin ana M = des* "Id "9"I" *C**'U I' d I** reality. Not only can 51ters be 'ess downwmd. and downnve, trem

farms and dam.es near reacton, a
than[riect, but de brgest ponion Minnu ta's Monticello reactor, and

step which de KRC caHs aneces- ,g ,, acuvity released frem reac- m de Grun Bay ans aro'=d de
sary and expensge.

-
tors. whics is in the form of gases, Point Beacn =uclear, phet. BodYet both the r nytron= ental Pro- presents spe.cial problem.s. The.se high nacmgs of stronnum ca=e andtaction- 4ency and the states moni- gic

P.ersistad during the year that Mon-tor mdk for . dioacuvig. Aldough f",",,$7sm ntium dcesu cceHo was leading de sanon in
mEk &m damu near naars chen Nuclear plants are designed to hold gaseous releases or rac2cactivity, andshows high levels of ' strontium 90, g'$'g 8 g, g Point Beach was tripling its alloweddeay ga gon8 'bod the utilities and the NRC claim pbc 6p

e=2ssmus.
this contamir ntion comes &am at- where the puticulates can be 51- Showing instance after instancemospheric fauout. They bbme this

"nd Ithe gases leave the plantbe, when nuc!est plant nicases were
pun!y on the asidue led in the at- Buti f 11 wed by hig,n radioactivity in

- mosphere from old U.n. a I coviet fore they ha.ve had time to =eilow,
*ests, but mostly on the mora recent rader than t!cating away ha=1- ,mut as de =Q pe, ts to nactor d-d.e sm

aje s me et con"-'-.

Chinese bomb tesdng. lessly, they deposit strentiu=, ce-
d

* ^C "*
Sece strentium 90 lacks a hbel of s um md ad" P nbn In eslculating its dose, de Heidel-

crigin, no one ess know for sure.But ument. Th s gues bug up n jucges de i= pact of astate and EPA =omtor=g snows a leased pre =aturely due to plant ! age nac*.or a people hving in 2.am. Aher a US.-Soviet tat =e4encies. Or, ac. cording to the
- m 1963, strontium 90 milklevels e.ieidelberg nport, sigmucant quan.

small area - roughly within a 10--

r de dim -@- a de edremamed high acress de country for
two e dne yearsmen de avenge gNg$j,,sesoh Nlte- the plant of 314 square =iles. Butgy r the Wisconsin stmiy judges de im-
dropped &cm roughly 25 picocunes .ng system. past of14 sm.dlernactcm on peop!s

;

.per litar to 4 picccuries, where it
rerwt After a Chinese test. these EJ L1 spread across a territcry of 54.000
levels jump snedy, then go back to squis miles. Thus exposure for
what is now normal. Further. a Wisconsin inv- tigation eacL penon wulbe smaller.

But in certain areas near nudear based on 14 years of muk monitoring Since they based deir study on
*

plants the level of strontium 90 in by state ofEcials supports the vaiid- cst the three radioactive poisons
milk has at times nsen higher dan it ity of de Heidelberg report, givmg =omtered by de state - strentium
was at the height of at=ospnene nu- evidence that reactors ard indeed re- 90, cesium 137 and iodine 131 - the

dest testing. Such nydings were leasing strontium 90. Wisconsin investigators lacel their

found in =dk &cm dames in W ater- America's dairyland state is bor- " Total Fission Dese* fndin's as
ford. Conn., near the Millstone nu- dered on three sides by a Big Dip- "not de whole dose."
dear plant, wnen das facuity was per-shaped chin of 14 nuclear nac- Using govern =ent for~ulas. they
expenenc=g hign rac: anon relcases tors. Wary of satety assurances. a fnd de average yearly dose to
in 1976. Wisconsin environmental founds- Wisconsin citizens &cm nuclear

In Wisconsin. South Carelina and tion asked the State Reten Sec- waste in food and the emironment
other states, nses in strentium 90 tion to prepare a dose esumate is 33 niinirems of whole body radia-

= ilk tevels frc= dairies nest reae- based on the oi5cial = ilk sampling tion for an adult, and 67 =ti! ire =s

tors have also been recorded after progrsm started in 1963. The state for a growing child. The yestly dose

relear,es of radiation from those fa- refused. So this cencerned group of to the bones is 76 iuin=s for an
e.lities. Still. NRC and utinty of5- middle-aged, middle-chss profes- adult ami 174 -mems for a grew-
cials insist, the strontium 90 comes sionals - Land Educational Assoc- ing child. The study says this
frem Chinese tests. This presents a ates Foundation Inc. - took on the " e==2" radiation has more than
picture of an A= erica covered by a project with de assistance of a Ut:f- doubled the risk of blood cancer fer

huge umbrella in the sky with holes versity of Minnesota biology profes- Wisconsin 14-year-olds.

punched over certain reactors. sor. To insure cedibility, taey chose They caution that this radiation

This is less ridiculous dan it to use data only &cm state monitor- comes hem = ore dan dk. Al-
- sounds, since our technical institutes ing records. dough ideal for =onitonnt. =uk is

The chain of reactors around one of the least radiotoxic foods hteach fedgling physicists das nac- -

tors do not give off strentium 90. Dr. Wisccesin grew Som two to 14 be- contains only 10 percent ci de ra-
Eernard L. Cohen, director of the tween 1970 and 1976. State records dioactivity found in de grass eaten

Scaife Nudear Laboratories at de show = ilk strontium 90 levels ju=p- by the cow, whirs f!ters out de rest.

University of Pittsburp2. writes in ing in 1973 from just below to =cre As foods high in fallout radiaton.
"Nudear Science and society" that dan twice de national average. and de investigators note potatoes.
"strencu= 90, which has received staying dere at least dree years. whole weest. leafy vegetabies. sov-

wide publicity for its i=portance in (The study had to dose with 1976, beaca, berries. venison. nuts. cab-

bomb failcut. is re=oved in the since state offciais were more than bage ann eneeee, which =ultiplies
chemical punfication and hence is of two years late in supplying recercs the = ilk dose times si:t.

little consequence here." (That is, it which are succosedly puclic.) The NRC rejects de Wiscensin
is re=oved by a filter within de
reactor.)

_
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study, even Sough it is based on fah hem tIie area near the dne.

vedfled state milk records and cal. Oconee reactors in South Carolina,

c"f atM with EPA and NRC for. u. anoder EPA radiation offcial re.
Iss.The NRC's Dr.Congel states the sponded that de 25 r...iIHrem~ limit
Waconsin study "showed extreme applies to " planned discharps of ra.
bias in its data and its presentation dioactive materials." It coes not
whenwe reviewedit." apply, he said, "to background or

. fallout radiation in the vicinity cf
C U nuclear power phnts." Chinese tal.

At the same ti=e that the EPA is lout again, and a large loophole for
de many unplanned releases which

es+MaM7 de new 25 =ulhrem ex. reactors experience.posure limit the NRC is stopping
the monito:ing of strontium 90 at Both EPA and NRC plan to en.
nuclear phnts. The reason given is force the new limit by letting the

utilities tall them wnst radiacon isthat the utilities, assigned by the
NRC to monitor themselves, aren't being released. From this they will

Mg much. But like most =a=u. estimate the dose to the public,
fac :rers, utility executives want re, cair.g that same set of calcuhtionsa

sponsibility to end at the hont gate. which the Heidelbeg report exa.
nnned.The public can't see the strontium

- Both agencies have copies of de90 Nki"Y cut of the phnt. Why
should the utilit/,7 More impor. Heidelberg report. The NRC trans.

tantly, why should nuclear plans lated and printed it last spring
owners be responsible for monitor. (NRC transhtion 520: "Radioe-
ing themselves? cological assessment of de Whyt

The agency responsible for pro. Nuclear Power P! ant.") Its distribu.
tec4 the envuon-a-t has given tion has been dehyed while the Ger.

man audors =ade some revisions,
son:e indication of what its new 25
nulhrem limit means. One of its ra.

But Bernd Franke, os of the Hei-

dutw officials explains,"The EPA delberg scientists, told this writer
does not have any regulatory re. they had changed nothing of sub.

stanc8-quanment to monitor de ennren.
ment around nuclear power plants; The signife:mco of de report is
this monitoring is required by de that it indicates there is a gress
NRC of theirlicensees.a range of uscenainty in whao is

When told of high strontium 90 inown about the impact of nuclear'

levels being =enitored in milk and piants on human beings. The only
way to determine wheder the offi.
c'al dose estimates have validity is
by a rigorous and continuing pro.
gra'n of food monitoring pen'ormed -

by an independent agency.
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NUCLEAR STRESS AND PSYCHOLOGICAL DEFENSE MECHANISMS
,

by Roger Kotila. Ph.D.
.

The nuclear accident at Three Mile Island, coupled

with more and more information which is finally becoming

available to the American public concerninq the dangers of

nuclear energy, has created new levels of anxiety about

nuclear power in increasing numbers of people: Citizens,

government officials and corporation executives, the
scientist and techncerat, even our children must somehow

cope with the big "if"--if there is a full-blown. accident...
Psychologically, the dangers of holocaust from

atomic warfare on the one hand, and now the addition of

radiation poisoning from reactor plants on the other hand,

pose a severe strain on our collective psyche. I refer to

this psychological form of severe stress as " nuclear stress"

to designate the type of psychological and emotional strain
to which we are being submitted by this hard-to-comprehend

threat to our life and health.
~

Nuclear stress is unique by virtue of its insidious

nature with effects sometimes not apparent for years later,

and by the fact that the nuclear threat is so great as to

essentially ask us to imagine the unimaginable.

In a word, we are being asked to accept the " unbelievable",

and to acknowledge a danger which defies our everyday

experience and common sense.
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It is akin to asking.us to accept as reality the

idea that invisible rattlesnakes have been placed in
'

each of our backyards, posed and ready-to-strike. Or

worse yet, have already bit but we don't know it until
twenty years later when the cancer surfaces. Such delayed

cause and effect relationships are hard to believe, since

most of our everyday experience is more accustomed to more

immediate cause and effect: When we cut our finger we see

the blood immediately.

Seeing clearly the hacards of nuclear use is made even

more difficult, aside from the " delayed effects" problem,

by the fact that the form of harm may itself be subtle.
Recently, for example, a study by Dr. Ernest Sternglass

of the University of Pittsburg School of Medicine found

a correlation between declining Scholastic Aptitude Test

scores and A bomb fallout in the 1950s and 1960s. Sternglass,

who urged evacuation from Three Mile Island, gave this

ominous warning: "We aren't aware of the damage being done,

because these children look normal and seem normal. But

hidden damage to the thyroid--where radioactive iodine ,

accumulates--slows growth, physical and mental growth."

So now, we must add to the list of dangers. To

cancer and birth defects we must add the possibility that

radiation reducea intelligence. It is little wonder that

most people find it difficult to admit fully to these dangers--
the anxiety aroused might be overwhelming.
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And how do we protect ourselves from being overtaken

by worry? How do we cope with this nuclear stress?

By the'use of psvcholecical defense mechanisms which serve

the purpose of " defending" us from too much emotional

and thereby helping us keep our psychologicalstress,

equilibrium.

A description of some of the typical defenses from

nuclear stress follows. Keep in mind that we may use'more

than one of these mechanisms. Also note that defenses

are a two-edged sword, that is, although they can help

us to maintain tolerable anxiety levels, they can also trick

us into a false sense of security. Since defense mechanisms:

are used by everybody, and since they can mislead us into

false beliefs and perceptions of reality, it is imperative
that those persons most closely linked to nuclear power--corporate

executives;,, government officials, scientists and stockholders
.

in the nuclear ind'ustry--take an extra careful look at
themselves psychologically sincer:they are under more stress

than the ordinary citizen,having the more direct responsibiliuy

for the advocacy of nuclear power. Nuclear power advocates

therefore, face added nuclear stress which in turn can produce
In short,even stronger defenses to keep anxiety levels down.

they have the added background worry of "What if I am; wrong,.'

about nuclear power, and there is a catastrophe?"

DEFENSE MECHANISMS TO REDUCE NUCLEAR STRESS

(1) One way to cope with nucletr stress is by denial.
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In this type of defense, we simply deny that there is any

nuclear danger, refuse to acknowledge to ourselves that

there ever will be an accident. The Three Mile Island
,

accident led to the interesting reaction of officials

declaring,in essence, that e accident would insure that-

there wouldn't be another. This form of denial is a form

of ma.gica.1,th_ inking wherein the officials wanted to believe

its truth so much that they denied the possibility of,another

" accident". From the psychological point of view this is

understandable. To admit that it could happen again would be

to create tremendous anxiety which would be impossible to

tolerate either by the officials themselves (who have to worry
,

not only about their personal safety from radiation, but also

the guilt of being incorrect), or by the citizenry who are

within 150 miles of a nuclear plant.

Magical thinking (if I say it, it is true) can be a real

problem for the government and corporate officials who are

responsible for nu lear power. Faced with the facts that

technology can never be 100% safe, and that one can never

eliminate human error completely, one is faced with the logical

conclusion that an accident is inevitable. For government and

ccqorate officicis, the inevitable " accident" would mean

incredible amounts of anxiety and guilt, as well as loss of

self-esteem always associated with making a mistake.- Since

these officials are committed to nuclear power, denial helps

them maintain their psychological equilibrium and keeps them

from being overwhelmed by the anxiety of nuclear stress.
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In addition to the stress that there might be an accident,

for the nuclear proponent there is the added stress of

ego involvement. One veteran scientist, an outspoken proponent

of nuclear power, felt compelled to appear in a Wall Street

Journal ad after Three Mile Isihnd to proclaim nuclear power

still safe, and to declare the nuclear waste problem a

" political" problem, not a technical one. This rather hysterical

reaction to a controversy which scient_srs themselves disagree,

reflects well the type of denial used to keep nuclear stress

at a tolerable level. Better to deny the danger than to admit

that one was wrong; to admit error would be to feel anxious

since self-esteem would be threatened.

Scientists, government and corporate officials must be

the most careful to insure that they are not simply denying

danger via magical thinking--since many peoples' lives and

health are at stake. And that is the obvious problem with

denial because we become the proverbial ostrich who buries

its head in the sand. If in our minds a problem doesn't

exist, why change doing what we are doing?

(2) Rationalizing is another frequently used type of

defense against nuclear stress whereby we give seemingly

logical " reasons" to explain why there is not nuclear danger,

or why we are not taking constructive action to eliminate

the danger. To justify our lack of action, rationalizations

serve to provide to our fellow citizens socially-approved

reasons unconsciously designed to help us avoid being critized.
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Rationalization helps us maintain our self-esteem and our

public image. Few of us would want to be seen as the type

of person that would endanger other peoples' health or lives.
Thus we see the nuclear scientist, the government and

corporation official, the nuclear proponent argue that there

is an " energy shortage" and that's why we need nuclear power,

denpite evidence that t he no-ca l l eil nhort.up- coisld ho put

to rest almost immediately by conservation and by use of

soft, renewable energy sources. Or rationalizations that

nuclear power is " cheap", despite evidence that the costs

of nuclear power keep rising and are completely beyond

initial estimates of cost, and evidence that alternative

energy sources which are renewable (sun, wind, etc.) would

in the long run be much cheaper.

Most of us have experienced the anxiety of finally

admitting we were wrong, that we made a mistake. Perhaps

our ego's felt bruised since we tend to psychologically

equate being wrong with being dumb, and our self-esteem

suffers. No wonder then, that nuclear proponents desperately

hand on to outdated beliefs despite the ever-increasing influx

of contrary evidence.

For the ordinary citizen, the " sweet lemon" rationalization

keeps anxiety down. Rather than admit that the nuclear

reactor plant is the nuclear industry's version of the

ill-fated Corvair, it is argued that reactors "aren't all

that bad," and that since the plants are already giving
-

energy, why not keep them? In similar fashion, many Corvair

L fj!*
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owners continued to irive them even after informed of
the safety hazards; after all, they did provide

transportation.

(3) If we do not.use the defenses of denial or
rationalization, we 'aay use other defenses to protect

ourselves from nuclaar stress. One such defense is

escapisra wherein we distract ourselves t ront stress by.

" keeping busy" in other seemingly important activities

such as our job, our hobbies, or a busy social life.
Preoccupation with these other activities may

merge into preoccupation-with-self, and then we may

react to nuclear danger by escape-into-decadence. The
'

net effect is the same, to avoid the anxiety of nuclear
stress, and to fail to take action to prevent a nuclear

disaster.

A somewhat different type of escapism is procrastination,
.

putting off until later f acing the unpleasant reality
of nuclear danger. Here, we may admit that nuclear danger

(the rattlesnake) exists and could bite at any time, but

put of f trying to get the. snake defanged. Magr activists of
the 1960s are using this type of defense, knowing full well
that sooner or later they must get involved once again,

and overcome their " burned-out" attitude toward renewed

political action.
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(4) If our actual behavior fails to live up to our

standards of conscience, we may reduce our guilt by

lowerina our standards of conscience, rather than living
"

up to them. Thus, one divorced man with children explained

his failure' to take action against nuclear threat by

naying, "T can't babysit my children all their life. They have

to be on their own sooner or later. I can't be responsible

for what happens to them thirty years from now (referring

to the delayed effects of getting cancer from radiation) ."

(5) Much like a rabbit who fears for its life and
reacts by becoming immobilized and trembling, some people

react to nuclear stress with passivity and wirhdrawal, in

this way shutting off the fright of possible nuclear disaster.
One woman's underlying feelings of hopelessness and helplessness

to prevent nuclear poisoning led her to the ultimately

nihilistic view: "There's nothing I can do. There's nothing

you can do. There's nothing anybody can do," she said,

resigned to inevitable fate.

Her fatalistic and powerless view is sometimes supported
,

by those who cite the Bible as predicting the end of the

world. It is almost as if they deal with the anxiety of

nuclear stress by saying to themselves, "If it (nuclear

holocaust) is going to happen anyway, why worry about it?"

a sure prescription for eventual extinction of our human race.

.
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(6) Growing emotionally detached from nuclear stress

can take the form of spiritual resignation ("The End

is the will of the Lord.") , or take the form of being

overly cynical. Being cynical is a way to shut off

emotions from our ideals. "Everybody dies sooner or

later," is one example of a way of thinking to shut down

the fear, and to stop ourselves from taking constructive

dCtion. ,

one cynic reacted to the danger of nuclear poisoning

by comparing humans to roaches. Resigned to eventual

extinction or radiation mutation, this young punk rock

singer comforted himself by arguing, "The roaches that
do survive DDT are the stronger and better for it!"

So here we humans are, according to this young man, in a

future which envisions those who survive nuclear poisoning

to be the proud mutated winners of survival of the

fittest, as able in our mutated forms to deal with

radiation as the new generation reaches handle DDT!

A final example of the emotional detachment from

nuclear stress through a form of cynicism is the dreamy

lady whose comment about nuclear threat was that "Well,

you know, everything happens for the best!"

(7) In these days of ever-increasing nuclear stress,

you may hear somebody adopt the views of the nuclear industry

itself, for example, that " economically, nuclear power is

a necessity," or that "seme risk is necessary in order to'

have the energy that we need." Unconsciously such a

position may be a reflection of an attitude of " if you

.
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can't beat 'em, join 'em," in short, an attitude of

helplessness and powerlessness which can take the form

of "What other choice do we have?"
During World War II prisoners in concentration camps

Thesometimes adopted the value system of their captors.

prisoner identified with, or introjected the value system of
the other side, the enemy. In these modern times, the

the Unitedproliferation of nuclear facilities throughout
States may leave many people feeling they are- in prison--

'

or perhaps in the gas aven and just waiting for -

some fool, by accident or design, to turn the gas on.

Certainly it could be argued that the nuclear danger is
similar in America today to being in the gas evens of

World War II.

In any event, to handle such tremendous stress emotionali:',

we may not only identify with the proponents of nuclear

power, we may overidentifv with the other side. Here we

l Somemay take the other s loss personally, as our own.

people, for example, may feel very anxious about the idea

of the corporation losing money if nuclear reactors are
shut-down immediately and permanently, as if they themselves

are losing the money frem a bad investment. Any of us who

have lost money in a poor investment can certainly
Yet bad financialsympathize with this type of hidden stress.

investments are a fact of business life for any of us at one
time or another, and the anxiety of " losing money" should not
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detract from the more basic issues of life and health.
Otherwise, we are put in the position of lowering our
standards of conscience wherein 'not losing money" becomes

more important than birth defects, cancer, or lowered

intelligence--not to mention massive outright death to*

the unfortunate victims of a nuclear accident.
.

Since psychological defense mechanisms are used by

everybody--citizen, govern =ent and corporate official and
scientist--it is critical that all become more psychologically

Thisaware of the defenses used against' nuclear stress.

is because defensee, although they help keep anxiety
-

at tolerable levels and maintain psychological equilibrium,

also lead to misperceptions of reality and to a false sense

of security.

Nuclear stress cannot be removed by wishful thinking,

by rationalizations, or by escapism. It can only be eliminated

by removing the source of the underlying problem itself.

To stop nuclear stress we must stop nuclear power. Only
<

then will the stress and anxiety which we all experience on a

daily and chronic basis be eliminated from our collective

psyche, and will we be able to truly relax once again.

,
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By Judith Coburn

DOES AN NRC WHISTLE-
. . . . . . . . . . . . . . . . . . -

blower have evidence 6at Rancho Seco is unsafe? Can anyonc includ-
ing the people who built it-prove that it is safe? Or is the whole
situation so comu. lex that tudePencent evaluan.on is uncessole,., S.oone

. . .. .,

.

knows the asswers, but meanwhile, Rancho Seco keeps operating, pro-
. tected by economic pressure and bureaucratic inevitability.

.
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One year,250 NRC inspectors made 3,000 visits to operating reactors.
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STATISTICAL STUDIES OF THE EFFECT
OF LOW LEVEL RADIATION FROM
NUCLEAR REACTORS ON HUM >uN

HEALTH

MORRIS H. DtGROOT
CAnxzciz-Mru.ox Umvrastry

1. Possible eHects M auclear reactors

Government policy with reg.-d to tne construction and operation of nuclear
power plants is of great public concern, not only because of the possibility of
a serious accident at one of these plants, but also because of the possibility that
radioactive discharges from these plants duMng their routine operation may
aHect the health of nearby popuhtions. In particular, because of the vulner-
ability of the human fetus, it is possible that exposure of a popuhtion to these
discharges may be redected in the infant mortality rate, the fetal death rate,
the prematurity rate, and umdar health indices of the population.

Since several nuclear reactors have been in operation in the United States
~or at least Sve years, and some for more than ten years, the relevant data for
a statistical study of this problem are brgely avaihble in published records.
A study of this type would necesurily be retrospective in nature and condned
to shore term edects of low level radiation. If these e6ects are discermble, then
they should be redected in certain relationships between the health indices
mentioned above for a given popuhtion and various measures of radioactivity
in the environment.

2. Populations to be considered

Annual infant and fetal mortality rates, as well as prematurity rates, are
typically available on a county by county basis in the published vital statistics
of each state. It '.s suggested for simplicity, therefore, that counties form the
basic units of population to be considered. Thus, for a given reactor, annual
health indices for the county contammg the teactor and for nearby counties
would be investigated over a period both before and after the reactor became
critical for possible relations with measures of the total annual radioactive

This research was supported in part by the National Scienes Foundation under grant
GP.23 08.
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discharges from the reactor. Obviously, the counties that might be adected b
a given reactor can lie in more than one state.

Furthermore, the health indices for a given county containing or near a
reactor can be compared with the corresponding indices in certain " control"
counties which are located far from the reactor but which are similar to the
given county with regard to other characteristics.

3. Variables to be considered

The basic purpose of the type of study being discussed here is to relate health
indices such as the annual infant mortality, fetal mortality, prematurity, and-

fertility rates for a given population to measures of the annual amounts and
compositions of radioactive gaseous and liquid d:scharges from a given nuclear
reactor. It is clear, however, that many other variables besides the radioactive
discharges from the reactor can afect these health indices.

Some of the vanables which ideally should be included in the study are the
distribution of the population by age, sex, and race; meteorological data per-
tinent to the times of discharge of gaseous edluents and to the geographic dis-
tribution of the population; socioeconomic indices such as income, housing,
education, and the quality of medical care; the sources of food and water;
natural background radiation levels; radioactive fallout from bomb tests; levels
of air pollution, both SO: and particulate matter; and personal characteristics,
such as smoking and dietary habits. Obviously, the list could be extended alm' sto

indefinitely and, equally obviously, it will be very dificult to obtain the relevant
data for many of them.

In addition, besides simply looking at the overall infant mortality rates f
a given population and its various stratidentions, it would be valuable to look
at thae rates for various specine causes of death. Although certain causes of
death can more easily be associated with radiation erTects than others, this
analysis may not be as straightforward as it might at Erst appear. For example,
it is possible that an infectious disease could cause the death of an infant whose
susceptibility has been increased by exposure to low level radiation, but not
cause the death of an infant who has not been so exposed. Even accidental
deaths must be considered. One great hazard of being rushed to the hospital
with an acute respiratory ailment is the high speed and often reckless ambulance
or automobile ride that one must undergo.

Clearly, when analyzing data of the type being discussed here, one must
always interpret changing rates with caution. Although there has been a general
decrease in the infant mortality rate in the United States during the period frem
1952 to 1967, there has also been a generalincrease in the prematurity rate over
that period. This increase might redect the increasingly deleterious efects of
radiation, air pollution, or other environmental agents, or of changing practices
of prenatal care. On the other hand, it might merely refect changing practices
in the reporting of birth weights, or even the benencial efects of changing

O
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medical practices which convert potential fetal deaths into premature live
births and consequently also bring about a decrease in the fetal death rate.

4. Results of preHmmary regression analyses

In order to get a feeling for the possible magnitudes of the efects of radio-
active wastes from nuclear reactors on infant mortality, and for the relative
difnculty or ease with which these efects can be identified, some preliminary
multiple regression analyses were carried out for the following four reactors:
(1) the Dresden reactor in Grundy County, Il'inois; (2) the Shippingport re-
actor in Beaver County, Pennsylvania; (3) the Indian Point rea' tor in West-e

chester County, New York; and (4) an experimental reactor at Brookhaven
National Laboratory in Sufolk County, New York. In these regression mcdels,
the infant mortality rate in a given county containing or near a nuclear reactor,
or the logarithm of this rate, was regressed on the amounts of radioactive
gaseous and liquid wastes from the reactor and on either the infant mortality
rate in a specified reference population or simply on a general linear trend in
time. It must be emphasized that none of the multitude of other environmental
agents and relevant variables listed earlier in this paper were specifically in-
cluded in the models.

The general outcome of these preHmmary studies is the only one that could
have been anticipated, in view of the smallness of the efects and the simplicity
of the model. Namely, the studies are inconclusive. They neither establish nor
disprove the existence of an efect. They do, however, !ead to the inescapable
recommendation that more comprehensive and detailed studies of these ques-
tions ata urgently needed.

The regressions that were carried out will briefly be summarized here. Time
series of annual infant mortality rates for the United States as a whole, Illinois,
Pennsylvania, New York, and the counties containing or near the four reactors
studied are readily available from the published vital statistics of the federal
government and the individual states, and will not be reproduced here. Time
series of annual gaseous and liquid discharge 2 from Dresden, Shippingport
and Indian Point were obtained from the report " Radioactive Waste Discharges
to the Environment from Nuclear Power Facilities" by Joe E. Logsdon and
Robert L Chissler,31 arch,1970, Bureau of Radiological Health, Environmental
Health Service, Public Health Service. U.S. Department of Health, Education,
and Welfare, Rockville, SIaryland 20S52. The time series of annual sand filter
bed discharges and background radiation levels for the Brookhaven reactor ,

were obtained from a report entitled " Background Radiation Levels inBrook-
haven National Laboratory" by Andrew P. Hull, which was presented in SIarch,
1970, at licensing hearings for the Shoreham nuclear power station on Long
Island. None of these data are included in this paper because they are available
in the sources cited and because the primary purpose of my reporting on these
regression studies here is not to convince the reader of the validity and strength
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of particubr conclusions that are reached. Rather, the purpose is to indic
that it is not possible to derive strong conclusions about either the existence or
the nonexistence of an etTect from the simple regression models used here, and
to urge that a full scale statistical study of these problems be camed out.

S. Dresden

The Dresden reactor is located in Grundy County, Illinois, and began emitting
radioactive discharges in 1960. Infant mcrtality rates in Grundy County were
studied from 1950 to 1967, the most recent year for which these rates have bee :
published, in order to include a relatively modern time period of reasonable
length in which the reactor was inoperative as well as a time period of reasonable
length in which it was active.

A rehtion of the following form was studied:,

di + # sin + e.(1) M. = de t s

In this relation, the index i represents the particular year being studied in the
period from 1950 to 1967. For simplicity, only the Enal two digits of the year
were used for idantification, so that the year 1958, say, would be represented
by the value t = 53. The interpretation of the other variables is as follows:
M. is the infant mortality rate in Grundy County in the year t (that is, the
number of infant deaths per 1000 live births in that year), and In is a two year
moving average (for the years t and t - 1) of the liquid discharge (less tritium)
from Dresden measured in cunes. It was orig:nally intended also to include t
yearly gaseous discharges from Dresden in equation (1), but the gaseous a
liquid discharges were highly correlated over the entire period. Hence, o
the liquid discharges were used in this model.

The least squares estimates of so, si, and si turn out to be J. = 55.4, ji -
-0.606, and 3: = 1.59. Their estimated standard deviations are 30.6, 0.M6,
and 0.043, respectively, which yield the following t-statistics: 1.51, -1.11, and
1.68. Each of these t-statistics has 15 degrees of freedom. Thus, one might find
in these values taild evidence of a positive rehtionship between liquid dis-
charges and infant mortality superimposed on a general downward trend. The
peak liquid discharge from Dresden was more than ten curies in 1966 (two year
moving average), and it is seen by using the least squares estimate 32, that this

- value corresponds to an infant mortality rate of 15.9 deaths per 1000 live births
above the overalllinear trend.

It must bs emphasized that none of these estimates are very reliable. Grundy
County has a popuhtion of only 22,000 and the average number of infant deaths
per year during the period being studied was only 11.4. Furthermore, it must
be kept in mind that even if a dednite relationship between infant mortality
and radioactive discharges was established by these techniques, one would still
be unable to conclude dednitely that by actually reducing the discharges in

O
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tuture years, the infant mortality rate would be reduced. In fact, the discharges
may simply be surrogates for some other variables which are the actual causative
agents. However, it is fair to state that each scientist would regard such sta-
tistical evidence as at least favonng to a certain extent the hypothesis that the
discharges are affecting the infant mortality rate.

When a simie analysis is carried out for LaSalle County, which is directly
to the west of Grundy and has a population of 110,000, no evidence of a rela-
tionship is found. The least squares estimates are & = 24.3, 3 = -0.029, and
3,= -0 * The corresponding t-statistics are 1.95, -0.13, and -0.58,
respectively.

The next step was to replace M. in (1) by log M., since it is generally believed
to be more appropriate to try to fit a linear trend to log M. rather than to M.
itself. The results obtained were little changed from before. The t-statistics
corresponding to 3, for Grundy and LaSalle Counties became 1.42 and -0.63,
respectively. These values are nc.;; much diferent from their previous values.

Here, the fitted value of M. is equal to the product of a factor exp {3. + 3st}
representing the general trend in time, and a' factor exp {3 sin}.

For Grundy County, we now have & = 4.26 and 3 = 0.020, and the least
squares estimate of the general trend factor for 1966 is therefore 16.6. Also,
we now have & = 0.061. Thus, the effect of the factor due to the liquid dis-
charge of 10 curies in 1966 (two year moving average) is to multiply the esti-
mated infant mortality rate for that year by exp {0.61} = 1.S4. This factor
therefore corresponds to an infant mortality rate of 13.9 deaths per 1000 live
births above the general trend for that year. This estimated increase is not

,

.uch different from the estimated increase of 15.9 found from the linear model
without logarithms.

One important consideration that makes an analysis of this type somewhat
questionable, is that although the radioactive liquid discharge from Dresden
was 0 for each year in the 1950's and only began to be positive in the 1960's,
the populations of Grundy and LaSalle Counties may have been exposed to
relatively large levels of radiation during the 1950's from bomb tests that were
not present in the 1960's. Thus, ir fact, the exposure of the population to radia-
tion may actually have decreased when the bomb tests of the 1950's ceased
and the Dresden reactor became active in the 1960's, rather than having in-
creased, as is implicitly assumed in the models being used here.

In order to overcome this difficulty, the linear trend S. + #1t in (1) was re-
placed by de J Xu, where Xi, is the infant mortality rate in the entire United
States for the year t. In other words, it was felt that the ups and downs in the
infant mortality rate in the United States through the years would refect the
general exposure of the population to radioactive fallout from bomb tests as
well as other pollutants and other transient and sporadic eHects. Thus, rather
than assummg a linear trend, we assume that the expected infant mortality
rate in Grundy County is a linear function of the infant mortality rate in the
United States plus a multiple of the discharges from the Dresden reactor.
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The model used is therefore

(2) Me = de + JsIn -i- J,In -- e .s

Regressions were also carried out in which In was (i) the infant mortality rate
in T11innis, rather than in the United States as a whole, (ii) the infant mortality
rate in mois minus Cook County, since Chicago forms most of Cook County
and was thought to have its own special characteristics; and (iii) the total
infant mortality rate in Boone, DeWitt, Logan, McDonough, and Warren
Counties in hois, which were chosen because they matched Grundy County
to some extent with regard to their rural nature and their size, and were not
near the reactor.

When In is the United States infant mortality rate, the least squares esti-,

mates of S., #i, and de in (2) are & = -23.4, & = 1.S5, and & = 1.57. Their
estimated standard deviations are 45.S,1.70, and 0.938, respectively. The
8-statistic calculated from & is therefore 1.67. It is curious to note that this
value is almost identical to the value found from equation (1).

When In is the hois infant mortality rate, re find h = -87.1, & = 4.36,
and & = 0.937, with estimated standard deviations 71.1, 2.S5, and 0.552,
respectively. The t. statistic calculated from & is therefore 1.70, again almost
identical to the previous values.

When In is the infant mortality rate in mois minus Cook County, we find
& = -51.6, & = 3.04, and h = 1.46, with eatimated standard deviations
30.9,1.85, and 0.651, respectively. The t-statistic for h is therefore now 2.14.

When In is the infant mortality rate in the group of matched counties, we
find & = 20.6, & = 0.0393, and A = 0.758, with estimated standard devia-
tions 16.5,0.644, and 0.627, respectively. The t-statistic for 6 is now 1.21. I
interesting to note that the infant mortality rate in Grundy is almost tot
unrelated to the infant mortality rate in the matching counties.

Finally, when Ma in (2) is replaced by the infant mortality rate in I.aSalle
County, we find that & is again negative in each of these regressions.

In summuy, regardless of which regression model was used to study the
infant mortality rate in small Grundy County, where the Dresden reactor is
located, the coedicient h of the amount of radioactive liquid discharge was
always found to be positive although the corresponding t-statistics were of
modest magnitude. In neighboring LaSalle County, h was always found to be
negative.

6. Shippingport

The Shippingport reactor, which is located in Beaver County, Pennsylvania,
started up and began discharging tritium in 1958. It began emitting measurable

,

radioactive gaseous and other liquid discharges the followmg year. The infant
mortality rate in Beaver County, which has a population of 206,000 was also
studied for the period from 1950 to 1967. The following regression model was
used:

O
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(3) M, = 3. + pst + 0,Xu + SsXu + 3.Xu + <a,

where Xu is a two year moving average of the gaseous discharges from Ship-
pingport,In is a two year moving average of the liquid discharges (less tritium),
and Xu is a two year moving aversge of the tritium discharges. Both In and
Xu are measured in millicuries and Xu is measured in curies.

No evidence of a positive relationship between the discharges and the infant
mortality rate was found, and some of the estimated coedicients are negative.
In particular, the least squares estimates are 3. - 55.0, di = -0.569, $3 -
-0.0093, 3: = -0.0023, and J. - 0.032. Thi corresponding t-statistics, each
with 13 degrees of freedom, are 5.2S, - 1.02, -0.57, -0.24, and 1.13,
respectively.

When equation (3) is applied to Allegheny County, Pennsylvania, which is
directly to the southeast of Beaver and has a population of 1,62S,000, including
Pittsburgh, the estimates are 3. = 3S.1, di = -0.239, $s = -0.0060, $ -
0.0050, and 3. - -0.021. The corresponding t-statistics are 12.6, -4.37, -1.26,
1.79, and -2.60. The stability of the infant mortality rates in Allegheny County,
because of its large population, is reflected iere in the relatively large mag-
nitudes of the t-statistics. Among the coeficients, di, ja, and 3. of the discharges,
however, the t-statistic with the largest magnitude corresponds to the negative
coeficient 3. of the tritium discharge. Thus, evidence of a positive relationship
is again lacking.

Similar results were obtained when the linear term in time in (3) was replaced
by the infant mortality rate in either the United States or Pennsylvania.

.

7. Indian Point

The Indian Point reactor, w'nich is located in Westchester County, New York,
started up and began emitting radioactive liquid discharges in 1962. The infant
mortality rate in Westchester County, which has a population of 553,000, was
studied for the period from 1950 to 1967 and regression analyses were carried
out cimi ar to those described for the Dresden reactor. Equation (1) was studiedl
first with M. denoting the infant mortality rate in Westchester and In denoting
the two year moving average of liquid discharges (less tritium) from Indian
Point measured in curies. The gaseous and liquid discharges were again highly

-

correlated (both were 0 over much of the period and then they rose together),
so on y liquid discharges are included in the regression equation. The least
squares estimates of S , B2, and 3 are jo = 31.7, $5 = -0.178, and 3 = 0.059,
with estimated standard deviations 3.51, 0.062, and 0.028, respectively. Thus,
the value of the t-statistic corresponding to $3, with 15 degrees of freedcm, is
2.11.

The liquid discharges frem Indian Point were more than 35 curies in both
1966 and 1967, and it is seen by using the least squares estimate 3: that this
value corresponds to an infant mortality rate of 2.03 deaths per 1000 live births
above the overalllinear trend.
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When a similar analysis is carried out for smaller Rockland County, whic
is across the Hudson River from Westchester and has a population of 192,000,
the results are & = 25.9, A = -0.064, and & = -0.037, s.d the corresponding
t-statistics are 1.75,' -0.25, and -0.32, respectively.

When M, is replaced by logM, in (1), the results are little changed. The
t-statistics corresponding to & for Westchester and Rockland Counties are 2.14
and -0.25, respectively. These values are not much different from their pre-
vious values. For Westchester County we now have & = 3.54, A = -0.00S1,
and & = 0.0023. For 1966, the factor of the stted infant mortality corre-
sponding to the general trend is therefore e" = 20.1. The factor corresponding.

to the liquid discharge of 35 curies in that year (two year moving average) is
exp {0.098} = 1.10. Thus, the estimated increase in the infant mortality rate
corresponding to the liquid discharge for that year, above the general trend,'

is 2.01 deaths per 1000 live births. Again, this value is in close agreement with
the value found from the linear model without logarithms.

Next, equation (2) was studied for models in which M. is the infant mortality
.

rate in Westchester County and In is the infant mortality rate in the United
States. The least squares estimates are & = 6.395, & = 0.571, and & = 0.065,
and the values of the corresponding t-statistics, again with 15 degrees of freedom,
are 1.12,2.68, and 2.11, respectively.

When In is the infant mortality rate in New York State, the estimates are
& = 2.231, & = 0.502, and & = 0.045, and the corresponding t-statistics are
0.13,1.14, and 1.05, respectively.

When M, is taken to be the infant mortality rate in Rockland County in
these two models based on equation (2), the estimates of A are & = -0.04
and A = 0.055. The corresponding t-statistics are -0.37 and 0.37.

Although these data can perhaps be interpreted as evidence at least mildly
favoring the existence of a positive relationship between mdioactive liquid
discharges from Indian Point and the infant mortality rate in Westchester
County, it must be emphasized that these discharges were 0 until 1962 and
then increased monotonely from 1962 to 1967. Clearly then, this simple pattern
might be present in the corresponding time series of many other environmental
agents, one or more of which might actually be atYecting infant mortality in
the magnitude being attributed here to the Indian Point reactor. The fact
however that these etTects seem to be slightly more established in Westchester
County than in Rock'and County cloes provide some evidence, albeit weak,
against this possibility.

8. Brookhaven

The final reactor to be studied was an experimental reactor at Brookhaven'

'.Tational Laboratory in Suffolk County, New York, for the period from 1951,
the year that radioactivity was first used at the Laboratory, to 1968. The
population of SutTolk County is 666,000. The following model was used:

O
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(4) 3I, = Be + 31t + BsXu + SsXu + <s,

where 3I, was the infant mortality rate in Sudolk County in year t, In is the
two year moving average of the concentration of the sand filter bed discharge
in picoeuries per liter, and Xu is an average of two offsite background radiation
measurements made in year i and the two measurements made in year 1 - 1,
measured in nulliroentgens per week.

The least squares estunates turn out to be 3. - 27.6, di = -0.142, 3, =
0.015, and 3s = -0.265. The corresponding t-statistics, with 14 degrees of
freedom, are 7.S9, -2.19,4.17, and -0.30. The striking aspect of this relation
is the large 8-statistic corresponding to the coefficient 3, of the concentration
of the liquid discharge from the sand filter bed. From this relation it is found
that an increase in the gross beta concentrations of the liquid releases of 300
pCi/ liter, the observed value for 1961 (two year moving average) corresponds
to an increase in the infant mortality rate of 4.5 deaths per 1000 live births.

These figures must again be interpreted with the greatest caution since the .
total amount of radioactivity in the liquid releases from the Brookhaven reactor
is mmll, the maximum value being 219 millicuries in 1961. One interesting
possibility suggested by this observation is that the actual composition of these
releases may be as important as their total amount in aHecting health.

It should also be noted that the background radiation levels bear essentially
no relation to the infant mortality rates in SutTolk County.

When JI, is the infant mortality rate in Nassau County, which is to the west
of Sufolk County on Long Island and has a population of 1,300,000, the esti-

,

mates of the regression coeRicients are 3, = 24.9, di = -0.148, 3, = 0 (to six
decimal places), and 3: - 1.66. Only the years from 1951 to 1967 were included
in this analysis, since the infant mortality rate in Nassau County in 196S was
not immediately available. The values of the t-statistics, with 13 degrees of
freedom, for .hese four coeficients are 9.34, -2.79, -0.13, and 2.46, respeo-
tively. Thus, there is no evidence whatsoever of a relation between the filter
bed discharge and the infant mortality rate in Nassau County, but there is now
a relation in the observed data between of site background radiation levels
and the infant mortality rate.

As before, when JI, is replaced by log JI, and the above analyses are carried ,

out, the results are little changed.

9. Snmmny

It should be emphasized again that th- results of these preliminary regression
studies are inconclusive. They do not present strong evidence that there is a
relationship between the exposure of a population to low level radiation from
nuclear reactor discharges and the infant mortality rate in the population, and
they do not present strong evidence that there is no such relation. The four
reactors studied have different designs, and the inconclusive nature of these
studies perhaps suggests that the actual composition of the discharges might
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be important, as well as whether and how these discharges enter the food cha.
Some of the many other variables mentioned earlier in this paper, but not
included in the regression models, are likely to be very induential.

The simple studies carried out here and their inconclusive results do lead,
therefore, to a very strong and important recommendation. A large scale
statistical study is urgently needed to aid in resolving this vital issue. Of course,
statistical analysis can neither strictly prove nor disprove the hypothesis that
exposure of a population to low level radiation increases the infant mortality
rate. However, these analyses can substantially raise or lower the probability
that the hypothesis is correct. Indeed, a large scale statistical study, such as

' the study of the etTect of smoking on human health, could go far toward bringing-

the scientide community into agreement on this question.
In my classes, I usually define a scientist to be a person who can keep clearly

in mind the distinction between the subjective utility that he assigns to any
specide hypothesis and the subjective probability that he assigns to that
hypotbd in other words, a scientist must never let his hope or desire that- -

there is no relation between low level radiation and infant mortality adect his
professional evaluation of the probability that such a relation might exist.
Statistical studies performed by interdisciplinary teams of scientists, in this
strict sense, could provide information that will be of great help in reaching
decisions regarding nuclear reactors that might critically adect large segments
of the world's population.

0 0 0 0 0
I am indebted to Dr. Ernest J. S ternglass, who initially stimulated my interest

in this topic, for many helpful conversations. I am also indebted to Dr. Line
J. Gerende for his kind permission to use freely material he had prepared i
a research proposal submitted icintly by him, Dr. Kenneth D. Rogers, and
myself to the odice of the Attorney General of Pennsylvenia. I am further
indebted to Dr. Gerende and Dr. Floyd H. Taylor for several valuable dis-
cussions of this project. Finally, I am indebted to William J. Franks, Jr., who
did most of the groundworic and all of the computat;ons for this paper, and
whose assistance has been of great value.

Discussion

Question: P. Armitage, London School of Hygiene and Tropical 31edicine, London
Isn't the analysis very sensitive to the true nature of the time trend? If the

trend is really quadratic (as might be expected) with the curvature, may not
the X factor be taking the place of the quadratic term?

Repty: 3I. DeGroot
The possible etTects of the curvature of the trend were investigated by fitting

a linear model to the logarithm of the infant mortality rate, a model for which
there is some theoretical justification, as well as to the infant mortality rate

O
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itself. As I describe in this paper, the results for the two models were in close
agreemen and the magnitude of the eHect of the radioactive dscharge was
almost the same for both models. The effects of trend curvature are also greatly
reduced .n those mcdels where the rate in a given county is regarded as a linear
function of the rate in some control population such as the state.

Question: Y. L. Sailor, Brookitann National Laboratory
It should be pointed out that the data used by Dr. DeGroot in his analysis

of the Brookhaven I.aboratory situation (liquid waste) does not have a plausible
connection with infant mortality. The liquid waste flows into a stream which
flows to the east through a completely unmhabited area to Peconic Bay away
from the high density of population. The magnitude of the emissions are so
small that they can no longer be detected a few miles off site, nor do the biota
show activity. The total amount released over a period of twenty years was
about IM curies. Durmg the same period Suffolk County had more than 100,000
times as much radioactivity deposited on it from weapons tests fallout. Gaseous
radioactive release from Brookhaven was far greater (millions of curies per year),
but these releases do not correlate with infant mortality since wnen the gaseous
releases were high, the mortality rate was dropping. When gaseous releases
were reduced, the mortality rate increased.

Reply: M. DeGroot
It is true that the total amount of liquid waste from Brookhaven National

Laboratory was small compared to other contammants. It is possible, therefore,
that this discharge, which was zero until 1951, built up to its peak in 1961, and'

then steadily diminished, is simply acting as a surrogate for some other factor
which seriously afects infant mortality but which was not explicitly identified

'

in the analysis. On the other hand, it may well be true that the important con-
sequences of radioactive discharges are derived not simply from the total amount,
but rather from the actual compos. tion of the ef!Iuent and the way in which
various elements enter the food chain or otherwise reach the embryo.

Furthermore, the efect of radioactive releases on infant mortality cannot
be measured simply by noting whether infant mortality went up or down in a
given year, since there are obviously many other factors affecting infant mor-
tality. The relevant measure of the effect of radioactive releases must be given
in terms of whether or not infant mortality was higher in the given year than
it tvould have been if these releases were not present but all the other factors were.
It is this type of measure thct the statistical methcds described in this paper
attempt to evaluate. -

s

Question: J. Neyman, Statistical Laboratory, University of California, Berkeley \
I am curious about the possible change in the socioeconomic composition of

the population in a given county that might have occurred after a nuclear
facility went into operation.

Also, how variable were the year to year numbers of live births in a given

4
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county. Did these numbers exhibit some temporal trend, and could there
any danger of some spurious correlations?

Reply: M. DeGroot
Dr. Neyman has raised two very interesting questions about my paper.

First, he is quite correct that the construction of a nuclear reactor at a given
site might welllead to changes in the socioeconomic composition of the popula-
tion near that site which in turn lead to changes in the infant mortality rates.
It is difEcult to check this possibility because the relevant census data are
published only every ten years. My own guess is that although there might be
such changes in the immediate vicinity of the reactor (say within a few blocks),
it is less likely that the composition of the county as a whole will shift because
of the reactor. Of course, it may shift for other reasons in accordance with*

certain population trends or patterns, which is equally damaging to the analysis.
However, I should think that the particular counties considered in my paper,
rural Grundy as well as relatively populated Beaver, Westchester, and Sudolk,
retained their same general character over the entire period studied. This ques-
tion clearly requires further and more careful investigation.

Second, Dr. Neyman is again completely correct that a regression analysis
based on rates is a tricky business when both the numerators and denominators
are random variables, especially if the distribution of the number of live births
in the denominator may be changing with time. Here, however, the yearly time
series of the number of births and deaths in the various counties do not reveal
any " substantial" changes over the period studied. Perhaps more reassuring,
a glance at the graph of the time series of the infant mortality rate for each
county seems to indicate that the variability of the annual rate remmna rou
the same over the entire period.

O
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COMMENTS OF MORRIS 4. DeGRCOT

In my view there were two important and distressing facts which emerged from

.ne Committee's investigation. First, we learned that)l:he area near cne Shippingport

reactor, .there has been no recular reliable monitoring of radiation in the environment.

Therefore, it is not now possible to determine whether or not there were unreported
'

large releases of radioactivity frem the reactor in 1972 or earlier, nor is it

possible to determine the amounts of radioactivity frem the reactor and other scurces

to which the populations of nearby communities have been exposed.

Second, the anomalous levels of radioactivity found by the NUS Corporation in

their pre-operational monitoring program for the Beaver Valley Power Station seem

to have been accepted without further invr.stigation by the Duquesne Light Comcany

and the Atomic Energy Commission until Professor Sternglass publicized these findings.

A reanalys's was then carried out in an attemot to discredit the findings. However,

because of the tendentious nature of this reanalysis, it must also be regarded as

'nreliable.

Thus, in the matter of low-level radiation, the people living,in the Shippingport

area have been forced to rely on, and to trust their health to, agencies which

have been discressingly derelict in their duties. These agencies have not crovided

the people with the protection and safety that they assumed they were getting.

Professor Sternglass is to be commended for bringing to the attention of the general

public this significant shortcoming of the nuclear energy program.

It does not seem possible to ascertain on the basis of published data whether

or not the operation of the Shipoingport reactor, or of other nuclear reac ors, has

had an adverse effect on our health. Professor Sternglass has been critijed for

basing his allegations only on crude published mortality data, but those are the

only data availaF L The criticism here should mcre prcperly fall on the oublic

[ agencies that have neither collected nor published the cetailec health and radiation

data that are necessary for a careful statistical analysis of tnis problem. It
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would be a mistake for us to reject Professor Sternglass' allegations simply,

*

because we find his statistical methods inadequate.

There are two types of errors that we could make in our public policy. On g
; the one hand, we could assume that the routine low-level releases from nuclear
'

:
: reactors are relatively harmless when, in fact, they pose a health hazard to infants
:

and other susceptible groups. On the other hand we could assume that the routine,

low-level releases are harmful when in fact they are relatively harmless. The
i

consequences of this type of error would be for our society to forego unnecessarily

the great benefits of nuclear energy.

We face here a problem of public decision making under uncertainty in which

both types of errors have serious consequences. I propose a full scale interdisci-

plinary study of low-level radiation and health, to be carried out by an independent

commission appointed at the federal' level. A study of this kind could provide

information that would significantly reduce the probability of our making either
type of error. It could go far toward bringing the scientific community and the

general public into agreement about the risks and the benefits of nuclear reactors.

9
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Despi:e a =ajor effort to identify the causes of the significant decline

in the Scholastic Apritude Tes (SAT) scores in the United States that began

in the 1960s (Wir::, 1977), no single fact'or or co=bination of factors has so

far been identified that could adequately explain the observed pattern of temporal

and geographic changes.

A=ong the psycho-social causes considered by the Wirtn Report, the following

are believed to have played a parr in the decline:

a. Changes in the mix of students taking the tests, more blacks and

more women, and more individuals intending to go to less prestigious
.-

colleges

b. Changes in curricula and standards in response to the changing type

of student

c. D' d-4shed seriousness of purpose and reduced attention to the

mastering of basic sk?lls and knowledge

d. A gradually increasing grade inflation

e. Excessive television viewing

f. A rising nt=ber of broken homes

g. A general reduction in student =otivation

h. Growing national turmoil associated with the urban shetto riots

and the Vietnam war

On the other hand, the various studies co=missioned by the Wirt: Cc 4 tree

concluded that the following factors are not likely to have played a significant

part in the decline:

a. Cultural bias

b. Differences in predictive ability of the tests for whites and blacks

_
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c. Changes in the difficulty of the test

d. Tests getting out of line with secondary or post-secondary school

practices and standards

One other possible cause was briefly considered but rejected: a medical

reason (Arnold, 1977) resulting from some change in delivery practice during

the birth of the test-takers such as increased use of induced labor that =ight

have caused sufficient brain da= age to be a factor in the dec!dne of SAT scores

some seventeen to eighteen years later.

However, the paper by Arnold did suggest the possibility that the observed

pattern =ight be explained if there had been a wide-spread ecological factor

that began to have an effect on the infant in utero or the newborn in the early

post-war years that increased during the following fifteen years. If so, the

article spelled out the conditions that it would have had to meet:

a. It would have had to act during early development or childhood and

be "sub-c' d ad ral " in nature so as to escape early detection.

b. It would have had to be very widely distributed throughout the

United States.
_

c. It would have.had to be introduced in 1945-46 in order to explain '

the decline that began in 1962-63 some seventeen years later.

d. It would have had to increase gradually in its action to explain the

'

accelerating decline during the 1970s. -

e. It would have to be of such a nature as to affect test-takers in the

most recent years less severely than in e'arlier years, and it would

have to affect present students in grades 3 to 11 less than'in the
.

past.

_

The article considered such f actors as pesticides, herbicides, food- |
additives, drugs, changes in dietary habits, alcohol, cigarettes or diagnostic
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x-rays during pregnancy, all of which are known to be capable of producing
.

adverse effects on the developing infant in utero.
i

Largely because these environmental factors continued to act essentially

unchanged throughout' the late 1950s and the early 1960s when the mos: recent

test-takers were born, Arnold concluded that none of the known biological or

environ = ental factors met the criteria listed by hi=, leading him to the

conclusion "that the decline in SAT scores is not likely to result from

physical environmental factors".

However, one widely distributed environ = ental factor introduced at the

end of World War II in 1945 was not considered by Arnold, namely fallout from

nuclear weapons tests. Further=ote, unlike all other physical factors, it

ceased to be introduced into the environment a: the end of the 1950s when a

temporary =oratorium on all nuclear testing began in 1959, followed by a

per=anent end to all at=ospheric tests by the United States, Russia and the

United Kit.gdom in 1963. It is therefore the purpose of the present paper to

investigate the hypothesis that this neglected physical agent in the envirec=ent

=ay have played a major role in the decline of SAT scores.

If radioactive fallout from nuclear bomb-testing was indeed a pri=ary yet

hitherto unsuspected environmental agent involved in the decline of the SAT

scores, then it =ust meet all five conditions spelled out by Arnold.

First, since the radiation doses to critical organs of the infant just

before and after birth have generally been of the order of the relatively small*

doses received in the course of diagnostic exr3 nation of the abdomen in the

cours,e of pelvimetry (Lapp, 1962), (Sternglass, 1963), their effect would indeed

be subtle and therefore "sub-clinical" so as to escape early detection.

Secondly, atmospheric fallout was a world-wide phenomenon and therefore

=eets the require =ent of wide distribution.

.-
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Thirdly, since nuclear fallout began with the first detonation of a

nucl' ear bomb in Alamogordo, New Mexico on July 16, 1945, followed by the

detonation of two more bombs in Hiroshima and Nagasaki in August of 1945,

fallout meets the criterion of introdue:1on in the time-period 1945-46, needed

to explain the decline of test scores begd d g in the early 1960s.

Next, the concentration of fallout in the environ =en: increased gradually

throughout the post-war period as the total kilotons detonated rose steadily

throughout this period until the test-ban came into effect in 1963. In

particular, the total amount introduced into the world's at=osphere rose more

rapidly with the begd dng of hydrogen be::ib tests in the Pacific and Siberia
.

beginn bg in 1952-53 (U.N. 1959, 1962, 1969) .

Finally, it meets the require =ent that the most recent test-takers as

well as young children in the lower grades during the last few years were less

seriously affected. The reason is that world-wide levels of fallout began to

Odecline steadily shortly af ter the test-ban treaty ended at=ospheric bomb tests

by all nations except France and China, with French at=ospheric tests ending

in the mid-70s.

- Although nuclear fallout meets all the =i d um conditions laid down by

Arnold, it is desirable to refine these criteria further in order to separate

nuclear radiation from the effect of all the other possible physical and psycho-

social environmental factors that have been suspected to play a role in the

decline of the test scores. The more specific requirements that must be met

by this hypothesis are the f allow-ing:
.

1. There should be a delay of 17 to 18 years between the onset of a major

nuclear bomb test series and a decline in SAT scores, and s -d'arly thed

same dela'y must exist between the end of a =ajor nuclear test-series and

leveling off in the decline of the scores.
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2. Geographically, the greatest declines in SAT scores should have

occurred in areas that received the largest fallout doses. These

would be either areas closest to the test-sites in Nevada,' the Pacific
.

or Siberia, or areas of heavy rainfall in the path of fallout clouds

since about 90||| of world-wide distance fallout is brought desm by

precipitation (U.N. 1959). Since rainf all is enhanced by the presence

of air pollution (Changnon,1979), urban areas would in general be

expected to be more strongly affected than nearby rural areas in the

path of the fallout clouds, quite aside fro = the co= pounding effect

of other socio-economic factors sud chemical agents present in heavily

'

urbaniced areas that would be expected to act synergistically with the
.

biological effect of radioactive fallout. .

Turning first to an eynnination of the change of SAT scores with ti=e, ;

able I), Fig. I shows the trend of the mean verbal SAT scores in the United States
\

for the birth years 1940 to 1960 (SAT years 1958 to 1978), together with a plot of

the cu=ulative external ga==a radiation dose from fallout as measured in New York

f or the period 1949 to 1969 CHull, 1970), plotted according to birth-year of the

test-takers. Since Table I shows that the mathe=atical scores follow the same

general pattern as'the verbal scores, the subsequent discussion can be simplified
'

by focusing on the latter set of data.

Inspection of Table I and Figure 1 shows that during the period 1940 to .
,

\
1945 when there was no fallout, the verbal SAT score re=ained essentially constant i

between 472 and 478, fluctuating by only +3 points around a nean of 475. Beginning
'

in 1946, there was a steady decline in every year until the testing year of 1976,

when the test-score suddenly leveled off at 429.

,
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It is also seen that the rate of decline sharply accelerated in the birth

years 1953 and 1954, following the detonation of the first large hydrogen weapons

in the ?acific and Siberia, as well as the detonation of a series of s=all tactical

A-bombs at the Nevada test-site beginning in the period 1951-53. ,

>

,

The largest drop in SAT scores is seen to have occurred for the individuals

who took the tests between 1973 and 1976, or those who were born between 1956

and 1959. These were the years that showed the largest increases in the cu=ulative

fallout dose recorded up to that time, corresponding to the largest nuclear bomb

test series both in Nevada, the Pacific, and Siberia before the te=porary test-

=oratiu= came into effect at the end of 1958 (Glasstone, 1962).
.

.

Following the sharp changes in fallout dose and SAT scores, there occurred

the equally dra=atic, sudden halt in the decline for the testing years 1976-77

and 1977-78, paralleling exactly the sudden halt in the rise of accu =ulated

fallout dose when nuclear bo=b testing ca=e to a te=porary halt 17 years earlier
O

in 1959.

Since the U.S.-U.S.S.R. at=ospheric bo=b tests were resu=ed in the fall of

1961, it would be expected that the present level trend in the SAT scores WJ.1

not continue beyond the SAT tests of 1978. One would then expect to see another

period of sharp decline as indicated in the dotted curve of Fig. 1, correspohding

to the sharp rise in the cu=ulative fallout dose between 1961 and 1964, followed by

another plateau in the SAT scores some ti=e af ter 1982.

Turning to a = ore detailed exam hneion of patterns of te= poral changes of

the SAT scores during the period of heaviest nuclear testing in Nevada closest

to the U.S. population centers, one can exa=ine the. annual changes grouped by

graduating high school class (Table II) rather than the year when the tests

were taken (Jackson, 1976). It is then possible to ce= pare the annual changes

O-
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.

in verbal SAT scores with the annual additions of radioactive isotopes to

the envLron=ent as measured by the announced kilotons of equivalent TNT

detonated in Nevada 18 years earlier when the test-takers were born (Glasstone,

1962).

Fig. 2 is a graphical representation of the data in Table II, comparing

the mean verbal SAT scores by years of high school graduation with the year-by-

year kilotonnage of nuclear weapons detonated at the Nevada test-site 18 years

eerlier. It shows that the greatest declines in scores occurred for the years of

largest weapons yields, the decline suddenly ending in 1976, corresponding to the

sharp decrease in kilotons detonated in 1958.

A comparison of the annual declines in SAT scores from Table II with the

annual weapons yields in kilotons is shown in Fig. 3. Note that the declines

in SAT scores are strongest in the years of the greatest weapons test-yield,

and least in tha years when no weapons were tested at all.

Thus, the detailed co=parison of the SAT score deeldnes grouped by graduating

class with the kno n yearly production of fission products in Nevada when the

average test-taker was born agree with the long-tern correlation between SAT

score decline by testing year and the annual changes in the measured fallout

radiation dose. It therefore appears that fallout radiation exposure in utero or

in early infancy was accompanied by declines in the SAT scores some 17 to 18

years later.
,

Table III addresses itself to the pattern of geographical distribution in

SAT declines. When grouped by regions as presently available by high school

classes (Jackson, 1976), the greatest drops during the period of sharpest decline

(class of 1974 to 1976) occurred not in the large urban areas of the mid-West,
.
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Middle-Atlantic and New England areas, but in the far West, closest to the

Nevada, Pacific and Siberian test-sites. While the Mid-West declined 8 points

during the birth-year period 1956-58 bracketing the year 1957 of largest Nevada

testing, the Western Region from Alaska and Hawaii to Wyoming and Colorado

declined 19 points, consistent with the hypothesis that prox 1=1ty to the test-

sites or high rainfall downward from the point of detonation should lead to the

largestdecline, while locations of low rainfall should show small declines. This

hypot. asis is further supported by the fact that the second lowest decline of 11

points took place in the dry South-West, to the south of the Nevada test-site and

out of the path of the major fallout pattern that was oriented generally towards

the North-East (U.N. 1959). New England, with its greater rainfall but greater

distance from Nevada and the Pacific was next with a drop of 12 points, followed
'

closely by the South (13 points) and the Middle Atlantic states (14 points) that

include the =ost densely industrialized and therefore most heavily polluted areas

such as PennsylvnM a, New York and New Jersey.

Thus, none of the heavily urbanized areas in the United States showed a

drop as great as the relatively non-urbanised and less heavily industrialized
- areas of the far West which include Hawaii, Alaska, Washington, Oregon, Montana,

Idaho, Wyo ing, Colarado, Arizona,. California, Utah and Nevada, again supporting

the hypothesis that bo=b f allout is the previously neglected environmental factor

involved in the sharp decline of SAT scores in the United States.

A more detailed test of this hypothesis was possible as a result of the

availabilley of some state-by-state data on radioactivity in the milk beginning

with the measurements carried out by the U.S. Public Health Service in 1957

(Ca=pbell, 1959) and corresponding state-by state data for the SAT tests (Jackson,

1976). Beginning in June 1957, the Public Health Service reported monthly

O
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=casure=ents of both the short-lived radioisotopes Iodine-131 (Half life 8.1

days), Bariu=-140 (Half life 12.8 days) and Strontiu=-89 (Half-life 53 days 1

as well as the long-lived isotopes Stron:1u=-90 (Ralf-life 28 years) and

Cesiu=-137 (Half-life 33 years) in the =11k for certain =etropolitan areas in

5 states. These were Sacramento, California; Salt Lake City, Utah; St. Louis,

Missouri; Cincinns 1, Ohio and New York City, New York.

The SAT data for four of,the five states were available (College Board, 1979),

na=ely California, New York, Ohio and Utah for the high school classes of 1972-73

to 1976-77, which bracket the years of the largest decline, 1973-74 to 1975-76.

This set of date =ay be found in Table IV7 along with the changes between the

1974 and 1976 high school classes. The largest drop for this two year

period bracketing the birth year 1957 occurred in Utah, where the der'd e was

26 points, co= pared with 2 points in Ohio two thousand ~4'es to the east of the

test site. The decline in Utah was higher than the 19 point drop for the Western

Region as a whole and the 20 point drop in California, consistent with the close

proxi=ity of Utah to the test site and the general north-eastv. d motion of =os

of the fallout clouds produced by the Nevada tests.

New York dropped by 17 points, an amount intermediate between that of Utah

and Ohio. This is consistent with the higher rainfall and the compounding factors

of urban air-pollution, drug use, and other physical and psycho-social proble=s

in New York City co= pared with = ore rural Ohio.
.

Although the available radioactivity data for milk were not gathered on a

state-wide basis and therefore are not strictly co=carable with the state-wide

SAT scores, they support the hypothesis that fallout levels were =uch greater

in Utah than for instance in New York. Thus, Table 2 (Ca=pbell, 1959) gives an

average concentration of Iodine-131 for the period June 1957-April 1958 of
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249 pCi/litar of = ilk in Salt Lake Ci:y, co= pared with an average of only

79 pCi/ liter in New York City. A co=parison with Sacramento, which has a

relatively lov annual rainfall and is located far to the north of Los Angeles

does not provide a good measure of the -d'k, air and dietary levels in Southern

California closes to the test-site, but it does show a lower level of short-

lived isotopes than Salt Lake City in accordance with the present hypothesis.

~hus, the average concentrations for Iodine-131, Barium-140 and Strontium-89
.

were 30.0, 19.7 and 21.2 pCi/ liter in Sacramento co= pared with 249, 49.1 and

30.5 pCi/ liter respectively in Salt Lake City.

To s"-m rize these findings, both the te= poral and geographical patterns
'

of the changes in SAT scores are consistent with the hypothesis that radioactive

f allout frem nuclear weapons testing in Nevada, the Pacific and Siberia exerted

a significant influence on the mental development of infants in utero at the

time of heaviest nuclear weapons testing.

OThe observed sharp decline in SAT scores followed by an equally sudden halt

so=e 17 to 18 years after the largest weapons tests, together with the fact tha:

the greatest changes took place nearest to and downwind from the Nevada tes:

- site, where the intense short-lived radioactivity had an opportunity to pass

through the food chain before it decayedaway, points to nuclear fallout as the

most i=portant envirec= ental factor involved in the observed changes in the SAT

scores. Such rapid, localized fluctuations cannot be readilf explained by'

excersive television viewing, long-term changes in school curricula,.. gradual
'

changes in the type of student taking the tests, dd da.ished seriousness of purpose

of the students or teachers, grade inflation, broken homes, student =otivation or
.

national political tur= oil as suggested by the Wir : Co dssion, although any or

all of these factors could clearly aggravate the proble= in a synergistic =anner.

O
.
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S"C arly, the eff ect of Ocxic environmental agents other than fallout such

as drugs, cigarettes, alcohol, air-pollution, automobile exhaust, pesticides,

herbicides, medical x-rays, or changes in obstetrical practices during delivery

could not, by themselves, explain the sudden drop in scores followed by an equally
'

sudden end to the decline since they continued to act essentially unchanged when

bomb testing was briefly halted between 1959 and 1961. Nor is there any evidence

to suggest that these factors should be concentrated in the Western United States,

and in parricular in Utah, where the Mor=on religious custons have in fact resulted

in very low per capita consu=ption of cigarettes (Tobacco Tax Council, 1971).

In support of the hypothesis that fallout was the new, widespread environ = ental

agent that began to affect the childran born af ter 1945 to a s:cadily growing
i

degree, evidence exists that childhood leukemia (Lyons,1979) and thyroid abnor=alities

(Weiss,1967), rose significantly in Utah for the children in utero during this

period. Such effects had not been thought possible as the relatively low radiation

doses' involved until the discovery of Stewart and Kneale (Stewart, 1970) that the

c=bryo and fetus in some ten to one hundred times = ore sensitive to the induction
'

of childhood leuke=1a and other cancers by a few diagnostic x-rays of co= parable

dose than the =iddle-aged adult, the sensitivity decreasing with the stage of

intra-uterine development.

Not only did childhood leuke=ia and thyroid abnormalities rise in Utah following

the Nevada tests, but so did infant mortality for all causes of death. Fro = a

=in1=u= of 20.4 per 1000 live births, the =ortality rate rose to a peak of 22.1

in 1958, decreasing again to 19.6 by 1960 when nuclear testing was te=porarily

halted between 1959 and 1961 (U.S. Vital Statistics). This rise of 8.3% is larger

than the rise of 4.2% observed for California, 2.7% in New York and 2% in Ohio,

paralleling the relative effect on SAT score declines for these states for the

children born during the 1955-59 period of weapons testing.
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Furthermore, following the end of the atmospheric tests in 1963, infant

mortality rates for Utah and the United States as a whole began to decline once nor

until in the most recent years, the rate of decline for both white and non Ahite

infants in the United States once again resumed its pre-1950 rate (See Fig. 4) .

Thus, the temporal pattern of inf ant mortality changes agrees with the pa::ern of

fallout, kilotonnage detonated, and SAT declines.

More recently, a large-scale epidemiological study at Johns Hopkins University

(Diamond,1973) showed that the risk of death associated with diseases of the

central nervous system was significantly increased by relatively small amounts of

radiation during intra-uterine development. Likewise, the risk of congenital
,

defects has been shown to be increased by intra-uterine radiation in a" a' studies

as well as in observations of infants accidentally exposed to radiation during
_

intra-uterine development. Since cognitive deficits are far more frequent a=ong

individuals with congenital abnor=alities, one would expect to find increasing

'

incidence of congenital defects.

Dridence suggesting an increased incidence of congenital defects following

the deposition of fallout was first presented by Le Vann for the province of
'

Alberta in Canada (Le Vann, 1963). Although the findings were co= plicated by the-

simultaneous in'eroduction of thalido=ide into Canada in the early 1960s that acted

synergistically to increase the effect of radiation (Sternglass, 1977), LeVann's

data showed a greater incidence of congenital ' defects in are.:.s of higher

rainfall, exactly as for the case of SAT score declines discussed above.

The fact that the incidence of congenital defects also rose in Utah following

the onset of the Nevada bomb-tests is illustrated by the data for the annual

deaths due to congenital defects of children 0 to 4 years old in Utah between

1938 and 1968, together with the nu=ber of deaths due to accidents for comparison

(Fig. 5), (Sternglass, 1972). The nu=ber of deaths associated with congenital

.
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defects showed a large peak between 1953 and 1958, followed by a sudden decline

in 1959 end 1960 corresponding to the sharp drop in the FAT scores in Utah and

a partial recovery af ter the end of the Nevada tests in 1953. Further= ore, a

second peak in 1961-62 corresponds to the resu=ption of .r__ ear bo=b tests in the

fall of 1961, suggesting that a second period of SAT score decline should begin

in Utah and to a lesser degree elsewhere in the U.S. in 1979-80. No such clear

rises and declines occurred for accidental deaths in Utah for this age group during

the same period.

The fact that radiation can produce = ental retardation in large hu=an

populations exposed to ionizing radiation-during intra-uterine development

was also e=phasized in a report of the United Nations Scientific Ce t=ittee on the

Effects of Radiation published in 1969 (U.N. , 1969). Figure 6 represents a plot

of the prevalence of severe mental retardation a=ong individuals exposed to the

atomic bo=b radiation in utero as a fune:1on of the radiation dose taken from

Table V, p. 86 of the U.N. report. This plot reveals a direct relation between

the prevalence of = ental retardation as measured by psychological tests at

age 20 and the radiation dose received during early develop =ent, without any

evidence for a safe threshold below which no effect occurs.

It should be noted that the thyroid doses to the fetus and infant in Utah,

although relatively small, were within the lower range of doses received by the

surviving infants in Hiroshima and Nagasaki namely 1-100 rads (Weiss, 1967).
.

There is, hawever, a difference in the duration of the exposure, which was

only a mat:cr of seconds at Hiroshima and Nagasaki, while it was protracted over

periods of weeks or =onths in Utah and other areas affected by distant fallout.

For this reason, it is of interest that a high prevalence of = ental retardation

was also discovered in a population exposed to above normal background radiation

over long periods of time in Kerala, India (Kochupillai, 1976). Co= paring the
.

prevalence of chrc=osomal abnornalicies, Down's syndrome and various for=s of

= ental retardation in rue s1=ilar fishing villages over 20 miles apart but with
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large differences in annual background radiation due :o natural thorium sands,
.

the results for the prevalence of mental retardation at birth are presented

graphir =''y in Fig. 7 for ce=parison with the data for a brief e.70sure in

Fig. 6

The dose needed to double the normal incidence in Kerala is about 300 nrads

per year, or 12 rads over a period of 40 years. This is not very different in,

'

magnitude from the estimate of IP_,5 rads arrived at for the doubling dose in

Hiroshima and Nagasaki. The total doses over periods of years are therefore

of the sa=e general order as the annual doses to the thyroids of children in

Utah during the period of Nevada bo=b tests.

Astothenatureofthebiologicalmechanismleadingtosubt1Afor=sof
-

cognitive 1=pairment by fallout, the outstanding fact is tha: the greatest effects
,

occurred in the Western Region of the United States nearest the Nevada tes site.

This is an area showing the highest concentration of Iodine-131 and other short-

O~lived iodine isotopes which concentrate in both the fetal and infan: thyroid

to a much greater degree than in the thyroid of the adult. It suggests that the

principal biological effect is one of the growth-controlling horones produced

- by the thyroid gland, especially during the last few months of fetal development.

This conclusion finds support in the extensive studies carried out on the

Marshallese Island children accidentally exposed to fallout following the 1954

Eravo hydrogen bomb tes (Conard, 1965, 1966).- There was striking degree of

growth retardation associated with hypothyroidis=, particularly for the youngest

children at the time when the fallout arrived, with doses to the thyr 6id generally

esti=ated to have been in the range of 10 to 1000 rads. As in the case of the

Utah population, there was also an increase in thyroid modules and thyroid cancer
,

=any years later, but the earlies: effect was appar'.1:1y one of hor =enal disturbance.

O

.
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The fact that the SAT scores in Utah and elsewhere in the United States
.

did ne return to the levels that existed prior to the onset of nuclear bo=b

testing as soon as the Iodine-131 disappeared from the environ =en: in 1959 and

1960 suggests tha: the bialogical action of the f allout was not solely due to

the radioactive iodine on the thyroid gland of the developing inf ant in utero.

There are a nu=ber of biological =echanisms that can lead to a c==ulative effect,

such that later-born children show a greater effect than those exposed in the

first few years of bomb testing.

Cu=ulative da= age to the ova and the sper=-cells of the parents would

s dlarprovide one possible explanation of effec *s that increase with ti=e, d

to the Kerela situation, where the reprodue:1ve cells of the parents are exposed

for =any years.
- - - - _. _ ..

Another =echanis that could bring about a cu=ulative deterioration of

cognitive abilities would be the long-ter= build-up of radioae:1ve isotopes in

the body, particularly the skeleton of adolescent females consu=ing large

quantities of = ilk. In particular, Strontium-90 has been found to build up in

the hurnn body over a period of =any years, tha biologier. half-life for eld =ination

from the skeleton being of the order of 5 to _0 years depending upon :he age. Not

only does the Strontina-90 circulate in the b:..ood, thus contributing to the dose

received by soft-tissue organs, but it also transfot=s itself by radioactive beta

decay to the radioactive daughter product Ytt riu=-90 which has a different che=1c.a1

valence state than Strontium-90, causing 1: :o accu =ulate preferentially in critical

soft tissue organs such as the pituitary glaad and the = ale and f e= ale gonads,

.

(Spode, 1958), (Graul, 1958).
__

As a result, a young wo=an who has con-u=ed Strontium-90 that goes along

with calciu= in the = ilk and diet will hnve a steadily increasing a=ount of both

Stronciu=-90 and T::riu=-90 in her body during the period of weapons resting.

If she then beco=es pregnant, he newly developing baby, drawing on the =other's-
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reservoir of calciu= in her bone, vill also receive along with 1: elevated

levels of both the toxic Strontiu= and Terriu=.

Thus, it is possible that the pituitary gland of the developing inf ant vill

be damaged by the beta rays e=itted fro = the T::riu=-90, leading to various

degrees of secondary hypothyroidis= since the pituitary gland in turn controls

the function of the thyroid.

As a result, one would expec: growth retardatio. from the cu=ulative ,

ingestion of long-lived Strontium-90 by the mother prior to pregnancy, as well

as due to the short-lived Iodine-131 going directly to the fetal thyroid. The

for=er would lead to a cu=ulative effect such that later-born children would

experience greater growth retardation than those born earlier in the bomb-testing

period, thus expla "' g the overall decline during the period of weapons testingd

as indicated by Figures 1 and 2.

The short-lived Iodine-131 would do-dnnte in areas close to and downwind
Gfro = the site of detonation, especially in the case of small tactical weapons

in the kiloton range, where the fireball touches the ground and the resulting heavy

radiosc:1ve debris descends within =inutes or hours in the downwind areas before

- the short-lived isotopes have had a chance to decay. This is in sharp contrast

to the case of =egaton borbs detonated well above the surface, where the radio-

active debris rises high into the stratosphere and takes =any months to reach
.

the ground (Glasstone, 1962).
.

Since a nu=ber of studies have revealed a close correlation between fetal

and inf.Ln: =ortality and levels of Strontiu=-90 in the cilk [Stsrnglass,1969(a)

and 1972(b)] , (Lave, 1971), (Bertel, 1979), it is reasonable :o assu=e that for

every child that dies in the first year of life, there vill be many who survive

but who will shov minimal or sub-clinical developmental ratardation, thus explaining

the subtle effects on cognitive functions for individuals who are otherwise free

of any obvious congenital defects.

.
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Undoubtedly there exist still other, = ore co= plex =echanis=s whereby

radioactive fallou: with its large nu=ber of different che=ical ele =ents can

induce both short and long-ter= effects on cognitive functions, for instance

as a result of an inc; eased susceptibility to infectious diseases that are

capable of producing brain da= age such as =easles and encephalitis.

Whatever the detailed biological mechanis=s may turn out to be, the existing

evidence for surprisingly large effects of low-level environ = ental radiation on

verbal and reasoning ability as reflected in SAT scores would see= to call for a

co=plete reav'-dnation of our existing standards for environ = ental radiation that

are largely based on genetic and so=atic 3ffects for the adult rather than on

develop = ental effects for the nuch more sensitive infant in utero. An extensive

progra= of epidemiological studies is clearly needed to investigate in detail the

effect of pas: radioactive releases on hornonal functions and cognitive ability

in order to evaluate the full i= pact of world-wide fallout fro = nuclear weapons,

natural background radiation and the releases of radioactive vastes fro = peace.ful

nuclear operations into the environ =ent.

.

l

.
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Table I

Mean Verbal and Mathematical SAT Scores
By Year of Testing, 1956-57 to 1976-77

SAT Tasting Birth Mean Verbal Mean Math.
Years Years * S.A.T. Score S.A.T. Score

1956-57 1939 473 496
1957-58 1940 472 496
1958-59 1941 475 498
1959-60 1942 477 498
1960-61 1943 474 495
1961-62 1944 . 473 498
1962-63 1945 478 502
1963-64 1946 475 498
1964-65 1947 473 496
1965-66 1948 471 496-

1966-67 1949 467 495
1967-68 1950 466 494
1968-69 1951 462 491
1969-70 1952 460 488
1970-71 1953 454 487
1971-72 1954' 450 482
1972-73 1955 443 481
1973-74 1956 444 478
1974-75 1957 437 473
1975-76 1958 429 470
1976-77 1959 429 468

-

* Birth years are generally 17 years prior to the earliest
year of S.A.T. testing, or 18 years prior to the last test.

.

O

O

9

-

O
.
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Table II

Mean Verbal SAT Scores by Year of Righ School Graduation
Cor: pared with Kilotons of Tactical Nuclear Weapons Detonated

in Nevada 18 Tears Earlier
.

Year of Tear of Mean Verbal Annual Kilotons
H.S. Graduating Birth SAT Score Change Detonated

Class and A-Tests (U.S.) in Score in Nevada
,

1967 1949 466
'

O kt
0 kt-

1968 1950 466 0
1969 1951 463 -3 - 111 kt
1970 1952 460 -3 104 kt
1971 1953 455 -5 252 kt
1972 1954 453 -2 0 kt
1973 1955 445 -8 167 kt
1974 1956 A4 -1 0 kr.

1975 1957 434 -10 303 kr
1976 1958 431 -3 18 kt
1977 1959 429 -2 0 kt
1978 1960 429 0 0 kt

.

O

f

9

* e
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Table III

Mean Verbal SAT Scores by Year of Birth and
Year of High School Graduation for California,

New York, Ohio and Utah

Birrh Year ' California

1955 1972-73 452 -

1956- 1973-74 450
1957 1974-75 435 -20
1958 1975-76 430 ,

1959 1976-77 427

New York
,

1955 1972-73 454 -

1956 1973-74 454
1957 1974-75 441 -17
1958 1975-76 437
1959 1976-77 434

Ohio

||||1955 1972-73 457
1956 1973-74 459
1957 1974-75 , 456 -2
1958 1975-76 457
1959 1976-77 459

' Utah
_

,

1955 1972-73 528
1956 1973-74 532
1957 1974-75 516 -26
1958 1975-75 506
1959 1976-77 515

.

\

9

.

O
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.

Table IV t

Changes in the Mean Verbal SAT Scores of Eigh School
Graduating Classes 1976 Co= pared with 1974 by Region *

(31rth Years 1956 and 1958)

.

H.S.
Class

New England 1974 447 g
1976- 435

Middle Atlantic 1974 445 _y4
1976 431

South 1974 426 -13
1976 ' 413

Mid-West 1974 459
-8

1976 451
South-West 1974 444 _yy

1976 433
West 1974 454

~191976 435

* The college board regions consist of the following states:

New England: Maine, Vernent, New Ha=pshire, Massachusetts,
Rhode Island, Connecticut

Middle Atlantic: New York, Pennsylvania, New Jersey, Delaware,
Maryland, District of Colu=bia, Puerto Rico

South: Virginia, Kentucky, North Carolina, Tennessee, South
Carolina, Georgia, Alabama, Mississippi, Louisiana,
Florida

Mid-West: North Dakota, South Dakota, Nebraska, Kansas, Minnesota,
Iowa, Missouri, Wisconsin, Illinois, Indiana, .

