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RES PONSE TO ACKERMAN TESTIMONY 
PRICE­ANDERSON HEARINGS) 

Note by the Secretary 

The following communications to the Joint Committee on 
Atomic Energy concerning the testimony of Adolph J„ Ackerman are 
circulated for the information of the Commissions 

A. Letter to Chairman Holifield, JCAE, from ¥. D. Manly, 
Chairman, ACRS, dated July 20, 1965 

B. Letter to Chairman Holifield from Chairman Seaborg 
dated July 22, 1965, with Enclosure A (AEG Staff 
Comments) 

W. B. McCool 
Secretary 
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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
UNITED STATES ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20S4S 

JUL 2 0 1965 

Honorable Chet Holifield 
Chairman ; 
Joint Committee on Atomic Energy 
Congress of the United States 
Dear Mr. Holifield* 

In response to your request of July 6, 1965, we wish to make the 
following comments on the prepared testimony of Mr. Adolph J. 
Ackerman, presented at the recent Joint Committee hearings on the 
extension of Trice-Anderson indemnity legislation. 
Mr. Ackerman states that there is a tendency on the part of the 
management of utility companies to abdicate responsibility for the 
safety of their nuclear plants* partly because of the indemnity 
provisions of Price-Anderson legislation. The Committee has seen 
no evidence, during its reviews of nuclear reactor proposals, that 
supports this view. 
The Committee wishes to comment on two other aspects of Mr. Ackerman*s 
testimony. The first is a general view on the nature of responsi­
bility of scientists and engineers relative to nuclear reactors. The 
second is the question of how safe nuclear reactors are at present, 
as concluded from their operating records. 
The first point is perhaps stated most succinctly by Mr. Ackerman on 
page 4 of his prepared testimony, where he contrasts what he cells 
the "Atom under Freedom" and the "Atom in Serfdom". These are, as 
taken from the testimony, 

**i» The Atom under Freedom — This is the traditional 
multicentered American system guided by ethics, 
individual responsibility and self-discipline in 
engineering and in law, and with reasonable regu­
latory controls. <A well-known example in an 
older technologys Our drinking water.) 

g« The Atom in .Serfdom •* This is a revolutionary sys* 
teas founded on fear, with control by a centralised 
governmental authority over the application of the -
technology and communication with the public." 
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Honorable Chet Holifield J U L 2 ° 1965 

We concur with Mr. Ackerman*s view that the safe development of atomic 
power must be "guided by ethics, individual responsibility in engineer* 
ing and law, and with reasonable regulatory controls." It is our opin­
ion that this is precisely the course now being followed. 
Nuclear reactors are designed, built, and operated largely by engineers, 
and the Committee has seen no evidence of depreciation of the commonly 
displayed high feeling of responsibility of the engineers involved. In 
fact, a realisation of need for safety is characteristic of the views 
and technical acts of engineers in the nuclear reactor field. However, 
we believe that the degree of governmental control now exercised is 
necessary, because the country cannot accept in atomic energy the occa­
sional major accidents that have punctuated engineering progress in other 
fields, or such conditions as are represented by the present pollution 
of the atmosphere and our water resources. The Committee believes that 
it is essential to note in this connection that independent technical 
reviews are important features of the analysis of the safety of every 
nuclear power reactor built and operated in the united States. Among 
the independent groups that must be satisfied on safety are successive­
ly the Regulatory Staff of the AEC, the Advisory Committee on Reactor 
Safeguards, and the Atomic Safety and Licensing Boards. That such care­
ful attention must be given each project by each group of technical per­
sons (scientists and engineers with no responsibilities to these projects 
other than regarding safety) testifies to the seriousness with which the 
Congress and the AEC regard the need for careful, independent study of 
nuclear reactor safety. 
The Committee disagrees strongly with Mr. Ackerman on the question of 
the safe conditions of existing nuclear reactor plants. His testimony 
cites the operating history of several power reactors, and underscores 
the shutdowns as evidence of faulty design or operation. Many of the 
shutdowns cited were periods of normal fueling and inspection. Others 
were for maintaining the integrity of one of the multiple protective 
barriers. We infer from the operating records that utility companies 
are acting in accordance with recognition of their responsibilities to 
the public. 
The Committee believes, as does Mr. Ackerman, that accidents to nuclear 
reactors beyond those commonly called "credible" can be postulated. 
Such accidents do not have a probability that is exactly zero. The 
Committee does, however, believe that in cases where it has recommended 
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approval of a proposal, the probability of such extreme accidents is 
so small as not to constitute a significant hazard to the public* 
This is counter to the views stated by Mr. Ackerman. 
I hope that these comments will help you to assess Us* Ackerman'ti 

Sincerely yours. -
ORIGINAL SIGNED BY . ' ' 

W.D. MANLY • " 
W . B . M a n l y 
Chairman 



UNITED STATES ' 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 2084B 

JUL 2 ^ 1965 

Dear diets 

• 

! am glad to furnish the attached staff comments on the prepared testi­
mony of Adolph J. Ackerman which was presented at the recent Joint 
Committee hearings on extension of the Price­Anderson indemnity 
legislation. These comments are in response to your letter of July 6, 
1965, and are in addition to those forwarded earlier concerning an 
article in the Wisconsin Professional Engineer. 
Your letter noted that a similar request for comments was being sent to 
the Advisory Committee on Reactor Safeguards. 2 have seen a copy of 
the reply by ACRS Chairman W. D. Manly, which I consider to be an 
excellent statement dealing conclusively with the major safety issues 
raided by Mr. Ackerman. We concur in the ACRS letter, The attached 
MG staff comments, in summaryf cover the following salient points; 

(a) that no factual basis has been found to support Mr. Ackerman*s 
charge of a "breakdown in engineering and corporate responsibility," 
attributed to the indemnity provisions of the Price­Anderson 

' , legislation; 
(b) that Mr. Ackerman's apparent approach to the safety problem 
through the single discipline of civil engineering ignores the 

., fact that the complex technology of nuclear power plant design 
, and operation is more dependent on the vital talents of several 

other branches of engineering, such as mechanical, chemical, 
physical, metallurgical, electrical, electronic computational 
and instrument engineering. We believe that all appropriate 

r engineering talents are being utilized; 
'<. ■ (c) that the AEC, In carrying out the public health and safety 
,' responsibilities with which it is charged by tho Congress, has 

; exercised continuing research and regulatory efforts in the 
development of the safety philosophy which guides the design and 
safety evaluation of nuclear power reactors. This philosophy 
provides both for ssultipl© safeguards against the occurrence of 
& serious accident, md te containment of fission product 

; s$|®a@@ in fh@ @3ss»»3iy m U t e l y mmz of such m seeldeatj 
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(d) that this "defense in depth" strategy has not been seriously . 
challenged to date by any accidents or equipment failures, and 
this accident prevention philosophy is well demonstrated by the 
various component failure examples cited by Mr. Ackerman, none 
-of which has resulted in any public safety problem; 

' (e) that, while catastrophic accidents can be postulated and 
their possibility cannot be absolutely ruled out, the probability 
of such accidents at nucloar power plants approved by the ABC is 
so remote that it does not constitute an undue risk to the public. 
health and safety; and 
(£) that the need for continuous, trouble-free operation is so 
vital to nuclear power economics as to coincide to a large 
degree with the objectives of protecting the safety of the public. 
This is counter to Mr. Ackerman's views that governmental 
indemnity is a controlling influence on engineering design of 
nuclear power plants to the extent that public safety is being 
sacrificed under competitive pressures. 

Since the Joint Committee is familiar with the significant data on most 
existing reactors cited by Mr. Ackerman, and your inquiry was directed 
primarily at the public safety iniplications in his testimony, the staff 
comments have been confined to that subject. If you should need further 
information on this matter, let me know. 

Cordially, 

Chairman 
Honorable Chet Holifield, Chairman 
Joint Committee on Atomic Energy 
Congress of tine United States 
Enclosure 

ABC Staff Comments on Testimony 
of Adolph J. Ackerman 

- 6 -



ENCLOSURE A 

STAFF COMMENTS ON TESTIMONY OF ADOLPH J. ACKERMAN AT 
HEARINGS ON PRICE­ANDERSON LEGISLATION BEFORE 

THE JOINT COMMITTEE ON ATOMIC ENERGY, JUNE 22­24, 1965 

The testimony*by Adolph J. Ackerman, a consulting engineer of Madison, 

Wisconsin, who stated his practice was chiefly In the "electric power and 

hydraulic engineering" field, contains many detailed comments and data about 

specific reactor facilities, and concerning the economics of nuclear power.' 

Without endorsing any of the figures on costs and operational experience ' 

cited by Mr. Ackerman, it is believed that the Joint Committee on Atomic 

Energy already is familiar with the significant facts concerning these re­

actors. However, the allegations in his testimony, bearing on the AEC's' 

­'responsibility of assuring public safety are of such a serious nature.that 

they will­be dealt with directly. 

The principal thrust of Mr. Ackerman's testimony is that indemnity 

available under the Price­Anderson legislation has resulted in a general 

breakdown of corporate and engineering responsibility, which he states could 

be restored by abolishing the indemnity provision. His testimony also 

strongly infers that the AEC, as well as the nuclear power industry, is.­

either overlooking or sacrificing public safety and withholding important. 

operating accident information in pursuing its developmental objectives in 

the field of nuclear power. We disagree with this thesis. 

The AEC's position on the desirability of extending the Price­Anderson 

indemnity legislation was set forth in detail in our testimony at the JCAE 

hearings. These comments will be confined to the public safety issue 

raised by Mr. Ackerman. " . • '„..'■ ■" ■ 

.'•■•••■
r We have been unable to find any factual basis for Mr. Ackerman's 
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apparent feeling that there has been a "terrifying breakdown in engineer­

ing and corporate responsibility" in the design and operation of nuclear 

power plants. We know of no one who is promulgating "false standards" 

which tend to mislead the public and those in authority "through invalid 

claims of safety and economy." It is not believed that these claims can 

be supported by the facts, and certainly not by the examples cited by Mr. 

Ackerman, most of which appear to lead to safety conclusions opposite to 

those reached by him. 

The breadth and scope of engineering talent required in the design and 
i 

safety analysis of nuclear power plants far transcends the single engineer­
ing discipline approach apparently envisioned by Mr. Ackerman when he ex­
presses "deep regret that the disciplines of the civil .engineering branch 
of our profession have not been fully employed to help in developing this 
new science to serve the public interest." Civil engineering is, of course,. 
an important segment of the engineering sciences. However, the complex 
technology of nuclear power plant design and operation depends more on the 
contributions of mechanical, chemical, physical, metallurgical,' electrical, 
electronic computational and instrument engineering, all of which are vital 

i 

to the safeguards being built into nuclear power reactors. 

The protection of public health and safety, with which the Commission t 
is charged by the Atomic Energy Act, is regarded by the AEC as a paramount ' 

obligation in the program for peaceful uses of the atom. In the field of 

nuclear power, the AEC has exercised continuing research and regulatory 

efforts in the development of the safety philosophy which guides the design . 

and safety evaluation of power reactors. Briefly stated, this philosophy 

is (I) to prevent the occurrence of serious accidents through careful design 

•» a •* 
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and sufficient redundancy of critical components so that the failure of 

any one of them will not be decisive; and (2) to enclose the reactor in a 

containment structure designed to withstand the full impact of the release 

of everything inside the reactor system, including Its complete load of 

fission products, all without significant exposure of the public, in the 

extremely unlikely event of a succession of multiple failures of the kind 

cited by Mr. Ackerman as having occurred in the electrical distribution 

system of Manhattan in 1959. 

The "prevention" aspect of this philosophy is well demonstrated by 

the component failure examples given by Mr.- Ackerman. It is true that 

from time to time there have been component failures and material failures, 
l 

and more will be encountered In the future. But the significant factor 

from the public safety viewpoint is that none of the failures to date in 

nuclear power plants has posed any public safety problem. None of the 

failures has gone so far as to release significant amounts of fission pro­

ducts into the containment, nor even into the primary coolant system through 

substantial cladding failure or fuel meltdown. The "defense in depth" safety 

strategy which has been built into nuclear power plants has never seriously 

been challenged by any accidents or equipment failures that have occurred to -

date. This strategy is the cornerstone of accident prevention philosophy in 

nuclear design. 

Containment plays no part in the prevention of accidents. Its role is 

to protect the public in the unlikely event that multiple failures defeat 

all of the protective devices built into the plant for the prevention of 

fission product release from the fuel and primary coolant system. In such 

an event, release would be into the containment. 

00 §? *" 



A catastrophic accident would necessarily involve a succession of 

multiple failures including the devices provided to protect containment* 

integrity, such as air recirculation fans and containment spray systems 

necessary to remove fission product decay heat to prevent over-pressurization 

of the structure. Such a situation is conceivable, though extremely unlikely. 

If it should happen concurrently with or following a major release of fission! 

products into the containment, the public consequences could be very serious. 

It is this type of extremely hypothetical occurrence which cannot be ah*-" 

solutely ruled out that Price-Anderson indemnity is designed to cover. How­

ever, the AEC is confident that the probability of such accidents at nuclear 

power plants which it has approved is so remote that it does not pose an un­

due risk to the public health and safety. 

We believe there is a fundamental fallacy in Mr. Ackerman's reasoning 

that governmental indemnity exercises a controlling influence on the en­

gineering design of nuclear power plants to the extent that public safety 

is being sacrificed under the strong pressures associated with vigorous 

competition for business. There is no question that all companies involved 

in nuclear power competition are actively seeking better and more economic 

ways of achieving desired objectives. But it requires only^cursory ob­

servation of developments in this field to recognize that the most dominant 

competitive urge is to build plants which are completely reliable in their 

operation. We do not believe that anytfcility is interested in investing. 

in a power plant unless there is a high degree of assurance that its opera­

tion will be reasonably continuous and trouble-free. Such assurance can 

only be achieved by careful attention on the part of reactor designers to 

see that ample margins of safety are provided on ..all operating parameters ' 

10 



important to continuous operation so that the normal fluctuations of power 

demand and. other operating variables can readily be accommodated. Since 

continuous, trouble-free operation is almost by definition a safe opera­

tion, the objectives of competitive economics coincide with those of pro­

tecting the safety of the public. Any attempt to cut the corners of opera­

tional safety to achieve greater competitiveness would almost certainly 

result in operational difficulties that would in time eliminate such a 

competitor, and hence would be self-defeating. There are certain areas 

where this might not apply, such as the containment design, but these are 

well known to the regulatory staff, and are covered by appropriate regula­

tory procedures. 
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ATOMIC ENERGY COMMISSION 

3TR F O R M A T I O N M E E T I N G J I E M 

STEERING COMMITTEE ON REACTOR SAFETY RESEARCH 

Note .by the Secretary 

The General Manager and Director of Regulation have requested 
that the attached Memorandum and Charter be circulated for 
Commission consideration at the Information Meeting scheduled 
for Friday, July 23, 1965. 

DISTRIBUTION 
Secretary 
Commissioners 
General Manager 
Deputy'Gen. Mgr. 
Asst. Gen. Mgr. 
Dir. of Regulation 
Deputy Dir. of Regulation 
Asst. Dir. of Regulation 
Exec. Asst. to GM 
Asst. GM for Operations 
Asst. GM for Reactors 
General Counsel 
Inspection 
Operational Safety 
Reactor Dev. & Tech. 

W. B. McCool 
Secretary 

COPY NO. 
1,25-29 

2 - 6,30-33 
7 - 8 
9 10 
11-13 14 
15 
16-17 
18 
19-20 
21 
22 
23 24 

- 1 -

'r4 ' t > FFMAL USE OMLY 
SJ 



• • 

UNCLASSIFIED 

UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D. C. 

MEMORANDUM FOR CHAIRMAN SEABORG 
COMMISSIONER PALFREY 
COMMISSIONER RAMEY 
COMMISSIONER TAPE 

SUBJECT: STEERING COMMITTEE ON REACTOR SAFETY RESEARCH 

Attached is the charter which we have developed for the 
Steering Committee on Reactor Safety Research. This will 
meet one of the recommendations of the Mitchell Panel. 

One of the first orders of business for this Committee 
will be to crystalize the plans for the augmented safety 
program. 

General Manager 

■it 'p ■ 

Director of kegulati'on 

Attachment: 
Charter 
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CHARTER FOR THE STEERING COMMITTEE ON REACTOR SAFETY RESEARCH 

1. Establishment - There Is hereby established the Steering Committee on 

Reactor Safety Research. 

2. Purpose and Objectives of the Committee - It Is the purpose of this 

Committee to coordinate the interests of the General Manager and the 

Director of Regulation in the Commission's reactor safety research 

program. 

3. Specific Functions of the Committee - The principal functions of this 

Committee will be to: 

(1) review, evaluate and recommend to the General Manager, priorities 

in the reactor safety research needs identified by the AEC Divisions, 

their contractors and the nuclear industry; 

(2) review and evaluate the specific research programs on reactor 

safety proposed and/or established to meet the needs In (1) above, 

including budget and program planning and advise the General 

Manager thereon; 

(3) review and encourage the development of procedures and programs 

through which the information developed in the reactor safety 

research programs is made available promptly and in a form usable 

by the nuclear community in meeting the design and regulatory 

requirements of reactors; 

(4) undertake and carry out such other specific assignments and 

functions as the General Manager and the Director of Regulation 

may jointly direct. 

- 3 -
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4. the Committee will consist of: 

Dr. John Swartout, Assistant General Manager for Reactors - Chairman 

Dr. Clifford Beck, Deputy Director of Regulation - Vice Chairman 

Mr. Milton Shaw, Director, Division of Reactor Development & Technology 

Dr. Richard Doan, Director, Division of Reactor Licensing , 

Dr. Joseph Lleberman, Assistant Director for Nuclear Safety, Division 
of Reactor Development & Technology 

Mr. Joseph DiNunno, Assistant Director for Reactor Standards, Division 
of Safety Standards 

Dr. David Brunei:| Assistant Director for Medical & Health Research, 
Division of Biology & Medicine 

5. The Committee will have regular meetings at least once a month. Other 

meetings may be held at the request of the Committee Chairman or of its 

membership. 

- 4 -



UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20545 

JUL 21 1965 

MEMORANDUM FOR CHAIRMAN SEABORG 
COMMISSIONER PALFREY 
COMMISSIONER RAMEY 
COMMISSIONER TAPE 

SUBJECT: LETTER TO MR HOLIFIELD RESPONDING TO TESTIMONY OF 
ADOLPH J. ACKERMAN AT RECENT PRICE-ANDERSON HEARINGS 

Enclosed for the Commission's information ana review is a letter for 
the Chairman's signature to Mr. Holifield in response to his request, 
copy enclosed, for Commission comments on the testimony presented by 
Adolph J. Ackerman at the recent Price-Anderson hearings. 

I am also enclosing for ready reference the ACRS comments on the 
Ackerman testimony which were forwarded to Mr. Holifield on July 20. 

% Signed) m^ 
Harold L. Price 
Director of Regulation 

Enclosures 
1. Ltr to Mr. Holifield 
2. Ltr fm Mr. Holifield 
3. ACRS ltr to Mr. Holifield 

cc: General Manager a^ 
Secretary (2)Ĥ  " 
OGC (2) 
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STAFF COMMENTS ON TESTIMONY OF ADOLPH J. ACKERMAN AT 
HEARINGS ON PRICE-ANDERSON LEGISLATION BEFORE 

THE JOINT COMMITTEE ON ATOMIC ENERGY, JUNE 22-24, 1965 

The testimony by Adolph J. Ackerman, a consulting engineer of Madison, 

Wisconsin, who stated his practice was chiefly in the "electric power and 

hydraulic engineering" field, contains many detailed comments and data about 

specific reactor facilities, and concerning the economics of nuclear power. 

Without endorsing any of the figures on costs and operational experience 

cited by Mr. Ackerman, it is believed that the Joint Committee on Atomic 

Energy already is familiar with the significant facts concerning these re­

actors. However, the allegations in his testimony bearing on the AEC's 

responsibility of assuring public safety are of such a serious nature that 

they will be dealt with directly. 

The principal thrust of Mr. Ackerman's testimony is that indemnity 

available under the Price-Anderson legislation has resulted in a general 

breakdown of corporate and engineering responsibility, which he states could 

be restored by abolishing the indemnity provision. His testimony also 

strongly infers that the AEC, as well as the nuclear power industry, is 

either overlooking or sacrificing public safety and withholding important 

operating accident information in pursuing its developmental objectives in 

the field of nuclear power. We disagree with this thesis. 

The AEC's position on the desirability of extending the Price-Anderson 

indemnity legislation was set forth in detail in our testimony at the JCAE 

hearings. These comments will be confined to the public safety issue 

raised by Mr. Ackerman. 

We have been unable to find any factual basis for Mr. Ackerman's 
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apparent feeling that there has been a "terrifying breakdown in engineer­

ing and corporate responsibility" in the design and operation of nuclear 

power plants. We know of no one who is promulgating "false standards" 

which tend to mislead the public and those in authority "through invalid 

claims of safety and economy." It is not believed that these claims can 

be supported by the facts, and certainly not by the examples cited by Mr. 

Ackerman, most of which appear to lead to safety conclusions opposite to 

those reached by him. 

The breadth and scope of engineering talent required in the design and 

safety analysis of nuclear power plants far transcends the single engineer­

ing discipline approach apparently envisioned by Mr. Ackerman when he ex­

presses "deep regret that the disciplines of the civil engineering branch 

of our profession have not been fully employed to help in developing this 

new science to serve the public interest." Civil engineering is, of course, 

an important segment of the engineering sciences. However, the complex 

technology of nuclear power plant design and operation depends more on the 

contributions of mechanical, chemical, physical, metallurgical, electrical, 

electronic computational and instrument engineering, all of which are vital 

to the safeguards being built into nuclear power reactors. 

The protection of public health and safety, with which the Commission 

is charged by the Atomic Energy Act, is regarded by the AEC as a paramount 

obligation in the program for peaceful uses of the atom. In the field of 

nuclear power, the AEC has exercised continuing research and regulatory 

efforts in the development of the safety philosophy which guides the design 

and safety evaluation of power reactors. Briefly stated, this philosophy 

is (1) to prevent the occurrence of serious accidents through careful design 
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and sufficient redundancy of critical components so that the failure of 

any one of them will not be decisive; and (2) to enclose the reactor in a 

containment structure designed to withstand the full impact of the release 

of everything inside the reactor system, including its complete load of 

fission products, all without significant exposure of the public, in the 

extremely unlikely event of a succession of multiple failures of the kind 

cited by Mr. Ackerman as having occurred in the electrical distribution 

system of Manhattan in 1959. 

The "prevention" aspect of this philosophy is well demonstrated by 

the component failure examples given by Mr. Ackerman. It is true that 

from time to time there have been component failures and material failures, 

and more will be encountered in the future. But the significant factor 

from the public safety viewpoint is that none of the failures to date in 

nuclear power plants has posed any public safety problem. None of the 

failures has gone so far as to release significant amounts of fission pro­

ducts into the containment, nor even into the primary coolant system through 

substantial cladding failure or fuel meltdown. The "defense in depth" safety 

strategy which has been built into nuclear power plants has never seriously 

been challenged by any accidents or equipment failures that have occurred to 

date. This strategy is the cornerstone of accident prevention philosophy in 

nuclear design. 

Containment plays no part in the prevention of accidents. Its role is 

to protect the public in the unlikely event that multiple failures defeat 

all of the protective devices built into the plant for the prevention of 

fission product release from the fuel and primary coolant system. In such 

an event, release would be into the containment. 
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A catastrophic accident would necessarily involve a succession of 

multiple failures including the devices provided to protect containment 

integrity, such as air recirculation fans and containment spray systems 

necessary to remove fission product decay heat to prevent over-pressurization 

of the structure. Such a situation is conceivable, though extremely unlikely. 

If it should happen concurrently with or following a major release of fission 

products into the containment, the public consequences could be very serious. 

It is this type of extremely hypothetical occurrence which cannot be ab­

solutely ruled out that Price-Anderson indemnity is designed to cover. How­

ever, the AEC is confident that the probability of such accidents at nuclear 

power plants which it has approved is so remote that it does not pose an un­

due risk to the public health and safety. 

We believe there is a fundamental fallacy in Mr. Ackerman's reasoning 

that governmental indemnity exercises a controlling influence on the en­

gineering design of nuclear power plants to the extent that public safety 

is being sacrificed under the strong pressures associated with vigorous 

competition for business. There is no question that all companies involved 

in nuclear power competition are actively seeking better and more economic 

ways of achieving desired objectives. But it requires only cursory ob­

servation of developments in this field to recognize that the most dominant 

competitive urge is to build plants which are completely reliable in their 

operation. We do not believe that anyutility is interested in investing 

in a power plant unless there is a high degree of assurance that its opera­

tion will be reasonably continuous and trouble-free. Such assurance can 

only be achieved by careful attention on the part of reactor designers to 

see that ample margins of safety are provided on all operating parameters 
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important to continuous operation so that the normal fluctuations of power 

demand and other operating variables can readily be accommodated. Since 

continuous, trouble-free operation is almost by definition a safe opera­

tion, the objectives of competitive economics coincide with those of pro­

tecting the safety of the public. Any attempt to cut the corners of opera­

tional safety to achieve greater competitiveness would almost certainly 

result in operational difficulties that would in time eliminate such a 

competitor, and hence would be self-defeating. There are certain areas 

where this might not apply, such as the containment design, but these are 

well known to the regulatory staff, and are covered by appropriate regula­

tory procedures. 
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DT„ Glean TB Seaborg, 3r.airm.an 
U. S. Atomic Energy Commiss ion 
Washington, D. C 

Dear Dr . Seaborg: 

During the recent ly-concluded hear ings reJr,JLve to the legis la t ive 
proposal to amend and extend the P r i c e - A n d e r s o n indemnity l e g i s ­
lat ion, the Subcommittee on Legis la t ion rece ivea the p r epa red 
tes t imony of Mr , Adolph J . Ackerman , a consult ing engineer of 
Madison, Wisconsin,. 

In his p r epa red text, a copy of which is enclosed, M r . Ac ke rma n 
made some ra the r se r ious and s tar t l ing charges wxth r e spec t to , 
among other things, an al leged genera l breakdown m corpora te and 
engineeri-ig responsibi l i ty insofar a s the cons t rac t ion and operat ion 
of nac lea - power plants a r e concerned. As a consequence, he a s s e r t s , 
a tomic pcwer development i s p rog res s ing a t the expense of public 
safety. 

Because of -he s e r iousnes s of M r . Acke rman s al legat ion con­
cern ing the safety of a tomic power plants and the i r respons ib i l i ty 
of the p e r s o n s and f i rms who build and operate m e m , the Joint 
Commit tee would l ike to have the views of the Atomic Energy Com­
m i s s i o n with r e s p e c t to th is cha rge . The Comm.t tee a l so sol ic i ts 
your r e m a r k s on any o ther s ta tements of opinion ^r a s s e r t i o n s of 
fact by Iv.r, Acke rman on which the Commiss ion c a r e s to comment . 

A l e t t e r identical to th is one i s being sent ~z -he Advisory Com­
mi t t ee on Heactor Safeguards . 

Your expeditious rep ly wil l be apprecia ted 
Sincere> .yours , 

i^-yS^ii-
Cnet F o l - . ^ ' d 
ChairiXK 

£*u ier.ii i i . z. M r , Adolph J . Ac^erma n 

"to ' / 
- l J, 

http://3r.airm.an
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Honorable Chet H o l i i i e l u - 2 - J u l y 10, 1965 

se l f -d iac ip l iaa i a ©sgiaeariag aad in law, ami with reasom-
sola regulatory eoa t ro l s . (A v>®li~k®Qwu exaafsle i a aa older 
technology: Our driakiag water.) 

I . Tkm &tm& i a S®gf&» — this i s a rwolu t ioaary ®ya t« i&mdad 
em. tmt9 with cmaftrol fey a eautsr&liaad govarwasatai authori ty 
e m ik® applicat ion of tha l&e^ml&gy md t/ammmUmtiam with 
the puMie." 

Me eoae-or with Mr. Jsekenaasa'a via** that the safe devalopoe&t of 

&td»i<c pswae a»st h® *»gisii@«I by atai©a„ ia i iv idua l re&p&mibility in 

«gia@«ris*g m& law, » a wish reasonable rapala tsry controls. '* It i s 

oar ©piaioa thai: thiM i » precisely tfee e@w«§ w teing £ello«ttd. 

Mueiaaar sraaetoaa «r@ 4«#i|ps©4» b u i l t , asa* operated largely by 

asginasr®, assi fch« €©saaitte# tea SM) no wideae® of dapraciat ioa of the 

©©saiamly displayed high feaiiag; @£ raBpoasibll i ty ©£ th® tuagiaears in­

volved. I B £a©ts a sraaiSaatios af t&e©4 f®r ®a£«ty i s el»raet@risti© of 

the vias® a«4 taatmleal aeta ©£ aagioterf i a th« w c i e a r reactor f i e l d . 

loweveir, we b e l i w e th&z thm esttraordteaxy degree of iovarataatitai centra l 

now ese r s i aa i i s wmmmmy, h-mmm® gte ©ouatry cmm&t accept i a atssaic 

energy the oceaatonai ©ajor a£$ida»£a tha t tarn p»aetuaa#d engiaaerteg 

progress i a other f i e lds , or rach oMtdicioaa asara refKreeented by the 

preaeat po l l s t i aa ©f eh@ «£«»aphere and oar water resources. The toassitt©© 

believea tha t i t i s ©©spatial s© aota i a th i s CiwaeetioB that iadepeaieat 

tachaieal reviews ar« iaportant features ©f the malysi® of the safety 

of every nuclear power reactor b u i l t and operated to the Baited Stasas . 

Asaoag the iadspeadest gsoupe tha t aatat be s a t i s f i e s osa safety are succes­

sively the teguiatory Staff of the M6a the Advisory Cossaittee ©a Reactor 
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& Licensing 
Sareguarda, sad eh© Atomic Safety/ Boards. that such careful &£teatioa 

ssast b® given, each project by each gxoup of technical persona (scientist® 

aad engineers with a® resfoaalMiitiaa to these projects other than *•» 

gardiog safety) testifies to the seriousness with which the Congress and 

the MG regard the need for careful, independent study of nuclear reactor 

safety. 

The Committee disagrees strongly with Mr. Aetesaan ©a the question of 

the safe conditions of existing nuclear reactor piastre. His te@tisse»y cites 

the operating history of several power reactorss and underscores the shut* 

terns as evid«ee ©£ faulty d@#|g» or operation. Many of the @hutdm«iis 

cited were p«l©ds of sense! feeliag sad inspection. Others were for aaia-

taining the integrity of &m of the sssltlpl© protective terriers. We infer 

from the operating records that utility eospaaie® are acting in accordance 

with recognition of their reaponaibilitias to the public. 

The Remittee believes, aa does Mr. Icteran, that accidents to auclear 

reactors beyoad those eosaonly called "credible" can be postulated. Such 

accidents do eat have a probability that is exactly sero. the Cosaitte© 

does* however, believe chat in cases wtara it has recotassesaded approval of 

s. proposal, the probability of such estrone accidents Is so saasli as not to 

constitute a significant haaard to the public. This is ©©water to the view 

stated by Mr. JkCkewaan. 

1 hope that these cetwmt© will help you t© assess Mr. Aekeraan8® views. 
Sincerely yours* 

« . S . Aaaly 
Chsirsaaa 
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Honorable Chat Holifield 
Chairman 
Joint Cowaittee os Atossi® Energy 

Congress of the S&lfeel States 

Bear Mr. Holifields 

ia response to your reouest of July i» IfSS, we wish to soak® the 

following coaaeatis on the prepared testiswsy of Mr. Adolph J. Aekerwia, 

presented at the recent Joint €o»£tt@e hearings on the extenaion of 

friee-Anderse® iadesgsity legislation. 

Mr. Acke»an state® that Stare ia a tendency on the part of the 

saanagegaant of utility eesipaaiss to abdicate responsibility for the M £ « * 

ty of their nuclear plans®, partly hmmma ©f the ludeswity provisions 

of Price-Anderson legislation. The S©«fflltt@® has seem no evidence, dur­

ing its reviews of nuclear reaetm proposal®, that supports this view. 

the Cosgsalttee wishes to ©assent on two other ss-pset® of Mr. 

Aekerwia's tmtimmy. fh® first is a general view on the nature of 

responsibility of scientists « d engineers relative to ssielear reactors. 

the second is the feastion of how safe nuclear reactors are at present, 

as concluded from their operating records. 

The first point is perhaps stated aeet succinctly by Mr. .tetersaa 

OB fag® 4 of his prepared testtamy, where he contrasts what he calls 

the "Atom under Freedom and the "Atom in Serf doss". These are, as 

taken tram the testimony, 
"1. 'The Atom under Freedom. — This is the traditional isuiticentered 

iteericaa systea guided hy ethics, individual responsibility and 
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self-discipline ±a engineering ana ia isws and with season­
able regulatory control*, (A well-ksowa example ia an older 
technologys Our drinking water.) 

2. The Alton in Sotffdoa — This is a revolutionary system founded 
on fear, with control by a centralised govarwssntal authority 
over the application of the technology and esKssaleatioa with 
the public." 

Me concur with Hr. Ackeraaa's view that the safe development of 

atomic power mmt be **g8Sided by ethics, individual responsibility in 

engineering and law, and with reasonable regulatory controls.** It ia 

our opinion that this is preelMly the course now being followed. 

luclear reactors are designed, built, and operated largely by 

engineers, &nd the €©s»lfct®e hm seen no evidence of depreciation of the 

eonswily displayed high feeling of responsibility of the engineers in­

volved. in fact, © realisation of need for safety is characteristic of 

the vi@w« and technical acts of engineers in the nuclear reactor field. 

However, we believe that the extraordinary degree of governsentai control 

now exercised is aeceeasry, because the country cannot accept in atomic 

energy the occasional ®»Jor accidents that have punctuated enginaerisg 

progress in other field®, or mch conditions as are represented by the 

present pollution ©f the ataosphere and our water resources, fhe Soamitte© 

believe® that it ia essential to note in this connection that iadepeadent 

technical reviews are l^ostastt features of the sa&lysia of the safety 

of ©very nuclear power reactor built and operated in the United States. 

Asaoag the it&depeade&t groups that taust be satisfied on safety are succes­

sively the tegulatory Staff of the tfC, the Advisory Cossaittee on Eeactor 
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& Licensing 
Safeguards, aas4 the Atomic Safety/ Boards. That such careful attention 

isust be given each project by ®a«h gvoup of technical persons (scientists 

and engineers with as responsibilities to tk®m projects other than re­

garding safety) testifies to the seriousness with which the Congress and 

the ABC regard the need for careful, independent study of nuclear reactor 

safety. 

The Coaaitta® disagrees strongly with Mr. Ackensaa on the question of 

the safe conditions of existing nuclear reactor plants. Eis testisaot&y cites 

the operating history of several power reactors, and underscores the shut­

downs as evidence @£ faulty teign or operation. Many of the shutdowns 

cited were periods of norstti feeling and inspection. Others were for main-

taisaisig the Integrity of one of the witiple protective barriers. He infer 

from the operating records that utility companies &m acting in accordance 

with r®cognltionof their responsibilities to the public. 

fhe Coraittee believes, m does Mr. Ackerman,, that accident® to nuclear 

reactors beyond those e@men.ly called ̂ credible'* can be postulated. Such 

.accidents do not have a probability that is exactly aero. fhe Comaitte® 

does, however, believe that in case® where it has r@c©s«ead@d approval of 

a proposal, the probability of such estrone accidents is so saall as not to 

constitute a significant bmmtd to the public. This is counter to the views 

®£at@f£ by Mr. Aekewan. 

1 hope that these cenaa&ts will help you to assess Mr. ̂ ckersaan's view®. 
Siacereiy yours. 

W. D. Manly 
Chairasaa 

mailto:e@men.ly


Dr. Glenn Te Seaborg, Chairman 
J„ S. Atomic Energy Commiss ion 
Washington, D. G. * ' 

Dear Dr . Seaborg: 

Dw-ing the recent ly-concluded hear ings r e ' " ,.ve to the legis la t ive 
proposal to amend and extend the P r i c e - A n d e r s o n i r i e m n i t y l e g i s ­
lation, the Subcommittee on Legislat ion r ece ivec a e p repa red 
tes t imony of Mr , Adolph. J . Ackerman, a consul ing engineer of 
Madison, Wisconsin. 

In his p r epa red text, a copy of which is e n d : .red, M r . Acke rman 
made some ra ther se r ious and s tar t l ing charges with r e spec t w , 
among other things, an al leged general breakdown, ir. corpora te and 
engineering responsibi l i ty insofar a s the cons t r . ction and operat ion 
of nuc lear power olants a r e concerned. As a consequence, he a s s e r t s 
a tomic power development i s p rogres s ing a t the expense of public 
safety. 

Because of the se r iousness of Mr . Ackerman s al legat ion con­
cerning t r e safe.y of a tomic power plants and tk ' . r espons ib i l i ty 
of the pe r sons and f i rms who bui."d and operate ^ e rx, the Joint 
Corrmi t tes would like to have the views of the A cmic Energy Com­
m i s s i o n with r e spec t to th is cha rge . The Comrr ,rcee a l so sol ici ts 
your ren-.-rks on any other s ta tements of opinion ~r a s s e r t i o n s of 
fact by 2v*.*. a c k e r m a n on which the Commiss ion c a r e s to comment . 

A le t t e r identical to this one is being sen'- . -he Advisory Com­
m i t t e r oa Reactor Safeguards . 

Your expeditious reply wil l be apprecia ted 

Z n ; csv~ 
St*. ;errLe uv if M - . A dolph J . Acken rAa 
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MAY 1S62 EDITION 
OSA GEN. REG. NO. 27 

)VER UNITED STATES GOVERNMENT 

Memorandum 
W. B. McCool, Secretary ft. 
Through: F. T. Hobbs, A£SJ 

Evelyn C. McQuown, Chief Q^/tyitt 
Research and Status Branch 

g, (P^ ,' 

1 -t/toATE: July 9, 1965 
nt Se„ f 

,& 

SUBJECT: COMMISSION REQUEST FOR JOINT RECOMMENDATIONS ON AEC SPENT FUEL 
SHIPMENT CASK PROGRAM 

Mr. Hobbs requested that you be informed of the following: 

1. I requested reproduction of the General 
Manager's May 25, 1965, letter to the ACRS 
as a records paper along with the General 
Manager's previous letter of January 21, 
1964, 1st LT v concerning review of spent 
fuel shipment cask program (correspondence 
attached). 