.
Michigan, Ohio, West Virginia

South-West: New Mexico, Texas, Oklahoma, Arkansas
West: Alaska, Hawaii, California, Arizona, Oregon, Washington,

Idaho, Montana, Wyoning, Colorado
,
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An ey W nation of the =onthly changes in infant =ortali g in Pennsylvania

and the nearby areas of Upstate New York as given in the U.S. Monthly 71 cal

Statistics reports indicate that the =ortalic/ race rose significantly shortly

after the Three Mile Island accident in the directions where the plu=e of radioactive

gases was known to have =oved. The nu=ber of reported infant deaths per =onth rose

from a mini =us of 141 in March of '1979 just before the accident to a peak of 271 in

July, declining again to 119 by August. This is an unprecedented and highly significant

rise of 92:: in the s-er =enths when infant =ortality nor= ally reaches its lowest

values. In the four =onth period following_the accident, there were 242 deaths above

the nor= ally expecte.' nu=ber in Pennsylvania and a total of about 430 in the entire

Northeastarn area of the United States. The hypothesis that this abnor=al rise was

associated with the gaseous releases from Three Mile Island is shown to be

strongly supported by the following considerations. First, large a=ounts of

radioactive Iodine-131 vere' released from the plant, esti=ated by the utility's
~

own radiological consultants to have a=cunced to 14 curies, together with 10

=illion curies of other fission gases, =cs: of the activity escaping in the first

two days before the order to evacuate pregnant vocen and young children was issued.

Secondly, infant mortality peaked three to four months af ter the initial releases

took place. This cor esponds to the period required for infants to be born whose

thyroid glands were =ost active in taking up the radioactive iodine while producing

growth hornone when the accident occurred, thus exclaining the large rise in the

nu=ber of i==ature and underveight infants that died of respiratory distress as

, indicated by an examination of hospital records. Thirdly, the greatest rises

took place in areas closest to the plant, decreasing with distance away fro =

Harrisburg and the state of Pennsylvania, until for states well to the vest and

south, there was a decline in infant mortality rates. Thus, while Pennsylvania

O
.
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increased from 10.6 per thousand live births in March to 18.5 in July of 1979,

the United States race as a whole declined from 14.1 to 12.5. The rise noved

Pennsylvania from well belou the U.S. average to the highest infant =ortality rate

for 47 state east of the Mississippi River. Other evidence supporting this

ccuclusion is discussed, including the occurrence of abnor=al increases of infant

=ortalic7 : ate in areas that received heavy fallout from nuclear weapons tests

during the 1950's and 60's when Iodine-131 levels reached co= parable levels, as well
.

as similar effects in areas close to other nuclear reactors known to have released

ce= parable amounts of radioactive gases from danaged fuel ele =ents over a period of

years in the course of nor=al operations. The i=p11 cations for further health effects
.

due to cancer and other diseases are discussed.

.

*
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Although the major e=phasis in esti=ates of the health i= pact produced by

the accident at Three Mile Island has been on the increase in cancer risk and the

effect of the psychological stress , the greatest 4-ediate concern was connected

with the possible effects on the developing infant in the =other's wo=b due to

the known tendency of radioactive iodine to concentrate in the f atal and infant

thyroid glands .

.

It was the existence of uncontrolled inrge releases of fission-produced

raMonctive gases including Iodine-131 that led Governor Thornburg of Pennsylvania

e, order the evacuation of al.1 pregnant women and children below school age from

within a radius of 'five siles around the plant on the third day of the accident,

Friday, March 30, 1979.

Subsequent studies by various gover==ent and private organizations have

confirned that large quantities of radioactive Iodine-131 were in fact released in

,the course of the accident, the estimates ranging from 1.4 curies in an early study ,

prepared by the !TRC(3} to as high as 14 curies of Iodine-131 in a later study by

a private consulting ft s for the utility To appreciate the significance of these.

amounts, it is only necessary to point out that the unit which is used to neasure

concentrations of Iodine-131 in nilk is the pico-curie, which is one sillionth of

one nillionth of a curia.

These studies further showed that =ost of the gaseous releases took place

in the first two days after the accident that began in the early norning

of March 23. Thus, it was calculated that of the 10 nillion curies of radioactive

gases released in the first five and a half days, 7 nillion curies has been enitted

in the first 36 hours.(4)
O
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Likewise, =ost of the external ga==a ray dose due to the passing clouds

"'e range of 70 toof fission gases estimated by all organizations to have beea da

30 =1111re=s to individuals nearest the plant was found to have been received in

the first few days of the accident.

These studies further shewed chat =ost of the thyroid dose was received through

the f ahnistion of radioactive iodine isotopes rather than through the inges:1on of

=11k or water .
.

For the infant thyroid, the maxi =u= dose was csiculated to have been of the

order of 10 nres by inhalation and 1.1 =re= by ingestion of = ilk (' } . Due :o

the smaller vole =e of air inhaled by infants, the =a h dose was found not :o

have been =uch larger than for adults despite the ten-fold s= aller size of the

infant thyroid.

No esti=stes were published for the f atal thyroid, which is known to begin

fune:1oning actively in about the fif th to sixth =onth of intra-u:erine develop =ent.(3)('~

However, earlier =easure=ents carried out for comparably small exposures during

periods of heavy fallout fro = nuclear weapons testing clearly indica:e : hat fetal

thyroid doses can be so=e 10 to 20 ti=es larger than for infants or 100 :i=es that

of adul:s( (}
This arises fro = the fac: : hat the early thyroid gland has.

a very s=all = ass of the order of 0.10 to 0.20 grams, or some one cc two hundred

c1=es smaller than the 20 gra= adult hu=an thyroid.

Thus, it is possible to esti= ate that the thyroid gland of fetuses in the

= ore heavily axposed areas within five to ten =1les of the Three Mile Island plant

are likely to have received radiation doses of the order of 100 to 1000 =re=s fro =

Iodioe-131 alone. To this sust be added :he whole-body g,--a dose fro = noble gases

and the contributions fro = the many short-lived iodine isotopes as well as the

whole body doses fro = the c her i=portant isotopes such as Cesiu=-137, 'Cesiu=-134,

.
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Tritium, 3ariu=-140, Stren:1um-89, etc. , depending upon the =other's diet in the

weeks following the accident.

Thus, typical thy:nd doses 200 to 1100 (in excess of 200) =re=s are likely to e

been received by developing infants in their =other's vo=b 'for those in their 5th :o

9th =onths of develop =ent. Due to the fact that the radioac:1ve gas plu=e frequen:17

touched the ground within a few =iles of the plant, individuals in these areas could

easily have received five to ten times higher doses than the average in the first one

or two days of the accident, before the evacuation of pregnant vc=en was ordered.

A dose of the order of 200 to 1100 =re=s is 'co parable with that received by

the fetus in the course of diagnostic x-ray exn*ations since a single abdominal

fils gives a fetal dose of the order of 200-300 = rem ( 9 ) (10 ) ,

_
The fact that diagnostic x-ray exposures during fatal development can lead

,
to serious biological da= age is by now videly recognized in the =edical co== unity

as a resul: of the large scale epidemiological studies of Stewart , !".ac!".ahon ,

3Diamond , 3ross , Graham and others.
,

..

Not only is there an increased risk of leuke=1a and cancer as first discovered
._

by Stewart (11} but the core recent prospective study of Dia=cnd and his associates

at Johns Ecpkins University revesled an increased risk of death from all causes

for those who received x-rays in utero, pri=arily within ;he first year of lifa. "'hes e

included deaths from respiratory system proble=s, infectious diseases and diseases

of the central nervous system. Further= ore, both the Johns Hopkins study and the

study of Stewar ) revealed that the earlier the exposure takes place, the grea:er

is the risk of adverse effects.
.

Thus,' Stewart's study showed that whereas the dose needed to double the risk

of leukemia and cancer was of the order of 1,200 =res just before birth when ecs:

x-rays were taken,a =ere 80 = rem doubled the risk when x-rays were given in the

first three =onths of pregnancy

O
.
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nus, doses of 200 to 1100 =re= to the critical thyroid gland controlling

the growth and develop =ent of the fetus beginning in the 5th :o 6th =cuch of

pregnancy could be expec:ed to produce a significant effect on the fetus through

retardation in growth and =aturation, dereby increasing the risk of ortality

within the first year of life. De greatest =ortali:7 occurs during the cri:ical

period of transi: ion from in:ra-uterine existence when de lung of the newborn

suddenly take over the life-sustaining function of respiration (10)=ust .

A large nu=ber of studies li.ve shewn that infants that are born 4-'ture,

underdeveloped or underweight have a =uch higher incidence of respiratory distress
6)or hyaline =e=brane disease n us, even a s=all degree of retardation in,

development due to a reduced output of growth hor =cce by the thyroid gland during

the last three to four =enths of intra-uterine development would be expected to

increase the risk of death due to respiratory insufficiency i==ediately after

'

birth. Failure of the critical lung surfactant to be produced in adequate a= cunts

can therefore lead to respiratory proble=s and death as a result of da= age ei:her

to the thyroid or the pituitarf gland which in turn controls de dyroid's output

of growth hor =one(17) .

ne fact : hat radioactive iodine from nuclear weapons tests can indeed reduce

hu=an fetal and infant growth has been observed as a result of :he accidental fallout

exposure of the Marshallese Islanders following :he large hydrogen be=b test 3RA70

in 1954(18} Not only was there an increase in fetal deaths among the wo=en exposed.

at that time, but there was also a severe reduction in growth of the children

exposed to fallout, the effect being greater the yopng the children were.

De effect of even small doses of radioactive iodine on fetal develop =ent is

further supported by the fact that the birth-weight of babies born in the Uni:2d

Sts:es suddenly began :o decline during the 1950's, (19) the period when the heaviest
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fallout fro = weapons :esting occurred in the continental United States. Furthernore,

since the end of large-scale at=ospheric bomb-tests by :he U.S. and de U.S.S.R. ,

dere has not only been an end to de trend towards s= aller birth-weight but there

was also an unexpec:ed resu=ption in the decline of infan: nortali n whi d had also

halted during de period of heavy fallout (20 ) (21)
,

This is shown graphically in Figure 1 taken frc= the =ost recent s - 'ry of

infant nortality : rends published by the U.S. Depart =ent of Health, Education and

)Welfare's National Center of Health Statistics As shown by the arrows added.

to indicate periods of heavy nuclear testing in the at=osphere, the decline of infant

nortality rates in the United .9tates came :o a sudden hal: between 1945 and 1951, when
.

:he testing of nuclear weapons at Ala=cgordo, New Mexico , in the Marshall Islands, and

in Siberia began.

Between the years of heaviest weapons testing in the icwer at=osphere na=ely

1956 to 1958, there was actually a reversal of the previous downward trend of infan:

=ortality, which ended only when nuclear :esting was :e=porarily halted during the

years 1959-co 1961, af:er which there was a brief reneval of bomb testing that did

not end until the 1963 test-ban treaty was concluded.

Although France and China continued :o test nuclear weapons in the at=osphere,

the end of large at=ospheric :ests by :he U.S., U.S.S.R. and U.K. led to a gradual

reduction in infant =ortality races, un:11 in the last few years, both white and

non-white populations showed a resu p:1on of the pre-testing rs:e of decline that had so

dranatically halted during the 1950!s for reasons that were not understood at :he

(23 )4t2e .

.

O
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A connection between fallout and inf ant =ortality changes was first suggested
'

in 1969( 2d However, at that time the evidence tha: the fetus in the early phases.

of develop =ent =sy be fifteen ti=es = ore sensi:ive :o radiation :han the full teen

inf ant had not yet been published by Stewart and Kneale(11 } so that it was difficul:

to explain the large nagnitude of the effect(2') Also, the s:udy of Dia=ond and his.

ccworkers had not yet been published showing that all causes of death and not nerely

leukemia and cancer were increased by s=all intra-uterine exposures,so : hat a

generalized effect on all for=s of =ortality was unsubstantiated.

As a result it was argued by some authors that the halt in the decline of

infan: =ortality might be due to the fact that all possible effec:s of i= proved

nedical care, die: and drugs had been exhausted, and that therefore infan :ortality

had gone dcun as far as 1: would ever be able to decline in :he Uni:ed States '.

However, as Figure 1 clearly shows this did not turn out to be the case:

infant =ortality started to decline once again af ter heavy fallout ended and in the

nost recent years has actually accelerated its rate of decline, rapidly approaching

the proj ectad rate that would have existed if there had been no hal: during the
.

ti=e of nassive nuclear weapons tests (21)
.

The effec: of s=all a=ounts of short-lived fission products such as I-131

as distinct from the long-ter: trend that is correlated with the build-up of

Strontiu=-90 in the bone of young women prior :o pregnancy (") is shewn particularly't

strikingly in Figure 2.

Here, the infant nortality rate for New Ea pshire sc=e 2,106 miles :o :he eas:

of the Nevada test .ite has been plot:ed for the years 1946 to 1974, together w1:h

the officially announced yields of snall tac:ical nuclear weapons de:onated in

Nevada becueen 1951 and 1962( 5)
'

.
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Inspection of this plot shows that si=ultaneously with the onset of Nevada

tests in 1951, there was a sudden halt in the long-ters decline of infant
O:ortality followed by brief periods of small reversals in the do m ard trend

'

which occurred in the sa=e years as the nuclear weapons test:t in llevada. Whenever

there was a test in Nevada, there v.as a sharp rise in infant =ortality in New

Ha~pshire, where the fallout came down with the heavy rain and snow falls in

the White Mountains.

Not until the Nevada tests ended did these highly abnor=al spikes in infant

=ortality disappear, and only after the end of all large scale nuclear weapons
.

tests did the infant death race decline once = ore, finally reaching t.he low values

that would have been reached had the pre-bo=b casting rate of declino continued.

- The significance of these results for the case of the Three Mile Island

- accident is that the exte=al gn==a ray doses from bo=b fallout in the eastern

United States in any given year were get.erally sen11er than exte=al ga==a doses

of 70 to 80 =res =easured in a few days at Three Mile Island.

Thus, the long-cars ga a dose =easurements carried out at the Brookhaven

National Laboratories since the late 1940's 6) show that only in 1963 did the

annual gn==a ray dose reach 76 =res,the same dose experienced at nree Mile Island

in a =atter of days.

Yet, both yigure i and 2 clearly show significant peaks in infant mortality

associated with weapons tests in Nevada, the Pacific and Siberia. 3 1s indicates

that the actual internal doses to critical orgaon from inhaled and ingested fission

products far outweigh in their biological i=portance the external gn~n dose recorded by

badges and survey =eters whenever fission products are released into the at=csphere .

This is supported by a = ore recent study that found a correlation of changes in

infant =ortality in different sections of Wisconsin with ceasured changes in Sr-90

(''levels in the = ilk following bomb-tests and the start-up of nuclear pcuer plants ")
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Clearly, whatever the still not fully understood biological =echanis=s are

that cause prematurity and early neonatal dearn associated with respiratory distress,

ex:ernal gn==a doses from fission products containing I-131 of :he order of 10 to

re=s were associated with yearly infant =ortality changes of the order of50 d''d

5 to 25% in the eastern U.S. during the late 1950's, that is changes of abou: 0.5 /=r

la folleus that the releases of fission products containing I-131 in the

Three Mile Island accident should also be followed by detectable peaks in infant

mortality associated with i==aturity and respiratory distress within a few months '

af ter the accident, when the infants whose thyroids had begun to function when the

iodine was released were born. Further= ore, since fetuses of less than 5-6 =en:hs
.

gestational age do not have fully developed thyroid gland able to evtcentrate

3 =enths of gestation, (5)I-131 to the sa=e extent as those that are presen: in the las:

there should be a rapid decline in newborn deaths beginning in che third and fourth

=onth af ter the end of the gaseous releases.

That this is indeed the pattern of infant = ort.sli:7 changes that has taken

place following the Three Mile Island accident is apparent from the following

considers:1ons.

Turning first :o the data on the =enth-by-=onth infan: :ortality in Pennsylvania

as reported in the Monthly Vi al Sta:is:ics reports published by the National Center

for Health Statistics ( 9) plotted in Figure 3, one sees that a large peak in the infant

mortality ra:e occurred in the su==er of 1979, so=e three to four =enths af ter the

releases took place. Grouped in 3 con:hs periods, the rise was 32 (Table I).

Cc= pared with the nor=al pattern of infan: ortali:7 throughout the year, which

generally declines in the se==er =on:hs when the risk of pneu=enia and influenza

is small, the 78% rise from a ra:e of 10.4 per thousand live births in : March :o a
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peak of 18.5 1.s July, followed by a decline to the nor= ally expected lov of 8.5

in August, is totally anomalous. However, it is co=pletely ccusistent with the

expected action of radioactive Iodine-131 on the fetal thyroid.

The rise from 141 to 271 infant deaths is statistically highly significant

representing an increase by = ore than 5 standard deviations for which the probability

of a purely sentistical fluctuation is =uch less chan 1 in 1000 (?d( 0.001) .

Such a large rise did not occur for the United States as a whole as shown in

the plot of Fig. 4 Further5cre, it is seen that there was no such large.

rise in =id-s"--cr in previous years as illustrated for 1977 and 1973 in Figure 4

In fact, the July inf ant =ortality rate of 18.5 per 1000 live births in

Pennsylvania was the highese for any state in the entire United States east of

the Mississippi, moving Pennsylvania above such rural states as Mississippi and.;

_

Alaba=a, where the large non-white population with its poorer socio-economic status,

=edical care and diet had traditionally been associated with a =uch larger infant

=ortality (Table II)..

Whereas prior to the Three Mile Island accident, Pennsylvania had an infantj

=ortality race well below the U.S. average, by July it had =oved well above the,.

U.S. average, returning to its nor=al position below the U.S. =ean in August, 4 to

5 =enths after the accident. (See Figure 5) . This was the ti=e when infants were

being born that did not have a fully developed active thyroid gland at :he ti=e

of aposure.

Since for the first few days when the initial release occurred, the winds

North ~ est and North ( } , one would expect significantJwere =sinly towards the %'est,
.

increase in infant =ortality in the su==er conths in upstate New York and '4estern

Pennsylvania, but not in New York City directly to the East. (See =aps of Figurc 6

and 7). At the sa=e ti=e, the Harrisburg area should show the greatest increase in

the newborn =ortality race.

O
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This upectation is born out by the changes in infant =ortality for three

=onth periods before and af:er the Three Mile Island releasec ended,(Fig. 3 and

Table III). In this table, the da:a from the U.S. Monthly Vital Statistics is

listed together with data obtained for a =ajor hospital in each of Harrisburg and

Pittsburgh(, s)ince the count 7-by-county data in Pennsylvania werenot yet available.31

As can be seen frc= Table IV and Figures 8 and 9, there was a 7 fold rise or

a 630% increase in the nu=ber of newborn deaths associated vi:h 4-' turi:7 and

respiratory diseases in the Harrisburg hospi:al for the three =onth period of

May-June-July 1979 relative to both the sa=e period in 1978 and the ' ediately

preceding three =onth period of February-B'. arch-April.

A sd dlar pattern is seen to have occurred in the Pittsburgh area as reflected

in the datn for a =ajor hospital that accounts for nearly half of all deliveries (Table

and 71g.10) though with a smaller percent change. Agaf.n, there is an unusual su==er

peak in 1979 thar did not occur in the previous year. In fact, examining the case

for the peak =enth of .'uly in Figure 11, i: is seen that both the total nu=ber of

deaths and the rate per thousand births was declining before 1978, rising again

from 8 deaths in July of 1973 to 24 in July of 1979.

This unusual peak of infant deaths in July was also observed in Northern New

?.ngland but not in Southern New England, as expected from the known northward

direction of tha winds in the first few days of the accident. (See TableV').

Although the increases in the nu2ber of deaths among newborns in the Harrisburg

Hospital are s=all in absolute nu=bers , they are nevertheless highly significan:

statistically. The averaga nu=ber of newborn deaths per =onth durdng 1973 was

0.42 per =onth with a standard deviation of $.2, while the average for :he

sur=er =enths was only 0.33 per =onth. Thus four such deaths in June of 1979,

exactly three =enths after the accident, represents a 10 to 12 fold increase above
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nor=al expectations, whose occurrence by =ere chance is =uch less than 1 in

100.

Cc=hined with the geographical pattern of infant =ortality changes from

Ohio to Nav England, cud the absence of any si=ilarly large s"-er peak of infant

=creality in the previous years, it see=s inescapable to conclude that the accident

at Three Mile Island did in fact lead to a significant increase in infant =ortality

similar to those encountered fres earlier.co= parable episodes involving fission

products from nuclear weapons testing and releases from nuclear plants.

For the 3 =onth period May through July 1979, the total nu=ber of excess

deaths was 352 co= pared with that normally. expected in the states of Pennsylvania,

Ohio and New York, using the rate of decline for the United States as a whole &) ..

.

Co= parable percent increases are likely to occur for childhood cancer and

leuke=la in the nexn ten to fifteen years as well as somewhat lower,

percent increases in all causes of death in the =uch larger general population

according to the studies of Lave and his associates for the case of 50 =etropolitan

- areas in the United States during the heavy fallout period of the early 1960's( .

It would therefore appear that the Three Mile Island accident will turn out to have

produced the largest death-coll ever resulting from an industrial accident, with

total deaths from all causes likely to reach =any thousands over the nex 10 to

20 years.

Since for every infant that dies as a result of retarded growth and develop =ent,

there are =any = ore individuals (perhaps ten ti=es as nany) that are sini= ally da= aged

in their physical and = ental abilities (16) (35) , the effect on society will be =uch large

than pre =ature death alone. In the light of these findings, it =ust be of great concern

that the releases of radioactive gases and iodine from routine operations of nuclear

reactors such as the Millstone Plant in Connecticut have been co= parable in =tgnitude w1;

7 If one adds the excess deaths in April, there were 40 in Pennsylvania and 35 in
Uostate New York for a total of 427.
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the releases from nree } file Island, na=ely 3 -d'' ion curies of_ mixed fission gase's

)and 10 curies of I-131 in 1975 alone . .

ne full magnitude of the danger to the biological survival of nations that

choose to pursue the develop =ent of nuclear reactors near their large population

centers is therefore only now beginning to beco=e apparent.

His is especially brought out by the fact tha:'the greatest nu=ber of

deaths actually occur in areas een to cue-hundred miles distant from the reactor

site so that even a decision to locate nuclear reactors only in less populated

areas would not appreciably change the mortality figures either for the effect of

nor=al releases or major accidents. Nor would an evacuation plan for the population

within 5 or 10 miles of the reactor significantly affect the overall nu=ber of

deaths resulting from a repetition of the n ree liile Accident, since cost of the

deaths occur in the core distant areas due to the larger total populations they

contain though the greatest individual risk exists nearby.,

nis is 4''ustrated by the observed infant =ortalit7 changes in the State of

Rhode Island located between 20 and 50 =iles downwind :o :he east of the M111stocs

Reactor near New London, Connecticut as shown in Figure 12.

In this plot, the infant ortali:7 rate for Rhode Island has been clotted for

the years 1965 to 1976, together wi-h the releases of radioactive fission gases

as published by the Nuclear Regulatory OcM ssion (NRC) since the start of

operations in 1970.

For co=parison, the infant =ortali:7 rate for the Sta:e of New Ha=pshire.

rore than 150 miles to the northeast is also shown in this plot.
t

Inspection of Figure 12shows that in the years prior to the start

of the Millstone Plant in 1970 and the Connecticu: Yankee plant at Haddam Neck in

1968, both states showed the same infant mortality race.
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However, beginning in 1970, the rate of dec'd e of the Rhode Island infant

=ortalig slowed down, while that of New Ha'.*pshire kept decid d g rapidly,

leading to the develop =ent of a large gap in the =ortslig rates between

the two states by early 1976. In the first quarter of that year, Rhode Island

had a rate of .13.6 practically equal to its 1967 level of 19.3,while New Ea=pshire

declined to an infant =ortality only half as great, or 9.3 per 1000 live births.
.

"he fact that the e=1ssions from the Fd'istone plant are likely to be

responsible for this drs=atic gap is illustrated by Figure 13which is a plot of

the percent excess infant =ortalig in Rhode Island relative to New Ha.pshire'

versus the announced gaseous releases from the Millstone plant. A two-year

=oving average of the dssions is used in this plot to take account of both

the short-lived I-131 and the longer-lived Cs-13'7 and Sr-90 in the releases that
a

build up in the environnant.
,

It is seen that the data ft: a logarith=ic or frac:icnal power law of the

:!or= a D* with a = 38", and x = 11 This is the type of law expec:ed on the basis

of a free-radical Upa of indirect che=ical action on cell =e=branes discovered

by Peckau , which rises =cre rapidly at low doses and low dose-rates than at

high doses and dose-rates. It is also the gpe of dose-response relation expected

on :he basis of a wide difference in sensitivi g of different individuals in the

population as discussed by Sau=( , 3ross } and Morgan ,or a type of dose-

response that leads of a large underesti= ate of health effec:s at low doses fro = data
)taken at high doses .

Based on an external ga==a dose of 500 =r for the maxi =u= per=issible release of ,

8)some 25 =illion curies per year , the slope of the dose-response curve increases

from 2'/=r a: 1 =1111on curies per year to about 6I/=r at 0.1 =1111on curies per year.
.

O
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Based on the external dose from the gas-cloud alone, one would therefore expect
.

an increase in infant =ortality for the case of the nree Mile Island accident

of 38 x 104 or 120% in an area so=e 20-30 miles distant, nis is in good

agreement with the three =cnth increase in newborn infant =ortality in Harrisburg

of 600%, which reduces to 150% when averaged over the period of a year.

M us, both qualitatively and quantitatively, the releases from nor=al

operation from the F4'istone Plant and the accompanying increases in infant

=ortality in Rhode Island some 20 to 30 miles downwind correctly predict the

infant =ortality changes in the Harrisburg area from the comparable noble gas

and iodine discharges at n ree Mile Island,_

ne i=portance of releases of Cesiu=-137 and Strontiu=-90 in addition -

Iodine-131 for the = ore distant large =etropolitan areas is illustrated by the

plots of the Cs-137 and Sr-90 spatial distribution around the Millstone plant as

taken from the utility's own environmental reports to the NRC shown in

Figures 14 and 15. he 4 to 5 fold greater concentration.of both of these isotopes

in the silk near the stack of the plant as co=paret, with the = ore distant areas

strongly argues against the interpretation advanced by the utility (45) g

} that 'these levels can be explained by falloutNRC and the EPA from nuclear

weapons tests,

ne hypothesis that these highly localited levels are indeed due to plant

e=1ssions is also strongly supported by the fact that the changes in concentrations

of these isotopes in the milk throughout the year are greatest near the plant in the

su==er =onths following spring refueling, and least at = ore distant locations such

as Delaware along the Atlantic Coast as seen in Figure 16 for Cs-137. Particularly

significant is the fact that both within 10 miles of the plant and in Rhode Island,

there was a peak in Cs-137 concentrations in the s - er of 1976 before the heavy

.
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Chinese fallout arrived in October. It should be noted that this fallout episode

was also folicwed by a sharp rise in inf ant =ortality along the north-east coas:

3'-4 months later.
.

The fact that the increases in cancer =ortality arcund the '44'' stone Plant af ter

it began operating have the same geographical distribution as the measured C5-137

and Strontiu=-90 concentrations in the :Lilk, and the fact that the increase in

infant mortality in Rhode Island is correlated with the releases frem the M111stenc

Plant indicates that there is likely to be a significant cancer increase from the
.

Three Mile Island accident.
.

Suc perhaps the most significant confir=ation of the serious biclogical effect.

of routine radioactive gas releases frem nuclear reac: ors is the plot of infant

=ortality rates at different distances from the Millstone Plant for July 1978 shown

in Fig. 18, before the releases from Three Mile Island affected the =ortality rates

in New England.

It is seen that while New Ea=sphire, which has no operating nuclear reac:or,

declined to a low of only 1.9 infant deaths per thousand bir:hs frem 21 in 1965,

Rhode Island, directly dewevind and close to both the Connecticut Yankee and Mills:cne

Reactors, showed a ten-fold greatar infant death rate of 19.9, ce=pletely nullifying

13 years of advances in public health and medical care.

Ve r=cnt , whose only nuclear reactor is located in 1:s most southernly tip

so that =ost of the state is not affected by the releases, reached a 1cw of 4.2
,

per 1000 births. But all the other New England states wi:h = ore nuclear genera:icn
..

of electricity, shewed higher inf ant =ortality rates than either New Ha=pshire or

Vermont.

For these reasons, it appears doubtful whether any effor:s to i= prove the

safety of nuclear reactors, changes in their locations, er evacuacion plants can signif-

biicantly alter the public health i= pac: of nor=al releases and such potentially =cre
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accidents as occurred at Three Mile Island, where only a s=all frac: ion of the total

fission products generated actually escaped into the environ =ent. Needless to

say, the = ort.dity changes folicwing hree Mile Island would be eno=ously =ultiplied

in the event of a co=olete =el:-down and rupture of the contain=ent, threatening

areas.as large as the entire eastern United States with enomous da= age in ta=s

of cancer and thyroid da= age for all age groups out :o distances of hundreds of

C es '37)
~

(
.

Since neither coal nor oil nor gas nor solar energy lead to the large-scale

production of shorr-lived radioactive iodine and other fission products that seek

out the critical organs of the developing tnfan:, it would seem prudent to apply

future technological effor:s to the = ore forgiving sources of energy that do not

threaten the nost precious of our nation's resources: the physical and = ental

well-being of our children for generations to cces.

.
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TMIZ I

Infant Mortality Changes in Pennsylvania Following the

Three Mile Island Acci: lent on March 28, 1979

.

.

No. of.Infane No. of Live Race Average : Change
1979 Deaths Births 1000 Rate in Rate

,

February 147 11,892 12.4

March '141 13,589 10.4 11.9

April 166 12,520 13.3 -

_

_.

May 11 8 13,201 15.0

Jane 163 12,293 13.3 15.7- +32%

July 271 14,680 18.5
.

F

9'

Source: U.S. Monthly Vital Statistics
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T!E.Z II

I.nfant Mortality F.ast of the Mississippi in July of 1979

1979

Infant Live Rate
deaths bis-hs per 1000

.

.

Pennsylvania 271 14,680 18.5

New ?crk+ 295 22,855 12.9
N.J. 83 8,041 10 3

Maine 12 1,440 8,3
N. Ea= shire 8 1,089 7.3
Verm nt 5 513 9.7'

Mass. 54 6,690 8.1
Ehede Island 16 1,149 13 9
ccm. 15 3,681 4.1

,

chic 147 14,071 10. 4
Indiana 10 1 7,885 12.8

. cts N.A. N.A. N.A.
Michigan 147 12,346 11.9
Wiscensin. 48 6,272 7.7

Celaware 10 830 12.0
Md. 66 4,179 15.8
D.C.+ 22 1,133 19.65
Vi t .ia 91 6,535 13 9
W. Va. 27 2,520 10.7
N. Carolina 10 4 7,660 13.6
s. Carolina 59 4,253 13 9
Georgia 89 6,700 13 3
Flcrida 164 10,362 15.8

Kentucic; 50 5,516 8.9
Tennessee 81 6,281 12.9
Alata:::a 60 4,893 12.3
Mississippi 59 4,253 13 9

New Terk City 150 9,3C0 16.1
U.S. 3,800 3C6,CCo 12.4

_ncit: des N.Y. Cit /e

* Majcrit/ cf pcpulaticn is ncn-white and has had =ch abcVe ave" age
'.nfan: =crt=1't/ fcr decades.-
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- Table III

Comparison of Changes in Infant Mor-Aicy Rates Following
the Three Mile Island Accident in Harrisburg and Adjoining Areas

at Increasing Distance F.ast and West of 'n .risburg

Feb., March, May, June % Change Appro:c1= ate
April July in Death Distance in

No. Rate No. Race Rate Miles

Chio 482 12.0 480 11.7 -3 '200m West
.

Pennsylvania 454 11.9 632 15.7 +32% 180m West

Pittsburgh# 31 14.2 52 23.4 +65% 180m West

Harrisbur e 1 1.9 7 13.9 +630% 10-20s North

Upstate New York 404 13.0 477 14.3 +8% 100m Northeast

New York City 429 17.1 438 16.4 -4" 200m F.ast

United Sta*.es 14.0 12.6 -10% 200m

PA and NY State 1769 2027

Change in No. + 258
.

# For Magee Hospital with 50% of birrhs in the area

+ For Har-isburg Ecspital with 35" of births in the area

.

O
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TM E I7

Newbern Mer:n'*ty Fate Changes in the Harrisbteg 5: spital
in 3 Menths Period Before and After the 9:ee Mile Island
Accider:: March 28, 1979*, Cc=ared with the Same Fer'cds

in 1978.

No. of Infant No. of Live Fate Average .ichar g
1978 Ceaths Births 1cc0 Fate in Rate

Febmary 0 128 0.0
'

March 1 187 5.3 2.2
'

April 0 137 0.0

May 1 175 57 s

June 0 154 0.0 2.1 -5%

July - 0 154 0.0

1979

' '86 5.3Febr.:ary

March 0 172 0.0 1.9
,

April 0 167 0.0

May 2 166 12.0

June 4 154 26.0 13 9 +630 -

July 1 182 5. 5

__ ..

* This hospital accounts for about one-third of all deliveries in the Harrisburg
Newborn infant portali:7 is defined as a live-born infant that dies wi:hinarea.

a short ti=e, nos die within a few hours. (Data frem nonthly Pediatric Conference
Recor s).
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Table V

Newborn Infant Mortality Rate Changes in the Pittsburgh Area
From Hospital Records for Three Months Before and Af ter the Three Mile
Island Accident March 28, 1979, Compared With the Same Period in 1978

No. of Infant No. of Live Rate Average Change

Deaths Births 1000 Rate in Rate
,

1978
-

.

February 7 633 11.0
,

March 6 750 8.0 14.4 -

April 16 625 25 .6

.

May 11 719 15.3

June 8 684 11.7 12.5 -13%

July 8 763 10.5
.

.

1979

Feb r.c.ar7 10 682 14.7

March 11 786 14.0 !4.2 -

April 10 721 13.9

.

May 21 664 31.6
,

June 7 759 9.2 23.4 -H55:
.

July 24 798 30.1

-

.
.

+ Data are from Magee Womens Hospital, which handles appro m :itely one-half
of all Pittsburgh area deliveries. Newborn infant death is defined as a
live-born infant that dies within one nonth; most die within hours after

birth. (Data supplied by Department of Pathology.)

,

G
.
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Tablu VI

Infant Mortality Changes In liorthern and Soutliern New England in
July 1979 Af ter Three Hile Island Accident Compared with July 1978 -

JULY 1978 JULY 1979
llorthern New 11 0 . of No. of Hate No. of No. of % Change
England States Deaths Live Births per 1000 l)eatha Live Birtha Rate in Rate

Ngu Hampshire 2 1036 1.9 8 1089 7.3 +284%

Vermont 3 711 4.2 5 513 9.7 +131%
_

Haine 10 1306 7.7 12 .1440 ' 8. 3 48%

llorthern llew England 15 3053 4.9 25 3042 8.2 167%

Southern tiew

pgi and Statesl

Connecticut 27 3179 8.5 15 3681 4.1 -52%

Ithode Island 21 1054 19.9 16 1149 13.9 -30%

Nassachusetts 44 5556 7.9 54 6690 8.1 +3%

Southern New England 92 9789 9.4 85 1152 7.4 -21%
.

Source: II.S. Monthly Vital Statistics



~ 8 0 -(DEATHS UNDER 1 YE AR PER.1,000 LIVE IRTHS)- 80
2,

-\,
- 7070

6g60 s-

s,

4
\ ,

504 All other50 -

s, /s,
,s, s

,
~

'' % 4040 A ' -

Ns N\

\ \ ',s
\

30' -

30 - .,

sx %
\

T White 's-
s

\

us

N 22-

20 =-

N 9E = s
-

3 - i i
E d A A

3 u' ! A __AAAAi
vi i N EVAD A TESTS PLOWSHARE

-

TESTS.. m m -.. ..

A -

3 %

AAAAAAA3 3 4g

.. 1
g,1 U. S .- U. S. S. R. SECONOs

H-TESTS SERIES
1010 A-REST -

, , , I , , ,E S,l,,,,!,,,,!,i,,i,,,,SERi
. . . I , , , , l ,Fi R S T

-

l940 ' 1950 1960 ~ 1970 1980

FROM: U. S. MONTH LY VITA L STATISTICS
REPORTS ; VOL. 28, NO.1
M AY ll ,19 7 9

Figure 1. Infan: P.or:211:7 Races 3y Color: Uni:ad States, 1940-1977

. .

9



-30-
-.

NEW H AM PS HIR E

INFANT MORTALITY (O- 1 yr. )--

"

e | PER100 0F ATMOSPHERIC | t

3O )O g g,g ,g g g g.
~TESTS IN NEVACA

s s
\ | -PERIOD OF'H-TESTS '

..

l- 1 I't i e
5 O p C* = 6.7 %.

. e

|,,

/'/' EFFECT OFC 20 -

O /, WOR L D - WID E f e,_
$ | /g,5T-90 cnd

//~
.,.

/ / cs-sar 3f~

Ch& N |st- FRENCH /~

< b' TESTS
' O% 303 kt

}- 252kt

J 10 10 4 JAN_-auta eisT-

Ill 19 kt

j d JAIA Fd
NEVADA A-TESTS ( KILOTONS)

_

A A AA
f4 A A A & A A 4 4

8 i i il i I I I

U. S. - u.S.J. R. H-TETS FRENCH a CHINESE TESTS
| | | ,(PACI FIC ) , ;

1950 '55 '60 '65 '70 '75
,

YEAR SOURCE: u.S. viTAt
STATIS TICS

Figure 2. Infant nortality rata in New Hanpshira between 1943 and 1974 together
with announced yields of acnospheric nuclear weapons tests in Nevada.
Note close correspondence between the sharp peaks in corta11tf rates
and the peaks of weapons test yields in Nevada.
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Figure 16. Changes in =onthly values of Cesium-137 concentrations in = ilk in
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F411 stone Nuclear Reactor in Waterford, Connecticut. Note that the
largest value occurred closest to the plant in August 1976, the nex:
larges: in Providence, Rhode Island, and the lowes: in Wilmington,
Delaware far to che south. Further= ore, i: occurred before the nuclear.

test by China in September. Also note that the peak associated with :he
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RADIATICN I.UCSURE TO THE PU3LIC FROM RADICACTr75
EMISSIONS CF NUCLEAR PCWER STATICNS

.

, ,

critien1 Analysis of the official Regulatory Guides

.

B.Franke, E.KrUger*, 3.Steinh11ber-Schwab,
i H. van de Sand, D. Teufel

'

1

ITEU - Institut fur Energie- und Umweltforschung
I Heidelberg e.V.*

'

!
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Abstraet
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,

i Current regulations for radiation prctec:1cn in-
1

| volve dete=ining dose limits for the exposure of the

! individual to radicactive emissions of nuclear pcwer
i

stations. Supposing that a kncwn quantity of radicac-
- tivity is emitted, exact kncwledge of the parar.eters

j for the abiotic dispersicn and the transfer into feed-'

j chains including the behavicur of radioactivity in the
i human hedy is very impercant.
t

.: -

Ccmparisen of the official regulatory guides of|
r

i the USA and the Federal Republic of Ga=any (F.R.G.)

for calculating annual hu=an deses with the results'

reported in the international literature shcwsi -

that the raccrr. ended faccors for essencial radienuc-

.

mailing address: I7IU, Is Cand 5, 6900 Eeidelberg, West Ge: any
i

e

.
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glides (Cobalt 60, Strontium 90, Iodine 131, Caesium 137,
Plutonium 239 etc.) for the transfer frcm soil into
plants, frcm fcdder into animal products, and. frem the
gastro-intestinal tract into the biced are dete=ined
in scme cases in a scientifically gaestionable way and
that the factors are often located at the lower end od
the range of realistic values. Thus, the potential ra-
diation dose is substantially underestimated. A further
reason for current underestimates is that the che4 cal

,foms of the radienoclides in the foodchains is often
neglected (e.g., Cobalt 60 bound in vitamin 3 12) . For
conservative estimates of radiatica deses, as regaired

under the radiation protection regulations of the F.F..G.

mainly for radiation exposures due ~ Oc icngters accumula-
tion of radienuclides in the environment, potential ex-

posures must be taken into acccunt which could be more
than two orders of magnitude highar than previcus esti-

mates. 'There is therefore no guarantee that even if
the emission unit J 1--Ci aercsols/ year is coupled

*

-

with the dose wculd be within ' " ts. A further problem

is the pcpulation dose, which shculd also be taken into

consideration because of its i=portance for the cu:rala-
~

tive gicbal health risk frca emissions of radioactivit'f.

.
-

.

1.) Intreduction

The radiation protection standards of many ccun-

tries limit the exposure of the individual to radic-

activity emitted frca Nuclear Power Stations. ':'he s e
values, which are =ainly derived frem, rec ~ endations

of the ICRP, for example, limit the exposure for the

" worst case" in the F.R.G. to 30 =ren/ year for the

whole body, while for different crgans special *.alues

exist (SSVO, 1976).

.
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; Usually, cc=pliance of the dose li-d ts with the

I discharge 14 *ts of nuclear facilities is proved by

radicecclegical reviews, which trI to describe the ec=-

plex behaviour of radionuclides in the abiotic and

biotic environment =athematically. A predictics is

atte=pted of the maximum possible radiation dese within
a period of several decades. The often stated value of

,

f =re:/ year radiation dor, to the public frc= radicac--

tive enissions frc= nuclea: power stations is the re-

sult cf calculations and not of =easurs=ents. Even in:

routice releases nuclear power reactors emit hundreds

| of radi.cnuclides of which Table 1 gives a selection.

I There 'as find nchie gases, products of fission, acti-

! vared corresic= products, and others. Radienuclides

| which are discharged into the environ =ent, undergo a

i great n" " er of trant: pert processes, where the, are
i

| more or less diluted or enriched and can lead by ny
i different ways to radiatien expcsure of the indivudual

(figure 1). One of the most i=portant exposure pathways'

; is by ingestien of contaminated feedstuffs through aero-

sols, which accumulate in the soil. Points we have to

consider include the at=ospheric dispersion, the beha-

vicur of radionuclides and the systems soil to plant,

plant to nad 9 , and feedstuff Oc =an. Atte= pts have
- been =ade to calculate potential deses, using mathe=a-

tical =cdels and standard table values for transfer

factors (Ng, 1968, Fletcher, 1971, CSURC 1976, SSK 1977).
,

The main problem lies not so =uch in the calculaticn

model but rather in the enor=cus variability of the

different facters which is found in nature. This paper

attempts to illustrate the problems by examples invol-

ving the main radicecological par,ameters.

-
-
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TABLE 1 Selection of radionuclides emitted by nuclear faciliti
,

into the air ( t) j; >, 8 d )

. nuclide t nuc'.ide t1/2 1/2

P 32 14.3 d Sr 8$ 50.5 d-

,

,
- P 33 25.3 d Sr 9,0 28.5 a-

'

Cr 51 27.7 d Y 91 58.5 d

Mn 54 312.2 d Zr 95 64.0 d .
,

Fe 55 2.7 a Nb 95 35.2 d

. Fe 59 44.6 d Ru 103 39.4 d '?
:

- Co 58 70.8 d Ru 106 368 & t. .
.

-

'

,, . a

Co 60 5.3 a Te 127m 109 d '9
>.

Ni 63 100 a Te 1.29m 33,.6 d7 ^

8 =-* t

Cs 1,'34 ,1 g'-Nb 92 10 a
,

Sn 117s 14 d Cs 136 1/3j/ . di*

W 185 75.1 d Cs 137 30.1 a
:

U 237 6.8 a 3a 140 12.8 d
'

gg} 2. 5 d *Ce 141'

ACTIVATED CORROSICS
,

W4.8gPRODUCTS Ce 1.44 g
,,

Nd 147 11 W
Kr 85 10.8 a

OTHER FISSICWJ
Xe 129m 8.9 d

PRODUCTS.

Xe 131m 12 d < -

, . _

Xe 133 5.3 a
?u 239 24 0 -a

_ ,

INOBLE GASES Pu .240 6 600 a

7 Am 241 458' a.

I 129 1.57 10 a Cm 242 164 d
I 131 8 d

Cm 244 17.8 a

IODINE-ISOTOPES % - AEROSCLc_

O
.

O
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2.) Transfer of P.adienuclides frc= Soil into Plant

The dansfer factor soil to plant (pci/kg plant

fresh weight: pC1/kg soil, dry) describing how much rr.-
dioactivity taken up by plants depends en an enocmcus
number of parameters, for example:

- elements
.

- plant species

- part of the plant ,

- chemical foc= of radionuclide

- type of soil

- fertilication

- hu=idity of soil
'

- temperature

- concentration of stable isotopes and similar

. elements in soil

- perhaps concentration of radienuclides in scil
- biological activity of the soil

.

- The reason, why for example the transfer factor

for caesium varies by four crders of magnitude can be

fcund in these influences (figure 2) . The Caesium iso-

tcpes Cs 134 and Cs 137 contribute to the radiatien..

dose frc= ingestien of cont'-d nated feedstuff in the

vacinity of nuclear facilities. In figure 2 values for

.the transfer facecrrfor Caesium (pci/kg plant, drf:

pC1/kg soil, dry) are correlated with the clay content

of soil (in percent) . The water content of plant is

assumed to be 80 %. In all, 142 values of different

experiments and measurements for grass-clants by dif-
ferent authers have been caken into account. For ccm-

parison, the ciiLcL1Lly cacc== ended cransfer facters

.

_ _
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FIGUltt: 1 : Transfer factor plant /Holl ( pC1/kg dry plant a pC1/kg dry soil) for cenium
'

against clay content in soil. ft) (from: Franke,Ratka, van de Sand, 1978)
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Variation of transfet factors plant / scil for cesiumTABLE 2 :
pCi/kg dry soil )and strontium ( pCi/ fresh plant :

(f cm Franke, Ratka, van de Sand, 1978)
.

plant species transfer factor transfer factor
Cs Sr

7.80.9 0.08leaf vegetables 0.0075 -' -

.

9.8grass 0.00068 - 14 0.01 -

0.16 0.015 - 0.38potatoes 0.023 -
,

'7 . 4clover 0.004 - 33 0.22 -

0.15 0.055 - 21root vegetables 0.0025 -

*

" vegetation" or 0*01 0 ' '"'
" vegetables"**

as reco= mended in USNRC, 1977*
-

** as reco= mended in SSK, 1977

.

e

6

*

.

e

.

.
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for Caesium frc= A=erican and Germ (7.R.G. ) are in-

. dicai cd (plotted) . Although the factor can. vary by = ore
' than 4 orders of magnitude in =ost previcus radiceccic-

gical reviews, in the rec endations c=1y 1 transfer
,

|
- factor for all plant species and soil types has been

i recc== ended. It is clear, that with such an instru=ent

'an accurate radicecological assessment is not possible.

Analysis of the recc== ended transfer factors soil to
,

| plant showed that for = cst radionuclides the recc==en-

ded values lie in the lower part of the range of realis--

,

tic values. In tablo 2 the variation in tran.sfer f actors

for Caesium and Strt.n-tum, derived frcs a g t at nu=her

of references, for different plant species is cc= pared

i with the values recc== ended in the official handbcoks.

As may be seen, the rece ended values may in special.

cases underestimate the transfer of radienuclides'

10 fold, 100 fold, cr even 1CCOfold.

'--

-- How have the values in the official handbcoks been
derived 7 An analysis of the history of these values by

Teufel et al., 1979, for Caesium is shew: in figure 3.

The references indicated for the rec ended values

and the 5eferences cited in those references had been,

[
'

analysed. The astonishing result was that the values

recc== ended by the Ger=an Radiation Protection Cc-d s-'

_

' '

sion are derived from a very poor study of references

and that the cited values did not agree with the re-

cc= mended values. The value of 0.C02 (pC1/kg plant
fresh: pCi/kg soil, dry) has been derived frem a publi-

cation of Baker, 1976. Baker derived his values frem

a handbcok by Fletcher, 1971, in which, fer exa=ple,
for leaf vegetables / scil the transfer facter cf 0.019,

10 fold the value in SSK 1977 is given. Fletcher cites

five references and the values in these references are
,

.- * ...

- = = - ... , = = - . - - . - - .
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60.029 - 0.29 (pasture vegetation).

6 0.0043 - 0.054(graini
40.06 - 0.6 (leafy ,etables)

. 6 0.012 - 0.24 (root vegetalitesi
0.01
derived by USNBC by formal (values calculated lay further assumptions)

** " ' Ysedriksson, 1968
0.01 (vegetationi

I * * "" *"
0.01 | vegetation) USNRC, Guide 1.109,1*17 ->

f ipi a,it i . 0.0s er 0.002s - 0.04 ibariey nearsi
m , ,,,,, I * typical * Ce concentration 0.009 - 0.018 lbarley grains)

(mo!!) 5 pens 0.002 - 0.3 troot vegetables)

0.0025 - 0.06 ficafy vegetables)
tag , 1968

Ivalues corrected for f rents weiglit)

0.002 (pautura vegetation) e lieel 1953g

10.04 (atosed feed) 0.0014 - 0.02 lbarley seedlingel*
,

0.00064(9 rain)
* "**# ' ' ' ' " * O

0,002 (vegetables) 0.002 (plants) 0.089 (luary vegetablaal

GSK, 1977b -> Dakcr, 1976 ) 0.0062 (root vegutables) Rediske, 1955 g4

Fletcimr, 1971 0.084 - 0.10 (pasture grass)

(values calculated by further assumptions)
*

Itogowu ki , 19,0

0.01 - 0.4 (barley leafs)*

0.009 - 0.01 (barley grains),

0.018 - 0.16 (leafy vegetables)

0.005 - 0.06 (soot vegetables)

(values corrected for f reuli weigliti
.

nonnoy, 1957
i

I(eferences for Cs transfer factor plant /uollFIGURE 3 :

~

9 O 9.
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1 to 2 orders of magnitude higher than the recc== ended,

? values by SSK, 1977. The value racc= mended by the CSNRC,

1976 has been derived by a for=al division of stable'

element concentrations in plants (reference: english

handbook) and soil (reference: russian handbeck) in Ng,

1968. This method is = ore than questionable on scien-

tific grcunds.
.

Nevertheless, previcus radioecological reviewers,

aN 4strations and = embers of radiation protection

ccu=rissions, use these false values, to state that the

values used would be ccuservative, meaning that real

values wculd only be less than the ones used.

It shculd be clear, that in future instead of

fixing on theoretical regulatcry values, the transfer

factor for soil for radionuclides in the sur cunding

of planned nuclear facilities should be measured to

give a proper base'for radiological assessments.

I

! 3.) Transfer of radionuclides frc= fodder into animal

foodstuffs (meat)

. .
Another creblem is the transfer of radienuclides.

in meat. The transfer is indicated by a factor which

gives the daily amount of the radicactivity ingested

by the animal that is fcund in 1 kg of meat (dimension:

pC1/kg meat : pC1/ day intake) . An analysis of the re-

cc= mended values led to the result, that for i=portant

radionuclides these values are not suitable for a rea-

listic cr conservative assessment. Cur research shewed,

that these recc== ended values also had been derived by

a questionable method dividing ncn-ccrrespcnding cen-

.

s

e me m== .gauun e
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centrations of stable elaments in meat and fodder ||
~ (Franke, E6pfner, 1978b' . Other American handbooks,

for example the collection of data of Saker, 1976,
and Fletcher, 1971, indicate transfer factors based on
experimental results. Table 3 ccmpares the values re-
ccmmended by the USNF.C, L.:.e * dest-Ge=lan authorities,
with values in literature. A realistic value for the
transfer of Caesics into beef =ust be taken as 0.075 +-
0.02 and a conservative value of 0.1. On the contrary,

the recc== ended value for all sorts of meat is given

as 0.004, lying below all experimental observations.
Using such an inaccurate transfer factor, results in
a linear underestimatien of potential radiatien dose.

The ratic of conservative to offical values for beef
is e.g. for Cs 25 : 1. for Sr 5 : 1, for I 7 : 1, for

Pa 350 : 1. If, for exangle, a radiation dose by beef

consc=ption of Cs 137 centaminated beef is calculated
to be 1 mrem / year, a radiation dose of, for example,
25 mres/ year will result.

.

4.) Behavicur of radionuclides d a "" an body
.

The 3rd important radioecological area is the
'

systen fccdstuff to man. The behavicur of radicnuc-

lides in numan body depends a=eng other influences on

the cha dcal form of radienuclides-

.

the. amount of stable isctopes in the feedstuff-

the age of the individual-

state of health-

genetical constitution-

ccmposition and amount of fccdstuff-

,

-
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! TABLE 3: Transfer factors meat /for r ( pC1/kg meat's pC1/d intake ) for selected radionuclides ,

(f rom Franke and IIUpfner, 1978)
.

.

nuclide animal species DMI, 1979 Fletcher, 1971 11aker , 1976 Franke and II6pfner, 1978
U S t1 R C , 1976 realistic conuervative

| beef 0.07S10.02 0 .10.03 0.03
Cs calf 0.004 0.42 1 ? 1.5

| pork 0.04 , 0.26 0.26 + ? 0.26

e i
I liee f 0.002 0.0003 0.002+0.001 0.003 .

b# 0.0006giork 0.008 0.0073 0.000 0.01
e

liee f 0.02 0.02 0.01540.005 0.02
I *pork 0.09 0.09 ? 0.09

lieef - 0.005 ? 0.005
j Pti 0.000014

- 0.01 ? 0.61gio r k

,
.,

apparently a printing error in Baker, 1976; correctly: 0.003
.

9
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Because of the various influences the same amcunt
of radioactivity can lead to very different radiation
exposures for individual humans. Instead of reflecting
this variation the reccc= ended dose conversion factors
vary only between adults and children. Nomof the other
influences stated.tbove are considered. Instead, it is
often asserted that the rec ended dose conversien fac-
tors, actually calculated for a " reference m " would- -

be " conservative", implying that all potential radia-
tion' doses are censidered. This is not right. As example
the behavicur of zinc, plutonium, and cobalt show. Ra-
dioactive zine can be emitted by nuclear power reactors

as an activated corrosion product and thus cent, dnz.ted
foodstuffs. As these fccdstuffs are censu=ed, it is very

imporc. ant to ask how =uch of the radioactive zinc in
focdstuff will be resorbed in gastro-intestinal tracu

of-hn-as. In previcus rec endatiens of the US and
F.R.G., using values frem ICRP II, 1959, it is assumed

'

.
that 10 % of the ingested radioactive zinc will be

resorbed in the GI-tract. A literature review (Steinhil-
ber-Schwab, Teufel, 1978) shows that the mean resorpticn

rate for zine actually lies at about 50 % with extreme

values higher than 90 % (figure 4).

.

.

The differences are even scre obvicus in the case
of the radioteric element plutonium. In previous recem-

mendations the assumed resorptien rate for plutonium

frcm the GI-tract into cloed is O.CC01 to 0.C03 %. Ihat

means, that only frer.1 of million parts up to .~5 of

100 CCO parts of the ingested plutonium by feedstuff
will be resorbed. Cur literature analyses showed, that

the resorption rate of plutonium depends very much en

its chemical for= in ene envircnment. Ihe cfficially

reccmmended resorption rates are only valid for pccrly

.

e
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j soluble plutonium, hcwever, for exa=ple, as Pu-nitrate

or Pu-citrate er as Pu VI, plutonium is rescrbed at a

j rate, 3 to 4 crders of =agnitude higher than Puo.,
'

t

t,
(figure 5). The potential hazard lies in the biolcgical

mechanis=s that will complex Puo which is en tted by2
nuclear facilities in the envirennent. S " lar behaviour .

is known for other heavy metals, e.g., lead. Another

problem is the changing exidation state of plutonium
.

. under varying chemical conditions. Larsen and Oldham

: (1978) fcund that plutonium which in oxidation state

'IV can be changed into Pu VI by chlorinated drinking

water. Fu VI is resorbed in human dl-tract 1COOfold
better than Pu IV. Highest ancunts of Pu VI were formedi

when drinking water had been heaten up, for instance,

j in preparation of fecd, tea er coffee. The resorption
- rate for plutonium is related linearly to the radiation

dose to man. Therefore, it can happen, that the radia-

tien dose frc= plutenium in drinking water or frcm g
plutoniu= taken up by plants can be up to 1CCofold

higher than calculated by official rec _ endations.

A third exa=ple is radicactive ccbalt which is

emitted by nuclear power staticas as an activated

corrosien prcduct, similar to cinc. Cchalt is found

naturally in soil and in plants in inorganic for=.'

When taken up in this for= by man, resorptien and

transfer rates in different organs as well as the

biological halflife in the organism is relatively

small (ICPJ 1959). Cobalt is, hcwever, an essential

constituent of a biolcgically very i=portant cc=peund:

vitamin 3 12. In this case the physiological behavicur

of cobalt is ccmpletely different frem the incrganic

forms: as vitamin 3 12 is essantial fc the human cr-

ganism and cannet be synthesized by the human bcdy,

O

. . . .
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it is resorbed from focd to a very high degree. Vita-
min B 12 has a very 1cng biological ha'''4"a (up co
750 days) in liver, which ccmpares to the biological
halflife of inorganic cobalt, assumed by ICRP II to
be 9.5 days. The effective radiatica dese from radio-

active ccbalt in the form of vit'md, a 12 is up to

5 700 times higher than the radiation dcse frem inor-

ganic cobalt. Although in many foodchains a proportion
of ths cobalt is built into vita-dn 3 12 (e.g. in heef

5 % and in milk 23 %), this problem has not been con-
sidered in previous radioecological assessments (Bru-
land et al., 1979).

.

~

The degree of underes:1mation of the radiation

dose frcs Co 58 and Co 60 for the exposure pathways
involving beef and milk censu=ption can be seen frem
table 4, in which the variation of potential values is
given. In previcus esti=ates the radiation dose frc=

4

cobalt 60 contaminated milk is underestimated by a
factor of 280 to 23CO.

.

-
.

Because of the great uncertainties involved in

making calculation models for radiation doses, it seems
to be 1=portant to verify the =cdel calculatica by

'

direct measurements. Hoffman et al. (1978) investigated
the variation of the input parameters for calculating
the thyroid dose by I 131 (grass-cow-milk-child-path-
way).

-

Although this pathway is one of the: best investi-
gated enes, the calculated dose fer a given concentra-

,tien of I 131 in air (in ares /a : p Ci/ca') varies in the
range of 18CO to 50 CCC, a facter of 28.

O

'
- - - - - -

.
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TABLE' 4 : CCMPARISON OF RADIATION 005ES TO LIVER BY 58'gg AND
'

SO '

Co

AFTER CONSUMPTICH OF CONTAMINATED ANIMAL FOODSTUFFS WITH AND

i ,

WITHOUT CONSIDERATION OF THE TRANSFER INTO VITAMIN B *

12
' ~

(RELATIVE UNITS, ROUNDED) - ~ .. - ---

(from: Bruland, Franke and Teufel, 1979)
'

-

.

58 60i . Co. Co conside- Co conside-up sure pa w ay nord3 ring vit. 312 Fi"9 Vi t' 312

!

consumption of -

,

1 1 5.4 - 77 ' 22.,- 480beef
'

.

consumption of-

. 1 67 - 370 280 - 2300milk
-

.
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Ass""d g the statistical varistien of input- ||h
values to be icgarithmic, the use of parameters, recem-

mended by USt:RC will lead in 30 % of the cases to an

underestimation of potential radiation doses by I 131.
,

.

.

Parallel measurements by US:IRC of I 131 emissions'

frcs nu~ clear power. stations and I 131 concentrations in

milk led to the result, that la 28 situations at 5 re-*

actor sites silk concentrations have been underestimated

! 8 times. Four of the 20 overesti= stas were grea-=" '"an

2 orders of magnicude (Hoffnan et al. 1978). A consider-

able source of uncertainty can be referred to =eteorolo-

gical models.

/ *

.

'

5.) Radiation dose to individuals

Since the various parameters for radiacien dose

calculation for' critical individuals are so uncertain,

a conservative assessment of the potential radiation

dose seems to be necessary. Compared to previcus esti-

mates, a radiatien dose lying several orders of magni-

tade higher than previous es*dmates seems to be possible.

A radioecolegical assessment for the Wyh1 nuclear pcwer
'

plant fran the "Tutoriu= C=weltschut: an der Universit1t

Heidelberg" (departnent for envircnmental protecnicn at
the University of Heidelberg) led to the results in

Table 5, assu=ing for the area of maximur. concentratien

annual discharge linits for airborn effluents of

- 80 000 Ci schle gases

1 C1 aerosols (halflife greater 8 days)-

.

O.3 C1 iodine 131.-

The calculated whole bcdy dose of 733 = ram is e.g. 24

times 9.e whole bcdy dose i "d' d- ?.R.G.

. - - - - .
-
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TABLE C: Radiation doses to individuals at area of =axi=um

f concentration by emissions of radioactivity by the

! Wyh1 nuclear power plant into the at=csphere

(from: Tutorium, 1978 )

|

| exposure pathway radiation doses in mrem /a to:
whole body bone thyroid!

31' 31 31noble gases -

ground contasi- 15 1$ 15
nation

leaf vegetables 11 323 6.5
.

root vegetables 40 1 700 0.4

beef consu=ption 350 900 380

milk consumption 160 840 210

wine 110 940 96

- sum 720 4 700 7,0
.

dose limit (F.R.G.) 30 18o 90

-
-

TABLE 6: Ratio of global collective dose ( =an-rem ),

integrated over 500 years and oc to collective

dose caused by first exposure after emission
,

~

( calculated from values of Hesel et al., 1978)
.

nuclide organ ratic global collective dose / dose
at first exposure

j500 years }
00

H 3 whole bcdy 0.05 : 1 0.05 : 1

C 14 whole body 23 : 1 190 : 1

Kr 85 skin 18 : 1 18 : 1

h I 129 thyroid 0.013: 1 100 : 1

. - _ .. _ _. _
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It can be cencluded, that by conservative assess- g
ments cc=pliance of discharge 14 d ts with the 14-d ts

for radiation dose is not guaranteed. To minimize the

uncertainties in the assessments, site-specific seasure-

ments of transfer-factors plant / scil , = eat /fedder, =11%/
fcdder etc. have to be undertaken. The radioecological

i -
--

parameters, used in previcus esti=ates, are not su~ table
for conservative esti=ates.

Sis 11ar results have been obtained in the research
by Kruger, 1978;, SAIU, 1978; Handge et al., 1978. ,

..

6.) The croblem of collective doses

For the assessment of health risk fran a d ssions
by nuclear facilities, the collective dose seems to be

as (when not more) inpc~~a-- as the dose to individuals. |||'

The rise of emission height of a facility (e.g. 2C0 m

instead of 1C0 s) will lead to a dilutien of radioac-
tivity in the vicinity of the plant and so to lcwer

values but the collective dose ('- ~= em) will'be

the same, nevertheless. Figure 6 shcus how =uch the

relative i=portance of varicus nuclides will change

with time, for the collective dose f:== a single'

emssion of varicus radionuclides f cs a reprocessing

plant. Integrating the collective dose over a long

time period, the relative i=portance of C 14 and I 129

changes considerably. Considering only the first

radiation exposure after e=ission, even if integrated

gicbally, the collective dose in =an-rem caused by this
'

emission can be underestimated censiderably, thus - un-

derestimating the health risk for the populacion as a

whole. Considering, for example, only the first radia-

tion exposure frcs Kr 85 emissien, the radiation dose

-

. _ . . . _ _ . . . _
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to the skin will thus be underestimated by a facter h
of 18. The collective dose which is of pri=arily in-

portance for the potential health risk (cases of cancer

a.s.o.) =erits sericus attention and should be reviewed

' worldwide in the interest of future generations.

.
-

.

7.) Conclusions
. .

.

The folicwing cenclusions can be drawn:
,

1.) Recc=nendation and use of radicecclegical factors

for calculating the behaviour of radionuclides in

the environ =ent shculd be linited. Fixing c2 fac-

tors, for exa=ple, in regulatory guides can lead

to the neglect cf the cc=plexity existing in nature.

It is incorrect to represent the ccmplexity and
.

variatien of nature by checsing such factors as
,

, are found in radicecological regulatory guides.

_
An analysis of these guides shows on the contrary,

that the assessment of many of the most i=portant

radioecological parmaeters is up to several orders

of =agnitude too optinistic. Thus, radiation doses
,

calculated frc= these regulatory guides will be

underestinated considerably.

2.) Major attentien should be given to site-specific

measurements of parameters for the transfer of

radienuclides in the different ecological cespart-

ments, e.g. transfer factors plant / soil etc.

3.) S4 41ar research is necassary in the field cf phy-

||siolcgical behavicur of most radionuclides, par-

. . _ -
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| ticularly for risk groups in population (the old;
.

and insane, the embryo etc.).
.

i
4.) Attention shculd also be given to nuclides not'

|

| censidered previously, e.g., Tc 99, 7e 55 etc.
'

The icngterm behavicur of radionuclides, e.g.

Pu 239, which can be nore easily taken up by:

| plants owing to ecmplexing in soil, should also
I be investigated.
,

|
-

i 5.) To evaluate the potential health risk for the
'

world population by radic 'etive emissions frc=

; nuclear facilities, not cz...y the individual ra-

diation dose, but also the collective radiation'

dose shculd be reviewed.

,

,
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A detailed study of cancer statistics in Connecticut and nearby Elew

England indicates that cancer mortality increased snarply around two lar;e h
nuclear reactors in south-eastern Connecticut in direct relation to the

measured pattern of accumulated levels of strontium-90 in the local milk.

Cancer rates increased most strongly closest to the Millstone Nuclear Power

Station located in Waterford where the measured strontium-00 levels reached

their highest values, with lesser rises being observed for areas with lower

values of strentium-90 in the milk located at increasingly greater distances

in every direction away frcm the Millstone Plant, known to have released the

largest amount of radioactive gases ever officially reported for any nuclear -

plant in the L'nited States.

The Haddam !!ack plant started to acerate in 1968 and the Millstone

olant followed in 1970. Between this time and 1975, the most recent year

for which detailed data are available, the cancer mortality rate rose 58%
' Oin Waterford where the most heavily emitting Nillstone plant is located,

' 44% in New London five miles to the north-east, 27% in flew Haven, 30 miles

to the west, and 12% for the State of Connecticut as a whole. Rhode Island,

,
whose border is only 20 to 30 miles east of these tto plants rose 8%, Massa-

_

unusetts some 70 miles to the north-east rose 7".,New Hampshire some 120
:

miles north-east rose only 1%, while for the State of Maine more than 200

miles in the same direction, the cancer death rate actually declined by 6%

during the same ceriod. ( -

Likewise, again following the pattern of decreasifig strentium-90 in

the milk, cancer mortality declined 1% for Vermont more than 200 miles to

the north. Even for heavily polluted New York City located some io iaiias

to the south-west, cancer mortality did not rise as one might have expected,

but actually decreased by 25 between 1970 and 1975, despite the high levels g

. ._.
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of sulphur, carbon monoxide, automobile exhaust, heavy metals, cigarettes,

organic chemicals, focd-additives, cesticides and other types of pollutants.

An examination of the radiation doses received by the ;oculation

drinking the milk in Waterford and nearby New London using tne accepted
'

methods reccmmended by the International Committee on Radiation Protection

indicatas that the accumulated doses to the bones of children over the cer-

iod 1970 to 1975 reached values _ of about 640 millirads frem the milk and

other food produced in the area, and about 320 millirads to the bone-marrow.(3)

This must be compared with a dose of some 2 millirads to the bone-marrow

from a typical chest x-ray, so that the very radiation sensitive bone-marrow

of children in the New London area received the ecuivalent of some 160 chest

x-rays in the course of 6 years of their most sensitive period of growth

and development.

The dose to the bone-marrow produced by strentium-90 frem the milk and

food of 320 millirems must also be comoared with the dose of 1,200 millirems (''
o

fcund by Dr. Alice Stewart of Oxford University to have doubled the normal

risk of leukemia and cancer for children who had receivec diagnostic x-ray

exposures during their develocment in their mother's womb, and some 80 milli-
.

rems for those irradiated in their first three months of intra-uterine develoc-

ment. Comparable doses have also recently been found to double the normal

risk of cancer and leukemia among older atomic workers in a study by Drs.

Thomas Mancuso, Alice Stewart and George Kneale as reported at recent Con-
..

gressional Hearings and published in the November 1977 issue of the journal,

(}" Heal th Physics".

' Since bone-marrcw type of leukemia is well known from studies of the

Hiroshima and Nag asaki A-8omb survivors to be induced by radiacion, and sinca

measurements of the bones of both children and adults have shown a high
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correlation with levels of strontium-]O in de milk, :ne is led to conclude

the procaole existence of a direct causal relation between the abnor ally g'

hign levels of strontium-90 in the milk near the two Connecticut Muclear

clants and the pattern of cancer changes in Connecticut and nearby ilew England.'

This conclusion is further succorted by the fact that the tyces of

cancers that rose most strongly in the Connecticut area are exactly those

tyoes that have been found to be most sensitive to radiation in earlier

studies as classified by the International Committee on Radiation Protection.

Thus, the types of cancers that increased the most in the time available so

far were cancers of the resoiratory system , which rose 257., breast cancers,

wnich increased 12:, and cancers of the pancreas, wnich rose :C. Since the

peak of cancer mortality for resoiratory cancers did not occur among the .
'

uranium miners until scme 7 to 12 years after the onset of irradiation, it is

to be exoected that further rises in lung cancer will take place in the next

five years.(6)(7)

Additional evidence that the pattern of sharply rising cancers in south- .r

eastern Connecticut and nearby New England is likely to be due Oc the strontium-

90 and other fission preauc:s naat escaped fr'/: the Millstone anc naddam Neck

Muclear reactors cemes frem the fact that cancer deaths show a atuct. greater

rise for women than for men, consistent with the findings of Mancuso, Stewart

and Kneale fcr atemic workers exposed to similar r low levels W radiation1

over a period of years. Thus, whereas cancer rcrtality rates in Connectic ,c

increased by only 11'; for white males between 1970 and 1975, the increase fer

white females was 17P..

Still another observation supports the conclusion that the sharp local

rises in cancer in Connecticut are connected with the localized releases of

airborne radioactivity frcm defects in the nuclear fuel, ccmes from the

. _ _ . _ _ _ _ _ _ _ _ . . __
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evidence that the increases were largest for those who were simultaneously
*

exposed to the highest concentraticns of other known cancer oremotinq pollu-

tants, such as industrial chemicals, dust ,cesticides, sulfates, nitrous

oxide and other air-collutants, both in the area wnere they live and in the

working place.

Such synergistic effects are well-known for the case of uranium miners,

where the mortality due to lung cancer is some 5 to 10 times greater for

miners who only inhaled the radioactive gases but did not smoke wnile the

rate was 50 to 100 times greater for those who did.

Thus, the cocained action of airborne radioactivity and ordinary :aliu-

tion would be greatest for those wne live and work in the most collutsd envi-

roments, who have the lowest socio-economic status and therefore also the cor-

est medical care, so that they do not receive the benefit of early diagnosis

and treatment. It follows that such synergistic effects involving radioactive

and other forms of pollution would be expected to affect most heavily the

poorest portion of the poculation, and tnis is indeed found to be the case in

Connecticut.

Thus, while the total number of cancer deaths increased 15", for the
,

wnite peculation of the state as a whole, between 1970 and 1975, this number

rose 51" for the non-white or predcminantly black copulation.

Further cre, in accordance with the greater airberne dust and collution

in chemical factories and other heavy manufacturing, mining and ccnstruction

activities emoloying men, the greatest increase in the numcer of cancer cases

during the time the radioactive gases were added to the existing collutants

took olace for non-white males, namely by the very large amount of 77".. Thus,

the observed cattern of cancer mortality changes in Connecticut and nearby

ilew York and New England since the onset of airborne releases oy the two large
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nuclear plants all fit the excected behavior for radiation - related cancers
,

observed in numerous earlier animal exceriments and large-scale eoidemiciogi-

cal studies carried out over the last thirty years by many scientis:s all

over the world.

5soecially significant is the fact that the cancer increases in Connecti-

cut following the rise of local strontium-9d levels occurred most strongly in

those age groucs which the recent studies of Milhap02s well as Mancuso, Stewart

and Kneale(5) d shown to have the greatest increases among the carefully moni-ha

tored workers at Hanford, 'dashington. These were carticularly the o' dest work-

ers, for whom the immune system is known not to be as effective in protecting

against the proliferation of cancer cells as in the middle aged adult, just

as in the case of the developing fetus and the young infant.

As shown in the accompanying table, whereas there was an overall increase

in the cancer mortality rate per 100,000 coculation of 125, after correcting

for the change in age distribution, the cancer mortality rate for the 25 to

' 49 year old individuals actually declined 15%, cresumably due to their much

greater resistanca to the effects of chronic irradiation on their i-mune de-

.
fenses and the general imorovement in environmental factors and medical care.

On the other hand, there was an increase in cancer mortality rates for

all older age groucs, namely '45 for those 50 to 54 years old, '95 for those

55 to 6A years old, and +14% for those over 65 years at death, a pattern that

fits the trend of the data for the atomic workers at Hanford founc by cae

Milham and Mancuso studies.('l

These findings help to exclain why earlier observations on workers,

x-ray technicians, and radiologists exposed to radiation indicated a much

smaller ha:aro than is now emerging from studies of entire coaulaticns under

normal ceace-time conditions that include the unborn, the young and the very h

.
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old. t!Ot only were most workers and radiciogists in the least sensitive age

groua wnen they were exposed, buc they were alsc receiving relatively brief

excosures at censiderably higher instantaneous dose-rates than individuals

in the general occulation whose princical dose ccmes frca very low dose, con-

tinuous exposure from inhaled or ingested radio-isotoces in their bones and

other organs such as strentium-90.

hus, the range of sensitivity can easily vary by a factor of 100 to

1000, decending on the age and the intensity of the radiation (12\, the effect cer

unit absorbed dose being most serious for very leu-level, crotracted environ-

mental excosures to the develocing fetus and the individual with recuced

immune resistance over 65 years of age (,131in agreement with the coservations

of Bross. (

This means that the most serious of all radiaticn excesures are not

brief medical x-raysuiiagnostic isotooe tests for the adult, but arolonged

environmental exacsures to fallout accumulating in the bcdy from nuclear bomb-

testing and releases from nuclear facilities acting sicwly or the infant in

utero, the young child and the oldest individuals in our society.

As a final test of this conclusicn, it follows that the greatest effects
.

on cancer rates in the general poculation during recent years should not be

associated with medical x-rays or other envirencental factors but with the

releases from large nuclear facilities, escecially since world-wide strontium-90

concentraticns in the diet from bomb-tests have now declined to levels ceicw

those measured around these installations. This is suoported not only by the

findings around the Connecticut Reactors, but also by the cattern of strontium-90

levels and cancer changes around the nuclear fuel reprocessing facility at West-

'/all ey , fl. Y. (

Thus, one would excect that in general, the mest recent unexclained uo-

swing in U.S. cancer mortality rates should have taken clace most strongly in
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the states that have large nuclear reactors and fuel recrocessing facilities

gwithin or close to their borders. At the same time, states that do not have-

such large nuclear facilities coerating for more than five to six years

should now show either much smaller increases in cancer rates, or manifest

declines if strontium-90 anc cesium-137 frca fission crocesses play a key syn-

ergistic role with other carcinogens in the environment.

As can be seen from an inscection of Table 5 , this is indeed found to

be the case. If one examines the rate of change of cancer cortality in the

United States for every state during the most recent 3 year period for which,

detailed data is available (1972-75), one finds that the greatest uoward

changes have taken place for the states that have the largest nuclear facili-

ties such as Hanford (Washington),'0ak Ridge (Tennessee), Savannah River

(South Carolina), or that have nuclear reactors witn known large releases in

very densely poculated areas such as near the tiillstone boiling water reactor

(Connecticut and Rhode Island) and the Oyster Creek Reactor in New Jersey,

, which is also of the boiling water (BWR) tyce.

In fact, according to the figures published annually in the U.S. monthly

,

Vital Statistics Recorts, acove average rates of cancer increase in the U.S.
.

occurred exactly in these states: Washington, +5.0%; Connecticut, +8.5%;

Tennessee, +8.1%; Rhode Island, +8.0%; New Jersey, +5.7".; South Carolina, +5.4%

con pared with a U.S. average of +3.4% for this ceriod.
'

On the other hand, cancer mortality rates actually declined durina this

same ceiiod most strongly in the four states having no nuclear facilities at

all : Alaska, -10.5%; Montana, -4.4",; New Hamoshire, -2.0%; and Hawaii, -1.5%.

For Itaine, which has only a single pressurized water reactor (PWR) operating

since 1972, cancer rates declined 1.3%. Folicwing the same pattern, Virginia

with two recently comoleted PHR's declined somewhat less or by 1.1%.

- - _
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' But cerhaps most significant is the fact that New York City, with

two pressuri:ed water reactors that emit fewer radioactive gases than tne

boiling water type located 30 miles north of the city showed a cecline of

1.1% in cancer rates desoite its enormous air-collution and socio-economic
.

proolemt, clearly succor ing the conclusion that wnen large amount of rad-

icactive gas releases are missing from the mix of pollutants, the resulting

effect on cancer and other chrcnic diseases is much less than when radioactive

gases act synergistically with dust, chemicals, cigarettes and other air-

cullutants in the environment.

Clearly, it is difficult to understand this striking cattern of cancer

changes in any other way. When states that are as environmentally clean of

ordinary air-pollutants as the State of Washingten and MCntana are changing
~

in opcosite directions, one increasing by3.0% while the other is decreasing by

A.4%, ordinary air and water collution by itself can hardly be the crucial
-

factor.

And when a heavily urbani:ad, densely populated and polluted area such

a New York City declines in cancer rates ccmcared to such rural, clean areas

,
as the State of Washington, the State of Tennessee, or the State of South '

Carolina, one cannot continue to put the principal blame on sulpnur emissions

from fossil fuel power-plants, automobile exhaust, drugs, food additives,

hair-dyes, cosmetics, particulates, and medical x-rays for the present rise

in the U.S. cancer rate without censidering the role of radioactive releases.

The facts clearly show that the ordinary types of widely distributed,

cancer causing agents cannot be the sole factors involved: they could not

explain the highly localized cancer rises around Millstone, West-Valley,

Hanford, Oak Ridge, and Savannah River, or the sharp declines in areas far

from such sources of man-made radioactive wastes.
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As difficult as it is for us to face the new facts that have now come

to light as to the unexoectedly high sensitivity to prolonged low-level

radiation exposure of some segmen';s of our peculation, we cannot continue

to risk the very survival of our nation on the hooe that all these new

findings will scmehow be explainec ano:ner way. Each year : hat we eersist

in closing ocr eyes to the new data, we will increase the total amount of Sr-90

accumulated in the soil and thus the biological damage to our newborn and

the cancer risk for our older population. But if we should be able to accept

these disturbing findings, then the evidence for the declining cancer rates.

in the least colluted areas of our country clearly points the way to the

possibility of greatly reducing the risk of cancer and chronic disease in the

years to come as we learn how to prevent the subtle damage from what we once

believed were harmless levels of man-made and natural background radiation.

.-
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Table of Cancer Ebrtality Pates in Cc=ccticut and
Ne./ England Eefere and After Start-Cp of de .'til.1-
st ne Nucicar Plant in Waterfcrd, Cc-~~-"~'

Cancer Death
Fate per 100,000 Pcpulaticn

Approx.
. Dist. Ftem Percent

M111stene 1970 1975 Chance

Vertent 200m.BM 176.1 173.9 -lt

Cbanecticut 35m. 1M * 168.1 188.4 +12%

Ne.1 Eaven,Cc=. 30m. W 200.9 255.5 +27%

Waterford, Ccen. 0 152.6 241.8 +58%

Ne.< Lcnden, Ccnn. Sm. E 177.4 255.0 +44%

Plede Island 50=. NE 200.1 216.0 +8%

Passachsetts 75. NE 185.0 193.4 +7% -

Ne.1 Hampshire 120m. NE 180.4 182.6 +1%

Paine 200m. NE 197.7 185.0 -6%

f

.

162.0 171.7 +6sU.S . -

,

NEN YCFK Cr"? 12Qn. SN 220.9 216.4 -2%

*Populaticn center of State of Ccnnecticut (Hartford-Waterbury area)

Soc'ces:

Ccnnecticut Health Depa _ ,ent, Fagistration Reports;

U.S. htnthly Vital Statistic Feports. -

,

. -

.

hTABLE 1

.
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CANCER IllCPIASE Ifl CollilECTICUT 1970-75

BY SITE AND X;10WN RADIATION SENSITIVITY

i

Increase Increase Fraction of ICRP Radiation
in % in No. Incr. No. Sensitivity

All Sites
Combined +12% 793 100% ---

Resniratory .-

System +25% 292 37% HIGH

Breast
Cancer +12% 127 15% Not Class.

Digestive
System +6% 155 20% HIGH

,

Pancreas +32% 84 11% HIGH
L-In tes t. +11% 71 9% HIGH

Source: Connecticut Annual
Registration Reports

,

TABLE 2
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TAIII.E XYlI-DENC!3 AND Dr.Nr1I .:N17.5 I' tit 100.c00 Pot'UI.ATION T1103t SIAI.!GhANT NC0t't.As.ild.
ACCOltDING TO 31TE: CONNECTICI,T. 1966-1973

Site oc Disesse
(Int:en-tions! List. Eighth 2edsien 1967) 1973 1974 1973 1972 1971 1970 1969 1963 1967 1966

3909 3691 3474 3333 3133 3116 3102 3017 4313 4 77Tots 1 (140-ZG9). ... .... .............................
Digestive ers:2ns ==d peritancum (130-139). . . . . . . . . . . . . . . . . . . . . . . . 1777 1736 1600 1637 1562 1622 1316 1573 1536 1331
Regiratan sys:c:n ( L GO-l G3). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:54 1133 1173 1102 1024 992 V33 920 $2J S14

393 532 332 323 334 463 530 431 449 433Ifre:st, (174). _ . . . . . . ... .... ___ ...................

Lyrnpnatic and Mc=stof:cic:ic sy: tem (200-209) . . . . . . . . . . . . . . . . . . . 341 335 329 304 303 313 530 432 433 393
Fcm !c c .::.d o r-ens ( 150-I S4 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3:0 324 319 296 3:S 333 3:0 332 333 291
Lic e:nttal orr.ns ( 133-t s!) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 6 2.94 196 210 2r>G 246 213 2:3 217 231

274 269 263 267 230 J1 223 23 4 240 26+ -

L*rin:ry svatem (185-159). . - . . -
?>ucenl eaisty and plannx (140-149). 149 130 125 129 130 131 147 133 122 129 o.... .........................

Sr::in, sninal curti, menm;; s, and cyc 0 90-192 ) . . . . . . . . . . . . . . . . . . . . 140 144 120 124 136 127 139 93 93 50 g... ............. ......

skin (172-1731. 73 73 64 60 60 33 67 71 61 61 .-

. . ..... ........ ... ............. ..
33 30 29 37 23 27 31 46 33 .3 g

Scft tissac (171).. . .-.-- .......... ........ ..... ........
3cne. :ciuding iswbone (~ I0). . . . . . . . 19 32 19 27. 26 27 29 23 33 10 a

23 26 IS 23 24 25 21 13 14 22 =............... ..... ..

End:.c:ine gianits (193-t94). - . -. _ ....... .....................
C ther end unspecif.cd sites (193-199 ) . . . . . . .. . . . . . . . . . . . . . . . . . . . . 38L 379 376 339 314 J00 331 369 379 343 5'

-

Rate per 100,000 population j3

Tatr.1 (140-209). . . . . . . . ._................... ... 133.4 132.3 176.1 174.4 159.3 103.1 169.1 169.2 164.3 162.7 6
IHgestive orrns and rentnncum (130-139). . . . . . . . . . . . . . . . . . . . . . . 36.6 33.4 31.5 34.6 31.0 33.3 30.2 33.2 33.1 33.4

....