2. I was motivated by two reasons: (1) better 
copies in a package related to prior dis­
cussions and documents and (2) by means of 
the May 25 letter to the ACRS the OGM had 
closed out the Commission request for joint 
recommendations at Regulatory Information 
Meeting 109 without anything having been 
sent to the Commissioners insofar as I 
knew. 

3. Mr. Vinciguerra agreed to the circulation. 

4. Then, the OGM had second thoughts on the 
matter and requested the correspondence 
not be circulated. 

5. The OGM has reinstated the Commissioners' 
request on the Principal Assignments 
Report of July 2 with this status remark: 
"Letter to ACRS 5/25. Following ACRS 
subcommittee meeting in August, infor­
mation status paper will be prepared." 

\ 
r 
ON 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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6. When the Director of Regulation's June 24 
Principal Assignments Report was received, 
I noticed the request is still pending 
insofar as they are concerned. 

7. I have requested the stencils of the cor­
respondence be run so that we may have 
better copies. 
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Dr. Glenn T. Seaborg, Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 

Dear Dr. Seaborg: 

During the recently-concluded hearings relative to the legislative 
proposal to amend and extend the Price-Anderson indemnity legis­
lation, the Subcommittee on Legislation received the prepared 
testimony of Mr. Adolph J. Ackerman, a consulting engineer of 
Madison, Wisconsin. 

In his prepared text, a copy of which is enclosed, Mr. Ackerman 
made some rather serious and startling charges with respect to, 
among other things, an alleged general breakdown in corporate and 
engineering responsibility insofar a s the construction and operation 
of nuclear power plants a re concerned. As a consequence, he a s se r t s , 
atomic power development i s progressing at the expense of public 
safety. 

Because of the seriousness of Mr. Ackerman1 s allegation con­
cerning the safety of atomic power plants and the irresponsibility 
of the persons and firms who build and operate them, the Joint 
Committee would like to have the views of the Atomic Energy Com­
mission with respect to this charge. The Committee also solicits 
your remarks on any other statements of opinion or assert ions of 
fact by Mr. Ackerman on which the Commission cares to comment. 

A le t ter identical to this one is being sent to the Advisory Com­
mittee on Reactor Safeguards. 

Your expeditious reply will be appreciated. 
Sinc^rely^your s, 

Enclosure: \."l 
Statement of Mr . Adolph J . Ackerman 

Chet Holifield 
Chairman 
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CHAIRMAN 
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JOHN T . CONWAY, EXECUTIVE DIRECTOR 
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* Congress of tfje Wtiitzh States 

JOINT COMMITTEE ON ATOMIC ENERGY 

Ju ly 1, 1965 

JOHN O. PA6TONE, R J . 
VICE CHAIRMAN 

RICHARD O. RUS8CU-, OA. 
CUNTON P. ANDERSON, N. MEX* 
AJLDEfTT OORC. TCNN. 
HENRY M . JACKSON, WASH. 
BOURKE B. HICKCNUOOPER, IOWA 
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Mr. William D. Manly, 
Chairman, Advisory Committee 
on Reactor Safeguards 

U. S. Atomic Energy Commission 
Washington, D. C. 
Dear Mr. Manly: 

In connection with the Joint Committee's hear­
ings last week on H.R. 8496 and S. 2042 to amend and 
extend the Price­Anderson legislation, the Advisory 
Committee on Reactor Safeguards submitted testimony 
dated June 22, 1965, which is being accepted for the 
hearing record. In connection with this testimony 
we would appreciate your response to the attached 
questions. 

Your cooperation is appreciated. 
Sincerely yours 

'sQtoi 
; onway^ / 

Executive Directop/ 

Enclosures 
List of questions 
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QUESTIONS FOR ADVISORY COMMITTEE 
ON REACTOR SAFEGUARDS 

How does the ACRS deal with special problems which arise 
in areas where your membership may lack specific expertise 
(e.g., geology, seismology, etc.)? 
On page 2 of your testimony, you state that the ACRS 
reviews proposals for "significant modification of all power, 
test, and research reactors above 10 megawatts." 

(a). Who determines and how is it determined 
whether the modification is "significant"? 

(b) Do you ever "second guess" the AEC's 
regulatory staff on this? 

On page 4 you stress that you review "only the technical 
features of the reactor system and the capability of the 
operating staff." 

What do you exclude, if anything, other than 
the financial qualifications of the applicant? 

What is your view concerning the possibility of a "maximum 
conceivable accident? —­a catastrophic accident — in a 
large power reactor? Does our ten years of design and 
operating experience in any way affect the earlier assess­
ments made at the time Price­Anderson indemnity legislation 
was enacted? 
Do you foresee a need for a full time ACRS as the number of 
applications for nuclear facilities substantially increases? 
Are your safety reports to the AEC diluted to the lowest 
common denominator among the dozen or so ACRS members? 
Do you encourage minority reports? 
On page 5 of your statement you say that "considerable 
•further improvements in safety are required before large 
power reactors may be located on. sites close to population 
centers." 

Can you give us some idea of the kind of 
safety improvements that are required?^ . . . / „„ 

U.b. A.z.'.C. 

■J W O v 
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File July 1, 1965 

fk^P-Evelyn C. McQuown, Chief 
Research and Status Branch 

INFORMATION ON NATIONAL COAL ASSOCIATION PLANNING 

1. At Meeting 2106 on May 12, 1965, the Commission noted 
Mr. Tremmel's May 12 Memorandum and Commissioner Barney asked that 
information be obtained from the National Coal^s Association in 
regard to some of their planning, particularity information on the 
large combine arrangement to furnish coal to^the West Coast. 

2. This request will be covered in a new planning fore­
cast of nuclear power which will be ready this fall, according to 
the General Manager's Principal Assignments Report of June 1. 
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STEWART E. MCCLURE, CHIEF CLERK 
JOHN S. FORSYTH E, GENERAL COUNSEL 

June 30, 1965 

Dr. Glenn T. Seaborg 
Chairman 
Atomic Energy Commiss ion 
Washington, D. C. 20545 

Dear Dr. Seaborg: 

Attached is a copy of a l e t t e r I have rece ived f rom 
Mr. John J . Chyle of A. O. Smith Corporat ion, Milwaukee, 
Wisconsin. M r . Chyle r e f e r s to an a r t i c l e which appeared 
in the June 1965 i s sue of the Wisconsin Profess iona l Engineer 
(copy also attached), dealing with the potential danger of our 
atomic power plan ts . I would apprec ia te your comments on 
th is m a t t e r . 

Thank you for your considera t ion. 

Sincerely yours, 

GAYLORD NELSON *~ 
U. S. Senator 

GN:jcm 
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;e "cEorabl© Gay lord Nelsca 
d 1 States Hous© of Representatives 
-C „î 'tOQ, D.C. 
?£. Jr. Holsoa: 
'. icr»tly In the Jun® 1965 Issue of the Wiscoasia Professioaal 
arif,cer ta©r© appeared an article '©Mela TOS ©se©rpt©d froa 
io Wisconsin State Journal, dealing with the potential da.a®@-r 
2 OUT atomic po'ser plants. This articl© vsm vritten by 
-io:>!i J. Ackerman, and if there is any truth or eubstaac© ia 

: is a very alarcaing condition that should receive th© s 
zi...zlon of our federal £GV©rnsoat. 
c ,,J-£<3I that you are ia contact with th© Atomic Energy 

. :r .-~3ion in Washington, and 1 wsuld b® v©ry much iat@r®st©d 
3 . ̂  their official r©ply to th© stat©a®ats pr@s®at©d ia 
ai1- article. 

if co-iiltioss ar© as presented, taor© is a gr©at potential 
CISSGCT to psopl© livins in cities whore th©3© |Wi©r plsa&3 
r.r© being located. Also, there soctss, t© b© quit© a v&riuic© 
ia regard t© th© perforeaaco of som© ©f th©s© pow©r'pleats, 
Ciidi haa a©v©r been presented to th© public b©f©r©. Th© 
3̂cr.oriie pictur© also is entirely differeat ttaa ̂ tot tes 
ĉia released to th© public on th© subject ©f suelea* p©TOr 
T j-r.tiosu . - — ••• 
. \ J Id b® greatly interested in hear lag frea yoia ©a this 
. xii -L% You eaay hav© sosa© laformatiao fro© tta© ©sgortss at 
tao ..tenic Easrgy Conaission ia regard t® th© ac©urs.ioaoas 
>ad wUtheaticity of th© st^t©aeats giv©a ia tMs article. 

¥©ry truly y®iar@9 

Joan J . Chyl© 
Director of W©l<ti»n tesearoh. .-••«•$ 
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Insurance come .des could not 
over the risk oc rji atomic acci­
,ent in such p <., he said. 
"The poL, destruction, in 

be event of terious accident, 
/as found tc be incomparably 
renter than ffmna any other' type 
f industrial plant . . . 
"Property damage from an aeci­

cntal failure of a reactor (or from 
abotage) and from the release of 
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less than half a per cent of the 
country's installed electric ca« 

~ he stated. 
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the act beyond its 1&37 expiration 
date. 

"Although the prouote^e ef •! 
atomic power claim itnt re&etoi'S I 
may be safely located fa i&pulous 
areas, they tu­svent!/ heft t&B| 
skill and course to co.i/at&t Snidi 
power p'atits on li'df o#f» f? mfcal­ jj 
bility and without ILJ J .0 Helton j 
of the federal lalemuliy Act," n<9 I 
declared. " " l

(| 
" 'Safety by psop&£ liida' is fec­

ing encouraged la SBSJS tjti­sfteri 
as a substitute for re­^Oiisibld «i­
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power is "econoaiic*' and "ccm­
petitive," its proraoiefs are £ghtiiig 
curtailment of federal subsidier, 
Ackerman said. 

And he cited material ha has 
assembled during the past 10 yCaS $ 
which, he said, reveals "the !ae& ef 
reliability in reactors at $hh em­
bryonic stage" fa supplying & de­
pendable source of power. 

Cites gorotee "£?ac!idM 

He summarized tllo hfatory of 
repeated service fatenilptloM— 
some for more than ak months fit 
a stretch—at sk 
plants. 

Of eight producing cental sta­
tion atomic power plants, only ont? 
cost what it was supposed to, fee 
noted. The others ranged from $!$ 
million to $79 million over esti» 
mates. One of th© eight 8s still 
being tested; the current output of ■ 
the other seven ranges from a fflass­ ( 
imum of 78 per cent to IS per cent 
of the power production ttsey were 
expected to give. Two plants have 
installed steam boilers as substi­
tutes for ailing reactors. 

"Rosy propaganda by reaetoif 
manufacturers, by a few utility 
executives, and by the' Atomic 
Energy Commission tendj io give 
the false impression that atomic 
powef has 'arrived' find {lid it la en. 

reliable, at. J ewttsOiiiical M 

-i 

In the past IS months, pkns for 
three major atomic power plants 
have been canceled, including one ­
in New York City, he said. 

This seems to indicate that the 
growing record of adverse experi­
ence is forcing some utility man­
agements to take a more realistic 
look at atomic power." 

Consolidated Edison's plans for 
& plant fa the densely populated 
Queens area of New York were 
creeled the same day Ackerman 
had a conference with a high­
placed company official to review 
his "adverse information," he said. 

A plant planned by PaciSc Cas 
md Electric Co. at Bodega Bay, 
£33 miles north of San Francisco, fa 
spite of warnings of "extreme 
earthquake risk" fa the area, was 
dropped when fee excavation for 
the reactor turned up a secondary 
earthquake fault 

These cancellations, Ackerman 
feels "have thwarted on effort to 
prove that 'you can put a reactor 
anywhere.'" 

The Rochester Gas and Electric 
Co.'a planned plant 20 miles from 
Bochester, N. Y., on Lake Ontario 
was canceled after Ackerman con­
ferred with top management and 
after the builder of the atomic 
gmwer plant declined to guarantee 

; Ackerman urged allowing the 
federal Indemnity set to lapse as 
an aid fa restoring "a general sense 
of responsibility among manufac­
turers." 

"It would also help to establish 
responsible and safe engineering 
practices, and the development of 
moderately sized atomic power 
plants so located and safe that the 
insurance companies could insure 

"It would remove Q 
which is now seriously distorting 
atomic power economics." 
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Memorandum 
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UNITED -STATES GO MENT 

Res. & Status Br. - GIBT 

TO : File DATE: June 29, 1965 

FROM : Johfi C. Boyle, Ghief 
Meeting Branch 

SUBJECT: REACTOR SITE CRITERIA 

Attached is a copy of Commissioner Ramey's June 10 draft 
statement on reactor site criteria which was approved with 
revisions at Information Meeting 490 on June 14, 1965. The 
revised statement was subsequently circulated to the Commissioners 
by memorandum of June 17 from Messrs. Beck and Shaw, which was 
approved at Information Meeting 492 on June 18, 1965. 

Attachment: 
As noted above 
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Draft 6-10-65 
James T. Ramey 

In April of 1962 the AEC issued Reactor Site Criteria (10 
CPR 100) to guide evaluation of proposed sites for stationary 
power reactors, primarily of the pressurized and boiling water 
types. These guides were developed in consultation with the AEC 
statutory Advisory Committee on Reactor Safeguards and the nuclear 
power industry. One of the objectives of these guides was to 
familiarize industry, state and local officials and the general 
public with the factors considered by AEC in evaluating proposed 
reactor sites. 

In acknowledging the continued need for competent technical 
judgment by both the applicants and the AEC in implementation, 
flexibility was deliberately written into the guides. The Com­
mission endeavored to set forth the criteria in such a way that 
they could be administered in an evolutionary manner. In so 
doing, it was recognized that insufficient experience had been 
accumulated to permit the writing of detailed standards for 
either the design or the siting of reactors.(See attachment #3 
for digest of Site Criteria.) 

The basic principle /embodied Jh 1me Reactor Site Crpjerlay 
is to recognize the necessity for effective engineered safeguards 
in the construction and operation of reactors both to prevent 
major accidents and to control their consequences in the unlikely 
event they should occur. Under the Site Criteria, provision is 
made to balance such engineered safeguards in relation to the 
distance between reactor and population centers. The application 
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of this concept has had the effect of continuing the AEC 
practice of keeping central station power and test reactors 
a reasonable distance from densely populated centers. 

The safety record achieved by the nuclear power industry 
has been outstanding. In no instance has the operation of a 
central station electrical generating reactor plant had any 
adverse effect on the public or its environment, or on the 
plant workers. These operations in the United States have 
involved the production of over 14 billion KW hours of electrical 
energy. 

This exemplary safety record is the result of the general 
recognition by the Commission and the industry of the problems 
of potential accidents; the expanding knowledge of phenomena 
associated with such potential accidentsj and the application of 
sound engineering principles in the design and construction of 
reactor systems and appurtenances. The Commission's research, 
development and test programs have materially assisted designers 
in specifying proper system requirements and safety evaluators 
in assessing the safety of specific system designs. The Com­
mission's annual budget for reactor safety research and develop­
ment is about $ . (See attachment # 
for digest of AEC R&D program.) 

The participation of industry has been most encouraging and 
many recent and improved safety systems have been developed 
through their efforts; more definitive and uniform criteria for 
the construction and operation of power reactors have evolved. 
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Efforts along these lines are continuing and are recognized as 
vital to the healthy growth of the industry. Consequently, it 
has been possible in recent years to accept certain engineering 
safeguards as a partial substitute for the amount of geographic 
isolation formerly required. 

The rapid expansion and development of the nuclear power 
industry involving different reactor types and increased reactor 
size for broader applications, and the incentives to locate in 
closer proximity to metropolitan load centers, has focused atten­
tion on the continuing need for careful attention to all matters 
which potentially could affect the health and safety of the 
public. Consequently, further important advances in reactor 
plant design and in the capability of safety systems and engineered 
safeguards will have to evolve to keep pace with the development 
of the nuclear power industry. 

The Commission has decided to undertake, in cooperation with 
industry, a supplementary program to define and develop the 
necessary~lmproved capability of safety systems and engineered 
safeguards. (See attached #1 for digest of supplementary program.) 
This effort will be carried on in conjunction with the Commission's 
safety research and development programs in order to obtain the 
accumulation of meaningful experience with respect to capability 
and reliability of these important safety systems. In the course 
of this undertaking, new and̂ Ĵ pjroved methods must be developed 
for design, construction and operation of central station reactors 
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from the standpoint of safety, and particularly as to means 
of testing and inspecting the safety aspects of important 
systems. Additional efforts also will have to be undertaken, 
in cooperation with appropriate groups, in the development of 
standards and codes for the design and construction of reactors 
and their principal components. 

This research and development work, together with increased 
emphasis on the development of improved reactor standards will 
be necessary as reactors increase in size and are built closer 
to metropolitan load centers. As the supplementary reactor 
safety program progresses, the Commission will continue to con­
sider applications for reactor construction permits and operating 
licenses on a case­by­case basis. As new data and improved 
safety devices are developed, they will be taken into account 
in the regulatory process. In recognition of this evolutionary 
development, the AEC has encouraged applicants and industrial 
organizations to come in and obtain informal review of their 
siting problems. In this manner, maximum advantage can be taken 
of the current knowledge and proposed plans as these may affect 
the health and safety of the public and the growth of the nuclear 
power industry. 
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COPY MO. ^ 

ATOMIC ENERGY COMMISSION 

SURVEY OF PUBLIC REACTIONS TO NUCLEAR POWER 

Note by the Secretary 

* 

The Executive Assistant to the General Manager has requested 
that the attached letter of June 18, 1965* from Charles RobbinsJ 
Executive Manager, Atomic Industrial Forum, to the Director of 
Industrial Participation be circulated for the Information of the 
Commission. 

■ * 

¥. B. McCool 
Secretary 
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MAY i n EDITION 
OSA GEN. BEO. NO. IT 

* UNITED STATES GOVERNMENT 

Memorandum 
T O : R, E. Hollingsworth DATE: JUN 28 1965 

General Manager 

FROM : ErnestB. Tremmel, Director JfcT~ 
Division of Industrial Participation 

SUBJECT: SURVEY OF PUBLIC REACTIONS TO NUCLEAR POWER 

You will recall that at Information Meeting kfT on May 6, the 
Commissioners favored the Labor Management Advisory Committee's recom­
mendation regarding a survey of public reactions to nuclear power. 
They also agreed that this subject be taken up with the Atomic Industrial 
Forum. 

Enclosed is an interim reply from the AIF in regard to their interest 
in joining the AEC in approaching an organization which might be encouraged 
to sponsor and finance a survey of public reactions to nuclear power. 

Please note that the Forum has had preliminary discussions on this matter 
with their Executive Committee, who in turn have referred the subject to 
the Steering Committee of their Public Understanding Program. The Steering 
Committee is to review this matter and make a specific recommendation on 
what action should be taken by the Forum so that the Executive Committee 
can consider the recommendation in a meeting on July 15• We will hear 
further from the Forum on this matter shortly after July 15• 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 

- 2 -
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June 18, 1965 

Mr. Ernest B. Tremmel, Director 
Division of Industrial Participation 

Energy Commission 
D. C. 20545 

U.S. Atomic 
Washington, 

Dear Ernie: 

This is an interim reply to your letter of May 17 in which you 
inquire about the Forum's interest in joining the AEC in a joint approach 
to a third organization which might be encouraged to sponsor and finance 
a survey of public reactions to nuclear power. 

As I believe Ed Wiggin told you, it was our intent to bring this 
letter to the attention of our Executive Committee when it met on June 10. 
The purpose of this interim reply is to tell you of the action taken by 
the Executive Committee. 

It was the consensus of the Executive Committee that it. should 
take no action on your inquiry until more consideration had been given 
to the scope and intent of the projected survey. For example, the Com­
mittee members found .themselves unable to agree on whether the survey 
should be limited to nuclear power or extended to all applications of 
atomic energy or whether it should be extended to all modes of power genera­
tion. Additional questions were raised about the sampling techniques to 
be employed, the kind of questionnaire to be developed, the procedures 
to be used in analyzing responses, etc. Perhaps the most important ques­
tion raised concerned the intended interpretation and use of the survey 
findings. 

The Executive Committee concluded that the matter should be 
referred to the Steering Committee of our Public Understanding Program 
with instructions that this cognizant committee should give careful con­
sideration to your inquiry and to the questions raised by the Executive 
Committee and come back to the Executive Committee as quickly as possible 
with a specific recommendation on what action should be taken by the Forum. 

This matter has subsequently been referred to the Steering Com­
mittee of the Public Understanding Program which in turn designated a 
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five-man task force to develop the recommendation requested by the Execu­
tive Committee. It is expected that this recommendation will be made to 
the Executive Committee during its meeting on July 15. We should be able 
to inform you shortly thereafter of the action taken by the Executive 
Committee. In the meantime, we have suggested to the five-man task 
force that they may find it helpful to informally explore with you some 
of the questions raised by the Executive Committee. Charles Yulish, the 
member of the Forum staff most intimately involved in our Public Under­
standing Program, will serve as secretary to the task force and will un­
doubtedly be in touch with you in the next few days. 

Sincerely, 

C—WAJU* 
Charles Robbins 
Executive Manager 
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UNITED STATES GOVERNMENT 

Memorandum 
f OFElCIAtrOSE ONI$ Hes. & Status Br. - GHJ 

TO 

FROM 

File DATE: 

W. B. McCool, Secretary 

June 22, 1965 

SUBJECT: ACTIVITIES RELATED TO REACTOR SAFETY 

SECY:JCH 

1. At Information Meeting 492 on June 18, 1965, the 
Commissioners approved the statement regarding activities related to 
reactor safety as attached to the June 17 memorandum from Messrs. Beck 
and Shaw to the Commissioners. The Commissioners also noted the 
statement would be referred to in the Price-Anderson Hearings and that 
a public announcement is being prepared for release at an appropriate 
time. 

2. It is our understanding the Deputy Director of Regulation 
and the Division of Reactor Development and Technology are taking 
the required action* 

cc: 
Commissioners 
General Manager 
Deputy General Manager 
Asst. General Manager 
Exec. Asst. to Gen. Mgr. 
Director of Regulation 
Deputy Director of Regulation 
Asst. Dir. of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
Asst. Gen. Mgr. for Reactors 
General Counsel 
Director, Reactor Develop. & Tech. 

ONLY 
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Memorandum 
UNITED STATES GOVERNMENT 

A. J. O'Neill, Chief •> DATE: June 21, 1965 
Policy Review Branch ~L. ]j) 
Through: F. T. Hobbs,( A^^tant* Secretary 
Evelyn C. McQuown, Chief 
Research and Status Branc 

REPRODUCTION FOR OFFICIAL RECORDS PURPOSES 

Reproduction of the following correspondence for official records 
purposes is requested: 

1. Deputy General Manager's May 25, 1965, letter to 
the ACRS, and 

2. The General Manager's January 21, 1964-, letter to 
the ACRS, concerning AEC spent fuel shipment cask 
program. 

The following note may be used for the cover page: 

At Regulatory Information Meeting 109 on December 2, 1963-, 
the Commissioners noted the November 19, 1963, letter from 
the Advisory Committee on Reactor Safeguards concerning 
ACRS review of the AEC spent fuel shipment cask program 
(circulated as AEC 94-3/13) and requested the General Manager 
and the Director of Regulation for joint recommendations. 

The attached correspondence respo&siveAe—this request is 
circulated for the official records of the Commission. 

Suggested distribution: Commissioners, General Manager, DGM, AGM, 
EAGM, AGMR, AGMO, AGMP&P, Director of Regulation, Directors of 
Operational Safety, Reactor Development and Technology, Reactor Licensing, 
Safety Standards, and General Counsel. 

Attachments 
as above 

VMM ®fi'Lcf Ŵ , 

I 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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^OFFICIAL ITSE ONLlp Ees. & Status Br. -

UNITED STATES GOVERNMENT 

Memorandum 
TO 

FROM 

File -iraea^y Original s i C T ^ DATE: June 21, 1965 

W. B. McCool, Secretary 

SUBJECT: LETTER TO CONGRESSMAN HOLIFIELD RE BROOKHAVEN REPORT 

SECY:JCH 

1. At Information Meeting 492 on June 18, 1965, the 
Commissioners approved the proposed letter, with a revision on page 2, 
to Congressman Chet Holifield regarding his questions on financial 
protection for reactor operators and the desirability of updating 
the 1957 Brookhaven report. This proposed letter was attached to the 
Secretary's June 17 memorandum. 

2. The Commissioners agreed the Atomic Industrial Forum 
and the American Public Power Association should be informed prior %o 
transmittal of the letter by the close of business on June 18. 

3. The letter to Congressman Holifield was subsequently 
dispatched later in the day on June 18. 

cc: 
Commissioners 
Director of Regulation 
Deputy Director of Regulation 
Asst. Dir. of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
General Manager 
Deputy General Manager 
Asst. General Manager 
Exec. Asst. to Gen. Mgr. 
General Counsel 
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Dear Chct: 

In anticipation of the hearings on the extension of the Price­Anderson 
Act you aclced us to consider whether experience since 1957 has suggested 
c-xy alteration in certain basic assumptions that lay behind the concept 
i...d the fona of financial protection provided by the Act,' 

Specifically, you wanted us to consider whether oporating experience, 
safety research and engineered safeguards have led us to alter our 
estimate of the probability of a eiajor reactor accident. 

Secondly, you wanted to have us consider whether developments have led 
to cay significant changes in tho 1957 BrooUhavea report estimates of 
the theoretical consequences of a raajor reactor accident, under the 
vorat hypothetical conditions, asctsain̂  all safeguards such as emergen­ '' 
cy cooling, fission product retention devices, containment, etc. should 
fell to function. 

it vac this combination of the remoteness of the likelihood of a uajor 
accident, but of the very large damage that could conceivably be involved, 
that led to the combination of financial protection by private insurance 
and government indemnity provided by the Act. 

In answer to your first question, several factors contribute to a basis 
fcr our confident belief that the probability of catastrophe is exceed­
1. ly low, even lower than our estlnate of the reaote probability of 
Cw—i aa event in 1957. In the period since 1957 there has beax cubs tan­
tie 1 ir­sreace in knowledge about reactors and their operational character­
istics and £r.er.y itaprovaacnts in reactor safeguards have beoxi nade. The 
added yeerc of operational experience with central station power reactors 
have been unblcaiched by any reactor accident that caused substantial 
d<. .ê o to tho facility or injury to any person. Kb accident in any reactor 
hv.j caused Interference with the public in any way. Uo cannot say, however, 
that the likelihood is nonexistent. 

Uo \;2uS to exphasice that there is with nuclear reactors, as ia many other 
cr.­erprices, a vast difference between potential hazards and the practical 
likelihood (or experience) of realised dcaa^es. Assessment of the 
practical likelihood of realised damages must also take into account the 
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multiple system of defenses provided to prevent the potential hazards. 

Such defenses against the potential hazards of nuclear reactors permeate 
the basic design of every component and system, they are evident in the 
successive barriers against fission product release built into the 
accident­prevention and the consequences­limiting safeguards. The several 
independent safety reviews of every facility by reactor experts give 
assurance that no recognized route to danger has been left unprotected. 
A firm basis has been laid for the belief that the likelihood of major 
accidents is extremely low. 

It would be useful of course to have reliable analyses of the probability 
of a major accident. Without question the probability is very low, but 
our efforts to define it have only served to convince us that there is as 
yet ao valid basis on which to make meaningful calculations. 

In answer to the second question, a restudy of the theoretical consequences 
of hypothetical accidents by our staff and that of Brookhaven has led us 
to fairly predictable conclusions. Reactors today are much larger than 
those in prospect in 1957, their fuel cycles are longer and their fission 
product inventories are larger. Therefore, assuming the same kind of 
hypothetical accidents as those in the 1957 study, the theoretically cal­
culated damages xjould not be less and under some circumstances would be 
substantially more than the consequences reported in the earlier study. 

Ii. general, while more reliable knowledge and techniques available in 
1965 improved the accuracy of prediction of effects of the hypothetical 
accidents, they had little effect on the size of the estimates of damage 
since the controlling factor is reactor fission product inventory. Details 
of the calculational techniques and values of'important parameters of 
Interest to the nuclear community will be published as separate reports 
in the technical literature. 

"bus, in our opinion, the answers to your two questions ­ that the 
likelihood of major accidents is still more remote, but the consequences 
could be greater ­ do not decrease but rather accentuate the need for 
Price­Anderson extension. * ■ »­>.̂ ­. ., . . 

Cordially* 

Chairman 
Honorable Chet Holifield 
Chairman 
Joint Committee on Atomic Energy 
Congress of the United States 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON, D.C. 20849 . 

Juno 17* 1965 

MEMORANDUM POE TRE CGAaOSSRftlBItS 

Subject: Activities &«laii»|< to Ecacfeor Safety 

Iirformatl 
Date „_ 

Apprd^j^eatpeiUfe fl! 
Other ; ■ ,mmm-. j&f 

I t e m ■ i;^: 
'*•*' ' mi !■■■■!■ irmnir- £'J 

Mr. ^iiton Shaw, director, £&&T» feas requested thai tha 

afcSachodi mamor&ZM&uo. ba <2ia$ribtttadi for coasktoratifia at ' 

the Iniormatioa Meeting est Fr'i<Say, Juno IS. ' ­; ;V: 

Signed W. B. McCool 

ccs' C « a r a i Maaag«r 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON. O.C 20B4S 

mw 
MEMORANDUM POR CHAIRMAN SEABORG ^P^'^&'/^^[??*-*?< 

COMMISSIONER BUNTING :^'^4^^y''^' 
COMMISSIONER- PALFREY ^.\-

;
-7' "i-

COMMISSIONER RAMEY f;'.; > ■ . ■ 
COMMISSIONER TAPE | 

THROUGH GENERAL MANAGER 
SUBJECT: ACTIVITIES RELATED TO REACTOR SAFETY 

Attached is the final statement prepared as a result of discussions 
yesterday with Commissioner Ramey, Messrs. Hollingsworth, Bloch, Beck 
and Shaw on previous drafts. 
Attention is invited to the omission of a summary of Supplementary Reactor 
Safety Program identified as Attachment 3 in previous drafts. At this 
time, it was determined to omit this attachment. W e are currently in the 
process of defining the details of'this program and determining the extent 
of re-orientation and augmentation of present efforts of the basic reactor 
development programs. Regulation and Reactor Development and Technology '•' 
will continue to work together and forward plans with more detailed 
supporting information on this subject in the near future. 
In following the guidance previously provided by the Commission, Dr. Beck 
is proceeding with the following: 

1. Obtaining comments from the ACRS and the Mitchell Panel, and 
2. Working with Public Information to prepare a tentative draft ' 

of a news release for release at an appropriate time. 

Clifford K. Beck , 
Deputy Director of Regulation 

Milton Shaw, Director, Division of 
Reactor Development: and Technology 

Attachment: 
Activities Relating to Reactor Safety 
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ACTIVITIES RELATING TO REACTOR SAFETY • '' 

In April of 1962 the AEC issued Reactor Site Criteria (10 CFR 100) Co 
guide evaluation of proposed sites for stationary power reactors, 
primarily of the pressurized and boiling water types. These guides 
were developed in consultation with the AEC statutory Advisory Committee 
on Reactor Safeguards and the nuclear power industry. One of the 
objectives of these guides was to familiarize industry, state and local 
officials and the general public with the factors considered by AEC ia ". 
evaluating proposed reactor sites. 

r'.u 
f • ■' 

In acknowledging the continued need for competent technical judgment by "'.'•'•■' 
both the applicants and the AEC in implementation, flexibility was 

. deliberately written into the guides. The Commission endeavored to set f:"• 
forth tbe criteria in such a way that they could be administered in an j 
evolutionary manner. In so doing, it was recognized that insufficient j 
experience had been accumulated to permit the writing of detailed j 
standards for either the design or the siting of reactors. . V , ' ''" '" 

The basic principle underlying the reactor safety program is recognition .■■',■■.■ 
of the necessity for effective engineered safeguards in the construction :■'.' 
and operation of reactors both to prevent major accidents and to control 
their consequences in the unlikely event they should occur. Under the 
Site Criteria,* provision is made to balance such engineered safeguards \ 
in relation to the distance between reactor and population centers. The I. [ 
application of this concept has had the effect of continuing the AEC r • 
practice of keeping central station power and test reactors a reasonable ■:-■.' ["' 
distance from densely populated centers. 1 [ 
The safety record achieved by the nuclear power industry has been out­
standing. In no instance has a reactor accident in the operation of a 
central station electrical generating reactor plant caused any radiation . ' 

w •* damage .to. the public or its environment, or to the plant workers. These ­'­_ j.'._. 
operations in the United States have involved the production of over V 
14 billion KM hours of electrical energy. 
This exemplary safety record is the result of (the general recognition by. : 
the Commission and the industry of the problems of potential accidents5 v ;.. 
the expanding knowledge of phenomena associated with such potential 
accidents; and the application of sound engineering principles in the 
design and construction of reactor systems and appurtenances. The 
Commission's research, development and test programs have materially 
assisted designers in specifying proper system requirements aad safety , 
evaluators in assessing the safety of specific system designs. Oaa part f 
of the Commission*8 research and development program identified as 
Nuclear Safety ia budgeted at about $24 million ia FY 1966.** 

* See attachment #1 for digest of Site Criteria. 
**See attachment #2 for a summary of this Nuclear Safety program, , t 
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The participation of industry has been most encouraging and many recent 
and improved safety systems have been developed through their efforts; more 
definitive and uniform criteria for the construction and operation of power 
reactors have evolved. Efforts along these lines are continuing and are 
recognized as vital to the healthy growth of the industry. Consequently, 
it has been possible in recent years to accept certain engineering safeguards 
as a partial substitute for the amount of geographic isolation formerly 
required. 

The rapid expansion and development of the nuclear power industry involving 
different reactor types and increased reactor size for broader applications 
(e.g., desalting), and the incentives to locate in closer proximity to 
metropolitan load centers, has focused attention on the continuing need ­'/< 
for careful attention to all matters which potentially could affect the .' 
health and safety of the public. Consequently, further important ­

advances in reactor.plant design, in the capability of safety systems 
and engineered safeguards, in adapting critical components and systems 
to accommodate their inspection and testability, and in practical demon­ . 
stration of dependability of performance of such critical systems, must 
evolve to keep pace with the development of the nuclear power industry. 

if 

I 
. i 

In recognition of these increasing needs, the Commission has decided to 
augment efforts and redirect emphasis to define and develop the improvements 
in reactor plant de.sign and capability of critical systems and engineered /v­

safeguards. This effort will be carried on in cooperation with industry 
and in conjunction with the Commission's safety research and development ;.' 
programs in order to obtain the accumulation of meaningful experience with •; 
respect to capability and reliability of important safety systems. In the ..:•'.. 
course of this undertaking, new and improved methods must be developed for 
design, construction and operation of central station reactors from the 
standpoint of safety, including means of testing and inspecting the safety * 
aspects of important systems. Additional efforts also will be undertaken, • 
in cooperation with appropriate groups, in the development of standards 
and codes for the design and construction of reactors and their principal 
components. 

This research and development work, together with increased emphasis on 
the development of more specific reactor standards, will be necessary as 
reactors increase in size and are built closer to metropolitan load centers. 
As the reactor safety program progresses, the Commission will continue to 
consider applications for reactor construction permits and operating licenses 
on a case­by­case basis, As new.data and improved safety devices are 
developed, they will be taken into account in the regulatory process. In 
recognition of this evolutionary development, the AEC has encouraged 
applicants and industrial organizations to come in and obtain Informal 
review of their.siting problems and reactor plant and component designs. 
In .this manner maximum advantage can be taken of the current knowledge and:. 
proposed plans as these may affect the health,and safety of the public and 
the­ growth of the nuclear power,iadustryrj.,^:^ 

Attachments 
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Attachment 01 

DIGEST OF SITE CRITERIA 

The Atomic Energy Commission published "Reactor Site Criteria", Part 100*'.';'."''i'':'v­w 
Title 10, Code .of Federal Regulations, as an effective regulation oa .'­'ŷ ;/;X*;':̂ .̂  

• May 12, 1962.i' The fundamental purpose of Part 100 is to provide ;V;­f'{i':' 
guides for the evaluation of the suitability of proposed sites for V fe; ­f^^/ 
stationary power and testing reactors. The regulation specifically '%'};':::'^:>r 
recognizes that insufficient experience has been accumulated to permit '' 'p'p-.^./:;;-
the writing of detailed standards and emphasizes that Part 100 is ;;

'̂  
' intended as an interim guide to identify a number of factors considered ■•> 
by the Commission in evaluating reactor sites. 
The particular factors considered in determining the acceptability of 
a site are the characteristics of reactor design, including power level, '\:.p ■'-'-,■ :s 
safety features and similar design considerations, population density 'V'.O ,. •■ ­' 
and use characteristics of the environs, physical characteristics of the :';

:
:~~'"i'"" 

site, and the engineered safeguards designed to minimize the consequences : Vo , 
of any accident. '■■^^'H^-p-

A basic objective of the guide is to assure that potential cumulative 
doses to large numbers of people, as a consequence of any nuclear 
accident, should be­ low in comparison with what might be considered 
reasonable for total population dose. .--'".j";;p-■;;■ ':■'.». 

The point of departure for the evaluation of site suitability and plant 
design is the concept of the "maximum credible accident". This represents ­. ••­
the upper limit of practical hazard to the public which can be expected .'•;­. 
from the proposed facility. ;"'';; 
The guides make explicit, and define, the concepts of population zones 
around a reactor which had been observed in practice all along by the 
Commission; the exclusion zone, where people, if any, are highly mobile 
and under the direction of the reactor operator in emergencies; the 
next succeeding low population zone, where evasive or protective measures 
for people could be taken in case of dangerous releases from the plant; 
and the city distance, where people are not very mobile, but the distance ,'.'>'. 
is sufficient to prevent the worst aspects of danger should e serious 
accident occur. ;i­̂ î .:_̂ —_ 
Numerical values for potential doses to off­site personnel, 25 rem whole '

; 

body exposure or 300 rem to the thyroid, are provided as comparative 
measuring indices for use in evaluating the site. These values are not , 
intended to be permissible limits for public exposure and may be used 
only in the evaluation of reactor sites in respect to potential reactor , 
accidents of exceedingly low probability of occurrence aad low risk of ':'" 
public exposure to­r&iatioa.V:^.^.,^:^^ 

i / _ 27 F.&.• 3509;■•■•;>|'|f£!i!iifi .••.̂••
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The guides identify problems of meteorology, hydrology and seismology ,....'[\ 
which must be considered In evaluating the suitability of a site. 