IL.wir: tory systcu (160-163).. 40.9 33.0 37.7 33.7 33.4 .32.6 31.6 31.0 23.1 23................. .......... .. .
. .... 19.0 17.7 17.1 17.! 17.4 13.4 17 6 16.2 '13.3, 15.!!n;at(174). -... . . - - .. ..

1.ympluttic and Inm atonnictic sv: tem (200-;00). . . . . . . . . . . . . . . . . ;7.2 1 * *. 17.0 10.3 15.3 15.9 17.6 13.2 11.9 13.7..

Female genit:1 urenus (IEO.LM4). . 10.2 10.4 10.3 9.6 10.7 11.6 10.0 11.2 12.0 10.1. .......... ..... .. . ..

Malc acmt.d oremr. (155-137). .. ....... ............ ......... 9.1 3.1 9.3 7.3 3.7 3.! 3.l 7.3 7.4 3.0
.1. 7 3.6 3.3 3.6 7.3 7.6 7.5 3.6 3.2 9.2thinnr r eyr. tem (12 139). . . ._ . ......... ........ .....
t. 7 4.3 4.1 4.3 1.9 4.3 4.9 3.3 4.2 4.3

Drmn. :ninal' cord. :=cninges(. :nd eyc (190-192)..th.:u:nl ewitv ami lAr.rvax !40-149). _ ..... .......... ......

. .......... 4.7 5. 6 3.9 4.0 4.4 4.2 4.6 3.2 3.3 2.3
N . *7:-173). 2.3 2.4 2.1 1.9 2.0 1.7 2.2 2.4 2.1 2.1..

. .. ... ......... . .............
i.2 1.2 0.9 1.2 0.3 0.9 1.0 1.a 1.3 ,. l . 0
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It! CREASE IlliIU?tBER OF
'

CANCER DEATHS IN CCNNECTICUT - 1970-75

AFTER START OF ttILLSTCflE POI!!T NUCLEAR PLANT IN 1970

Total No. No. White No. 'lon-Wh. PoculationOtillien)

1970 5197 5005 192 3.044

1975 6001 5711 290 3.137

ERCEilT
I?! CREASE +16% +14% +51 %

'_
+3%

Source: Table 10, State of

Connecticut, Cecartment of
:

Health Annual Register Recorts
%

TABLE 3
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RELATIVE EFFECT OF RADICACTIVE

RELEASES ON CANCER DEATHS IN
.

DIFFERENT AGE GROUPS IN CONNECTICUT

1970 - 1975

All
AGE 20-24 vrs 25 49 vrs 50-54 vrs 55-64 vrs 65 + yrs AGES

Number
in 1970 20 540 41 2 1207 2929 5197

Number
in 1975 23 486 422 1439 3559 6001 -

% Change
in cancer
deaths +15% -10% +2% +19% +22% +15%

Change
in Poo. +15% +5% -2% +10% +8% +3% .

Net
-

Chance in
'- cancer rate 0% -15% +4% +9% +14% +12%

% of all
Cancer Deaths
in 1975 0.4% 8% 7% 247, 595 ----

.

(Source: Connecticut Annual
Registration Recorts)

TABLE 4
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RECENT CHANGES IN U. S.

CANCER MORTALITY RATES 1972-75

III STATES WITH AND WITHOUT

LARGE NUCLEAR RELEASES

.

AREA % CHANGE NUCLEAR FACILITY

Connecticut +8.6% ttillstone and Haddam .'!eck'

Tennessee +8.1% Oak Ridge

Rhode Island +8.0% Millstone and Haddam Neck

New Jersey +5.7% Oyster Creek (SWR)

S. Carolina +5.7% Savannah River

Wash. State +5.0% Hanford

"
U. S. Average +3.4% ----

fl. Y. City -1.1% 2 PWR (1962;73)

Vi rginia -1.1 % 2 PWR (1972;73) -

Maine -1.3% 1 PWR (1972)

Hawaii -1.5% No Nuclear Reactor

flew Hamnshire -2.0% No fluclear Reactor

Montana -4.4% No Nuclear Reactor

Alaska -10. 6% No Nuclear Reactor -

Source: U.S. Menthly Vital Statistics
-

TABLE 5
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MORTALITY R ATES IN
CONNECTICUT AND-
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CANCER MORTALITY R ATE IN

RHODE ISLAND SINCE START
OF HADD AM NECK NUCLE AR
REACTOR IN 1967
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~_ E:'.vi.~..r:JP.T.~?.] S t .:1.rm*.- f== 197 6.

.

. 7ASL5 7
CAIAY MILX

f * ** Qt )
'cot. .3C7IO!4

t.OC17IO?4 CA7? SA-s e SR -4 0 - T-L31 . . _.C 3 - 137- __

(+/~1 (+/-)
~

(+/-l (+/-l
20 2/23/74 0.0 u.7 14.5 .! . 0.06 ?2.* 1.1* * **

~" ' ~2 0 ./ *.2 775 14 122 't . 7 0.* 0.0 0.04 L2.- 0..
20 S/LO/76 0.3 L.1 7.9 C.J 0.30 0.09 13.5 0.9
20 h/ 7/7a C.2 1.5 16 2 0.a 0.0 0.03 26.3 0.3

- y - 7j v.9 j 73-- - *3 .%. . 7- . wuQ, 0.4 0 ..,. 5 0. 3 3.4. 0 2.
=-- m -

.

20 S/ 2/74 0.0 2.0 13.0 O.s 0.09 0.10 27.0 2.0.
'

2 0. - . 9 /13/ 76 1. 1, _.. 0, . 7. , ... .15 2, - 0. 5, .~Il0. ., 0.03. - 24.2 11
. . .

00
.

60 .a/~1./Ta an.. ..E .I. 0.4
.

o.wo G, ~5 ~ ~.,.a.. ..

21 __2/*2 /76 ,_0.0U5~, ,0.7 10.2 0.4 0.05 0.03 22.0 2.0
21 ~711/76 1.2 6.4 0.4 0.0 0.07 17.3 0.3
21 f/10/74 0.. 1.0 7.- 0.3 0.0 0.08 10.3 0.3
21 ,t/ 7/7,6 0 . 7.. 0.4 9.3 0.e 0.10 0.05 15.3 1.1
4,. e f.f7. 4a 0.9 0.,,,-. 6.0 0.* 0.0 0.00 1C7 0.3

~

21 $/ 2/7L 0.0 1.1 L3. L Q.5 0 13 0.09 30.0 2.0
,2,1.. . - .. 9 /1. 3/7o 0.3 0 9 _ L2.9 . 0 9.. _ ,0. 0 0 07_. _31.3 1.3

..s/ 5/70 . 0 -""2. 11'.3 0.o .ss.00 3.00 16.3 L.a
.

, u

22 */~3/76 0.0 0.5 5.4 0.3 0.07 0.03 14.7 1.0
!! ./ CKo J~0 C8 a .~d 0.J 0 . '. 0.W ~~~~ TS 3 0.3

~

12 5/10/70 L.4 1.3 7.7 0.4 0.0 0.03 16.0 1.0
2* 6/ 7/76 0.3 C.y 11.4 0.5
22 7/19/7o'~~~~ 5.0 1.1 ' ".".J,9. 777. e' '

~0.0 0.0A~ 21.3~ 1*
~

c '. 0 ~070 5 ~ 23.'3 ~ U7~ ~
- 22 1/ 2/7h 0.0 2.4 . l o. 3 f's 0.4 0.0 0.07 3s.0 3.0

I2 4 / '.3 /76 1.7 0.9 10.3 0.5 0 20 0.09 11 6 1.3
.l.'~ ~"*T/ T/ 75~~ ~ TY ~ * L*. $ ~~ ~ L3. o 0.o 217.00 5.00 26.0 2.0

... 23 A 4/12./76
3A 2/23 0.0 0.4 . 4.5 0.3 0.05 ?.08 11.3 1.1

/75_ 1, 0.9 ..d 0.3 0.0 0.03 d.3 0.e. .

23A 0/10/7s 0.5 0.v 5.2 0.3 0.0 0.c7 13.o 1.0

-- g.13 A . .- . g.m.6/ 7/76
0.,. 0 . . .g. 6. . ._ g. 2. 0.4. g .es . _ .6 . 3 0.s

03
6 0.3 0 0

g ;,g ,; g., .,

13A 8/ 2/7. 1.0 2.0 6.8 1.1 0.06 0.07 10.0 C_. 3
23A 9/13/?o 0.e U.o 7.0 0.6 0.0 0."1 13.7 1.3*

'23A 107 5~/7o . 3 ' * ~ C I~ ' * * '7.'I. d.J 17.'90 ~ 1.2.0~~ ' ' 6 '. f ~ 7 .7 ~ ~ ~
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[OCNO 5mYr[w' STRONTlUM - 90 LEVELS' ^"

IN MILK AT VARIOUS
NIGilEST LEVEL IN CONN. -e - - DISTANCES FROM THE
FOLLOWING 1961- G2 MILLSTONE NUCLEARNUCLEAR TESTS DAIRY

20 d FARM # 3 PLANT. J ULY 1976
L LOC.22

11 mi. N E

[ SOURCE:
N.E. UTILITIES ),g ENVIRON. REPOR T,1976 g*

!
_

TABLE 7 AND EPA. RE PORT !'?

NO. 7. JAN.197 7, T A B L E 7.
.

LOC.21

LOC.23A
- MANCilESTER

BOSTON N II-
\ ^HAN - PORTLANDWILMINGTON NYC

DEL CONN / 2 M E.

5 - hpROv -

Cir!Cl.
-h R I-0Hl0

.

i i i, , , o
300 200 10 0 0 10 0 200 300 MILES

DISTANCEW EST EAST< .

FROM MILLSTONE

FIGilllE 2(a) .
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VA R I ATION OF C s - 137 IN MILK

WITH TIME FOR VARIOUS DISTANCES
FROM THE MILLSTONE RE ACTOR

p C. /2s

0%D A IR Y FA R M #3

//35 11 mi. N E O F-

MILLSTONE NUCLE AR
REACTOR

/;1 i .! CHIN ESE FA LL O U T
S

30 -

n
'M

E *

2 O

|25 -

g

2
O MILLSTONE

2nd CHINESEPLANT-

$ 20 FALLOUT-

oAiRy FAR y

f ,+ 3 0 ^ --

Z
i u.J .-

0
2 P R OV10 EN C E ,

,/ / R.I. MILXy
.

g ( E. P. A.)

y 10 -

'
M ,/ (s

^U //.

UWILMINGTON
WILMINGTON,DEL. g

a a of DEL. MILK5 -

( E. P. A.)PROVIDENCE
R.E.

' ' ' ' ' ' ' ' ' ' '
O

J F M A M J J A S O N D 1976

FIGURE 4
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APPENDIX I

O
DBI.E 9

Cc::arisca of Sr-90 C===tra-'~ s in M.i.'.% Near the Mi"'ce '.!cclear
Psacter With Concent=*d- .s in Ear ford and the U.S. as a inale - 1970 to 1976

(a) ' , - (b) (c)
Av. Daily Milt Av. Daily Milk Av. Daily ""'' e :ess Sr-90 E:s::c

Year Sr-90 Cc . cent:: . S:-90 C=cen=. Sr-90 ~.::.c= =. : . :iilh *=- c 3'

Near Mi 7 7 sme In July (Eart- fcr Year T.n M' ' c.e Naar
pC1/1 ford) pCi/l U.S. pCd/1 cver U.S. M4 " =

pCi/l pC14
.

1970% 9.8 8 8 1.3 -

1971 8.8 9 7 1.8 20%

1972 9.6 7 6 3.6 28%

1973 15.0 4 5 10.0 67%

1974 14.8 Not Av=4'. 4 .-10. 3 %

1975 10.7 3.1 3 7.7 723

1976 13.0 5.7 4 9.0 69%

'

i Mi' Tece Cperatica hegan in Cctober 26, 1970
C=n. Yankee (F=dds . Neck, 20 niles N.N., Started M y 24, 1967.

(a) 'Three lccati=s w.: .= 10-13 ch . 17= ",3.2 A 'l
L. a M"' e::ne envir==en*'1 reports, annual averages

(b) E.P. A. Measurements (FO.d. Data and Paperts) in July.
10" = + 1 FCi/l

.

(c) E;P.A. Net'.crk Average (FM. Cata and Fm;crts)
10 = + 0.2 pC:/l

_,

g- ~ _.

. .- -- .- . . . . . .
_

.
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APPENDIX I

.

_

G2.LE 10

Deses to de Gene of C4'd en Due to Sr-90 in the M.il's and
Tbral Diet Na*- the M4'' ec.ne Nuc' a - 3''- - 1970 to 1976

(a) (b) (c)
Tbts.1 Diet Pr_T.a1 Sr-90 7:nual Sr-90 C.=ul. Sr-90 ann""1 Sr-9
Sr-90 Intake - Ecce Ccse For Ecne Dese For 3:ne Mse For Ecne Cese F

Yer Near M4''atene &4'd-All Scurces 04'd Due to Child Cue Tb C.ild Cua C
pCi/ day m: e:1/yr Mi ' ' e:ne 5 , M4 ' ' ecne M411eene a

mrc._ /vr. =em % of NaturI"

19704 29.4 185

1971 26.4 166 33 33 47%

1972 23.8 181 69 102 995

^73 45.0 283 ISO 292 271%

1974 44.4 279 204 495 2913

1975: 32.1 202 145 640 207%

~

1976 39.0 245 169 809 241%

.

.

i Mi''<t=ne Cceraticis Becan Oct ber 26, 1970
.

.
.

(a) Using dcse fac:=r of 0.0172 ce:r/pci annual in .ke '.__. Table A-5,
NCFEG 1.109 (N.R.C. , March 1976) , eg.:ivulant to 6.28 mren/yr. per
1 pCi d=41y intake in total diec.

(b) Using percent excess Sr-90 levels due to M4'' =tene f:=:t mi.l's -eec.re- -

:ents (Table 9) .

(c) Natur:t1 Rr*i =~4m backgret :d 70 mr /7r. ((E.P.A. : easure:nents; E.P.A..

Ae. h en F=dd'tNeck
E.:P. A. - 520/3-74-007 : Sect. 7.7 , page 109

. . .
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APPE?t0IX II-

PEAK Sr-90 IN MILK g
AROUND THE NUCLEAR

( N .Y. S . ) FUEL SERVICES WASTE
A SH FORO

36t6 STOR AGE AND FUEL
REPROCESSING FACILITY,

'// W E ST VA L L E Y , N. Y.
7SOURCE:

1974 ANN. REPORT / ( N .Y. S.) 1974
N.Y. STATE DEP T. / M ACHI AS

/ 30 7
OF ENVIR. CONSERV. [ //AND EPA RAD. e/ //DATA AND REPORTS 19GS Sr-90 IN MILK:

v0L.15 , NO. I2 V/.; //
FOR N.Y. STAT EUEC 1974 '/
FOLLOWIN G LAST
U.S. - U.S.S. R ./ // H-TESTS ( 28 pCi/.E )

(N.Y.S.)

if f f .

-

( N .Y. S .)

/. p p
f f h v$

.

<=>
/ (EPA)

(EPA)S I

f'
~ $hNhh h$$

C L EV. E-CONC. CONCORO ASHFORD M ACHI AS ONANDAGA HARTF. U.S.
CHIO E R I E CO. N.Y. S. N . Y. N. Y. CO. N.Y. CONN.

(16 0 Mi.W ) (6 Mi. N) (4 Mi.NW) ( 8 Mi. S) ( 7 Mi.E)(150 Mi. E )(3OOMi.E ) $
.

.
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APPE!! DIX II-

.

CANCER MORTA LITY

FO LLOWIN G START OF NUCLE AR
FUEL REPROCESSING PLANT

REQUCTION
' '' '*

IN W-VALLEY
E MI S S IO N S

6 YEARS,

400 - y
..

'

tu
&
<

~" OLEAN X (59)
>-
D
d A< 300 -

g _ .

C

6 YEARS X,

FROM START OF NUCLEAR
FUEL REPROCESSING q 5 ,,,o.
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STATISTICAL STUDi.ES OF THE EFFECT
OF LOW LEVEL RADIATION FROM
NUCLEAR REACTORS ON HUMAN

HEALTH
MORRIS H. DzGROOT

CAnszarz-Mzu.on Univrastrr

1. Possible efects of nuclear reactors

Government policy with re;;ard to the construction and operation of nuclear
power plants is of great public concern, not only beer.use of the possibility of
a serious accident at one of these plants, but also because of the possibility that
radioactive discharges from these plants during their routine operation may
atiect the health of nearby popuhtions. In particular, because of the vulner-
ability of the humn fetus, it is possible that exposure of a popuhtion to these
discharges may be reflected in the infant mortality rate, the fetal death rate,
the prematurity rate, and sumb health indices of the popuhtion.

Since several nuclear reactors have been in operation in the United States
for at least five years, and some for more than ten years, the relew . . data for
a statistical study of this problem are largely avaihble in published records.
A study of this type would necessarily be retrospective in nature and condned
to short term efects of low level radiation. If these effects are discernible, then
they should be reflected in certain relationships between the health indices
mentioned above for a given popuhtion and various measures of radioactivity
in the environment.

2. Popuhtions to be considered

Annual infant and fetal mortality rates, as well as prematurity rates, are
'

typically available on a county by county basis in the published vital statistics
of each state. It is suggested for simplicity, therefore, that counties form the
basic units of popuhtion to be considered. Thus, for a given reactor, annual
health indices for the county containing the reactor and for nearby counties
would be investigated over a period both before and after the reactor became

. critical for possible relations with measures of the total annual radioactive

This research was supported in part by the National Science Foundation under grant
JP-?.370S.
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discharges from the reactor. Obviously, the counties that might be afected b
a given reactor can lie in more than one state.

Furthermore, the health indices for a given county containing or near a
reactor can be compared with the corresponding indices in certain " control"
counties which are located far from the reactor but which are simihr to the
given county with regard to other characteristics.

3. Variables to be considered

The basic purpose of the type of study being discussed here is to relate health
indices such as the annualinfant mortality, fetal mortality, prematurity, and-

fertility rates for a given population to measures of the annual amounts and
compositions of radioactive gaseous and liquid discharges from a given nuclear
reactor. It is clear, however, that many other variables besides the radioactive
discharges from the reactor can adect these health indices.

Some of the variables which ideally should be included in the study are the
distribution of the population by age, sex, and race; meteorological data per-
tinent to the times of discharge of gaseous ediuents and to the geographic dis-
tribution of the population; socioeconomic indices such as income, housing,
education, and the quality of medical care; the sources of food and water;
natural background radiation levels; radioactive fallout from bomb tests; levels
of air pollution, both SO: and particulate matter; and personal characteristics,
such as smoking and dietary habits. Obviously, the list could be extended almost
indennitely and, equally obviously, it will be ve y dificult to obtain the relevant
data for many of them.

In addition, besides simply looking at the overall infant mortality rates f
a given population and its various stratincations, it would be valuable to look
at these rates for various specide causes of death. Although certain causes of
death can more easily be associated with radiation efects than others, this
analysis may not be as straightforward as it might at first appear. For example,
it is possible that an infectious disease could cause the death of an infant whose
susceptibility has been increased by exposure to low level radiation, but not
cause the death of an infant who has not been so exposed. Even accidental
deaths must b* considered. One great hazard of being rushed to the hospital
with an acute respiratory ailment is the high speed and citen reckless ambulance
or automobile ride that one must undergo.

Clearly, when analyzing data of the type being discussed here, one must
always interpret changing rates with caution. Although there has been a general
decrease in the infant mo .ality rate in the United States during the period from
1352 to 1967, there b% also been a general increase in the prematurity rate over
that period. Thi.= .ncrease might redect the increasingly deleterious efects of
radiation, air 9 ution, or other environmental agents, or of changing practicesd-

of prenatal care. On the other hand, it might merely redect changing practices
in the reporting of birth weights, or even the benedeial efects of changing

O
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medical practices which convert potential fetal deaths into premature live
births and consequently also bring about a decrease in the fetal death rate.

4. Results of prehmmary regression .nalyses
*

In order to get a feeling for the possible magnitudes of the efects of radio-
active wastes from nuclear reactors on infant mortality, and for the relative
di5c;,lty or esse with which these efects can be identified, some preliminary
multiple regression analyses were carried out for the following four reactors:
(1) the Dresden reactor in Grundy County, Illinois; (2) the Shippingport re-
actor in Beaver County, Pennsylvania; (3) the Indian Point reactor in West-
chester County, New York; and (4) an expenmental reactor at Brockhaven
National Laboratory in Sudolk County, New York. In these regression mcdels,
the infant mortality rate in a given county containing or near a nuclear reactor,
or the logarithm of this rate, was regressed on the amounts of radioactive
gaseous and liquid wastes from the reactor and on either the infant mortality
rate in a specified reference population or simply on a generallinear trend in
time. It must be emphasi:ed that none of the multitude of other environmental
agents and relevant variables listed earlier in this paper were specifically in-
cluded in the models.

The general outcome of these preliminary studies is the only one that could
have been anticipated, in view of the smallness of the effects and the simplicity
of the model. Namely, the studies are inconclusive. They neither establish nor
disprove the existence of an effect. They do, however, lead to the inescapable
ecommendation that more comprehensive and detailed studies of these ques-

tions are urgently needed.
The regressions that were carried out will briefly be summnrized here. Time-

series of annual infant mortality rates for the United States as a whole, Illinois,
Pennsylvania, New York, and the counties containing or near the four reactors
studied are readily available from the published vital statistics of the federal
government and the individual states, and will not be reproduced here. Time
series of annual gaseous and liquid discharges from Dresden, Shippingport
and Indian Point were obtained from the report " Radioactive Waste Discharges
to the Environment from Nuclear Power Facilities" by Joe E. Logsdon and
Robert I. Chissler, March,1970, Bureau of Radiological Health, Environmental
Health Service, Public Health Service, U.S. Department of Health, Education,
and Welfare, Rockville, Marylat d 20852. The time series of annual sand filter
bed discharges and background radiation levels for the Brookhaven reactor ,

were obtained from a report entitled " Background Radiation Levels in Brook-
haven National Laboratory" by Andrew P. Hull, which was presented in March,
1970, at licensing hearings for the Shoreham nuclear power station on Long
Island. None of these data are included in this paper because they are available
in the sources cited and because the primary purpose of my reporting on these
regression studies here is not to convince the reader of the validity and strength
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of particular conclusions that are reached. Rather, the purpose is to ind
that it is not possible to derive strong conclusions about either the existence or
the nonexistence of an efect from the simple regression models used here, and
to urge that a full scale statistical study of these problems be carried out.

5. Dresden

The Dresden reactor is located in Grundy County, Illinois, and began emitting
radioactive discharges in 1960. Infant mortality rates in Grundy County were
studied from 1950 to 1967, the most recent year for which these rates have been
published, in order to include a relatively modern time period of reasonable
length in which the reactor was inoperative as well as a time period of reasonable
length in which it was active.

A relation of the following form was studied:"

(1) M,= #. + Ji + 32Xu e..t

In this relation, the index i represents the particular year being studied in the
period from 1950 to 1967. For simplicity, only the Ensi two digits of the year
were used for identi6 cation, so that the year 1958, say, would be represented
by the value t = 53. The interpretation of the other variables is as follows:
M. is the infant mortality rate in Grundy County in the year t (that is, the
number of infant deaths per 1000 live births in that year), and In is a two year
moving average (for the years i and 1 - 1) of the liquid discharge (less tritium)
from Dresden measured in curies. It was origmally intended also to includ
yearly gaseous discharges from Dresden in equation (1), but the. gaseo
liquid discharges were highly correlated over the entire period. Hence, o y
the liquid discharges were used in this model.

The least squares estimates of 3., si, and 33 turn out to be J. = 55.4, di =
-0.606, and h = 1.59. Their estimated standard deviations are 30.6, 0.546,
and 0.943, respectively, which yield the following t-statistics: 1.S1, -1.11, and
1.68. Each of these t-statist'es has 15 degrees of freedom. Thus, one might dnd
in these values mild evidence of a positive relationship between liquid dis-
charges and infant mortality superimposed on a general downward trend. The
peak liquid discharge from Dresden was more than ten curies in 1966 (two year
moving average), and it is seen by using t! e least squares estimate '&, that this

- value corresponds to an infant mortality ratt of 15.9 deaths per 1000 live births
above the overalllinear trend.

It must be emphasized that none of these estimates are very reliable. Grundy
County has a population of only 22,000 and the average number of infant deaths
per year during the period being studied was only 11.4. Furthermore, it must
be kept in mind that even if a dednite relationship between infant mortality
and radioactive discharges was established by these techniques, one would still
be unable to conclude deEnitely that by actually reducing the discharres in

O
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auture years, the infant mortality rate would be reduced. In fact, the discharges
may simply be surrogates for some other variables which are the actual causative
agents. However, it is fair to state that each scientist would regard such sta-
tistical evidence as at least favoring to a certad extent the hypothesis that the
discharges are afecting the infant mortality rate.

When a mmtle analysis is carried out for LaSalle County, which is directly
to the west of Grundy and has a population of 110,000, no evidence of a rela-
tionship is found. The least squares estimates are 3. = 24.3, $t = -0.029, and
$3 - -0 * The corresponding t-statistics are 1.95, -0.13, and -0.58,
respectively.

The next step was to replace M in (1) by leg M., since it is generally believed
,

to be more appropriate to try to fit a linear trend to log M. rather than to M.
itself. The results obtained were little changed from before. The t-statistics
corresponding to $2 for Grundy and LaSalle Counties became 1.42 and -0.63,
respectively. These values are not much diHerent from their previous values.

Here, the fitted value of M. is equal to the product of a factor exp {$. $t }t
representing the general trend in time, and a factor exp {$ sin}.

For Grundy County, we now have 3. - 4.26 and 3t = 0.022, and the least
squares estimate of the general trend factor for 1966 is therefore 16.6. Also,
we now have $3 = 0.061. Thus, the efect of the factor due to the liquid dis-
charge of 10 curies in 1966 (two year moving average) is to multiply the esti-
mated infant mortality rate for that year by exp {0.61} = 1.S4. This factor
therefore corresponds to an infant mortality rate of 13.9 deaths per 1000 live
births above the general trend for that year. This estimated increase is not

,

tuch different from the estunated increase of 15.9 found from the linear model
without logarithms.

One important consideration that makes an analysis of this type somewhat
questionable, is that although the radioactive liquid discharge from Dresden
was 0 for each year in the 1950's and only began to be positive in the 1960's,
the populations of Grundy and LaSalle Counties may have been exposed to
relatively large levels of radiation during the 1Y50's from bomb tests that were
not present in the 1960's. Thus, in fact, the exposure of the population to radia-
tion may actually have decreased when the bomb tests of the 1950's ceased
and the Dresden reactor became active in the 1960's, rather than having in-
creased, as is implicitly assumed in the models being used here.

In or'er to overcome this dif5culty, the linear trend de + #i in (1) was re-t

placed by S. + #iXte, where It. is the infant mortality rate in the entire United
States for the year t. In other words, it was felt that the ups and downs in the
infant mortality rate in the United States through the years would reflect the
generni exposure of the population to radicactive fallout from bomb tests as
well as other pollutants and other transient and sporadic efects. Thus, rather
than assummg a linear trend, we assume that the expected infant mortality
rate in Grundy County is a linear function of the infant mortality rate in the
United States plus a multiple of the discharges from the Dresden reactor.
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The model used is therefore

(2) M, = #e + JtIn + J2I:, + e,.
Regressions were also carned out in which In was (i) the infant mortality rate
in hois, rather than in the United States as a whole, (ii) the infant mortality
rate in Illinois minus Cook County, since Chicago forms most of Cook County
and was thought to have its own special characteristics; and (iii) the total
infant mortality rate in Boone, DeWitt, I.ogan, McDonough, and Warren
Counties in hois, which were chosen because they matched Grundy County
to some extent with regard to their rural nature and their size, and were not
near the reactor.*

When In is the United States infant mortality rate, the least squares esti-,

mates of'# , di, and si n (2) are & = -23.4, $t = 1.S5, and & = 1.57. Theiri
estunated standard deviations are 45.S,1.70, and 0.933, respectively. The
i-etatistic calculated from & is therefore 1.67. It is curious to note that this
value is almost identical to the value found from equation (1).

When In is the hois infant mortality rate, we find & = -87.1, & = i.36,
and & = 0.937, with estimated standard deviations 71.1, 2.S5, and 0.552,
respectively. The t-statistic calculated from & is therciore 1.70, again almost
identical to the previous values.

When In is the infant mortality rate in mois minus Cook County, we find
& a -51.6, & = 3.04, and & = 1.46, with estimated standard deviations
39.9,1.65, and 0.651, respectively. The t-statistic for & is therefore now 2.24.

When In is the infant mortality rate in the group of matched counties, we
find & = 20.6, & = 0.0393, and & = 0.758, with estimated standard devia-
tions 16.5, 0.644, and 0.627, respectively. The t-statistic for & is now 1.21. I
interesting to note that the infant mortality rate in Grundy is almost to
unrelated to the infant mortality rate in the matching counties.

Finally, when M, in (2) is replaced by the infant mortality rate in I.aSalle
County, we find that & is again negative in each of these regressions.

In summnry, regardless of which regression model was used to study the
infant, mortality rate in small Grundy County, where the Dresden reactor is
located, the coefficient & of the amout of radioactive liquid discharge was
always found to be positive although the corresponding t-statistics were of
modest magnitude. In neighboring I.aSalle County, & was always found to be
negative.

6. Shippingport

The Shippingport reactor, which is located in Beaver County, Pennsylvania,
started up and began discharg=g tritium in 1958. It began emitting measurable
radioactive gaseous and other liquid discharges the following year. The infant
mortality rate in Beaver County, which has a population of 206,000 was also
studied for the pericd from 1950 to 1967. The following regression model was
used:

O
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#i + SsI s #Is B.I., e.,(3) M. = S. t

where I, is a two year moving average of the gaseous discharges from Ship-
pingport, I ,is a two year moving average of the liquid discharges (less tritium),
and I., is a two year moving average of the tritium discharges. Both I, and
Is, are measured in millicuries and I., is measured in curies.

'

No evidence of a positive relationship between the discharges and the infant
mortality rate was found, and some of the estimated coedicients are negative.
In particular, the least squares estimates are 3. - 55.0, di = -0.569, $3 -
-0.0093, 3 - -0.0023, and J. - 0.032. The corresponding t-statistics, each
with 13 degrees of freedom, are 5.28, -3.02, -0.57, -0.24, and 1.13,
respectively.

When equation (3) is applied to Allegheny County, Pennsylvania, which is
directly to the southeast of Beaver and has a population of 1,62S,000, including
Pittsburgh, the estimates are 3. - 38.1, di = -0.239, 3 - -0.0060, 3: =
0.0050, and 3. - -0.021. The corresponding t-statistics are 12.6, - 4.37, - 1.26,
1.79, and -2.60. The stability of the infant mortality rates in Allegheny County,
because of its large population, is redected here in the relatively large mag-
nitudes of the t-statistics. Among the coeficients,33, ja, and 3. of the discharges,
however, the t-statistic with the largest magnitude ccrresponds to the negative
coeficient 3, of the tritium discharge. Thus, evidence of a positive reistionship
is again lacking. ,

Simbe results were obtained when the linear term in time in (3) was replaced
by the infant mortality rate in either the United States or Pennsylvania.

.

7. Indian Point

The Indian Point reactor, which is located in T istchester County, New York,'

started up and began emitting radioactive liquid discharges in 1962. The infant
mortality rate in Westchester County, which has a population of S53,000, was
studied for the period from 1950 to 1967 and regression analyses were camed
out similar to those described for the Dresden reactor. Equation (1) was studied
first with M. denoting the infant mortality rate in Westchester and I denoting
the two year moving average of liquid discharges (less tritium) from Indian
Point measured in curies. The gaseous and liquid discharges were again highly
correlated (both were 0 over much of the period and then they rose together),
so only liquid discharges are included in the regression equation. The least
squares estimates of S., #2, and 4 are 3. - 31.7, $2 - -0.178, and 3: = 0.059,
with estimated standard deviations 3.51, 0.062, and 0.028, respectively. Thus,
the value of the t-statistic corresponding to 33, with 15 degrees of freedem, is
2.11.

The liquid discharges frem Indian Point were more than 35 curies in both
1966 and 1967, and it is seen by using the least squares estimate 3: that this
value corresponds to an infant mortality rate of 2.03 deaths per 1000 live births
above the overall linear trend.

,
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When a drnihr analysis is carried out for smaller Rockland County, whi
is across the Hudson River from Westchester and has a population of 192,000,
the results are & = 25.0, & = -0.064, and h = -0.037, and the corresponding
t-statistics are 1.75, -0.25, and -0.32, respectively.

When M. is replaced by log M. in (1), the results are little changed. The
t-statistics corresponding to a for Westchester and Rockland Counties are 2.14
and -0.25, respectively. These values are not much diferent from their pre-
vious va'ues. For Westchester County we now have & = 3.54, A = -0.0081,
and & = 0.0023. For 1966, the factor of the fitted infant mortality corre-
sponding to the general trend is therefore eu = 20.1. The factor corresponding
to the liquid discharge of 35 curies in that year (two year moving average) is
exp {0.098} = 1.10. Thus, the estimated increase in the infant mortality rate
corresponding to the liquid discharge for that year, above the general trend,'

is 2.01 deaths per 1000 live births. Again, this value is in close agreement with
the value found from the linear model without logarithms.

Next, equation (2) was studied for models in which M. is the infant mortality
.

rate in Westchester County and Xi, is the infant mortality rate in the United
States. The least squares estimates are & = 6.395, A = 0.571, and & = 0.065,
and the values of the correspondieg t-statistics, again with 15 degrees of freedom,
are 1.12,2.68, and 2.11, respectively.

When Xi, is the infant mortality rate in New York State, the estimates are
& = 2.231, & = 0.S02, and & = 0.045, and the corresponding t-statistics are
0.13,1.14, and 1.05, respectively.

When M. is taken to be the infant mortality rate in Rockland County in
these two models based on equation (2), the estimates of J are & = -0.046
and & = 0.055. The corresponding t-statistics are -0.37 and 0.37.

Although these data can perhaps be interpreted as evidence at least mildly
favoring the existence of a positive relationship between radioactive liquid
discharges from Indian Point sad the infant mortality rate in Westchester
County, it must be emphasized that these discharges were 0 until 1962 and
then increased monotonely from 1962 to 1967. Clearly then, this simple pattern
might be present in the corresponding time series of many other ewironmental
agents, one or more of which might actually be afecting infant mortality in
the magnitude being attnbuted here to the Indian Point reactor. The fact
however that these efects seem to be slightly more established in Westchester
County than in Rockbd County does provide some evidence, albeit weak,
agamst this possibility.

3. Brookhaven

The final reactor to be studied was an experimental reactor at Brookhaven
National Laboratory in Sudolk County, New York, for the period from 1951,
the year that radioactivity was first used at the Laboratory, to 1968. The
population of Sudolk County is 666,000. The following model was used:

O
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(4) M, = Se + dnt + 6,Xu + BsXu + e.,

where M, was the infant mortality rate in SuHolk County in year t X , is the
two year moving average of the concentration of the sand dlter bed discharge
in pic curies per liter, and X., is an average of two odsite background radiation
mesa aments made in year t'and the two measurements made in year t - 1,
measured in mdhroentgens per week.

The least squares estimates turn out to be & = 27.6, 3i - -0.142, 3 -
0.015, and 3 - -0.265. The corresponding t-statistics, with 14 degrees of
freedom, are 7.S9, -2.19,4.17, and -0.30. The striking aspect of this relation
is the large t-statistic corresponding to the coeHicient 3, of the concentration
of the liquid discharge from the sand alter bed. From this relation it is found
that an increase in the gress beta concentrations of the liquid releases of 300
pCi/ liter, the observed value for 1961 (two year moving average) corresponds
to an increase in 'he infant mortality rate of 4.5 deaths per 1000 live births.

These figures must again be interpreted with the greatest caution since the .
total amount of radioactivity in the liquid releases from the Brookhaven reactor
is small, the manmum value being 219 millicuries in 1961. One interesting
possibility suggested by tha observation is that the actual composition of these
releases may be as important as their total amount in afecting health.

It should also be noted that the background radiation levels bear essentially
no relation to the infant mortality rates in SutTolk County.

When M is the infant mortality rate in Nassau County, which is to the west

'

of Sudolk County on Long Island and has a population of 1,300,000, the esti-
,f mates of the regression coefficients are do - 24.9, A = -0.148,3, = 0 (to six

decimal places), and 3: = 1.66. Only the years from 1951 to 1967 were included
in this analysis, since the infant mortality rate in Nassau County in 1963 was.

not immediately available. The values of the t-statistici, with 13 degrees of
freedom, for these four coeficients are 9.34, -2.79, -0.13, and 2.46, respec-
tively. Thus, there is no evidence whatsoever of a relation ')etween the filter
bed discharge and the infant mortality rate in Nassau County, but there is now
a relation in the observed data between og site background radiation levels
and the infant mortality rate.

As before, when M, is replaced by log M and the above analyses are carried .

out, the results are little changed.

9. S=-7
It should be emphasized again that the results of these preliminary regression

studies are inconclusive. They do not present strong evidence that there is a
relatio ship between the exposure of a population to low level radiation from
nuclear reactor discharges and the infant mortality rate in the population, and
they do not present strong evidence that there is no such relation. The four
reactors studied have diferent designs, and the inconclusive nature of these
studies perhaps suggests that the actual composition of the discharges might
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be important, as well as whether and how these discharges enter the food cham.
Some of the many other variables mentioned earlier in this paper, but not
included in the regression models, are likely to be very induential.

The simple studies carried out here and their inconclusive results do lead,
therefore, to a very strong and important recommendation. A large scale
statistical study is urgently needed to aid in resolving this vitalissue. Of course,
statistical analysis can neither strictly prove nor disprove the hypothesis that
exposure of a population to low level radiation increases the infant mortality
rate. However, these analyses can substantially raise or lower the probability
that the hypothesis is correct. Indeed, a large scale statistical study, such 3s
the study of the efect of smoking on human health, could go far toward bringing*

the scientiSc community into agreement on this question.
In my classes, I usually dedne a scientist to be a person who can keep clearly

in mind the distinction between the subjective utility that he assigns to any
speciSc hypothesis and the subjective probability that he assigns to that -
hypothesis. In other words, a scientist must never let his hope or desire that
there is no relation between low level radiation and infant mortality afect his
professional evaluation of the probability that such a relation might exist.
Statistical studies performed by interdisciplinary teams of scientists, in this
strict sense, could provide information that will be of great help in reaching
decisions regarding nuclear reactors that might critically afect large segments
of the world's population.

0 0 0 0 0
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J. Gerende for his kind permission to use freely material he had prepared fa
a research proposal submitted jointly by him, Dr. Kenneth D. Rogers, and
myself to the orlice of the Attomey General of Pennsylvania. I am further
indebted to Dr. Gerende and Dr. Floyd H. Taylor for several valuable dis-
cussions of this project. Finally, I am indebted to William J. Franks, Jr., who
did most of the groundwork and all of the computations for this paper, and
whose assistance has been of great value.

Discussion

Question: P. Armaage, London School of Hygiene and Tropical 31edicine, London
Isn't the analysis very sensitive to the true nature of the time trend? If the

trend is really quadratic (as might be expected) with the curvature, may not
the X factor be taking the place of the quadratic term?

Rephp 3f. DeGroot
The possible efects of the curvature of the trend were investigated by Stting

a linear model to the logarithm of the infant mortality rate, a model for which
there is some theoretical justifcation, as well as to the infant mortality rate

O

.
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itself. As I describe in this paper, the results for the two models were in close
agreement and the magnitude of the eHect of the radioactive discharge was
almost the same for both models. The efects of trend curvature are also greatly
reduced in those models where the rate in a given county is regarded as a linear
function of the rate in some control population such as the state.

Question: V. L. Sailor, Brookhaun National Laboratory
It should be pointed out that the data used by Dr. DeGroot in his analysis

of the Brookhaven Laboratory situation (liquid waste) does not have a plausible
connection with infant mortality. The liquid waste flows into a stream which
flows to the east through a completely uninhabited area to Peconic Bay away
from the high density of population. The magnitude of the emissions are so
small that they can no longer be detected a few miles of site, nor do the biota
show activity. The total amount released over a period of twenty years was
about IM curies. During the same period SuHolk County nad more than 100,000
times as much radioactivity deposited on it from wer ..is tests fallout. Gaseous
radioactive release from Brookhaven was far greater (millions of curies per year),
but these releases do not correlate with infant mortality since when the gaseous
releases were high, the mortality rate was dropping. When gaseous releases
were reduced, the mortality rate increased.

Reply: M. DeGroot
It is true that the total amount of liquid waste from Brookhaven National

Laboratory was small compared to other contnmmants. It is possible, therefore,
that this discharge, which was zero until 1951, built up to its peak in 1961, and'

len steadily diminished, is simply acting as a surrogate for some other factor
which seriously afects infant mortality but which was not explicitly identified
in the analysis. On the other hand, it may well be true that the important con-
sequences of radiosctive discharges are derived not simply frcm the total amount,
but rather from the actual composition of the efHuent and the way in which
various elements enter the food chain or otherwise reach the embryo.

Furthermore, the efect of radioactive releases on infant mortality cannot
be measured simply by noting whether infant mortality went up or down in a
given year, since there are obviously many other factors afecting infant mor-
tality. The relevant measure of the efect of radioactive releases must be given
in terms of whether or not infant mortality was higher in the given year than
it tcould have been if these releases were not present but all the other factors were.
It is this type of measur3 that the statistical methods described in this paper
attempt to evaluate. ,

Question: J. Neyman, Statistical Laboratory, University of California, Berkeley
I am curious about the possible change in the socioeconomic composition of

the population in a given county that might have occurred after a nuclear
facility went into operation.

Also, how variable were the year to year numbers of live births in a given
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county. Did these numbers exhibit some temporal trend, and could there
any danger of some spurious correlations?

Reply: M. DeGroot
Dr. Neyman has raised two very interesting questions about my paper.

First, he is quite correct that the construction of a nuclear reactor at a given
~

site might welllead to changes in the socioeconomic composition of the popula-
tion near that site which in turn lead to changes in the infant mortality rates.
It is dif!icult to check this possibility because the relevant census data are
published only every ten years. My own guess is that although there might be
such changes in the immediate vicinity of the reactor (say within a few blocks)
it is less likely that the composition of the county as a whole will shift because
of the reactor. Of course, it may shift for other reasons in accordance with
certain population trends or patterns, which is equally damaging to the analysis.
However, I shsuld think that the particular counties considered in my paper,
rural Grundy as well as relatively populated Beaver, Westchester, and Sudolk,
retained their same general character over the entire pericd studied. This ques-
tion clearly requires further and more careful investigation.

Second, Dr. Neyman is again completely correct that a regression analysis
based on rates is a tricky business when both the numerators and denominators
are random variables, especially if the distribution of the number of live births
in the denominator may be changing with time. Here, however, the yearly time
series of the number of births and deaths in the various counties do not reveal
any " substantial" changes over the period studied. Perhaps more reassunng,
a glance at the graph of the time series of the infant mortality rate for each
county seems to indicate that the variability of the annual rate remains roughl
the same over the entire period.

.

O
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PREFACE
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assicut:s::::::s :c soc:::r

An Z:hical Physician will accep: his sha:e of*
. . .

:he p:o fession 's responsthility :o society in ma ::ers
relating to public healch, health educa:Lon, and
'legisla cion a!!accing the heal h c: well-being of the
community (Code of Z:hics, Canadian -Medical~

. . .

Association, June 1978.)

The Enviren= ental Health Cc==ittee of the British Columbia Medical
Association agrees with a statement =ade by Mr. James E. Gander at
the Conference on Nuclear Issues in the Cc== unity (CON!C) in
Vancouver, March 1979 - that economic issues of the energy debate
are " light years below ethics and health issues". There seems to
be, however, a general lack of factual kncwledge a=cng health
professionals, the public , the werkers , the native pecples, the
governmen t , the nuclear industry and the =edia about the health ,

issues of the nuclear fuel chain which makes intelligen discussion
impossible and ludicrous generali:stions and cc=parisons inevitable.
This bibliography / literature review is an effort to give a broader
understanding to all concerned, as they, their children, and their
children's children, will be affected by decisions made in the near
future. In the final analysis, it is the public that =ust becc=e
infor=ed and assu=e an active role in the debate.

The medical profession has for a icng time taken a back seat in
enviren= ental heal:h issues, cut physicians are becc=ing aware that
althcugh our tine is al=cs: fully taken in efforts to cure our patients,
we should be more actively participating in the prevention of their
diseases. He have to, cherefore, expand One of the dimensicns of
this profession - we must becc=e guardians o f health.

Because of our vested interest in the well-being of our patients , we
need ensure that they and their offspring are the beneficiaries, and
no: :he victims of technology. These who have suffered er will suffer
d sease as a result of =ercury poisoning at Minamata, frc= radicactive
fallou frc= at=ospheric nuclear tests in Nevada, Utah and elsewhere,
etc., might have expected the health profession to have had an
important input into preventica.

. -- - - - . . . -
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Whc follows is an annctated bibliography of many studies rela:Ing :c
the problems of radiation and the nuclear fuel chain. Ecce ncn-
cdical but pertinent, backgrcund data, as well as articles illustrat.

cen treversial issues , are also previded. It should be rememcered that
any consideration of uranium mining in 3.C. cannce exclude the
cumulative health dangers of all aspects cf the nuclear fuel chain,
as it is in fact not a cycle, but an active progression of events which
arc inextricably linked.

Cue : deadlines, this work is not exhaustive and it is hcced that
suggestions and further su== aries o f medical articles will be fcrth-
coming ec add to an up- c-date review in the future.

s

N0:53 QN THE 3:30:0GRA?HY/ REY:EU FO R?tA :

5cce notations that are not within quotation marks should be. :e

apologize to the authors and hcpe to rectify this situation in a
later edition.

( ) Parenthetic brackets arcund entire su== aries indicate tha: the
su== arf was taken frc= ancther article which referred : 10. The
Inviren= ental Heal h Cc==ittee has not reviewed or verified the=,
but they are included Oc give the reader an idea cf their centent.

( } Square brackets indicate edi:orial commen:.

(PSR) indicates that the article su==ary was dcne hv Thysicians for
Sccial 2esponsibility,Pc sex 295, Cambridge, Mass 02238, or cy
the California Bay Area Chapter, 944 Market S treet , San Francisec,
California 94102.

O
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PREFACE TO THE PHYS!CTANS FOR SCCTAL RESPONSIBILITY EDITION

It has been almost nine months since the partial meltdown of the
core of the Three Mile Island Nuclear Power Plant in Middletown,
Pennsylvania, and a year since the mass suicide at Jonestown. The
official offspring of the TMI disaster have undergone gestation and
delivery, and the resultant Kemeny Commission Report excoriates
the Nuclear Regulatory Ccmmission's performance in overseeine the
safety aspects of nuclear power, reco== ends a moratorium on new
._ censing and construction until adequate evacuation procedures
for densely populated areas can be devised, and finds no way to
quarantee against future catastrophic nuclear power accidents.
Sources close to the government recort that it will probably be
at least two years before any new operating licenses are granted.
Meanwhile, the 71 remainine nuclear power plants continue to
operate, and lot of the American popu ation continues to live
within 30 miles of one. These are the plants whose design, cons true,-
tion and operation cannot fully benefit from the lessons of TMI.
They are therefore at similar risk. Many Californians were sur-
prised to learn that they lived near TM!'s twin, Rancho Seco, outside
Sacramento. Many were even more surprised to learn that the Pacific
Gas and Electric Company had built a facility at Ciablo Canyon
only two and one half miles from an active earthquake fault capable
of generating a force ten times that which the plant was designed
to withstand.

As the energy crisis deepens, so increases the sense of desperation
and panic.on the part of an energy-dependent society. A discussion
of the health effects of the nuclear fuel caain is often followed
by the statement,"But we need the energy, and coal is dirty,too."
It is our contention that we do not need the 5t of the total
energy output of the US which nuclear power contributes, and that
many times that amount could be saved by generating conservation
energy rather than nuclear energy. (See Enerer ruture:The Report of
the Energy Project at the Harvard Business Schcol. Random House,
New York, 1979.) It is the purpose of this literature review to
elucidate the risks to health of all parts of the nuclear fuel
chain so that,in the spirit of informed consent, society may
choose its options more knowledgeably. We believe that the true
Risk / Benefit ratio of nuclear power eliminates it from consideration
at this point in the evolution of human technology. A perusal
of some other technological mishaps in recent times will show
our fallibility in technical endeavors-- the CC-10, the love
Canal and its many relatives throughout the land, Thalidomide,
PSB in 98t of Michigan's population, CBC? in California's drinking
water, catastrophic cil spills, the chlorine gas spill that recently
forced the largest evacuation in North American history, and many
more. Nuclear technology is perhaps the least forgiving activity
mankind ' us ever engaged in. An invisible speck of plutonium,
once released into the biosphere, remains carcinogenic, terate-
cenic and mutagenic essentially forever, due to its 24,400 year
half life. A genetic mutation that is sub-lethal, once mixed into
the human gene pcol, will contribute to the progressive genetic
degradation of our species, and other species, that will certainly

- -- . . . . . . . - . - . - . - . - . _ .. ..



accompany the man-made addition to the inescapable radiation levels
which living things must cope with and have evolved with over the
past several million years.

Because of its central role in the nuclear power and weapons programs,
we have added a section on plutonium to the original edition of this
review from British Columbia. This is to be found on pages 44A-P.
It should be universally appreciated that the nuclear power industry
intends to make plutonium the future currency of our energy economy.
This is necessary since uranium-235, the original light water reactor
fuel and the substrate for the Hiroshima bomb, is limited in nature.
plutonium, by contrast, can be created by neutron activation of
uranium- 23 8, which is abundant. The breeder reactor would use plutonium
as fuel, surrounded by a blanket ,f U-238, thus generating more
plutonium. Likewise, the hybrid fusion reactor can also serve to breed
new fissile material from fertile material. The current generation
of light water reactors also generate large quantities of plutonium,
some 400-500 pounds of it yearly. The reprocessing of the spent fuel

.

elements to recover unused uranium and plutonium is necessary for
the survival of the nuclear power industry, but it also creates the
enormous hazard of huge inventories of weapons-grade plutonium circu-
lating about. Cnly 20 pounds of this material are necessary to construct
an atomic bomb, the technology for which is relatively simple and
generally available. Already a large amount is "misaine and unaccounted
for" (MUF). In order to prevent the clandestine diversion and reproces-
sing of' spent nuclear fuel by foreign governments to whom we have sold
reactors, the United States is retrieving it from abroad, thus vastly
augmenting our growing inventories of radioactive waste,for which
we are stil? seeking adequate disposal. Thus far the performance of fthose handling plutonicm, the substrate of the Nagasaki bomb, has been
less than adequate. The Rocky Flats facility, which manufactures the
plutonium triqqers for the two hydrogen bombs made daily in the
United States, has polluted the Cenver metropolitan area through fires
and sloppy waste-handling. Dr. Johnson's study of cancer rates as
correlated with plutonium concentration in respirable surface dust,
is devastating. It awaits peer review by the scientific community.
Elsewhere, at Hanford, Washington and West Valley, New York, major
and minor dispersals of high-level waste have introduced plutonium
into the environment. It is only a matter of time before it finds
its way into the food chain. Hanford sits along the Columbia River,
which empties into the pacific Ocean. The repetitive assertion that
"There is no immediate danger to the public" may be true, since
cancer latency may be many years and the expression of subtle
genetic damage may require many generations. We trust that the
articles reviewed in the section on plutonium will speak for them-
selves as to whether or not there is a hacard.

It should also be clearly appreciated that the nuclear fuel chain
was originally developed for the sole purpose of manufacturing atomic
weapons, and that it still serves that purpose. The original " piles"
a". Hanford were built to generate plutonium for the Manhattan Project.
Later on, the waste heat was coupled to steem generators to boil
water for electric turbines. The maj or portion of radioactive vaste
comes from weapons construction, although the dream of the nuclear

. . - - . - . . .
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power industry of 1000 reactors by the turn of the century would
generate as much waste every three months as we have accumulated in
35 years. (personal communication, Dr. John Cofman) Cespite the
fact that both the United States and the Soviet Union now have enough
destructive capacity to annihilate every living creature on the planet
many times over, the arms race has taken a new, most emincus turn
recently. Whereas the traditional nuclear weapons policy of the US
has been to insure our security by possessing such retaliancry force
as to quarantee Mutually Assured Destruction (MAD), the latest
generation of strategic missiles have such long-range accuracy that
their purpose is to destroy enemy missiles in the ground, i.e., to

initiate World War III by striking first. The development of the
first- strike capacity threatens to tricger the last and greatest
conflagration. The side believing itself ahead may feel compelled to
use such weapons, knowing that the side believing itself behind may
feel compelled to strike before it can be disarmed and devastated.
Missile systems such.as the Trident, being built by Lockheed in
Sunnyvale and Santa Cruz, California, serve this purpose.

On Friday, November 2, 1979, a computer error put the strategic
forces of the United States on nuclear attack status for six minutes.
Fighter planes took off. Missile bases were alerted. The mistake was
corrected. Had it not been, a potential arsenel of some 50,000
miniature suns could have icnited on the face of the earth, thus
terminating life and civill ation as we have known it. How have we
arrived at this strange point in history, poised on the brink of
annihilation? Clearly, the public has abrogated responsibility for
crucial decisions to the experts in nuclear power and weapons policy.
Nuclear weaponry has been shrouded in secrecy since its inception,
impedinc awareness and public debate. The thoucht of nuclear warfare
is so osychologically disruptive that the spectre of total annihilation
is difficult for most people to rationally, willingly consider and
ccmprehend. Making new weapons so horrible "that they will never be
used" constitutes a flimsy defense against Armageddon. Cne need only
recall that prior to the systematic genocide practiced during the last
world war aany intelligent people were certain that "it could never
happen here." The passive accuiescence en the part of society to
leaders who believe that a nuclear war can be feucht and von will
lead eventually to the same kind of mass suicide which shecked the
world a year ago.

Three Mile Island raised the awareness of all peopleThe accident at
about nuclear power and may very well have cast the dye for that
industry. It would be a mistake for those of us concerned about the
reactors in our backyards, however, to icnore the far more complex
and less visible threat of the nuclear arms race. In order to justify
our concern for the legacy of radicactive waste bequeathed to :"-

ten thcusand generations, or the callcus trading of geneticallynext
defective offspring and lives shortened by cancer in return for
e lectri city , we must first concern curselves with insuring that
there is a futur at all, and at this point in time it looks gr m
indeed. We hope hat this short review of the bichacards inherent in
nuclear wea=o- nd ower will serve the crewing movement to preserve

that which is ast precicus--our health, our genetic material, cur
life-support system, and the inviciate beauty of the small planet on

which we live.
peter G. Joseph, M.C.

-
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Ionizing radiation is a form of radiant energy which has the ability
to shear electrons from matter throuch which it passes. When that
matter is alive, chemical bonds which determine biological processes
are altered. If sufficient damace is done to vital cellular structures
cell death results. Thus, radiation is useful in cancer therapy to
kill tumor cells. Lower doses, however, may result in chrcmosome
damage sufficient to cermit continued cell division in an im=erfect
fashion, thus setting the stage for malienant transformation.

Ionizing radiation occurs in two orinciple forms, electromacnetic and
particulate. The former type consists of X-rays, which are generated
by machines, and gamma rays, which are emitted from the decaying
nuclei of radioactive substances and also strike the earth from
outer space. Cosmic radiatien acccunts for a sizeable fraction of
our yearly background dese, and since they are filtered by the ozone
layer of the atmosphere (slowly vanishine) are strencer at hicher
altitudes. pa:.-ticulate forms of radiation consist of beta and alpha
particles. Seta particles are the equivalent of electrons, with
either a positive or negative charge. Alphas are charged helium nuclei,
and are relatively much heavier and more destructive than other forms
of ioni=ing agents. A single cellular hit with a particle of beta or
alpha radiation will break between 250,000 and 2,500,000 chemical bonds.
Some ca=acity for cellular repair is present but is naturally limited.

Relative Biolacical Effectiveness: X, gamma and beta radiation passes
relatively easily through tissue, imparting a relatively small fraction
of their energy. Their Linear Energv Transfer,L.E.T., is thus termed
low. Alpha paruicles, on the other hand, are relatively massive,High
Linear Enercy Transfer particles which travel only very short distances
through tissue before beine stopped. Cutside the body, alpha emitters
are therefore relatively harmless, but once incested are amone the
most potent carcinocens known. plutonium is such an emitter, and
in addition has a very long residence time in the body because of its
insolubility.

Curie: That amount of a radioacitve substance givi:.c 3.7X 1010
disintegrations per second of any kind of radiation.

Reenteen: That amount of any kind of radiation delivering 83 ergs per
gram of air.

RAD: Radiation Absorbed Cose, or that dose of any kind of radiation
which delivers 100 ergs per gram of tissue.

REM: Roentgen Equivalent-Man, or dose in RAES X Relacive Biological
Effectiveness. Measures the biological effect of a particular dose
or radiation taking into account its nature. Alpha radiation beine
10 times more destructive than X,camma or beta, dose in REMS of aloha
is 10Xthat measured in RADS. For the other forms, whose biolocical
effect is defined as 1, dose in RADS roughly ecuals dose in REMS.
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URANIUM MININGI -

1) Altshuler, B., Nelson, N., and Kuschner, M., "Istimation o f lung

tissue dose frem the inhalation of raden and daughters", Health,
Physics, 10: 1137-1161, 1964.

-The cancer-related dose (largest dose to shallow basal cells)
associated with 1 Working Level of radon daughters is estimated
to be 20 rads / year for nose breathing at 15 1/ minute.

-Comparison with animal studies shows working level may not be
safe and that 30 pCi/l of daughters (0.1 WL) =ay not be too
conservative for MFC (maximum per=J.ssible concentration).

~1U
-In 19 6 0 , 1 WL = 3 x 10 Ci/l = 300 pCi/l of raden daughters

(which is the daughter activity in equilibrium with 100 pC1/1
o f raden) , was adopted by the American Standards Asscciation
as a MPC.

"there is sufficient probability that the ef fective dose has been
underestimated to justify the introduction of a safety factor"

-Good table of radon daughters, which include radioactive Polonium,
Lead and Bismuth, half lives and alpha energy.

-The Findeisen and Landahl ccdel of the respiratory system used
is considered inadequate. Its low suggested dose shculd therefere
be icwer.

~42 references.

2) Archer, V.E., " Lung cancer accng populations having lung irradiation",
letter to editor, Lancet, 11(7736): 1261-1262, 4 Dece=ber 1971.

-has table of excess lung cancer / year /WLM(rad) and(rem) / mill en
persons for Sweden, Jo achi=s thal , Newfoundland, etc. miners and
A-Bomb survivors.

-U.S. uranium miners had 1.3 excess cancer / year /WLM/million persons.

-l WLM approx. = 2 rads approx. = 6 rem.

-Radiation cct only emerges as the only common carcinogenic agent
but is associated. quantitatively with excess lung cancer.

-Ventilation reduced the radon daughter concentration in U.S . mines
by a factor of 5-10.

-Radiation dose /respense curve is approximately linear frc= fairly
high levels dcwn to the 0-dose /0-respense point.

.
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3) Archer, V.E., Carroll, 3.E., 3 rin ten , H.P., and Saccomanno , G.,

" Epidemiological studies of some non-fatal e f fects o f uranium
min in g" , Radiolocical Health and Safety in Mininc and Milline o f
Nuclear Materiais, Vienna: Interna 1cnal Atomic Energy Agency,
Volume 1: 21-36, 1964.

-In Colorado Plateau miners 1950-1960 * increased rates of emphysema,
shortness of breath, persistent cough, pulmonary fibrosis and cell
changes in the sputum sug'gestive of radiation ef fects, are associated
with increasing radiation exposures in uranium miners", (in s=ckers
as well as non-smokers ccmpared with similar centrols) .

-There is free silica in the dust in uranium mines, but in less than
permissible amounts.

-Gcod statistical analysis.

4) Archer , V.1. , Gillan , D.J., James, L.A., " Respiratory disease
mortality a=ong uranium miners as related to height, radiation,
smokirg and latent peried", Proceedines of the Third International
Symposium on the Cetection anc Prevention o- Cancer, Niecurgs, M.E.
( editor) , New York, 1976.

( = ore increased cancer in uranium miners who s=cke cigarettes than
non-s=cking =iners.

-radiation possibly enhances the fibrotic ef f ect o f silicosis. )

"Respiratorydisease|h5) Archer, V.I., Gillan, J.D., and Wagoner, J.K.,
mortality among uranic =iners", Annals of New York Academy of
Sciences, 271: 230-293, 1976.

- Uranium, as found in nature, is ner= ally at or near equilibrium"

with its decay products, which include the inert gas raden. Because
r=icn diffuses from the rock into open areas of mines, acs:
underground miners are exposed to raden concentrations in excess
of those fcund above ground. "

- When pure raden is breathed, it diffuses throughout the bcdy and"

gives what is essentin11y whole-bcdy radiation. Its recention,
however, is limited, since = cst inhaled radon is also exhaled
within its half-life of 3.8 days. Fer the i= mediate daughters o f
raden, however, the story is different. These radienuclides
(218-Po, 214-Bi, 214-Pb, 214-Po) cellectively have an average
half-life of about 30 minutes. When formed in the air of a =ine,
they quickly become attached to solid surfaces, = cst notably dust
particles. When these dust particles with attached radienuclides
are inhaled, the radiation from them (largely alpha particles) is
delivered to those sites in the nose , pharynx, and trachec-
bronchial tree where the dust particles are deposited. The radiation
dose delivered to the lungs of uranium einers by these elements
is about 20 times greater than that f Om inhaled raden."

O
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- A =ortality analysis of a group of white and Indian uranium"

miners was done by a life-table methcd. A significant excess

of respiratory cancer a=ong both whites and Indians was found.
Nonmalignant respirato:;7 disease deaths among the whites are
approaching cancer in i=portance as a cause of death, probably
as a result of diffuse parenchy=al radiation da= age. Exposure-

response curves for ncns=ckers are linear for both respiratory
cancer and other respiratory disease. Cigaret s=oking elevates
and distorts that curve. Light cigaret s=okers appear to be

vulnerable to lung parenchymal da= age. The predominant
=ost
histologic cancer among nons=ckers is small-cell undifferentiated,
just as it is a=ong cigaret smokers".

6) Archer, V.E., Lundin, F.I., " Radiogenic lung cancer in =an: exposure -
ef f ect relationship", Environ = ental Research, 1: 370-383, 1967.

- Cc=parisons are made of lung cancer data from five groups of"

miners exposed to a wide range of levels of air-borne radioactive
particles. Partly because of variable quality of the data for
the different groups, alternative estimates of lung cancer risk
are used: incidence or mortality rates , ratio cf observed to

Theseexpected rates and proportion of lung cancer to all deaths.
three criteria agree that lung cancer in mining groups tends to

Afterbe directly propertional to =ean radiation exposure.
assuming linearity of this relationship and absence of a dose-rate
effect, it is estimated that one rad to the bronchial walls of cne

and thatmillion persons produces about one lung cancer per year,
the average integral dose required to produce one lung cancer is
1.3 X 103 gm. rad. An exposure of 120 WLM (esti=ated to equal 360
rad) appears to double the lung cancer incidence characteristic
o f the general population. "

- The esti=stes of risk are consistent with those for radiation induce"

thyroid cancer and leukemia in =an when expressed as risk / rad /
million/ year."

- There is no evidence for a threshold.""

" there is evidence that radiations having high - LIT do
. . .not exhibit a reduced biological efficiency at chronic low dose-

"
rates . . .

- Currently used Maximum Per..issible Concentrations (MPC) for"

radionuclides have a paucity of hu=an data to support the=. They
are based on theoretical considerations, animal experiments, and
on dosage calculations from human radium experience as of 1941. "

. -. . __..- -- .- . . - . - . -



7) Archer, V..E., Magnuson, H.J., Holaday, D.A., Lawrence, P'. A . ,

" Hazards to health in uranium mining and milling", Journal of
eceucational Medicine, 4: 55-60, 1962.

*1. Uranium miners in the Colorado Plateau have been under
epidemiologic surveillance since 1950; during this time the
working population has increased from approximately 350 to
nearly 6,000.
2. Deaths in a study group of 3,317 miners, followed 2-9 years

between 1950 and 19 59, with 13,270 persen-years of observation,
have been analyced by the life-table technic.

3. Preliminary calculations applied to a cohort of 907 whites
with 3 years or more of uranium mining experience show 5 lung
cancer deaths to have occurred where 1.1 was expected; 8 deaths
from heart disease other than arteriosclerotic where 0.4 was
expected; and 10 deaths from non-motor-vehicle accidents where
2.5 were expected. All of these differences are interpreted as
significant at the 95 per cent confidence level.

4. Concurrent environmental surveys of uranium mines have shown
a high proportion of operating mines with concentrations of radon.3daughter products above the recommended working level of 1. 3 X 10
MeV of potential alpha energy per liter of air. "

" Implication of elevated lung cancer risk is supported by suggestive
trends in the prevalence of abnor=al sputum samples collected in
1960. Furthermore, since the close of the latest life-table
analysis there have been 4 = ore confir=ed lung cancer deaths and
one additional case diagnosed. "

8) Archer, V.E., and Si=pson , C .L . , " Semi-quantative Relationship of
Radiation and Neoplasia in Man", Health Physics, 9: 45-56, 1963.

(-Increased lung cancer in uranium miners is likely a specific
result of radiation injury) .

9) Arch er , V. E . , Wagoner, J.K., and Lundin , F. E . , " Cancer mortality
a=cng uranium mill workers", Journal of Cccucational Medicine ,
15: 11, 1973.

-No increase respiratory cancer in uranium mill workers but there
was a significant excess of =alignant disease of the lymphatic
and hematcpoietic tissue.

10) Archer, 7.E., Wagoner, J.K., and Lundin , F . E . , " Lung cancer a=cng
cranium miners in the U .S . ", Health Physics, 25: 351-371, 1973.

-3,366 white underground uranium miners and 780 ncn-white studied

-found excess respiratory cancer if exposure was equal to or more
than 120 WLM.

O
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-no association with ncn-uranium hard rock mining and respiratory
cancer.

-58 dea'ths from respiratory cancer in underground smoking uranium
miners which adjusted for s=oking habits the expected was 15.5.

-among non-smckers, expected 0.5 versus observed 2.
-proves the hypcthesis that underground uranium workers are
constitutionally pre-disposed,tc develop respiratory cancer is
untenable.

-miners may be misclassified into higher NLM's, therefore lower
level risk may be underestimated.

-when adjustments were made for latent period and total radiation
exposure, no difference in respiratory cancer was found between
miners with high exposure rates to those with lower rates .
Suggested that raden daughter exposure =ay be more eff ective per
unit dose in inducing cancer at icwer total doses than at high
ones.
-cassation of s=cking does little to decrease the respiratory cancer
risk among uranium miners, whereas after several years the risk
drops to near acr=al levels if a ncn-uranium miner stops smcking..

-the epidemic a=cng uranium miners is not subsiding.

-a detailed examination of data.

11) Archer, V.E., Wagoner, J.*., and Lundin, F.E., " Uranium Mining and
Cigarette Smoking Effects on Man ", Journal of occupational Medicine,
15 . ( 3 ) , March 1973.

-A gecd article which showed the cu=ulative effect of radiation
and cigarette smoking, and belies the of t-heard claim that the
increased incidence of cancer in this industry is related to
smoking alone. We are also in possession of a personal
communication from Or. Archer from January of 1977 in which he
states, "anycne who argues that Radon is not carcinogenic unless
it is combined with smoking is basing his statements on some of
our early studies where the followup time was short. Our later
studies on animal experiments definitely refute that viewpoint."
"The use of the linear hypothesis definitely underestimates the
risk of cancer from Radon daughters at icw dosage."

~

12) Sale, W.F., and Shapiro, J.V., Radiaticn desage to lungs from raden"

and its daughter products", Peaceful uses of ater : enerev:
Proceedines of the International Ccnf erence in Gereva , New York,

'

United Nations, page 233-236, 195o.

(-principal hazard in uranium mine at=osphere is raden daughters--
isotopes of lead, bismuth, polonium, and thallium.

-9-3 X 10 Ci of raden/l gives tracheal epithelium dose o f 0. 2 rad / day.
.

e .,- e e mie = ww. m e
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13) Basson, J.K. et al, " Lung cancer and exposure to raden daughters
in South African gold / uranium mines", 4th International Conference
on ghe Peaceful Uses of Atomic Enerev, Geneva, 19 ,' l .

(-hazard of ionizing radiation in uranium a..d non-uranium mines.7

-no increase of cancer at 4 WLM/ annum)
(As no:ed, this pa per has no been reviewed by :he commi::ee. A

vas: majori:y of medical evidence does no: s u ppo:: :hei: :anclusion.
The comaictee has no: ye: had cime :o scudy the cho:cughness of
follow up of underground miners.)

14) Bertell, R., Personal cccmunication, March 1979.

-only St of uranium used in the U.S. is for nuclear pcwer and the
rest is for nuclear weapons. There are already enough nuclear
weapons to destroy North America, Europe and the U .S .S .R. many
times over. Increasing proliferation increases the chance of use.

,

15) Blair, E.A.,'"Cose-time relations for induction of lung cancer in
uranium min ers " , Sy=cosium en Radiation-Induced Cancer, Internaticnal
Atomic Energy Agency, A nens, April 25-May 2, 1969.

16) 3reslin, A.J., Gecrge, A.C., and Weinstein, M.S . , Investication of
the Radiolacical Characteristics of Uranium Mine At=cspneres , New
Yorx: Healen anc Sa:ety Laccratory, U .S . Acomac Energy Commission,
EASL-200, December 1969, 24.

(-describes the level of vearlv radiation in U .S . =ines) .- *
.

17) Cluff Lake 3 card of Incuirv - Final Recert, The Cluff Lake Scavi of
Inquiry , 802 McCallum H 11 Sullcing, Scarth and 12th Avenue, Regina,
Saskatchewan, 54P 2G6 - attention Mr. Ian MacPherson, Executive
Secretary.

13) Coll, R., "Cccupational Lung Cancer: A Review", British Journal of
Industrial Medicine , 16: 181-190, 1959.

-a review.

-miners in Schneeberg and Jachymov may have received local doses
of 10,000 rads of alpha rays.

-in animals, cancer has been induced more easily by radiation when
non-specific inflamation was also present.

-silicosis was prevalent a=cng the miners but not particularly severe
in those in which lung cancer developed.

-latency period 15-30 years.

-it is not known if removal of hazard has any significant ef fect en
the size of risk once there has been a prolonged expcsure.

O
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9) Duggan, M.J., et al, "Che exposure of United Kingdom miners to radon",
British Jcurnal of Industrial Medicine, 27 (2) : 106-109, April 1970.
-

-epidemiologic studies from 1920's and 1930's in Schneeberg and
Uachymov sines had concentrations of 1,000 pCi of Rn-222 and
produced a 30 X increase in cancer.

-raden daughters formed in the atmosphere were the =sjor paru of
radiation to the. lungs.

-1955 International Cc= mission on Radiologic protection (ICRP)
determine maximum permissible concentration in air (MPCa) should
be approximately 300 pCi/l air for 40 hour week.

-1959 MPCs equalled 30 pCi or radon /1 of air /40 hour week.
-1962 International Atomic Energy Agency found it impractical to
apply 1959 value, therefore decided MPCa should equal 300 pCi/1/
40 hour week.

-l working level (WL) equals.cencentration of Rn-222 daughters /ene 1
air which produces 1.3 X 10 MeV of potential alpha energy. 1 UL =3

100 pCi/l of Rn-222 in air = 300 pCi/l of radon daughters.
-1957 Federal Radiation Council recc= mended expcsure to Rn-222
daughters so miners received less or equal to 6 WLM in any
consecutive 3 =cnth period and less or equal to 12 WLM in any
consecutive 12 months.

-1968 U.S. Depart = ant of Labour required less c equal to 2 WLM
in any consecutive 3 renths, and less er equal to 4 ~4LM in any
consecutive 12 =enths producing an apprcximate average concentration
Rn-2 2 2 , equal to 0.3 WL throughout the year corresponding to
30 pCi/1.

-l WLM exposure results from inhalation for 1 working =cn:h (170 hrs)
of air containing concentration of Rn-222 daughter equal := 1 WL.

-Haque and Ccllinsen 1967 suggested MPCa = 10 pCi/l of air if '

quality factor (CF) of 10 is considered for the biological effect
of alpha rays en producing lung cancer and if annual dose limit
is set at 15 rem for any tissue in the lung where the dose is
censidered.

20) Environment Canada's Recly to Rexspar's First-stace Recort,
produced by One Ceparu=ent of Fisneries anc :ne Environment of
the Government of Canada, Septe=her 1977

-this is a detailed discussion and response by the Environ =en:
Cepartment as regards the original ~prcposal for the =ine at
Sirch Island. The critique is devastating in showing the
problems we might expecu with the mine as currently designed.
This should be read together with the Rexspar propcsal to demenstract
the problems one =ight expect from an unregulated industry.

- - _ . .. - . - - - . . . - -
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21) Ivans, R.D., and Gcodman , C., " Determination of the thoron content
of air and its bearing on lung cancer hazarda in industry", Journal
of Industrial Hyciene and Toxicology, 22: 39-99, 1940.

" lung tissue appears to be about 25 times more su sceptible to
alpha radiation than is bone tissue."
"we know that 4.6 and 0.17 erg units over extendr.d exposures
will produce cancer in bone and lung tissue rest.ectively but
we do not know how much lower either of these quantities can
be and still lead to significant ra'diation damage."

rats and mice are about 40 times as resistive as humans"- . . .

to lesions caused by alpha rays, when all dosages are expressed
in erg units. The extrapolation of the results of animal
experiments to men must recognize this great dif ference in
susceptibility . "

22) Federal Radiation Council, Guidance for the Central of Radiation
Hazards La Uranium Mining, Repo rt 48, rev sec, Septem=er 1967.

(-12 =cnth exposure to 1 WL = 35 rad dose.
-extensive statistical analysis of increased lung cancer in uranium
miners.)

23) Greene , M.W. , "Public Health and Uranium Mining" , B .C. Ministry of
Health, Radiation Protection Service, RFS 0479-2, Vancouver, S.C.

"The history of urani"m mine tailings =anagement has not been
encouraging. :n =any places wind erosion has spread radioactive
materials over a wide regien. "

- In other places leached materials fr=m tailings ponds have entered"

the water table . "

"And finally, tailings just seemed to disappear because they have
other uses such as land fill and construction related projects. "

-for "x-rays or ga=ma rays we can make the si=cle assu=ption:
1 rad = 1 rem = 1 Roentgan. "

See Graph $1, Ore Processing Operation

See Graph 42, Environmental Pathways of Radiation

O
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m4) Ham, James (Commissioner), Reco rt of the Royal Ccemission on the
Health and Safety of Nerkers in Mines, Ministry of ne A torney
Generai, Province of Ontario, Toronto, Canada, 1976-

"Frederic LePlay, a distinguished French sociologist and
inspector general of the mines of France in the late nineteenth
century, said that the =c st important thing to come out of mines
is the miner. I share his conviction today."

-Ham report shows that of 956 deaths en the Ontario Uranium
Nominal Roll of 15,094 people (who worked longer than 1 =cnth)
there were 31 deaths of miners or former miners frem lung cancer
during the period 1955-1974 (versus 4 5 expected-using vital
statistics for the = ale population of Ontario as a whole).

-typical exposures in Ontario mines were under the 100WLM range.
The average numbers of WLM's was 74.5 for the lung cancer cases
and 32. 8 for the survivors.

~"Though the exposures repcrted in the presant study are small
compared with those reported from Colorado , : hey are just as
likely to overstate the quantity of radiation actually needed 0

produce cancer . ". The lapse in time between the initiation. .

of lung cancer and its result in death "provides an opportunity
for subjects who have already been affected by prior exposure to
accumulate further exposures, which centribute nothing to the
outccme already determined and yet add to the apparent de se . "

ec be at all plausible in relation to the Ontaric"- . . .

experience, a postulated threshold would have'to be icwer than
10 WLM (total exposure) . "
" there is no general agreement on the ". umber of Rems o f. . .

biologically effective irradiation corresponding to the energy
of alpha irradiation in Rads. "

"Thus a representative of the Atemic Energy Control 3 card sta:ed
before the Cc= mission that exposures of 4 WLM per annu= and 12

WLM per annum could both be consistent with the =aximum permissible
biological dose of 15 Rems per annum to the lungs as allowed by
the regulations under the Atomic Energy Control Act for accmic
radiation workers."

-Reviewing the study by Lundin et al, " Radon Caughter Expcsure
and Despiratory Cancer, Cuantitative and Temporal Aspects",
Joint Mencerach No. 1, National Institute for Cccupational Safety
and Healen, National Institute of Environce"*'' "ealth, Washington
D.C., June 1971, the Ham Commission states : "The most recent major
study indicates that there is an excess risk of lung cancer at
exposures down to and including the range 120-359 WLM. This report
concludes in part that 'these evaluations have failed to find any
plausible alternative to the hypothesis that raden daughter expcsure
is causally related to the excess lung cancer risk in :he 120-359
WLM category' and that 'other epidemiological studies of situa:icns

. .
-
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where human lungs were irradiated were not only consistent with
the observations of lung cancer in uranium miners, but indicate
that excess lung cancer occurs at icwer radiation levels than
could be adequately studied a=cng (U.S.] uranium miners.' Che
statistical data derived by the Ccemission on the basis of analysis
of samples are censistent with the foregoing conclusions. "
-regarding the obligations to workers and their families : "The
Commission sees no excuse for not telling working people the
truth, however difficult and imperfect that may be. Nor is it
tolerable that there should be no forum in which representatives
of workers can engage ether parties in the responsibility syste=
in frank deliberation over the risks to health involved in work. "

-the Ccemission makes nu=erous recom=endations based on its analyses.

-hundreds of references.

25) Haque, A.K., and Collinson , A.J., " Radiation dose to the respiratory
system due to raden and its daughter prcducts, Health Physics,
13: 431-443, 1967.

radiation is highest in seg= ental bronchi.-

.1,

-at levels of 10.1 X 10 ** Ci/l (about 1/3 the MFC for a 40 hour
wee as reccc= ended by the ICRP - 1956) , the dose at a depth of -
30 microns (a basal cell) is 13.8 rads, and with a quality factor
of 5, the rem dose is 69 rem, much higher than the maximum of 15

recommended by the ICRP for limited exposure of internal organs. g
-at existing MPC value (3 X 10 * Ci/1) the dose is 41 rad and
even taking excellent ventilation into account cannot be icwer
than 25 rad (125 rem) , which is much higher than the maximum
recem= ended 15 rem for an individual crgan.

-gcod =athematical and statistical study with 60 references.

26) Hearings before the Subcc=mittee on Research, Cevelocment and
Radiation, of the Joint Committee en Atcedc Energy, " Radiation
Standards for Uranium Mir ang" , March 17, 18, 1969, and " Radiation
Exposure of Uranium Miners", May 9, 10, 23, June 6-9, July 26 and
27, August 8 and 10, 1967. U.S. Government Printing Office,
Nashington , D.C.

(-increased radiation exposure produces increased lung cancer) .

27) Hewitt, D., "Radiegenic lung cancer in Cntario uranium mines ,19 5 5-
1974", Commission Project Cocument, May 1976. (La Recort of the
Rcyal Ccmmission en the Health and Safety of Workers in Mines).

-cepulation 15,094 workers - shows 81 lung cancer deaths versus
45.08 expected, violent accidents 400 versus 212.38 expected,
arteriosclerotic heart disease 195 versus 287.69 expected, the
latter possibly due to =edical fitness selection of miners.

O
.
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-U.S. level in mines approximately 10 times greater radiation than
Ontario mires.

-highest exposure in Cntario 375 WLM before death.

28) Holcday, D.A., Ivaluation and Centrol of Raden Dauchter Hazards
in Uranium Mines , Wasning cn , D.C., U.S. Department or Heal:n,. .

Educa:1cn anc Welfare , No. (NICSH] 75-117, November 1974.

(-U-238 produces radon and daughters which account for = cst
radioactivity in uranium mines, especially raden (Rn-222
producing alpha rays , half-life = 3.8 days) , Radium A (Po-213
p cducing alpha rays , half-life = 3 minutes) , Radium C'
(Po-214 producing alpha rays, half-life less than 1 second) .)

29) Holoday, D.A., Coyle, H.N., "Inviron= ental Studies in the Uranium
Mines", Radialecical Health and Safety in Mininc and Milline of
Nuclear Materials, vienna; International Accmac Energy Agency ,
volume 1, 9-20, 1964.

U.S. Public Health Service study frcm 1950-1963 of varicus-

uranium mine radon levels and miner exposures.

-1952: greater than 44% of early mines had WL of greater than 10
NL raden concentration, less than 161 had raden concentra:icn
less than 0.49, 23.3% had radon concentration from 2.5 te 10 NL.

-1962 app cximately 4 % of =ines had WL of greater than 10 WL
radon concentration, appecximately 33% had raden concentration
le'ss than 1. 0, 29 % had WL between 3 - 10 WL radon concentration .

"In =any mines the atmospheric concentrations of radon daughters
still exceeded the recc== ended levels."

- The use of dilutien ventilation as the scle method of centrol"

has reached the point of diminishing returns. "

30) Jacobi, W., "The dose to the human respiratory tract by inhalacion
of shcrt lived Rn-222 and Rn-220 decay products", Health Physics,
10: 1163-1175, 1964.

-the Findeisen and Landahl =cdel is considered inadequate.

31) Lcren:, I., " Radioactivity and lung cancer; a critical review of
.

lung cancer in the mines of Schneeberg and Joachimsthal, " Journal
of National Cancer Institute, 5 (1) : 1-16, August 1944.

-primary cancer o f the lung (1975-1939) 43%, (1921-1939)= =

52% of deaths in =iners.

-a review of =any early studies done en those =iners with various
factors being blamed for the carcingenesis.

-daily raden concentrations estimated at 3,000 pCi/1 of aden.

-. -- - . _
. . . . . . --- -
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and Wagoner , J.K.,
32) Lundin, F.E., Archer, V.E., Smi th , E.M.,. current assessment

" Lung cancer among U.S. uranium miners:
of risk", presented to the American Public Health Association,
Miami, Florida, 1967.

(-risk estimates have increase over time.)

33) Lundin, F.E., Lloyd, J.W., Smith, E.M., Archer, V.E., and Holoday, D.A.,

hard" Mortality of Uranium miners in relation to radiation exposure ,
rock mining and cigarette s=oking - 1950 through September 1967",
Health Phvsics, 16: 571-578, 1969.

-studied 3,414 white underground uranium miners and 761 non-
white.

-398 deaths versus 251 expected; violent 120 versus 50.5 expected
respiratory tract =alignant necplas=s 62 versus lu expected.

-prior hard rock mining had little overall effect on lung cancer
incidence .

'

-smoking alone would not explain the =arked excess.
-higher cumulative exposure levels related directly to increased
incidence of cancer.

-60 respiratory cancer deaths were observed among smoking white
uranium miners versus 15.5 expected in a smoking non-uranium
mining sample, therefore a 4 fold increase.