Finally, the principle is articulated that "where unfavorable physical '.':', 
characteristics of the site exist, the proposed site may nevertheless ..;;• 
be found to be acceptable if the design of the facility includes 
appropriate and adequate compensating engineering safeguards." This 
has been interpreted to mean that where appropriate and adequate 
compensating safeguards are provided, there may be some reduction in . 
the isolation dlstaaee of the reactor which otherwise would be required, 

H-r> ii^'.Vt'.'--
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Attachment #2 

SUMMARY OF NUCLEAR SAFETY PROGRAM 

In augmentation of selective results from Individual reactor projects and 
technical programs, the Nuclear Safety research, development and test 
program coordinates the technology, focuses effort and provides data and 
information required for the location, design, construction and operation 
of safe reactors and the application of reliable engineered safeguards for 
effective accident prevention and control. 

1. Nuclear safety research and development, which involves both 
fundamental and applied research in nuclear reactor safety, 
including studies in reactor kinetics, fuel meltdown phenomena 
and fuel­cooiant interactions (chemical reactions), reactor 
containment, and other engineered safeguards, including those ■ 
related to fast reactor safety studies. 

-X: 

\\. 

The primary objective of the nuclear safety program is to provide sound rP If 
technical bases for designing safe reactors and preventing accidents i.p 
by obtaining quantitative data.from a coordinated sequence of laboratory 
studies and experiments and engineering scale tests, and through improved 
analytical techniques and processes. Concomitantly, the program's 
objective is also to provide the required technical bases for evaluating ' h: 
the safety of proposed reactor designs and installations. : ; ­ ; ; . 4Ji 

•"•'■''.­
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The Nuclear Safety program includes the following: . " < . ; ^ 

f.vf­

m 
2. Effluent control research and development, which is directed ! 

toward the development of more effective means of managing i •: 
radioactive wastes resulting from nuclear reactor operations, and I; 
toward determining and controlling the behavior of these residual j; 
radioactive effluents in the environment. , .. . . 

3, Engineering field tests, which extends laboratory­scale test results 
on both aerospace and terrestrial nuclear systems into full­
engineering­scale field test results0 i '­..R 

4. Reactor safety analysis and evaluation, which conducts safety , ­ I i 
analysis studies that supplement other program activities, and : ® [ 
provides assistance in planning and directing the overall nuclear f k 
safety program. -:;'i '■ \. I 

The kinetics program is characterized by the SPERT reactors which Involves ' f/l 
study of all phases of abnormal reactor behavior Including nuclear excur* ^ 
sions beyond the threshold of ddamage, tr( „ , , [ 
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Reactor containment studies include large scale experiments of energy 
releases, the efficiency of engineered safeguards, fission product 
release and control, and pipe rupture, 

Work carried out under effluent control research and development includes 
environmental studies associated with the safe disposal of radioactive ' 
effluents into the environment Including gaseous activity, low, intermedlata 
and high activity waste disposal, the development of waste treatment 
processes, and the development of countermeasures for trapping fission •

 ;
. 

products resulting from a reactor accident. 

The engineering test program is characterized by the LOFT program which 
involves the test and control of a full scale loss of coolant accident 
for a 50 MWt pressurized water reactor. In many respects, this program 
is the synthesis of and focus for other parts of the safety program. The 
aerospace safety program is also conducted under this activity. 

The nuclear safety analysis and evaluation effort involves the coordinatloa 
of safety related work outside of the base safety programs, pressure 
vessel research, safety analysis of reactors, surveys of reactor operating 
experience and adequacy of engineered safeguards, probabilistic studies of 
reactor accident occurrence, and nuclear safety data dissemination. 

Currently, an important part of the analysis and evaluation work is the 
initiation of development of more uniform and better engineering codes, 
material and component specifications and quality control and inspection 
practices. It is intended that ultimately there will be a comprehensive 
set of codes or specifications for all components of reactor systems . 
that, if properly Implemented and followed through, will maximize the 
safety of reactors at any location, both in terms of protecting the public 
and maintaining the integrity of the operating plant*. 
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OSA GEN. RES. NO. 27 

UNITED STATES GOVERNMENT 

Memorandum 
SE O N L # " - ****■ 

TO 

FROM : 

Fi le 

W. B. McCool, Seg«a*ary 

June 16, 1965 

SUBJECT: REACTOR SITE CRITERIA 

SECY:JCH 

1. At Information Meeting k$0 on June 14, 1965, the 
Commissioners approved Coiamissioner Barney's June 9 draft statement 
on reactor site criteria with revisions. The revised statement 
is to be cleared with the ACRS and the Joint Committee and given 
to the regulatory review panel. The statement is also to attach 
a copy of the supplementary program and be described in the 
hearing as an internal document which may later be released. 

2. The Commissioners requested a report on the supplementary 
program as to scope and cost. 

3. It is our understanding the Office of the Director of 
Regulation and the Division of Reactor Development and Technology 
are taking the required action. 

cc: 
Chairman 
Commissioner Ramey 
Director of Regulation 
Deputy Director of Regulation 
Asst. Dir. of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
General Manager 
Deputy General Manager 
Asst. General Manager 
Exec. Asst. to Gen. Mgr. 
Asst. Gen. Mgr. for Reactors 
General Counsel 
Dir., Reactor Develop. & Tech. 
Dir., Congressional Relations 
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ATOMIC ENERGY COMMISSION 
I N F O R M A T I O N I T E~M 

RE-EXAMINATION OF THE 
BROOKHATO REPORT (WASH 74O) 

Note by the Secretary 

The General Manager has requested that the attached staff 
memorandum be circulated for the information of the Commission. 

W. B. McCool 
Secretary 

Attachment: 
Memo for Chairman & Commissioners 
frm GM dtd 6/8/65 w/attachment 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D.C. 

JUN « 1965 

MEMORANDUM FOR CHAIRMAN SEABORG 
COMMISSIONER BUNTING 
COMMISSIONER PALFREY 
COMMISSIONER RAMEY 
COMMISSIONER TAPE 

SUBJECT: BROOKHAVEN REPORT (WASH 740) 

Pursuant to the Commission's request at Information Meeting 
487, June 4, 1965, the following represents the origin of 
the request of the JCAE for re-examination of the Brookhaven 
Report (HASH 740): 

1. The request originated with Congressman Holifield 
at the hearings before the Subcommittee on Legis-
,lation of the JCAE on AEC Omnibus Bills for 1963 
and 1964. The following is the extract from the 
hearings: 

"Representative Holifield. You will make 
an effort, then, to update the Brookhaven Study 
on reactor hazards which was used as the basis 
for the 1957 amendment between now and the 
time you come forward asking for any extension? 

"Mr. Ramey. Yes, sir." 

2. Letter of July 21, 1964 from Clifford R. Beck, Deputy 
Director of Regulation, to Dr. Maurice Goldhaber, 
Director, BNL, requesting re-examination of the 
Brookhaven Report (WASH 740). (Copy of letter 
attached.) 

') General Manager 
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July 21, 1965^ 

Dr. Maurice Goldhaber 
Director, Brookhaven National Laboratory 
Upton, New York (11973) 

Through: Dr. S. G. English, Asst. General Manager 
for R&D, USAEC 

Re: Re-examination of the 
Brookhaven Report (WASH 740) 

Dear Dr. Goldhaber: 

In conversations with AEC personnel, representatives of the Joint 
Committee, and others, it has been decided that the Brookhaven report 
"Theoretical Possibilities and Consequences of Major Accidents in Large 
Nuclear Power Plants" (WASH 740) should be re-examined and updated to the 
extent which may now be possible with information presently available. 
The Regulatory Staff of the Commission has the responsibility for 
accomplishing this task. 

From conversations with Dr. S. G. English, Mr. Kenneth Downes and others, 
the tentative conclusion has been reached that revisions of the 
Brookhaven report could most expeditiously be accomplished by the same 
procedural patterns utilized in the original preparation of the report. 
According to this plan, the Brookhaven Laboratory would be assigned the 
responsibilities for technical analysis and evaluation, calculations, and 
development of a semifinal draft of a report, in accordance with plans 
which would be evolved and agreed on through conversations with appropriate 
members of the Commission staff. In accomplishing this task, Brookhaven 
would assemble from among its own staff members and outside experts as 
appropriate and necessary, a staff of "Principal Contributors" who would 
carry the major burden for achieving the over-all objective. 

One of the major purposes of this updating is to put the technical aspects 
of potential major reactor accidents in the most realistic perspective 
possible based on currently available information. 

A Steering Committee would be organized by the Regulatory Staff of the 
Commission, consisting of members of its staff and other technical 
experts as appropriate who would be available for conferences and 
discussions with the Principal Contributors throughout the course of the 
study, as deemed appropriate. This committee would meet with the 
Brookhaven staff initially and at periodic intervals thereafter, to 
provide suggestions, advice, and information relevant to specific 
Commission interests. 



• • 

- 2 -

In order to assure that over-all AEC views and requirements are reflected 
adequately, representatives of the General Manager's staff also will 
participate in the Steering Committee. 

At the end of the study, when a semifinal draft report has been prepared, 
appropriate members of the Principal Contributors and of the Steering 
Committee would meet to develop a final draft of the report which would 
most adequately correspond to the detailed needs of the Commission. 

It is our hope that Brookhaven will be agreeable to undertake this 
important assignment and find it possible to assemble and assign the 
necessary staff members to accomplish this task within a reasonable 
period in the immediate future. 

It appears that urgent needs for a revised Brookhaven report will arise 
not later than the Fall of 1964, and a target date for completion of this 
work by October 31, 1964, has been set. The Regulatory Staff will 
undertake at once to identify members of a Steering Committee to work with 
Brookhaven on this project. We suggest that preliminary discussions be 
held within the next few weeks. 

I have attached hereto a few of the specific items, identified in 
conversations with Mr. Downes and others, which may be included among 
these to receive consideration during the efforts to bring the Brookhaven 
report up to date. 

I will be in touch with your office shortly about arrangements which may 
be worked out for initial discussions. 

With respect to the funding, you should contact the Division of Reactor 
Development for an appropriate category to which the work should be 
charged in that program. 

Sincerely yours, 

/s/ Clifford K. Beck 

Clifford K. Beck 
Deputy Director of Regulation 

Enclosure: 
As stated 
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PROBABILITY: (As in WASH 740, Clifford Beck will undertake to prepare an 
initial draft of this, if this should be desirable). 

1. Statistics of an event which has not occurred? 

2. Philosophy and level of safety surveillance 

3. Statistics of failures of components, systems, accidents, etc. -
for what they are worth. 

4. Does Navy work and records give any clues on probability? 

POWER LEVEL: UP 4 TIMES: 

1. Fission product is linearly up; but is the hazard linearly up? 

2. Large decouples core; resonance effects (Warren Nyer has recent study) 

3. Missiles generation and potency 

4. Oxide fuels vs. metallic 

SITE: POPULATION MAY BE HIGHER, CLOSER IN: 

1. Variation among typical site locations; generalize or choose types? 

2. Dollar value of land may be going up? 

FISSION PRODUCT RELEASE: 

1. More data available - but are conclusions different? 

2. Particle size, smaller masses and avg. diameters, or larger? 

3. Deposition, plate out factors, better known 

ACCIDENTS: 

1. Contained - ok 

2. Volatile - ok 

3. Upper limit - may be too large? 
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METEOROLOGY: 

1. Deposition, dilution of cloud in immediate neighborhood 

2. Simple protective counter measures; may be significant. 

3. Account for meteorological details "direction pers stance" at large 
distances and extended times. May have significant effect. 

DESIGN COUNTER MEASURES: 

1. Deliberately generate particle size of larger diameter 

2. Gas jets 

3. Safeguards in general 

4. Containment dilemma 
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SUBJECT: 

OPTIONAL FORM NO. 10 
MAY 1962 EDITION 
GSA GEN. REG. NO. SO 

^omcjAiHJsroNUf 
3VERNMEI 

Memorandum 

^ e s . A Status Br. -. ea!gr 

UNITED STATES GOVERNMENT 

File 

W. B. McCool, Seer 

SUBMISSION OF UPDATED BROOKHAVEN REPORT TO JCAE 

SECY:JCB 

DATE:June g, 1965 

1. At Information Meeting 487 on June 4, 1965, during 
discussion of their June 1 meeting with Congressman Holifield, the 
Commissioners noted their suggestion that Mr. Holifield would perhaps 
like a report on engineering safeguards - reactor safety as an 
alternative to an updated Brookhaven report. The Commissioners noted 
staff would check the original Joint Committee request for submission 
of an updated Brookhaven report. 

2. It is our understanding the Executive Assistant to the 
General Manager is taking the required action. 

cc: 
Chairman 
General Manager 
Deputy General Manager 
Asst. General Manager 
Exec. Asst. to Gen. Mgr. 
Director of Regulation 
Deputy Director of Regulation 
Asst. Director of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
General Counsel 
Director, Congressional Relations 

" / ? 
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OPTIONAL FORM NO. 10 
MAY 1862 EDITION 
GSA GEN. REG. NO. 27 

*OFFl 
UNITED STATES GOVERNMENT 

Memorandum 
ONI^TV^SF. 

TO 

FROM 

File 

W. B. McCool, Sec 

DATE: May 28, 1965 

SUBJECT: DRAFT REPORT TO THE JCAE ON THE 1965 RESTUDY OF WASH 740 

SECY:JCH 

1. At Regulatory Information Meeting 156 on May 26, 1965, 
the Commissioners requested discussion of the draft Report to the 
JCAE on the 1965 Restudy of WASH 740 by Commissioner Palfrey and 
staff with Joint Committee staff possibly on Friday, May 28. This 
draft Report to the JCAE is attached to Mr. Beck's May 21 memorandum 
for the Commissioners. 

2. It is our understanding the Director of Regulation 
is taking the required action. 

cc: 
Commissioners 
Director of Regulation 
Deputy Director of Regulation 
Asst. Dir. of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
General Counsel 
Director, Congressional Relations 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON, P. C. 

May 25, 1965 

Dr. W. D. Manly, Chairman 
Advisory Committee on Reactor 
Safeguards to the TJ. S. Atomic 
Energy Commission 

Washington, D. C. 20545 
Dear Dr. Manly: 

Reference Is made to our letter of January 21, 1964, to 
Dr. Hall, concerning a review of the AEC spent fuel shipping 
cask program by the ACRS. At this time, the Committee recommended 
that the research program Investigate the use of shielding 
materials other than lead for large shipping containers. In the 
following paragraphs we will summarize the results of certain 
studies in this area and would welcome any further comments or 
suggestions from the Committee concerning this phase of the 
Commission's transportation research and development program. 
Review of Materials of Lower Density than Lead 

The use of materials such as carbon steel, cast Iron, forged 
or cast steel, stainless steel and other such materials has been 
considered for cask construction as a substitute for lead in order 
to eliminate the problem of loss of shielding by melting during 
a fire. The use of these types of materials has not been 
generally accepted by the industry and AEC because of fabrication 
difficulties and due to the fact that larger containers would be 
required in order to provide equivalent shielding. The 
disadvantage of constructing larger containers is not only the 
additional cost for construction itself, but also the extra weight 
which Increases shipping costs to a point where It is 
uneconomical to consider their use. 

Casks have been constructed using layers of steel plate, 
which are welded together to achieve the proper shielding 
thickness. Difficulties in obtaining a good bonding between 
the layers of steel sheets, which causes heat transfer problems, 
have been a drawback to this type of construction. By contrast, 
lead filled casks can be constructed so the necessary bonding 
for heat transfer can be easily provided. 

ANL has studied the possibilities of building a solid 
stainless steel shipping cask. After designs and cost estimates 
were prepared and evaluated, it was decided to cancel the project 
to construct this cask on the basis that the costs were 
excessive in comparison with a regular lead cask. 
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Solid steel and cast Iron, as well as old Navy gun barrels, 
have been considered as substitutes for lead in shipping 
containers. Here again, the problem of larger size containers to 
provide the necessary shielding Increased the total weight to the 
point that it was not economical to build the cask or to pay for 
the additional freight costs to ship such a container. Also, it 
has been found that these types of materials are difficult to 
decontaminate after use. 
Review of Material of Greater Density than Lead 

Another material that has been considered as a substitute 
for lead is depleted uranium. Containers made of this material 
would have thinner shielding walls arid the over-all weight would 
be less than a comparable lead filled cask. This would provide 
some transportation economies. The use of' uranium would, also, 
eliminate the problem associated with the melting of lead and loss 
of shielding in case of fire. However, the dusting or flaking 
off of material from the outer surface of bare uranium can 
produce an undesirable contamination problem, which, while not 
necessarily hazardous, does need to be controlled. This can be 
accomplished by encasing (e.g. stainless steel shell), plating, 
or possibly alloying with other metals. Encasing or plating 
increases costs substantially. Further work is contemplated for 
alloying, which at this time appears to be the most promising 
approach. Consideration has been given to constructing casks of 
depleted uranium and, after developing fabrication methods, 
several shipping containers have been built at AEC installations. 
However, in line with the general AEC policy of encouraging 
industrial participation in various atomic energy programs, the 
Commission has decided not to build uranium containers on a 
routine basis. Subsequently, bids from private industry to 
manufacture containers of this type have indicated costs which 
are much higher than it would take to construct a comparable lead 
filled cask or a depleted uranium cask at an AEC facility. In 
view of the cost differential, the use of depleted uranium in 
shipping containers has not been given further consideration 
except for one container being considered by ANL which would be 
constructed of a combination of thick steel and depleted uranium. 
Review of Methods of Protecting Lead 

In our research program, the Franklin Institute has been 
studying the use of laminated steel and lead layers, similar to 
plywood type construction, to determine whether this type of cask 
construction has certain structural and fire protection advantages 
over present-day container designs. Ordinary casks of thick lead 
construction (averaging 9 or 10 Inches) are built of thin steel 
inner and outer shells (about 1/2 inch thick) which act as a form 
to hold the lead. In case of fire the lead could melt and the 
shell may be cracked due to expansion stresses set-up in the cask 
wall, thereby resulting in loss of lead and shielding. It appears 
that laminated layers of steel and lead offer added strength to 
resist these stresses. If the fire temperature increases to the 
point of melting thelead, then only a small fraction of the lead 
might be lost, since the laminated type shell wall construction 
would alleviate Internal stresses and rupture, and the remaining 
lead and steel layers would remain in place, thereby retaining 
the required shielding. Preliminary results from these studies 
show that great resistance to structural damage can be obtained 
through the use of sandwich type construction. However, it 
appears that laminated cask construction would be somewhat more 
costly. 
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A corollary study involves the substitute of high strength 
steel (Core-10) In place of low carbon steel shells for casks. 
Results to date indicate that this material has an Increased 
resistance to both impact and puncture with only about a twenty 
percent increase in steel cost. 

The full-scale fire test with a 15-ton load filled, fuel 
element cask was carried out at the Sandla fire-test facilities 
this past January. This test marked the first time that a large 
cask has been subjected to a one-hour open petroleum fire. 
During the fully Instrumented fire test the external surface 
of the 15-ton cask reached a temperature of about 2000°F, while 
the internal temperature reached about 1200°F., thereby causing 
the lead to melt. It was estimated that about 5100 pounds of lead 
melted from the lid and body of the cask, a significant portion 
escaping from pipe stems through which experimental thermocouple 
wires had been placed. The results of the test are still being 
analyzed and it is planned to issue a report when the evaluation 
is completed. 

This summarizes in a very brief fashion some of the 
highlights of the Commission's transportation research and 
development program for developing materials of construction for 
irradiated fuel casks. If the Committee desires, we would be 
pleased to provide additional information on the above. 

Sincerely yours, 
/s/ E. J. Bloch 
Deputy General Manager 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON, D. C. 

January 21, 1964 

Dr. David B. Hall 
Chairman, Advisory Committee on 
Reactor Safeguards to the 
U.S. Atomic Energy Commission 

Washington, D. C. 
Dear Dr. Hall: 

Reference is made to your letter of November 19, 1963* 
concerning a review of the AEC spent fuel shipment cask program 
by the ACRS. The Commission appreciates the Interest in this 
important program and the specific comments of the Research 
Subcommittee. 

The AEC staff is now in the process of reviewing the 
Commission's research and testing program related to safety 
design criteria for spent fuel element shipping casks to define 
additional studies that should be carried out in this area. 

The recommendations of the Research Subcommittee will be 
fully considered in this review. We will advise you of specific 
plans for a study on the feasibility of use of shielding 
materials other than lead. 

You may be Interested to know that the Franklin Institute, 
in cooperation with the DuPont Company, will perform a 
mathematical analysis and small scale fire testing program which 
will serve as a basic for a full-scale fire test for a 15-ton 
lead filled, fuel element shipping container. Consideration is 
being given to using the Sandia fire test facilities for the 
field-scale test. 

Sincerely yours, 
/s/ A. R. Luedecke 
General Manager 
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Paper presented at the International 
Symposium on Fission Product Release 
and Transport Under Accident Conditions 
held at Oak Ridge, Tennessee April 5­7, 1965* 
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SOME PHILOSOPHICAL COMMENTS ON 
ACCIDENT MODELS AND HAZARD EVALUATION V 

C. Rogers McCullough 
Nuclear Utility Services, Inc. 

INTRODUCTION 

The original intent of this paper was to discuss the integration / 
of fission product release and transport with the overall accident 
evaluation, and the suitability of certain reactor system designs for 
certain sites. Most papers in this symposium have been devoted to " • 
fission product release, behavior, and transport, but the door has been' 
opened to the overall accident problem. Papers have been given by 
various authors in this area as well as discussions by others of the 
programs for the Nuclear Safety Pilot Plant, LOFT, and the Containment , 
Systems Experiment. Then there are the papers on the analysis of 
blowdown accidents by Battelle Memorial Institute, discussion of the 
pressure suppression system, and various filter systems. Accordingly, 
I do not think it inappropriate if I discuss the overall accident program 
and where, in my opinion, the various studies and research experiments 
which have been presented here fit in the overall picture. 

Present Situation , 

The present state of knowledge of release and transport of fission 
(1) 

products within containment systems was well summarized by Cottrell 
(1) Cottrell, William B., et a l . "U. S. Experience on the Release and 
Transport of Fission Products Within Containment Systems Under Similated ' 

Jteactor^AeoWent-Corniitions'^ Thf¥rhational Conference on Peaceful Uses 
of Atomic Energy, Paper A-Conf. 28-P-285. Sept.. 1964 ' - . 
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at the last Geneva Conference, September, 1964. The papers 
presented at this symposium have updated the situation. It is 
clear that not only in the field of fission product release and transport, 
but in other aspects of the evaluation of safety of reactors our basic 
understanding of the problems has not kept pace with advances in reactor 
design and size. ' *• * 

The nuclear industry has committed itself to the construction of 
many thousands of megawatts of capacity from nuclear power plants • 
costing many millions of dollars. There are clear indications that there : 

will be many more of these large nuclear power reactors constructed. 
^^Accordingly, thera~Js-4irgent-need~of information on which to base and '., , 

substantiate the judgments of safety for these reactor plants and their 
engineered safeguards. In order to obtain this Information, we need 
both laboratory research and experiments and we need engineering tests . 
The Atomic Energy Commission Safety Research Program is attempting 
to fill these needs. 

My remarks today are directed primarily to boiling and pressurized 
water reactors, but much of the comment Is applicable also to other 
types of power reactors. Because of the way in which the design of 
these proposed power reactors has been developed, we have considerable 
confidence in the basic integrity of these reactor systems. However, 
listening to the papers here at the symposium, it is clear that there is 
a great deal more to be learned, particularly about certain aspects of the 
behavior of fission products. It is clear that basic research is needed. 
In addition, there is a clear requirement for applied research and engineering 
tests. The criteria to be used in the judgment of the needs for basic 
research and engineering tests, The criteria for basic research will not , 
be discussed further. It is clear that applied research must be oriented 
to solve the practical problems which arise from the design and operation 
of actual nuclear power plant systems • \ « * 



It must be emphasized that when we are dealing with the 
safety evaluation of nuclear power plants, we are primarily concerned 
with the requirements of the accident situation. It must be remembered ' 
that an accident by definition is an unforeseen event. All we can do, 
therefor, is to analyze the kinds of accidents which we imagine may 
happen; we must recognize at all times, however, that we really do not 
know what actually will happen. At the present time, it appears that 
with good design one can avoid a major nuclear excursion. That is to 
say, the probability of a nuclear excursion. That is to say, the prob­
ability of a nuclear excursion of sufficient magnitude to break the 
primary system is so remote that no additional engineered safeguards are 
required to cope with it . However, one must not forget the possibility 
of such an event and we must make sure that the designs are such that 
it is truly a very remote possibility. 

The major damage potential from reactors today results from a 
loss-of-coolant. If there is a break in the primary system of a large size, 
(for example, the size equivalent to the largest pipe in the system) then "' 
the coolant, that Is liquid water, will be lost from the core in a very 
short time compared to the charging rate. In the case of the large power ' '' 
reactors, if liquid water no longer covers a substantial part of the core, 
the temperature will rise very rapidly and in a short time fission product v • 
release and melting will set-in. By large reactors, I am referring to 
those of the 1,000 to 3,000 megawatt thermal raige which is the size 
that is presently being designed. 

Even though it may seem extreme to postulate this accident (and 
actually I believe that the probability is quite small) a study, part of the 

(2) AEC safety research program; shows that a major break in the primary 
(2) Brothers, A. J. et a l . "A Review of Fracture Modes as Related to Reactor 
Primary Coolant Pine Rupture". GEAP-4446, May. 1964 
system is not impossible although,smaller breaks are much more probable* 
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The experience with pressure vessel failure shows that small flaws grow , 
to large ones during the operation of the vessel. When these flaws 
become large enough, drastic failure can occur, particularly if the vessel ,..,. 
Is in the brittle range. The British have done some work recently which v ,.; 
shows that if the vessel contains fluid with stored energy, such as ■*.',■•'*' 
compressed air, steam, or water above its atmospheric boiling point, a v . * .­
flaw if large enough to cause initial failure can grow very rapidly. 1­ V 
There is a competition between the rate of pressure release and the rate 
of crack propagation. , . / ' 

In the United States, the safety record of pressure vessels is 
quite good, at least over the last fifty years. It should be noted that 
the safety record of pipe lines is not as good. One can ascribe the good :' 
safety record of pressure vessels in the United States to the existence _Y,;• 
of an excellent pressure vessel code to which practically all such vessels 
adhere. This code has been in existence for many years with constant „■ ' i 
revision and improvement. Recently a modification of the pressure >. i­ .:. :. 
vessel code was written specifically for nuclear vessels. This is the 
ASME Section III Pressure Vessel Code. In the case of pipe lines, 
although there has been no satisfactory code up the present, work is 
under way to write such a code particularly for nuclear systems. 

There is another reason for the excellent record of pressure vessels;: 
they have been subjected to periodic inspections. It is not uncommon to 
find flaws in these vessels after, they have been in operation for a certain 
period of time. It is common practice to repair these flaws and to continue" ;" 
to use the vessels. In most cases, flaws have not resulted in any 
leakage of the contents of the vessel. Unfortunately, in the case of 
nuclear vessels, up to now at least, there is no such inspection made. 
In addition, nuclear vessels are pushing design limits with their thicker 
walls promoting the possibility of more rapid thermal transients • They 

i ■ *•■ 
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also are of unusual designs and frequently are using new materials. 
In addition, they are subject to radiation damage. The research work 
attempting to define the effect of radiation damage is currently under 
way, with only preliminary results available. This points up the need 
for additional basic and applied .research and engineering tests and 
these are contemplated in the AEC reactor safety research program. 

To return to the case of the accident resulting from a major 
break in the primary system: for large reactors if there is no liquid 
water over a substantial fraction of the core rapid and drastic over­
heating will occur unless emergency action is taken. The designs for 
all large nuclear reactors include some sort of emergency cooling system* 
If these operate as designed, further damage to the reactor core would 
be averted. In the case the emergency cooling does not function as 
designed, then the core rapidly rises in temperature, fission products 
start to be released as cladding fails and the core melts with the 
consequent release from the fuel of practically all of the gaseous and 
volatile fission products and appreciable fractions of the others. - f, 
This mixture of the highly radioactive fission products will then be 
released to the containment. The containment would be filled with a 
mixture of steam, air, fission products and a variety of contaminants. 
The whole atmosphere is highly radioactive and many reactions will 
occur. There is very little information upon which to base estimates 
(or guesses) of the real course of events 

f It is worth noting here that since we are dealing with an accident 
situation of great complexity, accurate estimates of the amount of fission 
products which might be dispersed within the containment are of little 
value at this stage of our knowledge. It is of no practical consequence 
whether 10%, 50%, 90% of the fission products are released. The 
containment is our major engineered safeguard upon which we must rely 
if the integrity of the primary system has been broken and the emergency • 
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cooling function does not function. The leak rate of the containment, 
therefor, is of vital consequence. In the case of these large reactors, 
if they are located in a reasonably populated site, the required leak 
rate Is so low as to be beyond the practical measuring limit, that i s , 
less than a tenth of a percent per day. This has led to the proposal of 
double containment which, if it functions as designed, will result in 
substantially no release of fission products to the environment. There 
are other containment concepts which should give equivalent results. * • 

Some engineered safeguards are designed to reduce the pressure 
within the containment and thus terminate the potential leakage of these • 
radioactive materials to the environment. The pressure suppression . 
system is one in which the pressure is reduced very rapidly indeed. 
Other systems use sprays or coolers through which the contents of the 
containment are circulated. If the containment vessel is bare steel, 
heat can be lost through the shell, but if it is of concrete, then positive • 
means must be provided for removing the decay heat since it cannot 
pass through the concrete shell rapidly enough. 

Other engineered safeguard systems are cleanup systems which 
remove fission products from the containment atmosphere where they are 
available to leak. These usually consist of filters for particulate matter 
and absorbers for iodine. On the basis of the data which has been 
presented at this meeting, it Is clear that some uncertainty exists as to 
the best design of these cleanup systems as well as the best way to test 
them to prove they will function as required. However, the basic research 
and the applied research programs, not to mention the engineered tests 
which are being planned, will apparently put this situation in excellent 
condition when they have been completed and evaluated. 

How to Proceed 

1. In order to improve our confidence in the integrity of nuclear 
primary systems we need a set of criteria or standards fc* the whole of 
the primary system of a nuclear power reactor. The excellent record of 
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pressure vessels illustrates this. 
2. A way must be found to inspect the primary system throughout 
the life of the reactor. It may be that a scheme can be found which 
can be used with the reactor operating but, if necessary, the reactor 
can be shutdown for a short time while this inspection is made. Work 
is under way on this as part of the safety research program using ultra­
sonic and perhaps other techniques. Such a continued inspection system 
would detect small flaws before they become large enough to be<# 

catastrophic. In the long run, with such a system, we might be able 
to relax our concern with major loss of coolant accident which is 
currently receiving so much attention. 
3. An emergency cooling system which would function rapidly in 
case coolant is lost from the core for any reason would avoid any 
further difficulty. It is necessary that this act fast, since it is necessary 
that the core be kept cool under all conditions. Relatively small amounts 
of water are required since the heat of vaporization can be utilized In 
this cooling. Presently, core sprays, safety injection and core deluge 
systems are provided. As far as I know, at present there is no clear 
evidence they will perform as designed when they are required. Tests 
to prove the efficiency and reliability of these systems are urgently needed. 
4. The containment systems must be designed with sufficiently low 
leakage. At certain sites, double containment or an equally effective 
system may be required. These systems must be monitored, perhaps on 
a continual basis. The'containment must be protected against possible 
missiles which would impair its integrity and it must be given pressure 
tests sufficient to promote confidence that it will function as needed 
under the accident conditions, 
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5. There must be means of reducing the pressure within the 
containment. The pressure suppression system is one such system 
which apparently serves its purpose very well. If other pressure 
reduction systems such as coolers and sprays are used, there must 
be proof (including tests) that they will function under the accident 
conditions at any time during the life of the plant. 
6. If fission product removal devices such as particle filters 
and iodine absorbers are required, there must be means of circulating 
the containment atmosphere, under accident conditions, through these 
devices. These systems must be provable for efficiency and operation 
under accident conditions so as to assure that they will function whens 

required. 
If we can succeed in accomplishing these six steps, I believe 

we can move with certainty to the construction of large reactors much • 
nearer population concentrations than we can at present In the 
interest of the advancement of nuclear power, consistent with the 
protection of the health and safety of the public and in the overall 

• national interest, I believe this is the path to follow. ■ 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON 25, D.C. 

May 24, 1965 

MEMORANDUM FOR COMMISSIONER BUNTING 
COMMISSIONER RAMEY 

SUBJECT: REACTOR DESIGN CRITERIA FOR CONSTRUCTION PERMITS 

I era attaching a draft of reactor design criteria for 
construe—on permits which I hope we can discuss at an 
early date. Design criteria along the lines of this draft 
will be a part of the recommendations we plan to make for 
the development of a supplemental accelerated reactor safety 
program as outlined in Mr. Ramey's memorandum of May 20. 

I gave an earlier draft of these criteria to the ACRS at 
its May meeting and asked that the ACRS appoint a sub-
commictee to work with us in developing these criteria to 
t.~e point where discussions with industry groups would be 
fruitful. The ACRS subcommittee has scheduled a meeting 
to work with us on these criteria on Saturday, June 5. 

I also gave a copy of the earlier draft to the Regulatory 
Review Panel at its last meeting for background information. 

\< 

As soon as we obtain an input from the ACRS and the General 
Manager, it will be important to meet with industry groups 
or. these standards. With the approval of the Commission we 
would like to begin now to schedule one or more industry 
meetings in June to discuss this subject. 

?wr such discussions we think it will be important initially 
to invite top men from the companies concerned before we have 
discussions with their design engineers. We have in mind 
people like James Young, General Electric; Charlie Weaver, 
•vestinghouse; Chauncey Starr, Atomics International; Freddie 
de Hoffman, General"Atomics; Wally Zinn, Combustion Engineering; 
"Count Waring, Consolidated Edison; William Webster or Roger 

v» 
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Memo for Cmrs. Bunting and Ramey - 2 - May 24, 1965 

Coe, Yankee Atomic; Sherman Knapp, Connecticut Light and 
Power; James Campbell, Consumers of Michigan, etc. 

vJc will also need to work with the Reactor Safety Committee 
of the Forum. 

These criteria by and large include the criteria which we have 
been using in the evaluation of reactor construction permit 
applications. In a few instances the criteria represent some 
extension over what has previously been applied but we think 
this is appropriate for the purpose of obtaining industry 
reaction. 

The final item (number 33) is in a slightly different category. 
In view of the Commission decision resulting from the recent 
siting discussions, this paragraph is a catch-all which is 
designed to give the Commission flexibility on the siting 
questions without issuing a policy statement. 

(Signed) >BU? 
Harold L. Price 
Director of Regulation 

Attachment: 
as above 

cc: .Chairman Seaborg 
Commissioner Palfrey 
Cccoaissioner Tape 
.General Manager 
General Counsel 
Secretary \/ 



DRAFT IV 
5/20/65 

CRITERIA FOR NUCLEAR POWER PLANT 
CONSTRUCTION PERMITS 

Attached hereto are a number of proposed criteria for the 

design of a nuclear power facility which, upon the supplying by an 

applicant of adequate information to permit a conclusion that the 

criteria are fulfilled, would by definition justify a finding of 

reasonable assurance that the facility can be built and operated 

without undue risk to the health and safety of the public. 

The applicant would be expected to supply in its initial 

technical design and safety analysis report all relevent information 

available at the construction permit stage with'regard to each of 

the criteria listed herein. It will be sufficient, in applying for 

a construction permit, to state the intention of the applicant to 

fulfill the indicated criteria and to outline an acceptable design 

approach to fulfillment. It would be expected that the applicant 

would present enough analysis and technical design data in the 

initial report to show at the construction permit stage that the 

indicated criteria can and will be fulfilled following the specific 

method described in the application. 
j 
i 

i 

i ■ » 



DRAFT IV 
5/20/65 

COMPILATION OF DESIGN CRITERIA FOR NUCLEAR 
POWER PLANT CONSTRUCTION PERMITS 

1. Reactor structures and equipment which serve to prevent 

accidents or to mitigate their consequences must be designed, 

fabricated and erected in accordance with applicable codes, 

and to withstand, without impairment of their capability to 

— function^—the-most—severe earthquakes, flooding conditions, 

winds, ice and other natural phenomena anticipated at the pro­

posed site during the lifetime of the proposed plant. 

2. Provisions must be made to limit and contain the consequences 

of credible chemical reactions involving the moderator, the 

fuel (including cladding) and the containment atmosphere. 

3. Protection must be provided against any credible internal 

missile generated by equipment failure inside the containment 

structure which might damage vital parts of the structure or 

equipment. i 

4. The reactor core, control system, and primary coolant system 

must be so designed that the maximum fuel temperature evaluated 

at all power levels up to and including the design overpower 

-- condition will be below values which could lead to significant 

fuel failures. 
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Fuel composition and cladding must be designed to maintain 

cladding integrity throughout the design fuel life under 

design operation conditions. 

The reactor must be designed to prevent undamped oscilla­

tions. 

The reactivity worth of individual control rods must be held 

to levels such that no single rod can introduce a reactivity 

transient capable of damaging the fuel or primary system 

under any conditions. 

The reactor must be designed to accommodate without damage 

to fuel or primary system, power excursions which could result 

from credible reactivity additions, including the tripping 

of the turbine-generator, loss of power to the reactor re­

circulation system, and other credible station transients. 

Heat removal systems must be provided which are capable of 

safely accommodating core decay heat under all credible 

operating and accident conditions, including isolation from 

the main condenser and loss of primary coolant from the 

reactor. 

Reactivity shutdown capability must be provided to make and 

hold the core subcritical from any point in the operating 

cycle and at any temperature down to room temperature with 

any one control rod fully withdrawn and unavailable- for use. 
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11. Backup reactivity shutdown capability must be provided that 

is independent of normal reactivity control provisions. 

This system must have the capability to shut down the 

reactor from any operating condition. 

12. Means must be available to indicate the control rod positions 

in the control room. Rod insertion must be by some positive 

means. ; 

13. All reactor cores larger than 100 inches in diameter must 

be provided with in-core flux monitors which reflect the 

neutron flux distribution throughout the core at all times 

during power operation. 