-non s=cking uranium miners have 1.7 excess respiratory cancer
deaths per 10,000 person-years versus cigarette smoking uranium
miner excess of 17 per 10,000 person-years.

-smoking dif ferences among them could not account for the
progressively increasing cancer risks as radiation exposure
increased.

-excess lung cancer was noted dcwn to less than 120 WLM (p less
than 0.01).

-an excellent, comprehe.,3ive analysis.

34) Lundin, R.I., Wagoner, J.K., Archer, V.E., " Radon Daughter Exposure
and Respiratory Cancer: Quantitative and Temporal Aspect", NIOSH-
NIIH, Jcin Mcnograph 41, Springfield Virginia, National Technical
Inforriation Service, June 1971.

-(increased lung cancer in uranium miners due to radon and
daughters,-

-increased lung cancer down to 120 - 359 WLM category, and other
studies indicate excess cancer at even lower levels.

-dose rate does not influence cancer risk at 120 - 359 WLM.
-extensive statistical analysis.)

-- - . ._ . . . .
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-) Milham, S., " Workers dying frem cancer and other causes",
occucational Mortality in Washincton State 1950-1971, EEU
pun 11 cations 4(NIOSH 76-17, volumes A, 3, an c C ) , 1976.

36) Miller, H.T., " Radiation Exposures associated with surface mining
for uranium", Health Phvsics, 32 (6) : 523-527, June 1977.

-hacards from beta and gamma radiation; uranium dust and surface
contamination in open pit mining are about the same as for
underground mining.

-main difference is the very low raden and radon daughter exposure.

-gamma radiation dose equivalent is approximately 60 - 170 mrem /hr.
-alpha: radon concentrations in the pit are less than 10 pCi/1.
-raden daughter concentration &s less than 0. 3 NL and average
rate on daughter concentration is less than 0.06 WL.

3-maximum uranium airborne concentration = 1.7 =g/m .

-a 6 month study.

37) Muller, J., Wheeler, W.C., "Causes of death in Cataric uranium
mines (second report)", May 1974.

-development of the :cminal Roll.

-41 lung cancer cases in 8,000 =iners (1955-1972) gave an excess of
2S over the 13 lung cancer expected deaths.

-persons on ene uranium t!ccinal Roll have increased risk of lung
cancer in Cntaric . Risk increased with cumulative exposure and
linear hypothesis is censistent.

-Bancrcft: risk of miners = 2.2 X the ner:al chance of lung cancer.

"there is new no longer any real questien o f recc==ending a level
cf exposure to ioni:ing radiation that in the light of present
knowledge can be considered absolutely safe."

" direct epidemiological evidence in the circumstances of exposure
of the particular working population :s censidered to provide the
best basis upon which to review the standard for exposure to
radiation."
-disagrees with the conclusions o f Stewart and si=pson.
-previcus work history shows exposure te less than 1 WLM/annu= in

. Cntario ncn-uranium mines.

-the ::cminal Roll prevides no evidence supporting the hypothesis
of a threshold of exposure belcw which there is not significan:
excess risk.

-must have " regard to the human risks that are acceptable in return
for the benefits of nuclear power" (based en - accidents and lung
cancer risk).

-"in the abse,ce of evidence of a threshold belcw which i: may be
presumed that there is ne risk, it is prudent to assume that the
risk of excess lung cancer increases with ionizing radiation from
:erc exposure."

-sputum cytology is net suited to massive application i.n cccupational
medicine.

.
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38) National Academy o f Sciences , The Effects en Poculations of
Expcsure to Lcw Levels of Ionizine Radia tion : Recort of en_e |
Adviscrv Committee on One 31clogical Effects cr Ionizing
Radiation (SEIR report), Novemcer 1972.

"The doubling dose (for genetic defects] for chronic radiation-

io estimated to fall in the range of 20 ,200 rem. "
- It is calculated that the effect of 170 arem per year (or 5"

rem per 30-year reproduction generatien) would cause in the first
generation between 100 and 1,800 cases of sericus, dominant or
X-linked diseases and defects per year (assuming 3. 6 million
births annually in the U.S.) ", and about 5 fold larger incidence
at equilibrium.

- Added to these would be a smaller number caused by chromosomal"

defects and recessive diseases. "

- In addition to those caused by single-gene defects and"
. . .

chrc=osome aberrations are congenital abnormalities and
constitutional diseases which are partly genetic. It is
estimated that the totsi incidence from all these including
those above, would be between 1,100 and 27,000 per year at
equilibrium (again , based en 3. 6 million births .) "

- The Risk in Terms of overall Ill ~ ealth. The most tangible measure" d
of total genetic damage is probably 'ill-health' which includes
but is not limited to the above categories. It is thought that
between 5% and 50% of ill-health is proportional to the mutation
rate. Using a value of 20% and a doubling dose of 20 rem, we
can calculate that 5 rem per generation would eventually lead to
an increase of 5% in the ill-health of the population. Using
estimates of the financial costs of ill-Fealth, such effects can
be measured in dollars if this is needed for cost-cenefit analysis . "

'

-Such calculations based on these data from irradiated humans lead
to the prediction that additional exposure of the U.S . population of
5 rem per 30 years could cause from roughly 3,000 to 15,000 cancer
deaths annually, depending on the assumptions used in the
calculations."

-Some recommendations were: "The public must be protected from
radiation but not to the extent that the degree of protection
provided results in the substitution of a worse hazard for the
radiation avoided."
"There should be an upper limit of =an=ade aca-medical exposure for
individuals in the general population such that the risk o f sericus
injury from sematic effects in such individuals is very small
relative to risks that are ner ally accepted. Exceptions to this
limit in specific cases should be allcwable only if it can be
demonstrated that meeting it would cause individuals to be
exposed to other risks greater than those frem the radiation
avoided."

O
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" Medical radiation exposure can and should be reduced considerably
by limiting its use to clinically indicated procedures utili: ng

exposure techniques and epcimal operation of radiationefficient
equipment.""In addition to normal operating conditions in the nuclear power
industry, careful consideration should be given to the probabilities
and estimated ef f ects of uncontrolled releases. "

" Concern about the nuclear power industry arises-In General:because of its potential magnitude and widespread distribution.engineering judgment,Based on experience to date and present
the contribution to radiation exposure averaged over the U.S.
population from the developing nuclear pcwer industry can remain
less than about 1 mrem per year."
(No : only does this figure either spread ou: the higher worke:
exposure ove: che gene:al popula:Lon or no t include :h em a: all
bu: :his figu:e mus: be based on the premise :ha : *:! every ning
goes perfectly well then everything will go per f e c:l y well".
I:s calcula:Lon mus: he providing tha t .
-there are no ::a ns po::a cio n accidenes c: hijacking,
- tha : :here a:e no acciden:al serious :eac:o: :eleases, acciden:s
c: sabo :a ge ,

- :b a : no-one builds a reac:c: c: uranium mills or :eprocessan;
plancs in majo: earchquake areas,

- tha : no coun :y which buys a reaccor and develops nuclea: weapons
ever uses chem,

-cha wasce disposal mechods a:e developed fo: :ailings as well
as reacco was:e,

- :ha : :here is no envi:cnmental con amina :ica !:ca s:orage c! such
was:e,

c: :e po si co:y anywhere in-:ha : "no :eac:c: fuel processing plan
che world is s :ca:ed in a :egion of rio:s or que:: illa ac: vity,

cakeseven a ' conventional' one -

and no :evolu:Lons or wa: -

place in :hese regions. The enormous quan:i:Les of da nge:c us
ma:e:ial mus: no: ge: into che hands o f igno:an: p eo pl e a:
despe: ados. No ac:s of God may be permic:ed." (Hannes Alf ven
(Nobel Lau:ea:e in Physics, 1970), B ull e tin of the A :omic
Scien:ists, May 1972.)]

- Whether we regard a risk as acceptable er not depends en how"

avoidable it is, and, to the extend not avoidable , hcw it
compares with' the risks of alternative options =~d -"cse nornally

accepted by society."

-Lunc Cancer:
-suggestec that 1 WLM results in 5 rems to the lung tissue .

"... there is little or no dese-rate dependence observed folicw--

ing exposure with high-LIT (linear energy transferl radiation and
a de"ad~a dose-rate dependence following exposure to icw-LIT
radiation."-On the basis of present evidence, 1 rad /ULM is probably close
to the upper limit for a reasonably uniform dose to the basal
cell layer of the epithelium of the larger br nchi. . . "
-"... the absciute risk (c f lang cancer] in these grou:s (uran-
lum miners and Japanese survivors) will approach 2/10 S/ year /re.r. . "

-Testes:
"In nen who have received testicular irradiation in criticality-

-. .- .-
-
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accidents of radiotherapy, the time required for the sperm
count to return to normal has varied from about one year after
a dose of 100 rem to = ore than three years after near-lethal ex-
posure."
-hundreds of references.

39) Nader,R. and Abbotts , J. , The Menace o f Atomic Ener=v, W.W. Norton
& Co. Inc., New York. 1977.

- It appears that the Public Health Service 1969 estimate by C.C."

Johnson that excess lung cancers would af fect one-tenth or more
of 'the =iners is still accurate. Dr. Archer further indicated
that 30 years of exposure at the present 4WLM per year standards
would increase by 45 percent the chances that a person would
contract cancer. Archer co==ented: 'The epidemic of respiratory
cancers among United States uranium miners is continuing, even
though radon daughter levels have been low in recent years. A
new epidemic of death from respiratory insufficiency has begun
among them'. " .

"... another problem at mines and mills has surfaced - the drink-
ing water for the workers & even their families =ay be radio-
active..."

/
-In New Mexico in the Grant's Mineral Belt' where water "had to be
pumped out of the uranium =ines to prevent flooding" , the " IPA
surveyed 6 drinking water supplies & found all 6 excessively
contaminated with alpha radiation and radioactive uranium. Alpha
radiation levels were 200 times those allowed by drinking water
standards proposed by EPA: radium levels were 8 times the allowe
levels."

-hundreds of references.

40) Palmer, E.E., Perkins, R.W., Stuart, 3.0., "The distrihution and
deposition of radon daughters attached to dust particles in the
respiratory system of humans exposed no uranium mine at=cspheres",
Health Physics, 10: 1129-1135, 1964.

-Comparison of air sa=ples with whole body counting data obtained
for 0. 5 - 2. 5 hours exposure in mines show nearly 100% deposition
of radon daughters (20% in the head , 10% in neck, 70% in chest).

-Radon daughters attach themselves to dust nuclei in the air &
release decay energy to local tissues following inhalation.

-Particles carrying the bulk of activity are probably smaller
, than 0.1 micron.

-No filtering substance is kncwn that will adsorb an appreciable
quantity of radon. Approximately li is now adsorbed.

41) Porter, A., Interim Recort on Nuclear Pcwer in Ontario , Royal
Commission on Electric Power Planning, Queen's Printer for Cntario ,
1978.
- Since 19 54, when uranium =ining began in the Illiot Lake region"

there has been serious environ = ental contamination in the immedi
ate vicinity of the mines resulting from the leaching o f radio-
active substances, especially radium-225, and from highly acidic
tailin gs . "

. - - - . . - . . . . .- .-- . . . .
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=easured for high e=ission rates, e.g., those which oc=urred in
We =ust1973 in Gundre==ingen er in 1975 in Lingen (=cdel study) .

carefore rely on a theoretical calculatien.

Nchle gases are for=ad in the reactor core during the
Since the processes involved in the production offissica process.

noble gases during fission are not k=cvn exactly encugh, an exact
gaantitative esiculation of their production in the reactor core *

cannot be =ade. Consecuently, it is necessary for us to rely en
(1973), whichthe liberation rates given in the ris Safety Report

are based en =easurements perfc==ed en the Gundre==ingen boiling-
water reactor (Hol=,1978; Schrufer,1974) . According to these
=easure=ents, =cble gases are produced in highly variable quantities.
For exa=ple, Kr-85 is produced at a rate of 750 C1/yr, while Kr-89
is produced at a rate of 2500 C1/hr (in each case it is assu=ed that
the reacter is cperated at full lead) . 'Since acble gases decay after

the en-a certain a= cunt of ti=e, which depends on the half-life,
viren= ental hazard depends to a critical extent on hev long the
noble gases : - in the reactor plants.

If the noble gases are c=nveyed to de M -isy through
extraction systa=s (paths 2 - 5) , the dwell ti=es in the reactor

rate.
plants depend on the particular space volu=e and on the avhaust
It was assu=ed that de ncble gases becc=e unifc:mly distributed

Of course, if the pointin the space i==ediately after entrance.
of leakage is near the exhaust system, the dwell ti=e is consid-

Since the exact construction plans were not avail-erably reduced.able to us, this case, which =ight result in elevation of de
radiation lead, could not be considered. *: =ust be expected,

that a large proper icn of the gases escapes by leakagecarefore,
rather than by the prescribed path, na=ely, via *.he dagassing
syste=. It can ':e assu=ed that with increasing ccerating ti=a the
leakage or the ac.ivity e=issicas en the liberation paths becc=e
greater.

In accordance vtth Hols (GRS-6,1979) , the Depart =ent
' of Environ = ental Protection c=nsidered the folicwing liberation

paths in particular in its calculations:

1. Pri=ary water purificatien plant - exhaust systa= -
chi =ney

Steaci generater heating pipe leakage - condenser -2.

chi =ney"

Laakage from the pri=a=7 circulation - plant buildings3.
- exhaust air - chi =ney

.

Laakage frc=. the- prima I water purification plants -4.
annular space air - c.h.ey

-11-
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5. I,eakage frem the prd -f water purification plants --
auxiliarf plant buildings - chi =ney

Kaus: and Spang (1973) show that about 50% of the ncble
gas emissiens reach the outside through leakages while avoiding
the exhaust gas system. Measurements of the National Bureau of
Health (National Sureau of Health, STH-2/76) have fcund rates
of even,45% to 98.5%.

In the calculation of the nuclide spectra perfer=ed here,
the experts worked on the basis of the proposed activity emission
of 80,000 Ci/yr, an annual power availability of the nuclear power
plant of 80s, time delays of 40 days for xenen and 40 hours for
krfpt=n in the exhaust gas system, and es*ted, free volumes
and exhaust gas rates of the system parts of the Biblis tfpe
pressurized water reactor (frem D. Holm, GRS-8, 1978). In regard

to the percent variatica of the proportions of noble gas that are
released to the envircement via the leakage, it is =ainly
the proporticas that do not pass through the exhaust gas system
that dete"ne the radiation 1 cad because of the short time delays.
Four leakage ccmbinaticns calculated by us are given in Table 4.3-1,
whereby, in ac=crdance with experience (STH-2/76) , the a= cunt of
neble gas released e== ugh the delay system was varied between
1.5% and 50% ed the total amount of nchie gas activity emit ed.
The nuclide spectra resulting fr=m this distribution are given in
Table 4.3-2. It is seen that there are practically no differences
a=cnq spectra A to D despite the large variation in the percentage
released tFacugh the exhaust gas system. There is no great change
in the spectrum until all of the noble gas is released through the
exhaust gas system (case 2). Ecwever, a physically unrealistically
high source strength would be necessarf for this if 30,000 C1/yr
were to be released thrcugh the chi =ney.

The four noble gas nuclide spectra given in Table 4.3-2
are based en 0.8% (A), 2.7% (3) , 0.94- (C) and 0.45% (D) of the noble
gas activity produced in the fuel rods (scur:e strengths) . Cn the
other hand, these values could also be regarded as leakage rates
of the fuel element cladding, which, with cc=plete (100%) continuous
degassing of the reactor ecolant in the degassing system and with
the a= cunts of leakage in the other systems (leakage ce=binatiens
A to D), result in a release rate of 30,000 C1/yr. When it is
considered that the empirical value for fuel element failure is it
and is conservatively es-d=sted at lot, and that the pri= arf ecolant,

is actually 1.egassed to as =uch as 994 (Kaus:: Spang, 1973), then
a release rate of 80,000 C1/yr is perfectly realistic and p cbable
and say even be exceeded in verf unfavorable cases, especially
with increasing f a-dgue of the material.

-12-
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The harard ec =an by ncbie gases is usually given by the
mean dose facter, which depends essentially en the nuclide spectru=
that is used. Se bott== :cw of Table 4.3-2 shews the mean dose

In casesfactor for ga==a sut=ersicn for the calculated spectra.
A to D it. is always about 12 x 10-5

The last sym. a (labeled SSK) was raccc= ended by the
Radiation Protectica C. J.ssien (55K, 1977) for ecclegical cal-
culations.

It = cst closely rese=bles spectr.s E, in which it was
ass =ed that all noble gases escape via the exhaust gas syste=.
A qLick conversica shows that fer a yearly release of S0,0C0 Ci
boti spectra are not =arely cpH #stic er unrealistic, but rather
patintly absurd. Kr-89, which represents a sericus radicecolegical
danger and which has a high liberatien rate, is net even re-

presentad in the S5K spectrt=, while K:-85, which is relatively un-
dangercus due to its icw dcse facecr, is present in a quantity of
2 11 or 1600 C1/yr. But this is i=possible, for a total of caly about
750 Ci/yr Kr-85 is produced in the plant. The 55K.is able to arrive
at the i.adicated Icw mean dose facter of 2.6 x 10-5 caly by making
absurd assu=ptiens such as this. The origin of the even icwer
value of 1.6 x 10-3 that is used in the study by the GRS could not
be decami ed because no nuclide spect:r. was given. In our f uther

calculations we used the calculated mera dose facter of 13 x 10-3
re= x =2/C1 x sec.

.

.

-13-
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5 Abiotic Dispersien

5.1. heteorolegical Dispersien and settling via the Ixhaust Air

5.1.1. Validity of Calculations ca Zatecrological ::ispersica

The purpose of an assessment of this type is not to debate con-
troversial seier-d" - Taestiens, but rather to give guarantees. In
regard to at=espheric precesses, the nu=ber of necessary pars =eters
is large, and.their reliability is indifferent in se=e cases. We
therefers censider curselves cbil;ed, not only to give the values
for the =eteorological attenuation that are obtained frc= cur cc=-
putations, but also to esti=ste the corresponding ranges of errer.
Thic is always good prac ice in science and techncicqy.

We are interested in calculating the radiaticn lead that may
be expected frc= the nuclear pcwer plant during normal cperatien. In
regard to de at=cspheric dispersien of nexieus subsances, this
=eans that we are interested only in icng-ter= data, i.e., the
planned nuclear power plant is regarded as a centinuous emitter. Hew-
ever, since the output of e=issiens is subject to great fluctuatien
(fec= year to year and in the course of each year) (National sureau
of Health and other sources, e.g., Wiechen states that in the weeks
folicwing a react = shutdcwn the relesse of I-131 into the at=cs-
phere increases sharply), de weather data =ust be known fer shcre
intervals of ti=e in crder to allcw ac= urate attenuation calcul-
ations, i.e. , it is not sufficient to have =ean nlues fer icng per-
icds of ti=e. Ecwever, this is i=pessible wit the data presently
availahle. It =ust be noted, therefere, dat. the elevation of the
doses which is obtained by esiculating with correctly superimposed
's:1ues, ce= pared to dispersien calculations with leng-ten averages,
cannot be even apprcximately es- Nted.

Cur exper s give a realistic acccunt of the =eteorological
attenuatien ra-ler than a cauticus one. The censezratis= that is
necessary in judq=ents of this sort is guaranteed by furnishing all
results with an errer esti= ate.

5.1.2. Dispersica Class Statistics

The regaired fcur-di=ensional dispersion class statistics
(wind speed, wind direction, dispersien catege:7, precipi atien) for
the planned site of the nuclear pcwer plant (Wyhl) have not been pre-
pared. In the cpinien of the Ger=an Weather Service, statis ics of
this sort cannot be prepared. Cur exper s therefere have no chcice
but to rely on less suitable data. The applicability of this data .

to the preposed site of Wyh1 is checked in each ind!vidual case.

-16-



.

(1 71-

.

. . . there are approximately 75 million tonnes o f- At = resent"-

tailings in the Elliot Lake vicinity. "
"The safe disposal of these tailings constitutes a =ajor proclem.
Several lakes and streams have been badly contaminated - notably

-

the Serpent Rive r . "
mining industry expands , it is foreseeable that" As the uraniu::1several hundred =illion tonnes of =111 tailings will be lef t

-

This will constitute,behind in tailings ponds by the year 2000.
increasing health and environ = entalas it does at present, an

problem..."
"Another i=portant dimension of the mill tailings problem relates-

to the question of what happens to the tailings ponds when the
=ining companies cease operations . . .? . . . there are no obvious
technological solutions in sight. "
"Some health physicists regard the 5 rem per year dose limit for-

nuclear workers to be much tco high. Professor E. Radford of
the Graduate School of Public Health, at the University o f
Pittsburg has advocated a reduction . . . to 0.5 rem."

-over a hundred references.

42) Rockstrch, H., "Zur Aticlogie des Bronchialkrebses: in Arsen
verarbeitenden Nickelhutten. Seitrag zur Syncarcinogenese des
Serufkrebses", Arch. Geschwulstforsch, 14: 151-162, 1959.

(Excess lung cancer in plants that process tranium cres. )
43) Saccc=onno, G., Archer, V.E., Auerbach, D., Saunders , R.P.,

" Susceptibility and Resistance to Enviren= ental Carcinogens in the
Cevelopment o f Carcinc=a o f the Lung" , Eu=an Pathoicev, 4 (4 ) : 437-
495, Cec. 1973.

-a patients with exposure to raden and radon daughters, with er
without smoking, show different responses, i.e. types Of Ca
developed. One patient developed no Ca.

-Patients with small cell Ca survive a shorter time.
-Carcinogenesis is dose related.
-Cigarette smcking and radon daughters act synergistically.
-3000 cases studied since 1957 - with approxi=ately 200 cases
of lung cancer having developed.

44) Saccc= anno, G., Archer, V.E., Saunders, R.P., Auerbach, O. and
Klein, M.G., "Early Indices of Cancer Risk a=cng Uraniur Miners
with reference t: =cdifying factors" Cccupational Carcincgenes s ,
Annals o f the New York Acade=v o f Science , 271: 377-383, 1976.

3,500 uranium miners-Fopulation of 2,500 -

-In situ carcinoma shows large nu=ber of cells which can be
identified as malignant in sputum.

-Average ti=e to develop invasive carcinc=a ecuals 14 years.
-Cescribes progression frem ner=al to =alignant cells.
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.

45) Saccc= anno, G., et al., " Lung Cancer of Cranium Miners on the
Colorado Plateau", Health Physics, 10: 1195- 1201, 1964.

46) Sikl, H., "The Present Status of Kncwledge abcut the Jachymov
Disease ( Cancer of Lung in Radium Mines) ", Acta Un. In t . Cancr,
6: 1366-1375, 1950.

-In Jachymov (ccechoslovakia), ""'he mor ality by lung cancers
among miners is very high (4 4. 6 %) almost 50% of the natural
deaths."

(tate: this was !cund due to very high levels of :adioactivi:y.)

47) Status Recort: Water Pollution in the Serpent River Basin, Ministry
of the Environment for une Province of Ontario, 1976.

-A very upsetting document indication the ongoing problems related
to contamination of the Serpent River Basin by mines in the Elliott
Lake region. Should be read by anyone who feels that we are en
the threshold of solving our technological problems in this area.

-Through a combination of radioactive and non-radioactive pol-
lutants, 55 miles downstream from the operation has been rendered
unusable by fish of men and there are significant engoing prob-
less.

.

for the Short-lived48) Stewart, C.G. and Simpson, " On an
(MPC)$ceedincs of theDaughters of En-222," Pneumoceniosis, Pr In ter-

national Conference, Jo nannes=urg , 1969.

(definite exposure shows increased cancer risk will not cccur
unless greater than 600 WR1's have been accumulated)

( As noued, chis page: has act been :eviewed by th e commi::ee. A

vas: ma jo:i cy of medical evidence does no: suppor chair con-
clusion. rhe commte:ee has no:'yo: had :L=e :o scudy :he
choroughness of follow-up of underground miners.]

49) Stewart, C.G., Simpson, S.D., The Hacards of Inhaling Raden-222"

and its Short-lived Caughters: Consideration of Proposed Maximum
Permissible Concentrations in Air", Radiclocical Health & Safety
in Mininc & Milling o f Nuclear Materials , vienna, Internacional
Atemac Energy Agency, Vol. 1: 333-357.

-Histcrical review cf (MPC) ,of En-222 & daughters.
50) Tamplin, A.R. and Go fman , J.W., "The Colorado Plateau: Joachimsthal

Revisited? An analy::is of the lung cancer prcblem in uranium and
hardrock miners," Cestimony presented at Hearings of The Joint
Ccamittee en Atomic Energy, 91st Con gre ss o f the U .S . , Jan.2, 1970.

51) United States Public Health Service, Centrol of Raden and Raden
Cauchters in Uranium Mines and Calculations o f Siclocical Ef f ects ,
Wasn. D.C.: U.S. Cept. of H.I W., Pumlic Healen Service Punlicacion
NO. 494, 1957.

(U-238 produces raden and its daughters which cause most of
the radicactivity in uranium mine air. g
-raden, radium A, & radium C' give most internal lung radiation .)

__ _ _ __ _ __ _ _ . . _.
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.

Nagoner, J.K., Archer, V.E., Carroll, 3.E., Holaday, D.A.
'

and Lawrence, P.A., " Cancer Mortality Patterns among U.S.
Uranium Miners and Millers, 1950 through 1962", Journal o f the
National Cancer Institute , 32 (4) : 787-801, 1964. .

-Inhaled radiation produced pulmonary cancer.

-Examined 90% of =iners in the area visited.
-Colorado Plateau =iners - 218 deaths among white uranium miners
vs 148.7 expected (p < 0. 011.

-Increased pulmonary cancer among miners with 5 or more years
underground experience - 15 observed vs 4.2 expected.

-Increased total cancers - 30 observed vs 18. 7 exp.
-No increase among uranium miliers.

-Open-pit vs underground miners: no statistically significant
increase in Ca for open-pi- ~4 -ers - 6 obs. vs 5.3 exp. total Ca,
and 3 vs 1.4 respiratory Ca., but a small sa=ple o f only 6 3 deaths
was used.

-Possible : excess o f non-malignant resp. disease was due to air-
borne radiation.

-Well documented with 38 ref.

53) Wagoner, J.K. et al., " Mortality Patterns among U.S. Uranium Miners
& Millers, 1950 through 1962: preliminary report", Radiolacical
Health & Safety in Mininc & Milline o f Nuclear Materials , Vienna,
International Atomic Energy Agency, Vol. 1: 37-48, 1964.

-5370 miners studied from 1950-1962.
-A 10 times excess of respiratory cancer was observed in uranium
miners with long-term underground experience and was not attri-
buted to smoking, age , silica dust and other ore constituents.
Airborne radiation i= plicated in lung cancer genesis.

-Open-pit miners had no increase of lung cancer but had higher
incidence of accidents.

-No reason to suspect a genetic basis of excess lung Ca in white
miners.

-In contrast to European mines, constituents of the ore suspected
of carcinogenic activity in man ( arsenic, chromium, iron &
nickel) are present only in =inimal amounts in the U.S. uranium
mines. Epidemiologic studies have not shown increased lang Ca
due to silica dust.

-Good graphs & statistics.

54) Wagoner, J.K., Archer, V.E., Lundin, F.E., Holaday, D.A. and
Lloyd, J.N., " Radiation as the cause of Lung Cancer a=cng Uranium
Min ers " , New Encland Journal o f Medicine , 273: 131-138, 1965,
-Shows conclusively "through stringent epidemiologic methods, that
airborne radiation is a cause of lung cancer in =an" .

-Shows dose-response relation and specific increase of certain
histological types vs controls.

- .. . . - . _ - _ _ .. ..



( )

-Studied 3415 underground miners on the Colorado Plateau (1950-1963)'
Actual Expected p value

Deaths 249 153.2 4 0.01

Tocal cancer 41 21.3 4 0.01

22 5.7 < 0.01
Lung cancer
Violent death 95 33.9 40.01

(esp. MVA's &
mining accidents)

-Cigarette consumption could not explain the dose-response re-
lation with cu=n.ilative radiation.

-very well organi:ed with 51 ref.
.

O

.
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HISTOLOGICAL TYPES OF LUNG CANCER IN URANIUM MINERSII -

1) Archer, V.E., Saccomanno, G. and Jones, J.H., " Frequency of
different histologic types of 3ronchcgenic carcinema as relaced
to radiation exposure", cancer, 34 (6) : 2056-2060, Cec. 1974.

-107 uranium ciners who died from lung cancer (1950-1970) vs
107 =atched lung cancer controls (for smcking & age).

-Has tables of expected vs observed incidence fo r 5 types o f
Ca in 6-WLM groups , showing : a) increase s=all cell undiffer-
entiated carcinc=a (approximately 33 times) ; b) increase epi-
der =cid carcinema (approx. 4 times); c) increase adenecarcinoma

increase large cell undifferentiated(approx. 4 time s) ; d) no
or cc=bined adeno-epider=oid carcinema.

-Total expected 14.07 vs observed 107, i.e. approx. 7 times the
incidence.

-Relative frequency distribution of histologic types of broncho-
genic carcinc=a in uranium =iners is independenc o f magnitude ,

although absolute frequency depends on the =agnitude o f radiation.

2) Auerbach, O., et al., " Histologic findings in the tracheobronchial
tree of uranium miners and acn-riners with lung cancer", Cancer,
42(2): 483-489, Aug. 1978.

-Co=bination of cigarette s=cking and, heavy exposure to an
occupational carcinogen produces a significant increased risk
of lung Ca vs s=ckers without expcsure to occupational
carcinogen. .

-Non-smoking uranium =iners are at less risk than s=cking uranium
=iners.

-210 =en who died of lung cancer vs 105 =atched pairs were
analysed: remaining bronchial tree showed numerous changes
(96% of =iners have Ca in situ other than the primary site;
921 of non-=iners have Ca in situ at other than the pri=ary site) .
Twice as much early atypia found in =iners.

-Small cell carcinoma was most coc=cn in uranium miners - 41% vs
lit of non-=iners.

3) Saccomanno, G. et al., " Histologic types of lung cancer a=cng
uranium =iners", Cancer, 27(3): 515-523, March 1971.

-121 cases o f C =iner lung carcinema vs 138 non-=iners.

-Increase incidence with increased radiation exposure, age and
cigarettes with a plateau at 1500 WLM.

-Average was 15.9 years between beginning C mining and develop-
=ent o f carcinc=a o f the lung.

-Radiation increased small cell undifferentiated carcinc=a.

_. _ _.



IONIZIHG RADIATION IN NON-URAGIUM MINERSIII - -

g1) Boyd, J. T. et al., " Cancer of the lung in iron cre (haematite)
miners", British Journal of Industrial Medicine, 27(2): 97-105
1970.
-Underground miners have 70% higher chance than normal populaticn
of developing cancer of lung.

~5811 death certificates surveyed with 36 lung cancer deaths of
underground iron ore miners vs 21 expected deaths.

Radiation levels were 30-300 pCi/ litre of raden.

-46 references.

2) Go ran S t. Clair Renard, K., " Respiratory cancer mortality in an
iron mine in Northern Sweden", Ambio, 3: 67-69, 1974.

(Eazard of ioni:ing radiation in non-uranium =dnes)
.

3) Jorgensen, E.S., "A study of =ortality from lung cancer a=cng
miners in Kiruna, 1950-70", Work Environmental Health, 10: 126-
133, 1973.

(-Ea ard of ionizing radiation in non-uranium mines.

-Increase cancer at levels of 120 WLM with annual exposure of
4 WLM.)

4) Jorgensen, E.S., " Lung cancer =crtality a=cng miners in Kiruna
1950-70", Lakartidn incen , 70: 3365-3368, 1973.

(-Hazard of ionizing radiation in ncn-uranium mines.

-Linear relationship with high-LET radiations, i.e. alpha rays.)

5) Newfoundland Rcyal Cocnission Resrectine Radiation, Cc=censation
and Safetv in :ne rlucrscar . Mines, St. Lawrence, Nflc., Report,
Newfounciand, Queen's Printer, 1969.

(Hazard of ionizing radiation in non-uranium mines)

6) Parsons, W.D., devilliers, A.J., Bartlett, L.S. and Becklake , M.P . ,
" Lung cancer in a flucrspar mining community, II Prevalence of
respiratory symptoms and disability", British Jour. o f Indus : rial
Medicine, 21(2): 110-116, 1964.

-The incidence of pneu=oceniosis was low among flucrspar miners
(1.93 %).

-Incidence of chrcnic bronchitis was comparable to miners else-
where.

-High incidence of s=oking cannot be sole facter responsible for
high incidence of lung cancer, since miners had 29 times the
incidence of lung cancer as the average populaticn of Nfid.

-Smoking and radiation probably have synergistic ( po tentia ting)
effects.

-23 ref.

.
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7) Snihs, J.O., "The approach to radon problems in non-uranium
mines in Sweden", Proceedines of the Third Conference of the
International Radiation Protection Association, Wasnington, D.C.,

Sept. 1973.

(-Ea:ard of ioni:ing radiation in non-uranium mines.

-Increased cancer of the lungs at 120 WLM total and at 4 WLM
per annum. )

8) Strong, J.C., Laidlaw, A.J. and O ' Riordan , M.C., " Radon and its
daughters in various British =ines", National Radiolacical Pro-
tection Board, Recort 39, London, EMSO,1975.

(Eazard of ionizing radiation in non-uranium mines.)

9) devilliers, A.J. and Windish, J.P., " Lung cancer in a fluorspar
mining community:I Radiation, dust and =crtality experience ",

, British Jour, of Industrial Medicine , 21 ( 2) : 94-109, April 1964.
-10 year period 1952-1961, St. Lawrence, Newfoundland.
-23 of 51 deaths were from primary cancer of lung.

-This was 29 times the expected death rate for age group and
population.

-Mine water contaminated with 4,240-12,950 pico curies of radon
per litre, which produced Raden-222 and daughter products in
air and had an average potential energy between 2. 5 & 10 times
the working level of 1. 3 X 10 MeV / litre o f air. (100 pCi/1. )

-21 of 23 were smokers.

-Age cf death was dependent on age at entry into risk.

-Distinct hilar distribution of tumors.

-Incidence of lung Ca as % of miner deaths - 45% (1952-61).
Duration of underground (tposure Av. 12.5 yrs. Range 5. 5-21. 3
Age at death Av. 46.8 Range 33 - 56

-Mortality rates (Canadian Vital Statistics) from lung cancer
among males L956-61:

Newfoundland 0.11 per 1000
Canada 0.24 per 1000
St. Lawrence 2.33 per 1000

(Does acc compa:e mine:s wich a cone:cl sample c' s=ckers.}

10) Wagoner, J.K. et al., " Unusual cancer =crtality mmong a group
of underground metal miners", New Inciand Jour. of Medicine,
269: 234-239, 1963.

(Hazard of ionizing radiation in non-cranium mines. Levels
were 6-24 WLM per year.)

11) Naxweiler, R. , Archer, 7.2. and Na goner , J. K. , " Mortality o f
potash workers", Jo ur . o f Cccucational Med. , 15: 486-489, 1973.

-No predisposition of underground potash miners to lung Ca.

-No radon gas was present in air .

._ _ ._ .__ ._ _ _ . . _ _
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WORKER'S COMPENSATIONIV -

O
1) Archer, V.E . and Thompson, H.C., " Work =an 's compensation for

lung cancer in cranium miners", Diacnosis and Treatment o f
Deposited Radionuclides , Excerpta Medaca Foundation, N.V.D.
Reicel, Dordrecnt, Holland, Drukkerg, p 638-644, 1968.

-U .S . statutes o f limitations , state laws, residency require-
=ents, proving causatica, cigarette smoking, all make com-
pensation for lung cancer secondary to radiation ~ from uranium
mining difficult to get. -

-The burden of proof has generally rested on the claimant.

-Personnel had not been wearing monitoring devices capable of
measuring airborne alpha-emitting particles, and as yet these
devices have not received wide acceptance.

-WC3 pays for disability of dependency but "the period of
disability (from time of diagnosis of lung cancer to death) is
only a few months in most of these cases, so that disability
pay =ents are rarely =ade before death".

-To 1968, Workmen"s Compensation " awards have been made in 15
out of 32 claims from a total of about 100 cases of lung cancer
among United S tates tran i"- ~i a ers" . Awards averaged about
S15,000.

2) Eason, C.F., "AIC compensation standards", Jour. of Occucaticnal
Medicine, 12(10): 410-415, cct. 1970.

.

-600,000 estimated radiation workers in U.S .A. in 1970.

-WC3 laws at chat time were becoming out=oded as far as causation
of radiation induced disease is concerned.

-20% of workforce was outside the WC3 system.

-Several states had limited low =edical benefits.

3) Ham, J., Report of the Reval Co==ission on the Health and Safety
of Workers in Mines, Ministry c: ene Attorney General, Province
of Ontario, Torenco, Canada, 1976.

-Persons on the h*ccinal Roll have increased risk of lung cancer
in Cntario . The risk is increased with cumulative exposure.

- The cases of lung cancer among uranium miners allowed compen-"

sation to the end of 1975 total 20. The compensation almost
invariably has been as a pension to wae widow and family. "

"In the matter of compensation, the Co==ission's view, which
is not based on scientific premises, is that uranium miners
should be compensated without regard to their s=cking habits ,
because they experience a greater risk than the smoking non-
mLner."

- The costs of nuclear power for public use are so vast that the"

costs of being publicly responsible to uranium miners and their
families are by cc=parisen negligible."

_. .. -- - - - - - _ - -. _. ---- ..- . . - - .
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OCCUPATIONAL CANCER AHD LOW-LE/EL IONIZING RADIATION-

.

A - GENERAL

1) Archer, V.I., "Cccupaticnal exposure to radiation as a cancer
hazard", Cancer, 39: 1802-1806, 1977.
-A review.
- Whether er not neoplasms result from as exposure is apparently"

determined largely by probabilistic considerations, although
there are differences in susceptibility of individuals. "

-Radium dial werkers are well atudied in the U.S . and Europe :
3 different groups in the U.S. showed 51 ostersarcomas and 20
carcinomas of the head and paranasal sinuses from 26,296 person
years of follow-up. Expected less than 1 osteosarcoma and 0
paranasal sinus carcinema.

-Caused by alpha radiation from Radium or decay products deposited
in bone.

-Latent period 20-60 years.

-Radiologists : increased =alignancies accng them esp. leukemias
in the past; =ultiple myelomas still elevated.

-Linear Hvecthesis

-Seme exposure-response curves are linear while others are non-
linear for radiation cancer.
"This is a conservative approach for X-rays and other low-LIT
(linear energy transfer) radiation, but is probably not con-
servative when dealing with alpha particles c: c her radiations
having high-LIT. "
- It appears to be impossible to establish a threshold level"

for ionizing radiation in the production of neoplasms in experi-
mental animals."

. . . accidents involving radiation cccur regularly, and can be"

expected := increase in frequency as our dependence en nuclear
power increases. "

"The cumulative risk of cancer for all sites has been estimated
at approximately 5 deaths / year / rem /=illion persens over 10 years

' of age at the time of whole bcdy radiation. "

"Any increase incidence of =alig= ant tu= ors (in the general popu-
laticn) at current radiation standards will undcuttedly be very
small."

-47 ref.

2) Browning, E., Toxicity cf Industrial Metals, Butterwcrth, icnden,
p 34-52, 217-227, 1361.

(Arsenic, chromium, iron ar.d nickel are possibly carcinegenic . )

.
.
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3) Eckardt, R.I., "Recent developments in industrial carcincgens",
Jour. of Cccu=ational Medicine, 15(11): 904-907, Nov. 1973.
-General review cf cancer causing industrial agents.

-49 ref.

4) Rotblat, J., "The risks for radiation werkers", The Bulletin of
the Atomic Scientists, 41-46, Sept. 1978.

(PSR) Discussion of icw-level ionicing radiation and the pro-
duction of cancer. Concluder that the allowable dose to
radiation workers should be icwered by a facec: of 5.

5) Zen , C., occu=aticnal Medicine - Princi=les and Practical
Acelicatiens, Year Scck Medical. Punlisners, Inc., Chtcago, Ill.
1975.
-Chapter 22, "Radiclogic Health in Occupational Medicine" is
a good intreduction into that aspect of health.-

3 - PHYSICIANS

5) Hempelmann, L., Lisco , H. and Mc ffman , J. G. , "The acute radiaticn
synd:cce: A study of nine cases and a review of the problem",
Annals of Internal Medicine, 36: 279, 1952.

(Increase skin cancer - basal cell and squaccus cell Ca - with
X-rays in early experimenters, =edical and dental practiticners
at high dose rates.) |||

7) Matancski, G.M., Seltser, R., Sartwell, P.E., Diamond, E.L. and
Elliott, E.A., "The current =creality rates of radiologists and
other physician specialists: deaths from all causes and frem
cancer", American Jcur. of Enidemielcey, 101(3): 188-198, 1975.

"The cohcrt =crtality experience of radiclogists and other
specialists and other specialists over a 50-year period was
examined on the assu=ption that these groups would differ
relative to a presumed ducrease in radiation exposure. Radi-
clogists had an excess in all-cause certality rates cc= pared
to the other specialists for all cohorus who antered the
Radiological Scciety of North America before 1940; the excess
remained even when the cancer deaths were removed frem the rates.
These data are consistent with the concept of accelerated aging
due to radiation. The cancer mortality rates for radiclogists
were higher than those of other specialists for an additional
decade through 1949. The 1950-1959 cchcru had not aged sufficient-
ly to de=cnstrate the expected peak cancer certality en the 60-
64 year age grcup. Several hypotheses are presented to suggest
reascns for differences in the trends of age-specific cancer
=crtality by coherts of entry."

3) Matancski, G.M. et al., "The current =crtality rates Of radi-
clogists and other physician specialists: specific causes of
death" , American Jcur. o f E=idemiclecy , 101(3): 199-210, 1975.

"The cchcr =creality experience of radiclogists Over a 50-
year period has been compared to that of Other specialists with

- _ _ _ _ _ _ _ _ _ . _ . _ . . . _ _ . _ - - _ _ . _ _ _ _ _ _ _ . . ._ _
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low levels of ridiation exposure. The 1920-1929 cohort of
radiologists who joined the Radiological Society of North
America had the highest mortality for several chronic diseases.
After this early period, radiologists ranked highest only for
cancer mortality. The excess risk of leukemia whien was
observed in the 1920-1929 and 1930-1939 cohorts has subsequent-
ly decreased. During the same period, ly=phoma mortality,
especially multiple =yeloma, has been increasing with a sig-
nificant excess of deaths appearing in radiologists who entered
the specialty society between 19 30-1939 and 194 0-194 9. "

9) Seltser, R. and Sartwell,P.E., "The influence of occupational
exposure to radiation in the mortality of American radiologists
and other =edical specialists", A=erican Jour, o f E= f.demiolocv ,
91: 2, 1965.

(-A=erican radiologists had higher age-specific death rate vs
non-radiological =edical specialists who do not receive occu-
pational radiation exposure.

-Mean age at death = 5 years less among radiologists.

-The difference has been lessening in recent years with better
=achinery and more caution.)

10) United Nations Recort of the Scientific Cc==ittee on the Effects
of Atomic Radiation, General Assemmiy Of ficial Recorcs : 24tn
Session supp. No.13, (A/7613), New York, 1969.

(-Increased leukemias with X-ray exposure in radiologists -high
dose rates.

-Increase lung cancer with Radon daughter exposure.

-Increase thyroid carcinomas in radiotherapy patients.

-Increase liver he=angioendotheliomas with Thoratrast in
diagnostic precedures - with high dose rates.)

.

C - RADIUM PAINTERS

11) Mays, C.W., Jee , W.S .S . and Lloyd , R. D. (ed.), celayed Effects
of Bone Seekine Radienuclides, University of Utan Press, Salt
Lake City, 1969.

(Increase La Ca in radium dial painters -from ingestien)

12) Morgan, K.Z. and Turner, J.E. (ed.), Princicles of Radiation
Protection, New York, John Wiley & Sons, Inc., 1967.

(Increase bone tumors in radium dial painters and af ter
therapeutic radium administrations - high dose rates. )

13) Sharpe, W.D., " Chronic radium intoxication, clinical and autopsy
findings in long-term New Jersey survivors", Environmental
Research, 3(3): 243-383, Cec. 1974.

_ .____. ._ . _ . _ _ _ . _ _ _ _ ._ _
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-91 references re radium and watch dial painting and irradi- .

ation in general .

D - MUSTARD GAS

14) Yamada, A., "On late injuries following cccupational inhalation
of mustard gas, with special reference to carcinc=a of respira-
tory tract", Acta Path. Jao., 13: 131-155, 1963.

(-Mustard gas, a radio =imetic agent, has similar increase in
lung cancer with similar histology and anatomic position to
uranium miners.)

.

E - NUCLEAR SHIPYARDS

15) Najarian, T. and Colton, T., " Mortality from leukemia and cancer
in shipyard nuclear workers", Lancet, p. 1013-1020, May 13, 1979.
-The next of kin of 592 Portsmouth nuclear shipyard workers were
contacted and 146 of these were found to have been exposed to
radiatica at work of about 0.2 rem annually.
"The increased numbers of cancer and leukemia deaths a=cng
Naval nuclear shipyard workers seem out of proportion to pre-
dictions based en prior knowledge of the effects of ionizing
radiation in man. Previous data suggest that 50-100 rem doubles
leukemia =ortality and 300-400 rem doubles the number of total
cancer deaths. Radiation records frem the shipyard were not
available to us, but radiation doses seem ec have been well
within national occupational safety standards. Information
provided by 50 past and present P.N.S. nuclear workers suggested

total radiation doses of less than 10 rem lifeti=e. Within the
Naval Nuclear Propulsion Program the =ean radiation exposure
for the industrial workers at risk (which includes the shipyard
workers) was 0.211 rem annually. The nuclear workers at the
P .N.S . had six times the proporticna' --- ality of leukemia and
twice the proportional =crtality for all cancers expected for
U.S. White = ales of the same age-g cups. These increased
figures were found with radiation doses that probably averaged
less than 10 rem total lifetime exposure as =easured by worker's
film badges."

-13 observed deaths vs 3 expected (total).
-6 observed leukemia deaths vs 1 expected.

F - ATOMIC PLANTS

16) Gilbert, E.S., paper presented at Ccnference on low-level radi-
ation , Environmental Study Conference of House E Senate, Feb.10,
197S.

. ._ .. -.. . .. . . - - . _ . . . . . . . .



. .

(29),

(-Analysis of Mancuso data.
-Supports,Mancuso study for increased cancer in 2 types of
=alignancies that have high risk at icw radiation levels,
but reveals no increase overall in cancer deaths a=cng Hanford

thoseemployees attributable to occupational radiation at
levels.)

17) Mancuso, T.F., Stewart, A. and Kneale, G., " Radiation exposure

of Hanford workers dying from cancer and other causes", Hea);l,

Physics, 33 (5) : 369-385, 1977.

-An excellent study which outlines so=e of the difficulties
associated with =easuring significant health effects in small
populations with low doses of radiation.

-1944-1973: Hanford atomic plant , Richland, Washington.
Manufacturer of radioactive substances.
-Observed vs expected cancer deaths: 670 vs 670.
-Much higher incidence of =yelomas, carcinoma of pancreas ,
kidney neoplas=s , =yeloid leukemia , pulmonary carcinoma and
liver and gall bladder ca.

-Much lower incidence of sto=ach, prostate and rectal Ca.
-Studied 24,934 workers with 9,410 early discharges.
Deaths: non-cancer 2850, cancer 670 & unknown etiology 213.

- The highest radiation dose groups (over 500 centirads) "had"

the " highest proportion of cancer deaths" .
-Older and younger men have a higher risk of radiation-induced
malignancies than middle-aged =en.

-Suggests the cancer rate is Lncreasing.

13) Milham, S., Occucational Mortality in Washincton State , 1950-
1971, 3 vol., MIOSH 76-175 (Wasn. C.C., Cept. of Healen, Ed-
ucation and Nelfare) .

(Cancer risk in radiation workers in plutonium production at
Hanford.)

19) Sanders, 3.S., " Low-dose radiation", letter to ed., Lancet,

11(8094): 840, 14 Oct. 1978.

-Refers to Mancuso study.

-Agrees that so=e types o f Ca were higher but points out that
others were lower.

-Uses Anderson's and Gilbert's analysis o f data and comparisons
with siblings.

20) Stewart, A., " Low-dose radiation: The Hanford evidence", letter
to ed, Lancet, 1(3072): 1048-1049, 13 May 1978.
-Cancer risk frc= present =aximum permissible dose of 5 re= per
year for each year's exposure could be 1 in 150 not 1 in 2000,
as in A-bomb survivors.

- -. - -____ . - _ _ _ _ . . __._. _ __ _ ._ .__
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-3520 Hanford workers died between 1944-1972. -

-Average dose < 2 rads / year.

-Higher =ortality in them than men in other industries,

-Excess bene and pancreas carcinoras.

-Average exposure observed to be greater with Ca deaths:

work period mean dose exrosures - centirad
Ca deaths non-Ca deatns

4 2 years 42 crad 34 crad
" * "> 2 266 213

21) S tewart , A., " Low-dose radiation", letter to ed. , Lancet,
11(8094): 840, 14 Oct. 1978.

-rebuttal to Sanders # 19, p 29.

(22) Kochupillai,N.,et al, Down's Syndrome and related abnormalities in an
area of high background radiation in coastal Kerala. Nature, 262:60,
1976
-In coastal Kerala, South India, the yearly background radiation is
1500 to 3000 mrem due to the presence of Thoritm-containing mineral
in the soil.

-Prevalence of mental retardation of the genetic type (mostly Down 's
Syndrome) is four times higher than a control population receiving
100 mrem yearly background, and chromosomal abnormalities are nine
times more frequent.

O

.- ._ .-. ._ . _. _ - - - .
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LOW-LEVEL IONIZING RADIATIONVI -

A - CARCINOGENESIS IN GENERAL

(l ' Archcr, V., "Gecmagnetic cree associations with cancer dis-
tribution and weather conditions", Proceedings 10th Midyear
Tecical Sym=osium of the Health Physics Seclery, Saratoga
Springs, Oct. 11-13, 1976.

(Confirms increase in radiation related cancers in Denver area
where there is increased background exposure.)

2) Bertell, R., " Measurable health effects of diagnostic X-ray
exposure", Testi=cny before the Sub-cc==ittee on Health and the
Environment, U .S . Ecuse of Representatives , July 11, 1973.

" Concern for prevention (of ncn-ly=phatic leukemia) should
be just as important as concern for cure."

- The medical profession cannot afford to take the guidance"

of the nuclear industry in a public health issue where they
should be assuming the leadership. " -

30 3ross, I.D.J., Proceedines of a Concressional Seminar on icw-
level icnizine Raciation; a report sut=1ttec by One Su=cccmittee
on Enercy anc the Environment of tne Cc==10:ee en Interacr anc
Insular Affairs, U.S. House of Rep./ 94 n Congress, 2nc Session,
79-767-0, Nov. 1976.

(-examines all recent infornation on the effects cn people of
low-dose ionizing radiation.

-concludes that present health effects are underestimated.)

4) 3ross, I.D.J., " Major strategic sistakes in the nanagement of the
Ccnquest of Cancer Program by the NCI", Testimony to the 95th
Congress of the United States, Ecuse of Representatives, Inter-
governmental Relations and Human Rescurces Subcc==ittee c f the
Cc=mittee on Government Operations, June 14, 1977.

5) 3rcss, I.D.J., "An action program Oc protect the public against
the =indless use of diagnostic radiation and other techncicgy",

"

Testimony to the United States Senate Ccmmerce Ccemittee,
Oversight Cc=mittee for Radiation Health and Safety, June 17, 1977.

6) 3 rues, A.N., " Radiation as carcinogenic agent", Radiatica Re-
search, 3: 272-236, 1955.

(Discusses latency period)

7) Surrows,E. and Clarksen, J.R., "The role o f inflarmation in the
induction of cancer by X-rays", British Jcur. Of Radiclogy, 16:
381. 1943.
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(Cancer induced more easily by radiation when non-specific
inflammation was present. )

3) Furth, J. and Tullis , J.L., " Carcinogenesis by radioactive
substances", Cancer Research, 16: 5-21, 1956. '

9) Furth, J. and Lorenz, E., " Carcinogenesis by ionizing radiation",
Radiation Biology, Hollaender, A. ed., New York, McGraw Hill,
vol. 1, part 11, p 1145-1201, 1954.

(Radiation produces turcrs in animals and humans.)

10) Gibson, R., "Loukemia in children exposed to multiple risk
factors", New Encland Jour. of Medicine, 279: 906-909, 1968.

11) Gibson, R., Grahan, S. et al., " Irradiation in the epidemiology
of leukemia among adults", Jour. of National Cancer Institute,
48 (2) , 1972.

12) Gofman, J.N. and Tamplin , A.R., A series of 19 reports presented
as Testimony before the Joint Co=mittee on Atomic Energy, 91st
Congress, 1-23-1970.

(Increased lung Ca with radiation. )

13) Gofman, J.N. and Tamplin A.R., "Epidemiologic studies of carcino-
genesis by ionizing radiation", Proceedines of the Sixth Berkeley
Symposium on Mathematical Statistics and Procacliity, Statastical
Lacoratory, Unaversity of Calif., U.C. Press, Berxeley, July 20, h1971.

(Shows why chronic exposure to the permissible dose of 170 mrem
per year could provoke between 9,700 & 104,000 extra cancer
deaths per year in the U.S.A., with average loss of life
expectancy of 13.5 yrs / case. )

14) Graham, S . , Levin , M .L. , et al., " Methodological problems and
designs of the Tri-State Leukemia Survey", Annals of New York
Academy of Science, 107: 557-569, 1963.

L5) Hempelmann, L.H., "Epidemiologic studies of leukemia in persons
exposed to ionizing radiation", Cancer Research, 20: 18, 1960.

'. 6 ) Klement, A . N '. , Miller, C.R., Minx, R.P. and Shleier, S.,
" Estimates of ionizing radiation doses in the United States,
1960-2000", U.S. Environmental Protection Agency, ORP/CSD 72-1,
Rockville , Maryland, Aug. 1972.

Average whole body radiation doses in U.S. A. in 1970:

Environ = ental millirems /yr.
natural .............. 130 - 45 cosmic

- 60 direct terrestrial ,
25 natural body radiat"-

global fallout......... 4

all o ther . . . . . . . . . . . . . < 0. 01

-.- .- -- --. _ . - . . .- - - .. - . - . - - - . _ . - - - .
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Medical
diagnostic................... 72
dental radiography .......... 0.3
radiopharmaceuticals 1.0........

Ccoupational <l.0

Misc. T.V., air transport <3.0-

Total -approximately 211
-211 =re=/ year is about 6.3 re=s/30 yrs./ person.

17) Medical radiation information for litigation. Proceedines of
a Conference. DMRE - 69-3 (C0tE-681131) saylor, University
College of M.edicine, Houston, Texas, "ove=ber 21-22, 1968.

13) Morgan, K.C., " Cancer and low level ioni:ing radiation", Bulletin of
the Atomic Scientis s ,3 0-41, Septe=her 1973.
-Morgan: Director of Health Physics Division of Oak Ridge National
Laboratory (1943-1972). A health physicis: with c.suensive
experience in the nuclear industry since 1943 provides easy
to read, broad review of current data which cuantify the risks
of low level radiation.

"There is no safe level of exposure and there is no dose of
radiation so low that the risk of a =alignancy is :ero."

19) Morgan, K.Z., " Reducing medical exposure to ionizing radiation",
American Industrial Mveiene Asscciation Journal, page 358-368,
May 1975.

20) Morgan, K.S., ' Suggested reduction of permissible exposure toplutonium and other transu-=- " elements", American Industrial
Evciene Association Journal, August 1975. (Th s su==ary takenfrom Nader et al, Menace of Atomic Enerev.)

*Dr. Morgan has suggested that existing radiation standards
could underestimate the effects of exposure for many differentreasons:

1)' Extrapolations are made on data with observation eeriods of
no longer than twenty years. Many conclusions are based on
studies of animals with life spans of less than ten years.
Because =any health effects may not be apparent until twenty
to thirty years af ter the initial exposures , or even longer,
and because human beings live =cre than seventy years, on the
average, known health effect rates can only increase as =cre
hu=an data are gathered.
2) The linear mcdel assumes an average expc sure. The elderly
and the very young =ay be =cra susceptible to radiation ef fects
than the middle-aged.

_
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3) Adequate data en the effects of very Icw exposures have not
been develoced. Instead, the standards are based en extrapolatn- a jgfrom hich or inter =ediate doses dcwn Oc :erc. Out at a higher
dose a larger fraction of the exposed cells may be directly
killed f cm radiatien, instead of showing signs c ~ genetic dama m
er cancer. At lower deses fewer cells may be killed and =cre
could be likely to suffer latent radiation dacage, such as

"cancer, a.s a consequence.

-The present maxi =dm permissible body doses for plutenium and
similar substancer should be reduced at least 200 ti=cs.

21) Nelsen, N., " Carcinogenic implication of inhaled pcilutants",
Archives of Environmental Eealth, 3: 100-104, 1964.

22) Peterson, J.E., Industrial Health, Prentice-Eall Inc., Engleweed
Cliffs, New Jersey, 1977.

-Excellent chapter en ionizirg radiation pages 259-236.

-Makes a gced case for conservatism.

23) Fechin, E.E., " Carcinogenic effects of radiation in man: Che
i=pertance of estimates for prcesc icn purposes", Prceeedines of
a 57= csium en Radiation Induced Cancer, Athens, Greece,
April 23-May 2, 19e9, Vienna, International A--~4 - erg *; Agency,

1969.
(-much data showing that ioniciny radiation is a very pctent
carginogenic agent).

24) Proceedines of the Ccncressional Seminar en Lew-Level Zenicine
Raciation, sncuid ce avalia=ie ::cm ne Unitec 5:stes Cencress or
One Invironmental Policy Institute, 317 Pennsylvania Avenue 5.E.,

Nashington, D.C. 20003, U.S.A.

-This is well worth reading in its entirety, for it brings forth
a great deal of information important in establishing the heal:n
hacards of low-level radiation.

25) 5agan, L.A., "Eu=an radiation effect: An overview", Health Phfsics,
21: 327-833, 1971.

26) Scholte, Van der Wielen and Ruya, " Negligible and non-neglicible
risks in radic-diagncstic examination of patients", Radiolecic
Clin ics , 45; 314-325, 1976.

-An interesting resume of how to establish the level cf a health
risk, and what need be done about it. Contains gced biblic-
graphical reference.

O
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27) Svmecsium en Siclecical and Environmental Ef fects of Low-Level
Radiation, Volume I, Vienna, International Atc=10 Energy Agency,
1976.
-This is an esoteric and extremely cc= plex detail of the current
state of the art which raises sc=e very disturbing questions
en animal studies, particularly those related to pigs, and also
de=cnstrates the paucity of hu=an data in this very important
area.

28) Upton, A.C., Allen, R.C., et al., " Quantitative experimental study
of low-level radiation carcinogenesis", Radiation Induced Cancer,
International Atomic Energy Agency, Vienna, page 425-438, 1969.

" Interim results reveal a dese-dependent increase in the
incidence of neoplasms (chiefly leukemia) and a decrease in

- the. life span (in mice) down to the lowest dcse tested (of
Cesium ga==a rays); namely, 10 rads."

29) viadana, I., Bress, I.D.J., "Use of medical history to predict the
future occurrence of leukemia in adults", Preventive Medicine,
3: 165-170, 1974.

30) White and Frey, "An esti=ation of sc=atic ha:ards to the United
States pcpulaticn from dental radiography", Jcurnal of Cral
Surcerv, January 1977.

-An interescing resu=e of concerns with an excellent precis of
the SEIR Report.

3- IN UTERO ,

31) Bithell and Stewart, " Prenatal irradiation and childhcod =alignancy:
A review of British data frc= the Oxford Survey", British Journal
of cancer, pages 31-71, 1975.

-This is the seminal work on the biologic hazards of diagnostic
radiation, and has led to significant changes in radiation
exposure allowed within the =edical profession, and certainly
=ust raise very real questions regarding the possibility of
health effects of even very low doses of radiation exposure.

.

32) 3ross, I.D.J, and Nataraj an , N., " Leukemia frem icw-level radiation",
New Encland Journal of Medicine , 237: 107-110, 1972.

-Children with hives or asth =a are 8 times =cre susceptible te
' e;kemia frc= the same radiation exposure than other children.

-(?SR) Current precedures for setting 'saf e ' levels for exposure
to low-level radiation are based on the assumption that the
population expcsed to the risk of leukemia is hc=cgenecus.

. __ _ _ _ _ _ _ ___ _ _ . _ _ _ . _ _ _
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33) 3ross, I.D.J, and Natarajan, N., " Risk of leukemia in susceptible
children exposed to precon..eption, in utero, and po stnatal radiation'' ,
Preventive Medicine, 3: 361-369, 1974.

(-much higher incidence of leukemia in asthmatics especially if h
irradiated in utero).

.

34) Court-Brown, W.M. and Doll, R., " Leukemia in childhecd and young
adult life", British Medical Journal, 1: 981, 1961.

(-increased cancer with in utero low dose x-rays) .

35) Ford, D.D., Patterscn, J.C.S., and Treuting , W.L . , " Fetal exposure
to diagnostic .:-raye and leukemia and other =alignant diseases in
childhood", Journal of the National Cancer Institure, 22: 1093-1104,
1959.
(-a retrospective study of 152 cancer cases and 306 centrols dead
from other causes. Found a relative risk of 1.7 after intra-
uterine x-ray exposure. )

36) Graham, S., "?reconception, intrauterine , and postnatal irradiation
as related to leukemia", National Cancer Institute Moncerach,
19: 347-371, 1966.

37) Holford, R.M., "The relation between juvenile cancer and obstetric
radiography", Realth Physics, 28: 153, February 1975.

(-in utero diagnostic x-rays produce increased cancer. )

38) Keith, Brown and Ames, "?cssible cbstetric factors effecting
leukemia in twins", Cc==arative Leukemia Research, (1975), Bibl.
~Haemat. No. 43, pages 221-223.

-an interesting paper outlining the difficulty of coming to
grips with icw-level effects.

39) Landau, E., " Health effects of low-dose radiation: Problems of
assessment", International Journal of "nviron= ental Studies,
e: 2.3 , 19<4.
- -

(-in utero diagnostic x-rays produce increased cancer. )

40) McMahon, 3., "?renatal x-ray exposure and childhced cancer",
Journal of National Cancer Institute , 23: 1173, 1962.

(-increased leukemia at icw-dese radiation.

-increase of other cancers as well.)

41) McMahon, 3. and Hutchinson , G .3. , "?renatal x-ray and childheed
cancer: A review", Acta Unic Int. Centra Cancrum, 20: 1172, 1964.

"A study of the association between prenatal x-ray and childhced
cancer is described. Review of all published studies of this

O
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question reveals both positive and negative results. However,

=any studies are based on small numbers and the results have
large sampling errors. All published studies, taken either
individually or as a group, are ce=patible with the cancer risk
in children x-rayed in utero being 40 per cent higher than in
children na: x-rayed in utero. Several individual studies and all
studies taken as a g Oup are, On the other hand, ince=patible
with the hypothesis of no difference in cancer risk between the
two groups."

42) Mac.Mahon , S., and Newill, V.A., "Sirth characteristics of children
dying of malignant necplasms", Journal of the National Cancer
Institute, 23: 231-244, 1962.

(-a retrospective cohort study in which 556 cancer deaths were
referred to a cohort of 734,243 with nu=ber exposed based on
a li sample (intra uterine x-ray: 770 exposed, 6,4 72 unexposed)
and a relative risk of 1.44 was found. )

43) Mole, R.H., " Ante-natal irradiaticn and childhced cancer: Causation
or coincidence?", British Journal c f Cancer, 30: 199, 1974.

44) Natarajan, N. and 3ross, I.D.J., "?reconceptien radiation and
leukemaa", Journal of Medicine , 4: 276-281, 1973.

45; Pochin, E.E., " Malignancies fol10 wing low radiation exposures in =an'
British Journal of Radiolcev, 49: 577, July 1976.

(-lcw leve . radiation in utero p cduces increased cancer. )

46) Stewart, A., " Low dose radiation cancers in nan", Advances in Cancer
Research, 14: 359, 1971.

(-increase of other cancers than leukemia in irradiated in utero
children.)

47) Stewart, A., and Kneale, G.W., " Radiation dose effects in relation
to obstetric x-rsys and childhecd cancers", Lancet, June 6:
1185-1137, 1970.

(PSR) - Epidemiological data from the Oxford Surrey Of Childhcod
Cancers was analyzed in respect to in utero expo sure := x-rays
during obstetrical investigations. The risk of cancer was greates:
when exposure Occurred during the first trimester and excess
cancer was directly related to fetal dose.

'

48) Stewart, A., Webb, J., and Eewitt, D., "A survey of childhcod
= align ancie s " , British Medical Journal, 1: 1495-1508, 1953.

(-matched 1,638 cancer cases with 1,633 live centrcls and fcund
a relative risk of 1. 92 after intra uterine ::-ray expcsure.

-a retrospective study.)

.
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C- RADIATICN TREATMENTS

O
49) Albert, R.I., Shore, R.I., "Fol10w up study of irradiated Tinea

Captis cases", a paper presented at 100th Annual Meeting of the
American Public Health Association, 1972.

(~ radiation induced thyrcid carcinema presents a higher risk in
children than in adult population and the risk increases linearly
as the dose increases.)

50) 3 raver =an, L., " Consequences of thyroid radiation in children",
New Encland Journal of Medicine, 292: 204-205, 1975.

(PSR)-editorial review of thyroid neoplasia from childhood
irradiation and a plea for caution in the treat =cnt of thyrotoxic
children and adolescents with I-131 therapy.

51) Court-Brcwn, W.M., and cell, R. , " Leukemia and aplastic anemia in
patients irradiated for ankylosing spondylitis", Medical Research
Council Seecial Recort Series, d295, H.M. Stat!cnery office, Loncon,
En glanc , 1957.

52) Court-Brown, W.M. and Coll, R., " Mortality frt.: cancer and Other
causes after radiotherapy for ankylosing spendylitis", British
Medical Journal, 1327-1332, 1965.

"Ixposure to =cderate a= cunts of radiation in childhecd has
produced cancer cf the thyrcid, and it seems probable that exposure
to s=all a= cunts of the crder of 1-10 rads in utero produces all
the principal types of childhecd cancer. Mortality rates from
all cancers other than leukemia were raised in American radiologists
cc= pared with these in specialist physicians and cphthal=clogists

*
and otorhinolaryngologists (Selster and Sartwell, 1965) . . . .

"The = cst important finding, apart frc= the previously repcrted
excess of deaths frcm leukemia and aplastic anemia, relates te
other cancers originating in heavily irradiated tissues. Oeaths
attributed to these cancers were increased apprcx'-'tely twefc] 3
six or = ore years after first treatment, and 15 years after first
treatment the excess shewed no sign of diminishing. The excess
was not limited to one or two types of cancer, but many different
types centributed ec it, approximately in proportion to their
normal incidence. "

- It is estimated that in an average follow-up peried of 13 years"

after firs treat =ent the excess deaths frcm leukemia and frem
other cancers arising in heavily irradiated tissues, which can
be attributed to the ef fects of icni:ing radisticns, were 4 per
1,000 patients and 6 per 1,000 patients respectively. "

O
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53) Hempel= ann, L.H., " Neoplasms in youthful populations following
x-ray treatment in inf ancy " , Environmental Research, 1: 333, 1967.
(-radiation induced thyroid carcinema presents a higher risk in
children than in adult populations and risk increases linearly
as the dose increases. )

54) International Atemic Energy Agency, Aasessment of Radicactivity in Man
Vienna, IAEA, 2 volumes, 1964.

(-increased leukemias with high dose x-rays in radiotherapy patients.

55) International Atomic Energy Agency, Handline of Ridiation Accidents,
Proceedines o f IAEA/tTHO Symoosium, Vienna, May i3-23, 1969.

(-increased leukemias with high dose x-rays in r8diotherapy patients.

56) Lewis, E.3., Leukemia, radiation and hyperthyroidis=", Science,"

174: 454, ccccher 29, 1971.

(-increased leukemia a=cng persons 50-79 years old who received
I-131 treatments.)

57) MacMahon, 3., "X-ray exposure and =alignancy", Journal o f the
American Medical Association, 133: 721, 1963.

(-children have higher risk of dying of radiation induced leukemia
than do middle-aged persons.)

53) Medan, 3., et al, " Radiation induced head and neck tumors", Lancet,
277-279, February 23, 1974.

(PSR)-Radiation for ringworm of the scalp resulted in an increasing
risk of brain, parctid and thyroid tu=cr. The dose causing thyrcid
carcinema 6. 5 rads , is the icwest reported.

59) Refatoff, S., Harrisen, J., et al, " Continuing cccurrence of thyroid
carcinema after irradiation to the neck in infancy and childhood",
New Eneland Journal o f Medicine , 292: 171-175, 1975.

(PSR)-A study from the University of Chicago of 100 persens who
received childhocd irradiation shcwing a 7% increase of carcinces.
As 71,000 persons in the Chicago area received childhecd irradir. tion
the public health i=plications are overwhelming.

60) Silvernman, C., and Ho ffman , D . A. , " Thyroid tu=or risk from radiation
during childheed", Preventive Medicine , 4: 100, 1975.

(PSR)-Review of 7 epidemiological studies and of radiation doses
f cm diagnostic x-rays, scans and uptakes. The icw dese, 6 rads,
associated with thyrcid cancer in 2 studies, raises questions about
the long-term effect of diagnostic precedures in childheed.

-
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61) Si=pson, C., and Hempelmann , L. , "The asscciation of tu=crs and
reentgen ray treatment of the thorax in infancy", Cancer, 10

|42, 1957.

(-great increase in thyrcid carcinomas secondary to external
radiation, also increased leukemia and bone tu=crs.)

.

0- ANIMAL EXPERIMENTS AND CARCINCGENESIS

62) Alper, C., Cell Survival After Low Coses of Radiation, Londen
Institute of Pnvsics, 1974.

63) Cember, H., paper 15/?/900, Proceedines of the Second International
Conference on the Peaceful Uses of Acc=1 Ener:y, Geneva.

(-squamous tu=crs induced by implants of radicactive Strontiu=,
single intrathecal injection of radicactive Cesiu=, and multiple
injections of radicactive sulphur.)

64) Cohn, S.H., Skew, R.K., and Gcng , J . K . , " Radon inhalation studies
in rats", Archives of Industrial Hveiene, 1: 503-515, 1953.

(-suggests that raden daughters, not raden, causes cancer.)

65) Gross, P., Pfit:er, E.A., et al, " Experimental carcinogenesis
(bronchiat ia*-a= ural adenocarcinc=as in rats frc= x-rav irradiatien
o f the chest", Can cer , 2 3 : 1046-1060, 1969. h

'

(-normal bronchial epitheilt= is fairly resistant Oc carcinogenic
effect of ioni:ing radiation.

-effects of radiation and cre-exis*m t cu1=cnarv infla==ation and
fibrosis are synergistic. )

66) Lisco, H., "Autoradiographic and histopathologic studies in
radiation carcinogenesis of the lung", Laboratory Investications,
8: 162-170, 1959.

(-radiation prcduces carcinogenesis in ani=als. )

67) Lisco, H., Discussion at the Scientific Session of the Annual Meeting
of the American Cancer Scciety, 1953.

(-de=enstrated pul=enary carcinogenesis in animals e.gosed to
radicactive =aterials.)

68) de Villiers, A.J., Gross, P., " Morphologic changes induced in the
lungs of hamsters and rats by external radiation (x-rays)", Cancer,
19: 1399-1410, 1966.

(-normal bronchial and bronchiolar expithellu= cf hamsters are quite
resistant to encogenic effect of ionizing radiation. )

O
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E- LUNG FIEROSIS

69) Chareaud, J., et al, "Risques et nuisances des mines d' uranium
prevention medicale", Colleene International de Radicerceection
dans l' Extraction e t le Tral:=ent ce l' Uranium et cu Tncr:.g=,
Sorceaux, France, 9-11 Septemcre, 1974.
(-possible increase fibrctic eff ect of silicosis with irradiation
in uranium siners).

70) Engelbracht, F.M., Thiart, B.F., and Classens, A., "Tibrcsis and
-

Annals o fCollagen in rats produced by radicactive mine dust",
occucational Hvciene, 2: 257-266, 1960.

(-radiation exhances the fibrogenic activity of silica in lunes. )

71) Gross, P., and de Treville, R.T.P., "The pneu=oconicses", The
Industrial Hvciene Foundation of America, Bulletin #12, 1967.
(-radiation possibly enhances the fibrotic effect of silicosis.)

72) Kushneva, V.S., "Re=ote sequela of cc=bined effect en animals of
silicon dicxide and raden", Remcee Complications of Exposure
Result::c : rom Action of Ionizanc Rac iatio ns , Professor 0.E.
Zaku:Insky (ed), puollsnec State Pum11sners of Medical Literature,
Moscow, 1959, AEC-tr-4473, translation.

(-r,adiation enhances the fibrogenic activity of silica in the lungs.-

73) Stone, D.J, Schwart=, M.J., and Green , R. A . , " Fatal pul=cnary

insufficiency due to radiation effect upon the lung", American
Jcurnal o f Medicine , 21: 211-225, 1966.

(-radiatien has long been known to be capable of producing both
tem =orary (edema and exudate) and permanent (fibrosis) effects
on the lungs of man. )

74) Trapp, E., et al, "Cardicpu1=cnary function in uranium miners",
American Review of Reseiratcry Disease, 101: 27-43, 1970.

(-possible increase fibratic effect of silicosis with irradiaticn
in uranium miners. )

F- IRRADIATION AND AGING

75) Bertell, R., "X-ray exposure and pre-mature aging", Jcurnal cf
Sureical Cneciccy, 9: 379-391, 1977.

. - . .. . . - - . . . . .- - .. . - - - . ... - . - . - -
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-This article is an excellent resu=e of the famous Cri-State
Leukemia Survey. It produces some rather star:3..ag statistics
as to =easurable health effects of the very low doses of &
diagnostic radiation, and raises great questiens as to the W
safety of current radiation standards in the nuclear energy
field.

"The question of excessive use of diagnostic x-ray and the-

combination of medical exposure with excessive environmental
pollution =ust be faced as important public health problems
requiring i==ediate national attention. "

"?atient records should show a cumulative account of all diagnostic
x-ray received, including dental . "

(PSR)-The risk of developing chronic =yelogenous leukemia (CML)
increases both with age and with exposure to ionizing radiation.
Using the Cri-State Leukemia Study (1963) , the author de=enstrates
that trunk exposure to 1 rad skin dose from diagnostic x-rays
amounts to the equivalent of 1 year of natural aging in CML risk.
She argues that this relationship =ay hold for other aspects of
aging .

76) Lindep, P.J., and Jacher, G.A., (eds), Radiation and Acine,
London, Taylor and Francis, 1966.

(Pre =ature aging with whole body irradiation to =any ani-'l
species. Displace =ent of the cortality curve. Radiation
hastens the aging proces,s. )

77) Lushbaugh, C.C., Cc=as, F. and Hofstra, R., " Clinical studies of
radiation effects on =an", Radiation Research , Supp. 7: 398, 1967.

(-Pre =ature aging p cduced with whole body irradiation to =any
animal species. Displace =ent of the =ortality curve showing
radiation hastens aging process.

-Connective tissue is not affected by radiation regarding aging.)

78) Matanoski, G.M., Seltser, R., Sartwell , P . E . , Diamond, E.L. and
Elliott, E.A., "The current =crtality rates of radiologists and
other physician specialists: deaths frc= all causes and fr==
cancer", A=erican Jour. o f Ioidemieleev, 101(3): 138-198, 1975.

[See pg. 26 Secsion 3 PH YS:C:A.13 4 7 & 8. }- ,

79) National Council of Radiation Protection and Measurements; 3asic
Radiation Protection Criteria, NCRP Report $ 39, NCRP 3""'i ations,
Washington, D.C., 1971.

(". . . life shortening of persons whose exposure is =aintained
within presently recc== ended occupational limits would be ece
small to detect in the presence of so many other variables.
While it is probable that so=e small degree of lif e shortening
frc= radiation in man may occur following high-dose exposure,
its quantative expression is not pcssible at this time . ")

O
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G - PLUTONIUM E CARCINOGENESIS

30) Bair, W.J. and Thempson, R.C., "Plutenium: 31= medical Research",
Science, 183: 715-722, Feb. 22, 1974.

(Inhalation of as little as 3 millienths of a gram of Pu-239
can cause lung cancer in dogs. )

31) Bennett, 3.G., "?allout Pu-239 dose to =an", Fallout Procram
Guarterly Su==ar*/ Recort, Health and Safety Lam. , U.5. A::=1c

Energy Cc=m:ssion Reporu HASL-278, Jan. 1 1974.
(Cumulative intake of plutonium-239 to 1972 equalled .42 pCi per
person, = cst inhaled between 1962-64.)

82) British Medical Research Council Committee on P tection against
Ionizing Radiations, "The Toxicity of Plutonium", British "ed.
Res. Council, H.M.S.O., Londen, Eng., 1975.

(Estimates toxicity of Pu on lung cancer deaths.)

33) C11ett, W.H., Nelson, N . S . and Mills , W. A. , Allowed Health Risk
for Plutenium and Americium Standards as Com=ared := 5:ancards for
Penetra:Inc Radia:1cn , of fice of Radiation Programs , I.P.A.,

Wasn., D.C., IAZA-SM-L99, 11.

(Plutonium is 30 times as deadly as radium since the former
collects in one place on the surface of bone while radium spreads
throughout the bone.)

34) Geesman, D.P., Ceneressional Record, 15 March, 1973.

(-Fron the Atomic Energy C0= mission nuclear laboratory, Liver-
more, Califorcia.

" Dispersed as fine particles into the biosphere, one pound
of plutonium-239 represents the pctential for some nine billion
human lung cancer-doses. It presents a major carcinogenic
hazard for = ore than the next thousand generations.")

35) Gof=an, J.W., Cancer Hazard from Inhaled Plutenium, C.N.R. Report
1973-12.

( A vailable !:ca Canadian Coali:ica fo: Nuclea Responsibil.:y,
2127 W. 4 0 :h A ve . , 7ancouver, B.C., 76M Lw4 }4 104 -

36) Go fman , J.W., " Estimated pr: duction of hu=an lung cancers by.

plutonium from worldwide falleut", Ceneressional Records , 121:
S 14616, July 31, 1975.

[Taken !:0m Nade: 5 Abbo::s, rhe Menace of A :omic Ener:u }

"Using the projections of the At:mic Energy Cc==ission,
Gofman calculated the amounts cf plutonium that the atomic
industry would handle through the year 2020. He found that even
if the industry could contain plu:=nium with 99. 99 percent

- . - - - - .. - - . . . ---
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efficiency (that is, 0.01 percent of the plutenium in the fuel
cycle would reach the biosphere), the industry would still cause
500,000 additicnal lung cancer deaths per year for about fifty
years following the year 2020. Since the current death rate frcm
all causes in the United States is about two million per year,
Gof=an's calculations are quite alarming. He also noted that,

c=nsidering ' the fallibility of men and equipment plus circum-
stances of accidents,' it would be a ' miracle ' if the atemic
industry could actually centain 99.99 percent of the plutenium
it handled."

"Est ~ated production of human lung cancers byi87) Gof=an, J.W.,
plutonium from worldwide fallcut", Recort of the Committee for
Nuclear Resconsibility, 1975-2, p.0. Box 2329, Cuniin, Caili. 94566.

(-Extra 116,000 lung cancer deaths in the U.S. as a result of
weapon-test plutonium fallout. )

88) Martell, E.A., letter to Public Interest Research Group (Washington,
D.C.) May 22, 1975.

(Taken from Nader & Abbo :s, Menace of A comic Enercul
-Recc== ends that exposure standards for plutenium and similar
alpha-emitters be cade 1,000 to 10,000 times stricter.

89) Morgan, K.Z., " Suggested reduction of permissible exposure to
plutonium and other transuranium elements", Industrial Hvciene
Associatien Journal, 36 (8) , Aug 1975.

(see pg.13, sec:Lon A - CAac:xccrxis:s :x crx RAL, 4 201

90) Nader, R. and Abbotts, J., The Menace of Atomic Enerev, W.W. Norten
& Co, Ltd., New York, 1977.

* Dean Abrahamson, a medical doctor and professor at the University
of Minnesota, has called plutenium 20,000 times =cre toxic than
cobra venom or potassium cyanide, the gas used in gas chambers. "
"At Kerr-McGee (nuclear prccessing facility) , however, eighty-
seven individuals were exposed to excessive levels of plutonium
in 24 different accidents between July 1970 and December 1974. ''

"A facility in Erwin, Tennessee, ...has experienced at least 15
separate incidents since 1969 in which = ore than 50 workers have
been exposed to radiation above permissible li=its."

"At NFS, West Valley, at least 15 separate incidents between
1966 and early 1973 exposed 38 persons, who either inhaled or
Lagested the =aterials, to excessive concentrations of radioactive'

materials."

-Arthur Tamplin has "recc== ended that the govern =ent =ake its
standards for plutenium = ore stringent by facters of 2,000 to
15,000", because " existing standards fail to consider the effects
o f hot particles". (high-LIT particles)

O
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Aa Spidente&egsse Ovaluattaa of Meatth Effeeta in a Generet Pseulattan
Restetag La en Ar.. Cantamanated with PlutenAum A Pre & La taa ry Re po rt *

Cart J. Jennaan. M.3.. M.7.d.**

1 1arge area of Land near a plateatum p res eas tag stant La Jeffersen
Ceun ty . Caterede wee sentaminated ny win ta t own plutonium and etner reese.
nuotides. The sentaminetten af euen of the Denver area wata plutantum La
well-desumented. with plant emaastoaa of platenAum re sord ed as earty aa
1931. and a major release as ses ta t ed with a (Are La L117. Sesause of sea.
munity senserM for pese ttle heett4 effects f or popula t tena Ltwing an thaa
area. and fer the saf ety of further reetdentist development near tne plant,
em investigatten was senducted. A pre t tataa ry study of Leukeata deaths in
eight eensus treats ( populatten *$.179) around the plant and La the nearpy
esty of Ga& dea ( 51.641 persee-years) sempared wi th a esaaret area of 19
eensua treeta with e aLaslar papelation ( %7. *0 L ) in the rotatsvety uneen.
teminated pa rt of th e seusty disatened a stgaafisant s naress e La the age.
e e rrve t ed leukseta death rates in the sentaminated areas (p. 0.01. a nd
pe 0.32, roepeettroly). An eve Luetten of lung saneer deatas for the een.
tamsnated area reveal ed as ago.eerrested and age-speettia ( 41.e4 years )
death rete f rom tung saneer significantly greater than that for the sea.
trol area (p=0.31). A pre & Latnery s tudy of eengenitaa malformattene femad.

a rete of 14.$ per 1000 birtna for a la rg e sutustan sa ty seer the plaat
eeapared with a rate of 10.4 per 10C0 tirths for the rematador of the
seusty. and 10.1 for the State of Calerede. a difference of taterest.