14. The reactor facility must be provided with a centralized 

control room having adequate shielding to permit occupancy 

during all accident situations. 

15. A reliable reactor protection system must be provided which 

will automatically initiate appropriate action whenever 

any safety parameter .approaches an unsafe condition. Testing 

capability must be provided,and..periodic ..tests conducted of 

functional operability of components and systems. Sufficient 

redundancy must be provided so that failure or removal from 

service of any one component or portion of the system will 

not preclude actuation of other protective devices when required. 
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16. The containment structure, including access openings and 

penetrations, must be designed, fabricated and erected 

to accommodate the pressures, temperatures, and energy 

accompanying the largest release from the primary system 

to the containment that cannot be ruled out on technical 

grounds as being of negligible probability. 

17. Provisions must be made for the removal of heat from 

within the containment structure as necessary to maintain 

the integrity of the structure following the maximum 

credible accident. 

18. The maximum permissible leak rate of the containment struc­

ture under maximum credible accident conditions must meet 

the site exposure criteria set forth in 10 CFR 100 following 

the calculational procedures described in TID-14844, or 

other approved calculational procedures. 

19. All containment structure penetrations must be designed 

and constructed so that their specified leak-tightness can 

be demonstrated continuously during operation of the reactor. 

20. The containment structure must be tested under design 

pressure conditions upon its completion, and the leak rate 

measured over a period of at least 48 hours to verify its 

conformance with design specifications. 
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21. In evaluating the containment structure and its associated 

engineered safeguards to determine site suitability under 

Part 100 criteria, credit will be allowed only for those 

engineered safeguards whose operability can be verified 

at all times during power operation of the reactor. 

22. Sufficient normal and emergency auxiliary sources of elec­

trical power must be provided to assure a capability for 

prompt shutdown and continued maintenance of the reactor 

facility in a safe condition under all credible circumstances. 

23. If engineered safeguards are needed to prevent containment 

vessel rupture, at least two independent, differently de­

signed systems must be provided. Each of these systems 

must be redundant in major components. Backup equipment 

(e.g., water and power systems) to the engineered safeguards 

must also be redundant. 

24. All fuel storage and waste handling systems must be enclosed 

within the containment structure unless it can be shown 

that an accident in any uncontained systems would not result 

in a release of radioactivity in excess of Part 20 limits. 

25. Fuel handling and storage facilities must be designed to 

preclude accidental criticality and to supply adequate 

cooling for spent fuel. 
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26. Where prolonged unfavorable environmental conditions can 

be expected to require limitations upon the release of 

operational radioactive effluents to the environment, • 

appropriate hold-up capacity shall be provided for retention 

of effluents. 

27. Gaseous, liquid and solid waste disposal facilities must be 

designed so that discharge of effluents and off-site 

shipments shall be in accordance with 10 CFR 20. 

28. The design must provide for monitoring releases of radio­

active materials to the environment. 

29. The radiation shielding in the facility and the access to 

high radiation areas must be such that the dosages received 

by on-site personnel shall not exceed those given in 

10 CFR 20. : 

30. Components pressurized by primary coolant must be designed 

so that in operation no substantial pressure or thermal 

stresses will be imposed on' structural materials of the 
r 

coolant envelope unless the temperatures are above NDT plus 

60°F. ! 

31. In the design of reactor containment systems reliance may not 
i 

be placed on valves to effect isolation of normally operating 
ventilation systems. 

i • 

i 
i 
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The design goal for instrumentation and control systems 

including all electronic and mechanical devices should be 

that all safety systems are fail-safe including consideration 

of effects of fire, steam, and other possible environments." 

In determining the suitability of a facility for a proposed 

site under Part 100, the credit to be allowed for the 

inherent and engineered safety afforded by the systems, 

materials and components, and the associated engineered 

safeguards built into the facility, will depend on their 

performance capability and reliability and the extent to 

which such systems, materials, components and engineered 

safeguards can be tested and inspected during the life of 

the plant. ■> 

r 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D.C. 

(J J^3 

MEMORANDUM FOR CHAIRMAN SEABORG 
COMMISSIONER BUNTING 
COMMISSIONER PALFREY 
COMMISSIONER RAMEY 
COMMISSIONER TAPE 

jfhciM. <*/, 11 is 

SUBJECT: DRAFT REPORT TO JCAE ON THE 1965 RESTUDY OF WASH 740 
(THEORETICAL POSSIBILITIES AND CONSEQUENCES OF MAJOR 
ACCIDENTS IN LARGE NUCLEAR POWER PLANTS) 

Attached hereto is a tentative draft of a report to the JCAE on the 
revised Brookhaven report. It consists of: 

a. A short transmittal sunmary letter from the Commission to 
the JCAE. 

b. Part I - Factors relating to the probability of catastrophic 
accidents. 

c. Part II - BNL's summary report to the Commission on their restudy. 

If this tentative draft constitutes a generally acceptable report, the 
Steering Committee will discuss this draft (a) with the Forum Safety 
Committee; (b) with representatives of the American Public Power Associa­
tion; in accord with commitments which have been made to both groups 
and will then prepare a final draft for Commission approval and 
transmittal. 

I would like to discuss this at an early Information Meeting. 

Original S>ifcneu b j U> K* 

-K 
Attachment: 
As stated a^lA'f ilif 

cc : Secretary (2) 

> v i> 

Clifford K. Beck 
Deputy Director of Regulation 
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FROM 

OPTIONAL, FORM NO. 10 
MAY 1862 EDITION 
GSA GEN. REG. NO. 27 

U N I T E D STATES G O V E R N M E N T 

Memorandum 
0>tpaAtVSt ONL^ Kes. . Sta tM Br. , a m 

Robert E. Hollingswdrch, General 
Harold Li Price, Director of Reg 

WJ Bi McCool, Secretary w. e . «Zw 

Manager DATE: May 21, 1965 

SUBJECT: SITING OF POWER REACTORS 

SECY:JCB 

1. At Regulatory Information Meeting 155 on May 20, 1965, the 
Commissioners, following review of Commissioner Ramey's May 20 memorandum, 
requested development of guidelines for a supplemental accelerated reactor 
safety program for review with Commissioners Bunting and Ramey. 

2. The Commission has directed you to take the action required 
by the above request. 

cc: 
Commissioners 
Deputy General Manager 
Asst. General Manager 
Exec. Asst. to Gen. Mgr. 
Asst. Gen. Mgr. for Reactors 
General Counsel 
Dir., Reactor Develop* & Tech. 

Deputy Director of Regulation 
Asst. Dir. of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
Director, Reactor Licensing 
Director, Safety Standards 

^ ^ 1 / /° S-^ &*#*£-&, 
« 

-OPPIOAIHJSE-ONtr 
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W/w:.f i.M.., T C N 2i., D.C. 

May 2 0, 1965 

M2i .iANEUM FOR CHAIRMAN SEASORG 
COMill SSI01\"ER :;UMT1NG 
COMMISSIONER PALFREY 
COMMISSIONER TAPE 
GENERAL MANAGER 
DIRECTOR OF REGULATION 

SUBJECT: SITING OF POWER REACTORS 

This will confirm my view, as stated at the May 13th 
briefing and as reported in Mr. McCoolTs May 14th memo, 
that the General Manager in cooperation with the Director 
of Regulation, should develop a proposal for a supplemental 
accelerated reactor safety program. 
This program should be consistent with the approach discussed 
in .­.EC £­1­3/19 — particularly with the six points of para­
graph S. of that, paper. It should also take into account 
the points made by the Regulatory staff and the ACRS. I 
would hope it would also stress the development of standards 
for design and construction of reactors. I would expect it 
to include information on such considerations as the type 
of R and B, and development of criteria and standards 
required; target schedules for meaningful determinations; 
the incremental funding and personnel needed; and the 
means for coordinating with the Regulatory staff and industry, 

James T. Ramey 
Commissioner 

c c ; W. B. McCool 

/ ­ . ' V ­ ^ /fey fi{A\ ■ ' 
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ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

J- 8 1965 

MEMORANDUM FOR CHAIRMAN SEABORG 
COMMISSIONER BUNTING 
COMMISSIONER PALFREY 
COMMISSIONER RAMBY 
COMMISSIONER TAPE 

SUBJECT: AEC-ONNED REACTORS 

The Commission now has before it a memorandum from the General Manager 
dated April S regarding AEC-owned reactor safety review system 
(see AEC 943/18). My comments are incorporated in the General Manager's 
memorandum. I understand that this matter is being scheduled for 
discussion at an Information Meeting this Week, " . 
For the Commission's information, I am enclosing a list of past and present 
AEC-owned facilities as examples of facilities which would be exempt under 
the General Manager's proposal. (Several facilities on the list have been 
dismantled and are no longer in operation.) Of the facilities listed, 
about 10 were referred to the ACRS for review. 
We discussed with the ACRS last Saturday some of the important safety 
considerations relating to the' Zero Power Plutonium Reactor (ZPPR) at 
NRT5. The ZPPR involves a large amount of plutonium and unusual containment, 
The ACRS requested the opportunity to review the proposed design of the 
facility and related safety considerations at their next meeting. This 
facility would be exempt under the General Manager's proposed policy. 

Harold L. Price 
Director of Regulation 

Enclosure 
List of AEC-Owned Facilities 

cc: General Manager ^. 
Secretary (2)-<—■= ^ " ." 
OGC (2) 
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OPTIONAL FORM NO. 10 
MAY 1882 EDITION 
GSA GEN. REG. NO. 27 

UNITED STATES GOVERNMENT 

Memorandum 

>r$A^p V f'Mr (\2t^ tk^ 

Giar 

TO 

FROM : 

SUBJECT: 

R. E. Hollingsworth, General Manager 
H. L. Price, Director of Regulation 

W. B. McCool, Secretary ' <s> 
%, 'o, 

DATE: May l4> l9£$ 
Approval, 

R.E.H/H.L.P. 
Date 

CHECKLIST OF BRIEFING ON REACTOR SITING, THURSDAY, MAT 13, 1965, 
3:05 P.M., ROOM 1113-B. D. C. OFFICE 

SECY:ICB 

Commlssiorter Ramey requested (a) promotional staff to prepare 
material describing the requirements of an intensified reactor safety 
program; and (b) regulatory staff to prepare similar material on an 
intensified development of general and detailed design codes. (RD&T/RL) 

The Chairman requested a summary of regulatory staff's May 13 
discussion with the ACRS for Commission consideration tomorrow morning, (DR) 

cc: 
Commissioners 

& l>Cu 
/P. LP) •* / 

IAL USE ONLY 
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MAY 1862 EDITION 
GSA GEN. REG. NO. 23 

*L 'Res. & Sta tus Br. ., £W 

U N I T E D STATES G O V E R N M E N T 

TO 

FROM : 

SUBJECT: 

F i l e 

W, B . McCool, Seer 

DATE: May 14, 1965 

CHECKLIST OF MEETING WITH ADVISORY COMMITTEE ON REACTOR SAFEGmRDS, 
FRIDAY, M&Y 14, 1965, 4 :05 P.M., ROOM 1113-B, D. C. OFFICE 

SECY:ICB 

lt Draft Letter ra Reactor Siting 

It was agreed a formal letter need not be transmitted. 
Mr. Manly noted the ACRS will continue to review its ideas on 
this matter with AEC staff. 

2. Conflicts of Interest 

Commissioner Ramey said he would discuss the Committee's 
problems with the General Counsel. 

ccs 
Coinmissioners 
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MEMORANDUM FOR CHAIRMAN SEABORG 
COMMISSIONER BAITING 
COMMISSIONER PALFREY 
COMMISSIONER RAMEY 
COMMISSIONER TAPE 

SUBJECT: ACRS "INCLINATIONS" ON URBAN SITES 

From informal discussions, questions and answers by many members 
of both the Regulatory Staff and of the ACRS, it is not possible 
to extract "an ACRS position" or even of !ian ACRS feeling" on 
urban sites. 

Nevertheless, some of my impressions of ACRS inclinations are: 

1. The ACRS feels that no reactors proposed thus far-
would meet the requirements for urban sites. 

2. Reactors built in metropolitan areas should closely 
duplicate reactors with demonstrated and favorable 
operating experience, including power level, safe­
guards systems, and other principal components. 

3. r'rovit,. oris should be laid down for designers as to 
what :.s required for reactors in urban sites. This 
woulc include: 

The requirement of readiness testability 
ox crucial systems; 

Full enclosure of j,pent fuel storage, waste 
handling systems, end other potential sour-es 
of radioactive materials; 

The *"'necessarv'' redundancv of cruĉ e.l i' ;̂ c . 
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Licensee-; should be encouraged to use inaginative 
approaches in developing protection against the 
hazards of reactors in urban sites (e.g., com­
plete containment underground was mentioned). 

As an extension of (4) above, the ACRS would 
oppose a policy prohibition on reactors In urban 
sites, but -raid maintain "a flexible position" 
on this. .'-..: the same time5 their requirements 
would, m effect, achieve a substantial delay in 
approval of reactors for such sites. 

Clifford K. Beck 
Deputy Director of Regulation 

Secretary (2) 
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Note by the Secretary 

The General Manager has requested that the attached 
report by the Assistant General Manager for Reactors be 
circulated for discussion by the Commission at the Briefing 
on Reactor Siting, scheduled for Thursday, May 13, 1965. 
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ATOMIC ENERGY COMMISSION 

SITING OF POWER REACTORS IN LARGE METROPOLITAN AREAS 
(DISCUSSION PAPER) 

Report by the Assistant General Manager for Reactors 

PROBLEM 
1. To provide further discussion related to the siting of 

power reactors in or near metropolitan areas* 

BACKGROUND 
2. The Director of Regulation in a draft discussion paper 

recently has suggested that consideration be given by the 
Commission to the issuance of a public statement that large 
cities will continue to be excluded as permissible locations 
for nuclear power plants until requisite experience information 
has been acquired on the performance of advanced safeguards in 
the operation of presently approved plants. 

The staff of the General Manager does not believe that 
implementation of this suggestion is in the best interests of the 
public, the AEC or the nuclear industry. The following 
discussion relates to this subject: 

DISCUSSION 
3. A public statement of this kind at this time is 

considered to be unwarranted and unwise. Such a statement would 
tend to create unwarranted fears in the minds of people presently 
residing in the vicinity of power reactors and those similarly 
situated with respect to plants to be built in the immediate 
or near future. While such populations may not be large in 
comparison to large metropolitan areas, nevertheless they are 
significant. The declaration of such a policy also could hardly 
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help but have an adverse effect on the over-all public image of 
the safety of nuclear reactors. 

4. The proposed statement in effect says that engineered 
safeguard performance experience in actual operating plants is 
required before decisions on siting reactors closer to population 
centers can be made. It is difficult to see how the requisite 
experience information, i.e., "factual data on the performance 
of presently proposed advance containment and engineered 
safeguards", can be obtained from reactor operating experience. 
Since the probability of an engineered safeguard in a power 
reactor having to perform under major accident conditions is 
generally agreed to be extremely small, It seems extremely 
unlikely that safeguards performance experience can be 
adequately derived from reactor operating experience. 
Accordingly, the accumulation of reactor operating experience 
over the next few years, while undoubtedly useful, would 
probably not contribute significantly to the basis for the kind 
of siting judgments required. 

5. Excluding those basic and all-important requirements 
for taking those steps to obtain and assure continuous high 
Integrity and reliable reactor plant operation in order to 
achieve economical nuclear power, the important problem of 
determining and assuring the reliability and adequacy of 
engineered safeguards and their components (pumps, valves, power 
supplies, etc.) can better be approached and solved by other 
more constructive and effective methods. A start on such 
methods can be instituted by utilizing to advantage the 
authority which already exists in licensing and compliance 
procedures. Instead of issuance of a moratorium on 
metropolitan siting, it Is believed that emphasis should be 
placed on the development of improved practices for making 
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siting judgments on a specific case basis. Application and 
expansion of the following principles is needed in this 
connection: 

a. Intensive and extensive engineering review of 
the design basis both for the primary plant 
structures and the engineered safeguards systems. 

b. Development of design requirements for 
engineered safeguards to enable their operability 
and performance to be tested adequately during 
the life of the plant. 

c. Establishment of practices for the rigorous 
inspection during the construction and fabrication 
of safeguards systems by qualified inspectors. 

d. Development of requirements for periodic checking 
and testing the operability of safeguards systems. 

e. Surveillance and inspection of a scope and 
frequency adequate to assure that the above practices 
are performed and the requirements met. 

f. Establishment of operating limitations on 
reactor operations as a function of the demonstrated 
operability (i.e. reliability) of the engineered 
safeguards systems. 

6« A valuable and essential prerequisite to the above 
requirements is the development and/or improvement of engineering 
and design codes, specifications and standards for components 
and subsystems involved and primary plant structures In 
engineered safeguards systems. Additional reactor operating 
experience is not required to Initiate development of such codes, 
standards, and practices particularly with respect to the 
operability (as differentiated from performance) of these 
systems. A constructive approach to the development of improved 
codes should also help in the delineation of uncertainties in 
the requirements for performance of the safeguards systems. 

7. Generally, speaking, engineered safeguards are designed 
on the premise that gross system failures are credible and that 
the maximum consequences of such accidents must be reduced by all 
suitable means to an acceptable level. With this approach to 
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placed on safeguards design and inadequate attention given to 
plant design where safety really belongs and originates. 

8. Safety begins with the application of sound engineering 
principles in the design and construction of the primary system 
Itself including design of emergency cooling systems. Hence, 
the most direct method for assuring and improving reactor safety 
is to provide research and test data which designers need to 
specify proper system requirements and codes. Results of work 
of this nature which has been performed in the nuclear safety R&D 
program is summarized in the attached along with indications of 
their bearing on reactor safety, recognizing that this effort is 
intended to augment and coordinate related work under 
individual projects and programs. 

9. Regarding the reliability and performance of existing 
safeguards systems, there is underway a survey study to 
delineate existing safeguards practices and to study the number, 
type and frequency of tests and inspections that should be 
performed, records that should be maintained and analyzed, etc., 
to establish high system reliability. This survey gives due 
recognition to the difficulty of testing actual safeguards systems 
during reactor operation, particularly where system response to 
parameters that simulate accident effects is to be evaluated. 
However, it Is believed that developing adequate test procedures 
still does not answer the question whether, if a system Is proven 
to be functional, it can also operate at design ratings and will 
accomplish the accident attenuation for which it was designed, 
particularly under the drastic environment that could exist 
as a result of the postulated accident. Information on these 
questions cannot be obtained from reactor operating experience 
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but from tests of analogous systems under simulated and real 
accident conditions. 

10. The demonstration of the adequacy of engineered 
safeguards to counteract the consequences of serious accidents 
requires comprehensive and detailed analysis and experiments 
ranging from laboratory scale to full scale reactor systems under 
test conditions that truly represent the accident effects. 
Since all reactors and safeguards systems cannot be tested under 
the broad range of accidents that can be assumed either 
credible or hypothetical, an extensive analytical and 
theoretical effort is required to permit extrapolating research 
and test results to the broadest possible range of accident 
effects. 

11. Since the requirements for safeguards are based upon 
the assumption of a credible accident, it would be constructive 
for effort to be applied toward more rigorous or exact safety 
analysis of specific reactors. Such improved analyses are 
required to provide a better insight not only on the details 
of the accident itself, but as an aid in assuring adequate 
safeguards criteria and designs. While work of this kind is being 
done in the nuclear safety program, more extensive effort in 
this area by industry is necessary. Otherwise, we will 
continually be faced with uncertainty in safeguards designs 
since there is growing recognition of the fallacy and 
shortcoming of using inexact accident models. 