The Tntre National Cameer Lasidence Survey by the Nattenal Caneer laats.
tute for a three year perted (1969 1971) provided a strong data tese for
the Laveettgesten of Laeress ed rates of saneer near peant seurses of pet.
Lusten. The 0enver S tandard Me t ro pelt t aa Stasiattaal Area was sa. of seven
s ueh metropelitan areae Laelud ed in this survey. Thas data as new awaklaena
by eemaus treet, essenttak for taves tige tten of possible assestattens tet.
ween meneused leve&J er earstnegente pollutsata and ineressed rates of san.
ser. This re pe r1 desertbes the st re t entdemselegical evetuatten of easser
insidense in areas of sensus treets wita esseured consentrataens of piuten.
tum La seti from a pe Las seures of estaaten (tne 2eeky Flata plant) eemoared
to areas that have sentamtmatten only from wer14 wide f allous from we e pens
teettst.

*he peesletten studied ( the Denve r 3.M.3. A. ) c amortmes ever one station
people stud &ed ever a pe rted of three years. Caneer kneidense La een an
Arte I( populatten L j 4.17Q 3 nearest the peeky Flata plaat (te 21 kilameters
downwta() sentamtnated with pistenium ran gin g from $0 to 0.3 at11Asurtes
per aguare kal eme t e r ( nC L/km * ) was 2%% hAgner snan for men in the unerposed
popula t ten (421.464) outs &de tne area of *newn sentamtaatsen tut within the
Camver EM3A. The sanser Lasidense for the uservesed po pula tion wee statta.
tasally the same as that for the state. 269 and 270 per 100.000 for men.
respeettvely. and for women. 226 and 227 per 100.000. Casser tasteense la
women ta the a rea nearest the plant wee L0% hagner. In aree !! wi t h the.

next tower range of eeneontrations (e.3 to 0.2 wC1/km*). extending from
21 to 21 kalenecero down= tad from the plant (1t*.190 peoples the saneer
insidense was 13% htsner far een com9ered to een La the unerpeaed popula.
tien. and for womea. 5% hagner. In Area III ( peowiatten 14e. 905 ) =tth
lowest tevela of sencaminatten (0.2 to 3.1 acA/We* e nt s eeAn g f rom 09 to 13
kaleme t e rs downwind) ene emneer ine& dense for een was 3% MAgner. temoared
to the une npos ed popstatten (area IV) and far women. 4y. signer. *h e eeti
levels of pautanAum en weten tne Laeoleths ta figure 1 are trewn are from
agriculturet sail samples, and serve to todisats the primeiste streettoa of
p&uses from the emneuse staaks as weL1 as the wtadttewn eestaminatten from
platentum Latae 311 waste s t a red enatte.

There wee a total et fot emeese esses of saneer. due sootty to an
ine res s ed insidense of caneer of the t ung and bronahus (as %sgn as 41%
La men ) , toukeata (40% in non). tympnema and eyelene (40% in men. 10% to
women ) , ca re n nema of the seten and restum (43% ta men and 10% in women ) .
pha rynz. e so pna gua and stemesh (meetly in een). sanser af tne teetts (about ,

twtee se many cases as erseeted). and eve ry (atout 24 % h&gner). A higner c7;;-4
insidence than esseeted was steerved else far Liver. paeerees. t hy ro i d , and - 7)

brain. In genereL. there wee a higner Lasidence of cancer with inereestag Ci; j
consentrattens of pLutentum soil sente=Laatsen. cr; 9

These results indicate the Empe rt a ss e o f ten tinuas s emmel e t e surveillance d'*
ef esseer kneidense and death rates in this area. Some type s of tumere, , ,

suah as these of gene. have Long latent perseda before seve L eomen t . A teng (,' j
Tlpersed of survet11anee ta necessa ry to ment ter Lata e f f ec ts ta tnas po pu. _

_1Lation and the investigetten sneuld be extended. It as Leee rt an t that a 6

gf)[}?[thorougn inven ta getten se conducted to deteretne tne ad eewae y of the filtre.
tien system presently in use at ene plant, to d e t e rmine tf s u e.= t e ren pa rt t . & ,;
elee of plutonium ane acner nue1Ades Listed ta the Reewy Flats Environ. Q -_Jment.t :, east statement .r, not seing rete.... to .uen t.rge r eu.n tit e e
than to totag measured. This ta af seestat eeneers ta wtow af plans to
knorease the seese of operettens at ene plant. Oefinattre settens sneuto ryq 1

b :lase samen my reesenstate agenstes to etnamtae weakin of reets from e=posure
to low levela of slutantum, includtag the estaettanment by the IPs of wue n

k', _:_-- M'
-

twere eenserwstave gutdetsnee to thatt numan e v ee s u re to statontum, sener
transurentum radtenuettdee and their f tss ten p reque t a . Nuo t ea r taa t a l . 61 1

kTZ ~ ~tations sneuis met be temated near er uswnne of en jer popula tten : en t e rs .
6 fit _,tslet t e r c omerenens teo esidemsetegssai evaluattens of esacer tae s senc e retes

sneute se ton.ueted wn.re guete r inst.itastens .re tes.ted ee.r .ejer -

3eputatten tenters.

........................................................................

*eresented to tne Statn Intermettenal Cangrees of Modtatten ae eare%. En
f e wy o . Jaean w ay 11 11 It*1.

Or. Jenneen ta Streeter of the Jeffersen County 4 a t tn 3ena rt men t .**

250 3euth Kip &tas Street. L4=eweee. sterede, to: 6
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CHILDHOOD LEUKEM!AS ASSOCIATED WITH FALLOUT FROM NUCLEAR TESTING

Jostni L. Lvos, M.D., M.P.H., M uxn.:.c R. Kuuuta. Pii.D., Jorru W. Guuxxa, M.D.,
asu Kmc S. .Coau, M.D.

ADStract Continuing c0ncern over de Oossible Car- pesure cOhcrt in the high fallout c0 unties was 3 bout
cinogenic effects of icw4evel raciation :romoted us half t1st of the United States and the remainder of the
to stucy the occulation of Utan tecause of its ex- state. Mert:lity incressed by 2.44 : mes (95 per cent
pesure to talicut from 25 nuc! ear tests between 1951 confidence.1.18 to 5.02) to just slightly acove that
anc 1958. Certain rural c unties (hign-fallout c un- cf the United States in the high-exposure cenort
ties) received most of the fallcut curing thst period. resicing in the high f attout counties. and was grest-
We reviewed all deaths from chilchoed (under 15 est in 10- to 14-year-old chilcren. For other child-
yests of age) cancars occurring in the entire state be- hood cancers. no censistent =attern was fcunc in re-
tween 1944 and 1975 and assigned them to a conert cf fation to faticut excesure. The increase in leuke-
either high or Icw execsure, cepending on whether mia deaths ccutc de due to fal! cut er to scme otner
they were under 15 ::etween 1951 and 1958. For rea- unexplained facter. (N Engi J Med 3C0:397-402.
sons unknown, feukemia mortality among the low-ex- 1979)

Larsen, R.P., Plutonium in Drinkinc Water: Effects of Chlorination
on its Maximum Permissible Concentration. Science, 201:1008-1009,
1978 (15 Sept)

-Permissible concentrations of plutonium in drinkine water are based
on animal absorption studies with Pu(3) and Pu(6) valence states. Most
Pu is in the (4) state. Absorption of Pu(6) is three orders of magnitude
greater than that of Pu (4) .

-Chlorination of drinkinc water results in the oxidation of Pu (4) to
Pu(6), thus increasing its potential absorption by a factor of 1500.

- The consequences of this observation is that the present values for"

the maximal permissible concentration of plutonium in drinking water
appear to be too high by several orders of magnitude."

Fowler,S.W., High absorption efficiency for ingested plutonium in crabs.
Nature, 266:929-829, 1977 (28 April)

-Con _trary to absorption efficiencies of tenths to hundredths of a percent
dert.ved from studies with ver.ebrates, results show that relatively
larce fractions of plutonium are readily absorbed from incested food and
incorporated into tissues.

-"ich plutor:ium absorption efficiency is also common to other tarine
invertebrates. Thus it is possible that data indicatinc extremely low
castrointestinal absorption of plutonium by vertebrates are not applicable
to species comprising the bulk of the marine biomass.

O
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Green.D.,et al, Localisation of Plutonium in mouse testes.
Nature 255:77 (May 1) 1975

"The plutonium isotope Pu-239 is a known carcinogen but its abilley
to produce genetic damage has not been so well investigated...
Retention in the gonads of Pu-239 is prolonged,and the genetic
effects there have been estimated on the basis of average dose in
the gonads. Inhomogeneity of distribution of Pu within gonads has
been noted, givine rise to the possibility that some cells may
receive a greater radiation dose than others... Here we report
that a non-uniform distribution of Pu-239 in the testis results
in increased radiation of the spermategonial stem-cells."

-Because the isotope tends to concentrate selectively near areas
of spermatogenesis, the radiation dose to developing sperm is
2.5 times greater than the dose-rate to the orcan as a whole.

Beechey,D., Green,D..et al, Cytogenetic effects of Plutonium-239
in male mice. Nature, 256:578 (August 14) 1975

" Increasing amounts of plutonium-239 are processed in the nuclear
power industry. The likely magnitude of the associated genetic risk
is still uncertain but thought to be less than the risk of cancer
induction... (H)owever, plutonium reaching the testis... concentrates
in the interstitial tissue, outside the seminiferous tubules...
The calculated average dose-rate to spermatoconial stem cells, in
which genetic damage can accumulate, was about 2-2.5 times that to
the whole testis... The averace tissue dose is normally used for
protection purposes." (Emphasis added.)

~ Male mice injected intravenously with soluble Pu-239 showed a
58: decline in testis weight after 13 weeks and a 51% decrease in
sperm count, both attributed to germ cell death.
-Irradiated spermatocytes showed a 2.6 times greater frequency of
chromosome fragments (not statistically significant) and a clearly
significant increase in quadrivalent configurations (rings and
chains of four arising from translocations in spermategonia. )

-Alpha particle radiation is calculated to be 63 times more potent
than gamma radiation in inducinq chromosome abnormalities.

and-Deposited plutonium in gonad remains for a very lanc time,
genetic effect is cumulative.

- . -- _.
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Sanders, C.L., Deposition patterns and the toxicity of transuranium
elements in lung. Health Physics _ 22:607, 1972

" plutonium is peculiar compared to most inhaled material in that it
exhibits such a tenacious retention in the lung." In the case of Puoe,
its biological half life in lung is estimated by animal studies to be
4 years, after which time accroximately 50% has translocated to lymph
nodes. Due to the inhomogeneous localization within lung, a fraction
(2%) of tissue may receive over 40 times the maximal permissible total
lung dose (15 rem).

Taylor, D.M., Interaction between transuranium elements and the components
of cells and tissues. Healeh Physies_ 22:575, 1972

.

'.In blood, plutonium binds with transferrin, the iron-transporting protein.
In cells, it localizes to lyso=omes, creating intracellular " hot spots"
and cessibly causing damage to lysozomes suf ficient to cause release of
enzymes which may damage subcellular components, including chromosemes.

4

Miller, C.L., et al, Transfer of plutonium from milk to cheese.
Health Phvsics 22:563, 1972

-Soluble plutonium acpearing in milk is ::ansferred readily (97%) into
cheese.

Noshkin, V.E., Ecological aspects of plutonium dissemination in aquatic h
environments. Health 9hvsics 22:537, 1972-

- There is evidence that plutonium concentrations are increased in"

organisms of higher trophic levels" (ie, higher en the food chain.)
" Bone and liver are major repositories for plutonium in marine vertebrates."
"In marine sediments, as in soils, plutonium is more mobile than origin-
ally expected.What little is known of the behavior of plutonium in the
marine environment should be used conservatively to assess...new
plutonium additions derived from sources other than fallout..."

Ballou, J.E., Distribution and retention of plutonium-239 and
Neptunium-237 in the rat adrenal. Padiation Research 22:01, 1964

"The deposition of plutonium and neptunium in the adrenal cortex is
characteri=ed by discrete zonal concentrations.o_f the radionuclides in
areas of the zona glomerulosa and zona reticularis. Estimated local
radiation doses to the portierAontaining the maj ority of Pu' and Np
are about five times as high as the average adrenal dese.

- Also points out that the adrenal is relatively radieresistant.

O
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Langham, W.H., The biological implications of the transuranium elements
for man. Health physics 22:943 1972

"It appears quite certain that the transuranium elements in general and
plutonium specifically are or will be the most thoroughly studied of the
valuable but potentially harmful substances to be introduced into man's

"ever-expanding industrialized society.
(Seaborg) " visualizes that the annual production rate of Pu-239 will
increase from about 20,000 kg in.the 1970-80 period to 60,000 kg in the
1980-90 decade and to 30,000 kg in the period 1990-2000...This trendthree decadesreflects the increasing national power needs over the nextbeceme a technicalbefore commercial thermonuclear enerev ereduction may
and economic realitv.(Emphasis added) The first reactors to supply com-
mercial power utill:ed enhthe U-235 constituting 0.7t of natural uranium.
Their inefficient utilization of the nation's natural resources ofuranium eliminates them as a candidate for meeting the nation's expanding
power needs. . . The next generation of reactors is the Liquid Metal Past
Breeder Reactor and will derive about 80: of its energy from pu fission'
and the other 20 from...U-238 while producing enough additional pu
to provide fuel for new reactors."
"One can visualize a number of ways whereby pu may be discharged advert-
ently or inadvertently into the environment. . . Nuclear power plants canthrough improper discharge of gaseous.disperse pu into the environment
or liquid effluents and through accidents that disrupt the integrity of

pu processing and fabrication plants can contaminate thecontainment.environment. . .through accidents such as fires and storage and transporta-
tion mishaps... Space power generators could be involved in launch pad
explosions and orbital decay with reentry and atmospheric burnup...
Contaminated waste management is of paramount importance in controlling
environmental centamination."
-Continues by reviewing the history of pu standards and concludes that
with vigilance and dedicated research plutonium will indeed become
the future substrate of nuclear oower,with acceptible containment.

Ovcharenko, E.p., An experimental evaluation of the effects of
22:641,transuranic elements on reproductive ability. Health physics

1972

-5000 rats were injected with soluble plutonium and other transuranics
(Americium and Neptunium). Coses not cited.

" All of the transuranics studed were characterized by a high retention in
and an increased transplacental transfer during thethe placenta,

later stages of pregnancy.. 7: injected pu concentrated in the placenta,
in the first month's breast milk and it in the fetus." Increased4:

intrauterine death was seen with all transuranics when administeredto both males and f emales. Live off spring showed " decreased viability,variations in weight, disturbance in blooddelayed physical development,change in radiosensitivity and depression in sex function."formation,

._.- .- -- - . - - . - - - - - - . - .
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J e e ,*d . , Distribution and toxicity of plutonium-239 in bone.
Realth Physics 22:583 1972

" plutonium-239, an alpha-emitting, bone-seeking radionuclide, has
proven to be one of the most effective radicelements for ostecqenic
sarcoma induction. Its pattern of distribution upon -bone surf aces
allows a large proportion of the alpha particle energy to be absorbed
by sensitive bone lining cells , very little radiation is wasted. . . ''
"In growing bones, there is more bone surface available...and better
vascularization...which may offer better conditions for the binding of
plutoniwn."

-The minimum effective dose of pu-239 for induction of osteosarcoma
ranges from 0.0073 to 0.7 microcurie /kg, which for an average 70kg
human cemes to 0.1 to 9.9 microgram.

Sikov, M.R., plutonium in the developing animal. Health Physics 22:
707 1972

-Reviews the literature on the differences between young and adult
animals with regard to gastrointestinal absorption, radiosensitivity
and carcinogenicity.

-Tnere is enhanced Masorption from the gut in neonatal does and rats
of radionuclides ordinarily thought to be poorly absorbed. About a
loo-fold increase has been found.
- The absorption of plutonium bound to protein as in milk, may be"

as much as 20-fold greater than in the uncombined form. This might
increase the hazard in the juvenile, whose diet is primarily milk."

"It appears that the hazard (of irradiation) to the g.i. tract

from ingestion of insoluble radioactive materials may be greater
in the infant than in the adult."
-Early in gestation, doses of plutonium "well below the acute lethal

produce extensive prenatal death...throuchrange for the adult rat
alterations of the fetal membranes." Later on, pu concentration in
the fetal bones exceeded that of the mother and that of the liver
approximated that of the mother, indicating free passage throuch the
placenta.

- Metabolic differences and radiation sensitivity differences related"

to the juvenile state are almost certainly present in the human as
well. . .They may be of even greater significance since the age-curve
of man is distinguished frem those of other species by a very long

forjuvenile period. Thus these potential differences will be present
a proportionally greater fraction of the lifespan in the human."
-Cata indicate heightened neonatal sensitivity to radiation by factors
of 11 for solid tumors, 45 for leukemia and 4 for thyroid cancer.

****? AGES 44A through ? WERE PRE?ARED BY CALIFCRNIA PSR****
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20 June 1979

TO: Alemada County 3 card of Supervisors
1221 cak 5trase, 04M u d, California

yRCM: Dr. Zdvard A. Ear:all ,

National Cantar for At=capharic Rasaarch .

P.O. Box 3000
Soulder, Colorado 80307

SUBJECT: Stacament for the Public Heart =gs of 26 June, 1979 on the
proposed resolution to closa che plu:enium fac111:7 at
Liver = ora Laborator1.ss and to re=ove the plutonius from the
Liva = ora si:n.

This statanant is =ada to advisa you of :he possible consequences
of an accidental ralaasa of pluton 1=s and other ac:1nidas from the
Livarmore Laboratorias to the sur cunding public arass. In particular I

nusu point out tha: relatively s all releases of plutoniu= can give rise
to very substantially inernased risks of cancer and. earl; coronarias in
exposed population 3: cups in the present and thousands of futura ganaracices.
The full magni:uda of the risks are highly uncertain and con::cvarstal
because tha responsible f aderal agencias have f ailed to evaluata che
chronic health aff ects attribu:abla to very s=all burdans of insoluble
alpha emitting dust particles in the lung and other sof: -dssue organs.
It is pointed ou: belov, and in at:ach= ants 1-3, why oniv one or two .

cicoeuries of insoluble alcha emitting earticles in the lung nav give
rise to an unaccattably high risk of lung cancar. In this connectics,

plaasa note that the cresentiv accected =axdm- eer:1ssible lung burden
for occupational exposure to clutonium is 16,000 eleccuries-a ten
thousand times eraatar burden! This rs=arkable discrepancy re= sins
unresolved and serves to illustrata the prasan: hopelessly inadequate
basis for plutonius cancer risk assessment.

The substantial lung cancer risk which I at::1bute to very small
burdans of alpha emitting particles in the lung ste= from the following
ganaral considerations. Both the age distribution of lung cancer and
the chrc=osome abarrations in tha t'.=nor es11s clearly indicata that a

multi-stage process is i=volved. For a multiple mutation process of
canca induction by alpha a=1c:ars 1: is self-eviden: that particles of
relatively lov alpha activity (which I call "vaz= particles") vill carry
e much higher risk than particles of higher activity. "' Tars particles"'

,

give rise :o less than one critical alpha hi per day to the calls

2Affiliation given for address purposas only. .

.

1. E. A. Mart:11 con =ents on "? oponed Guidance on Dose Li=1:s for
Persons Exposed to Transuranics Ilements in :he Inviren=en:,a
Report of the U.S. Inv1:o==cnzal ? otection A6ency, I?A 520/4/-77-016,
Septancer, 1977.
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naarast the particia. At such interaction ratas, transfor=ed cens have
cima to pass through the mitatic cycla and divida before day suffer a
second hit. This allows for a succession of incaractions which progres-
sively transfom some no=al cens to the pre =alignant state and finany
to the fully -sid--s c' state. By contrast " hot particles" vill kin
transfor=ad cans before they can prolif arate, af f ectively shutting off
the multiple =utation process.

On the basis of such a mechanism as dat proposed here, the linear
hypothesis vould not be app 11cabia for estimating emecar risks for
insoluble alpha emiccing particles which persist in tissus. In fact, on

this basis the linear hypothesis is highly unconservative and its
application very seriously underest1= aces the cancar risks at= 1butabla
to "vars particles."

.

I submit that, on the basis of such a machmMas, the small burden
of insoluble alpha emitting particles at the bronchial tu=or cites in
cigaretta s=ckers (Attachmenc #2) is the likely agent of lung cancer in
:=akars. Sf Mi ="17. plutonium ae fallout levels can be con =1buting
substanciany to the rising general incidence of hu=an cancer. If, as I

seriously proposa, fanout levels of plutonius con cibutes substantd C 17
to the general incidence of hu=an cancar, can we accept the EPA's "?roposed
Guidasca on Desa f'-its for Persons Exposed to Transurnaius Ele = ants in
the General E=viron= ant," EPA 520/4-77-016, Septa =her, 19777 The latter
report tries to suggest, vichout adequata basis, dat 200 c1=es fau out
levels is an acceptable level of public exposure to plutonius in areas
east of the Rocky Flats plant and elsewhere.

In my opinion, it is a national scandal that the faderal health
agencias have failed to assess tha =1eredistribution of insoluble alpha
esitting particles in hu=an sof s tissue organs and de cancer risks
attributable to such distributions. In particular, until the var =

particia hypothesis and other possible mechanis=s of c2=cer induction by
alpha e=ittars are adequataly evalustad, de =agnitude of cancer risks
at=1butable to plutonium and other alpha e=1ttars in soils, in air, and
in hemn organs vill re=ain very highly uncertain.

Until these problems are resolved the agnitude of the risks
associated vid plutonium conc = dmation in the environs of Rocky Flats,
or Livernora laboratorias and alsavhers win rs=ain in doubt. If the

disturbing possibilities which I have proposed are confir=ed, fanout
levels of plutonium are serious and armas with can c1=es fanout levels
vould i=volve unacceptabla risks.

On the basis of the above consideracious, I suggest that the continued
operation of a plutoni=s fac111:7 at Liver = ora Laboratories provides a
thraat that should be a source of =ajor concern to nearby co== unities.
Whether by seismic event, by fira, by explosion, or by ochar maa=s, the
raiassa of only a f ew cunces of plutonius to offsite areas can render
taas of squars s1las of cone =M-= cad land area unsulable for hu=an
habitation.

2. Articia in Asencan Scientist, " Tobacco Radioactivity and Cancer
in 5=okers" pp. 404 -412, July, 1975.

3. State =ent sub=1tted to the National Acade=y of Sciances 3EI2
Co==1ccee, "3ronch141 Cancer in C1garecce S=ckars from Alpha I=1tt1=g
" Wars ? articles," July, 1977.
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- r31) Newell, R., "The global circulation of atmospheric pollutants",
Scientific American, 224(1): 32-42, Jan. 1971.

-Radioactive fallout is distributed gicbally by 12 days following
an atmospheric nuclear explosion.

Radiobiologv o f Plutoniu_m_f92) Stover, 3.J. and Jee , W . S . S . (eds.), ,

o f Ans:Omy, Univers;;y oSal: Lake City, The J.W. Press, Cept.
Utah, 1972.

93) Tamplin, A.R. and Cochran, J.5., " Radiation standards for het
particles: a report on the inadequacy of existing radiation
protection standards related to internal exposure of man 0 in-
soluble particles of plutonium and other alpha-emitting hot
particles", National Resources Def ense Council, 1710 N. St. N.W.,

Wash. D.C., 20036, Feb. 14, 1974.

(3y 2020, U.S. nuclear plants would have 440 million pounds of
plutonium througn the nuclear fuel cycle. Estimates lung Ca
deaths from plutenium.)

94) United Nations Report of the Scientific Cc=mittee on the Effects
o f Atomic Radiation (UNSCEAR) , Sources and Ef fects o f At==ic
Radiation , U.N. Publication E-77, IX.1.

-The radiation dose cc=mitment per person due to nuclear explesions
by the end o f 1975 (the whole world) :

Gonad Marrow Sene-lining cell Lung
= rad 94 170 190 160

95) U.S. Senate Cc=mittee, 1979. .

(A Sena:e Commi::ee is cur:en:1y in ves :i ga ::nq :h e repo::edly
hi gh incidence of cance: in a:sas of U:ah and .Vevada sub;n :ed
:o fallou: !:om a:mosphe:L: n ucl ea: :es:s. Copies will p::bably
be ava:lable !:om Senato: Edwa:d Kennedy, a commi::ee member,
when che in ves ::;a :L o n is comple:ed.1

H - LINEAR HYPOTHESIS

96) Archer, V.E., " Lung Cancer amenq populations having lung irradia:irn",
Letter to Editor, Lancet, 11 (7736): 1261-1262, 4 :ecemher 1377.

-excess lung cancer among uraniu= miners = 1.3/yr/WLM/=illion persons.
-radiation dese/ response curve is appr=ximately linear frc= fairly
high levels down to the 0-dose /O-response point.

37) Archer, V.E., " Occupational exposure to radiation as a cancer ".a:ard",
Cancer, 39: 1902-1306, 1977.

-the linear hypothesis " is a conservative approach for. . .

x-rays and c her low-LET (Linear Energy Transf er) radiations bu:
is probably not conservative when dealing with alpha particles
or other radia:10ns having high-LOT.*

. . -
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- It appears to be impcssible to establish a threshold level for*

ionizing radiation in the production of neoplasms in experimental
animals."

98) 3 air, W.J., and Thompson, R.C., Plutenium: Sic =edical Research*,"

Science, 133: 715-722, 1974.

(-100% of dogs with small 1=cunes of Plutenium-239 put in the lung
died of lung cancer.)

99) Baum, J.W., "?opulation heteregeneity Hypothesis on radiation induced
cancer", Health Physics, 25: 97, August 1973.

(-at lower doses of radiation the linear hypothesis underestimates
the risk of cancer. )

100) 3rown, J.M., "Linearity vs non-linearity fer dose response for
radiation carcinogenesis", Health Physics, 31: 231, September 1976.

(-at icwer doses of radiation the linear hypothesis underestimates
the risk of cancer. )

101) 3ross, I.D.J., Natarajan, N., " Leukemia from low-level radiation",
New England Journal of Medicine, 297: 107-110, 1972.

-children with hives or asthma are 8 times more susceptible to
leukemia from the same radiation exposure than other children.

(PSR)-current procedures for setting ' safe' levels for exposure
to low-level radiation are based on the assumption that the
population . exposed to the risk of leukemia is homogeneous.

102) 3rown, M., "The linear hypothesis", Letter to editor, Bulletin of
the Atomic Scientists, Septemher 1977.

the linear hypothesis is a very goed estimator of ef fects*
-

. . .

(cancer induction and genetic =utation) at low to =cderate doses
(of radiation) . "

103) Craig, A.G., " Alternatives := the linear risk hypothesis", Health
Physics, 31: al, July 1976.

(-at icwer doses of radiation the linear hypothesis underestimates
the risk of cancer.)

104) He=pelmann, L.H., Neoplasms in youthful populations following"

x-ray treatment in inf ancy", Environmental Research, 1: 333, 1967.

(-radiation induced thyroid carcinc=a presents a higher risk in
children than in adult populatiens and risk increases linearly
as the dose increases.)

105) Lewis, 2.3., " Leukemia and ionizing radiation *, Science, 125: 965,
1957.

(-linear relationship between dose and risk, infers 1-2 cases /
million persen-years at risk per rem.)

O
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5) Medan, 3. et al, " Radiation induced head and neck tu=crs", Lancet,
277-279, February 23, 1974.

(PSR) -radiation for ringworm of the scalp resulted in an increasing
risk of brain, parecid and thyroid tumer. The dose causing

thyroid carcinc=a 6.5 rads, is the lowest reported.
.

107) Mo rgan , K . I . , "The linear hypothesis of radiation damage appears 00
be non-conservative in =any cases", Proceedines of 4th International

Paris,Concress of Internaticnal Radiation Protection Association,
France, paper v451, Augus: i976.

(-at lower doses of radiation the linear hypothesis underestimates
the risk of cancer.)

108) Muller, J., and Wheeler, U.C., "Causes of death in Ontario uranium
=ines (second report)", May 1974.

[raken 5:om che Ham Repor:1
-Cancer risk increased with cumulative exposure.

-Linear hypothesis is consistent.

- There is now nc lenger any real question of recc==ending a"

level of exposure to ionizing radiation that in the light of
present knowledge can be censidered absolutely safe. "

-The Nc=inal Roll provides no evidence supporting the hypothesis
of a threshold of exposure below which there is not significant

~

excess risk.

- In the absence of evidence of a threshola alow which it may"

be presumed that there is no risk, it is prcient tc assu=e that
the risk of excess lung cancer increases with ionizing radiatien
frc= :ero exposure. *

109) S ilve rman , C . , and Hoff=an, D.A., "Thyrcid tu=or risk frc= radiation
during childhcod", Preventive Medicine, 4: 100, 1975.

(PSR)-A review.
-The icw dose, 6 rads, associated with thyrcid cancer in 2 studies,
raises questions abcut the long-term effect of diagnostic
precedures in childheed.

110) Wick, G.L., "Is there a safe radiation limit", Sew Scientist,
page 276-273, August 6, 1970.

"If the claims of sc=e radiologists, that no ' safe' limit exists,
are true , the setting of radiation standards should be a public
issue."

" Damage caused by it (radiation) has been studied much =cre
extensively than that of any form of pollution. "

_- . _ _ _ _ _ _. ___ __. _.
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"Drs. John Cof=an and Arthur T2=plin, Lawerence Radiation
Laboratory, Liver = ore, California . have claimed that the. .

risk of cancer due to radioactivity are higher than co==only |hbelieved, and that =aximum permissible limit for radioactive
pollution should be i==ediately icwered by a factor of. . .

ten."

"According to their ' calculations, an additional 16,000 cases
of cancer will be induced in the U.S. unless the upper li=it
for radioactire pollution is lowered."

"Cther experts disagree with . their conclusions. ". .

-The International Co==ittee on Radiological Protection (ICRP)
originally based their reco==endations on the threshold concept
but now base them on the theory "that the risk of damage is
proportional to dose even at the lowest levels. Thus the maximum
permissible dose is not necessarily a completely safe dose. It
depends on 'a risk that is not unacceptable to the individual
and to the population at large'."

"It is i=portant that the public be included since the decision
cannot be =ade on purely scientific criteria."

111) Ien:, C. , Occucational Medicine -- Princiales and Practical
Acolications, Year Sock Mecical Punlisners, Inc., Chicago, Ill., 1975.
-It is " prudent for purposes of occupational and environe=ntal
exposure guidelines to assume that no threshold does exist for
radiation =utagenesis."

- There is no doubt that a causal relationship exists between h
"

radiation and cancer in =an. "

!- GENETICS

112) de Bellefeuille, P., " Genetic ha:ards of radiation to man", Acts
Radiolacica , 56, Part I: 65-80, Part II: 145-159.

113) Bloom, A.D., et al, " Cytogenetic investigation of survivors of
the atomic bombings of Hiroshima and Nagasaki", Lancet, 2:
672-674, 1966.

-acute exposure, dose greater or equal to 200 ra's.

-94 survivors peripheral leukocytes examined. 34% had exchange-
type chromosomal abnormalities (fragments, rings, translocations
or dicentric) (p less than 0.001). No direct dose - ahnormality
relationship found.

O
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114) 3:0ss, I.D.J., "The mindless use of radiation technology: The
public health problem of genetic degradatien", Testimony before
the National Encrgy Terum, University of Akron, July 27-23, 1976.

115) 3ross, I.D.J., Natarajan, N., " Genetic damage from diagnostic
radiation", Journal of the American Medical Association, 237 (22):
2399-2401, May-June 1977.
-excellent study of Tri-State Leukemia Survey, which de=cnstrates
=ethods of =easuring health effects of low doses of radiation.
Cutlines a =athematical =edel for obtaining =eaningful results
in this area. This and other papers related to the Tri-State
Leukemia survey are discussed by Dr. Rosalie Bertell, and infor-
=ation may be obtained by contacting her at the Ministry of
Concern for Public Health, 151 East St., suffalo, NY, 14207.

116) Gentry, J.T., "An epidemiological study of congenital malformations
in New York state", American Journal of Public Health, 49 (4),
April 1959.

117) Ibsen, H.W., "The nuclear power game: Genetic :=ule :e", The
Procressive, page 15-13, January 197 6.
(-discusses the s:cial consequences.

-discusses the outcast status of survivors of Hiroshima / Nagasaki
radiation with respect Oc desirability as =arriage partners and
queries nuclear workers being future lepers of society. )

113) Ichikawa, and Nagata, "Uuclear power plants suspected Oc increase
=utations", from the Laboratory of Genetics, Tacul y of Agriculture,
Kyoto University, Kyoto, Japan 606.

-an interesting article based en the use of bicassay with
susceptible plants (the spider-wor ) to determine possible
health effects of very 10w-level radiation around a nuclear
pcwer plant.

119) International C0==ission en Radiological Protection: The RSE f0r
High-LZT Radiation with Respect Oc Mutagenesis, Cxford, Pergamen
Press, 1972.

(-linear relationship with high-LIT radiation, eg alpha rays.)

-
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120) Lisco, H., and Conrad, R.A., " Chromosome studies on Marshall Islanders
exposed to fallout radiation", Science, 157: 445-447, 1967.
-acute radiation exposure to f allout (70-175 rads).

and-examined peripheral biced ly=phecytes 10 years af ter fallout
found increased 2 break aberrations and acentric frag =ents (p less

but no increase of other abnormalities versus unexposedthan 0.01)
controls. Significance unknown.

-few controls not well matched for age and sex.

121) Martell, E.A., " Unresolved health effects of internal alpha emitters",
Proceedines of a Ceneressional Seminar on Low-Level Ioni:ine Radiation,
U.S. House of Representatives, 94tn Congress, 2nc session, Olo v . e976.

"The magnitude of the contribution of internal alpha emitters to
spontaneous mutations and genetic effects is a serious neglected
question."

studies have shown higher cencentrations of plutonium in"- Recent
human genads and lymph nodes than in other sof t tissue organs

. distributed in a =anner which gives a much higher dose to .

. .

the sperm than to the testes as a whole."
"The micredistribution of alpha emitters in the genads and at the-

important tumor sites in high risk exposure groups" must. . .

be studied "before we are committed to further proliferation of
nuclear energy. To do otherwise would be reckless and irresponsibla
. . .

122) Merz, T., " Radiation-induced =alformations in =an", Birth Defects:
A Recional Article Series, 12 (5) : 19-22, 1976.

-a good rest =e of the problem and reaffir=s the convictic" that
"the =cs: significant hazards to =ankind are probably those which
are related to very low doses fractionated over a long period of
time".

123) Muller, H., " Radiation and Heredity", American Jcurnal of Public
Health, Volume 54, January 1964.

124) National Academy of Science , Advisory Cc==ittee en Siclegical Ef f ects
of Icni:ine Radiation, The Effect en Poculatiens cf Excesure to Low-
Levels of Icnizine Radia:1cn, Wasnington, D.C., 1972. (SEIR Report)

- uses predominantly the doubling dose method to quantify the risks.
-doubling dose of genetic mutations is "between 20-200 rads".

(see follcwing table)

O
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Esti. ated Ef fect of 1 Rad Per Generation of Lcw Ocse, icw Ccse Rate,
Low LIT Radiation on 1 Million People

Recalculated 3CI2 Assess =ents
77, see Numbe: 127 :ni s sec: cnl(~aken from UNSCHAR Repo:: -

Disease Classifiestion Current Incidence Effect of 1 rad per generation
1st generation Ecuilibrium

(2,5 cens.)

Autosomal dominant and 10,000 20 100
x-linked diseases

accessive and chrom- 10,000 slight very slow increase
osomal diseases

Ccngenital anomalies )
Anomalies later expressed ) 40,000 2-20 20-200
Constitutional and )
degenerative diseases )

ToCAL 60,000 25-40 125-300

2ercentage of current 100 0.04-0.07 0.21-0.50
incidence

[rhese sea:istics do not apply to high-LS: (linear ene:7y ::ansfe:)
:a dia :io n , e.g. alpha pa::Lcles which have a :ela :ve biological
e!!ec:iveness (RSE) of $~20, depending on which au ho:::Les you
:ead, compa:ed :o low-LE: :adia :Lon , e.g. x-:ay and gamma :ays,
which have an RBC of a pp:oxi.na :el y 1)

125) Neyman, J., "Public healt.. Ta:ards frem electricity producing
plants", Science, 195 (4280): 754-758, 25 February 1977.
-cannot extrapolate well from A-bc=c studies and mice studies,
therefore must take into account multipollutant and multilocality
considerations.

-Rocky Flats Denver: Ranch complaints of increased malformations
at birth a=ong domestic animals. Query due to selenium entering
the ! cod chain; cuery 1ccal nuclear radiation.

126) Russell, W.L., " Studies in Ma==alian Radiation Genetics", Ncclecnics,*

23: 53 (1965).

(-increased mutations vary with ' dose ind rate, no defini e linear
relationship.

-female nice shew recovery in genetic material at l=w dose and icw
dose rates, and have a threshcid.

-= ale mice have no thre shold. )

_ _ - . _ . - _ . . _
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127) Sources and Ef fects of Ieni ine Radiation, UNSCEAR (U.N. Scienti#ic
Co==sttee on :ne Effects of Atomic Radiation), 1977 Report to c.he
General Assembly, U.N. Publication E-77, X.1.

- Genetic effects of radiation are likely to be due predominatly"

to damage induced" in CNA.

"Using the direct =ethed the total rate of induction of recessive
mutations by low-LET radiation is estimated as 60 per million per
gamete per rad", for 1st generation.

-induction of dominant mutations is estimated as 20 per =illion
per rad in = ales, for 1st generation.

-induction of chromcseme aberrations is "2-10 congenitally =alformed
liveborn children per million conceptuses per rad, with about 5
times this number of recognirable abortions and about 10 times the
nu=ber of losses at the early embryonic stage."

-the doubling dose method (the dose required to double the natural
frequency of genetic abnormalities, which is approxi=ately 100 rads
for radiations such as x-rays, beta or ga==a radiation- i.e. low-
Linear Transfer Radiation) "the total genet.c da= age expressed over
all generations (cr the value in each generation reached af ter
prolonged continuous exposure) is estimated to be 135/=illion/ rad".

(This does no: :ake in:o accoun defec: race !ct high-LE: :adiacion,
e.g. alpha parcicles which have a rela ive biological e!!ec::veness
(R32) of 5-20 depending on which au:ho:L:Les you :ead, compa:ed to
low-Lir :adia:Lon.1

h128) Sternglass, E.J., " Radiation Risks", Bulletin of the Atomic Scientists,
page 4-5, June 1972.

" it is the dose to the early developing embryo and fetus.. . .

during the first few =cnths o f pregnancy that produces the greatest
impact, both for a given family and for society as a whole."

the dose required to double the incidence of serious def ects"
. . .

in the genetic centrol =echanism of the human cell is of the. . .

order o f 10 0 -4 ' ' ' -'ds in the firs * --d ester , co= pared to 10.0 to
100.0 rads . in the reproductive cells o f the =ature adult. ". .

"A typical ches x-ray . results in an average dose of about. .

50 =111irads to the upper part o f the bcdy. Ecwever, the dose to
the genads frem scattered radiation is only about 2 d ' ' i ad s . "

-He points cut that while =edical diagnostic x-rays are rarely given
to the embryo, radicactive fallout or releases from the nuclear fuel
chain to the general environ =ent will cause many more health
problems than previously believed even at significantly Icwer doses
than the present =aximum permissible levels.

O

__ _ _ _ _ _ _ _ _ ._ _
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NUCLEAR FUEL CHAINII -

1) American Institute of Architects, Ener y and the Built Enviren=ent:
A Gac in Current Stratecies, and A Nation of Enerev Efficien: Bu Acines
by 1990, Wasnington, D.C., 1975.

(Fron !!ader and Abbo ccs .4e na c e of A: mic ins:cyl

"A cc==it=ent to develop energy-efficient buildings by 1990 could
alene save =cre energy than nuclear power is expected to supply
even at historical growth rates."

2) A Public Recort on Nuclear Power Plants, Environmental Education
Group, Envircr. mental Aiert Grcup, 1543 N. Martel Avenue, Los Angeles ,
California, 90046, U.S.A., 1974.
-an excellent basic infor=ation and review book of the industry.

3) Sertell, R., Testi=cny before the Nuclear Regulatory Cc==ission in
the =atter of Boston Edisen Cc=pany et al, Pilgrim Nuclear Pcwer
Station Unit 2, cccket Nu=ber 50-471, Ca=hridge, Mass., April 19, 1977.

4) 3ertell, R., Testi=cny before the Nuclear Regulatory Cc==ission in
the =atter of the application of Public Service Cc=pany of Oklahoma,
et al, for Black Fox Nuclear Generators Units 1 and 2, Cocket Nu=bers
STN-50-556 and STN-50-557, March 24, 1977.

5) Sertell, R., Testi=cny, Mina1 and Energy Management Cc =*.ittee , Ecuse
o f Representatives , Cc==cnwee Leh of Pennsylvania , July 7, 1976.

6) 3ertell, R., and Bress , I.D.J., ?receedines of a Concressional Seminar
en Low-Level Ionizine Radiatien, Succc==1: tee en Energy anc :ne
Envaren=en: ci :ne Coc=1ttee en Interic: and Insular Af fairs of the
U.S. Ecuse of Representatives, U .S . Government Printing Office,
Washington , 79-767-0, 1976.

7) 3ross, I.D.J., Testi=cny to New York State Scard on Electric Generation
Siting and the Environment in the matter of Long Island Lighting
Company (Ja=esport Nuclear Pcwer Station, Units 1 and 2) , Riverhead,
New York, May 2, 1977

3) Caldicott, E., Nuclear Madness, Autu=n Press, pp 120, 1978.

,

(-Cr. Caldico tt , a pediatrician, presents a very informative
discussicn, for the laypersen, of the biological impact of nuclear
power.)

9) Energy Research and Oevelop=ent Administration, A National Plan for
En er ev RD & D , Reecrt 48_, Washington, D.C. 20545, June 28, 1975.

("Sclar energy falling en about 3% of land, if utilized at abcut
101 efficiency could meet the total projected U.S. energy needs
for the year 2,000.")

_
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10) Environ = ental Analysis of the Uranium Tuel Cycle , IPA-520/9-73-003-0,
(Laviron= ental Protection Agency, Washington, D.C., 1973).

11) 40 Ccde of Federal Requistions (U.S.), 19439-Appendix :.

(-Numerical Guides for Cesign objectives and limiting conditions
to meet the criterion "as low as practicable" for radicactive
material in light-water-ccoled nuclear pcwer reactor ef fluents. )

12) Gof=an, J.W., " Nuclear Power - No", an address at the Nuclear Energy
Forum, San Luis Cbispo , California , Cctober 17, 1973.

"In our =odern society the last refuge of the prc=ctor is to
threaten people with loss of jobs, loss of livelihood, lack of
food, and a return to lif e in a cave. "

"The American Institute of Architecture proposed . a progrs=. .

for energy efficient buildings which . would result in savings. .

of some 12 million barrels of oil per day by 1990. " (which. . .

equals 26 quads of ther=al energy, enough to equal the projected
increase of energy by 1990) .

-Jo hn Go f=an , MD, PhD, Professor I=eritus of Medical Physics at
the University of California, Berkeley,

13) Go f=an , J .W . , Cn the Way to the Bank or Whv Chere Will Never Be a
Solution to the Racicactive Waste Procle=, C.N.R. inc., Report
tL977-7, Nove= Der, L375. L A va:L a Di e ::om C.C.N.R., 4104 - 2127 Wes:
40:h, Vancouve:,3.C., V6M LW4)

"The real problem: losses of radioactivity on the way Oc storage." |h
-A goed review of contain=ent proble=s during "the handling o f such
tadioactive substances in all parts of the entire nuclear fuel
cycle *

. . .

14) Go f =an , J .W . , Radiation Ocses and Effects in a Nuclear Pcwer Icenc=y:
Mvths vs Realities, CNR Report 1376-2, Apria 1376. (Availamle from
::. Go: don Edwa:ds, Canadian Coali:Lon fo: Nuclea: Respons:b:ll:y,
2010 McKay 3::ee:, Mon::eal, Quebec}

* Weapons testing in the at=csphere deposited some 700 pounds of
Plutonium on the icwer 48 states o f the U.S .A. "

"If a f abulous investment (mostly rate-payer's =eney) is sunk into
nuclear power, and then late along the path, we reali:e we are
fouling up the enviren=ent with radicactivity, there will be enor=ous
pressure tc continue in spite of unacceptable radiatien doses,
especially since the economy could by then be dependent upon the
pcwer cutput. *

O

7.___._._._. . _ _ _ _ _ _ __._ _ __ _ __ _ . _ _ _ _ -__
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15) Gof=an, J.W. and Ta=plin , A. R. , Poisoned Power, Rodale Press,
E==aus, Pa., 1971.

Liaken !:om Mader and Abbo::s, Menace of A:omic Energy.]
entire nuclear electricity industry had been develop-'"...the

ing under a set of totally false illusions of safety and economy.
Not only was there a total lack of appreciation of the hazards of
radiation for =an, but there was a total absence of candor con-
cerning the hazard of serious accidents ' . "

16) Hamel and Jennikens, Reculatorv Control of Radioactivity and of
the Nuclear Fuel Cycle of Canaca, paper for une 1977 Sal:curg
Conference , Atomac Energy control Board - 1100.

.

-A good descriptive outline of the current matheds of control of
the nuclear industry, with some not-very-courageous suggestions
for future changes.

17) Hare, F.K. et al., The Manacement of Canada's Nuclear Wastes ,

Ottawa: Cept. of Energy, M1=es and Resources, Report I? 77-6, 1977.
(Publication obtainable !:om the Chai: man, Scanding Commi::ee on
national :esou:ces and public works, House of Commons, 0::awa,
Onta:io.}

-This ' Green Paper' of the Canadian Government on waste =anagement
is to form the basis of public discussion in the area of nuclear
wastes. It is particularly disturbing to see a reco==endation
that nu:;1 ear proliferation be allcued when no feasible disposal
technology has been de=onstrated.
[The !cilowing is caken !:om the 3.C.M.A. News, Sepc. 1979.}

"A pa=phlet prepared in less than 4 months by 3 men, none of whc=
had had any =edica' *-*i-dag. The report states that 'We have
not had a medical expert in our team to contribute definitive
views on the health ha:ards of radioactive =aterials. ' One doctor,
from the Radiation Protection Branch read the report. In spite
of this deficiency the report is laced with optimistic statements
best exemplified by the state =ent: 'We have not seen esti=ates o f
either health or environ = ental impacts likely to be associated
with i==obilization tech =clogy but believe these to be slight. '

The present Green Paper, in the absence of these (health and...

environmental) considerations, is not a meaningful starting point
for public discussion."

.-
(The B.C.M.A. and th e C . M . A . have passed resolucions :ecommending
chat: "The presen: Green Pape: he scrapped and :ha: a new Green
Paper he called fo: considering all aspec:s of :h e nuclea: fuel
cycle, including che bes: medical expe::ise available and encour-
aging full public 7t_? :icipa : ion . * 1

r T 7erev - The Unforci ine Technolcev, Hurtig13) Knel=an, F.H., Kr '.c c
Publishers, IOhfi F A rerta, 1976.

(Available . com .*: : Hu::i; Pchlishers, 12560-105th 3:., Edmon:oni

_
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19) Morgan, K.O., "The bases for standards and regulations", Paper
delivered at Georgia Tech. Schcol of Nuclear Engineering, Nov. 23,
1973.

20) Morgan, K.O., "The dile==a of present nuclear power programs",
Presented at an IRCA hearing, Sacrs= ento, California, Feb. 1, 1977.

21) Nader, R. and Ahbotts , J. , The Menace of Atomic Enerev, W.W. Norten
and Co. Inc., New York, 1977.

-An extremely well written bcok that is as well dccu=ented as a
legal case, with the scurce of hundreds of statements of fact
foo tno ted.

IN GENERAL s

" .there are over 60 cperating nuclear plants in the United. .

States - each with one thousand times more radicactive material
than the fallout frc= the Hiroshima weapon..."

. solar energy systems have =ajor decentralicing potential,"
. .

few security risks, and significant opportunities. for self-suffi-
ciencies at the energy censu=ption site."
" .=easures to increase energy efficiency can be i=plemented at. .

less expense, in shorter time periods, and =cre econc=ically than
technologias := supply energy."
"- In checsing between energy alternatives, citicens in a de=ccratic
society should kncv about the =axi=um that can go wrong with each
choice, both in terms of i==ediate and long-range impacts. "

-They go en in the bcok to " explain why atomic fission is unsafe
to an unacceptable degree, why it is unnecessary, and why it is
ecenc=ic folly".

THE PALEY COMMISSICN

-In 1952 the Materials Policy Cc==ission of President Truman (the
Paley Cc=missian) fcund that 'Only two sources of energy supply
would be available to alleviate the demand for foreign oil -
uranium and solar energies. The Paley Cc==ission opted for the
so.' ar alternative, proj ecting an installation of thirteen =illion
solar heating systems in ce==ercial and residential dwellings by
1975. This would account for 10 percenu of the nation's everall
energy needs".

-However, billions of dollars have since been invested in nuclear
energy development and very little for the 25 felicwing years in
solar, wind and tide, geethermal and biomass energy systems.

SC"RCES OF REICAC" TIE Fr* ?ASE FROM REACTORS & REACTOR WASTE

-l. *rcutine radicactive releases. '
2." accidental releases at the reactor
3. accidental releases during transport of spent fuel reds frc=

reactors
4. planned r.d accidental releases from nuclear fuel reprocessing

clants
5. environmental contamination frc= storage or dispesal of high- hlevel wastes

-- . ._ -.--..-- .- --- ...- -- . - -
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6. accidental releases through sabotage".

-Present standards for the nuclear industry set by the I.C.R.P.
are 5 rem per year for workers and 0.025 rem per year for
individuals.

"A July 1976 report by the General Accounting Office concluded
that ' tens of tons' of weapons-grade material could not be
accounted for at 34 facilities operated under centract to the
federal Energy Research and Develop =ent Administration.'

WASTE
_

"While there are =any speculative ' solutions' to the ultimate
problem of nuclear waste, none has been de=onstrated, and the
history of attempted solutions is full of failure and false
starts, raising serious questions about the ability of human
institutions to =anage nuclear waste for the centuries which =ay
be required."

-They point out the proble=s with disposal in outer space, in
salt mines, and waste solidification.

"The amount of strontium-90 alone on the waste generated by one
family's annual consumption of nuclear plant electricity is ,

enough to contaminate one billion gallons of water beyond the
NRC's (Nuclear Regulatory Co= mission's) =axi=um allowable
concentrations in drinking water. "

" ...the annual high level waste generated by each large nuclear
power plant will becc=e 10,000 gallons of liquid waste at a
reprocessing plant. . . .by the year 2000 accu =ulated wastes could
be 25,000 =etric tens - 4 0-60 =illion gallons in liquid form. "

,,

"...it is unlikely that any =ethod can be developed which can-

realistically guarantee the stability of geological for=ations as
well as hu=an institutiens for tne qua--= '' ' i on years or
=cre which may be necessary."

" Nuclear electricity generated now could burden thousands of
future generations with its lethal by-products."

REPRCCESSING

" . . . by the EPA ' s (Invironmental Protection Agency's) own cal-
culations, carbon-14 emissions from reprtcessing plants through
the year 2000 will eventually cause 12,000 cases of cancer,.

leukemia, and genetic disease . "

TRANSPORTATION

"The activities of greatest concern are the shipment of highly
radioactive spent fuel from the reactor and subsequent shipments
of waste f cm the reprecessing plant."

"Be tween 196 9 and 1972, there were 64 unreported instances in
which the centainers or the vehicles carrying them were cen-
taminated beyond specified levels."

- The AEC ( At==ic Energy Com=issien) admitted that accidents a:"

_
- -_. --
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speeds over 50 miles per hour could rupture the fuel rods (in the
transportation casks) , resulting in a radioactive release. "

- The panel (of the Joint Committee on Atomic Energy) had recom-"

mended that air shipments o f plutonium be banned because o f the
danger of an aircraf t accident and resulting contamination . "

. . .Marvin Resniko f f , professor of physics at the State Univer-"

sity of New York at Buf falo , calculated that the release of 2.8
percent of the plutonium in a single (air) shipment could kill
30,000 persons fr m exposure at the airport, and 46,000 members
of the general population could develop lung cancer. "

"'HE INTERNATIONAL SPREAD OF ATO?._ PCNER

-A provocative chapter outlining the dif ficulties in preventing
the development of nuclear weapons from plutonium produced by*

nuclear reactors in foreign countries. Describes the poor
centrols of levels of radioactivity at India's Tarapur nuclear
reactors.

-The General Accounting Office (GAO) of the U.S. in a recent report
on the International Atomic Ener y Agency (IAF.A) ccncluded:
"Although the global expansion of nuclear energy makes effective
international safeguards crucial to U.S. and world security,
international c ganizaticns have no authority to require physical
protection measures, no authority to supervise , centrol, or
implement such =easures, and no authority to pursue and recover
diverted or stolen material. Their inspectors have neither un-
limited access nor authority to seek out possible undeclared or
clandestine facilities of stockpiles o f nuclear material. In
addition, technical, political, financial, and staffing obstacles
h'amper the effective bnplementation of international safeguards. "

THE RASMUSSEN RE?CRT

[:he :/ucl es: Regula:ory Commission, as of san . 1979, has wi:hd: awn
1:s endo:sement of the execu:ive summary of :he Rasmussen Repo:: -
Chus i: is no: a meaningful documen: in :eassuring us of :he
safe:y of nuclea: reactors, despi:e is concinued use by :he
indus::y :o juscify i:s claims. Because of :he la::e:, i: is

reviewed here.]
-The Reactor Safety Study (RSS) o f the AEC , directed by N.C.

First Draft:Rasmussen (nuclear engineer) 1974 -

"...the study covered only nuclear reactors themselves."
"The study predicted that the chances of a meltdown accident,

on the average, wculd be 1 in 17,000 per reacter per year, buu
also concluded 2at most =eltdown accidents would result in in-
significant radi'ation exposure to the public. "

"The worst accident which the RSS considered was predicted
to occur once every billion years per reactor and would cause
2,300 i==ediate deaths, 5,500 immediate in]uries, and $6.2 billion
in property damage."

It was widely criticized by the Sierra Club and The Unicn o f
Concerned Scientists (SC-CCS) particularly fer using " reliability h

~

estimattng" techniques developed by the aerospace industry which

_ _ ._ __ _ _ _ _ _ _ _ . . _ . _ . _ ___
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had earlier abandoned them as a means of providing exact
reliability estimates.

"SC-UCS tested the validity o f the RSS esti=ating tech-
niques by applying them to a reactor accident which had already
cccurred at the Dresden plant in Illinois in 1970. The result
was an accident-probability prediction of one in a billion-
billion. The fact that this accident had already occurred cast
doubt on the study's =etheds , to say the least."

(Z: would be in ce:es ting to know wha: :h e ASS acciden:-
p:obabill:y p:edic:Lon !c: th e :eac:o: acciden: a: Three .4il e
Island in Har:isburg, Pennsylvania, would have been.]

"The SC-UCS review found that the RSS underesti=ated nuclear-
accident health consequences by a factor of sixteen or more.
This finding was generally supported by the Environ = ental Protec-
tion Agency and the AEC Regulatory Staff, a separate branch of the
AEC which performed its own review. "

"The A=erican Physical Society, the national association of
physicists, co==issioned a review of reactor safety issues which
included an examination of the RSS by a panel of twelve scientists.
This review destroyed whatever credibility the Reactor Safety
S tudy might have retained af ter the critiques by SC-CCS , E?A,
and the AEC Regulatory Staff."

"The APS study also found that RSS had neglected cancers to
the lungs and thyroid that would result from the inhalation ef'
radioactive =aterial."

"APS had felt the draft RSS underesti=ated cancers and
genetic defects be factors of 25 to 60. "

.

- Cn October 30, 1975, the Nuclear Regulatory Co==ission, the AIC's"

successer, released its final version of the RSS ."
"The worst accident considered by the final RSS would cause

3,300 ' early ' (as opposed to long-ter=) deaths, 45,000 early
injuries, and 514 billion in property damage. '"he final PSS
thus responded to criticisms by increasing early illness by a
factor of 9 (i.e., =ultiplying by nine times) , property damage by
a factor of two , and early deaths hardly at all. These fell
short of the revisions rec 0== ended by SC-CCS, EPA, and the AIC
Regulatory S taf f . "

"The final Reactor Safety Study responded in a similar =anner
to the APS review. Estimates of latent cancer from the worst
accident were revised upward by a factor of 14, to 1,500 per
year. These latent cancers would cccur during ten to forty years
after the reactor accident, =eaning that 4 5,000 total cancers-

would occur frc= the accident. The final RSS figures en genetic
effects were also increased slightly. The worst RSS accident in
the final version would cause 170 genetic defects per year, for
a total of 5,100. Alarming though these figures on long-ter=
effects are, they still fell short of the APS recc==endations.~

"Even sc=e proponents of nuclear pcwer such as Alvin Weinberg,
former director of the AEC's Cak Ridge National Laboratory,
acknowledge that for nuclear power to be a viable energy alterna-
tive it must be a technology free of catastrophic accident."

. .. - . . . .
.-
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( :: should be s tr es s ed cha t no s tudy simila: :o che
Reac:ct Safe:y Study has been under:aken in Canada *because
:he Rasmussen Scudy applies in a general way :o CANDU*. :his

question will be :eviewed in ch e Po::ei Commission Repo::, t25,
of :his sec:Lon.1. ,

AEC STUDY 1965 (WASH-74 0 UPDATE)

". . .a 1965 study conducted for the Atomic Energy Commission
concluded that the i==ediate effects of a reactor accident could

' be 4 5,000 people killed and 100,000 injured, with radioactivity
contamination spread over an area as large as the state of
Pennsylvanla and causing $17 billion in property damage. "

NUCLEAR PCWER LIABILI'"? INSURANCE

" Herbert S. Cenenberg, former insurance commissioner of the state
'

o f Pennsylvania , . . .used the results o f the WASH-74 0 update to
conclude that the damages from a nuclear plant accident could be
S40.5 billion, a figure which includes the damages for health
effects as well as property damage. ...and concluded that the
premium necessary to cover a nuclear plant for this S40.5 billion
accident would be S23.5 million per year. "

"Denenberg then noted that the annual operating costs for a
nuclear plant - including fuel and maintenance costs - are about
S23 million per year, by comparison."

-The Price-Anderson Act " set an absolute ceiling of 3560 million
on the damages which could be recovered by victims of an accident
as a resn't of losses suffered". ,

~

,'On March 31, 1977, the Federal District Court for western North'

Carolina declared the Price-Anderson Act unconstitutional. The
nuclear industry will appeal the ruling. "

(:n Canada, unde: ch e Nuclea: tiabill ey Act (1976), priva:e
insurance held by a plan: mus: he 575 million. :n th e even:
of a mo:e serious acciden: ch e Canadian Go vernmen t , through :he
Nuclear Damages claims Commission, will presumably pay :he res:.]

CTHER TOPICS

-Thermal pollution, energy parks and decommissioning problems are
-discussed in detail.

-The book also discusses design problems of the Emergency Core
* Ccoling System, nuclear economics, alternatives to nuclear

energy, the corporations and institutions in the industry, and
reco== ends numerous ways for individuals to become involved in
the issue.

SUMMARY

- This state of af fairs surely warrants pause. ""

- The facts on reactor technolaev and the fuel cycle point over-"

whelmingly toward the need for"a nuclear power moratorium in this h
country. The facts just as Overwhelmingly justify a moratorium
on atomic exports."

._ ..__ ___ . . - .___ . _ . . . - __ - _. .
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2) Pattersen, Walter C., Nuclear Power, Penguin Scoks , London and New
icrk, L976. ( A vailabl e ::0m Pengu:n Books Canada, 41 s:eelcase Road
wes , .4a rkh a m , On:a:Lol

-this is an excellent introductory source for the lay .an giving a
balanced view of the processes and problems involved.

23) Policies and Poisons - The Containment of Long-Term Hazards to Human
Healen in ne Environment anc in :ne Norxclace , Repor: Jo. 2d of :ne
Science Council of Canada, Octocer 1977.

-A good resume of the state of the art as regards the establishment
of policies. This report underscores the importance of public
participation in decisions relating to the nuclear fuel cycle in
particular, but other hazards as well.

24) Pollard, R .' D . , (ed.), The Nucgets File , Union of Concerned Scientists,
Cambridge, Mass., 1978.

(-From 1950 until 1976 when the U.C.S. =ade it public through the
U.S . '.s Freedom or Information Act , the Nugget File was the personal
internal file of Dr. S.H. Hanauer (Nuclear Regulatory Commission 's
senior technical adviser) . rhe file is composed of scores of reports
of serious accidents and safety deficiences at reactors in the U.S.
Pollard (a for=er NRC official and nuclear engineer) points out
that the reports were initially headed " serious accidents" then
became "ahnormal occurrences" and now are labeled " licence event
reports" and that the trend is not to e=barrass the nuclear
industry. )

25) Porter, A., Interim Recort on Nuclear Pcwer ..n Cntario, Rcyal Co==isslor
. on Electric Power Planning, 1978.

( A EC - Acomic Energy of Canada tini:ed a c:own co rpo:a :io n-

responsible !c: che *p:cmotica and developmen: of a :cmic energy."
Eldorado Nuclea: -a Canadian c:cwn cc:poracion :esponsible fo:
che *promo:Lon and developmen of a:ania= a:e".]

^IN GENERAL

"CANDU plants built in Canada and dedicated to the exporu of pcwer
to the United States deserve further study in light of arguments
"for" and "against" this proposal."

"There =ust be greater and freer public access to inf o rma tion . "

"There is a de=cnstrable - albeit complex - relationship between
the growing world use of civilian nuclear power and the proliferation
of nuclear weapons. "

2 Nuclear energy should no longer receive the major pcrticn of energy
research funding. "

" Governments =ust recognize that decisiens about nuclear pcwer are
fundamentally political in the widest sense of the werd; they relate
to quality of life and quality of the environment; they cannet be
left to the utility alone."

. . -- .- -
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REACTOR SAFETY
- Assuming, for the sake of argument, that within the next 40 years"

Canada will have 100 operating reactors, the probability of a core
if the most=eltdown =ight be in the order of 1 in 40 years,

pessimistic esti= ate of probability is assu=ed."
it should be stressed that no study similar to the"

theRasmussen study has been undertaken in Canada to assess
. . .

reliability of the reactor system as a whole and the consequences
It has been . argued

of major CANDU reacter accidents.because the Rasmussen study applies
. .

. . .

by Ontaric Eydre and AICL that,
in a general way to CANDU, and because an equivalent study, due to
ongoing major design changes, would never be suf ficiently up-to-
date, such a study would not justify its high cost."

TRANSPORTATION OF SPEN"' FUEL
- The hazards associated with transportation, in particular the"

are realpos:ibility of accidents and the threat of hijacking,
possibilities."

TERRORISM
"While terrorist activity is relatively infrequent in Canada, it
does seem prudent to assu=e that nuclear power stations may be

Theregarded as attractive targets by terrorists in the future.
spread of nuclear facilities wii' 4-- ease the opportunity for

some type of nuclear action by terrorists."
"The o'bject of ter:crism is to create i==ediate, dramatic effects - h
unfortunately of ten through violence. We believe it is precisely

this objective that may =ake nuclear terrorism appealing."
- This p;chlem arises from the disturbing gicbal growth of" . . .

terrorism over the past decade and the si=ultaneous escalation
in the sophistication of the tactics and weapens available to
terrorists."

"Although some me=bers of the nuclear cc== unity have argued before
this Cc==ission that the threat represented by nuclear sabotage
is " imaginary" , the AIC3 clearly has taken the position that while
the probability of tarrerist attacks on nuclear facilities is icw
in Canada, Canada cannot consider itself i==une frem such events."

COST - BENEFIT
- Cne recent study noted: if we were to invest in projects'* . . .

with uncer ain enviren= ental effects, the result for future
generations could be even worse than scarcity' . Frank 7. Ramsey

argued for . not weighing the welfare of future. .. . . "

generations less than that of the present ene . . .

O

- ._ . - - . _ . ---. . _
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26) Science Council of Canada, Report 427, Canada as a Conserver Society.
-this report outlines in cancise fashion, optiens and obligations
of the public and its institutiens. This report points out the
obvious, vi: that our choices are not really among a nu=ber of
odious alternatives to produce energy that we will continue tu
squander, but rather to convert ourselves and our nation to a
conserver society with an accent on renewable resources and
recyclable technology.

27) Teller, E., Journal of Petroleum Technolaev, May 1965.

("A gently seeping nuclear reactor can put its radioactive poison
under a stable inversion layer, and concentrate it onto a few
hundred square =iles in a truly deadly f ashion. ")

28) Tsivoglou, E.C., and O ' Connell, R.L . , " Nature, volume and activity
of uranium mill wastes", Radiolecical Health and Safety in Mining
and Milline of Nuclear Materials, vienna, International Atomic
Energy Agency, Volume II: 101-121.

" Toxicity cf certain effluents is very high. "

- Can "cc=pute reliable esti=stes to which waste flows =ust be
diluted by the receiving river in order to prevent adverse effects
on the aquatic biota. "

" Liquid mill wastes contain concentrations of soluble Radiu=-22 6
and Lead-210 at levels which can present potential hazards of
excessive internal radiation exposure to downstream water users. "

29) Twenty-Third Pugwash Conference en Science and World Affairs, Report
,of Working Group 5, Page 11, Septe=rer 4, 1973.

"Cwing to the potentially grave and as yet unresolved problems
related to waste =anagement, diversion of fissionable material,
and major radioactivity releases arising frc= accidents, natural
disasters, sabotage, or acts of war, the wisdom of a commitment
to nuclear fission as a principal energy scurce for rankind must
be seriously questioned at the cresent time."

30) Union of Concerned Scientists, press release, August 6, 1975.
-A petition signed by 2,300 scientists to Congress and the President
called the dangers of nuclear power " altogether tco great" and
urged a " drastic reduction" in nuclear plant construction, alcng
with greater efforts to develop a non-nuclear energy future for
the nation.

31) Union of Concerned Scientists, The Nuclear Fuel Cycle: A Survey of
the Public Health, Environmental and National Security Ef f ects o f
Nuclear Pcwer, Camcr dge, Mass., MIT Press, 1975.
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(PSR)-This bcok covers the entire nuclear fuel cycle, frem uranium
=ining and milling, the possibility, mechanisms and consequences
of catastrophic accidents, problems of diversion, the hazards of
transportation through storage and disposal cf high level radio-
active wastes.

32) Varanini, E., Study of the California State Eneref Commission,
Sacramento, Cailfornia, 1977.

- An excellent and exhaustive study of the current state of the art
in nuclear waste disposal. "o nuclear power plant licences can
be granted in California until the Commissioners are convinced -

that a feasible waste disposal method is available. This study

concludes that such a =ethod is not available.

33) Cen=, C., cccupational Medicine: Princiales and Practical Apolications ,
Year Book Medical Pubilsners Inc. , Chicago, Ill., 1975.

-List of Radiation Accidents Resulting in Lost-Time Injuries:
1945-1965, U.S.A.
Lists 17 accidents involving 3 fatalities, 6 burn cases, 3 finger
amputations necessi sted by plutonium ledged in finger.

-iists Recorded Fatalities Resulting Frem Direct (External) Radiation
Accidents (Norld) : 1945-1967.
Total of 28 fatalities.
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1. Mathe=a ical Basis of the Assess =ent

To calculate de radiation expcsure levels dat are to be ex-
pected, the Ospartment of Enviren= ental Protection used a =athematical
=cdel whose principles are described in USNRC Guide 1.109, 1976 and
Baker, D.A. et al., 1976. Most assess =ents of radiation levels in
scr=al operatien that have been made in the last few years for nuclear
reactors in West Ger=any have been based cc this =athematical =cdel,
e.g., d e exhaust gas evaluation of the Institute for Reactor Safety
(GES, October 1976) and the waste water evaluatien of the Savarian
Biological Testing Institute (337, 1976) for the planned nuclear pcwer
plant Kernkraftwerk Stid. In the ecclegical =cdel the radiation dose
by a nuclide that passes into food via th2 cxhaust gas of a nuclear
power plant is dete- Sed by si=ple =ultiplication of five qcantities,
na=ely, the strength of the emission scurce, the average long-t=
dispersion facter (meteorological dilutien), the transfer facter
(passage frc= air into feed) , the food censu=ption rate, and de dese
c-4 tment factor (biological activity of the radienuclides in the
bcdy). The organ dose obtained in this way represents the radiatica
lead by a nuclide through the censu=ption of a food. If we wish to
dete- 5e de total organ dese for all nuclides and all pathways of
radiatien exposure (feeds), we =ust add the individual organ deses of
all nuclides for all pathways of exposure. Tr.e eg2ation for deter-
=ining the radiation lead via de waste water .s the same, except that
the dilution by the river water =ust be taken into account instead of
metacrological dilution. The for=ulas en which the ecciogical =athe-
=atical model are based and de assu ptiens that were =ade are des-

cribed in detail in the secticns which fc11cw. The varicus routes of
exposure are shown in Fig. 1-1.

s
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2. E:sissions

2.1. Planned Radicactivit/ Emissicn of 9.e Ke.-=kraftwerk Sud 0 =H
Nuclear Power Plant (Wyhl) with the Exhaust Air

In the safety report of Kar.kraftwerk Sud (Kernkraftwerk Sud
GmbH, 1973) and in correspondence of Kernkraf tserk Sud G::bH to the
Institute for Reactor Safety (KKS, 9/13/1976), Kernkraftserk Sud
GctH proposed the folicwing values per block for leakage of radictexic
substances with the exhaust air of the planned Wyh1 nuclear power plant:

table gases 80,000 C1/yr

aeroso'.s (half-lives greater than 8 days) 1 Ci/yr

iodine-131 0.3 Ci/yr

Additicnal id~d ting ccnditiens were that the daily radicactivity
emissiens =ust he less than 1% of the yearly emission values and the
quar.arly emissiona =ust be less than 25% of these values. Couble
emissien values would be used for two blocks.

2.2. Planned Radicactivity E:nissicn of the Wyh1 Nuclear Pcwer Plant

Wie.the Waste Water

The felicwing naxi:st= emission values per bicek were preposed
fer the planned Kernkraftverk sud nuclear pcwer plant (according to the
SBV assessment, 1976):

1,600 Ci tritiu:s per year

10 Ci other radioactive decay products

cur calculations were based en _hese values.

.

3. Preexisting E:nission Loads at the Sita of the Plants

3.1. Preexisting Leads from Radicactive Enissicns in the Air ,

The preexisting 1 cad frem radicactive emi.ssicas in the air

-3-
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(mostly f: cts the ressenhei:n nuclear pcwer plant) ceuld not be taken
into acccunt due to lack of adequate nateorolocical da a and would
have to be added to the values determined in this study.

As =easurements in the upper Phine region have she.m, these
e=issions are not negligible (see the discussion in secti:n 5.1.4) .

3.2. Preexisting Leads f cm Radicactive Daissicas in the Water
of the Rhine

In order to calculate the radiatica load, it is also necessary
to know the preexisting load of the Rhine with radicactive substances.
Several different emission sources =ust be distinguished:

1. nuclear plants

2. hospitals (:-131, Tc-99 etc.)

3. scientific institutes and industcf (P-32, S-35 acc.)

Recardine 1: The preexisting leads due to plants located en the
Rhine upstrea= fr m the site of the Wyh1 plant are given in Table

-

3.1.

Table 3.1.: Freexisting 1 cads f:::s nuclear power plants located
en the Rhine upstream fren the site of the Wyhl plant
(33V assessment, 1976)

Plant Type Nuclides without '|"S-JJ.m
tritium (C1/yr) (C1/a)

Fessenheim I+II PWR 80 4,000

Kaiseraugst LT. SWR S 500

Laihstadt KKI. EWR S 500

secnau KK3 I+II PWR 30 5, COO

Wurenlingen EIR PWR 30 .
500

G3sgen .1CZ; PWR 5 5,000

Muhlecerg ICC4 BWR 10 500

Graben .CG e SWR 5 5c0

.

.

.
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Recardine 2: The values f cm the individual hospitals, nest of
wht.ch are on the French and Swiss side, are not available.
According to infor=ation obtained f cm the Natienal Bureau
of Health in 3erlin, the quantities of I-131 used in nuclear
=edicine under the cenditions in that area average about

2.25 uC1 per inhabitant per year. The ::epart=ent of Invir-
en= ental Prctection therefore assumed a preexisting lead of
I-131 of 6.75 C1/yr at Wyh1 as a conservative estimate en the
basis of the population of abcut 3 nillion in the ? hine
drainage area above Wyhl). (According to =odel study

Radicecology Biblis 3rd Colicquium Water Pathway 2) .

Recardine 3: Additional preexisting leads by radicactive waste
water f cm scientific institutes and industry could not he

dete - M ed and would have to be added to the emissions
specified above.

.

6
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4. Nuclide spectra

4.1. Ccmposition of the Aerosol Emissiens with the Exhaust Air

Previous experience with nuclear power plants shews that a large
nu=ber of nuclides can escape as aerosols with the exhaust gas, na=ely,
C-14, Cr-51, Mn-54, Te-59, co-57, Cc-58, co-60, Sr-69, Sr-90, ::r-95,
Nb-95, Ru-103, Ru-lC6, Ag-110 m, Sb-124, Sb-125, I-131, Cs-134, Cs-137,
Sa-140, I,a-140, Ca-141, Ca-144, and traces of alpha emitters such as
Pu-239, Pu-240, As-241 and Cs-242 (CRS, Octcher 1976).

.

Isotopes that are particularly dangerous to h-m beings are those
which pass readily through the feed chain and at the sa=e time ex-
hibit a high level of radiotoxicity. Chis is especially the case with
stroncium-89 and 90, iodine-131, cesium-134, cesium-137, and to scme
extent with plutenius, so that these isoccpes are generally verf is-
portant.

I-131 is emitted nainly in gaseous fcrs; enly a s=all percentage,
no m !!y less than 10%, is emit ad as a solid aerosol. The ecm-
positien of the emitted aerosols, which, according to what has just
been said, are relatively less dangerous for hu=an beings, varies
from reactor to reacter and can show strong variation w1:n respect
to -d=e for an individual reacter. In West Ger=any seasurements
of the aerosol cc= position in the exhaust air of nuclear power plants
have been available for caly a few years (see, for example, M. I.
Endrulat, I. Wihkel= ann, ST3 Reports).

,

For the calculatiens of radiatica exposure via exhaust air, we
used the nuclide c:=positiens indicated in Table 4.1-1.

\

s

.

.
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Cable 4.1-1. Cc=posi.icn of sdicactive aerosol mixtures in the
exhaust air of .uclear pcwer plants with light-water

reacters.

Nuclide Preportion Half-life .

Ce 58 0.10 70.78 d

Co 60 0.15 5.27 a

't.n 65 0.10 244 d

Sr 89 0.01 50.5 d

Sr 90 0.01 28.5 a

Cs 134 0.15 2.06 a

Cs 137 0.40 30.1 a

Ce 144 0.08 284.8 d

Pu 239 2 10 24,4C0 a

che assumed nuclide c= position differs frc= the c=positien
assu=ed by GAS (Cetcher 1976) and GAS (1977) by a higher propo.~.icn
of Cs-137. Che fellowing tables give the measured prcportiens of the
Cs-137 nuclide in the nuclide ecmposi icn of varicus nuclear power
plants for varicus periods of ti=e. It is apparent f c= de values
cc= piled in.these tables that the proportion of Cs-137 in the nuc-
lide c::2:pcsition varies tremendcusly, so hat the nuclide ec=pesitien
assu=ed in the esiculatiens is necessarily sc=ewhat arbitrary.

An i=portant l' d tatien that should be sentiened is that
West Gar =any has had operational experience with large pressuriced
water react =rs of the 1300-MW class only since 1974, wnile operating
lives of 40 years are planned. It rammits .o be seen what effect
the increasing wear of reactor % nen s will have en the ec=pesition
of .he radicactive emissiens.

s
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Table 4.1-2. P cportiens of the Cs-137 nuclide in che exhaust gas
of varicus nuclear ;cwer plants (after Winkel= arm,
I. et al., 1975)

Stade nuclear ecwer clant 1974

First cuarter 52.1 4 -

Second gaarter 20.0 t

Third quarter 0.4 %

Fourth quartar 0.0 %

Annual =aan 38.6 % +

.

Lincen nuclear ecwer plan: 1974

Third q2arter 73.3 %

Tourth quarter 78.3 %

Annual mean 78.3 % +

Gundremineen nuclear ecwer clane 1974

First gaarter 6.95 %
~

Seeend quarter 30 39 %

Third Taarter 2.9 %

Fourth quar.ar 23.42 %

Annual =ean 23 .2 % + (relative to
annaal
emissiens)

Table 4.1-1. 7:cportiens of the Cs-137 nuclide in 1974 at varicus
nuclear power plants (after Winkelnann, 2. et al.,
1975)

Gundre==tingen nuclear pcwer plant 23.2 %

Stade nuclear ;cwer plant 38.63 %

Obrighein nuclear power plant 0.17 %

Wti gassen nucijar pcwer plant 0 035 %

Siblis A nuclear pcwer plant 2.4 %

lingen nuclear power plant 78.3 %

.



.

4.2. Spectrum of Nuclides in the Waste Water

*he relative prcportiens of de various .uclides is
critical in calculations of the radia-den dose that is o be expected.
Previous experience with nuclear power plants indicates that a large
su=ber of nuclides can escape with the waste water, na=ely, E-3,
C-14, P-32, S-35, Ca-45, Cr-51, Mn-54, re-55, co-57, Co-58, re-59,
Co-60, Ni-63, *n-65, Sr-89, Sr-90, Y-90, Y-91, "r-95, Nb-95, Ru-103,
Ru-lC6, Rh-lC6, Ag-110 m, Sb-124, Sb-125, Te-125 m, I-131, Cs-134,
Cs-137, sa-140, La-140, Ce-141, Ce-144, 7:-144, Ps-147, Eu-154
(after Cc= mission of the Eurcpean C - nd ties , 1975) .

The proportions of the individus1 nuclides are subject *w
tre=endous variation in sc=e cases. Per exa=ple, in 1974 de pre-
pertion of strentium isotopes in the waste water of the K23 (Gundre-
% gen, SWR) was more -Jan 57% (C-- 4ssion of the European Cc== uni-

-des , 1975). It is impossible to predien what changes will ce=ur
in the c::npesition of the waste water emissions in the course of
the expected operating lives of 40 years.

The isotopes which pass readily thrcugh de food chain and
.t the tt::e ise exhibit a high level of radictoxicity are particul-
triy dangerous to man. ~his is expecially the case for Co-58, cc-60,
3n-65, Sr-69, Sr-90, I-131, Cs-134 and Cs-137 in waste water, so
that these radienuclides may be regarded as very i=po... ant in the
determination of radiation exposure.

We therefore selected a nuclide sixtare that eculd be cen-
sidered conservative en the basis of past experience. No distinction
was =ade between de e=issions frem pressuri:ed water reacters and
boiling water reactors since more than 95% of de preexisting lead of
nuclides withcut tritium ce=es frem or will ecme frem pressurized

water reacters.

.,

.
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Cable 4.2-1. Nuclide Cc=positicn in' Waste Water
,

Nuclide Proportion

Co 58 0,05

Co 60 0.15

'a 65 0.05

Sr 89 0,10

Sr 90 0.05

I 13 1 0.10

Cs 134 0,15

Cs 137 0.35

Sources:- C - 4ssion of the European C ".ities , 1975

- 33V Assess =ent (197E)

- Radiation Protection c-4 ssica (1977) ,

- Medal Study Radicecology aihlis 3rd colloquic:s Water
Pathway 2

Cf course, it is impossible to knew whether the above
assu=ptiens are safe for the entire cperating ti=e of de reactor
sinca it is possible that dere will be changes in the ec=positiens
in the future.

4.3. Nuclide Cc=positien of de Noble Gases

Even in t:cuble-free cperatien of a nuclear pcwer plant,
it is i=possible to retain all radicactive substances in the reactor.
Quantitatively, the radioactive ncble gases are the =cs: i=portant
at=ospheric e=issiens because they are preduced in unavoidably large
a= cunts in the fission process, are very volatile, and cannot he
beund by any chemical reaction.

Sinc 5 he radicactive ncble gases escaping frem a nuclear
pcwer plant endanger the h==an organis:s w varying degrees (e.g.,
krypton-88 is aheut 1000 ti=es =cre dangercus than krypton-85), the
radiatien lead depends critically en the ec=pesi icn of the e=itted
noble gas =ixture. The neble gas nuclide spect:.::s has never been

'

-10-

,



.

The nest accurate tse-dinensional statistics frem the scuthern
upper Phine region are those recorded by Weather Statica No. 303
in Freiburg (Manier) . These statistics were prepared in 1992 to
1966 and centain the wind speed in knots classified in 31 steps
and the dispersica classes according to ;Cug's six categories.
Statistics frem other nearLf staticas had to be discarded because
the data that was of interest to us was classified en too coarse
a sesie, so -lat the correspending natrices are s= aller in order

,

$2n (31 x 6) . Karlsruhe was used only for purposes of ecmparisen
because it is too distant. The distributiens of the dispersion

types are ccmpiled in Table 5.1.2-1 for the three weather obser-
vation stations Freiburg Weather Sureau, Karlsruhe Nuclear Research
Center and Breisach. *e.e sean variation of the diffusien categories

is determined frem these values to be 25%. There is no reasen to
suppose that the preposed site of Wyh1 deviates frem the wind
stabili*f cenditiens in the Rhine valley by nere than this a cunt.
"fue error inherent in the use of tso-dimensional statistics that
include the wind direction can har es-d" ted at 15%. This deter-
nination was the result of a ec=parisen of the three-di=ensienal
secteral calculatien for Jtilich (vegt, Geiss) and the correspc.94 g
tso-di=ensienal, integral values.

Table 5.1.2-1. Distribution of -le diffusien categories in the
upper Rhine valley (relative prcportions at each
statien)

Diffusien veri Slightly Indiff. Indiff. Very

Type uns able unstahJ- Unstable stable Stable stable Total

After
pasquill A B C' D E F

After
:Cug 7 I7 !*I 2 I*T 1 Il I

.

Freiburg 0.021 0.150 0.166 0.290 0.191 0.132 1.0C0

Karlsruhe 1.022 0 074 0.139 0.397 0.219 0.150 1.00C
.

Breisach 0.075 0,588 0.337 1.000

.
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The wind directica analysis was undertaken at the airport in
3:emgarten (southwest of Freiburg), whose location in de Rhine
'talley is similar to that of Wyhl. areisach is less representative

for Wyh1 because the Kaiserst.:hl (highlands) , which is nearby, lies
in the principal wind directica (SSW) and thus deflects the wind.
3remgar.en, on the other hand, like Wyhl, is located on the open
plain. Table 5.1.2-2 cc= pares the wind rose data of the two
stations.

Oue to the Breisgau, the Kaiserstuhl and the indentation of
the Black Forest (countainous regien) at Freiburg, the wind direction
conditions in Freiburg, imlike the general weather situation, are
not applicable to Wyhl.

The distribution of the two wind roses in Table 5.1.2-2 shows
a margin of error of 25%, which also ccvers the site of the planned
nuclear power plant.

16.29% <-n im and 0.64% variable winds '.are =easured in hrem-
garten. They were distributed isotropi= ally on the wind rese.

'

*s the fcurth di=ensica the precipitation distributien shcws.

how the washout (or wet deposition) is distributed. Wet deposition
causes values fcur ti=es greater than d:/ fallout (ven Rudloff) .

Table 5.1.2-3 shews the directicas of e m ersien for fallout and
washcut.

We disregarded the dir xtien-correlated washout in our ccm-
putation of the icng-term dispersion facter, but we did draw -

quali.ative conclusions frem Table 5.1.2-3 in our treatment of
wet settling (section 5.1.7) .

.

5.1.3. Wind speed, Weak Wind

The modern mothed of wind speed seasurement with the revolving-
cup ane=cmeter permits =easurement of 'eind speeds of less than
0.5 m/s. Due to the especially high levels of radiation in the
i==ediate vicinity of a radioactive emitter under weather cenditiens
with light winds, we censider it absolutely essential -Jat light
winds be accurately determined. Gradatien of wind speed in knots
(30.5 m/s) is absolutely necessary. In a % uter study we de-
menstrated thaj a gradual increase in the size of the gradations
of the wind speed scale results in underestimation of the radiatien
load f cm exhaust air by as =uch as 200% (!) (Oepar =ent of F.nvir-
en= ental Protection, 1978). After exsmining the =eteorological
data f cm the Kaiserstuhl region, we felt that this was another -

reason that the Breisach weather data should be discarded.

-13-
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Table 5.L 2-2. Cem9 arisen of the wind reses of 3:alsach ed
3:2=gs: u in s

.

.-

Wind wes 'e~
Cast Scu** j

D.irect. f
I4

30 60 90 120 150 150 210 240 270 300 330 360 ,
, , e., , i

9,35 2,97 2,34 1,09 3,94 12,19 25,98 6,22 2,35 1,52 5,50 3,623"~
;gart:en ;

20,1 4,4 6,3 30,6 14,2 4,5 5,7 14,0!Brei- |
j

sach

Table 5.2. 2-3. 3:emgarten wind rese as a functica of the type of
weather

60 | 90 |100 |150 | 180 | 210| 2r.0 |270 2CD | 32C | 350 |vad e,,3,., -|direction | 20

I o,413.c l2.s is.s is.9117,el es.ci s.212,9 f t.s i s.s i s.s t ,s hs.3 i
w--, e.

@fjfairwea- | a,c |2,4 2,2l0.9|s,5|14,af33,4 9,2|3,s1,5|5,*|9,5,7 s,4

; res 11c,912.s ts.c it,s li,913,5l 4,6|1,911,a lt.s i 2.c I s,91 e ka,s|

3 kain i 5,s |1,512,o lo,7 is.4 (17.11:s,917,2|2.911,7 | 7,21 s,s" c | 7,c

| 14,2 2,7 |1,s|1,2 |1,9 5,5.16,a3,1|1,7 1,4j14,7|11,5 C 23,0<
3

_
snow

,

.
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In order to develop an idea of the variance of the wind speed
for the Wyh1 site, we ecmpared the frequency distributiens of the
wind speed at the Freiburg and Bremgarten stations (Table 5.1.J-1).

Table 5.1.3-1. cc=parisen of the wind speeds according to the
,

Beaufort vind scale. Frequency of occurrence per
Beaufort force in %.

,-

; '

wind in Seaufert 0, 1 2 3 ! 4 5 6

in m/sec up 1,5 1,6-3,3 3,4-5,4 5,5-7,9 8,0-10,7 30,7'
to

'

Bremgarten 41,7 21,2 17,9 12,3 5,1 1,3

t

Freiburg 41,2 30,3 14,7 9,5 3,3 1,0 |

A sean er:cr of 12% between these stations can be calculated
frca these values.

-

S.e meas annual wind speeds at Bre= gar:en (3.3 m/s) and
Freiburg Weather Station (2.3 =/s) approximately agree with this range
of error. ~he percentage of weak-wind weather conditions for our dis-
persion calculaticas was by no means overestimated. Cn the centrary,
it may be assumed that it is still too icw since the data was re-
corded in the form of heurly means. In other words, light winds that
last for less than one hour are averaged cut. Ecwever, since there

is visible drift (e.g. , of a cicud of s=cke) starting at 3eaufort 1,
and the m=vd receiv hg point is reached. in about 20 sinutes at
a wind speed of 0.5 m/s and in only 10 sinutes at a wind speed of
1 m/s, reccrding wind data at one hour inter rals is inadequate for
calculation of the radiation lead in the vicinity of a nuclear power
plant. The wind speed measured at grcund level (the measure =ents
are generally made at a height of 10 m, althcugh at Freiburg they
are sade at a height of 22 m above the grcund) =ust be calculated
high to about -j'.ca the emission height. *he entire wind profile

obtained in th.ts way must be averaged in order to ch"'s an app-
repriate dispersica rate. Various for=ulas are possible for this
integration over the wind profile. They differ in result by as much
as 204. According to Vogt (1977) , previcus experimental studies
provide no infor=ation abcut the suitability of the integration
medels. Cur dkperts proceed on the basis of a physical argument
and regard the icwer half-cene as relevant for the reflection of the
exhaust gas plu=a on the ground and for the cencentratien near the
ground according to the principle of superposition. * hey therefore ,

integrate the wind speed from the g cund Q 10 m) to the height of
emission.

-20-



.

e

%

5.1.4. vertical Dispersion

The vertical dispersion of the cicud of exhaust gas is limited
not rioly below by the ground, but also above when temperature inver-
siens are present. Surface inversions were inves-J. gated in the Rhine
valley at Karlsruhe and Strashcurg. *he frequencf of occurrence of
surface inversions was obtained from Kleiss (Table 5.1.4-1.

Table 5.1.4-1. Inversion frequency .n de Rhine Valley in 9.
,

.

sur' ace inver- surface inver-inversion frequency- s:.ons nons i

total per year d 200 m 6 400 m

i Xarlsrune 31,3 % 42,5 %
i

S:rs8 burg 14,5 % 42,9 ".

A11cvance for inversien conditions in dete d'd.g de dis-
persion of nexicus substances is handled in various ways. While a
gener.1 facter cf 2 was originally used (BMEW, 1972), this facter
is now rejected as too conservative. Therefore, our calculations
need to be =cre realistic. Stable or very stable weather conditiens
cecur in 37.3% of all cases at the site (Tsble 5.1.2-1) . Surface
inversions under a 4CC-m upper limit occur with similar frequency
in the upper Rhine valley, and a large percentage of dese inver-
siens have an upper limit of 200 m (Table 5.1.4-1) . Thic suggests
dat the cecurrence of the stable diffusion categories I and II
(after Klug) and the occurrence of surface inversions should be
equated. Therefore, in accordance with.Lindackers et al. (1965),
we assume a barrier layer correction facter of 2 enly for weather
classes I and I*. This assu=ption is very oped'4stic and probably
results in a sericus underestimata of the radiation load via the
air. In realitf, simulatien tests (Dunst, 1977) have shown that
during an inversion the entire exhaust gas cutput can settle on the
ground a few kilecetars from the emissien source within only a
few hours, i.e., before changes in the stability conditions of the
at=osphere can effect further attenuatien. In this case no sete-
crolegieg1 attenuatien occurs for shcr. perieds of time, and vnen
the inversien frequency is high (as is the case in the upper Rhine
region), this can cause censiderable change in the long-term dis-
persion facter.

.
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Experi= ental studies conducted during the prolonged Rhine
valley inversion that occurred in the last week of Cctober in 1975
(menthly weather reper-) svealed large quantities of Kr-85 emissions
in Treiburg (Sit kus, Stockhurger,1376) . The closest nuclear plant
fr:m which this Kr-85 can originate is the reprocessing plant in
Karlsruhe 140 ics away. A meteorological investigation of this in-
cident is now being conducted by cur depart =ent.

*here is an urgent need for fur.,her studies on the long-term
effects of the barrier layer intensificatien. In addition, in the
wine-grcwing engien around Wyh1 the short-ter:n radiation loads due
to the frequent inversiens in the fall, during the ripening of the
grapes, must be investigated. These radiation 1 cads can be con-
siderable and may amount to as much as 100% of the emission source
strength (see aM ve): and this is true not only at the maximum re -
ceiving point, but also anywhere within a radius of 20 ics, depending
en ,.he wind conditions.

5.1.5. Effects en the Meteorolegical Attenuation That Are not
Considered

-- ---- ,.__.

_

*he following additional effec s on the at=ospheric diffusion
cannot be reliably quantified at the present time. ~ hey are merely
esti=ated as sources of error.

When light vinds prevail, the gas is discharged with a greater
effective stack height. For relatively cool sources, such as those
in question here (about 10*C war =ar *2an the a=bient air), however,
decreases in the effective stack height have also been cbserved.
At greater wind speeds the exhaust gas plu=e say be drawn downward
on the lee side of the chi =ney due to the sheltering effect of
the chi =ney or of other buildings (downdraft effect). If we
roughly esel, ate the uncertainty in the eff ective stack height as
only about t 10 m, the error in the dispersion esiculation would
be about 20%.

The initial attenuation of the exhause air that occurs while
the exhause air is still inside the chimney is quite negligible at
emission heights greater than 50 m.

The rouchness of the topography is universally included in
the empirically determined dispersion parameters and thus, strictly
speaking, is applicable only at the location at which the parameters
were measured M..e., Julien). Nester (1975) classifies the topo-
graphy in fcur roughness categories and rearranges the diffusien
classes according to rcughness. At the Wyh1 site we =ust consider
a mixed topography with highly variable ' roughness, as is shown in
Tiq. 5.L.5-L.
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Table 5.1.5-1. Topographical ::ughness in the rviten arrund
Wyh1 (10-ica radius, inside West Ga=any)

roughness o I II III I'I
*

category

9, '*g,(
*

O O-3 3 - 30 30 - 150 > 150''

-

vegetation up to up to up to greater than

0 ~l*~

height 10 cm 8m*

watar, .;rass, bushes, orchards, N "erland,
~ pography asphalt pastur Q Q$s, weeds cities

. land I.. . .a ,

approximate
percentage ir 3: 10 % 50 % 30 % 5%
aren sround

s.7, , w,

The sectoral distribution of the topography around the site
according to :=ughness is not iset:0pic. As far as the distributien
of the radica:tivity is cencerned, this also results in weigh ings
per sector, depending on the r=ughness, due to the variable wind
profiles. This facter cannot be taken into ac==unt at the present
ti=e. Therefore, without more extensive studies in this area we are
unable to assess the error resulting frem disregardisq this facecr.
The height above 7:cund level at which wind shear cecurs also depends
on the surface r=ughness. At icw wind speed, even at heights less
than 100 m (emission height!), there is a shidt in the mean wind
direction, which is detemined f =m wind rose measurements near the
ground, toward the right in the direction of the geostrophic wind.
~his effect causes a shift in the secters of =axi=um radiation 1:ad
since aihe wind shear is not taken into consideration in the calcul-

'

aticn of the wind profile. Present knowledge does not permit
cuancitative evaluation of this pr blem either. Fum5e=cre, we

have not considared any emissicns except t=isSicns from the exhaust
air chi =ney. The ever-present leakage irem the cociant circulatien
causes redicactive emissions through the machine house reef (low
emission height) and through the cooling tower (large emission height,
=aximum receiving point mere distant frem the power plant).

.
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The preexisting radiation lead cf the evaporated Phine River

vater centributes to he emission of radicactivity into the air f cm
d e ecoline tower. Aside f cm the radicactive emissions, the cooling
towers have an adverse effect on the dispersien of the exhaust air
f cm the chi =ney due to their great height (1 1/2 times the height of
the chl=neys) and large surface. The deviations caused by dis are
totally unknown. The cicuds of steam disturb the diffusion of the
ple=e of exhaust gas and alter air ficw in general since ther o-.

dynamic processes are ncv at work as well. The entire spectrum of
effects of a cooling tower en the dispersion due to

a) the design features themselves (wind-shielding, down-
draft etc.)

.

b) the ther=cdynamic effects caused by fed ng of the steam
cicuds with the exhaust air

c) cooling tower emissions f cm leakage and preexisting
radiation Icad of the water

cannot he es_imated closely encugh at this ti=e despite careful
analysis of the work that has been started in cis area.

Lene-rsnee chances 'in ellmate and deir effects on =eteorolegical
facters should also be mentioned, although this is not one of our cen-
cerns in this assessment. The nuclear power plant would generate as
=uch waste heat as a large city. At the same ti=e, the a= cunt of
water that would be vaporiced wculd be equal to about two thirds of
the amount of water vapor released to the at=csphere by Lake Constance.
The cooling towers would release this heat and water to the a csphere
at a point ce= pared to the large surface area of a city er a large lake
such as Lake Constance. This wculd ce m inly result in lcng-term
changes in the local climate of the Wyh1 - Weisweil area, which in
turn wculd affect the centinuous =eteorological data. Therefore,
the validity of long-range dispersion calculations for the planned
cperatien of the nuclear pcwer plant over a period of =any years on the
basis of data gathered before the plant is placed in cperatien is
rather doubtful (see also section 5.1.1) .

5.1.6. ::ete dnation and T.rror Analysis of the Long-Term Dispersion
Factors

.

.

The data ded in the dispersion calculation was subjected to
cri ical examination in regard to its reliability in several places.
It is new necessary to evaluate the reliability of the mathemat esi

'

=edel itself. -

O
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The calculations were perf::=ed in stri:* accordance with the
SSK's principlas of calculation (22C, 1377). The ma de=atical =cdel
described there is based on studias perfor=ed at de TJ11=h nuclear
;cwer plant. Sines we hava adopted these principles in their en-
cirety, we see no need to describe the precedure of de calculations
again. We have rejected the rec ==endatiens of the SSK caly in re-
gard to our treat =ent of inversiens: cur reasons for dis are dis-
cussmi above (section 5.1.4) .*

The mathe=atical =cdel makes several funda= ental assu=ptions
that are incorrect. The ques.ica of whether er not the =edel even
gives =eaningful results will not be kncun until many years of ex-
p. erd = ental observation. In particular, t!.e calculatir.ts are based
en the following errenecus assu=ptiens:

1. The =cdel assu=es a Gaussian distributien withcut justi-
fication.

2. The para =eters are treated as =athematically independant,
which is not true. Wind spaed, wind profile, wind direction
and weather class are inte apendent para =eters which also
depend en other parameters, ns=ely, pressure, temperatare
and humidity. Ecwever, the latter para =eters are not even
included in the calculati=ns.

.
-

3. The nathematical =cdel =ust be able to deal with turbulent
at=ospheric conditicas. Ecwever, a =athematical description
of turbulence (or at least a physical-phenc=enological
descriptien) has not yet been found (Institute for Applied
Mathe=atics, F.aidelberg, 1978)

Consequently, the mathematical =cdel of the SSI and other :==-
parable models can caly be regarded as rather unsatisfac ==y expedi-
ents hat =aka it possible to chtain rough esti=ates.

For the purposes of cur diapersion calculations we divided
the heri:en into 12 sectors of 30*T each. his is an apprcpriate
division since the lateral width of the p1=e of exhaust air at the
=ax1=u=: receiving point is 15* to 38*, depending en the stability

,

catego:f.
,

The c0=putation was perfor=ed by electronic data precessing
and had the following results:

Al Maximum Receivine ?cint

The maxi:n= receiving point is Icested 500 = fr== the scurce
in the 210* sector. The exact result is

.

(500 : 50) = in secter (210 15 ) * .
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This gives a surface area of the enceiving " point" of 2.6 ha
in de directics :::C f cm de plant. The values for the critical re-
ceiving " point" are applicable in this area.

3) Concentration of Nexieus Substances in the Air

O.e concentratics of noxieus substances at th3 s point of naxi=t=1
radiatica lead is

1.41 x 10 s/n
.

in units of de source strength dese. This is the lene-term distersien
fac cr. O.e behavior of the icng-term dispersion factor in the prin-
cipal vind direction is shewn in Fig. 5-1, as an exa=ple of de re-
suits of our calculations.

.

O

.

d

.

e

0
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c) Radiation Load in the Rest of the surroundine Area

The subsegment calculatiens in this assessment of r..e radiation
load via the various routes of exposure were perfor=ed wich this value.

In order to facili. ate conversions to other areas of interest in the
region around the emission source, we prepared a =ap (Fig. 5-2)
showing the distributica of the radioactive exhaust air by relative
isodose curves around the ~*vd~ ' receiving point (= 1004). Since
the long-tem dispersion factor enters linearly into the final dese,
each indivtdual result can be converted in this way to locations

of special interest.
.

For flat terrain, in which the vertical distance *a the emission
source (=outh of the ch h ey) is the same at each point, there is only

,one maximum in the distribution of the radioactivity. For uneven
terrain, such as the terrain in questieni secondsry saxima may occur.
In the present case there is a sedond critical receiving point in
'i-" erg, where the radioactivity is 50 to 100% of the max 1=um re-
ceiving point (see Fig. 5-2).

D) Ca- a sub=ersion
.

We did not perfom any esiculations of our own for ga=ma sub-
=arsion because our pre'' 4 ary studies on allcwance for the long-
range ga=a esdiation frem the neignboring sectors of the sector
under consideration are still in progress. For the time being, there-
fore, we will adopt the data in the CRS assess =ent, in which the maxi-
=um ga=a submersion 100 m from the source in a 30* sector in the
principal wind direction mE is

~

7.5 x 10 s/m .

receiving point defined in A) at a distanceFor the av4 m

of 500 m fr=s the chimney, the following value is given:

~

3 x 10 s/m . *

The CRS assessment includes no information at all about the
nathe=stical =odels and assumptions that led to these results. There-
fore, they must be considered very vague.

Until we are able to take into account the effect of the
neighboring sectors on the ga=ma sub=ersion, the error arising fron
fs1. lure to include it in our esiculations can only be esti=ated.

According to ifdbsch''. ann, Papadopoulos (1975), failure .o allow for.

the neighboring sectors results in underestimatien of the ga= a dose
by a factor of five at a dis ance of 100 m and by a factor of t m
at a dis a ce of 500 m.

.

O
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E) Calculation of Irror Adiust=ent

The quantifiable errors cen~'dted in de calculations are
ecmpiled in Table 5.1.6-1.

Table 5.1.6-1. List of the quantitatively decemd table errors in
the dis =ersion calculation

Scurce of error Discussed Error range (re-
in: lative to the final

result, relativei

error)

Annual variatiens of he
=eteorological data, ler.g-
tars =aans 5.1.1 1.CO

Variations of the weather
stability classes in de
upper Rhine Valley, un-
certainty in dair de- -

tamination 5.1.2 0.25

variations of the wind rose
in the regien in questien 5.1.2 0.25

Wind speed at ground level,
ane=cmeter =easuring errer 5.1.3 0.12

?fpe of wind prefile to
be assumed (;cwer law),
averaging of the wind
profile 5.1.3 0.20

Error due to use of integral
instead of sect:ral didfusion
class statistics 5.1.2 0.15

Irrer due .o uncertain
effective stack height 5.1.5 0.20

Cni;f for ga..=i# submersion:
error due to failure to account
for the radit,tien from

neighborine' sectors at the
.

'wd um ,eceiving point . 5.1.6 1.00
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We assu=a dese errers to be =achematically independent.
Since it is statistics 11y i= probable that all para =eters subject to

er . sill assu=e the extre=e values wi"41 the errer range, we eb-
tain a relative error of 1.2 for the long-term dispersion facter and
of 1.6 for the g= - sub=ersion at the ~=v3 um receiving poin: (500 m)
in accordance with the : ales fer error adjust =ent (both values are

relative to the final result). ,

F. Conserrative values

No conservative asst _ ptiens were =ade in our metecrological-

dispersion ecmputations; we tried, rather, to ecme as close as possible
to reality. We sna11 now discuss the conservative apprcach in order
to c=mpare cur realistically calculated results with the corres-
pending censertative values. Mcwever, enly the realistic values are
used in the remainder of our calculations-in this assessment.

Conservative values =ay also be regarded as realistic values
in the sense that day are the values at the error 14 4 t dete 4ned
by the error adjust =ent c==putation. This quantitative defini-icn
of "c=nservative" follows from our interpretation of the purpose of
this type of assessment (which was discussed in section 5.1.1) , fer
when we give an error range we are serely stating that the actut1
values vary arcund the theoretically % ,ated values and sc=eti=es

reach the unfavorable error 1' 4 t.

Table 5.1.6-2 is an overview of the final results of the
seteorological dispersion ratations.

Table 5.1.6-2. Overview of the results of the meteorolegical dis-
persion c ,utations.

Conserva ive

asalistic value Relative er-or value

icng-ter= dispersicn
facter (ground-level
concentration of -6 -6 3-

noxicus substances 1.4 10 1.2 2.1 10 s/=

at the saxt:t=s re- s/s3
ceiving point in*

units of the scurce
s

strength dese)

=axi=um ga=ma sub- , , ,

sersion (100 s) 7.5 10 s/s 4.2 3 . 9 - 1,0 s/s.
.

-3 4

ga=na submersien at -3 -3 .,

the =axi=u= receiving 3 10 s/=' 1.6 7.S 10 s/=-
point
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G. Exelanation of the'Discrecancy vi-h the GPS Assess =ent

The relatively low values that are given for the long-tern
dispersion facter in the GRS assessment cannot be e onsidered useful
because the meteorological data used in the calculations was ~4o
coarsely graduated. We were able to reproduce the results of the
GRS by dividing the wind speed scale in larger intervals. Ecwever,
a coarse classification of the wind speed could be avoided with our
data material. The values given in the GPS assess =ent may therefore
be considered outdated. Since the calculation of the ga=ma submersion
(which we have tentatively accepted) was based on tha same inadequate
meteorolegical statistics, it is probable that the ga=ma submersicn
was also underestimated.

5.1.7. ::eposition of Radicactive Subst+.nces

The noxious subsacces contained in the air descend to the*

earth by gravitation and adscrption during dry weather (fallout);
during wet weather (rain, sucv, fog) they are washed cut. The rate

of settling multiplied by the emission source strength and the icng-
term dispersion factor gives the a= cunt of activity that is deposited
per unit ti== for a smcoth ground surface (in C1/s m2)

We prefer to use the term " wet deposition" instead of " wash-
cut" because it indicates that settling processes that cannot be
characterized by the dry settling rate occur not only during rain, but
also during snow and Ecg.

Since the nu=ber of water droplets per unit vole =e is about

16 times greater in fee than in rain, the probability that aerosols
will be picked up and subsequently deposited is greater in fcg. The
fcq droplets also act as nuclei and cause tapid growth of the si a
of the aerosol particles, thereby increasing the falling speed (!ilje-
quist). The two effects together increase the rate at which the radio-
active particles settle cut to such a great extent that the rates of
feposition are about the same for fog and rain, despite the fact that
the sinking velecity of the fcq dreplats is roughly 10 times slower
than that of rain dreplets. More precise information cannot be given
withcut further investigation in this area.

The same is true for gases (I.,) because the larger total sur-
face of all foge droplets results in giEeater solubility in water.
The situation with snew is about the same as that wi-h fog; however,
even less is kncwn ameut snow washout. Ccnsequently, rain, fcq and
snew are treated together as " vet deposition".

Table 5.1.2-3 shows that wet deposi.icn of the radioactive
emissions of the nuclear power plant will be heavy in the principal wind

O
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direction (frem the S5W), i.e., the area to the mIE will have a high
radiation 1 cad frem wet depcsition. Ecwever, other areas will also
receive large a= cunts of radiation in this way, notably the areas o
the S and 55*4 of the plant.

Due to the increased rate of deposition in f$g, rain and
snow, and due to the fact that fcq and sncw are very closely :=rre-
laced with light vinds, the area i==ediately around de nuclear power
plant would be affected by greater raduactive cenn ,49ation under
these conditiens (1 - 3 km frem the plan't for a light wind of 0.5
m/s =easured at a height of 10 m, any wint profile, and duratien of
the fog, rainfall or snowfall of 1 heur). In this case all directicas
would be affected to about the sa=e extent .

Published values for deposition rat 4s still vary by as such
as 50'k (see, fer example, Vogt, 1970, or vi ilecue, Pelletier) . In

regard to Ga =an conditions, de = cst app:.,riate value is that given
by Icdwieg, who detamined a mean annual depcsitien rate of about
1.3 cm/s. his value represents an overall value that takes into
acc=unt both dry fa11 cut and rain washout. We allcw fer fcq and
snew, not by correcting the abova value, but rather by including an
additional, independent err:r of 20% (73 days of fcq per year in the
Weiswell- 2:eisach area). Therefere, for aerosols (solid cent-5-
ants) we use the following value:

(1. 3 + 0. 7) es/s.

The direct deposition of I-131, which is er.itted ainly in
gaseous form, is described by G2S (1976) and Vogt, K.J. et al (1973)

by a deposition factor f in n3/kg s. This reflects the rate of d pg
positien with respect to a vegetation density of 1 kg dry weight /m .
According to vogt, K.J. et al. (1974), al= cst twice as =udt iodine
set les en clover as en grass. In cur calculations we therefore used

3the sean value for grass and clover, which is 0.12 s /kg s according
to Heinemann, K. and Vogt, K.J. (1975).- For leafy vegetables

3(lectuce) we adepted the value f - 0.04 m /kg s.

Everything we have discussed so far in regard to depositien
is applicable for a g cund surface with a Icw level of reuchness,
namely, a roughness parameter of 2 - 0.03 m (after Bau=girtner et al.).
-his is equivalent to a vegetstien, height of 10 cm and thus applies to
grass, clover, certain vegetables etc. (see table 5.1.5-1.).

h regard to the depositien of radioactive material in vine-
vsrds, which is an impcrtant censideration in the area arcund Wyhl,-

the deposition c nstants given above can only be used fer the ground
of the vineyards. The : ughness parameter fer the foliage and grapes ,

(vegetation height 1 s) is : = 0.3 m (3au=gart .er et al.) According

en Gudiksen et al., this cau$es an. increase in the rate of dry de-

-33-



.

position by a factor of 3 to 4. ~he sane is true for wet depositien.

Therefore, ce folicwing deposition rate applies to crs=evine foliage
and fruit and to other shrublike plants:

(4.0 ; 3.3) cm/s.

Table 5.1.7 is an overriew of the results. The realistic
values are used in cur further c edtatiens; the censerra ive values
are given only for c:mparisen. Values greater than the censervative
values can be ruled out en the basis of present knowledge.

Table 5.1.7. Deposition rates used in this study

Disposition Deposition =ean valuc mean error in =axims value
of en (realistu.c) es/s (conservative)

in cm/9 in cm/s

Aeronel grass,
soil '. 3 0.7 2.0

.

Aerosol grapevine
foliace,

grapes 4.0 3.3 7.3

O
5.2. Dispersion via the Waste Water

In regard to the attenuation of the radioac ive waste sub-
stances, we assu=ed that the emissions six i==ediately with 25% of
the river water, and that it is this water of which further use is
made. According to infor=aticn of Mundschenk (3f0) (Model Study
Radiceccicgy Biblis, 3rd Colloquius, p. 37) , this is a perfectly
realistic assu=ption.

Measurements at the Biblis nuclear pcuer plant showed mixe.:re
with about 20% of the water 1 k:2 below the point of ent.- f with fresh-
water cooling and sixture with about 10% of the water with recycle
cooling. 6 km below the point of entry the sixture was about 50%
for fresh-water ecoling and 33% for recycle cooling. The emissions
introduced irto tae river t.'us remain in a small part of the river
fer a long time. As far as the Wyhl site d.s cencerned, a more pre-,

cise experime:"tal study would be recuired before anything definite
could be said about possible effects of the barrage downstream frem
Wyh1 on the mixing precesses.

The calculatiens censider enly the emissiens of one block.*

For t.to biccks (as calculated in the 35V assessment, for example)
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the values would have to be increased accordingly.

In regard to the exposure pathway of fish censu=ption, we
also censidered the centaminatien of fish which swim chiefly at the

cooling water cutlet of the nuclear power plant. Experience at nuc-
clear plants already in existence shows that increased nu=bers of fish
are attracted to this area (and caught dere) because of the ex'/ gen
enrichment of the cooling water. Therefore, this pathway represents
a realistic source of contaminatien.

I Exposure via consu=ptien of fish was calculated for both
possibilities (fish from the Rhine and fish frem the ecoling water
outlet).

As in the BBv assessment (1976), cur calculatiens were based
3en a ecoling water discherge rate of 60 m /s (per block) . We did not

analyte the use of the ecoling water fer irrigation purposes or ecm-
pute the higher radiation leads that ene would expect from such use.
The 33V assessment includes a censervative ec=putation; if we wished
to include this point in our assessment, we would expect a higher
radiation lead.

Volume Flew of the Rhine

According to the German Hydrology Yearbook (1971) , the
3average, volume flew c' the Rhina at Rheinf elden is 1030 2 /s (=ean

value for 1931 - 1970). The additienal volume contributed by the
Wiesa and the 31rse (small tributaries belcw Rheinfelden) justifies

3the assu=ptien of a mean volume ficw of 1050 m /s at Wyh1 (the BBV
assessment, 1976, uses the same assumption).

On the *uasis of these assu=ptions, the fc11cwing values are
obtained fer the radienuclide concentration in the river water:

6.35 pC1/1 emissiens excluding H-3

692.4 pC1/1 tritium

,

0.2 pC1/1 I-131 (=edicine)

These values include the preexis._ing cencentrations listed
belcw:

.

,5.15 pC1/1 emissions excluding E-3 -

499 pC1/1 tritium

*

0.2 pCi/l I-131 (=edicine) .
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For cur calculations of de centaminatien of fish that are
ca.:ght in the cooling water outlet, the radienuclide cancentrations
are:

10.4 pci/1 emissiens excluding H-3

1,344 pci/1 tritium

0.2 pci/1 I-lJ1 (medirine)
i

*his nuclide cencentratics was used as the basis of cal-
culation for the various expcsure pathways. Naturally, the cencen-
tration can change significantly at icw water lev 21. According to

the Ger=an Hydrology Yearhock, the average icw-water volu=e flow of
3 3

the Phine at Rheinfelden is 464 m /s in the winter and 610 m /s in
the su=er: in the d:f su==ar of 1976 the icwest menthly mean volu=e

3flow rate was 385 m /s.

Furthe:more, vaste water discharca is not constant, but
rather reaches a mL us at the ti=e of the fuel ele =ent change, which
is usually dcne in the su=er =enths. According to GANS (ECA)
0".odel Study Radicecology Biblis, 3rd Collcquium," dater Pathway,
p. 271, 40% of the year's activity was e=itted during the 3 to 4 ,

weeks of the fuel element change at the nuclear pcwer plants in Stade
and Chrigheim, and in 1976 in Stade 60% of the year's activity was
discharged during the 4-week changing pericd. If the river water is
used for irrigatien or other purpcses during this period, the radiat-
icn lead is many ti=es greater than tha load dete- Sed in this assess-
nent.

Lew-water levels can also result in higher nuclide cencen-
tratiens in the river water.

6. Passage of Radionuclides into Agricultural Produrts

6.1. *ransport Factors for the Passage of Radionuclides frem Soil
into Plants

-he transport facters for the passage of individual nuclides
frem the soil into plants are a=cng the =est important facters in the
dete 'ution of radiaticn exposure by ingestien of feeds. *he

following exposure pathways must he censidered:
s

- ingestien of vegetable feedstuffs-exhaust air pathway
- intake of other vegetable =atter (e.g. , tchacco, tea,

coffee) - exhaust air pathway
- ferage plants - ingestien of a b il products - exhaust

air pathway
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- irrigation - censu=ptien of vegetable products
- irrigation - ferage plants - ingestien of milk and = eat

The unit of the transport facters is pci/kg fresh plant per
pC1/kg soil. In order to obt A a realistic es*d- te of the transpert
factors that should be used, we nerformed an extensive litersture
sa uch. Per inent info =atien fr<m the following journals (frem about
1950 to the present) was analyzed: Nature, Science, Health ?hysics,
Plant ant. 9 oil, Soil Science, Radiation Botany, Journal of Agricul-
tural and M Chemistry, various USAEC reports and conference reports
of the Inte, stional A ~ dc Energy Agency.

The analysis of this information revealed that the transport
factors used and recc= mended by the Td7, GRS, BBV and SSK are far tco
s=all in the most important cases, and dat many of the experiments
in which low transport facters were deta d ned were perfc=ac under
unrealistic conditions.

There are any natural facters that affect the magnitude of
the transport facter, e.g., plant species, soil type, mineral centent
and water centent of the soil, pH of de soil, biological activity
of the soil, and the level of radicactive cone,mi-atien of de soil.

Most of the work on which the present re. endations of
the Radiation Protacedon Cc= mission (SSI) and the ecmputed values
of the BBV, GRS and TOV are based was perfc=ed at de end of the
1950's and early and middle 1960's at American a--dc be=b research
centers (reviews in USNRC, 1976; 3aker, 1976: Flet ter. I.7. et al.,

1971 and elsewhere) . It was during this peried that wt,ricwide dis-
cussion began on the questien of banning at=ospheric testing of
nuclear bcmbs because of tha radioactive centamination of the en-
vironment that nuclear testing causes. The experiments for deter-
nination of transport factors for the absorption of radionuclides
frem the soil by crep plants were perfc=ed at dat time =ainly at
the American a dc bemb centers. It is possible that the place of
origin of these studies affected the way they were perfez=ed.

Evaluation of scme of these studies revealed thr.: unreal-
istic conditions had often been used. *his resulted 1.t underesti=ation
of the transport factnrs. For exa=ple, in experi=ents of this type for

- determination of transport facters

f the soils were dried in evens before the experi=ent was
started: this destroyed the soil life which is capable of
=aking radienuclides available to plants under natural con-
ditiens, i.e., soil life that can eenvart pcorly soluble .-

substances to soluble substances (e.g., Neel, J.W. e al.,

1953 CSAIO, 1953: Wilsen, 1966);
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- the radienuclides were added to the soil shortly before
harvesting of the pla.,ts, so that it was not possible for an
equilibrium state .o beceme established, as actually occurs
under realistic conditiens in which the plants grow in con-
* "4nated soil f cm the very beginning (e.g., Jacobsen, 1.,

Overstreed, R., 1948r ac=ney, C.M. et al., 1960; Nishits
et al. , 1961) :

- a variety of soils was subjected to preliminary testing,
and then the experi=ents vere continued with those soils
which had given the lowest enrich =ent factors (e.g. ,
Scheff er, F. , Ludwieg, F. , 1959) .

Experi=ents that were cenducted under conditions of these
kinds ytelded significantly smaller enrich =ent factors than experiments
conducted under realistic conditions.

6.2. Cc=parisen of the Transport Facters Used by the GRS and 55X
with 7ublished values

2n this section we will c== pare the transport factors for the
individual elements frem soil to plant that were used by the CRS and
racc= mended by the SSI with experimentally determined transport facecrs
f=und in the literature. The only elements for which there was an ex-
tensive literature are strentium and easiums very lit.le has been pub-

11shed about the other elements. The elements will be discussed in
alphabetical order.

6. 2 .1. Cerium

"'he fission products Ce-141 and Ce-144 are the principal re-
presen.atives of the ele =ent cerium in the emissions of nuclear power
plants (CRS, 1976) . Their half-lives are 32.5 and 285 days, res-
pectively (Seel= ann-Eggehere, W. et al., 1974).

The transport factor recce= ended by the SSI is 0.00:5. The
GRS uses values between 0.0005 and 0.C068 in its assessments.

The literature centained two papers en the determinatien of
transport factors for cerium (Rc=ney, E.M. et al. ,1954; Rcracy E.M.,
et al., 1957). These experi=ents yielded the following ranges of
values, depending en the soils that,were used:

for bean leaves between 0.012 and 0.144

for bean seeds between 0.003 and 0.028
,

O
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for oats (grains) around 0.015

for radishes (rcot) between 0.014 and 0.032

(Rc=ney, I.M. ee al. , 1954;
Rc=ney, I.M. et al., 1957)-

The value recc= mended by the SSK and the largest value used
by the GRS are at the lower and of the range of enrichment facecrs
detarmined in these experiments. The even icwer transport factors
of 0.0003 and 0.00075 that were used in sece cases by the GRS for
pasture vegetation and leafy vegetables are many ti=es smaller than

'

the experimentally deter =ined values.

6.2.2. Cebal -

The fission products Cc-57, Cc-58 and co-60 are -de principal
representatives of the element cchalt in the emissiens of nuclear power
plants (GRS, 1976). They have half-lives of 270 days, 71 days and 5.3
years, respectively. (Seelmann-Eggebert, 1974).

Again there were only te published papers that gave transport
factors for the absorption of echalt frem soil. The ORS arti the F5K
use a value of 0.00094.

Gr"-4t, W.E.,.1975, gives the fo11cwing values as ccbalt
transport factors for the edible parts of plants:

cats 0.015

rye 0.003

radishes 0.032

carrots 0.011

turnips 0.043

beans C.010

potatoes 0.020

;cmatoes 0.011
,

s
(Gr;==iit , W.I. , 197 5)

Mencel, R.G., 1967, gives values between 0.02 and 2 as the
range of variation of echalt transport factors frem the soil into -

plants. The transport facter for cchalt that is used by the S3K and
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G7.5 is thus at the icwer and of the range of varia 1 n.

o6.2.3. _C.a_s

The fission products Cs-134 and Cs-137 are the principal re-
presentatives of the element easiu:2 in de emissiens of nuclear pcwer
plants (G75, 1976). They have nalf-lives of 2.1 and 30.1 years, res-
pectively. (Seelmann-Eggebert, W. et al. ,1974)

.

The literature centains a large ::=ber of papers in which ex-
peri =entally deteW"ed transport facters for cesin:s are given. The
results of these experiments are given belcw.

!d.arckwcrdt, U. and Lahr, J. (1971) give the following trans-

port facters for cesiu=:

wneat grain 0.0015 - 0.38

alfalfa 0.0038 - 0.45

lettuce 0.0062 -- 0.75
_

0.0034 - 0.36grass

Guljakin, J.W. et al. (1974) deter =ined the following values
for the edible parts of plants:

wheat 0.04 - 0.48

cats 0.04 - 0.77

peas 0.08 - 0.71

beans 0.016 - 0.26

Frederiksen, L. and Eriksen, 3. (1958) deter =ined transpert

factc s between 0.17 and 6.7 for red clover, depending en the type of
soil that was used.

!!ishita et al. (1958) also deternined values between 0.05
and 0.36 for clover (Trifolium repens) . Since these experiments were
conducted over a peried of 1.5 years, it was also possible to investi-
gate the effect of time en the abscrption of the radienucli It

was found thatf.he transport facter increased with ti=e; after 1.5
years '. was about five times greater than in the initial =enths of
the esperiment.

Barber (1964) cbtained transport facters between 0.02 and .

0.6 for ryegrass.
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Scu:a et al. (1972) chtained values batseen 0.1 and 2.3 for
grass, depending on the soil type.

Wiechen, A. (1972) investigated the contamination of pasture
in Northern Gar 9any by at-4 - bc=b fallout and found a cesium trans-
port factor of abcut 3 for grass growing en arshy soil.

Garret et al. (1971) data m4ned the following transport

factors for sandy soils

*

various species of Bermuda grass 5

oats 5

crab grass 5.5
,

'

Callis grass 5.5

3ahia grass 7

white clover 8

Sergani:11 et al. (1970) determined transport facters between
0.11 and 33 in enrich =ent experiments with Trifoliu:s pratense, a
forage clover.

Sharit=, R. et al. (1975), in open-count:7 =easurements, found
cesium-137 trr_tsport factors of 10.3 for Sagittaria latifolis and of
20.1 for Polygenum punctat.cs. .

Polikarpov (1971) gives the follcwing transport factors for
grass, depending on the type of soil:

loamy sod-pedrolic soils, charnere=s 1.62

sandy-Ica=y sed-pod:olic soils, scd-peat
soils 111ty-boggy soils 7.95

sandy sed-ped olic soils 23.6

(Polikarpev, 1971)

Grueter, H. (1971) reports en field seasurements on =ushrec=s-
-

he determined a transport fae cr of 16.5 for cesiu:s.*

.s

By ce=parison, the GRS uses cesium transpcre factors between
0.00064 and 0.019, and the SSK reec=: sends a value of 0.01.

.

.

In the following graph the experi=entally determined transport
factors for casiu:s. in grass, clover and leafy vegetable are ecmpared
with the value recc== ended by the SSK.
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6.2.4. Iedine

The G2S and S5K use an iodine .ransport facter of 0.02 for

all plants.

Cline, J. and Klepper, 3. (1974) give values between 0.01
(barley) and 0.2 (radishes) for the iodine transport factor.

Menzel (1967) gives a range of variation of 0.02 to 2 for the
transport factor of iodine.

Newton, II. and Toth, S. (1952) investigated enrichment factors
for tematoes and buckwheat as a function of the potassium chloride
and potassium nitrate fertilization of the soil. They report the
astonishing effect that the transport factor for icdine increases
by about one power of ten when the concentration of potassium chloride
and potassium nicate in the soil incrasses (frcm 0.5 to 5 ppm) .
The values deter =ined in the whole study ranged fres 0.02 to 3.5.

Ocperiments parfer=ed by Cline, J. and Klepper, 3. (1975)
shewed a s4 d 'ar effeev. of increase in the icdine transport factor,
in'this case with increasing soil concentration of stable iodine.
These authors found transport factors between 0.01 and 120 (the
higher values were obtained when the icdine concentratica in the soil
was increased to 10 - 11 ppm).

The iodine transport factor is especially important where
the long-lived isotope I-129 is concerned (half-li.fe 17 sillion years) .
*his isotope is e:ritted mainly by fuel reprocessing plants. I-129

be.:cmes enriched, in the soil in the course of the time and can result in
considerable radiarien exposure by ingestien following uptake by the
roots of the plants. The short-lived isotope I-131 (half-lif a 3 days) ,
on the other hand, which is unitted mainly by nuclear power plants,
does not beccme enriched in the soil because its half-life is too
.short.

Cc=parison of the experimentally determined transport facters
with the value used by the ORS and SSK shows that the latter falls at
the lower end of the rarge of variation of possible iodine transport
factors, which covers four powers of ten.

6.2.5. Mancanese

Jhe radioactive corresion product Mn-54, which has a half-
life of 312 days, is a relevant emissica of nuclear pcwer plants
(CRS, 1976: Seelmann-Eggebert, W., 1974).

Jones, C.E.P. (1957) gives values between 0.125 and 0.675'

for the manganese transport. factor in eat grain. The higher values
are obtained with 10w sanganese concentratiens in the soil.
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Man el (1967) gives vahes between C.2 and 20 for the =an-
ganese transport factor in plants.

Prachakaran Nair, K. and Prabhat, G. (1977) deter =ined rans-
;cre factors between 0.13 and C.19 f : :=rs.

The GRS and SSK use transport facters of 0.03 and 0.029, res-
pectively, for anganese (C25, 1976, and SSK, 1977). -

6.2.6. Plut=ni.:m
,

pu-238 and Pu-239 are the = cst relevant plutonium emissions
of nuclear power plants and reprocessing plants (G23, 1976). They
have half-lives of 88 and 24,000 years, respec.ively (Seebann-
Eggebert, W., 1974).

The range of plut=nius transport facters given in de lits:-
ature is very large. The reascn for this is dat the pluteniu:2
emitted fr:m nuclear pcwer plants is usually present in a peorly
soluble chemical form at first, so that it is not readily available
to plants. With the passage of time, hcwever, this poorly soluble
fers of plutonium can be converted to = ore easily dissolved fc:=s
that can be absorhed by plants; this conversion is probalby due to
the activity of soil life. Lipten and Gcidin (1976) , for exa=ple,
f und that chelating agents, whether added to the soil with fertill:er
or naturally ccc..rring, cause a drasti: increase in the uptake of
plutonium by pea plaats, namely, by = ore than three pcwers of ten.

The GRS and SSI use a universal value of 0.00025 as the trans-
port factor of plutoni= for all plants. As the following published
values shew, this value is unrealisticolly l=w.

Larsson, K.H. (1951) found va hes batseen 0.0C84 and 0.101
for plutonium transport factors. he mean vah e of varicus =easure-
=ents was 0.025.

Larsson, K.H. et al. (1957) determined values between 0.CCC43
and 0.C86.

Hakensen, T. E. and Johnsen, L.M. (1973 Il studied various
types of grass in the egen count:/ around a nuclear tes-d.g site 20
years adter the last nuclear beets had been det:nated. hey f und
transport factors between 0.03 and 4.7.

In an area of open countrf near Les A.'.amos where plutoniu=-
containing waste had been du= ped, Eak=nsen, T.E. et al. (1973 IT)
found values between 0.01 and 0.05 for grass and various =eadcw
plants. -

O
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*ihicker (1974) measured platenium transport factors between
0.001 and 0.15 in the open country arcund the Recky Flats Nuclear
Research Canter. These measurements alJo revealed that the ranspcre
factors depend en the concentrations the lower the plutenium concen-
* ration in the ground, the higher the relative transpor. factor for.

plutonium frcm the soil to plants and m: tall animals. It follows frtm
this that the higher value is probably more realistic for the region
surrounding nuclear power plants and reprocessing plants than the
lower value..

Eakonsen, T.E. (1975) determined transport fac ors between
0.004 and 0.14 in field experiments. The auther ststes that higher
transport factors are obtained under field conditions than in lab-
cratory exper:=ents. This may be related to the biological activity
of the soil.

Lipton, W.V. and Goldin, A.S. (1976) determined transport
factors between 0.05 and 0.25 in laboratcry experiments en peas with
additien of chelating agents ar descrihed above. Values around 0.00035
were determined when chelating agents were not added. Since the trans-
port facters deter =ined under field conditions are closer to the values
determined in the laboratory experiment involving addition of chelating
ageets, it =ay be concluded that in nature plutonit=a is affected by
processes (such as chelation) that facilitate uptake by plants in the
course of ti=e.

The preceding graph ecmpares the =easured transport factors
for plutonium and the value used for ce=putation by the GRS and S3K.

6.2.7. Strentium

The radioactive isotopes strenH " -89 and strentiu=-90 are
discharced into the atmosphere in the emissions of nuclear power plan s
(Cas, 1976). Their half-lives are 50.5 days and 28.5 years, respectively
(Se11mann-Eggebert W., 1974).

A large nu=her of papers have been published that deal with
transport factors of strontium f.~m soil to plants.

Remney, E.M. et al. (1954) determined the following values
in lahorator/ experisents:

.

M
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barley (grain) 1

barley (leaves and sta=s) 0.5 - 5

beans (leaves) 1.6 - 6

beans (ste=s) 0.9 - 5
.

beans (seeds) 0.35 - 3.5
.

radishes (part above
ground) 1.8 - 14

radishes (part below
gr=und) 0.6 - 16.7

(after P m'iey, E.M. et al.,

1954)

Nishits, H. et al. (1958) deter-d ed transport factors
between 1.2 and 1.93 for clover. They found that the transport factor
increased slcwly with increasing length of the experiment; the largest
value of 1.93 was date. : lined just before the experi=ents were ter-

ated after 1.5 years.*

Remney, E.M. et al. (1959) determined transport factors
between 3 and 3.9 for clover. Although it had been expected that
addition of inactive strentium to the soil would decrease the trans-
port facter, it was found that it increased it slightly to as high as
5. The transport fact == could not be significantly reduced until
strontium was added in quantities equivalant to about 1.2 kg of
strontium per s'.

Vose, p.3. and Kconts, H.V. (1959) detarmined transpor-
factors batJean 1.8 and 7 for grass and between 4.3 and 23.4 for legumes.
Ecwever, the paper does not mention whether these transpert factors
are based on the fresh weight or the dry weight of the plants. If they
are based en the dry weight, then the transport factors relevant to cur
study, based en the fresh weight, wculd be between 0.36 and 1.4 for
grass and between 1 and 4.7 for legn=es.

. Evans, E.J. (1962) determined transport fact =:s between 0.2
and 1 for various plants.

- s

Andersen, A.J. investigated the effect of ni regen and pot-
as s i*.= fertilizers en str:ntium transport fact:rs. This study yielded
strentium transport factors between 0.36 and 2.9 for red clever. The
mean values ter 38 experi=ents in two soils were 1.39 and 1.53. It

,

was cencluded fr=m the experiments that the affec: cf nitrogen and

.
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potassic:n f artill:ers en de strontiu:n transpcrt fact:r is negligible.
(Andersen, A.J. , 1963)

Menzel, R.G. (1967) gives 0.2 to 20 ;ss de range of variatien
of the strentic:n transport facters.

Polikarpov (1971) gives values between 0.7 and 2.3 for
strontiu:s transport facters in grass for various types of soil.

Garret, A. R. et al. (1971) deter =ined the follcwing trans-

port facters:

Bahia grass 0.3

3er=uda grass 1.3

cats 1.5

Pangola grass 2

crab grass 2.1

white clover 3

(Garret, A. R. et al. , 1971)

Scu:a, T. J. et al. (1972) deter =i.ted transport facters
between 2.2 and 9 for grass in varicus soils.

Measure =ents =ade by McIntyre, D.R. et.al. (1977) yielded
stren*d" transport factors of 0.64 in lettuce,1.32 in de under-
ground part of the ~urnip, and 3.6 in brec=cli :=ps.

By ce=parisen, the GRS uses the follcwing transport facters
- for strentiu:s

corn 0.064

pasture vegetation 0.2

leaff vegetables and f:uit 0.32

(GRS, 1976)

s
The Radiatien Protectica C:=:issica (53K) recce= ends a value

cf 0.017 in (SSK, 1977 ) and a value of 0.2 in (SSK, 1977 II) fer the
strentiu:s transport facter for all plants.

In the fellcwing graph we have ec= piled de rescits of the
strentiu:s enrich =ent experiments.

-48-



. .

d
e
d
n ne am i osln. oL uc n lc iirao
r Tev

li sgKe t c
u i Si

l i
l l S unu* a ut* V m etn

'F '.i tI i|

kI
,

( .s r. s aa
t'

.!, [% -
. t . jI

I . <

s o
n. m eli

.

u e 5 l (

b

1 h{{p 4h
,

l
e ,n aK..e t S-;

f* ' sl
s s Sl.

iy r ', I .i. gf,
s ra e e

0 vh
4 t

8 m yd
.u f yt 5

< - . d . t ab4 .
- s
4 i e., yy 9i ('
4 ss l s

e
t s. x o' .' o a i p' t

5 r)
s/ i;; ruf u1 t,

2 vt

1 , s
s ep

'*
1 . i v- .

! on
l o' a.

' . a ci-

,t

gi '
I ,

5 ar)
s st, 1

<. m su, i

-
r 5 ap

,

4 sI r m
oi' t

05.
3. "- . cs t

a y)
i rt

| g~ a s.
\a l

k f:n s oi
i s

l
i! |

[ aaa - inf 01 w( a

[(Q'
ip l l d

P. t el -

h o it
, a us 's s a ) ot O'.se re

r )
, 5 i

t 8 . s t n .u
s n , ,ui

f / ,
6 t . 4 c( a r :u

- . a
l c

3< C rc
f.We/ * , 3 s oel

. f r (,1 .

5aC u su4 .

4. n amd
I -

14 . r u-n ol ni ,f i

u |

5
a( t a a3 cvi -

t 3, ',' a Ca .n 3 . f l a

s,%r
o 5 .r n
r t a ,

t
,' i . n _Ll h e nu - t ts s e o .

t 5 i. n t.e
r n 3 rt u ne l

o 3

m n
c e

f 4 i
i a . n

s n rirr
, e 1 i. nre

so i. s ee
t _ p s

im( f x
- e px .c

a e
o. oe

f
s s tisut

- < o m ou
n . : s o4 ie 5 .ni rr)

i i .
u r - .

%s
gu a aaCl _ vc pvI

C i

Y s 4i

i

r of C
i " C oS -a (

c < ,,
- "d o, ,

? o' s
e

,

.

jT



i *

he graph shcws that the values used by the 07S and re-
cc== ended by de SSK are also too s=all for this 6portant radio-
nuclide.

6.2.8. Technetiu=

The emissicns of Tc-99 have never been censidered in cal-
culatiens of the radiation Icad in the envirens of nuclear plants,
even though the fissi=n yield of Tc-99 is 6.1% (i.e., Tc-99 is
produced in about as =uch quantity as Sr-90 and Cs-137,'it behaves
=uch like iodine in the hu=an body (and thus bec==es cencentrated
in the thyroid gland), has a high transport facter frcm soil to
plants, and 2s a half-life of 215,000 years (Wildung, R.E. et al.,
1977).

Wildung, R.I. et al. (1977) dete 4 sed transport factors of
22 to 130 for the uptake of Tc-99 by soybean plants and of 35 to 170
for the uptake of Tc-99 by wheat. The experi=ents revealed that the
enrich =ent facter is clearly dependent on the cencentration. "he
highest enrich =ent factors were fcund at the icwast radienuclide
concentraticas in the soil.

The Ssr recc== ends a transport facter of 0.25 for Tc-99 frem
soil to all plants (SSK, 1977).

It can be said in s-"7 that de transport facters for he
passage of radienuclides frc= soil to crcp plants that are recc== ended
by the GKS, m and 53K and that have been used in assess =ents (en
which the licensing of the Wyh1 nuclear pcwer plant (Kar.'.kraftwerk Sud)
is based) by the Institute for Reacter Safety (Octnber 1976, hust
Air) and by the Savarian Siclegical Tes ing Institute (Cet:ber 1976,
Waste Water) (CRS , 1976 ; Bayr. , 1976) in al= cst all investigated
cases are either at the vecy Icwer enc of the range of values given
in the literature or are far below tha values that =ay be regarded
as realistic (in sc=e cases they are tco icw by several powers of
ten). It folicws that the results of these assess =ents are unrealis-
tically low and that the claim that the calculatiens are conserrative
(i.e., pessimistic) is not true. It also fc11cvs that any licensing
granted en the basis of these assess =ents viciates the Radiation
Protection Law, especially section 45.

6.3. Transport Tacters for Meat and Milk

The tfansfer factor is also i=pertant in determining ex-
;ected levels of radiation exposure by ingestion of = eat er = ilk.
The transfer facter indicates the percentage of the daily intake cf
a given radie- etide that is found in 1 kg of meat or in 1 liter
of milk. The =agnitude of -J:is value depends to a great extent en
whether or not the radienuclide is in a state of equilibrium in
the bcdy; the type of forage and the age and species of the an1=als

O
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also affect this value.
The transfer coefficients that are recc== ended by the

F.adiation Proccetion C - ission (SSK, 1977) for calculating radic-
nuclide transport f c:2 the fodder to the : seat .and =ilt and that are
used, for exa=ple, in assessments by the Savarian 31olegical Test-
ing 2stitute for the *dyh1 plant GBV, 1976) were % .,ared by the
capart=ent of Enviren= ental Protecticn with published values.

lThe following graph shows the results of this study for the exa:Pa
of the radienuclide cesiu:2 and for the transport to = eat.

The graph shows that the value recct::= ended by the SSK is
s= aller thsn realistic values by a few powers of ten for this ex-

tre=ely i=portant route of exposure as well.

For strontiu:s Saker et al. (1976) gave a value of 0.003 for
attle and a value of 0.0073 for hegs. The SSK recc== ends a value

of 0.00C6, which is lower than Baker's values by r.bcut ene power of
ten.

d

.

4

.
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7. Analyzed Rcutas of Exposure
.

7.1. Exposure via D&.aust Air

7.1.1. Ga=na Submersion by Nchie Gases

Since noble gases are unable to enter the food chain to any
signifidant extent due to their chemical nature, most of the radio-
ecological load takes the form of direct ga==a radiation frem the radio-
active cloud issuing frem the chimney. The offect of this radiation
on human tissue depends on the distance f cm the radioactive cicud,
en the absorption of the radicactivity by the air, and on the dose
facter of the nuclide in questien, which gives the effect (in res/s)
of one curie en a unit area cf ht=an tissue.

We have the folicwing

sd = qu ch de

where sd = radiatica lead

qu = source strength

ch = meteorological dispersica factor

dc = dose facter

If we accept the dose facters given in SSI (19771 for the
individuai nchie gases and use the dispersien fac crs f=r ga==a sub-
=arsion calculated in see icn 5.1, we ebtain the fo110 wing deses
(in = rem /yr) for one bicck:

Distance 100 m 500 m (-=v % receivisq point)

realistic value 77 31

conservative value 403 80

.

sThese values must be doubled fer two power plant biceks.

It is well kn wn that calculations of this sort are partly
a =atter of knowledge and fact and partly a natter of assu=ptiens and .

estimates. 'As was shewn above and discussed in greater detail else-
where (5.1.6) , =erely the uncertainty in the dispersion f acters re-
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suits in a censiderable difference between de realistic and de cen-
servation value of dosage. Cther uncer ainties cat can lead to an
increase in dosage and that we were unable to examine fur-her and
=ake alicwance for are therefere discussed briefly helcw:

a) the rates of liberation in the core of the reactor are
not scien-dfically cer- W values, but rather were de-
rived fr=m a li=ited nu=ber of measurements and infer-
ferences. The diffusien precesses that occur in the
react =r cere are largely unknown. A change in de lih-
eratica rates can cause a censiderable increase in dosage.

b) The possible effects of small disturbances, such as a
problem in the exhaust gas system, were not c=nsidered.

c) Other : utes of liberatien, e.g. , through the =achine
house rcof, were not censidered. -

d) The dose fact =rs taken fr m the literature LSSK, 1977),
which are used as =ultiplicative fac crs in the calcul-
ation, were n.se checked.

e) The value of the dispersion facter, which is ce=puted on
the basis of si=plified =cdels and presents only an un-
satisfactory picture of the real c=nditi=ns, is also un-
cer*.ain and questionable. For exa=ple, in the calcula- .

tion of the ga==a sub=ersion the absorption c= efficient
is censidered independent of the waveleng-J: of the rad-
iation, which is certainly incorrect.

f) The emitted noble gases disintegrate acccrding to the
following radicactive series:

Je-4M C:- 4+d 3s - du.4 La-4+i- - , ,, . 4
?~ I-% * r f~ 4 3, 5 m s' ~ 3,95 h4 , ~r#1s

Q-dH -'> ??- &- ' '

L-
327044 8 stable

'

kd - DC b -4SC 3 a- 4 N % Q - d M --+---o'>
- .-

'e 5 S j* AE.I & d |3 N?h*11, $~;. s
is

- (: Atc
r."

8 s*d 1e
.
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3a - 439 m U:- 49Cs-439 mg -.133 ---
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Me, - 438 --9 CS- <Qs3 - o, M 'd58
f .' 5t2b1*

,, y, % s2, am
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3a 43'.5~gN~ C2 - 455'm'" ~-" m
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,

K ,- - G :' Ab-37- E, - e :--,-

? o
n,sm 4.wa c.

stable

In the calculation of the radiation load, only the ncble gases
were considered. As the radicactive scrias show, however, nest of the
noble gases disintegrate into some highly radioactive nuclides of the
elements cesium, strontium, rubidium, bariu:s and cerium. Ncne of
these radioactive decay products were considered even though they cause
an increase in the calculated radiation Icad.

7.1.2. treund Fadiation by cecesited P2dienuclides

A portion of the radionuclides discharged into the a,_ esphere

by the nuclear power plant is depcsited en the grcund in the i= mediateandand dis a t area a m nd the plant by the precesses of falleu:
washout (drf and wet deposition) . This produces an external radia icn
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scurce for hu=an beings in this area by the gama emissien of de
nuclides. Since the centamination of the grcund and dus the radia-
tien lead increase in the course of ti=e, the SSK calculated de
radiation load fer de 50th year of reac:cr opera-don (SSK, 1977).

_

The ga=ma sub=ersica dese frem radienuclides that have
sectied ente the g cund is detszmined by the fc11cwing for=ula:

-11 **)D. =Q f X-v S (1 - e-

o G
Ai

where 0,c = gama submersion dose in nrem/yr by nuclide i
.

Q = emission scurce strength in Ci/yr

f = nuclide frac ~ien cf the nuclide in questien

X = =eteorological icng-term dispersion fac cr

v,. = rate of deccsition by dry and wet deposition
o

,

#em 3*S = dose facter for g* m suh=ersion (ground) in
C:,. . s

1 = decay constant cf the nuclide i

= . =3 eTable 7.1.2-1 : Ga==a submersien dese facters (g cund) in
Ci s

*

Nuclide Ccse facter (creund)

Cc-90 (siel 2.20 E - 03

CO-60 6.00 E - 03

*n-65 1.90 E - 03,.

Sr-90 0.00 E + 00

Cs-134 3.90 E - 03

Cs-137 1.40 E - 03

s
Ce-144 7.30 E - 05

Pu-239 6.10 E - C6

I-131 1.10 E - 03
(after 55I, 19", 7)
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For an individual staying in this area for an entire year,
we obtain a radiation lead by th.s route of exposure of 14.6 =re=/yr
as the st= cf the inves iqated radionuclides. Sis radiation dose
is applicable for a height of one meter abcve the grcund according ec
de SSK (1977) .

The exhaust gas assessment of the Associatien for Reactor
Safety for the Wyh1 plant (Karnkraftwerk sud) (GRS , 1976) did not
censider the radiation dose to be expected by -his route of exposure,
although the statement " external y-radiation = 12.6 mre=/yr" in
Table 7.5 (p. 13-22) gave the i=pression that cis rcute of exposure
had been taken into account. An ~ = 4 ation will show that the 12.6
mrs=/yr refers only to de ga==a radiatien dose f the cicud of

noble gas.

7.1.3. Incestien of vecetable Feedstuffs

The land of de planned nuclear pcwer plant is located within
a wooded :ene that is about 1000 to 1500 meters wide at the preposed
site. Cutside of this wooded zone, both sides of de Rhine Valley
are used =ainly for far=ing. Wine, fruit and tobacco are the =ain
agricultural products in the Rhine plain, in the Kaiserstuhl (ncunt-
aincus region scuth of Wyhl) and in the foothills, while grain creps,
rcot c cps, forage crops and -i'er are i= port--u in the re-aining
areas.

In the area of 10-ics radius around the site Wre were far=ing
and forestry operations en the German side of the river with a total
area of 19,222 ha in 1975. "."..e land-use data is given belcw:

- pastura land (=eadows, 'leids etc.) 10%

- tilled land 34% ,

- forest 29%

- vineyards 9%

- orchards 2%

The folicwing table shows the exacn distribution of land use
in the E=sendingen dis rict.

.

.
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Even in nor=al operation the p hnned nuclear pcwer plant would
release radicactive substances to the environ =ent which would be
dispersed by noteorological precesses and deposited en ag d-"'- ally

exploited land in the i=nediata and = ore distant areas around the,

plant. In this case radioactite substances would reach husan crep,

plants by two routes:

- by set *'d g directly ento crep plants
- by settling onto the gtound, physical enriebment of the

deposited nuclides as deposition centinues over a period
of years, and transport of the radionuclides frem the soil
to the edible parts of the plants via the rcot system.

The assessment therefore calculates the radiation exposures
to be expected frc:s ingestien of the felicwing vegetable feeds:

- leafy vegetables

- rcot vegetables

- potatees
.

- grains

- grass and

- clever as forage plants for ani--21s

- wine (section 7.1.5.)

Se transfer facter describing the transfer of a radio-
nuclide fr=m the air at ground level to -la edible part of a crep
plant is calculated with,the folleving for=ula:

...

r Is F-(1-e* Ei D5) + 34 i il-e~ki t8) e@ h
V c,.6 400 - A..Pfi =

A y 1Ei v .,.

The transfer factor for the deposition of I-131 frem grevad-
level air on o plants is calculated with the fellcwing egaa icr.:

.o

f 86400 F
A< =

. . 3,$b

Ei (I-131) .
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where f, = transf er facter fer nuclide :. in pci/'<g fresh plant :

3 air* ;C1/m

= total rate of deposition of the radienuclides by fall:utV
and washout

r = retentien factor, di=ensienless*

The retention facter indicates the fraction of the de-
posited :sdioactitity which is ini ially retained on the
part of the vegetation that is above g =und.~

T = trans1ccation factor, di=ensienless, indicates the fraction
of activity depositad on the leaves which enters thev

edible part of the plant in the course of ti=e.

F = factor describing the less Of externally depcsited ac ivity
during preparation of the plants in the kitchen, di=en-
sionless.

A = eff ective decay c=cstant for isotope i in 1/d. As is a
m measure of the este at which superfi=ially adso:3ed radio-~

nuclides disappear f =m the surface of the plant by
weathering processes and physical decay.

2

Y,1 = vegetation density of the plants in kg fresh weight /m- a

t = exposure time in d
t is the ti=a from spreuting of the plants until harvest.a

e

factor for a nuclide i in pCi/kg fresh plant .3,,,= transport
pC1/kg soil by : cot uptake fr:m the soil.~

p = 224 kg/m mass of the earth in the plewed layer under
one squars =eter of ground surface

A = physical decay constant of a nuclide i in 1/d

In 2 is the half-life of the nuclifeA =

where e /2 ii , 1t ./, ,

1 .~

t = react =r operating ti=e
3

is also the period of time in which radienuclides can0
3ac:.:=21 ate in the soil
s

= s:crage time of the products*

'h

f = see secti:n 5.1.7.
(after: ~5:mC, 1976, and 3aker,

3.3., 1976)
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The first term inside de brackets of de wquations for ec=-
putation of the transfer facecr gives the direct depositien of radio-
activity on the surface of the plant, and the second tecs inside

the brackets gives the enrie.:hment o,p~radienuclides from the soil
'h takes into account theinto the plants. The expressica e -

decay of the radienuclides during storage.

'"he fonowing values are used in de calculation of the
transfer factors for vegetable feeds:

Retention factor for decosition on clants

The value of r = 0.33 was adopted frcm the GRS assessment
for use in this calculatien.

Loss facter durine kitchen crecaration

The less facter F gives the less of externally deposited
radioactivity during harvesting and kitchen preparation. A less
factor of 0.28 is used in the GRS assass=ent.

The literature contained only one paper in which his
questien was explored in detail. Rchieder e=picyed varicus de-
contamination measures in an effers to reduce de a=ount of arti-
ficial fission products centained in kale frcm nc:=al atemic be=b
fancut. After washing kale in ecid water for 1 hour, this author
still fcund 91% of the cesinct-137 and 874 of the circenium-95
and nichium-95 that were originally con * * ed in the kale. After
treating the kale for three hours in wacm water (35'T) , he still
found 62% of es cesium-135 and 74% of ce circonius/nichium-95'
(Rchieder) .

A loss factor of 0.4 is used in the calculation for leafy
vegetables and grains, and a facter of 1 is used for potatoes and
root vegetables. The facter of 1 takes into account the fact that
for these vegetables the radicactivity is not the result of external
contamination, but rather of root and leaf uptake and subsequent
transport to the edible part of de plants (potatoes and root veg-
etables).

'tecetation censity -

The folicwing values (in kg fresh weight per square seter)
are taken from Fletcher, I.F. et al. (1971) as the vegetation density

of the ;flants:

leafy vegetables 1.5 kg/m

root vegetahles 4.0 kg/m

--31-
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potatoes 1.3 kg/m

= rains 0.34 kg/m

F.xposure time of the plants

An exposure ti=e of three months is used for leafy veg-
etables, rcot vegetables, potat=es and grains (after Fletcher,
I.F. , 1971) . An exposure time of 30 days is used for pasture j
vegetation. According to Sakar, D. A. et al. (1976), this is the
typical a: cunt of time that passac before ecws return to grace
in the sa=e part of the pasture. In the assessment by the GRS
and the rece==endaticas of the Radiation Protection Cc= mission,

the~value for pasture plants is also 30 days. Ecwever, an exposure
ti=e of enly 2 =enths is applied to all other crop plants.

Translec1 tion fec:c

"his factor indicates the fraction of activity deposited on
the leaves which enters the edible part of the plant in the course
of ti=e.

T,,= 0.1 for potatoes and rcot vegetables

1 for pasture vegetation and leafy vegotablesT =
, y

(af ter 3aker, D. A. et al. , 1976)

According to the GRS (1976), the product : T, is 0.05
for cereal grains. This means that 5% of the deposited radienuclides
are directly adsorbed en the grains of the cereal plants.

We used the same values as in the GRS asses ==ent for the
mass of the earth in the, plowed layer under one square meter of
grcund surface (224 kg/m*), for the wash-off half-life, i.e., the
ti=e required for 1/2 of deposited radioactive substances 'a he
re=oved frem the surface of the plant by meteorological precesses
(14 days), and for the storage ti=a of potatoes, grains and s-41
fodder (1/2 year).

We used the reactor cpertting time recc== ended by the SSK
(1977) for this type of calculation (50 years = 13,250 days) .

s
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Table 7.1.3-2. Tr=nsport fact rs for plants is pCi/'q fresh plant.

over pCi/kg soil.

.

nuclida grass clover leafy veg. potatoes

Co 0,0054 0,02 0,02 0.02

Zn 0,4 0,4 0,4 0,4

Sr. 3,2 7,2 2,5 0,75

I 0,2 0,2 0,2 0,2

Cs 5,9 8,5 0,75 15
-

Ca 0,C005 0,0005 0,0C075 -

Fu 0,1 0,1 0,1 0,1

nuclide root vegetables cereal grains

Co 0,032 0,015

In 0,4 0,4

Sr 15 1,57

I 0,2 0,2

Cs 0,07 0,43

Ca 0,032 0,015

Fu 0,1 0,1

(3akar, D.A. et al. , Food, 1976; Eerganini et al. ,1970;
Fletcher, I.F., 1971; Garset, A.R. et al., 1971; GRS, 1976 Gr"- 4t,

1975: Guljakin, J.*J. et al., 1974; Eakensen Th. I. et al., 1973, 1974;

Herbst, 3., 1976: Lipten, W.V., Goldin, A. S., 1976; Marckwc dt, U.,

1971: Renney, E.M. et al., 1954, 1957 and 1959: Scura, T.J. et al.,
1972: Teufel, D., 1977: Vose, ?.3., I:ent , E.V., 1959; Whicker,

1974; UCRI, 1968; C5NRC, Guide 1.109, 1976).
.
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The transfer factors (f,) dete 4 ed by the method described
above are ce= piled in Table 7.1.3-3.

Tabl,e 7.1.3-3. Tranaf er factors La pCi/kg fresh plant . ;C1,'=2 ar

nuclide leafy vegetable potat=es rect vegetabits cereal grains

61 30 472
Co 53 1 669

.

643 538 3 233

[Co50
2 237,

2n 65 2 577 657 529 2 220

Sr 89 2 471 51- 476 259

Sr 90 134 325 39 638 784 836 90 580

I 131 2 037 0 0 0

Cs 134 6 019 69 468 477 4 929
!

Cs 137 42 755 806 883 3 946 29 031
,

Ca 144 1 887 254. 157 2 033

Fu 239 11 113 9 556 9 329 12 409

s

.
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The fo110 wing rates of censepti:n were used:

Table 7.1.3-4. Annual censump ica of vegetable feedstuffs.
.

adult.s
__

leafy vegetables
50 kg

.m t vegetables
50 kg

potatees
,0 k,3.

grains 90 kg

The radiation doses to be expected f =m the ingestion of
vegetable f=cdstuffs are given in sec.icn 9.

7.1.4. Incestien of Ard a1 ?cedstuffs

Table 7.1.4-1 lists the nu=bers of different tfp.as of
and ais raised in the varicus fami .g c== unities in the Z==endingen
district. Quantitatively, the nest i=portant ar ba!s are cattle and
h=gs, which we shall discuss below in regard em their centribution
to the pessible radiatien d=se received by hu=an beings f :s the
planned nuclear pcwer plant.

s

.



cattle includ- hogs c)ilck- ducks geese turkeys beu .neep goats
ho. , a

. swarmsIH9 ens
milk

_

cows

total for i

niunend i n9en

764 26 144 9 247 33 368 146 400 947 974 21 2 047 2 268 230liutrict

22 23 -

Endingen 52 776 106 1 472 4 625 20 -

2 - -

forchheim 13 737 231 2 307 - - -

80 21 1416
lierbolzheim 62 1 030 290 1 650 5 443

-
-

43 5

Kenzingcn 47 306 103 1 054 4 250 145 34 6 -

20 807 2

i Riege) 9 541 229 747 1 772 17 4 -

1 2

leiselheim 2 26 11 195 497 - - - -

Jechtingen - 208 21 122 025 8 4* - - - g

12

.
Weiswell 22 346 109 2 705 3 830 30 3 6

--

- - - - _

Wyhl 16 437 129 1 203 1 233 26

63
Rheinhausen 44 674 184 1 548 2 473 67 4 9 .-

-

.

.--
__.

Table 't . l .4-1. Antraal raising in the Dnmendingen district (nuniber of head) (af ter Gits, 10/1976)

.
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It has been kncwn for many years that radioactive substances
reach tha h-=n body by the patiway pasture - cow - = ilk. Since
babies drink celatively large quantities of milk and are dus an
especially endangered g:.uup, dis exposure pathway is extre=ely i=-
pCutant.

The quantity of short-lived radienuclides, such as I-131,
which is absorbed by the body frc= = ilk in one year depends on the
length of the gracing season. The grating season in Ge-my is
variable, but according to Ecf % ", 7.0. (.1973) , it is up to 200
days for pasture land located at icw altitudes. According to =sasure-
ments on A=arican reactors, 30 to 70% ef I-131 is e=itted in gaseous
for=. Ecwever, since no =easure=ents of this sert have been =ade
for Ger=an pressuriced water reactors, the cepar*= rent of T.nviron= ental
Protection. in agree =ent with I?.5-W-13 (!7, 1975), based its calcul-
ations en the censervative assu=ptica that 100% of the iodice e=issions
consists of ele = ental gaseous iodine. The transfer of radioisot=ces
frc= the air to grass and clover was discussed in the preceding section.
Clover generally absorbs larger percentages of radionuclides than does
grass. The enrichment factors for clover and grass are cc= piled in
Table 7.1.3-2. The forage consu=ption of the ecws must also be known
before we can ec=pute the percentages of the radioisotopes that find
their way inte 1 litar of = ilk. For this para =eter we assu=ed (after
Baker, D.A. et al. , 1976) a daily censu=ption of 75 kg of fresh pasture-

vegetatic during the* grazing season and a daily consu=p.ica of 10 kg
of silo fodder (censisting of 5 kg of hay and 5 kg of cleveri during
the stall-feeding period. Tive kg of stall fodder is equivalent to
an initial fresh weight of la kg. Cur calculations were based on
an average stcrage ti=e of 1/2 year for the stall fodder. Another
parameter that enters into the calculation is the transfer coefficient,
which indicates what fraction of the radicactivitf ingested by de
cows each day with their fedder reappears in ene liter of 4 "c . The
values used in our ec=putations are ec= piled in Table 7.1.4-2. It

should be =entioned that de especially critical isotege I-131 is
'

contained in sheep's milk ud geat's = ilk in significantly higher
cencentratiens than in ecw's =2.1k. Therefore, babies who drink
fresh sheer's milk or goat's = ilk are exposed to significantly higher
radiatien doses than babies who drink cow's milk. We derefore cal-
culated the expected radiation dose for babies frc= ingestien of
sheep's = ilk and goat's rJ.1k on the basis of the assumption that
daily = ilk consumption is 0.5 liters during the gracing season of
these ani=als (0.75 yr) . We further assu=ed that the daily cen-
su=ption of fresh forage is 8 kg for sheep anA 6 kg for goats.

.o

The ':epart=ent of T.nviren= ental Protection also considered
the radiation doses that could be expected frc= ingestion of = eat.
We perfe::=ed ce=plete ce=putations for the radiation exposure to be

~

expected frc= ingestien of beef and pork.
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The transf er factor for .ha transf ar of rad'--" ' ''as fr=

the fodder to beef and 4 "< is given by the following fo:=ula:

f =f,v.7. S
L d_

where f,# = transfer factor for grass or stall forage (see section
7.1.3).

'

= forage consungtien in kg fresh weight / day (see above) .V

5, = transfer coefficient in ect/l milk and =ci/'<r seat
pC1/d intake pC1/d intake'"

S I ** * E *" *""9 " * * * " I *

is receovered in one liter of milk or in one kilegra:s of beef (Tabled

7.1. 4-2. )

In regard to the heq forage, the possible cont-m .ation was
calculatad as fallows:

It was assumed that young pigs weighing 20-25 kg are ob-
tained frem a breedd g far:s with no radionuclide exposure. An
average gaantity of feed per day of

10 L whey
.

I kg potatoes and

1 kg cereal grain

was asst =ed for the five-c:cnth fattening period until slaughter =aturity
was reached (after Kirchgaessner, 19731.

According to Karavaer et al. (1973), about 85% of the radio-
nuclides contained in whole milk remain in the whey. The radio-
nuclide load of the fcdder was calculated as described above.

Therefore, the transfer factor for pork is given by the
follcwing for=ula:

'iv grain *vgrain)= (~* 4 * *v +#
'l Lv whey * ywhey ~iv potatoes potatoes
*

.5
d

s

.
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where f = transport facters of the fcdder ingredients

7 = fodder censu=ption per day

ansfer =emeient fc . corkS =
d

The transfer coefficients for the transport cf radic-
nuclides into beef, pork and milk are c=mpiled in Table 7.1.4-2.

Table 7.1.4-2. Transfer coefficients for the transport of
radienuclides into beef, ;c k and milh*

_

t

auc.u.ne be,sf pork silk
:Ci/ke meat = c i/k e .:. 4 j

1 PC1/d intake pCi/d -intake pCi/d intake,

\
t

!

Co 0,013 0,013 0,C01

In 0,05 0,14 0,039
.

Sr 0,003 0,0073 0,C029
,

; 0,02 0,09 0,01

Cs 0,1 0,25 0,012

Ca 0,0012 0,005 0,0CC6

Mn 0,005 0,02 0,0CO25

Pu 0,C05 0,01 0,0CC002
_

Transfer factor for I in sheep's nilk = 0.40 and in goat's si1% =
0.47

After: Buldakov, L.A. et al., 1968; Ward, G.M., Johnson, J.E., 1965;

3aker, D.A. et al., 1976; Strahlenschu::kc:=tissien, 1977;
Annekev, 3.M., 1971; Hof *-urs, F.C. , 1975) ,

s

.
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The ::ansfer fac:crs deter.-uned in :ni.s way are cc= piled
in Table 7.1.4-3.

Table 7.1.4-3. Transfar facters in pCi/%g = eat (or pCi/1 s 1%) :
pCi/m3 air

puclide 3eef Milk Pork .

Co 58 3 479 258 38 i

|

Co 60 5 049 338 110

,

In 55 18 477 14 412 17 745
:

,

Sr 89 896 866 57

: Sr 90 35 055 33 386 3 532
i
'

-

: 121 12 600 6 3C0 4 820

Cs 134 221 462 25 575 114 197

Cs 137 1 973 473 236 817 1 150 232

Ca 144 4C3 204 23

!

?u 239 | 4 548 2 411
l

,
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The following values were used as censu=ptica rates:

Table 7.1.4-4. A*u:ual food censumptica.

Adults Sabias

MiLc 360 liters 320 liters

3eef .u0 kg
'

Pc k 40 kg

The radiation deses to be expected f cm the ingestion of
animal feedstuffs are givsn in section 9.

7.1.5. De=csure Pathway Grapevines - Wine

Wine was taken into account as a relevant feedstuff in ce
1976 assessnent of the Association for Reactor Safety (GRS); hewever,
recalculation with the individual parameters that were given showed
the following disparit/ hetween the result of the nultiplication
and the final vslues in Tabla 11.2 of the GRS assess =ent:

shole body [ bene liver kidney

I

'GRS (Tab. 11.2.) 0,C8 mrem 0,4 mren 0,1 mrem 0,04 mrem

results of the
recalculation 1,93 mrem 5,89 mrem 0,9 mrem 0,27 mrtm

,the radiation desos
'given in the GRS
I assessnent (Table 24 x 14,7 x 9x 6,7 x

,11.2) were ce

}s~allbythefol19 wing
TAG;G 3.

s

.
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We therefore felt that it was necessary to reexamine e.e
individual parmaatars, espacial17 d.e transfer factors of tha
grapevine - vine exposure pac.way.

In this essa three transfer factors =ust be dera- ' ed:

(f ) : air - leaf surf ace - grapes - vise
7

(f ) : air - p ape surface - p apes - W.no
2

(f ) : air - soil - plant - wine
3

The data #-ation was based on the following =athematical
-

=cdel:

.x 'i . . > -hi . ~ *
rt'(1-e 'ei) + rt" (1-e *ei ) X

(f ) : 'It x 36 400 x Tyt xt
A ei . YV1

- A ' th .ikg :.eaf
* Xe1 wine

.

- A., te
r (1.. 2)

..

(f ) '#2 x 36 400 x TV2 * x e' I~I2 h
*Yei V2

-(1-.Ai :3)
-

3
'#I ''

I h(f ) : 7 x 36 400 x x 0,72 x e3 3
A*Pi

e
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A values of 0.04 =/s is used for the rates of deposit cn
V and V ; this value takes into acccunt the greater surface rcughnessy 3
and the filter effect causad by de shrublike nature of the grape-
vines (see 5.1.71.

The recentien factors r, and r, take into acccune both the
distance separating de individual grapevines and the prcportien of.

nuclides deposited :n the surface of the leaves and grapes. Two
retention facters r, ' and r," were deter-"ed for (f ) ; this is

3

necessary because the vines ^cnly have leaves at the 5eginning of
the growing seascn, and later in the season they have both leaves.

'

and grapes on which nuclides are deposited. The separation of
*

the grapevines is taken into account with a factor of 0.4 since
about 44 'rines grew on 100 m2 of vineyard area. (National vini-
culture Institute in Freiburg, 1977).

"'he grapevines begh to sprcut at about the beginning of ,

Mayr within three nonths the leaf surface area reaches 320 m2fico n'.
The first pruning is perfor=ed at,$e end of July; this reduces the
leaf surface area to 250 m2/100 s'. Before the second pr.:ning in

the se,cond ha,lf of August, the leaf surface area increases to,
280 m-/lCO s ; the second pruning reduces it to 250 s2/100 s and it
remains at this value for the rest of the season (National Vini- -

culture Institute, Freiburg,1978) . Since the leaves are verf
small at the beginning of the season, the first =onth of exposure
timo was disregarded.

During the fellcwing =onths (t,g' = 60 days) the total
surface area of the grapes is censidered negligible the nuclides
are distributed over the available leaf surface. This is taken

'

int.o acccunt in 1
Cnce the grapes have beccme so large that it is necessary

to include their surface area in the calculation, this is expressed

in ter=s of its ratio to the leaf surface area 2 *w :1." .
,

The grape surface area is 60 m /100 m (GRS , 1976) . Accord-

ingly, in the conths of August and september (t = 60 days) the4
nuclides are distributed on the grapes and leavis in a ratio of
0.2 *w 0.8. -

In regard to the exposure time of the grape:s (te ), we
disregardthefirstsixweeksofthe1CO-dayperiedfrem!1cwering
to har resting during which the grapes are hanging on the vine
(Naticial viniculture Institute, Freiburg,1978) .

'"he seteorolegical half-lif e of the nuclides en the leaves
and grapes is assumed to be 30 days because the surfaces are covered ,

with adhering spray agents.

9
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he ransiccatien facter TV, indicates de percentage of
da nuclides which passes from de sGrface of de leaves into the
plant and then into the grapes. This fac:cr is nuclide-specific
and was ebcained frem the felicwing sources: Aarkreg, A., 1975;
Rchieder, U. , 1972; Middleton, ..J. , Squire, E.1, 1963.

The translocacica facter Tv indicates de percentage of
2

the nuclides :=-''-d g on -la grapes despite wind and rain which
eventually passes into the sine. This facter is 0.5 (GRS, 1976).

The leaf = ass Yv is subject to the sa=a varia* den as
1the leaf surface area as a result of the prunings and has a =ean

value of 0.5 kg/=2 In this case the icw weight of the younger
leaves is taken hto consideration (National viniculture Institute,
Frelburg, 1977).

2With.an average grape yield of 1.1 kg/m , the wine yield
2Yv is 0.825 1/m (assuming that 0.71 1 of wine is produced from3

1 Eg of grapes) (GRS, 1976) . It is assu=ed that 100% of the nuc-
lides present inside the grapes passes into the wine.

Since the litarature contains no values for enrichment.

facecrs (31v) of wine, we adepted the values that were available
for the most closely related plants.

p gives d e = ass of the earth in the plewed layer under ene
2square =ecer of ground surface area. Its value is 224 kg/m ,

The reactor operating time t. is 50 years (Basis of Cal-
culatien of the Radiation Protection 8-- desien, 1977}.

The expressica e' gives the decay of de radio-
*

nuclides during s:crage of tha wine.

The decay ti=a t. gives the d"4 storage td=e of the
wine, which is 120 days (dRS, 1976): however, this value does not
take into consideration the fact that a small portion is consu=ed
as grape =ust before the end of the 120-day storage period.

*he rate of censu=ption was assumed to be 400 1 of wine per
year (after CRS, 1976).

In our date. % atien of the radiation dese to be expected
by this pathway, we considered the fact that the nearest wine-

growing area is not located at the maximum radiation receiving point,
but ratner at I,1= herg. Consequently, che long-term dispersion
facecr for the =axi=um receiving point was not used. We adopted

,

a = ore realistic value for - 4-" erg (according to sec.icn 5.1.6) . .

. -

O
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*he transfar facters for vine are ::= piled in Table 7.1.5-1.
Due to a lack of utill:able translocation fac Ors for ::n, Ce and Pu,
er;osure via the leaves (f ) was calculated caly for Co, 5: and

t
Cs.

Table 7.1.5-1. Transfer facters in pCi/l vine : pC1/:n air.

I

Nuc'1i' 'de
*

Transfer facter

Co 58 3.015

Co 60 11 578

Zn 65 3 986

i
Sr 89 1 027 :

i
i

Sr 90 44 559 )

}:L31
-

0

Cs 134 71 242

Cs 137 150 344
L

Ca 144 3 875
i

PJ 239 12 023 !
3

.

$

.

-75-



,

O.e radiathn deses to be expected from censu=ption of
wine are given in section 9.

7.2 Exeosure via vasts Water

As in the 55K Rec endations (S3K, 1977), it is necessa.'/
to =ake a basic distinction between Starnal and external exposure
in our discussion of the radiation deses to be expected by the waste

water pathway.

O.e pathways of inter.ai exposure inchde the fo110 wing:

- drinking water

- ingestion of fish
.

- irrigation - ingestien of vegetable foodstuffs

- irrigatica - forage plants - ingestien of milk (inges-den of = eat)

- livestock watering - ingestien of ~3'%/ingestien of meat

The abcve path' rays of exposure were ecmputed with respect
to their significance for the radiation dose of the =est unfavorable -

locatien. ney are discussed in detail below. We did not censider
external exposure frem direct radiatien while sw4- d g and bea-dng
and frem sediment radiation (recreational curings on the banks of

the Rhine etc.). The radistica deses resul.ing from these activities
would have to be added to the dose frem internal e:,cposure.

7.2.1. F.xeosure by Seestion of Fish

The radiatien dose frem ingestien of centsminated fish
was deea: mined with the fc11 ewing fc:=ula:

QL.1.fL.d10 .YD =
to -

W
where D = radiatien dose for an organ o caused by isotcpe i (in*g

= rem /yr)

V = rate of const_ ption (in kg/yr)-

d, = dose ec==it=ent factor for crgan o and nuclide i
*

(in mres/pci)
JP *

Q = scurce strength of the nuclide 'in pC1/s)

W = volume ficw rate of the river (in 1/s)

f, = transfer facecr for nuclide 1 (in ;:Ci/ke fi. ,)
~ pci/1 water

9
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The transfer facters in Table 7.2.1-1 were chtained frcm
the recent technical literature. There vers large variatiens in the
factors given is the literature for the critical nuclides.

In the case of strentium values of up te 370 were given
LTabel, Ruf and Her~ ann,1973) . Kchle=ainen et al. (1966) and
Eakonsen ard Whicker (1975) detar %ed mni,um transfer facters for

cesium of 6a40/(K) and 13,000/(K),s, respec_ively. (00 gives the
w v

centent cf stable potassiu:n in =g/u water.)

In the case of cesic:n it is necessary ec censider the
dependence of the enrichnent en the potassiu:s concentration of the
water because casiu:s and potassium behave s' 4 'arly in the organism
of the fish and relatively scre casiu:2 is absorbed when the potassium
cencentratien of the water is icv.

Table 7.2.1-1. nansfer facters for fish in pci/ke fish meat
pci/1 water

Nuclide Facter

H 3- 1
-

Co 58 400

Co 60 400

In 55 1 000

Sr 59 40

Sr 90 40

: 13 1 520

Cs 134 4 000/X(w)
Cs 137 4 000/R(w)

.

- after BBV, 1976; Blanchard, R.L. & Kalm, 3. jun., 1971;
He=:: ann, E. et al., 1975; Eakensen & Whicker, 1972-

s
Kohlemainen et al., 1966; vanderpleequ et al., 1975

.
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The assess =ent of the Savarian 31ological Testing Institute
(1976) uses a potassiu= concentration of 6 =g/l as the annual average
of the Rhine at Weiswell. In the opinien of our experts, this is an
unacceptable value for a conservative es W es of de radiation dose
that is to be expected. Since the esti=ation of the radiation dose
to be expected is perfer=ed en the asst _ ption of an operating time
of 50 years, and since we can assu=e that the level of potassiu
pollution of the Rhine (especially frc= the Alsatian potash mines)
will drop off sha: ply in the years to c==a as a result of increasing
enviren= ental protecticn =easures, a value of 6 =g/l is clearly too
high.

Measure =ents by Igger (1987) at Mains shewed a concentration
of 1.9 =g K/1, and seasure=ents by Paganstecher (1837) at Basel
shewed a concentration of 1.2 =g K + Na/1 (cited by Livingstone,
1963). The Capart=ent of Inviron= ental Protection therefore assu=ed

a potassim concentratien in the Rhine of 1 =g/l for the purpose Of
=aking a conservative esti=ata of radiation deses that can be ex-
pected.

Hewever, due to the uncertainties in regard to the transfer
factors, it is debatable whether our assu=ptions put us en de safe
side.

The chosen censu=ption rate of 50 kg/yr can be regarded
as realistic for a critical pcpulatien group (see the survey by
Schaafer, 3GA, c1 sport fishe==en and professional fishe==en, Medal
Study acidioecology Biblis, 3/17/1977), especially since we =ust
expect increasingly large catches as a result of the possible i=-
prove =ent of the water quality of the Rhine.

7.2.2. I.-rigation - Incestien of vecetable Feedstuffs

Cue to the steady icwering of de water table in the upper
Phine region as a result of de cara!!-ation of the Rhine, and due
to the relatively dry c11= ate, the irrigation of fs: iland in the
Rhine plain below the planned nuclear pcwer plant is a realistic
scurce of connmfa.atien.

Since it is very likely that the vatnr quality of the ',mine
will be i=preved by intensification of enviren= ental protection
measures, it must be assu=ed that Rhine water will be used .o an
increasing extent fer irrigation of agricultural land.

Irrigg,tien is perfc:=ed =ostly in the st==er =enths. As
was =entioned in section 5.2, a large percentage of yearly nuclear
power olant e=issions is also discharged in the su==ar =enths (during
de chancing of the fuel ele =ents) . Consequently, calculations of
expected radiation dose that are based en unifc:= discharge of *

e=1ssicas would result in underesti=ation of the dese. A more exact
study is necessary.

.
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*he foll wing fe::=ula is used to ::=pute the radia ica
exposure due to ingestien of crep plants grown in irrigated soil:

1
D =QL.W. L.7.d10f
to

.
.

where v = censu=ptien rate in kg/yr

f = transfer facter for the nuclide i

ne transfer factor f, is determined by the following
formular this fo:=ula is s4 4 'Ir to the equation in section 7.1.3
for the transfer of radienuclides frem ground-level air to plants,
the differsnee being that the rate and duratien of irrigati=n =ust
be censidered instead of the rate of deposition of aerosols.

See section 7.1.3 for explanation of the meanines of the
sy=bols.

"d
rT F - (1 - e Ei . t,)-

fi R. +
y

.

l- 2Ei * Yv

-2,1 * t, I rli th9

t 34., I 1-e e.

12 * di P
_

,

where R = irrigatica rate for garden vegetables 3 1/m* d

pastura land 1 1/m d

pctatoes 1.25 1/m d

(after: Ruhr-Stickstoff-AG, 1978; ps.mt, 1949)

r = retention factor = 0.33

':',, = t saslocation facter for pasture vegetation and
leafy vegetables =1

for potatoes and root
"egetables = 0.1

J = less facter for leafy vegetables = 0.4

for all other plants = 1

( = effective decsy c=nstant for isotope i in d = i* w .

t, = exposure ti=e in d fer pasture vegetstion = 30 days
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for vegetables and potatoes = 90 days

Y, = vegetation density in kg fresh weight /m'

for pasture plants = 0.35
leafy vegetables = 1.5

root vegetables = 4.0
.

. potatoes = 1.3

3 = enrichment factor frcm the soil to the plant for nuclide is
g

(Table 7.1.2-2)

P = = ass of the earth in the pl=wed layer (224 kg/m )

t = duration of irrigation = 4 months for vegetables and potatoes
'

g

=.5 months for pasture land.

.

t = 18,250 daysg

t. = 180 days (for potatoes and stall forage)
,

1 = physical decay constant

Leafy vegetables, rect vegetables and potatoes were re-
garded as possible exposure pathways. c.e assu=ed rates of censu=p-

tien are given in Table 7.1.3-3.

In our deceminatien of the transfer factors, we departed
frem the racemendations of the Radiati n Protec.icn C,,, d =sien (SSK)
in several points.

For example, the 55K's determinatien of the amcunt of add-
itional water that must be supplied by irrigation, which is based
on =ean precipitation values (S3K,1977 , p. 41) , is scientifically

unsatisfact:ry.

It =ust be realized that during irrigation part of the
water i= mediately evaporates. Also, according to Ruhr-Stickstoff-AG

2(1978), significantly higher irrigation rates .han 1 1/m .d are
advisable for vegetable cultivation. 6CO 1/m2 per year is given f=r
intensive out;;icor vegetable cultivatien, and 150 1/m2 per year is
given for field vegetable cultivation (Ruhr-Stickstoff-AG p. 506).

Cn the basis of the vegetation period of 4 =cnths for
'segetable growing and the reccmendatiens for agricultural practice
(Ruhr-Stickstoff), we determined mean values of 1.25 to 5 1/m' per
day. For the pu.,.ose of cbtaining realistic esti=ates, ve based cur-

O
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calculaticas en a sean value of 3 1/s per day.

cur calculation of de nuclide concentratien that ace.:mulates
in the soil in the course of the oper' sting life of the reacter was
based en the irrigation ti=a of 4 =enths per year. This fact is not

the 55K asst =estakenintoconsiderationinthe55Kzgcc=:nendations:
a centinucus irrigation rate of 1 1/s per day ever the entire year.

Consequently, the calculations of the SSK and Department
of 7.:nvircr:= ental Prctection give equivalent results in regard to the
radienuclides accu =ulated in the soil at the end of the reacterThe difference isoperating time from irrigation with river water.
that in the first part of the formula, for the per icn of radic-
activity that reaches the plants direc-J.y with the irrigation, we
chtain higher values as a result of cur mere realistic app cach
(irrigation only in the st=:ser) .

Naturally, we cannot rule cut the possibilit/ that in
especially dry years, when irrigation rates are higher, or during
fuel element changes, when e=ission rates are higher, inigated
crcp plants may cause higher radiation deses -han are calculated
in this study.

The transfer factors determined in this way are ec= piled
is Table 7.2.2-1.

s

.
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: pC1/1Tabla 7.2.2-1. Transfer fac:=rs in pci/kg fresh plants

irrigation water.

""'Y **
nuclide .

rn= ~+1e s rme ,btee ve:ne-,

H3 1 1 1

i l i
Co 53 4,4 0,1 0,1 |

Cs 60 5,5 0,3 0,5

Tn SS 5,6 0,7 0,4

Sr 39 5 0,4 0

Sr 90 121,3 691,4 14,3

I 131 2 0 0

Cs 134 8,3 0,7 25,7

Cs 137 41,2 3,3 296,3

s

.
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7.2.3. : rication - Torsco Plants - Seestion =f Milt and Meat

"his exposure pathway concerns the possibility of con-
taminatica by ingestion of ''t and heef frem cat.le which have
graced in pastures irrigated with Phir.e water er which have been
fed in the winter with stall fodder fhem irrigated pasture's.

The f=11cwing fc:=ula was used in our calenlaticas:
1

D =Qi*W* *iv * sd*d10
"

to
.

where f , = transfer factor for grass er stall fodder for the passaget
of

radioactivity frcm the irrigation water to the plant is

eci/km elant
pC1/1 water

(calculation analcqcus to sectiens 7.2.2 and 7.1.41

s = trans ar cce ent er - passage of My hgened
d radicactivity from the forage into the milk. er = eat

( Table 7.1.4-2)

The transfer factors datami ed in ~' # * way are cespiled
in Table 7.2.3-1.

s

.
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Table 7.2.3-1. ::ansfer fact = s in pci/kg heef or rCi/1 = ilk :
pCi/1 irrigati n vaes

cuclide beof =11%
_

H3 1 1

_

U 53 3,1 0,2
_

Co 60 4,4 0,3
'

lIr. 55
, 15,4 12,0
'

.

Sr 39 0,7 0,7
..

sr 90 11,0 10,6
,

r 131 2,3 1,1 g
'

Cs 134 86,9 10,4

Cs 137 602.2 72<3

7.2.4. r,1 vest =ck Waterine - Milk (. Meat)

M s cathway c=ncerns the possibility of con ~ "dnation by
ingestion of I'k and beef f:c::t cattle which have been watered with
radicactively con- 4-aced water. The calculatiens were perfc==ed

is ac=crdance with SSK rece=mendations.

s

s

e

4
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The following for:=la was used:

1
0 =Qi.W.L.5d . d.Lo m

whars' L = daily water c=nseption of the ecw (75 1/d)

S = transfer cce icient f r the passage of daily ingestedd
radicactitity into the'=11% or = eat

(see Table 7.1.4-2)

The transfar factc;s datar::iined in this way are compiled
in Table 7.2.4-1.

Table 7.2.4-1. Transfer facters in pCi/kg heef or pCi/l rd.1% :
pC1/1 water.

_-

melida beef = ilk-

H3 1 1

Co 53 1 0,1

Co 60 1 0,1

Zn CB 2,9 3,8
1

-

Sr 39 0,2 0,2

Sr 90 0,2 0,2

: 131 1,5 0,3
_

s
Cs 134 7,5 0,9

Cs 137 7,5 0,9
.
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7.2.5. Annual To:.su== tion Pates (Wasta Water Pathwav)

The following consu=ption rates vers asst =ed for the
waste water pathway.

The annual consu=ption rates were used for the exposure
pathways irrigation - forage plants - silk /= eat and livestock
watering - = ilk /= eat. .

Table 7.2.5-1. 2nnual consu=ption of feedstuffs used in the waste
water pathway calculations

Adults

ecw's sil'< 360 1*

leafy vegetables 50 kg

cot vegetables 50 kg
-

potatoes 90 kg

beef 100 kg

fLsh 50 kg

OThe radiations deses to be expected f:cm exposure by the
waste water pathway are given in section 9.

s
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S. Scaminaticn of the Oose Fac:=rs

8.1. Cose Facters - Mather.atical 3 asis

The dose factor or dose c~ 4t=ent factor givr.s the radia-
tion dese in nre=/yr whi is produced per quantity of radicactivity
in pC1/4 absorbed by =a; *

The radiation e.reosure in an crgan depends on the following
factors:

- quantity of nuclide absorbed

- type of radiation emitted
,

- energy of the radiatica

- relative biological activity of the radiati=n

- effective half-life of de nuclide in the organ

- selec icn or enrieb=ent tacter of the organ

- nass and form of the organ

- microdistribution of the ac ivity in the organ

T..esa facters depend in turn on the fellcwing factors
(a=cng others) :

- cha ' al c=.. position of the incorperated substance

quantity of the stable element in the diet-

- age and state of healty of the individual

- genetic censtitutien

The dose w d.t=ent facter is calculated by the fo110 wing
for=ula:

s

.d eff . *O &
:

eff * s
-
t *a )tmd0

0 , w,.= 3 3 - - (1 ...s= - -- a@c (ff'

.
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where E,g, = effective enerrf in .MeV

fraction o' the abs:rhed activity which reachesf =
A

the organ

:nass of the crgan in 7= =

A ,, = effective, decay constant, takes into account the
***

physical and biological half-li'e

For very letq-lived nuclides the dose e - 4 t=ent factor
gives the dose which is active in the fiftieth year of continuous
radienuclide absorption (dose c===it=ent) . Per m:clides with shcrt

dand mediu= effective half-Life the yearly dose and the dose c., t-

=ent are the sa=e.

The dose cc =u.:=ent f actors used by the Association fc..?

Reacter Safety (GRS) and recce= ended by the Radiation Protection
C - 4ssion (SSK) have a nu=her of deficiencies. S.ese deficiencies
are set forth belew, and, when possible, more realistic dose

4:=ent facters are calculated.u.,

,

O

,
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8.2. State of Health and Genetic Constitutien

The dose c-"4:=ent facter applies o the so-called averace
ht= san being, who deighs 70 kg, is healthy, and has a "no=al"
genetic constitution. Diseases or enviren:nental influences which
might lead to an increase in the rate of absorption of radienuclides
or to a higher biological half-life of radionuclides are not taken
into censideration. Lack of time prevented us from investigating
this area in greater detail. However, it may be expected that these

factors would have a considerable effect en the dose m .dt..ent.

factor. The content of the-stable element in the diet is an example
of such a facter; the dese ce_.it=ent factor would be strongly
affected by icdine deficiency, for exa=ple.

A paper on the =easurement of plutoniu:s in ecws in the
vicinity of an American nuclear research center see=s very i=portant
in this connection. In this study plutoniu:n values of 0.5 to 10
pCi/kg were fcund in beef. Ecvever, a concentration of 100 - 200
pCi/kg Pu-239 was found in one of the ecws, althcugh the cow was
subject to the same environ = ental conditions as the other cows.
The author of this report states d at this cow had a genetic ab-
nor=ality, and al dcugh this abnormality did not adversely affect
the ecw's viability, it did represent a possible explanation for
the high plutoniu:n concentration. (Smith, D.D. , 1973)

Since man does not have a uniform genotype, and since not
all individuals are healthy, sc=a individuals may be exposed to

siunificantly higher radiation deses "' these calculated here
for a nor=al, healthy persent this will depend on an individual's
genetic constitution and state of health.

8.3. Chemical yers of the Padionuclide

.

Depending en the chemical form in which the radienuclide
is present in the diet, the dose c_dt=ent facter (and thus the
radiation dose resulting frem absorption of the radienuclide) say
vary by several pcwers of ten.

This will be discussed with the example of cebalt-60 (half-
life 5.2 years), which is emitted as a corrosien product by nuclear
power plants.

s

The dcse factor used by the G75 and rece: mended by the SSK
for Co-60, e.g., in the liver, is 2.15 x 10-6 mrem /pci. Althcugh
this dose factor is valid only when the cc-60 is present in in-

If
-

organic ferm (as a salt) ,. it is used for all exposure routes.
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the Oc-40'is present as vit' d- 3, ., , fer example, t=e dose facter
wculd be between 3000 x 10-6 and 5ICO x lo-o =re=/pc1 (::aP, 1969).
*he dese factor h e this crganic for of Oc-40 is cus 140'~ .:
3500 ti=es greater dan the dose factor used by the GM and 55K.
This; aspect was not investigatad either. However, we are

afraid can the exclusive use of dese factors dat are valid caly
for the inorganic for= of the radienuclide will result in significant
underes i=ation of the radiatica dose since ani-al and vegetable
foodstuffs are de source of the radienuclide.

3.4. Transferability of An'-= ' r.cperi=ents to Man

In the creat =sjority of cases the values used to detem4 e
the dese fae crs are results of ani=al experiments that are applied
to =an. The =csc cc==caly used experimental ani~als are rats, = ice
and guinea pigs, that is to say, ard-=1 species whose organis=s
are =uch s= aller than the hu=an organis=. As a rule, the smaller
an organis: is, the faster is the rate at which physiological pro-
cesses occur in it. A readily apparent exa=ple of this is the

dhigher respiratory rate and heart rate in the smaller crgar m.
Further=cre, due to the -=''aess of the organs, the =e*' M11:
exchange processes occur =cre rapidly, so that the biological half-
lives of ele =ents in a given organ are shorter han they are in
larger crianis=s. In regard to the application to hu=an beings
of radienucli:'- biological ht "-lives determined in ani=al experi-
=ents, as has L.en dene in =any cases, e.g., Sy the International
6--94 <sion en Radiological Protection, there is a definite danger
that the dose facters, and thus the radiation exposure, will be
systa=stically and significantly underesti=ated.

S.S. * ansfer Facters GastrointesH -=' Tract - Crgan

*he investigation of the - ansfer facters for the passage
of radionuclides frc= the gastrointes**-a! tract to the varicus
organs resulted in an incorrect calculation of the dose factors for
the =ost i=portant radienuclides by the International Cc==tission en
Fadiological Protection and the Asscciation for Reactor Safetf.

*he transfer facter f consists of two par.s: f describes

the passage of radienuclides frc= the gastrointes inal tract into the
biced, and f, describes the passage of the radienuclides frc= the
biced inte $.e individual organs (f =f1. f ) .A 2

i
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Exameles Strentium

The International C:== ission en Radiological Protection
gives the values necessary fer calculation of de dose factors in
"Recc=mendations - Permissible Ocse in Incorporation of Radic-
nuclides" (ICRP, 1966). On p. 96 a value of 0.21 is given as the
transfer facter for the transfer of the radionuclides Sr-85 m,
Sr-85, Sr-69, Sr-91 and Sr-92 frem the food into the bones. Sese
strentium isotopes are short-lived and thus relatively undangercus
nuclides. Alth= ugh the individual isotopes of an element show
exactly the same chemical behavior, a significantly s= aller value
(0.09) is assigned to Sr-90, which has a half-life of 28.5 years
and is thus by far the most dangerous isotege of strentiu=.

The value of 0.21 is based on a scientific paper (Jewsey,
J. et al., 1953) and can therefore be regarded as scientifically
acceptable. The icw value of 0.09, on the other hand, is taken frem
a perscnal c _ cnication (Ourbin to Morgan, 8/7/1958) which cannet
be checked and which apparently is unpublishable. Consequently,
there is no reasen to pay fur der attention to this value.

E:camele r ?lutenium

Oepending on the chemical fem in which it is present,
plut=nium is absorbed 6 highly variable gaantities in the gastro-

*dhile only about ene millionth of the plutoni.=1intes- % 1 trac..
present in the feed in the form of the insoluble, inorganic ccm-
pound plutonium dicxide is absorbed in the gastrointestinal tract,
the absorption rate increases by a facter of about 10,000 for
soluble or.crganic plu.cnium c ,cunds. As the operating t6 e of
a reacter increases, an increasingly large percentage of da
plutonin deposited on the ground is =ade available to plants by
the ac ':ict- of microorganisms and is able to reach =an via the
metabelass of feed plants. Therefore, it is totally unrealistic
to base esiculations of plutenium dose factors on insoluble
plutonium dioxide (as has been done by the GRS and SSI) . In a

basic study in which plutonium dose factors are calculated, the
GRS writes the following en p. 18: "For poorly soluble material
like Puc we assume a blood-abscrbed fraction of f = 10~h in man.w
For solu 3'1e plutonium ecmpounds, particularly plut=nium citrates
and' nitrates, transfer facters of up to abcut 2% have been seasured.
The present model cc=putation assumes pecrly soluble material for
all actinides and uses an absorptien value of f = 10-4 .* (CES-I,v
p. 18, 1977). Although the CBS is acquainted with the fact that de
absoz$tien of organic and soluble plutonium ecmpounds is significantly
greater than that Of inorganic and insoluble plutonium cempounds,
it bases its calculation of plutenium dose facters en a transfer
facter that is too icw by a factor of 20,000. This transfer factor
enters line , rly into the calculation of the dose factor and thus

-

into the calculation of the-plutenium radiation exposure.
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3.6. Micredistributien of de Radienuclides

A uniform distribution of the radienuclide in the organ
is nor= ally assumed in esiculations of dose factors. Ecwever,

this can result in considerable underestination of the radiatien
,

*

exposure.

An exa=ple is pluten.ium:

It was formerly assuned that plutonium distributes itself
,

uniformly in bone. Ecwever, recent studies show that plutonium
becemes concentrated entirely in the organic parts of bene, sspecially
in the osteogenetic cells, and is not incorporated in the mineral
phase of the bene (Priest, 1977). Consequently, the radiosensitive
part of de bene is exposed to significantly higher radiatica doses
than would be expected by ass %g 1 genaeus distribution.

8.7. Crgans Investigated

Cnly a few organs are considered in the assess =ents of
,i the G2S and in the mathematical =edels of the SSK (whole body,

thyroid, liver, kidney, gastrointestinal tract and bone). Ecv-
ever, it is precisely these organs which are either caly moderately

- radiosensitive (bene and thyroid 1 or actually relatively radio-
resis ant Cliver, kidney, lung, muscle) (Pabst et al., 1976;
Sarth, G. et al., 1968). Se radiesensitive organs (2abst, 1976;
Barth, 1968) are systematically disregarded:

- * fonal tissue
'

- ly=phatic tissue

- thysic tissue
-

- bene =a._ s
.

- testis

- cvary

8.8. Radiat;/ ton Exposure of *fes

one of the mest sericus radichiclogical problems is the
accu =ulation of radicactive substances during pregnancy and the

,

irradiation of de human e=hryo, which is by far the most radic-
sensi ive stage of hi un life due to the rapid rate of cell divisien
and the determinan' develep=ent cf all organs. Varicus studies
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show that h-'n e=hr/os are 100 to 1000 ti=es more radiosensitive
than human adults (e.g. , Stewart, A., 1973).

Se for=acien and destruction of cells in the adult
hu=an bcdy are in a state of transient egailibri'.cs. Therefore, the
biological half-life of abscrhed radienuclides is shcirter in de
adult than in the a+ fo. E=h:;fenal and fatal tissue arn fer=ed
at a relatively fast rate, while the occurrence of destractive
preces.*es is very li: sited. This high rate of formation results
in a high rate of assi:silation. Radienuclides are also assimilated
at a fast rater they are incorporated with a high biological half-
life in the hedy of the -k fo and later the child. *t fo11cws,
therefore, that the e=bryo receives the highest radiation dese at
a given eencentration of radionuclides in the environment.

Although this has been k=cwn for a long time, the e=hryenal
radiatica exposure has never been censidered in any assessmen fer
nuclear power plants is West Ge==any. Even the =athematical =cdels
of the Radiatien Prctection Cer=tission (SSK) , which will be included

in the legal regulations in the future, do not censider the e=brfonal
stage in any way. As in =any other cases, therefore, we are cen-
frented with an intolerable discrepancy between the actual licensing
procedure for nuclear power plants and the explicit recuirement
stated in section 45 of -le Radiation Protection T.aw that radiation
exposure he c=nsidered at the "=ost unfavorable points of exposure"
and that "all relevant exposura pathways" he taken into acccunt.

The following table gives the dose factors used for
children and adults.

.

.

G

-93-

.



Talilu H-1. Ikase cowaltinent factors, ingestion (in sarcan/pCl)
_ _ _ _ _ _ . _

i

11 3 Co 58 Co 60 In 65 Sr 09 Sr 90 J !31 Cs 134 Cs 137 Ce 144 Pu 239

__.___ , -

-b -5 -4 -2 -6 -4 -4 -#__

12one 0 1,12 10 3,64 10 g,yg.10'b 4.40 10 9,6 10 4,16 10 1.25 10 2,03 10 5,1 10 S.78

-2 -b -b -0 -3 -6 -4 -5 -0

i
I,3 10 1,12 10 3,64 10 ],34 10 1,11 10-b'2,26 10 3,52 10 1,47 10 9,21 10 2,n2 10 1,20 10-

-6 -4 -#
-2 -6 -0 -0 - 5,96 10 2,2 10-4 1,36 10 2 06 10 1,12 16

liver 1,3-10 0,79 10 2,80 10 7,67 10 -

_

-5 -3 -3 -7 -2
-2 -7 -6 -b - 1,02 10 1,59 10 1,44 10 1,22 10 s,45 10

kid"cY 1,3-10 0,73 10 2,04-10 5,13 10 -

.- __

i -b -0
-I -5 -5 _ g.9 10 1,25 10-0 2,62 10 -

lun9 1,3 10 1,12 10'b 3,64 10 3,34 10 _ _ ,

-3 -4 -6 -0
-7 -5 -5 -0 1,95 10 1,47 10 9,21 10 2,62 10 -

thyroid i,3 to 1,12 10 3,64 10 3,34*10 - -

-4 -4 -b -b
-0 8,86 10 - 1,47 10 9,21 10 2,62 10-I -b 3*6010 3,34 10

-

,$cy 1.9 10 1,12 10 -' -
,

factor for 11 ables for the thyroid gland (I-131') was assigned a value of 2.8 x 10~
*

;
The relevant dose

af ter(Bacher 0. , H'llier W. ,1977; Donka 11. , Brussennann K. ,1973; Cooper 68. , 1972; Eisenbud IL,1973;
ICRP,1966; ICRP,1974; ICRP,1969; Priest N.0..1977; SSK,1977; Thorne U.C.,1976; UCRL,1968;)

_

'

e . .



.

9. Results of the Radicec010gical C .=puter P cgra:2

0.a radiation doses to be expected fr== consumpticn of
feedstuffs fr:m the area ar=und the planned nuclear power plant in
Wyh1 are c=mpiled in the felicwing tables. All values are given in
the unit millire=s per year.

.

*
4

.

M

.

4
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10. E=13sien Sources, I.xposure Pathways and Facters Not Considered

10.1. T.=1ssiens f:cm de Secondary Circula:ica

Cc=plete tightness of heat exchangers cannot be guaranteed.
Chersfers, ders is the danger that radicac ive substances frem the
pri=ary circulation, which is under high pressure and which is radio-
actively contmi:uted after even shcre operai:ing times, will leak into
de secondarf circulatien. Heating pipe damage in the steam generaters
was ebserved in 22 of the water-ccoled power reacters inspected in 1975
(GRS , no. 19) . "It is usually the result of uniform corrosien" (GPS ,
no. 21). It can be assu=ed, therefore, that this type of da= age will
occur = ore and = ore frequently with increasing length of operation.
According to figures given in the GRS assess.nent (ORS, 1376, pp. 3-6),
ahcut 12,0C0 tens of staan per year are discharged to the environ =ent
f:cm de cecondarf circulation withcut first passing th:cugh exhaust
gas systems or filtration systems. Since the secon.' arf circulation.

contains about 600 tons of water, this means that a quantity of water
or steam equivalent to the capacity of the secondarf circulation is
discharged from the secondar7 circulatien to the enviren=ent ence
ever/ 18 days on the average. O is =a m dat a censiderable quantity
cf radicac ive Mssions =ay leave the nuclear pcwer plant in this way
withcut being filtered or cent clied. Moreover, there emissiens occur
at a icw emission height, which =eans that there is about ten times
less =eteorelegical attanuatica of these emissiens dan of the s=cke-
stack emissiens.

Al ecugh the CRS is aware of this problem, the GRS assess =ent
(1976) does not include a determination of the radiation exposure to
be expected f:c= these emissiens.

O.e Depart =ent of F.nviren= ental Protaction is preparing a
study of this prcblem.

10.2. Fruit and Other Teodstuffs Not Considered

Considerable quantities of fruit of all types are cultivated
in the i==ediate vicinity of Wyh1 (see Table 7.1.3-1) .

- Satisfactory dete:minatiens of the radiatica exposure that
=ight be expected frc= coasumptien of this fruit is not possible be-
cause no studies have been perfor=ed for dete- + 1atien ef transfer
facters.

In this case it dces not seem advisable to use any ene '

variety of fruit as a representative f== all other varieties, as was

9
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dena is the 1976 assess = tent of he Association for React:r Safetf.
Neider does it seem appropriate to transfar the requn ed data frem
other plants since it =ust be assu=ed that fruit, in view of its
peculiar sorphoicgy, also exhibits physic 1cgiestiy-spe_cific behavior.
There is evidence in the literature that certain varieties of frait
shew cha.racter stic enrich =ent with cer.ain ele =ents._

/

Raspberries, black currants and geeseberries centain re-
latively large concentratiens of ?.n, Mn and Cor these concentra-dens
are correlated with the,sefiply of these ele =ents in de soil (K:apyshev,
P,7., 1967|. It was,also shcwn that in these types of fruit the Mn
centent increases during the period of flowering and fruit growt.%
so that aside f ==t' the leaves, de highest concentration is found in
the carpels (Irupyshev, P.V. , 1969). Apples centain high c=ncen-
tratiens of Fe, Mn, Co and Sr (Vigorov, L.I. , Su=enkcva, T.N. ,
Pashilov, V.A , 1972, and ShWaruk, N.M. , Moiseichenko, V.F. , Sh.Waruk,
R.N., Khanchak, N.E., Shinyan, O.I., 1972). Furthercre, a correlation
was f=und between the surface texture of fruits and their capacity f=r
absorpti:n of radiestrentius (Merten, D. , Buchheim,'4., 1967).

These references strengd en our suspicica that for individual
varieties of fruit there =ay be both a high level of enrieb=ent of
certain nuclides and high suclide-specific ahsorptien th:cugh the
surface. It therefore see=s cri ically i=por ant that fur-her studies
be perf===ed and that separate calculations be perfe==ed for the transfer
fact =:s of the following fr:1:s:

-

Apples

pears

quinces

plu=s

mirabelle plu=s

peaches, apricots

red and black currants

gooseberries

strawberries

raspberries

blackberries
s

bilherries

whortleberries

sea buckthorn .

.

slees
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elderberries

rhubarb

n addi.icn, it is necessarz to expand the list of feeds
censidered in the GRS assessment since = cst people have a semewhat
=cre varied diet. O.e expanded list should inchde -Jie felicwing:

beans

peas

tematess

cucumbers

paprika

eggplant

:ucchini

gettrd

=ange1-wurzel

eniens
garlic

herseradish

celerf
red beets

ccmfrey

asparagus

mushrecms (seme nushreces, especially boletus. are kacwn for
their high Cs-137 centent (BMI, 1974)

nuts (hazelnuts, valnuts, chestnuts, abends)

spices (parsley, chives, saverf, bals: seed spices:
fennel, caraway, anise, mustar:1)

teas: pepper: tint, sage, chamesile

lamb = eat

;cultff

snails

game = eat
.
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2perunt radioecciogical data is presently lacking for al-
= cst all of these previously uneensidered feeds _,_ _l'hsdniversal facters,
e.g., for all plants, that are recc: mended.by the 53K (1977) are

'

scientifically unacceptable.

Consequently, nothing can he said at -'d= time about radiation
exposure via possibly i=porunt exposure pathways due to lack of basic

'
knowledge. -

10.3. Cther Factor.Aiot Considered

/

The following factors were also disregarded:

seM 'ent radiation at the banks of the Rhine frem radio-
nuclides that have set. led cut of the waste water

radiatica exposure by iodine-131, tritium in the exhaust
air, carbcn-14 and all radicac ive decay products cf the
noble gases emitted frem the nuclear power plant

radiation exposure for hables (other than by ::-131) and
e=hryos.

/

11. Sc==ary

1. In its eniculatien of expected radiation exposure, the Oe-
part=ent of T.nvircemental Protectica used an ecological =cdel of ec=-
putation en which =cs: such assess =ents for nuclear pcwer plants are
based (e.g. , exhaust air assessment of the Institute for Reacter
Safety, waste water assessment of the Savarian 31olegical Tes-dng 2-
stitute for the planned nuclear pcwer plant in Wyhl).

2. "'he Depa.'- =ent of F.nvironmental Protection made an effort to
proceed on the basis of realistic asa:sptiens that would =ake it possible
to obtain a realistic esti= ate of the radiation exposure hat =ight be
expected frem the planned nuclear pcwer plant (Kernkraf tserk S'dd,
*dyhl) . .

cverly conservative assumptiens were avoided. For example,
our expert analysts thcught it unrealistic to assume an annual cen-
sumption gf 680 1 of Phine water belew the nuclear power plant. Such
an assumptien, the conservativeness of which is emphasized by the 53K
and the 33V, wculd, in the estimation of the Capartment of ~.nvironmental
P ctectien, result in a whole bcdy dese of only about 1.8 = rem / year
anyvay. -

,

.
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Fur.ner=cre, the Depart =ent of Inviron= ental Prctection
considers it unrealistic to assume that =any totally unclothed per-
sens would iciter near es fence surrounding de nuclear pcwer plant.
This assu=ptica would be relevant only for the beta sub=ersien dese,
which was cal =ulated c be 0.3 =re=/ year in this unrealis-de case.
As in other cases, examination of this case shewed dat in de re-

% andations of the Radiation Protection Cc==ission and in the assess-
=ents of the GRS and 33v, overly conservative assutptiens were =ade
M My in regard to exposure pathways whose centribution a the total

radiation exposure is rather insignificant.

Our experts at the Depart =ent of Fnviron= ental Protection
therefore proceeded ca the basis of realistic assu=ptions.

3. It was fcund that the unifor= bases of calculation used by
the SSX, SGA, SMI, TdV, GRS, 33V and the Jtilich and Karlsruhe nuclear
pcwer plan.s, which produce the well-k.newn result enat the maxi =u=
radiation dose in the vicinity of a nuclear pcwer plant is below the
level specified in section 45 of the Radiatien Protsctien !aw, are
ince=plete and inecerect and do not =eet the require =ents set f=rth
in section 45.

In par-icular, we found the follcwing errers:

The =eteorological long-ta== dispersica facter assu=ed in
the GRS assess =ent was abcut 2.5 ti=es too icw, so'that
the meteorological attenuation was about 2.5 ti=ss tco high.
This facter enters linearly into the calculation of de
radiation doses. The principal cause of this errer is an
overly cearse gradatien of the wind speed classes is the
GRS assess =ent, with de result that weather situations
involving light winds, in which radioactive e=issiens are
only slightly attenuated, were averaged out.

The assu=ed nuclide spect:=s for radicactive aerescis was
not conservative. In particular, the percentage of cesium-137
that was used was too s=all.

The enrich =ent factors for the passage of radienuclides
frc= the soil into crop plants were between 10 and 10C0 ti=es
too 10w in the =est cri i=al cases (see, for exa=ple, the

figures en pp. 41, 44 and 481.

The transfer coefficients for the cassage of radienuclides
s

-

frem forage inte beef, pcrk and milk were between 10 and 100
ti=es eco low in the =cs: critical cases (see, for exa=ple,

the figure en p. 51). Ihese transfer ccefficients enter
linearly inte the calculation of the radiatien expcsure .

by these exposure pathways.
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The transfer facters for the passage of radienuclides frem
feedstuffs into the bicodstream viaJ t ga p 6testinal
tract were between 10 and 20,000 ti=es too low (cae, for-

example, plutenit=n en p. 91). These transfer factors enter
linearly into the calculation of the radiation exposure.

The value assigned for the biolegical half-lives of radio-
nuclides in the bu=an crganism were eco Icw for seme radio-
nuclides.

The nucli':!!e ce= position of de radioactive schle gases was
totally unrealistic. Consequently, the calculated radiation
exposure f_ radicactive ncble gases was about 5 times eco

low.

The errors listed above apply to an equal or similar extent
to de bases of c=putation of radiatien exposure that are racc== ended
by the Radiation Protection C--ahsics (S5K, 1977).

It was also fcund
/

'that important expcsure pathways, such as de suh=arsion
radiatica exposure frcm radionuclides frem the. exhaust air
emission deposited en the grcund, were not calculated in de
GPS assessment.

/
4. In the present assess =ent the Depar =ent of F.nvirenmental
Protection calculated the radiation exposure to be expected frem the'

,

foliewing exposure pathways:

radiation exposure frem nchie gases

radiatica exposure frem ground radiatien

radiation exposure from censu=ption of the fc11cwing feed-
stuffs: d'% beef, perk, cereal grains, potatees, leafy
vegetables, root vegetables, wine and fish.

5. *hese calculations show that the par- 4 <sible maxi =us values
specified in section 45 of the P.sdiation Prctection Law would be clearly
and scmetimes greatly exceeded.

The most impor. ant results are su==tarized belcw. *t.e ecm-

plate rescits of the ce=puter pregra=s are given in section 9 abcve.

.
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, -

Radiation ::cses f:cm 72dicactive tchaust Air

ACULTS (All values in nres/yr)

_

whole body thyroid kidney bene

ncble gas
radiation 31 31 31 31

ground
radiatien 15 15 15 15

total of
various food-
stuffs 794 809 10,872 4,820

wine 110 96 1,383 937

Total 940 951 12,300 5,803

-= vim value
2.n accordance
with sectica 45
cf the Radiation
Protectica Law 30 90 90 130

3abies (enly icdine-131

thyroid

cow's nilk 753

geat's nilk 2,204#

sheep's silk 2,501

.

-avd . value in acec dance with section 45
of the Radiatien Protecticn Law 90
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Radiation ::ese by -tadicactive Waste Water with C*dlization of
Phine water

^d

Adults-

whole bcdy thyroid kidney bene

fish * 72' 112 942 176
(117) (178) (1,543) (289)

other feedstuffs 60 28 396 1,483

Total 131 141 1,338 1,660

Favi-u= value in
accordance with section
45 of the Radiatica
P:stection Law 30 90 90 180

/
,-

'
+The values in parentheses give the radiation doses for consu=ption of
fish frc:s the eccling water cutlet.

.

2.e radiation doses given above are based en enly ene of the
two nuclear power plant bice.ts that are planned for Wyhl.

6. "'he following facters, influences and exposure pathways,
all cf which cause an increase in the radiation exposure, have not been
taken into censideration in the above results:

discharge of unfiltered radioactivity through safety valves
and steam valves and frem he nac!Line house

- discharge of radioactivity frc:s the fuel element s crage
tanks, in which the censu=ed fuel elemen s presu= ably would

e have to be stored for very long periods of time due to diffi-
culties with the planned reprocessing

.
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emissions of the radienuclides icdine-13' -- d - d =2 (exhaust
air), carbon-14 and all racficactive decay products cf de
emitted noble gases

exposure pathways fruit, nuts,.ushrecms, spices, ga=e
meat etr. .

sedi=ent radiation at the banks of the Rhine frca radio-
nuclides that have settled cut of the waste water

radiatica exposurs by inhalatica (12.alation of radic-
nuclides)

effects of the structure and water release of the planned
ecoling tcwers (reduction of the meteorological attenuation
and increase in the wet deposition)

increase in the nuclide conc.'ntration of the Rhine during
the irriga ion period in the su=er due to above-average
quantities of emissions while the fuel elements are being
changed

the calculation of the radiatica exposure was perfc=ed
only for adults. Fcr babies it was perfer=ed only for
radiatica exposure by icdine-131. It was not perfo:=ed for
the =cs sensitive stage of h= tan life, i.e. , the embryonal
stage, because inportant radiological bases of calculatien
are unavailable.

.

preexisting radiation leads frem radioactive cuissiens of
other nuclear power plants and nuclear facilities with the
exhaust air.

Althcugh ncne of these problems has yet been taken into
censideratien (=ainly because of a lack of scientific data) , it can
definitely be said on the basis of the effects calculated in this
assessment, that de legally stipulated =aximum permissible values
will be significantly exceeded with the design of the planned press-
urized water reacter in Wyhl, even if the plant is properly cperated
as authorized.

.

.

O
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*31ciccical Effect of Ionizine Radiation
/

/-

1. Basic'introductics
/

2. Excursuss' Radiation da= age on the molecular level

3. Statistical studies en radiation da= age in =an

4. Discussion of the tolerance lini.t

5. Discussion of the dose facters

a) calculation, average persen

, b) radiosensitivity of the tissues
,

c) inhc=cgeneous # ~cdistributien

6. Radiation da= age in the ad fo and fetus

/ a) elevated organ concentration
,

/
/ b) dependence en the stage ci develce=ent

/
cl threshold value, late da= age

d) statistical stc. dias on the hu=an e=brfo

s

.
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1. Basic Introduction on the Effects of Radiation en Man

Due to its icnizing effect, de radiation emitted in radio-
active disintegration causes da= age to or destruc icn of hu=an cells,
organelles and biological =olecules. The extent of the damage de-
pends on the penetrating power of the radiation, the duratica of the
irradiation, whether the whole bcdy is irradiated or only parts of it,
and on other factors. We can distinguish between latent and =anifest
da= age, i.e., early and late da= age.

We shall be concerned to diseass the se=atic effects of low
doses of radiation to which people are exposed frc= the "no:=al"
operation of nuclear power plants, rather than the effects of a nuclear
accident (which are death, acute rrdiation sickness and early damage) .

Pien s=all radiation _ ses (= rem range) are able to cause
i=pai:=ent of vital organs and =anifest and fatal disorders of the
organis=. Many results of radiobiological experiments and extensive
s atistics prove this. In particular, =any irradiation experi=ents
hi re been perfo:=ed en animals. in crder to dete -" te the risk to =an
af radiological testing and handling =ethods.

2. Excursus: Radiation Oa= age en the Molecular Level

Radioactive radiation has a variety of biological censequences.
Independent of the locatien of the radiatien scurce (i . e . , insida or
curside a cell) , the folicving types of damage =ay cccur:

s

1. Da= age to the cell =embrane (e.g. , Petkau, A. , 1972
Scott, K.G. , et al. , 1973)

2. Changes in the ency=a pattern (e.g. , Mint:al-Landbeck, L.
Hagen, U., 1976r Carutti, P.A.,. 1974)

3. Effects on the genetic substance of CNA (decxyribonucleic
acid) (e.g. , Weish, P . , Gruber, E. , 197 5 ; varterese , V. ,
1966).

Radiobiology is cencerned especially with effects en the
genetic substance because changes in this selecular area and all of
the censecuences of these changes are passed en to the daughter cells
during cell division (e.g. , mutations, transfc==ation of a healthy cell
into a cancer call). Although the probability that damage will be
caused is greater when large deses are involved, the disintegratien of
a single radionuclide can be encugh to cause the =utstien of cne er
= ore cells. For exa=ple, the disintegration of one tri.iu= particle
ir.ccrporated in the OMA can cause an average of 2.1 strand breaks in -

the OMA (Cleaver, J.E. , et al. , 1972) . As the discussion of the

2 14-1
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=clecular events shows, any det=~' nation of a dose dreshold value
=ust be considered arbitrary.

Unfortunately, only a few papers have been pblished en
,

the biological effec s of natural radiatien and on synergistic en-
viren= ental effects. It has been experi=entally de=enstrr.ced that a
decrease in the natural backg cund radiation induces a decrease in the
cell growth rate (IAEA,1976),[which is cencrete evidence that even
natural radiatien a gfellular =echanis=s. This cenclusion is
supported by the results of epidemiological studies in Kerala (India) ,
where a high level of background radiation caused by thoriu=-containing
rock is associated with a high incidence of =engol!2= (Down's synd: =e)
and other = ental deficiencies of genetic origin (Kochupillai, N. ,
1976).

The question of the reversibility of radiation damage has
been under discussion for several years. Enry=atic =ecM 4 ~ are
k=cwn which are able to repair the ::NA strand breaks mentioned above.
In in vitro experi=ents _he best results that have been achieved so
far have been repair of 80% of artificially induced strand breaks
(Mit:al-Landbeck, L. et al. , 1976) .

/

/ The efficiency of these =echar h m in vivo depends en thetype of radiation schree.
/arenotrepairedbythesa=aen=ymeThe strand breaks produced by UV radiatien

,/ s as strand breaks caused by ga==a
rays (Hariharan, P.V. , Caratti, P.A., 1976). I-125 incorporated in'

CNA produces strand breaks, a maxi =u= of 50% of which can be repaired
(Painter, R.3. et al. , 1974) . Little is known about the consequences

/ of unrepaired strand breaks. In =est cases they probably result in'

the death of the cell. An er:cr in the repair can have disastreus
/ results (=utations).

Ionizing radheien can produce not only strand breaks, but
also chemical changes in the subunits of the DNA (Carutti, P.A.,
1974). This damage can be identical to damage produced by alkylating
agents (including such environmental poisons as bencpyrene and nit-
rosamines) (Trosko, J.E. , Chu, E.H.Y. , 1975) . The carcinegenic
effect of ion 4-d ng radiation is de=enstrable by the identity of damage
produced by icnizing radiation and alkylatisq agents (so-called radio-
=1= etic substances).

3. statistical Studies on Radiation ::a= age in Man

The most i=portan'. result of these =clecular bicchemical
experiments and of many ani=al experiments is the significant increase
in cancer as a late censequence of low-level radiation (*ittle, J.B.
et al. , 1975) . There is a linear relationship between the a= cunt of *

time by which life is shortened and radiation dese (Bacq, Z.M.,
Alexander, P., 1955); this linear relationship can also be observed

-115-



. .

.

in the = rem dose range. The shortening of life is a result of many
kinds of late damaga, e.g. , loss of vitality with diminished resist-
ance to disease, early onset of aging processes, an

'd d dshed pcwerd

of regeneration.

Statistics frem the United States and Japan confirm the re-
suits of these experi=ents. Scme of the problems in this area which
have been statis.ically analyted are the folicwing: Disease statas
of workers in nuclear pcwer plants (Mancuso, T.F. et al. ,1976:
Wagoner, J.K. et al. ,1963) , effects of increased natural radioactivity
(Gentry, J.T. et al., 1959: Kochupillai, N., 1976; Pincet, J., Marss, T.,

1975), atomic bomb vic #-= of Hiroshima and Nagasaki (Jablon, S. et
al., 1965: Brill, A.S. et al., 1962), radiation injury in pregnant
women (Stewart, A., Kneale, G.W., 1970). A cc =on finding in these

studies was a significant increase in morbidity and =ortality of the
individuals involved, primarily in regard to cancer.

A few exa=ples:

Among workers in nuclear pcwer plants the incidence of
cancer is clearly a function of radiation exposure (Mancuso, T.F. .

et al. , 1976) . The incidence of congenital defe::mities is directly
dependent on the radiation dose frem natural radiation (study on
1.24 =1111on infants in New York State) (Gentry, J.T. et al. , 1959) .
In a study on 19 million children in Great Britain, Stewart at'Cxford
University determined that a deuhling of the numberof radiographs
of pregnant vocen is associated with a doubling of the risk of leuke=-
is and other for=s of cancer in their offspring, and that irradiation
with 80 = rem in the first trimester la enough to double the incidence
of leukemia and cancer in children up to 10 years old (Stewart, A.,

Kneale, G.W., 1970). In West Ge==any a dose of 60 arem/ year by
nuclear power plants is alle*~is the thyroid dose for children may

irradiation of unborn children and new-be 90 arem/ year. The risk *

borns is discussed in greater detail in section 6.

A ccmprehensive study by the National Academy of Science
in America, which was cc=sissioned by EEN (SEIR report, 1976), con-
tains esti=ates of the risk for cancer, leukemia and hereditary dis-
eases frem chronic low doses of radiation. Cn the basis of the data
in this report, we have dete % ed the folicwing results of an add-
itional radiation dose of 60 srem/ year in West Germany (the legally
per:u.eted doce) :

.
. .

a) ,an additional 40 to 700 cases per year of serious
dc=tnant hereditary disease in the first generation,

- b) a fivefold increase in the number of cases of here-
ditary disease after a few more generations, and .

-
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c) c.n additional 500 - 1400 cancer deaths per year.

In a risk assessment = = 'a--'ed for de AIO, Oc f=an, J. N.
et al. (1971) esti= ate a enc h er va M M2CCD to 12,000 cancer cases
per year at 60 =re= add. icnal radiation exposure for Rest Ger=any).

-
/

The 3 m report ccatains a critical discassion of d e
validity of Sis fpe of risk assess =ent:

,

f

"It is clear that these esti=ates are subject to grea,t un-
certainty. The range of credible values is large, and there is no
guarantee that the actual values fall within this range. We are well
aware that future infor=ation will necessitate revisions. The es-
ti=ates that have been given are not exact scientific values (as
scientists we weuld prefer to reserve judg=ent until reliable infer-
=ation becc=es available) , but they are reasonable values that are
based en present scientific kncwledge, and however rough and uncer-' S
these esti=ates =ay be, they are bettar than no esti=ates at all since
sc=e degree of orientation is advisable when we are dealing with
radicactivity."

,

/
The populati=n that vill be affected and the politicians'

have to have-sc=e idea cf the risk: the known qualitative effects
of radicactive radiation =ust be quan-dd'ar!. The presently available
esti=ates are the only quantifications that are possible at this ::_=e.
In the course of this discussion we shall elaborate on the difficulties
that prevent absolutely certain knowledge of dose relationships (no
radioac ive irradiation experi=ents en man, observation ti=e too

'

short, sc=etimes difficult diagnosis of the diseases caused by rad-
,' lation, cause-and-effect rela *4 w hips difficult to survey, etr.).

/
,- The quantificatiens of the radiation risk frc= nuclear

/ power plants that are given in the large studies (e.g. , SC report,
CISCIAR report, papers by Gof=an or Ta=plin) are not overes d-ates
since only the =ean values were taken frc= the possible risk range.
This fact is illustrated by the 3EIR report, in which varicus =athe-
=atical models and varicus pars =eters were used to esti= ate the cancer
death risk in the United States if the =axi=== per=1ssible radiatica
levels were reached; valu'es of 2000 to 9000 deaths per year were eb-
tained from these calculatiens, but the final estimate that was given
was 2000 to 4000 deaths per year. If censer rative assu=ptions are
desired, i.e., if we wish to censider the greatest possible da= age

- that could result f c= the use of nuclear technology, then we would
have to work with figures frc= the upper range of these esti=ates.

-

4. Discussion of de Tolerance T1=it

.

In light of present _ knowledge, it is no longer possible for
any radiologist to datam 5e a so-called threshold value, below which
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genetic and somatic da=sge will not occur. Stokke as al. found damage
of bone = arrow cells at a dose of only 3 rrem (Stokke, T. et al.,

1968).

Although radiation doses in the mrem range had at ene ~4-a

been de=cnstrated to have biological effects only on fungi, damage
to rat bene marrow has now been observed after doses of caly a few
mres 3r-90 per week. Lung cancer has been induced in hamsters with
po-210 doses of only a few = rem (Little, J.3. et al., 1970). The
eminent radiat' ion geneticist E.J. Muller stated en the basis of his
experiments with fruit flies (Drosophila) , that there is no threshold
value belew which ioniring radiation is ineffectual. To a certain
degree of probability, every single ionization must be regarded as
effectual (3eck at al. ,1959) . This is especially true where the
development of cancer is cencarned. ::t could well be that it is pre-
cisely low radiation doses that are capable of giving rise to cancer
since high deses damage the cells so severely that they die and are
then usually dissimilated by de organism, so that cancer cannot
develop. Lcw doses also damage the cells, but usually not so severely
that the cells are unable to centinue living and dividing. Multi-

plication of the cells results in multiplication of the cell damage,
which in turn =ay result in the develcpment of a malignant tu=or.
There is no mini =um dose belcw which radioactivity can bo :egarded
as definitely not cancer-inducing (Charling, C. , 1944).

In regard to carcinogenesis, it =ust be considered that
de disease is usually triggered by several factors (SE3 report,
1972), and that the induction of a t=or must be regarded as the
result of radiatien ds= age .o ene er only a few cells. The W 4,
report derefore ass =es a linear dese-effect relation with no thres-
hold value for carcinogenesis and leukemogenesis. The threshold
value is a hypothetical quantity that is not supported by any theory
of teor induction or e=pirical evidence.

There is still another d''"iculty. Cancer often does not
appear until many years aftar the causative damage has cccurred.
There say be a latent period of 5 to 30 years (Cleaver, J.E. et al. ,
1972). The long dor =ancy of the cancer makes it much more difficult
to establish causal connections between irradiatien (cause) and
cancer (effect), i.e. , rany cancer patients will never k=cv that their
disease was caused by the action of radiatien (including, for exa=ple,
x-ray examinatiens).

5. Discussion of the Cose Facecrs

a) By definition, the dese facters establish a connection
between organ dose and the ti=e integral of the concentration, i.e.,

they express the biclegiesi radiation lead by a given quantity of -

radicac,.ivity, specifically in the crgans of the hu=an bcdy, in the
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fc:s of a single m:=erical value. The follcwing list of de para-
noters that have to be censidered shows he.r .any i=ponderables and_

individual differences ca.n C ce tax 6 _nce acccune.v

"'he radisiE.cn dose in an organ depends on the follcwing
facters4 [

<

l. Quantity of the absorbed nuclide

2. Type of radiation emitted

3. Energy of the'radiatien

4. Half-Life of the nuclide in the organ, dwell time

5. Selectics facter of the c gan
,

6. Mass and fo s of the crgan

7. Distrihutics of the activity in the crgan

8. Chemical ecmpou:ui of the incorporated substance
,

These para =eters depend in t.:rn en the following:
'

7 age

sex

/ state of health
/

/' genetic constitution

foed c:mposition

M esti=ating de radiation exposure frcm a nuclear facility,
the esti= ate is based en the " critical" points, e.g., on the

'' critical" population grcup, i.e. , the grcup which will be affected
mest strengly by de radiation exposure. .

These risk. calculations are based on the so-called " average"
- persen, i.e. , en a =edel of the adult human being in which rigid

physical and physiclegical parameters are used (e.g., 70 kg bcdy
weight,' l.2 1 fluid intake per day etc.) . Ecwever, this dces not
represent the critical pcpulaticn group, for there are pcpulatien
groups whose pr.ysical and physiolcgical characteristics lead to
greater radiation expcsure. ,
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For exa=ple, ligaid intake is higher in certain =etabolic
diseases (e.g. , diabetes =ellitus) . All =etabolic diseases result
in changes in the acr=al parameters due to changes in =etabolic
precesses, so that, for exa=ple, the dwell time of incorpcrated
radienuclides in the organis= =ay be increased. *he radiatica dose
is thus increased. (3elcher, E.H. et al. , 1971; Sar h, G. et al. ,

1968).

Further=cre, pcpulation grcups in which previous da= age
has been caused by other nexae must also be regarded as critical
grcups. This =eans that the effect of the additional radiation ex-
posure will be greater in these gr=ups than in grcups in which there
is no preexisting damage. The following exa=ples illustrate dis:

Previcus ds=sge to an crgan (the lungs of s=ckers, de
skin of photosensitive individuals) enhances the effect
of ionising radiation and thus increases the danger of
radiatien damage.

A nu=ter of che=ical ec=peunds, e.g. , ce_ .ain anti-
biotics, sex her=cnes and the like, increase the radic-
sensitivity of tissues, which are then =cre susceptible
to ds= age.

'

Metabolic changes, such as diabetes =ellitus, nephrosis,
hyperthyroidis= and the like, result in greater radio-
sensitivity of the organis= due to previcus injury of de
tissues, increased dwell ti=e of the radienuclide, er
restricticn of possible rapair =echanis=s. (It is pre-
cisely the =etabolic c * ges characteristic of a =etabolic
disease and he associated changes in the radienuclide
dis cibution in de organ e and . issues which are utill:edd

in nuclear-medical diagnostics.). (Belcher, E.H. et al.,
1971; E= rich, D., 1971; Barth, G. et al., 1968)

These effects shew that our calculations should not be
based on the group of average persons, but rather en he population
grcup in which deviatiens frc= the nc:=al pars =eters of the average
persen result in an increase in radiation dese. The custc=ary pro-
cedure of basing these esiculations on the n===al population does
not confor= to present knculedge in =edical science, which is new
concerned =ainly with cybernetic centrol systa=s and =ultifacecrial
cause-effect analyses, and which for the = cst part new rejects.

schematic-eecignical apprcaches to the ht= tan bcdy.

b) Radiesensitivity of the Tissues
.

The dose facters that have been calculated in the past -

have generally been for the bene, lung, liver, kidney, and gasac-
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intestinal tract, and in sc=a cases for the spleen, dyroid and
=uscle. ~he testhecks en nuclea- -=* cine and radia icn protecticae ~
judge most of these tissuas' to be =cderatelydissensi ive (bene,
thyroid) er even relatfIely radieresistant (liver, kidney, =uscle)
Gabst et al. ,1376: Sauter, 1971: Barth, G. et al., 1968). Only
the spleen and 'gastre-inces-dnal tract exhibit a high degree of,

radiosensitivity. The other highly radiosensi ive tissues are the
folleving:

embryonal tissue-

lymphatic tissue*

thy =ic tissue

bene marr:w

testicular tissus

ovarian tissue,

(Pabst at al. ,1976)

Specific dose facters are not used fer these highly rarlic-<

'
sensitive tissues, i.e., the =cderately radiesensitive tissues and

' relatively radieresistant tissues are =nsidered in =est calculations
of the relative biological activitf of nuclear power plant emissiens,'

while the highly radict.asitive tissues are not included in the cal-
culations. The radiosensitivity of cells increases with their re-
pr=ductive activitf and decreases with their degree of different-
Lation (Barth, G. et al., 1968). The = ore frequently and fastar
a cell =ultiplies and divides (the process of cell division is the
=ost radiosensitive), the less specialised it is and the =cre radie-
sensitive it is. This is true of embryonal tissue, hematopoietic
tissue (ly=ph nedes, spleen, thy =us, bene marrow), white ar/.! red
hiced cells, and genadal tissues (testis, sper=atezca, ovary, and
fo111M e). This provides the pathephysiclegical explanation of the
fact that pri=ar417 e=bryonal damage, carcinc=a of the he=atcpoietic
tissues, especially leukemia (i.e. , cancer of the white biced cells) ,
and genetic defects ce=== in individuals who are exposed to radic-
activity.

.

c) Id geneous Mieredis ributien
s

Further= ore, it is necessary to distinguish not only a=cng
the various radiesensitive tissues, but also to censider the specific
exposure within each organ. Bene is an exa=ple. It c=nsists of

~

=arrew, cc= pact substance (shaf t) , spengy subsace (epiphysis), a
layer of car-ilage (c=vering the articular surface of the bene) , and
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the endestet=s (tissue lining the medullarf cavity) and periostau=
(tissue covering .he cutside of the bene) . Radionuclides are net
unifc==1y disaikuted in dis bene syste= (Sugshara and Eug,1971) :

Arnt h e aar ds are deposited principally in the epiphysis
and the calcification cenes durine the crewth period; in

adults they are deposited m nly in the =ineral :ene under
the periesteu:2, in the endestit=s, and is newly fc:=ed ec=-
pact substance and spongy substance. S.is applies to the
ele =ents calciu=, radiu=, sconti==, barit=n and phosphorus.

Depending en their =anner of incorporation and chemical
structre, pluteniu= and thorit=s are deposited in bene,
especially in the periesteu=, endestet s and bene =ar cv.

A=ariciu=, rare earths and transurani= elements becc=e
cencentrated in the bene =ar:cw and at the surface of the
bene.

C= criticis= cf the dose facecrs can be expanded. Other
proble:is include the follcwing: i=per. ant radienuclides are dis-
regarded, there is no specific evaluation of de organic da= age wi d
respect to effects en de total orgar# , undiscoverable da= age, e.g.,

cf de i==une system, synergis=, potentiating effect of da= age to =cre
than ena organ. Ecwever, the questiens that have been raised shculd
be reascn encugh to regard the use of the custc=ary dese facters for
calculations of the radiation exposure as c==pletely unsatisfactory.

6. Radiarien Ca= age in the E=hryo and retus

The greatest radielegical p chle= is withcut decht the
ace ==ulation of radicactive substances d= ing pregnancy and subse-
quent irradiatics of d e hu=an e=bryo.

.

a) Elevated C:qan Ccncentratien

The fc:=stien and destruction of cells are in transient
equihbrin= in the adult hu=an body. This means that radionuclides
abscrted by the adult h"--=n body have a shorter biclegical half-life'

than radienuclides absorbed by the achrfe. .~=rienal and fatal
tissue is fer=ed at a relatively fast rate; dest:nctive precesses
occ= only to a li=ited extent. This high rate of for=atien results
in a high rate,cf substance abscrptien, including radicac.ive sub-
s a ces; the absc bed radienuclides are then inec perated in the bcdy
of the ertr/c and later the child with a high biclegical half-life.
It follows that for a given cencentration of radienuclides in the en-*

viren=ent, the ertryo has by far the greatest radiatien exposure.
*

,

O
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F.xperi=ents en rats and dcgs have shown that 38% of the
strontiu= and 66% of the cesiu= intake of the mother = * =1 reaches
ene fetus transplaca.ntany,,and- a se,,wi::ed in i ,, (Sikov, M.R. ,
Mahlun, D.D. ,1969) . ,Wthe pig (.de expeldcal ani=al whose
physiology is closest to hu=an physiology) the deposition of radio-
si ren"" in the'fatuses is ten ti=es greater than in the uterus
and placen a. Thus, radicstrontiu:2 is able to pass through the

placental barrier (Werner, H. ,1971) . Long-ter:s studies en large
and s=all am als with extre=ely low deses of radioactive iodine
(4-131), e.g., absorbed frc= at=ospheric radicactive fallout, showed
absorption rates of =other to fetus of 1 : 3 (Book S. A. , Gol"=n, M. ,
1975: Eisenbud, M., 1968). A fatal thyroid gland contains 4 to 5
ti=es the dose of I-131 as the thyroid of an adult.

The ar ificial plutcM" radicisctope hace=es distributed
,

through the entire body in the course of fetal develep=ent, but es-
pecia ny large a= cunts are deposited in the bones and liver. Pu-239
is present in the newborn's liver in a= cunts 20 ti=es greater than in
the adult liver. Calculatics of the Pu-239 radiation dose regaired
th induce cancer shewed that the value for adults is 11 times greater
(45 ti=es greater in the case of leukemia) than the dose that is

' sufficient for tu=or develop =ent in the newborn (Sikov, M.R. and
, Mahlun, D.D. , 1972) . *

|

/ When these high abscrption rates are converted for the body
/ weight of a fetus (e.g., a fetus weighing 1 g ec= pared to a we=an

# weighing 60 kg) , we find that the child i= utero is exposed to a
radiation dose that is several powers of ten greater.

b) Cependence en the Stage of Cavelcpment

Cc=prehensive expari=ents perfer=ed by Wilson and Russen
on rats and = ice shew that the radiosensitivity is =uch greater in

the early stages of e=bryonal develep=ent than in the later stages
(3raun et al. ,1973; Hug, ::uppinger,1972; Wuson, J.G. , 1973). The
::ygote (the fert'' * ed ovu= before i= plantation in the uterus) is
extremely radiosensitive; it is destrcyed by relatively lcw deses of
radiation and then resorbed; if it survives, exencephaly (brain
located outside the skall) and cataract are likely to occur. Irrad-

iation during the organ-forming stage (in the hu=an e=bryo in the
second and third weeks) causes (according to the authors cited above)
a icwer resorption rate but a high incidence of deformities, e.g.,

hydrecephalus, microphthal=ia (abnor=al s=anness of the eyes) ,
anencephaly (absence of a brain) , =icrencephaly (abncm1 smallness of
the brain), deformities of the teeth, nose, retina and herniatien.
In the f atal phase (in =an, frc= the fifth week after conception until
birth) the Cis (especially the cerehellu=) and the eyes are highly

*

radiosensitiver total absence and defective development of these
crgans have been observed.
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c) Threshold Value, Lits Damage

In experiments with relatively lcw rsdiatien deses (5 R)
(e.g., wholebcdy dose allcwed by the West Ger=an Radiation Protection
Law for occupationally exposed persons, we=en in nuclear power plants),
investigators have found significant genetic da= age, growth re-

,

tardatien, accelerated aging precesses and skeletal changes (Wilson,
J.G., 1973; Jaccbsen, L., 1968; Medical Me=crandus en de Industrial
Use of Nuclear hergy, 1976). In various experimental ani=als (e.g. ,
rat, cow) radienuclide concentratiens of 4 nC1/g body weight increase
the death rate of newbcrns and reduce their weight and fertility.

Another i=portant problem =ust be considered in this
connection. % ny types of embryolegical radiation da= age are un-
discoverable, especially after irradistien with s=all doses ever long-

parieds of ti=e. (Qucte frc= 3rsus et al. ,1973:. " Cur knowledge abcut
radiation damage in the fetal stage is unsatisfactory. Develep= ental
anc= alias induced by icni=ing radiation in the late fetal pericd show
definite morphological /anat-4 cal manifestations only in a very s=all
nu=her of cases and can be discovered only by histelegical and bio-
chemical =etheds. Radiatica damage of this sort is no less i=portant
than " drastic" defermities: the damage simply may not =anifest itself
until the postnatal stage, by which ti=e it has becc=e difficult to

'

recognise the qualitative connections between cause and effect.")

The types of damage involved here are growth retsrdation,
losses of activity, nervous disorders and biochemical defects (Wilsen,
J.G., 1973; Medical Me=crandum en the Indus aial Use of Nuclear

F.nergy, 1976) .

The ani=al experi=ents prove that there is also no thres-
hold value or tolerance l'* t for e=befonal radiation ds= age (Jacobsen,
L., 1968). Genetic defects, chrenic changes and cancer can be caused
by even the s=allest doses of radiation C Wilson, J.G., 1973).

d) Ststistical Studies en the Hu=an mbrfo

It is beccming increasingly apparent that the resulth of
ani=al experi=ents verf probably are valid is =an as well. The
evaluation of dats frcm the ini'''1 phase of radiotherspy, conse-
quences of radiography, studies en the atcmic be=b victi=s of Hirc-
shima and Nagasaki, and extensive statistics frcm recent years shcw
significant effects of radistien en embefes and indants.

s
Stewart found an al=est 1001h increase in leukemia and other

cancers in children whose =cchers had had x-rsfs cf the abdcmen
during the first trimester of pregnancy ec= pared to children whose
=cchers had not had cbstetric x-rays (Stewart, A., 1973; Stewart, A., .

Hewitt, D., 1965: Stewart, A. and Kneale, G.W., 197C: Stewart, A.

et al, 1958) . Studies by MacPh.cn and Kneale confirm this (Macyh.cn,
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3., 1962: Kneale, G. W., 1971). Even children whose parents had

been x-rayed 5 to 15 years before the =other's pregnancy had a
sig.ificantly greater chance of developing leuke=ia (Gibsen, R.W.

al. , 1968 r Kessler, I Idd - 3 ' ' a-Zeld,"A..%, 1969) .e:
/

/

Many othe' studies ceuld be cited. However, the resul.ts
that have been'given are sudficient to shcw that the ^d'd in utero
represents by far the most radiosensitive stage of bran life and
the stage that is =cs: threatened by radiatica. This fact has not
been c=nsidered in any way in the licensing pr:cedure for nuclear
pcwer plants.

According to the presently lawful West Ger=an Radiation
protection Law, the radiation exposure resulting f:cm leakage of
radicac 1ve substances into the air or water frem nuclear pcwer plants
=ust be kept "as icw as possible" and =ay not exceed 30 =re=/yr
for the whole body c 90 =re=/yr for the tr.yroid. In additien, sectica

45 of the Radiation Protection Law stipulates- "~' 's radiatica ex-

posure =ust be c _puted for the =est unfavorable cases and points
'of expcsure, with due consideration being giren to all relevant ex-
posure pathways, including the food c!ai s."

/ Therefera, calculatiens of the radiation exposure ex-

pected f=r =an =ust be s"5- #tted as par. of the licensing precedure'

j for nuclear power plants. Ecwever, these calculations are based on
7' the physiological conditions in a " healthy, average persen". Un-

favorable cases, such as sick and old persons, children, and especially
7 children in utero, are not taken into censidera ien. This procedure

does not ec= ply with the explicit damam's of the s.

.

.
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Assessment of Of f site Radiation Doses
from ene Three Mile Island Unit 2 Accident

EXECUTIVE SUMMA.*4Y
,

.

Estimates of offsite radiation doses from the
accident at Three Mile Island are sc==arized in the,

table on page v. The most significant doses are from

the release of airborne radioactive noble gases. The

best estimate of maximum potential whole body dose from
noble gases at any offsite location is 76 millirem. The

analogous estimate of cumulative population dose within a
50-mile radius is 3500 person-rem.

.. -, L'
-

' "Based on techniques used in this analysis, dose
I, "'

estimates are consistent with the release of about seven_
million curies of noble gases in the first one-and-one-ha1f 1'-

,

. .

days of the accident, two million in the next two days _and s0

# ' g, p g<one million in the next three day 3 and a relatively small -

*

amount thereafter.

The estimates were made by fickard, Lowe and
Garrick, Inc. based on radiation measurements made in the
_-
plant and in the field by Metropolitan _ Edison _and Porter-

Gert: Consultants , Inc.; and on meteorological data from

the.Three Mile Island weather. tower.
. -*-L

-

.

EXPOSURE FROM NOBLE GASIS .

,

'

Strip chart records from all noble gas radiation

monitors in the plant ventilation exhaust show no significant

radiation levels during the first three hours of the accident.

i -,
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Since these monitors are in the most probable pathway for

release, it is concluded that no significant releases

- occurred before 0700 on March 28. Shortiv after 0700, how-

ever, these monitors, which are designed to read normal
*

low levels, indicated rapidly increasing radiation concen-

.trations. Within a few minutes, they went off scale on the

.high side. At about the same time, the in-plant building

area monitors which measure radiation levels inside the fuel
handling and auxiliary buildings began to record increasinc

. levels from about 1 millircenteen per hour at 0700 to 100__
milliroentgen per hour at 0740. At about 0900, the readines

becan to increase acain and reached about 1000 milliroentgen'

per hour at 1000 hours. They continued to fluctuate at hich

levels for_about four davs. One or mqre o#_Q u e area cri-

tors continued to_ read on scale during the course of the_
__

_a c.cid en t ,

Gamma doses outside plant buildings and offsite were
measured by thermoluminescent dosimeters (TLDs) at 20 stations
located around the plant at distances from 260 to 24,000 meters.

The TLDs were in place as part of the routine environmental
monitoring program when the accident started. They were used
to measure integrated gamma dose over selected time intervals

,

during the course of the accident.
.

Measurements from the TLDs and in-plant area monitors

were used to estimate offsite doses from the release of radio-
active noble gases. First, it is assumed, for reasons discussed

in the body of this report, that radiation levels measured by
'!
,I area monitors in the auxiliary and fuel handling buildings are

t

{ proportional to the rate at which airborne gar:ma activity was
1 s

- -

These assumed relative release3,[ , released to the environment.

rates were combined with contemporaneous atmospheric dispersion

ii ,
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estimates to calculate ga==a doses for the exposure time period
and location of each TLD. Then release rates were adjusted so

that calculated doses best matched the TLD dose measurements.
Once the release rates were defined in this way, they were

used along with the same atmospheric dispersion model and weather
data to calculate doses at all offsite locations out to 50 miles.

EXPOSURE FROM AIRBORNE ICDINES

The best estimates of potential . maximum individual
'

ll(
F a-

thyroid dose from airborne iodine are about 10 millirem from ;
'

-

. .
air inhalation, and 1.1 millire$ from drinking milk. The best

estimates of population exposure within 50 miles of the site
due to iodine _ inhalation and drinking. m__i_l_k. ._are, respectively;
180 and 1100 person-rem to .the thyroid. -

Air leaving the plant vent was sampled, continuously
_

to measure radioactive iodine during the course of the accident.
- __

. - - --

These measurements indicate about 14 curies of iodine-131 were
released from the_ station vent through April 30th. Airborne

_ __

i h ne-131 concentrations were also measured at eight offsite
- _ - _.-- .. _ _ _ . _ __ _ . _ _

.. . - - .

locations. The offsite concentration measurements were ecmpared

with concentrations calculated using measured release rates

and weather data. The measurements and calculations were
_ used to estimate the offsite doses.

Preliminary evaluations __of particulate radioisotooe.s_

'in airborne efflu.e..nts indicate that these isotopes did not
, _ _ _

- - - _ ...

contribute significantly to offsite doses.
_

__ _ --- _ _ .

- -._

s
EXPOSURE FRCM LIQUID RELEASES

The maximum individual dose from radioactive materials
in water released from the plant during the course of the

.

iii
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,

accident is estimated to be much less than one millirem.
The corresponding population dose frem drinking water,
eating fish, and recreational uses of the river is less

than one person-rem. -

'

Analyses of samples from discharged water and the
river indicate that iodine-131 is the only si_gnific'a- 7,
accident-ge_ne.. rat _ed_ isotope released.. fr.cm .the..clant. The

, _. - .. -
- -

best estimate is that 0.24 curies were released from March 28
__

_ - _ - - . ___ _ ,

through. April 30..
- . . . .

Samples of river water collected downstream have
shown no increase over normal background concentrations
of radioactive materials except for four samples. Three

of these are from the Columbia WaAer Treatment plant, about
._17 miles downstream. These three samoles were taken within
the first five days _after_the accident started, They showed

iodine-131 concentrations slightly above detectable levels

but far below allowable limits. Iodine-131 was also detected
just above minimum detectable limits in one sample collected

on April 27 from the Wrightsville Water Treatment Plant

about 16 miles downstream.

~
.

e e
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. Surmnary Table

f Sununary of 1:stimated Of f aite Radiation Doses from the Accident at THI Unit 2

Estimated Integrated Dose.

Hiilsnum Individual Dose
ggI'.,

(mi!!irem)*

| [D |1|[[5Erom Release &

* ,
1:nvi ronmenta l f roia c . ,( f r-

pelease g Organ Disperelon 1:nvi ronmental Pop C.ation D3se Reference Section
Affected Models Heasurements _iperson-rem) in ReportMode Pathway | -

4

IIIDrinking water ' Thyroid (6) <0.04 (1.0 Section 3.3 & Apx1
IIIt'lah ingestion Thyroid (6) <0.02 <1.0 Section 3.3 & Apx

bI'3" I IIISwinuning, boating Whole body (6) <<0.01 (1.0 Section 3.3 & Apx
and shoreline

'activitica

Noble gases in plume Whole body 75 76 3500 Section 4.3*'
, ) * (',. .-(5) '-

tioble gases in plume Skin 200 (2) 7170 Section 4.3

Iodine inhalation Thyroid (chi d) 9.8 5.0 180 , , . ' Section 5.3' *

Gaseous Iodine uptake Thyrold(inf ant).p (4) 1.1 1100 ~* f- Section 5.3
through cow milk ~'

ingestion -

Particulate lootope (3) (3) (3) (3) Section 5.3
inhalation or
ingestion

;t-t 3ta t. . O oT fi k ! r r '.'

Iodine-131 was detected in only a few of the water souples collected and none af the other anuples. Concentrations
(t) uued in dose ansuusements are asisumed to be the sainimum detectable level.

(2) tio environmental information la available for this pathway.

(H Pruliminary evaluations indicate that particulate luotopen did not contribute alunificantly to offalte doses.
(4) tio cutimate from effluent release data l es included since environniental samples give more accurate results (Section 5. 3) .
(5) Includen it and y done to ukin.

(6) calculations based on estimated releases and river dilution are consistent with calculations based on
envitonmental mes.nusemento.

.
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1.O PURPOSE AND SUMMARY

When a general emergency was declared at 7:24 a.m. on
March 28, 1979, Metropolitan Edison in conformance with the
emergency plan, sent radiation monitoring teams into the field
and initiated an augmented environmental radiation measurement

.

program. The objective was to provid . information for those
who had to make decisions concer '.ng stabili:stion of the plant
and protection of the public. When this first priority

objective was being well served, an organized effort was
started within the first two days to assemble all pertinent

plant and environmental data as a basis for a more refined
estimate of integrated radiation doses in the environment

as a function of time and location. These dose estimates have
been made and are reported herein. They are based on releases

through April 30, 1979.

The report is divided into three parts : the first evaluates

offsite doses from radioactive liquids; the second, doses frem
noble gases; and the third, doses from radioactive iodine and
particulates. A compilation of all pertinent data

is included in the Appendices.

.
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2.0 REFERENCES'

The dose estimates reported herein are based primarily
on data from radiation and weather measurements =ade by and
for Metropolitan Edison Company during the full course of the
accident. Most of the radioactive releases to the environ- ,

'

ment occurred before extensive monitoring programs were

implemented by other groups. For this reason, only a small

portion of the large number of measurements made by other
groups has been evaluated. The data used are sufficiently

comprehensive to support a reasonably accurate assessnent of
offsite radiation doses. -

Each of the data sources used is discussed in the
following sections.

2.1 Measured Releases

Metropolitan Edison Company operates a program to measure
the radioactivity in liquids and gases released to the environ-
ment from the Three Mile Island plant. The program includes

continuous automatic radioactivity measurements and periodic
sampling and analysis of all potentially-radioactive liquid
and gas effluent streams. Sample analysis results are used
where available for quantitative assessments in this report.
Measurements made with automated monitoring equipment are, in
most cases, less accurate and/or less sensitive than those =ade
by sampling and laboratory analysis.

.

O
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Measured effluent data used to develop dose evaluations'
'

include:

(1) Noble gas: Measurements of radioactive noble gas

concentration in samples of air leaving the

Unit 2 vent.
.

Continuous measurements of radioactive
noble gas concentrations in air leaving
the Unit 2 vent (afterApril2{}.

_

(2) Iodine: Measurement of radioactive iodine con-
centration in air leavir.g Unit 1 and 2

vents (by passing a small continuo _ su

side stream through.cha.rcoal filter
- - - -. .. .- -

cartridges.)

(3) Particulates: Measurement of radioactive particulate

6y F 6,''' concentration in air leaving the plant"

C ' '''' ' & f hd vents (by passing a small continuous'

. ---- -

side stream through filter cartridge

collectors.)

(4) Isotopic content: Measurements in the airborne plume made

with helicopter-mounted instruments (COE
data).

.

Measurements of radioactive isotopes in

samples from the large charcoal bed , filter:
.

in the plant ventilation system.

(S) Ventilation System
Flow: Records of ventilation system operating

status.

(6) Liquid Effluent
Radio Isotope Measurement of radioisotope concentration
Concentration: In samples of liquid batches.. .

'
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Liquid Effluent
(7 ) Radioactivity Continuous measurements of radioactivity

concentration concentration in flowing liquid effluent
(cont'd)

streams.

(S ) Ilquid
Effluent Flow: Records of operating status, tank -

volume changes and ef fluent flow rates.

Data frem these sources is su=marized in Appendix C.

2.2 Estimated Release Rates

For periods when measurements of the radioactivity concen-
tration in releases were not available, estimates were made using

radiation levels measured in the environment along with weather

conditions measured at the meteorological tower, and/or radiation
levels measured by the area monitors inside the Unit 2 auxiliary
and fuel handling buildings.

2.3 Meteorological Data

Metropolitan Edison Company maintains a meteorelogical
tower located at tne north end_ of the island to support normal

plant operation and accident control. Data from this tower

were continuously available via redundant sensors before, during
and after the accident. They were used with atmospheric

dispersion models to estimate noble gas releases and to compute
radiation doses due to airborne releases. A description of the

meteorological program is in Appendix A along with tabula-dens
- of data collected during the accident.

2.4 Radiological Environment Monitoring Program (REMP)

For about five years, Metropolitan Edison Company has conducted
an operaticaal environmental monitoring program to evaluate the
radiological impact of TMI station operations by sampling and

-

O
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.

~ '

analyzing media frcm the acuatic, terrestrial and at=ospheric
environments in the vicinity of the station (within 5 to 10
miles). In accordance with emergency response plans, the

'Aprogram was intensified immediately following the accident.
summary of program rescits for the period from the start of
the accident through April 30, 1979 is included in Appendix D,
along with a description of the program and a tabulation of
all data collected.

2.5 In-Plant Area Radiation Monitors

Strip chart recordings of radiation measurements in many
areas in the auxiliary and fuel handling buildings were used.
These strip charts are designated HP-UR-1901 and 1902.

2.6 Other References

Many other references were utilized including:
(1) " Mechanical Flow Diagrams, Electrical One Line

Diagrams and General Arrangemen: Drawings, Three
Mile Island Nuclear Station - Unit No. 2,* by

Burns and Roe, Inc., April 1979.

(2) " Population Dose and Health Impact of the Accident
at the Three Mile Island Nuclear Station (A Preliminarv~

k,'A tct' assessment for the period March 28 through April 7, 1979)gugwn c
iO V /.( -"> by the Ad Hoc Population Dose Assessment Group,C'

C .%
*' '

; May 10, 1979.

(3) NRC Regulatory Guide 1.111 for dispersion plume medels.i # '
'

- tn.

G. (4) NRC Regulatory Guide 1.109 for environmental pathway
_

~ ~ ~

models.

(5) Three Mile Island Unit 2 Final Safety Analysis Report.

2-4
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(6) " Preliminary Report on Sources and Pathways of TMI-2
Releases of Radioactive Material", Draft, dated

6/22/79.
.

(7) " Preliminary Annotated Sequence of Events, March 28,
'

1979", Draft, dated 6/22/79.

.
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3.0 OFFSITE LIQUID REIZASE AND DOSES

3.1 Releases

3.1.1 Release Quantities

During normal operations, the two nuclear units at
*

Three Mile Island Nuclear Generating Station routinely release-

- . u

small quantities of radioactive isotopes in liquids discharced
to the Susquehanna River _in accordance with limits speci.fied by
the operating license. At the time of the accident at Unit 2,

Un.i..t. 1.had j u. s..t. b.een . refueled and wastes typical of refueling. . _ _. . .

operations were being treated and released. From March 28, 1979

to April 30, 1979, these releases included 10.7 curies of tritium
and about 0.3 curies of other radioisotoces as shown in Table 3-1.

- 2 --; . _ . . . _
_

The only significant radionuclide released to the river

from Unit 2 as a result of the accident was iodine-131. The best

estimate is that .24 curies of iodine-131 were released from
March 28 through April 30. Most of this was released from
March 31 through April 2 as is shown in Figure 3-1.

Although the release of iodine-131 in liquid effluents

exceeded normal levels because of the accident, all liquid

releases, including this iodine, were within acceptable release

rate limits specified by the operating license. Concentrations
in releases were within limits of federal regulations in 10CFR20.106

and 10CFR20.303. They did not exceed values in 10CFR20, Appendix 3,
Table II, when as the regulation permits, they are averaged over

twenty-four hours ,(10CFR20.303) or one year (10CFR20.106) .

3.1.2 Release Paths

The sources of the iodine-131 in liquid discharges were

the Industrial Waste Treatment System (IWTS) and the Industrial
Waste Filter System (IWFS). These systems which are shown

3-1
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schematically in Figure 3-2 are used to filter and, if necessary,
neutralize floor drainage from plant areas having low potential
for significant radioactive contamination. Following the accident,

small quantities of iodine-131 entered these normally non-
radioactive sumps and were pumped to the IWTS and IWFS. A

schematic diagram showing details of the streams feeding the '

IWTS and IWFS is given in Figure 9.3-4 of the Three Mile Island
Unit 2 Final Safety Analysis Report.

The secondary neutralization tank (Figure 3-2) was not a
source of any radioisotopes in liquid releases. It receives

liquid waste from a system in which raw river water is purified
for use in the plant. Since the system does not process plant
effluents, but only river water, no radioactive iodine would
be expected in it. Analyses of tank contents made during the
course of the accident has confirmed that no radioactive isotopes

from the plant entered this system.

Analyses indicate that the Waste Evaporator condensate
Storage Tanks (WECST) were the source of essentially all of the
radionuclides from normal refueling operations which were
released to the river including a trace of iodine-131 (about
1% of that discharged from IWTS and IWFS). They were not the

source of accident generated radionuclide discharges. These

tanks are used for hold-up of radioactive liquid waste in normal
operation. They are located in Unit 1, but receive liquid
wastes from both units. They are used to control batch releases
of radioactive liquid wastes to the Susquehanna River in accor-
dance with plant procedures and Technical Specifications and
governmental regulations. Each batch is sampled and analyzed

prior to release. After release, contents are diluted in the

mechanical draft ecoling tower blowdown before discharge to the
river. Releases frcm these tanks are controlled so that
calculated concentrations at the point of discharge to the river
do not exceed ten percent of maximum permissible concentrations
in 10CFR20, Appendix 3, Table II.
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3.1.3 IWTS and IWFS Release Measurements

Prior to the accident, effluents from the IWTS and IhTS

were not routinely sampled and analyzed because the potential .

for significant contamination of these systems was low. After

the accident, a program for regular sampling and analysis was
instituted. From March 28, at 0700, through April 30, all but

one of 17' releases from the IWTS and four of 12 from the IhTS
systems were sampled.

The five discharges that were not sampled are shown below:

Source Date Start Stop

IhTS 3/28 0400 0900

IhTS 3/31 0140 0430

IhTS 4/01 0130 0534

IWFS 4/01 1521 1915

IWFS 4/02 0515 1110

Concentrations and quantities of iodine-131 released in

these discharges have been estimated from data for subsequent

discharges for which measurements were available. Measurement

of iodine-131 in water samples collected from the Susquehanna

River downstream of the point of discharge (see Section 3.2

below) indicate these estimates are reasonable. Data from

a liquid effluent monitor which operated continuously at the
point of discharge to the river have been used to make upper
limit estimates of concentrations and quantities released in

these discharges. The best estimates and upper limit estimates

are described below.

.
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It is unlikely that any iodine-131 was released in the

unsampled March 28 disenarge from the IWTS. Routine sampling

(grab samples about every two hours) and analysis of contents

of the IWTS and IWFS began on March 29. Samples from the IWTS

on March 29 and 30 indicate no detectable iodine-131 in the

IWTS. In addition, the unsampled March 28 IWTS release was
.

terminated at 0900, just a short time after release of radio-

active materials to plant areas other than the containment

building. Because of hold-up times in feed stream su=ps, and

in the IWTS sump, and because no iodine-131 was detected in

two subsequent samples, it is unlikely that significant quantities

of iodine-131 were released during the March 28 IWTS discharge.

For purposes of estimation, however, the concentration of

iodine-131 in that release is assumed to be the average concen-

tration of IWTS discharges the period March 28 to April 2.-

A best estimate of the quantities of iodine-131 in the

four unsampled IWFS releases was developed from concentrations
measured subsequently in IWFS discharges. A sample from the

first post-accident IWFS discharge was collected on March 30

but it was misplaced in the sample storage area for several

weeks. When it was analyzed after it was located en April 24

there was no detectable icdine-131 in the sample. After adjust-

ment of the minimum detectable concentration for radioactive

decay of iodine-131, it was concluded that the concentration in
-7

.

the IWFS sump on March 30 was at most 5.6 x 10 VCi/ce. When

the IWFS sump was next sampled on April 7 (for the discharge
-6starting-April 6) the concentration was 3.4 x 10 uggjec,

Measured concentrations in the next three discharges from April

10 through April 16 varied over the range from 3. 8 x 10-7 uCi/cc
to 7.9 x 10-6 uCi/cc. It is assumed that the IWFS sump concen-

Oration during the four unsampled discharges from March 31 to
April 2 was 2.5 x 10-6 uCi/ce, the average of concentrations

measured in the IWFS sump frcm April 6 to April 6. On this basis

:he four unsampled releases contained a total of 1377 uCi cf

iodine-131.
.
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It is worth noting that from April 6 to April 10, measured

concentrations in the I',CS sump exceeded concentrations in the

LTS sump by about a factor of 10. If this was also true in

the period for which no nTS samples are available, the estimates

of LTS in this report, based on averages of subsequent LTS

samples, are reasonable.

An upper limit of quantities discharged in the four STS

releases can be established by considering information from a

radiation monitor, RML-7, which measured all liquid releases during
the period March 28 through April 30, including the unsampled

releases. This monitor did not alarm. Therefore concentrations

in water just before release to the river could not have exceeded
-6

the alarm point which for iodine-131 is 9 x 10 uCi/cc. Thus,

if the four unsampled LTS discharges are assumed to have

contained iodine-131 at concentrations just below the alarm

point, the total discharged had to be less than 0.5 u Ci. If

it is assumed to be 0.5 pCi then the total release of iodine-131

to the river from March 28 through April 30 would not have exceeded

0.75 Ci which is three times the best estimate of ' 25 Ci.
A total discharge of .75 Ci is still well within regulatory

limits (10CFR20.106).

Detailed data from each liquid release are included in

Table I of Appendix C. Daily release quantities are presented

in Figure 3-1.
.

3.2 Environmental Measurements

The radiological environmental monitoring program (RU.P)

conducted by Metropolitan Edison Ccmpany includes analysis of

river surface water, finished water from treatment plants, and

aquatic bicta. A full description of this program and a summary

3-5
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of results is provided in Appendix D. Three samples collected.
March 31, April 1 and April 2 at Station 7G1, the Columbia
Water Plant, showed levels of iodine-131 (0.4, 0.72 and 0.66

,

pCi/1) slightly above minimum detectable concentrations. One

sample, collected April 27 at Station 7G2, the Wrightsville
Water Treatment Plant, contained 0.49 pCi/l of iodine-131, also
slightly above minimum detectable concentration. Except for

the cases noted above, no gamma-emitting isotopes other than
low levels of naturally-occurring potassium-40 and radium-226
were detected. Tritium and gross beta concentrations were
within normal ranges. The low concentrations measurable at
Station 7G1 and 7G2 were consistent with estimated iodine
release rates for the same period if it is assumed that liquid

effluents were fully mixed in the river prior to' sampling

downstream.

3.3 Estimated offsite Exposures
.

Radiation doses from all releases made from March 23
through April 30 are extremely low; a few hundredths of one

millirem fur a person drinking water or eating fish from the river

or using the river for swimming, boating, or shoreline activities.

The dose to the population from these liquid ef fluent pathways is

only a few hundredths of a person-rem. These estimates are

based on an evaluation of REMP data and dose calculations performed

by Porter-Gert: Consultants , Inc. as reported in Appendi:: E.

,

s
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' Table 3-1'

SUMMARY OF RADICNUCLIDES
RELEASED TO THE SUSQUEHANNA RTIER

(3/28/79 - 4/30/79)

Activitf -

Radionuclide (C1)'

h)3 10.670g

51 3.5E-4

54 4.91v-4

~

58 0.022 , '#

60 6.9E-3g

95 4.83E-53
.

95 1.82E-4g

110m 1.25E-33g

131 0.2354 J,g 7
_..

" 132 3.44E-47

133 1.4E-4--- -

7

133 , 0.012 2 -

7

4 134 2.11t -3g

? 136 2.7E-4g

) 137 5.61E-3g

140 1.29E-3g

. 140 5. 9 9E-4
.- Sa

,

*131 !7 s the crJ.7 radiccuclide of sig=ificance released to the
river fr:m the Unit 2 accident of F. arch 28, 1979. C her isc : pes

cz=e pri=arily frem Uni: 1.

.
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i FIGURE 3-1 --
.

- "

( Daily Liquid Release.s of Iodine-131 ~
5 to the'Susquehar.na River. s
:
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I. iou 1D itE!.EAS13 FI,0W PATilS PRQtt TMI !! NITS 1 & 2
.

Waste
Effluent
From Itiver

')Water Purification .

Syatem (
(Non-Itadioactive) )

*

f
I

Y WECST A, D **
Secondary Unit 1 (Serves

'

Neutralization both UniLa) (
Tank
(Serves both Units) .** Susquehann.

14H,- 6 Rivert

Non- \
Itadioactive s 1

Station |

Diucharge I W l.- 7 , , ,
)

3

.C001ing r

hTower -

111oudown, ,,

INIOEtc. IWTS |

6
.

s-
)

Sumps U ""'P 8 I
Uniit 1, . 2 iUnit 1, 2

The Industrial Waste Treatment System (IWTS) and Induatrial Wante Pilter System (IWPS)*
collect floor drainage form arena.having normally low potential for contamination by radio-
active natoriala, but amall ounntities of lodine-131 entered theue nyutems after the accident.
UECST=Wante Evaporator Condenuate Storogo Tank**

Thoue tanku are the only cources of radioactive luotopen in 11guld diachargen
during normal operationu.

*** continuoun radiation monitors in liquiI dlnchaiqu linen which record and alarm in bhth control
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4.0 OFFS:"E NOBLE GAS REI,IASES AND COSES

.

The analyses =ade to estimate offsite doses from
radioactive ncble gases are' discussed belcw in three
sections. Section 4.1 deals with releases of radioactive
materials from the plant; Section 4.2 with radiation dose

measurements cutside the plant and offsite; and Section 4.3
with offsite dose calculations.

4.1 Releases from the Plant

Radioactive neble cases could have been released to
the at=csphere in leakage from the reactor building, in

steam released frcm the at=cspheric steam dump valves cr__

in ventilation air from_the auxiliary and fuel.handline

_buildines which is exhausted th ouc_h the clant vent.
_

Evaluations of these and other potential sources indicate

that the eniv sienificant releases cccurred frem the plant

vent. These evaluations are s,-ma-ized in the " Preliminary

Report on Sources and Pathways of IMI Releases of Radicactive
,

Materials,", dated July 16, 1979 (Rev. 0).

4.1.1 Plant vent Monitors

Strip chart records from all ncble gas radiatien

monitors locat,ed in the plant ventilation system exhaust
. have been examined in detail. They shcw no significant

radiation levels during the first three hours follcwir.g the
_ ___

-

~ reactor trip at 0400 on. March 28. Since the plant vent was
- __

_

, . _

the pathway for release of nchle gases, it is concluded thaty
_

no sienificant. releases cccurred from 0400 to 0700 hcurs.
|
I About 0700, hcwever, the plant vent monitors increased

rapidly to full scale indicating that releases had started.

&

:
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The plant vent =cniters are designed to =easure

very low levels of radiation during nor=al operation, and
to give plant operators rapid indication when these levels -

'DDincrease. They are not designed to provide infor=ation^
6Mwr

about releases of the magnitude experienced during the
2 ,__ _ - _ -. - M. ,

accident. Wnile they did show when significant increases -

. _

started, they went off-scale at too icw a level to be useful
~

in making cuantitative =easure=ents. Further=cre, because

of their sensitivity, thev staved eff-scale for a n M er of

days, beine affected not only by radiatien in vent gases,

but also by radiction frc= licuids, cases and/cr deeosited

solids _in_ the rec =s in which _the monitors are located and
bv radioactive materials decasited in the monitorine svsta-a __m

*ha-selves.

4.1.2 In Plant Area Radiatien Moniters

At about 0700, the same time the plant vent =cnitors

went off-scale, the inplant area =cnitors inside the_ fuel

hand 1 ng and auxiliary buildings began to record increasing

.
levels fr=m 1 =illircentgen per hour at 0700 to 100 =illircentgen

- .. _ ._.
___

_

_

per hour at _ 074 0,. At about 0900, the readings bec u to increase

again and by 1000 hours read about 1000 =illircentgen per hour.

They continued to fluctuate at high levels for about fcur days,
_

as is indicated _en Ficure 4-L One or more of these area =eni-
- _ ._...

tors continued to read on-scale during the course of the accident.
- .

Strip chart..reco.rdings frc= these =enitors provide
. - - . . . ~ - - - _-u...

information which was used to estimate the relative =agnitude
m . ---

. . . . . . . . . . _ . _
. . - . - - - _ _ . . _ _.

of rel_ eases from the plant as a function of time.

E.though these =cnitors respend to airborne radioactivity,
they also could =easure radiation frc= nearby 1ccal scurces
such as liquids and gases in tanks and pipes, as well as

radicactive =ater.:.als on filter banks. Ecwever, area

.
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=onitors in several different locations responded together

(but at different =agnitudes) , pericc:.cally rising as nuch

as an order of =agnitude to a peak, then returning to an-

elevated baseline. This suggests that they were responding

pri=arily to fluctuations in airborne radioactivity which

_affected all of them in about the same way, rather than to

local sources which would affect each one differently.

After the first day of the accident, upward fluctuations

occurred when the =akeup tank was vented, further de=cnstratine

that the monitors responded to events which released radio-

activity to the building atmosphere. Additionally, grab
~

samples from the plant vent on March 31 shown on Ficure 4-3,

agree well with the assumed noble gas release rates. Thus,

it is inferred that the recorded levels are primarily related

to the concentration of radioactivity in the buildine air.o

The assu=ption th'at area monitor levels are
proportional to release rates also depends on the subsidiary

assumption that the ventilation system exhaust was operated

at a constant ficw rate throughout the course of the accident.

This appears to be true with minor exceptions. Review of
_

ventilation system operations indicates that either the

auxiliary building fans or the fuel handling building fans

were on at all times after 0900 on March 23, when significant

releases began. The fuel handling building fans were only

off for a one-hour period starting at 0100 on March 29.

Therefore,' i.t is judged that area radiation monitor readings,
as su=mari:td in Figure 4-1, adequately characteri e relative

release rates.
m
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The fuel handling and auxiliary building ventilation

systems each have charecal filter beds for iodine removal. ,

Ivaluations of iodine inventories on charcoal samples from
.

these filter banks indicate about four times as =uch iodine
was collected on charcoal in the fuel handling building

.

ventilation system as on the auxiliary building charcoal-

(see the report entitled " Analysis of the Adsorbers and
Adsorbents from Three Mile Island Unit 42" by Nuclear

Consulting Services, Inc.). Assuming the noble gases were

released in proportion to the iodines, and considering that
the fuel handling building ventilation system operated

- ..
_ _ _ -

almost continucusly, it can be inferr.ed. that a greater

portion of the ncble gases were released through,the fuel
-

_ . . . - -

handling building to the plant vent. The principal area
- . . . . .. . .

monitor (EP-R-3 2 4 0 ) used to define the release trend on
Figure 4-1 is located near the filter banks which service
the fuel handling building and, thus, was in a good location

'

to have responded to the bulk of the. releases.

_.

There are openings between the fuel handling and

auxiliary building air spaces and the pressure balance is

such that flow occurs frem the auxiliary building to the
~ f'uel ' handling building. Therefore, measurements indicating

that a greater proportion of the releases may have been from

the fuel hhndling building exhaust system while the source of

feakage was probably in the auxiliary building are not

necessarily contrary to expectations.

The wide fluctuations in area =enitor readings sugges:

that the sources _of noble gas releases were intermittent
_
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and associated with the pa:hs of licuids and gases following
. _ - - ~ ~ - .. . . - . _ .

--

svstem. It does not seemt. heir letdown from the crimarv-_ x.' g . . .-
plausible, based on the available data, that a release of .

liquids from the reactor building sump into the auxiliary
building could have caused the observed area monitor responses
since changes in, area =onitor readings continued long after
the reactor building sump discharge line was isolated and the
reactor building was at subatmospheric pressure.

4.1.3 Noble Gas Mix
-

I ;'h It is assumed for purposes of this analysis that the
_-- _ i- " mix" of noble gas fission products released is, with_one. ! -

/

_. __ _me_as that calculated to be in the auclear iexception, the sa
- - . ,__ _ _ _ _ - _ __

_

fuel by the ORIGri_comeuter program. This program computes t
..

___

- n- . - . .

the quantities of fission products as a function of time
. . _ _ _ .-

~

following reactor trip based on the Unit 2 operating history
._

.. .._ . .-

prior to March 28, 1979.
.-

-_- . _ _ _ _ _ . . . - .
,

Comparisons of the ORIGEN results with measurements of '

i
_ |.

,,
- ~

isotopic =ix in samples of gaseous effluent show good agree- ;;;
a,

a 3i.ment except that measured values of Xe-133m were about
66

factor of 6 lower than ORIGEN predictions. Following an

evaluation of assumptions in the ORIGEN program, it was
decided that the =easured Xe-133m fraction was more appropriate

and ORIGEN results were modified accordingly. The resulting
P
J noble gas six versus time is shown in Figure 4-2. Dose cal-
s. culations which follow are not sensitive to the relative

quantities of Xe-133m which comprises only a small portion of
the mix.

.
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Isotopic analyses of noble gases found in the plume by'

-

- -_ . .

DOE helicopter monitoring teams have al;so.. bee.smade. A pre ~.

11minary analysis made by bOE of a plume sample taken about
' -

12 hours after the accident showed the presence of Xe-133,'

- - _-

Xe-135 and Kr-88 in crocortion to ORIGIN eredictions. Krveton
- - - .:-

--

, - - _: -

would not have been expected if the only =ajor source of nobl,e
_ _ _ - . __

gas releases had been i_o__d_.i_ne._d__e_c_.ay in th.e._auxi. l.iary buildin5
-

~ - - - - -

sumo.
A

. The released mix is compliq,ated_by the separation of the
noble gas and iodine isotoe g during the changes in the
steam-water-air environment in which the isotopes were trans-

ported for days after the accident. Iodines tend to re-'ir

with the liquid phase whereas noble gases remain with the
gaseous phase. Additionally, iodine isotopes decay to produce
many of the noble gas isotopes. Thus, it is not obvious that

the mix in released gases would be like that in the fuel had
-

4.'there been no fuel failure. Nonetheless, it is judged that

i; the ORIGIN results represent a best estimate of the mix.

4.1.4 Procedure for Estimating Noble Gas Releases

Assuming the radioactivity levels recorded by the area
monitors provide a relative indication of the release rate

of noble gases, and are not sufficient to establish the
actual quantities released, an iterative procedure was
developed as desc::-ibed below to estimate noble gas releases:

_

.

@
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Step 1: Define area monitor indications (R) as a function

of time as shown in Figure 4-1.

.

Step 2: Determine the relative quantities of each isotope

with respect to the predominant isotope, Xe-133

using results from the ORIGEN computer program with

corrected values for Xe-133m (Figure 4-2).

Step 3: Dete= tine the dose equivalence f actor using the fol-

lowing procedure, assuming area monitors respond in
direct proportion to ncble gas energy levels as follcws:

40.4E R (1)'

_4

where:

release rate (uCi/sec) of isotope iQ. =
1

gan=a energy per disintegration (Mev) ofE =
4

isotope i*

s

area radiation monitor indication (rcentgen/hr).R =

This expression can be expanded for any given time as

fo11cws:

_. __ ._ _

R (2)QE11+OA22*0A33
=. . . .

and, using the relationship of each isctope to Xe-133

frem Figure 4-2:

.
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Q t

= 1 ( 3.)f.
1 Q 3

.

Values of Q , the release rate for Xe-133, as a function
t

,

of time can be written as:

ff[Q (c) a (4)'
1

.

where the dose equivalence factor F (t) is:

E1+f2 (t) E2+f3(t)5 ...fn (t) 5 (5)F (t) =
3 n

Release rates Q (t) for other isotopes are then obtainedg
using Equation (3).

.

Step 4: Establish a set of trial release ratac for each isctope

proportional to 0 (t) ccmputed above and use then1
.

along with the diffusion =cdel to compute ga==a
doses around the site perimeter based on =easured

ensite meteorological data. These data include

quarter-hourly wind speed, wind direction and vertical

temperature difference frem which atmospheric dis-'

persion estimates are made as a function of time. A

dose calculation is made for each quarter-hour and

results are su=med over the exposure time for each

TLD monitoring station. Input meteorological data

are discussed in Appendix A. .

.

The dispersion =cdel utilizes a finite plume =edel to-

compute ga=ma dose to a ground level receptor in

accordance with precedures outlined in NRC Regulatory

4-8
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Guides 1.109 and 1.111. Ocwnwash in the wake of a

large plant structure is accounted for by using a

"rixed-mode" model which accounts for building wake
.

effects on the plu=e when the wind speed is above
'

certain levels. Atmospheric dispersion models and
input assu=ptions are described in more detail in

Appendix 3.*

Step 5: Eaving ecmputed ga==a dose at each TLD monitor site
using the trial set of release rates, the results

are compared with TLD data and the trial release rates
i

are adjusted according to wind direction to provide

the best match at each TLD location which had readings

substantially higher than background. This was done

for each of the firsu four TLD measurement intervals.

Table 4-1 gives the final release rates after adjustment.

.

The above procedure was used for the period of = cst signifi-

cant releases during which plant vent noble gas monitors were

unavailable and environmental TLD doses were =easurable, starting

on March 23, 1979 and continuing through April 6, 1979.

The initial trial release rates for Step 4 am m ''y assumed

releases in units of pCi/sec for each isotope proportional to area

monitor readings in roentgens per hour and inversely proportional

to the dose equivalence factor in accordance with Equations (3),

(4) and (5). This gave good correlation between calculated doses
~

and corresponding ~LD measurements except for releases during the
afternoon and evening of March 28, during '..hich time winds were

- - -- . - - ..... -.. .

blowing toward the NNW (see direction arrows on Figure 4-1) .
-

-
~

Ccmputed doses at the NNW TLD were a facter of 2 lcwer,than measur-. . - - . . . - - -
_ -__

=ents. Consequently, isotope release rates for Mar =h 28 frem

4-9
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1600 through 2400 were increased by a factor of two. Doses

calculated to the DIE were coo high. So Q values were

reduced by a factor of 1.5 on ilarch 29 at 0300 and by a factor of
2.0 on March 29 at 0600. With these adjus cents, the agree =en: '

!. between calculated and meaasured doses was satisfactory for-

sk those locations with relatively high =easured doses. During

portions of the 9-hour period of adjustment in the evening of
March 23, so=e of the area monitors were reading off-scale.

_ ...-_ _____ ..._ .. .. , -

This suggests that the upward adjustment in release rate made for
this time period =ight have been supported by the area x:nitor
data had these data been available.

Table 4-2 su== arises results and shows comparisons of cal-

culated and =easured ga- a doses for each TLD location and
=easurement interval prior to April 6. The ratio of predicted to

measured doses was chosen as a si=ple indicator for comparing

results. In determining release rates, more importance was placed
on matching TLDs with high readings. As a result, for the TLDs

with highest exposure , the ratios are close t=- 1. 0. Average

ratios for each pericd are greater than 1.0, which would indicate
that average estimates of noble gas release rates are high.
There is considerable scatter in the ratios for TLDs which =easured
very low doses.

Table 4-3 st==arizes predicted versus measured doses for
each TLD location over the total period of exposure through April 6,
1979. The ratios of predicted to measured dose are not as

widely scattered for this longer period as they are for the
shorter periods in Table 4-2. The accuracy of calculated doses

is discussed in Secticn 4.1.6 beiow.

4.1.5 Estimated Nchle Gas Releases

Using the procedure outlined above for esti. mating release
rates, the total nu=ber of curies of each sicnificant noble gas

.

*
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isotope released was calculated fur each of the,four :--a periods
corresponding to TLD measurement intervals. The results are

shown in Table 4-4. They indicate about 10 million curies of ,

noble gases were released through April 30. About 81% of the
,

total was Xe-133. About 66% of the total was released during'

_

the first day and a half .after the. a.c. cident...s.t..arted. Ancther
1

-_ - ~~ . . . . . ,

22% of the total was released in the next two days frem March

29 at 1700 to March 31 at 1600. On Frida.v m.,orn_ing, March, 3.0,
3 - . . . . . - ..

a short-term. radi.a. tion measurement of 1200 mi'' _i-== cer hour
'

~ . - - . . . _.
-

_

- :. a m -,a .

j was made by a helicopter stationed above the plant vent.
Although it received considerable attentier, the release rate

associated with *u s measurement did not result in significant

ground level doses as ccmpared with those which had already
occurred.

Figure 4-3 shows the est'" ted noble gas release rates

through April 30, 1979 versus those derived frca labcratory

analysis of grab samples and, after April 22, from continuous

noble gas effluent =enitors.

4.1.6 Accuraev of Calculated Doses, N OTC. ; WTEAM f)05U
-

ChlLY )
For the time period when i11 significant noble gas releases

occurred, doses calculated by the procedure described in the

previous section are within a facter af 2 of those measured for

13 of the 16 TLD stations which are 600 meters or nore frca plant

buildings (Table 4- 3) . At the other three of these 16 locations,

the calculated doses were 3 to 4 times those measured. For

the *4*e peried when exposures were highest, calculated doses at
11 cf these 16 stations are above one millirem. At 8 cf the 11

calculated doses are within a factor of two of these measured.
At the other 3, they are a factor of 2 to 6 higher.

.

4-11



- .

The most significant uncertainties in calculated versus

actual doses are probably due to the difficulty of accurately
-

accoun*d'g for the large influence that turbulenu wakes fr==
.

adjacent struct=cs may have on dispersion of the plu=e. This

is especially true since the TLDs with high readings which were
used to calibrate the atmospheric dispersion =cdel are also the

ones at locations scst influenced by this turbulence. Scme

uncertainties are due to the difficulty cf =cdeling meteorclogical

conditions conducive to " puddling."

A study was made to compare doses cc=puted using the chosen
dispersion model with those computed using two other dispersion

,

models which bound it. The resulting ce=parisons are shcwn in

Figure 4-4. One bounding model assumes the p1 me released frem
the plant vent r e d s elevated, unperturbed by turbulent building
wake effects. The other assumes all releases are trapped in

turbulent wakes behind plant strucuures so that the releases are

effectively at ground level. The chosen medel, on the other hand,

is a mixed =cde medel which combines both elevated and ground

level releases depending on wind speed. Winds frcm each direcuion

travel over a different set of building configurati:ns. These

differences are not accounted for in any cf the models used.

Ecwever, the bounding calculations probably.ence= pass these

differences. Appendix F illustrates the estimated effect that the

building wakes have on plume geometry. -

In developing the isotopic release rates following the

procedure in Secti'en 4.1.4, emphasis was placed on =atching
calculated doses with OLD =easured doses in the NNW direction ,

sector since TLD measurements were highest and the wind was

relatively steady in this direction. Inspection of Figure 4-4

shcws that results frem the chosen mixed =cde =cdel were well
matched with measured doses in this direction.

.

4-12



.

.
.

.

Ideally, all measured doses would be within the values

ccmputed by the bounding =odels. Ecwever, as shcwn in Figure

4-4, some measured values are within the bounds and scme are .

not. For several directions all three models predict higher

than measured results. Significant mismatches may be due to-

low wind speeds and meandering plumes after the first day. s

Ecwever, offsite doses were relatively low when -"ase con-

ditions existed and significant errors during these ti=es

have a nelatively small effect en total ti=e-integrated doses.

. .

The sensors used in the area monitors are G-M tubes which may

under-respond to the predominant isotope, Xe-133. Additionally,
,

the gecmetry of the source in the roc = in which the area

monitors are located =ay affect the relative dose readings

of these instruments. This response may change with time
as the isotopic mix changes. However, these effects are not

expected to introduce substantial uncertainties in the estimates
of the relative releases.

Uncertainties in TLD dosimetry for relatively high doses

compared to expected background are less than dispersion =cdel
uncertainties and should be considerably less impcrtant by

ccmparisen. There is scme evidence that the TLDs may have

over-respended to Xe-133 (see Section 4.2 and Appendix G) ,
hcwever, for the first few days following the accident, other

isotopes for which the TLDs do not over-respond centributed
significantly to the total dose making any correction

for Xe-133 of less importance.

Additicnal uncertainties may have been introduced into
the analysis by assuming that release rates corresponded to
area monitor fluctuations. Ecwever, during the period of

expected highest release rates, starting on the afterncon of
the first day, winds were fairly steady and it wculd be unlikely
that combinations of changes in dispersion and release rates

. .

that wculd maxd ice dose would coincide in such a manner as
to cause an unrealistic assessment of dose.

-



..

.

It is conceivable that plume neander during periods of

low wind speeds may have caused " puddling" in such a way that
a volume of the plume passed over a given TI.D more than once. .

Since the plume model does not account for this behavior,
such conditio$1s could cause errors in the calculated dose.

t) However, for most of the t"_ a during the period of highest
-_

_ . . . . - . -

area monitor readings befor.e.. 06 0 0. .o.n..M.. arch.. 29....-(see Figure 4-1) ,
- . - . .

_
-

a fairly well established plume in t,h.e..NNW and WNW directions'

. _ ~~_ % ___ ~ . _ _ _ .

(; existed. This is illustrated in Figure 4-5 which shows plu=e

centerline trajectories starting every 15 minutes during the
periods of highest releases on March 28. These trajectories

-. . . . . ... . _ .

are developed from weather data measured at the site. They
- --_ - = . ..

sh'ow the existence of a steady (non-meandering) plume #~ ""
= - - - . . . . ,

s . .lin.g. Furtherouddnorthwestern sectors and do not show any
..

verificat:.on that puddling did not exist during this period has
been sought by studying COE helicopter data. However, no flights

were conducted during the evening of March 28 when major releases
occurred. Data freu ground observation teams are of value only
beyond three miles because during this time the plume was
tracking up the river in areas which were inaccessible to the

.

ground teams.

4.2 Invironmental T!.D Measurements

Metropolitan Idison Company conducts a routine environmental
radiation monitoring program including use of stationen

thermoluminescent' dosimeters (TI.D 's ) which measure integrated
ga=ma dose. They are in place at all times at 20 locations as
shown on the map in Appendix D. Most are within several =iles

of the plant, but a few are located up to 15 miles away. These

desi=eters were in place in the field at the time the accident
occurred. Dosimeters in the field were replaced with fresh

dosimeters every one to three days following the accident, and
.

.
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the collected dosimeters were evaluated te deter =ine trends
for dose rate as well as the dose accumulated since the
beginning of the accident. These data represent a ecmprehensi.ve ,

measurement of doses due to noble gas releases at the locations
monitored. Table 4-5 provides a s - mr of significant TLD
mesurements through April 30, 1979. Background has been sub-

.

tracted as described in the footnotes. No other adjustments
.

Additional infor=ation concerning the dosimeterhave been made.
=enitoring program is contained in Appendix D.

Shortly after the declaration of an emergency, schile

=onitoring tea-= were dispatched by Metropolitan Edisen Cc=pany.
A police heliccpter was used during the early hours of the respense

to assist the =enitoring teams since the onsite meteorclogical

tcwer indicated winds toward the west over the river. These

teams were equipped with instruments which measured dose
rates frem airborne radicactive material (primarily noble

gases with Xe-133 dc=inant) and with air samplers which were

capable of collecting airborne radicactive materials other

than noble gases for later laboratory analysis.

".;m the second day on fellowing the accident, release

rates varied over a wide range and frequent wind shifts occurred.
This ccmbination of events caused radiation levels to fluctuate
rapidly with t e at any single location. The emergencyi

response survey teams had to =cve from place to place follcwing
de transport'of airborne radioactivity. Because of the

fluctuations in radiation levels and the short monitoring periods

at any one location, data ecliected by survey teams are not the
best available for the determination of ct=ulative doses and
they were not used in this assessment except in attempts to

-
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determine when noble gas releases were significantly higher
.

than baseline values.
-

.

.

%

Thermol" i nescent dosimetry measure =ents used in this
report are from dysprosium doped calcium sulfate dosi=eters

An evaluation of the responsesupplied by Teledvne Isacces.
of these dosimeters to the icw-energy photons from Xe-133 is
provided in Appendix G. The conclusion of the evaluatics is

the dosimeters did not under-respond to Xenon-133 in fieldthat
in the field wasexposure conditions, and that over-response

'

probably no greater than a factor of 1.5.

Results of a study made for several directions with highest
exposures to estimate the fraction of the dose contributed by
Xe-133 for the first two 2 exposure periods are shown in
Table 4-6. As noted on the table, the total dose contributed
by Xe-133 is not the same in each direction. This occurs

because the wind direction and relative a=ount of each isotope
change with time. Relative contributions to the dose from

of
,

each isotope also' change with distance due to the height
the ple=e above terrain as well as changes in plume dimensions.
No corrections were rade in this assessment for possible C
over-response to Xe-133.
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4.3 Estimated Offsite Doses

Mathematical models for estimating doses to individuals

and populations normally use known isotope release rates along
'with atmospheric dispersion models and meteorological parameters.

However, since atmospheric releases of noble gases were not'

monitored, release rates estimated using the procedure in

Section 4.1.4 above were u. sed to estimate doses to individuals
at locations not monitored by TLD's and to the population

within 50 miles of the plant. For these calculations, the
, -- _. .

.. . .
-

n
-

atmospheric dispersion model described in Appendix B which had
been previously used only for estimates at TLD 1ccations close
to the plant was extended to a distance of 50 miles in each-of

16 direction sectors. Figures 4-6 through 4-9 are isopleths
showing estimated whole body gamma doses to distances of 1, 2, 5

and 50 miles, respectively. These estimates are ba:.ad on
esti=ated noble gas release data as well as the at=ospheric
dispersion and dose models in Appendix B. Figure 4-10 repre-

sents an isopleth of the beta portion of the skin dose.

4.3.1 Population Dose Estimates

population dose estimates we.e computed using the straight-

line dispersion =odel and site meteorological data to compute

the whole body dose each hour at 10 locations downwind out t.o l%,,,

t _ - -

50 miles in the sector in which the wind was blowing. These ; ''
l

'a hourly doses were adcec for all hours in the perice after the

accident extending to April 30, 1979 and multiplied by the

population in each of these 10 distances. The estimated 1980
population given in Appendix 3 was used....Resul.ts of.this

analysis indicate that the aggregate whole body dose to the

population within 50 miles (about two =1111on people) was
,

about 3500 h rson-rems frem noble gases released through
{ April 30, 1979. This estimate does not consider the effect of

occupancy and shielding due to housing or other structures which

i b t! 'i TMb NAM OUT TH6. hOIVL#-TlO d NY C D :'
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-
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could reduce dose estimates. Figure 4-11 shows the estimated
population doses as a function of time following the accident. .

n e

A similar calculation was made to determine the population

skin dese. For this case the beta contribution was computed

and su==ed over the population grid and the'n added to the
whole body population dose. The' beta contribution was 3670
person-rems which when added to the ga m dccse of 3500 person-
rems gives 7170 person-rems to t.5e skin.

Uncertainties in the population dose calculation are

estimated as follows. First, the population doses were com-

puted using the bounding dispersion =odels for ground and
elevated releases discussed in Section 4.1.6 along with the

esti=ated noble gas releases to obtain 4197 and 3418 person-

rems for the g cund and elevated cases, respectively. If the

source term had been overestimated by a factor of 2 using the

ground level release =odel as discussed in Section 4.1.6, the
population dose would be 4197 + 2 or 2098 person-rems. On the

f,otherhand,iftheplu=ehadbeenelevatedresultingina
__ _

-

-.

factor of 2 underestimate, the , population dose would be 3418 x
2 or 6836 person-rems. Thus, the uncertainty estimated in the

,

'

3500 person-rem population dose is considered to be within a
,f .

| factor of +2 based on the at=cspheric discersion model.
1-

There is some evidence that channeling of the plume within

the river and " puddling" due to wind meander at certain locations
may have occurred, hcwever, this is =ct expected to have a

significant affect on overall population dose calculations.

Restrictions in plume growth in the river valley could result
-,, -_

js\ in less dilt.ition.than calculated at ground level at certa,in- _- -

4 .: locat on5'~over the r,,i_v_e.r a_t distances beyond several miles.
%

- - -
,

6 -e.,

r

1 a GtfATE. D0565
,
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.However, this effect should not result in significant increases
.

in populatic.: dose because there are generally fewer receptors
_

in the :-iver valley., concentrations in a plume cannot increase,

thus if plume reversals or puddling occur within the hour for
.

which the dose increment is ccmpuued, the additional dose would

be less than that assumed to have been delivered in the hour.
If puddling persists for more than ene hour, and one populations

g cup is being affected by such a " puddle", the radioactive
materials in the puddle could not affect any other group at the

sa.ne time. Thus, no significant increase in population would
_. - . . -

be expected. Effects of any puddling that occurred near the

rite would have been =easured by the TLD's.

4.3.2 Maximum Measured offsite Deses

Table 4-5 si ei::es net ga==a doses based c= =easurements

frem the TLD =cnitoring program. The highest offsite intecrated

whole bcdy dose measured at any TLD location tE cugn April 28
was'7$78' dilideS dove'bac5kground at Station 4A1 located
about 800m ele frem the plant. For purposes of this discussion

_

"offsite" is assumed to be locations greater than 600 meters

frem the plant that were known to be occupied folicwine the
.

accident. The accumulated doses measured.at the Goldsboro

[ Station 1231) and Middletewn (Station 1G1) TLD =cnitoring
stations over the same period were 11.9 and 9.1 millirem above

_ - _ _ _ _ , _

background, respectively. There are some uncertainties inherent
'

in =easurements of doses of this icw =agnitude due to normal

flue.uations in background dose. This uncertainty does not

affect the maximum dose of 76 millirems for which the accident

centribution was substantially greater than fluctuations in

natural background.
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4.3.3 Maximum Calculated offsite Doses

3.v contrast, as shown in Table 4-3, whol_e bcdv . dosee-- --_

niculations at these same TLD monitor locations using the

oscimated noble gas releases resulted in doses of _43.3_=r.em.-

800m ENE 21.5 = rem near Goldsboro on the west river bank;

and 29.9 mrem at Middletown. Inspection of Figures 4-7 and
-

= _ . - - . ~

4-8 shows that the maximum estimated offsite dose was about
75 mrem at several locations in the WW, NNW and NNE directions.

These estimates are about a factor of two higher than doses

measured by the U.Ds in the same general areas reported in
Section 4.3.2 above and are likely to be overestimates.

Sincts beta radiation frcs ncble gases cannot be reliably

measured in the environment, skin dose due to beta radiation

was calculated based on the noble gas scurce term developed
using the p ccedure in Section 4.1.4. The dose mode used is
described in Appendix 3. Figure 4-10 shcws an isopleth of
estimated skin dose due to beta radiation in the site vicinity.

These values =ust be added to the gam =a dose to obtain total
skin dose. The ccmbined beta plus ga==a maximum skin dose is
est4 ated to be less than 200 millirem at occupied locations

near th2 site. Aboun 125 rillirem of this amount is due to
beta radiation. No reduction in beta dose is assumed for
the protective edfect of clothing or for occupancy factors.

The above calculations of maximum dose were made for
i

locations near the' site that were known to be occupied after

the accident. Subsequently, the "Ad Ecc Cc 4 tree for Dese
'

and Health Impact of'the Accident at the Three Mile Island

.

.

'
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Nuclear Station" reported that an individual had been working

on Hill Island to the NNW for about 9-1/2 hours (frcm 1000
'

- to 1630 en March 23 and from 1100 to 1500 on March 29).

An additional dose calculation specifically for this

location was made using methodology described herein and the

estimated noble gas releases from Table 4-1 for this pericd.

Meteorological conditions and dose calcula~tions were updated

every quarter of an hour during the cccupancy period. The

total whoir body dose was determined to be 23 millirem, which

is considerably below the highest offsite exposures of 75

=illires.

4.3.4 Time Distribution of Offsite Dose

Figure 4-12 shows the whole bcdy dose rates estimated to

have occurred as a function of time after the accident at the

TLD locations near the site. Doses are given for each cuarter

of an hour as indicated by t.he vertical lines for the represen-

tative TLD location in each direction sector. Each line rep-

resents the dose in =illirems that occurred during the given

quarter-hour period. As shown, the major portion of the re-

lease travelled to the NNW between 1600 and 2400 on March 23.

4.3.5 Fraction of 10CFR20.106 Maximum Permissible
Concentrations CMPC) for Noble Gas Isoto=es

Using the estimated ncbie gas source term in Table 4-1, a

computer run was made using the best-estimate atm spheric

.
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dispersion model (see Appendix 3) to determine the annualized

fraction of MPC limits in offsi~.e areas occupied after the

accident. The relationship used for this determination is ,

as follows:

R

[ Q.
n

* i=l~M[(X/Q).Fraction of annual MPC =

it=1

8760 .

where:

a:=ospheric dispersion coefficient applicable forX/Q =
g

hour t (sec/m3)
Q4 release rate of each isotope i for hour t (uCi/sec)=
.r-

maximum permissible concentration of isotope :.MPC, =

3(uci/m )~

hour of releaset =

total hours of releaseR =

total nu=ber of isotopesn =

Figure 4-13 shows an isopleth of results for ncble gases.
;t+
| The concentrations were averaced over a ene-vear ceried as'-

I allevad by 10CF7 2=r* 21 Results show that MFC concentrations II
offsite forwoul.d have been exceeded in only a few locations,

noble gases and most of these would have occurred in areas

not' occupied after the accident started.
.

4 This 6-fLE/rTLN O N DER. ESTW TES TH T- SF/00.7-TER M
Ocse.5 R.FC@.NEO th'r A Pt.TuS

-
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Table 4-4

Estimated Quantities (Ci) of Each Hoble Gas Isotope for -

Release Periods Corresponding to TLD Heasurements
3/20/79-4/30/79

,

.

*3/28 0 0700- 3/29 0 1700- 3/31 0 1700- 4/3 0 1600- 4/6 0 1400-
'

_ Isotope 3/29 0 1600 _3/31 0 1600 4/3 0 1500 4/6 0 1300 4/30 0 2400 Total

Xe-133 4.DE6 2.lE6 1.lE6 2.7E5 1.5E4 8.3E6
*

,

' '

Xe-133m 1.2E5 3.9E4 1.5E4 1.9E3 0 l.7ES
i

~

Xe-135 1.5E6 7.7E4 1.4E3 0 0 1.5E6

Xe-135m 1.4E5 1.3E3 0 0 0 1.4E5

Kr-88 6.lE4 0 0 0 0 6 lE4

'

'6.6E6 2.2E6 1.lE6 2.7E5 1.5E4 1.0E7.

h [o UtLLtotJ
( t) P.t f. L

*Tlie last three weeks of the month are combined into one group since the contribution is less
than 1% of the total. The estimated quantity released during this period is based on offluent
measurements.

.
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Figure 4-29.
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Figure 4-1

Trend of Auxiliary and Fuel Handling
Building Area Radiation Monitors

(Primarily from HPR-3240 at the 32Sft Level in the
Auxiliary Building)

Arrows indicate hourly wind direction, each bar on *

arrow indicates 3=ph wind speed

Indicates wind toward north
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Figure 4-7

Istimated W.cle Body Dese (millirect)
Within a ?ao Mile Radius

(Period of Recc d 3/23-4/6)
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Figure 4-8

Istimated *inole Body Dese (millirec)
Within a Five Mile ?.adius
(Period of Record 3/28-4/6)
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- Figure 4-9

Estirated Whole 3cdy Dese (millirem)
- Withir a 50 ud'a "adius

(Period of Recc d 3/28-4/6)
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Firare 4-10
Istimated Beta Dose to Skin (millirem)

Within a Two Mile Radius

(Period of Record 3/23-4/6)
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Figure 4-13

Estimated Fraction of Annual MPC for Noble Gases
Released After the Accidenc

(Peried of Record 3/28-4/6)
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5.O OFFSITE IODINE AND PARTICUI. ATE FF %SES AND DCSE3

5.1 Releases

During ene period March 28, 1979 through April 30, 1979,
about 14.' --des of iodine-131 and 2.6 curies of iodine-133 were -

released to the atmosphere f cm the ventilation syste=s of Units
1 and 2. The small , fraction of the iodine discharged f cm Unit 1
came f cm Unit 2, probably through the Fuel Handling Suilding shared
by the two units. Preli=inary evaluations of particulate radicisocopes
in airborne effluents indicate that these isotopes are not a

significant contributor to offsite doses.

.

These estimates are ba sed on analyses of air e=.=ples f cm
the ventilation systa~:. Air leaving the plant through the

ventilation system is centinously sa= pled for radioactive particles
and iodine by drawing a small side stream through a filter which
traps particulate isotopes and a treated charecal cartridge which
traps icdine. The filters and cartridges are changed periodi-
cally and are analy:ed in the laboratory to deterrine radioactive
isotope concentrations in the effluent air. After the accident

started, iodine samples f:cm Unit 2 vent sa=ples (EPK-219) were
collected and analyzed every other day. For the tew short periods

when cent.:.nuous sa=ples are not available f cm EPR-219, release
rates have been est N ted by interpolation f cm data taken

before and after. These interpolations are supported by analyses

of continuous air samples drawn from the several air streams which
flow into the Unit 2 vent during these periods. .

.
.

- Table 5-1 shows the estimated average release of icdine
versus time f:cm the plant vent through April 30, 1979. For

purposes of the dose calculations release rates given in detail
in Appendix C, Tables 3 and 4, have been g:cuped in perieds during
which release rates were reascnably constant. The selected perieds

and release rates are shown in Table 5-1. These periods are typically

about three days long. Shorter time perieds are used during perieds
of, rapidly changing release rates. ,
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- 5.2 Environmencal Measurements

In additien to sampling air in the plant ven'tilation exhausts,
Metropolitan Edison reutinely and continuously samples air for
radioactive iodine and particulates at specified 1ccations both

on and offsite as a part of the Radiological Environ = ental Moni- .

toring Program (REMP) described in Appendix D. This envizcamental. .

monitoring pregram also includes sa=pling of vegetation and milk.
The program was in effect at the me of the accident and has
conti: red with a higher than normal sa=pling frequency since the
accident. Appendix D is a tabulation of measured data and a brief
discussion of the program. Results from this program indicate that

iodine-131 was the only radioactive isotope or particulate iso-

tope released in significant quantities. Iodine-131 was detected in
air and milk sa=ples, as discussed belcw, and was also detected in
some grass sa=ples.

.

5.3 Thyroid Dose Estimates
.

Of the particulate and iodinc isotopes released, iodine-131
accounts for essentially all the offsite dose. This dose results

f:cm cencentration of iodine in the thyroid gland if air centaining

iodine-131 is inhaled of if milk f cm cows which have eaten grass

containing iodine-131 is ingestied. Two methods were used to
estimate doses. In cases where sufficiently sensitive measurements

of iodine-131 concentrations in air or milk were available, they

were used to calculate doses. Otherwise, measured release rates

and =eteorological daca were used in the dispersion model described
in Appendix 3 to calculate concentrations of iodine-131 in air and
milk. The first method was used primarily for assessing maximu=

.

doses to individuals and the seccnd method was used primarily for

assessing aggregate doses to the population within fifty miles.

idhere possible, both methods were used and results were ccm-
pared to aid in determining that the limited nu=ber of sampling

-

,

S
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points reasonably reflected the maximum dose to an individual and
'

to aid in assessing the accuracy of the results obtained using che
mathematical model.

5 . 3,.1 Thyroid Deses Based on Effluent Daca and Dispersien Model -

5.3.1.1 Inhalation Pathway
.

As a part of the calculation of offsite inhalation doses
from iodine-131, esti ates were made of the average iodine-131
concentration in air, at all offsite locations near the plant.

Results on Figure 5-1 show the highest average concentration from
March 28 through April _30 to be 6.6 pCi/m# about 2400 meters west
of the plant. If an adult had obch ied this location throughout
the accident, the inhalation dose would have been about 7.3 mrem . .

' - [= ''
'

as shown in Figure 5-2. Because of differences in thyroid size
~

and breat$ing rates, the dose to a child would have been slightly1 ,'

- 73:

higher, about 9.8 = rem. Enm
5LCHi

The population dose due to inhalation of iodine was
estimated using the release rates and the hourly dispersion
model to compute inhalation doses at each population grid location
(see Figure 3-1 and 3-2 of Appendix 3). These were then

' multiplied by the population in each sector and su==ed. The total

population dose was estimated to be 180 person-rems to the
,

populatien within fifty miles of the plant (about two million
.

[6s ~ (30 Hitt.too Peort r:. k/erte. cy rosso
/>J A/.E,C)$peoplet. .

N .Y. ; FA . ; H D, ; )J- EUGLn t > D)
'

Measurements of airborne iodine-131 concentrations near Three
Mile Island are useful in assessing the uncertainties involved in

estin ting concentrations (and doses) using release rate and
meteorological data with the dispersion =edel. An illustration of

the =agnitude of these uncertainties is given in Figure 5-3, which
cc= pares airborne iodine-131 =easured concentrations versus calculated.
Data in this figure are presented in Table 5-2.

.

5-3
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' Data in Figure 5-3 suggest that.the calculated airborne ,

iodine-131 concentration is 12.kelv to be within a f actor of 4 - .', i, ~3'
.-

Lc' that measured. As shown in Figure 5-3, 14 of 23 cc=parisons l'
'

were within this range a.,d calculated values are =cre likely to

be higher that these measured, ?.he data in Figure 5-3

include all data collected in enc RF.MP frc= March 28, 1979 through -

April 21, 1979, except for Station 8C1 during the period April 3
through April 12 when data were cuesticnable.

Sc=e caution should be used in interpreting the four points
on Figure 5-3 with =easured concentrations less than 0.05 pCi/=3 .

The'se points represent stations at least 20,000 meters frc= the
plant,. and one or =cre of the three individual samples cc=prising
the set used to deterrine a single point contained iodine'131 at
levels lower than the icwer li=it of detection. In such cases, the

concentration was assumed to be zero. F.xcept for the four points

under discussion, this assu=ption dces not affect results. For

these four points, however, actual concentrations =ay have been
somewhat higher than this tre..a - m of =easure=ent rt:sults wculds'p -W - -,,

_

p

indicate. A =cre accurate treatment would =ove these points
-

hori entally sc=ewhat closer to the line cf agreement.

.

It should be expected that (the performance of) the atmospheric

' dispersion =cdel is less accurate for calculating ground-level iodine-|
1 ,13.1 concentration than for calculatine ca==a doses (section 4). The i

icalculated gar d dese is a function of airborne radicactivity cen-
centratien integrated for significant spatial volumes around the

receptor point whereas the ground level iodine concentration is cal-

culated for a single point. Furthermore, calculated ga==a dose does

not depend as heavily en plume height as ground level concentration

does. Thus, for any particular location, the ga==a dose calculatien

is :alatively less sensitive to uncertainties in the deter =inaticn of

plume height and the spatial distribution of concentration about

the ple=e centerline.

-g_ TH 6R.E EDD.F T-131 INHALAT!0 U DD5E5 MAM
'

l~

HAW. Geeta I T (Hss LARGr51 .
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5.3.1.2 Milk Pathway _

Population doses from ingestion of milk produced within
fifty miles were also estimated. These estimates were developed

using detailed ccw inventories out to 5 miles. Beyond 5 miles, -

county milk production rates were used to estiwate cow populations
assuming each cow produces 34 pounds of milk per day. Milk pro _

I duciten rates within a 50-mile radius succest a =ceulation of about.x
N j.300,000 dairy ccvs. The population density in sectors to the ENE,

E, ESE, and SE is about_75__ cows cer scuare mile which is approx-
There is evidence f cmimately 2.5 times that in other sectors.

~ stored feed is an.c ,. population surveys within five miles that
ir portant fraction of the dairy cattle diet. Supporting evidence
n:-was found on page 2.1-4 of the TMI-2 FSAR which shows chat in
three counties near the plant only 5 to 10 percent of the land is

2
used for pasture. At the grass yield (0.7 kg wet /m ) specified

for dose calculations in Regulatory Guide 1.109 (Rev. 1) , pasture'

grass from 7.5 percent of the land within fifty miles of the plant

could provide only twenty percent of the diet for 300,000 cows

each censu=ing 50 kg per da t. For these reasoni and since warnings

had been issued to keep cows in barns during the period following

the accident, it has been assumed in making estimates of doses
I due to const=stion of milk that pasture Vrass accounted for ?enp. ,

I -~ --

-,perce-t of the average ccw's diet. All =ilt produced was assumed'

i; - -

to bu consumed in the form of fresh milk. Conversion to cheese

and.other processed-forms would lead to reduction in doses due to
decay of.the iodine-131 during processing and suorage.

.

- The portion of iodine that was released in organic form
, does not deposit on grass. It was measured periodically n the

exhaust vent and found to be at least'50 percent of the total on the

average. This has been taken into Eccount in making the thyrcid c
'

dose estimates.
~ ~-

I-

- _

4 Brr T% ftvae. D t D Wr 6Tho A, fD M M5 I
.- - ,

# TH(s NE Gt.ecTs 1-13 l TH&T PA5560 THROUGH OPEd
GAME AND WAS F(UTr:rti:D - O L / T j is) THE $TDRCD l-/,h.I
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Iodine concentrations in milk were estimated using the

at=ospheric dispersion model previously described and iodine uptake

models which are the basis for Regulatory Guide 1.109. Details cf

this calculation are shown in Table 5-3. The population dose was
'

estimated by calculating the average iodine concentration in milk -

produced in each sector within 50 miles. The sectors and cow
w ,

pcpulations in each sector are shown in Figure 3-1 and 3-2 of

Appendix 3. Results were then multiplied by the amount of milk

produced in the sector and added to determine the total population

dose. Results of these calculations indicated the pctential for

population thyroid doses to be 110__0 eerson _re=s due to consu== tion
of milk produced within fif ty miles of the plant.

_

_

This estimate is likely to be higher than the true population
_

dose. In a test of the model for three locations at which suitably

sensitive analyses of iodine-131 in cow = ilk were available, doses

calculated using the =cdel with assumptions noted above were ten

to fifty times those estimated from measured concentrations in milk.

.* The estimates based on reliable =easured cencentrations _a: e cer-
_

-
_

_ _ - . .
-

tainly =cre ac~~ % because the =cdel 5Fust simulate the =rocess of
<- -- p ~ _ _ _ . ~ .-

- - '

_._

; ! dispers cn in air, cepos:.t on on grass, anc h adsport frc= grass
- - - - - . -I.,-

N to milk, each of which is subject to sc=e analytical uncertainty.
.

- w

As shown in Figure 5-4, the points at whien milk sa=ples

were collected in the RDiP are representative of those locaticds
__

where highest concentrations of icdin.._e-131 in = ilk would be, expected,
_ _ _ . _. __

based on calculated iodine-131 concentrations in air. Because of

this fact and because conserva*.ive results were obuained in the
test described above, the =cdel was dee=ed unsuitable for accurate

assessment of m * mum doses to individuals consuming milk.

- Ecwever, this =cdel is considered suitable for assessment a
,

pcpulation doses even thouch it leads to substantial cverestimates.'
'

heastred concentration of icdine-131 in the many = ilk samples col-
'

lected w '53- #4# y miles of~the plant are not useful for makingd

UO: IT Meeu cT5 Au Cows' 6eVma $D m_.e |
.
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a population dose assessment. Measurements of iodine-131 in milk

collected by organizations other than Met cpolitan Edison at dis-

tances beyond a few miles indicated no detectable concentrations

f'for the most part. However, the sensitivities of these measurements f
~ ~

are not sufficient to provide an accurate peculation dose esti ate.
IL o

_. , . . _ . . _ . _

5.3.2 Thvroid Doses Based on Environmental Samples

.

The above dose estimates have been made independently of

measured iodine concentrations in air and milk. Measure =ent results

in Appendix D int'.icate peak iodine levels in goat milk to be less
,

than 110 pCi/1, with an average f cm March 28 through April 30 at 1gft _ -
,,

j any one sample location of about 29 pCi/1. These figures apply W
u

to goat = ilk collected at 1ccation 131 (see Appendix D), about-

one mile north of the plant. The ce= parable values for cow milk

are 21 T','l pea'k and 2.4 pCi/l average a: location 733, 1.4
miles SE. If an infant hci been consumine milk produced at these

locations from March 28 through April 30, 1979, his dose is g :,:. --

estimated to be 1.1 millirems from cow milk c 13 ~417 i ---s f cm , ,Cy_7 ? _ _ _ _ . . -- .#- --

gcat milk. However, as noted in Appendix E, the goat milk is not bJ c
i w ~ ( *:. ~

_

now being used for human consumption. Airborne sample results

(Appendix D) indicate that the hi.ghest averace airborne iodine con-
- . _

_ _

centration at any location f cm March 28 through April 30, 1979
3-

was 3.3 pCi/m which would result in an adult inhalation dose -

r s,

of'3.7 millirems and a child inhalation _,dese of 5.0 millirecs. O I ?-!R':
These values are slightly lower than the estimated adult inhalation -

: :.
thyroid dose of 7.3 millirems and child inhalation dose of 9.8 *-

millirems based on effluent releases and weather data as discussed

in section 5.3.1 above.
- .....,,,

4 Coy.nze$ knTe W .G m AV & 31
W M u Ar B 86-H1 c r- :4 4 46
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Tab]1 ~1'

Smoothed Icdine Release Rate Octa
Used Ln Ocse Assess =.e==s

Start Cate I-131 Release Rate
(yr. =c. da. hr.) pCi/sec

!

.- > %
7.9032304 4.2 .

79032819 22.7
'

79033022 2.7
79040106 9.7
79040303 2.3
79040319 7.0
79040519 0.43
79040615 3.7
79040706 6.9
79040803 12.7
79040909 0.,46

790410' ' 3
79041119 2.2
79041323 4.1 ,

79041410 6.6
79041505 8.6
7904150S 14.0
79041513 6.0
79041616 11.0
79041624 3.0
79041716 5.5
79041804 7.5
79041808 2.0
79041914 5.5
79042022 1.5
79042213 2.5
79042304 1.0
79042312 3.8
79042316 1.5
79042406 - 0.80
79042516 0.50

.

G
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Trible 5-2 '

Calculated Versus Itcasured Concentrations
of Iodine-131 In Air (pC1/m )

'

(3/20/79-4/21/79)

3/20-4/3 4/3-4/12 4/12-4/21
ationi Distance Direction Calculated Measured Calculated Measured Calculated l{easure

9G1 21000 S .90 .22 .09 .02 .12 .02.

201 2600 Wfni 16.733 0.26 7.35 .50 3.66 .21.

(close to
W )-

SGI 24000 'llW .42 .61 .12 0 .26 .02

S2 640 11 2.43 0.00 1.29 .36 .22 .32
.

c1 4200 il 3.42 3.01 .61 .16 1.23 .16.

AL 640 E 1.73 6.9 1.29 1.72 .03 2.09

l'l 14500 SE .05 .17 - .30 .31 .22 21

C1 3400 SSE 4;30 7.39 1.06 * 1.12 .23
,

Measurements for each period are based on time-weighted averages of concentration measured au

follown:

Data for 3/20-4/3 are based on sampleu 3/22-3/29, 3/29-3/31, 3/31-4/3 with 3/22-3/29 results

adjusted to the period 3/20-3/29.

Data for 4/3-4/12 are based on samples 4/3-4/6, 4/6-4/9, and 4/9- i/12.

Data for 4/12-4/21 are absed on unmplen 4/12-4/15, 4/]S-4/10, and 4/10-4/21. .

. . . , . r ,e, , , , ,. , . , , , , , , , .. . ,,,,i .. i, . 3 , ,1 .i .., , c .. . ._.
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TA3LE 5-3-

.

Calculation of Population Dese Frem Milk Ingestion
.

, , 1
*

**E I- b "ID = f *f *y a*5 Og * Fm * Ymp *g*Fd*

eff -V --

time space

,

j k 5) -

k j

where

population dose (person-rem)D =

fraction of feed f cm pasture, 0.1 (see text)f =
p

fraction of organic iodine in iodine release, 0.5f =

(see text)

effective re= oval constant from vegetation, 49.3 yr"A ,ff =

v areal vegecation density, 0.7 kg (wet)/mY =

rate of consumption of feed by cow, 50 kg (wet)/ dayO =g

transfer factor frem cow feed to cow milk, 0.006 day / literF =
m

milk yield for cne cow, 5640 liters / year or 34 lb/ dayY =
3

(from local agricultural statistics)

age weighted milk consumption rate, 137 liters / year-persenU =

age and consu=ption weighted ingestion dose factorF =
d

for iodine-131, 3.8 E+08 rem-liter / year-curie
_1

iodine-131 radioactive decay constant, 0.0861 day -A =
4

delay t ~e between milk production and consumption, 2 days4t, =

number of cows in sector segment j (see Appendix 3)N =
3

iodine-131 release in time period k (see Section 5)Ok
=

deposition' parameter (m-2) , .(see Appendix 3)D/C =

.

Unless specified otherwise above, values for all =arameters
are based on values- in USNRC Regulatory Guide 1.109 (Rev. 1),
October, 1977.

.



.

~ .

FIGURI 5-1- -

Istimated Fcaction'of Annual MFC_(FMPC)-

for Icdine-131 f cm 3/28/79-4/30/79
IIIWithin '"we Miles c: Three Mile Island

.

s N.
s

' 10.002
- s.

g--

,e.-..~. g

i s is' 's gg

'.st . i

ss 0.004 i
e

:s -

4I /

's#

| t e
' ' 'sI
i # s

i ,' s,
#i I

1 / *3 s
#

. s - .
s * ' \. . .i ! s i

!( / ,' 's .' .0008
, ,

*

:
| s e s * 0.002'

'

s '* t. + ' O.001O.00 .' / '

P l = .-i .

' '' '
'. O.006'

i
s i .

* {
8

e .

i ss i

.'' ' '0.002 s . .

t .6008 | /i

i i i ,
i

,e *
i i

\
k. ','s

i 0.004*

i ie

r , ,
s, %,

i s i ,
*

',
-

i i ,s
i i si s s

e.-, s s

.
5, '. 0.002'-

,

s
.I0.001 \' *'

Scales
,

, ,
s ,

s
'

's 1200m.

.

(1)Ccnce:::ations are based en measured release rates and site me-- ' :-
clegical data used with a straight-line dispersien medel. .t'-

10CFR20, App. 3, Table II maximum penissible concentration :..
iodine-131 in air 1 x 10-10 uC1/cc. Concentration avecaced ever --

pericd 3/28 - 4/30 is calculated as fcilews:
~ '

1I12 * 8760 * 1 gp{ ;>- f{t.C = FM;C * 12-10 * .,
v.i

,
g ,

'

pC1 uC, _Ci-ce hr ceriod
m3 cc u'Ci-m3 yr nr
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Figure 5-2

Esti=ated Adult Inhalation Thyroid Ocse
n . ve .v.-- s c- ..w ee A.4.,. s 3 . .a ( 1) -e4 43 :d4.we - - -.

Frem Icdine-131 Released Frem 3/23/79 - 4/30/79 Millire
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Calculated versus P.easured
concentrations of Icdine-121
in Air at Three ".11e :sland

Isvi. n= ental .v. cast:::.ng S tata=ns.
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Cow Locations and RFMP Milk Sample ? cists
W_4 w 4 .,. a. .r 4 . e .u.4._1 e Rad.4 t,ss.. .

With Isopleth of Concentration
3'of Iodine-131 in Air (pCi/m )

Averaged Over the Pericd 3/28/79-4/30/79
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7.O RECCPM.INDATICNS

The quality and large quantity of data available for thi_
report =ake it unlikely that new information will turn-up which ,

substantially changes the dose assessments reported herein. But,

if such info. ation exists it is i=portant to find it and assess

the effect.

Consequently it is reco== ended that:

1. The systematic review of new information related
to dose assessments should be continued to identify
and evaluate any important effects it might,have
on the dose assessments in this report. This

recc=mendation applies particularly to a large

body of environmental data collected by govern-
mental agencies in the early days following the
accident. Oniv a cart of -his data was available
for the preparation of this recort. The recem-

mendation also applies to any plant data which
-4,.w. .,,w,. w.. . ,= . e 4 . 4 4 ,, - e 4.--~-. ..t =e..

_

carticulariv noble cas isotoce releases.

An i=portant part of the uncertainty in the calculation
of doses from noble gases stems from the limited information

s
7available for characterizine noble cas releases frem the accident.

'

The second recommendation is aimed at improving capabilities
for obtaining that kind of information in the future.

,

Consequently, it is recc= mended that:

2. An integrated review should be conducted of all
radiation monitoring programs (including in-plant

area monitoring, effluent measurements, and
environmental measurements to evaluate the capability

.

- A r w .s w o g T rs u e N T e n.u A >._ doses ARe,kJOT 4t.cutArb
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.
.

.

2. (cent'd)
.

for determining the nature, the_ pathways, the fates,
__ _

and the imcacts of radioactive isot.e=es .wh.i.ch._nicht- - . -

he released through plant pathways _into the environ-
- .-- ._ _

'

ment in normal and accident._ conditions. To be

ccmprehensive, the review should also consider
predictive capability. "'he report resulting frc=

this review should identify modifications which would

improve these capabilities and should include an
assessment of limitations in these capabilities.

If, in the future, it becomes desirable to improve the

accuracy and reduce the uncertainties in the dose assessments,

the atmospheric dispersion models used could be i= proved.
Experience in doing the dose assessments shows that the fccus
of such improvements vould be better definition of the effects

of wind direction change, better estimation of the effects of

dilution in the wake of plant structures and better estimatien

of plume height. It is unlikely that work in this area would

lead to substantial increases in the dose assessments provided

in the bcdy of this report. However, some decreases might

result.

.

.

e

.

.

-- . _ . . . _ . ..
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3.ac,a.oactive ..oc.ine Concentration in t:1e.

Feta.. .. .ulnan .. .lyrolc. C.
- .... . . . ,
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, , ..

::ron1.? a. .-out
William H. Beieru,nites, M.D., Hornce R. Crnne, Ph.D., Andrey Wegst, M.S.,
Norma R.Spaford, A.B nnd Edncnrd A. Carr Jr., M.D., Ann Arbor, Mich.

Radioactive iodine, I"', from nuclear weapons
testing has been reported to be present in the
thyroid glands of adult cattle, swine and sheep, in A study was made of the occurrence of
the fetuses of these sheep, and in adult human I"' in human fetal thyroid glands appar.
beings.' Since I"' passing from the human maternal ntly resulting from I"' received by the

| tc te fetaTeirculation will be concentrated by thefetal thyroid gland as early as the third man'th of Iother types of population contamination.
iother from nuclear weapons testin; or

! gestation,' we should e'7pect the presence hiI"' in I Radioactivity compatible with I"' was
-'

! liiiman-fetar thyiBid' glan'ds". This ' activity results # found in the hmnan fetal thyroid gland.~

' from I"' received by the mother from nuclear The maximum concentration of I'"' wu

weapons testing or other types of population con. ''65 uc per gram of fetal thyroid tinue.
tamination. We wish en report on an investigation 79'17per zram of adult hos thyroid
we have made of the concentration of I"' found in TnTdE* and 22.9 ye per gram of adult
human fetal thyroid glands. The concentration of thy.r_eid tissueDhe highest activity found
I"' was apparently msuficient to cause hypcthy. on a reagent blank was 10.0 ye. The cal.
roidism or thyroid caremoma. culated maximum total radiation de.

livered to any numan fetal thyroid gland
Method was 0.0 radE. The average total dose was

Sources of Specimens.-Twenty-seven ht.mac 0.05 raus. r xtrapolations from data on
fetal thyroid glands from OS 'p'fEsiscieiTvere ob. animals suggest that it is unlikely that
6iined af the time- of abortion, caesarean section, this quantity of radiation would produce
premature labor, stillbirth, or neonatal death dur. hypothyroidism or carcinoma of the thy.
ing the period b'ov. 12.1958, to Aug.1,1959, from roid gland,

_

four hospitals withm a racius of T0' miles of Ann .

Arbor, Mich.
Only fetuses aced,J.;nonths through term still.

(, birth (except for~'one new6stn inist, 3 weeks Ef thyroid disease were obtained at autopsy on the~

,

Igefwere used in this study. Twelve human adult fetus, by examination of the medicai records of the
.} thyroid glands nnt from mothers of these fetuses, mother, and by interview of the mother. These

'

were also colFeeted from autopsies 'at" University data are presented in the table.
Hospital Nov. 19, 1958, through March 31, 1959, Preliminary Treatment of ThyroirTClamis.-Mast
and analyaed. In addition,25 adult and fetal hog thyroid glands used in this study were dissected
thyroid glands were collected during the period free of the fetus by the pathologist within one hour
Jan. 6,1959, to July 8,1959, from a local abattoir after delivery of the fetus. Histologic sections were
and used as controls. These bogs were all from obtained on many thyroid giand spec: mens to
Washtenaw County (around Ann Arbor, Mich.). identify the tissue as thyroid gland. None of the

Data on ace of fetuses, causes of death, condition sections showed a signiScant degree of autolysis. If
of fetus, histcrv of maternal systemic disease, ma. chemical extraction of iodine from the thyroid tissue~

'

ternal thyroid 'cr iodide med'catien, or maternal had to be delayed, the tissue was immediatelyi
** " @FTm@ w& C el"

r== um4,c.,e- .t3.. .a 4 .,, .c ,.a.oi..,v. a
ph.sm.anocy a.d the 11wmad Reseamh L.nhorusoev. Kiceve Medw.a the time of analysts. The Cnem1 Cal extraction was

. .

o a n- I,"II"a"''.",*!/O*, "l'I c,' |"i soc,,,7 e..,
always begun within a period of one hour to thre-

D.IIT/". ca.c..
"

m, . 7. issa. days after de,n,ve v or, the fetus.

f+ (6P- (W
_
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Care of Apparatus.-All apparatus and instru. made up the reagent, blank. Digestion and dis-.

g ments used for analyses of human and hog thyruids tillation were carned out as desenbed above.
in these experiments were stored and used sepa. Recoceries.-In order to test recoverv, six addi..

.rately from all other equipment in our laboratorv. tional experiments using 0.03 to 0.2 c of I"' in the
A second complete set of apparatus was used for form of added carner-free Nal"' or in the form of
recovery experiments. It was never used for un- I'*' already incorporated.into thyroid tissue were
knowns. At the beginning of this study, pipettes carried out. The mean over.all recoverv was
were not isolated as described above, but in 73.6". = 6.2 (sta7n ETd c'TviatiLnl. Counts made at
the latter part of the study separate sett of vanouT stages of the procedure showed that most

pipettes were also maintained for each type of of the loss occurred during drying on the Elter
;

i expenment. paper.
Counting of Samples.-The Blter papers contain-

ing the dried distillate were counted side by side in* " = " *
a windowless gas-Bow Ceiger counter surrounded
by an anticoincidence ring of C-M (Geiger-Muller)

, , , , , , , , , , , , , ,
'

counters 61 cm. in length and 5.7 cm. in diameter.,,,,o,,
" ' ' " " " " " -

The counting assembly was housed in a cave of old
iron bricks with a m'inimum thickness of 8 in. A* " ~ ~

.,o,

' " ' " " , ,, f 3 na diagram of this assembly is seen in figure 1.sec ==

I -
77w The' background count in the counting chamber

% not canceled by coincidence counts from the ring of,

i "ag",,,, Ceiger counters was approximately 1.6 counts per, , . *
~~~

" " * " " minute.
Fig.1.-Diagram showing assembly of low-background Each sample was counted for four hours or more

C-M coimter in which filter papers were counted. and background counts were run overnight. Since
.

the counts occurnng in the countmg chamber not
Chemical Extraction of I''' from Thuroid Tissue. canceled bv a simultaneous pulse from the coinci.

-Chemical extraction of I'** from thyroid tissue dence ring increased proportionally with an increase'

consisted basically of four steps: mechanical prepa- n the counts canceled bv the coincidence ring, all
ration or the tissue, digestion with oxidizing agents, . uncanceled counts were s'tandardized to a canceled
distillation of the I"' out of the digest, and drying count of 25 counts per minute, an average value.
of the collected distillates. Fresh thyroid tissue was Samples showing activity greater than twice the
dissected free of fat and weighed. If the thyroid background count were recounted weekly mtil the-

tissue weighed less than 1 Cm., normal rabbit fall in e unt rate showed a plateau.
serum was added to supplement the protein content
to a total weight of 200 mg. (the estimated amount O u-i. siet.. pof protein in 1 Cm. of thyroid tissue). The tis- ,

Ouaii.4 xiao.- ..

sue was minced and transferred to a digestion
I u.s.s.a. h.

.

Eask contunmg, in analyses of hog thyroids,3.5 ml. s

reagent,40.0 ml. of sulfuric digestion reagents and 5, @Qand in all other experiments 2.5 ml. of chromic acid i

WMglass beads.* Parts two and three of the Hyeel ;4

tein["Hormone Chemical Company's modiScation of the .-

original Barker method * were followed, as de- M**

| Q|senbed in their procedure manual * with the follow- :
~~

ing two modiS:stions. At the suggestion of Dr. | | d. |||'
Barker,* the distil' ate was collected in a trap

*a '=r = .ui.r sua sen actsolution containing 0.1 d sodium arsenite in 20". * '*** '***'***'**''***'**'
sodium hydroxide rather than into a solution of

*"* ""'"**
sodium hydroxide alone. No arsenious acid reagent
was added to the centrifuge tube into which the rig. 2.-Frequency at stomic blasts in 1958.

distillate was drained.
The distillate was poured into a micro-buret and A line of best at was calculated from the data,

dripped slowly onto Elter paper disks measunng assuming a single isotope decay rate. From this line
22 mm. in diameter. The disks were supported be- the half-life of the radioisotope counted was de-,

tween slits in two waxed paper cups and a stream termined. Because the half. lives thus determined
cf warm air was used to facilitate diving. agreed closely with the half. life of I"', the activity

Reagent Blanks.-Eleven reagent blanks were of each sample was calcalated back to the day of

prepared and counted during the period from Nov. fetal delivery, using the decay rate of I'''.
30,1958, through July 23,1959. Three mdhliters of The over.all efEciency of the counting system
stored normal rabbit serum,2.5 ml. of chromic acid was found by drymg a known volume of a solution

reagent, and 40.0 ml. of sulfuric digestion mixture of I''' containing a known number of disintegra-

J u . _ _
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tions per second on Elter paper, a cascrioed above. alS% greater concentration of I"' than was found

This standard was then counted in th. usual man-
in the mother's thyroid.

It is of interest that the twin human fetuses 13 andier. The over-all efBeiency of the ccenting system
was thus found to be 14%. This value included the

14 showed only a 9% diference and twin fetuses 25

loss of activity durmg the drying process, about and 26 showed only a 39% diference in concentra-

26%. With this knowledge the = umber of micro- tion of I"', The total thyroid gland I"' content of
microcuries cf I"' per gram of fetal thyroid tissue the tv .ns in each instance was roughly the same,

and per total thyroid gland was calculated. even though the concentration of I"' difered.
2. Fetal thyroid gland I"' concentration de-

Results creased during the penod December,1953, through 3
Nuclear Weapons Testing.-Figure 2 is a bar March,1959, with an apparent half-life of about

graph presenting the frequency of nuclear blasts ao % 4

durmg 1958 by the United States, Creat Britain. m. ine variation in concentration of I"' from one
and Russia.* fetal thyroid gland to the next is roughly tenfold to

A maximum atmospheric concentration of I"' twentyf'old during the period from November to
would be expected to occur during the last week of February. The variation in concentation then ap- /
October. Our sampling began less than two physic _a1 pears to become less as the concentration in all
half-lives after the last blasts.Te~have not been specimens falls between Februarv and May.
imormeo of tne occ5strence'of any further nuclear

g %pcgp.I 77 % .weapons testing during the period of November, O.
Oe--

- O e1958, to August,1959. *

Data on Human Fetuses and Their Mothers.-
'Ibe table presents data on human fetuses and their ]

.
-* -

' " ' ' ' -

mothers. Repeated counting of extracted material " C 3 7 '"m

from seven fetal thyroid glands collected over the .

a acier .64=
period Nov. 24,1958, through May 12,1959, gave

-
, g'

f '!values of radioactive half-life ranging from ~.5 to
9.8 days and averaging 8.4 days, roughly the half- Q*, e I;>f ,i ei* ,

.
O*/life of radioactive iodine, I"' (8.1 days). - 't ' . .c

Although the median I"' content of the reagent : A
*

'.>C* .C * .*

' <.
a '

blanks was equivalent to only 2.1 ye, the maximum -

*
-

I"' content was equivalent to 10.0 yc. This maxi. ,ffs*'/ , " ".*

'*
oum is higher than the fetal thyroid gland I"' "j / .

MA '

concentration of all but eight fetuses. Excluding :
./"N i ..-

the dates Nov. 30,1958, to Dec. 23,1958, however, D ''~
.

the activity of reagent blanks never exceeded 3.5 .

s per gram. Only two human fetal thyroid glands
-

e
were obtained during the above interval. Excluding .a . ,o - - - , - - . ,

these two fett.] thyroid glands, only eight fetal thy- Fig. 3.- Comparison, by month, of concentration of I"'

roid glands failed to exceed the maximum reagent in thyroid stand specimens and in rescent blanks.

blank activity of 3.5 ye. These eight glands are r: 4, ---- r -1. -
-

scattered fairly uniformly throughout the period 4. The concentration in fetal thyroid gland speci-

Feb. 27,1959, to July 24,1959. mens in may builds up progressively through four

Figure 3 presents a comparison of the concentra- successive specTens'to a peax nuisdiedford Th.
~

tion of I"' in the human fetal thyroid gland to the crease, with no similar rise in hog thyroid'gisdd or
concentration in human adult and hog thyroid reagent blank I"' concentration.

1"' Content and Feral Age.-Histological studyglands, and in reagent blanks during the same of human fetal thyroid tissues demonstrated that
period of sampling. colloid-containing follicles were clearly evident inIt is important to note that the plot in Sgure 3 on
a semilog scale minimizes the apparent fetal thy, all specimens past 4 months of fetal ace. Our data

rosa gland. peak concentrations of I"' 'and tends to suggest that th7 iets! ~thWoid Liana weight in-

em'~phasize small variations in " activity in sampJn creases,until 7 months et age ano dien reacnes a ,

contaimng little activitv. The following observations plateau. No corre:atwa is apparent between I"' '

from figure 3 are noteworthy.
ednc'entration ~m tne humaa stas thyroic ano ige ' (,', /.

1. These_ for groups of samples may be listed in of cne retus or weight of thL thyroid glanc arter . d.7
order of averag decreasing concentration of radio- the tourth month of cesexttt:rr. c g"f
activity as follows: fetal thyroid gland, hog thyroid NeEtion''c7 Content of Feral Thyroid ccith e. 4 ,'

gland, human adult thvroid gland, and reagent Condition of Fetus and Thyroid Status of Mether.- . ' ^- f,.

No relation was observed between the cause of ';%/
blanks. Generally, the fetal thyroid I"' concentra-

death in the fetus and the I"' concentration of the
,

'

tien is 2 to 10 times''c'reater than the human adult
thyroid I"' concentrinTd'anUnows greater var:a- thyroid gland. Fetus 4, with the second highest
tion. One group of pooled hog fetal thyroids showed concentration of I"' in his thvroid gland, died at ----

D M illM @ hy ~
~'

me a
.

. . - _