12. In summary, a moratorium would diminish the Incentive 
for industry to develop safe reactor designs and to prove the 
reliability of engineered safeguards. A more constructive 
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approach to the siting problem Is to expand and improve those 
practices which lead to the determination that a reactor 
plant is adequately designed and constructed with a high 
margin of safety to permit it to be placed at a given, 
specific location. 

Attachment: 
Highlights of Nuclear Safety Research, 
Development and Test Programs Related 
to Engineered Safeguards 
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UNC LASSIFIED ATTACHMENT 

May 10, 1965 

HIGHLIGHTS OF NUCLEAR SAFETY RESEARCH. DEVELOPMENT 
AND TEST PROGRAMS RELATED TO 

ENGINEERED SAFEGUARDS 

Augmenting selective information from individual technical programs, the 

Nuclear Safety research and test program coordinates the technology, focuses 

effort and provides data required for the design of safe reactors and reliable 

. engineered safeguards for effective accident control. 

The primary objective of the safety program is to provide bases for designing 

safe reactors and preventing accidents by obtaining data from experiments and 

engineering scale tests and through improved analytical methods. Concomitantly 

its objective is also to provide sound technical bases for evaluating the safety 

of proposed reactor designs. Early work concentrated on the definition of 

reactor excursion phenomena since an uncontrolled nuclear excursion was at one 

time considered to be a maximum possible accident for water reactors. A large 

body of nuclear excursion data has been provided by the SPERT program which 

showed that there are many inherent mechanisms which tend to limit the energy 
r 

releases and consequences of nuclear excursions. Analytical models resulting 

from the SPERT program for the prediction of the nuclear and physical conse­

quences of high reactivity addition rate accidents, such as control rod dropout, 

are now used in the safety analysis of water reactors such as Oyster Creek. The 

models have been checked by the industry against the experimental data obtained 

with the SPERT tests. According to the Industry, present models accurately 

predict the consequences of accidents up to the threshold of fuel damage, which 

is as far as the SPERT oxide tests have proceeded to date. 
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As a result of our improved understanding of excursion phenomena and appli­

cation to reactor safety analyses and design, our concerns of such accidents 

have been reduced to the point where damaging excursion accidents are not now 

considered as the maximum accident for water systems. 

All power producing reactors include engineered safeguards for accident con­

trol and countermeasures to counteract the consequences of an unlikely accident* 

For this reason' the reactor safety program studies and has collected a large 

body of data on accident effects including energy releases due to loss of 

coolant, metal water reactions, fission product release, and the structural 

response and integrity of containment systems to large energy releases. Only 

through the study of well simulated reactor accident effects can adequate and 

reliable engineered safeguards be designed and evaluated. 

Our work on metal water reactions has provided the data and the analytical 

means for the more exact prediction of such behavior during a reactor acci­

dent. Although the problem of metal water reactions has not been mitigated, 

we do have a sounder basis for reducing its consequences by proper consideration 

of its effects during the reactor design stage. In particular, although signifi­

cant fractions of certain core materials such as zirconium can react with steam, 

it can be shown that the reactions can be spread out over relatively long times 

and are limited both in reaction rate and the total per cent of reaction by the 

availability of a large steam supply. 
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i In the field of fission product release, our early work was directed to the ; 

definition of the quantitative nature of fission product release due to fuel 

overheating, i.e., in the description of fission product release source terms* 

Such data has found application in the guides to safety analyses published by 

the regulatory division. Since large fractions of fission products can be 

released if there is melting or oxidation of reactor fuels, our present work 

is concentrated on the more important aspects of fission product behavior 

associated with transport and control through application of countermeasures. 

For example, some early results at the Battelle Pacific Northwest Laboratories 

and also work at the Oak Ridge National Laboratories show that condensing steam 

has the effect of reducing airborne iodine concentrations by an order of magni­

tude (factors of 10 to 100) within relatively short times (less than one hour)* 

If it can be proven that such an effect prevails during most water reactor 

accidents, it could significantly reduce our present estimate of the iodine 

release fractions used in safety calculations. However, there are a number of 

anomalies that can occur with regard to the form of iodine which can be released 

and one cannot draw definite conclusions regarding iodine behavior at this time. 

We are learning how to predict the formation of organic iodides and other 

anomalous forms and how to effectively trap them through the application of 

suitable air cleanup devices such as charcoal-filter systems* Air filter 

systems have been studied for a number of years and we how have the basis for 

designing optimum systems for steam environments even with the presence of 

organic and other anomalous forms of iodine* 
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High efficiency charcoal beds for trapping organic iodides have been developed 
here and abroad and extensive testing has been initiated to prove that this 
problem is largely under control. 

A widely used terminology in nuclear safety technology today is the referral 
to "engineered safeguards" as a category of devices and systems to control and 

- limit the consequences of reactor accidents, primarily focused on water plants 
to date. It should be noted that, for the most part, these systems have little 
to do with the actual prevention of an accident. When the current integrated 
nuclear safety program was organized in the Fall of 1961 there was realization 
of the need for emphasis in this area, i.e. the study and test of engineered 
safeguards. While the importance of accident prevention safeguards was also 
recognized it was clear that at this stage of reactor technology sole dependence 
on accident prevention could not be relied on for the total solution to potential 
reactor safety questions and additional effort would be required with respect to 
systems for limiting the consequences of major accidents, even though the 
probability of such accidents was extremely low. 

The Nuclear Safety Pilot Plant (NSPP) at ORNL, the Containment Systems 
Experiments (CSE) at Hanford, and the Loss of Fluid Test (LOFT) at the 
NRTS, were developed to complement each other and to provide for the 
necessary and logical transition from laboratory scale experiments to 
full, engineering-scale tests primarily for water plants* These facilities 

WJ together with their test programs are described in the main body of this 

attachment. The NSPP is operational, the CSE is partially completed and 
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LOFT is in the construction phase. These facilities will be used at various 

stages of their development to study and test a wide range of engineered safe­

guards including pool suppression systems, containment leakage, containment 

sprays for pressure suppression and fission product washdown, air cleanup 

apparatus and other safeguard systems as they are conceived and developed. 

One' engineered safeguard has received considerable attention in early work 

with the Fermi fast reactor. Here the details of shield plug ejection for 

large hypothetical excursion accidents were investigated to the stage where 

one can now confidently design for such an eventuality at minimum cost, 

These are but a few examples of the accomplishments and applications of nuclear 

safety research and test programs. Design manuals have been published on seismic 

problems, meteorology, and reactor containment* Results of work in fission 

product release, metal water reaction, and reactor dynamics have contributed 

significantly to Volume I of the recently published book "The Technology of 

Nuclear Reactor Safety" prepared by a staff of experts and likewise will 

contribute to Volume 2 which will appear in the Fall of 1965. 

It is recognized that the over-all program must reflect the needs of a growing 

and developing industry involving larger plant sizes, new reactor systems and 

perhaps more stringent safety requirements. It is believed that the appli­

cation of sound engineering principles to the design and construction of the 

primary system and the better understanding of potential accident phenomenology 

are the keys to meeting these needs and providing for the engineering of safe 

systems, including their safety evaluation* 

- 12 - Attachment 



UNCLASSIFIED 

The Nuclear Safety program devoted to determining the effectiveness of 

engineered safeguards is planned around the following general types of 

considerations: 

a* the integrity of the fuel and the mechanisms of fission 

product release for various abnormal and emergency plant 

conditions. 

b. the structural integrity of the entire boundary of the primary 

coolant system (primary vessel, primary piping, and pumps) to 

prevent failure under cyclic loading or steady or impulsive 

internal loads and so to prevent any major loss-of-coolant 

accidents, core over-heating, or fission product release to 

the containment 

c» the operation of pressure suppressant or relief systems (water 

sprays, coolant pools, closed-cycle ventilation loops, relief 

valves) to reduce the post-accident pressures that occur within 

containment systems (due to the release of stored energy in the 

coolant or to gradual addition of decay heat) and which would act 

as driving forces for the escape of radioactivity from within the 

containment 

d. the operation of emergency core coolant systems (spray or injection) 

to prevent core over-heating and release of fission products even in 

the event of major failures of the primary coolant system 

e. the structural integrity of the outer "containment" barrier and its 

associated seals, penetrations, and closures to resist thermal and 

mechanical loads (pressure, impact, and shock) caused by accidents 

and prevent leakage of radioactivity to the public environment 
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f* the operation of fission-product-scavenging systems (such as 

water pools or sprays with chemical additives which enhance 

the retention of fission products, or recirculating filter 

trains including particulate filters, deraisters, condensers, 

charcoal beds, and scrubbers) which rapidly remove radioactivity 

from containment atmospheres so as to minimize the escape of 

fission products due to any containment leakage 

g. guides, criteria, codes and specifications; basic to all the above 

is the development and proper Implementation of standards, specifi­

cations and codes* Although many water reactor components are 

designed, built, Inspected, etc. according to existing codes and 

specifications it is recognized that such codes may well require 

modification and improvement for nuclear industry application* 

Initial efforts in this area have been made and it is further 

recognized that similar activities will be required for other 

reactor cycles 

The characteristics of these safeguards considerations are studied in individual 

technical programs and augmented by programs identified specifically under 

"Nuclear Safety", This latter grouping is discussed in detail below. Also 

discussed are more details on "Development of Codes and Criteria". The specific 

safeguards systems are studied as they would exist when initially installed or 

when operating at maximum designed efficiency. In addition, the aging of these 

systems and their reliability are studied to maximize their availability when 

called upon to counteract the effects of an accident* Safeguards of 'both the 
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active type which operate only upon a signal (such as pressure-sensitive 

spray systems) and the passive type which require no signal stimulus and possess 

maximum availability (such as pool-suppression systems) are subjects of investi­

gation. 

Containment Systems Experiment (CSE) - Battelle Pacific Northwest Laboratory 

The CSE is a large-scale non-nuclear test facility devoted to parametric studies 

of the course of major loss-of-coolant accidents in water reactors* The facility 

is now in the final stages of construction of major hardware items; basic sup­

porting research and development directed to evolving test techniques and instru­

mentation are being conducted as preliminaries to the main testing of engineered 

safeguards which is expected to begin in about May, 1965. 

This program is based upon the idea that there is no unique maximum credible 

accident for this type of reactor and that, consequently, there must be a series 

of tests to bracket the conditions which might occur in real accidents and define 

possible trends and limits of accident conditions and the efficiency of safeguards. 

The natural course of accidents, including blowdown of pressurized water, unforced 

release and transport of fission products, natural depletion and plateout of 

•radioactivity, will be defined. Subsequently, the effectiveness of safeguards 

(such as various containment systems, sprays and filters) in reducing post-accident 

pressures and temperatures, in scavenging or restricting the transport of fission 

products within the containment, and in limiting the escape of radioactivity from 

the containment will be evaluated on the assumption that they do indeed operate 

when called upon* 
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CSE consists of an outer containment shell (net 25000 cubic foot volume) which 

contains an inner tank simulating a dry-well (approximately 1500 cu. ft.) and 

several radial compartments simulating wet-wells. Within the dry-well there 

will be a primary vessel simulator (approximately 150 cu. ft.) designed for 

2500 psi and 600F to simulate operating conditions of water-cooled reactors and 

capable of withstanding repeated blowdowns simulating major loss-of-coolant 

accidents. Sprays and recirculating filter systems are provided* Decay heat 

production will also be simulated. The facility is designed to simulate at 1/5 

linear scale the characteristics of boiling water and pressurized water reactors 

up to 1000 MWe in size. 

Simulated fission products will be blown into the main CSE structures at times, 

at rates, in amounts and in physical and chemical forms appropriate to simulating 

the fission products produced by an actual reactor accident. CSE uses simulants 

rather than real fission products because of restrictions on the amount of radio­

activity that can be used at its location commensurate with safety; simulants 

also afford ease and speed for conducting the many tests necessary to study the 

desired wide range of fission product forms. It is believed that, by close simu­

lation of physical and chemical forms, proper mixtures of the various forms, and 

adequate tagging and sampling, convincing arguments may be made concerning fission 

product behavior and efficiency of safeguards in actual reactors. Intensive 

development is underway at the Pacific Northwest Laboratories and at 0RNL to 

i^^P permit such simulation* 
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The CSE contains provisions for testing the following safeguards: 

(1) containment shell 

(2) containment spray 

(3) recirculation filter and cooling systems 

(4) wet-well suppression systems 

(5) multiple-barrier containment 

(6) submersion of the primary coolant system 

(7) ducted containment and pressure-relief-filter systems 

The test program includes these major test series: 

a) leakage of single and multiple-barrier containment systems to 

assess the relation between presently-used methods of leak 

testing containment with air (at the time of construction) 

and actual leakage under accident conditions of pressure, 

temperature and mixed steam-air-fission-product atmospheres* 

the contribution of various individual leak paths to total 

containment leakage under accident conditions. 

the aging characteristics of containment seals, valves, and 

penetrations and their effect upon containment leakage. 

b) natural transport of fission products, under conditions of 

loss-of-coolant accidents (including simulation of decay heat . 

generation). 

ability of the primary system, even when ruptured, to retain any 

fission products released from the core* 
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inherent changes in chemical and physical form of fission products 

which occur during transport and which determine the desirable 

characteristics of engineered safeguards. 

c) natural rise and decay of containment pressures which result from 

accidents, which are driving forces for fission product escape 

and upon which pressure-reducing safeguards must act. 

d) efficiency of containment sprays (introduced in various patterns, 

droplet sizes and flow rates, and with and without chemical additives) 

in reducing containment pressures and scavenging fission product 

activity. 

need for sprays to operate intermittently either to reduce gradual 

pressure rises caused by decay heat or to scavenge slow fission 

product release from the core. 

e) ability of wet-well (water-pool) suppression systems under accidents 

of varying severity to minimize accident pressures and retain fission 

products in the pool. 

f) ability of recirculation filter and ventilation systems .to remove 

fission products from containment atmospheres and to counteract 

long-term decay heat effects* 

optimization of filter train components to insure removal of even 

the most penetrating fission products* 
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g) magnitude of mechanical loads which an accident may generate 

(both within the primary system and within the containment) 

which safeguards systems may have to resist in order to 

function at all* 

.The CSE will operate on the following approximate schedule* 

a* May 1965 - Begin initial leakage tests* 

b. July 65, to December 65 - Perform scoping tests on fission pro­

duct transport and scavenging and pressure-reducing efficiencies 

of sprays and filters using plant steam (pending delivery of the 

primary vessel simulator). 

c, January 66 - Delivery of primary simulator* 

! ̂ ^ ^ d, February 66 - December 66 - Perform tests of complete blowdown 

accident, determining mechanical loads, efficiencies of pool* 

suppression and sprays as they depend on blowdown rate, effects 

of decay heat and retention of radioactivity by the ruptured 

primary; these tests will define the accident parameters of 

major importance to safeguards. 

e. January 67 - June 68 - Optimize safeguards characteristics for 

the major parameters determined under "b" and "d". 

Nuclear Safety Pilot Plant (NSPP) - Oak Ridge National Laboratory 

The NSPP is an intermediate scale test facility devoted to parametric studies 

of the transport of fission products and of the effectiveness of filter and 

spray systems in scavenging radioactivity. The major hardware sampling devices 
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and instrumentation of the.NSPP are completed and checkout tests have been 

run. Although continuing development of improved sampling and other test 

techniques is expected to continue, the facility is now operable and several 

shakedown tests have been run. -The shakedown tests employed cold U0„ clad 

with stainless steel and used crystalline iodine as a simulant for fission 

product iodine* In addition, one test using irradiated U02 with actual fission 

product iodine (at the level of 1/2 curie of mixed fission product activity) 

has been completed as a preliminary to the main test series which is expected 

to begin in June, 1965. 

Because the exact products of a particular reactor accident cannot at present 

be specified a priori, the NSPP uses a wide range of fission product forms (due 

both to different environments during release from the fuel and to environments 

simulating those in which fission products "age" after release) to study these 

forms as "types" which might be used to predict the transport of similar forms 

if these should evolve in a reactor accident, and to evaluate the effectiveness 

of safeguards for various accident-produced fission products. The NSPP differs 

from CSE in that (a) it will often use "real" fission products rather than 

simulants, (b) it is at smaller scale, (c) it does not reproduce-the whole 

accident although it provides a close approximation of many of the accident 

conditions to which engineered safeguards will be subjected, (d) it does not 

cover as wide a range of safeguards. However, NSPP supports CSE in that it 

will demonstrate the direct comparability of transport of "real" fission 

products (and scavenging) and that of "simulated" radioactivity, 
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The NSPP consists of a 1350 cu. foot stainless steel tank into which fission 

products released from irradiated fuel (or simulants thereof) will be intro­

duced to observe the transport phenomena over periods up to several days* The 

vessel can simulate steam atmospheres, including contaminants like those of 

reactor coolants, up to 250F and 50 psig. The fission products are to be 

generated by heating small (max. 1/2" dia by 5" long) fuel specimens irradiated 

up to 1000 curies of mixed fission products and clad with stainless steel or 

Zircaloy. Heating is accomplished in a separate, nearby furnace which uses 

a plasma torch, and in which steam and other atmospheres (either oxidizing or 

reducing) can be produced so as to vary the form of radioactivity for evaluating 

transport phenomena and the operation of safeguards. To further vary these 

forms, heating can be accomplished at rates that include the range from slow 

oxidation to rapid melting so as to cover all cases which might occur in 

actual reactor accidents. The NSPP also has provision for a vessel spray 

system and a re-cycle filter loop which incorporates the components generally 

found in reactor filter trains (such as charcoal filter beds, particulate 

filters, demisters, etc.) plus possible refinements such as condensers' or 

cryogenic traps. 
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The program generally consists of: 

(a) a basic series of tests aimed at quickly defining the range of 

fission product forms that will be of concern to designers of 

safeguards. This basic series will use real fuel material 

(mainly U02). The transport and aging of these forms within 

the tank will be determined including natural processes of 

depletion which reduce their availability for escape and aging 

processes which affect the form in which engineered safeguards 

may encounter them. This basic series will attempt to bracket 

the forms of interest by varying the fuel cladding* the extent 

of fuel burnup, the conditions in the furnace (heating rate, 

oxidizing or reducing atmospheres) and in the tank (temperature, 

pressure, steam content, contaminants, tank surface materials, 

and concentrations of fission products). 

(b) tests of clad specimens containing artificial mixtures of cold 

U02 and simulants of various fission products; this series will 

compare the initial chemical and physical forms and changes 

induced by aging of these simulants with those of real fission 

products from "a". 

(c) tests using either simulants or "real" fission products depending 

on foregoing results employing wide variations of fission product 

forms to determine transport characteristics and effectiveness of 

sprays with and without chemical additives and of the filter 

system in scavenging activity of all kinds and forms of fission 

products; study of I.*, which may appear as molecular, 
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• physically attached or chemisorbed to aerosols, as various organic 

iodides, dissolved in water droplets, etc.; various spray rates, 

and patterns, different types of charcoal, various arrangements of 

filter train components, concentrations of fission product aerosols, 

etc., will all be varied to demonstrate and optimize the efficiency 

of these safeguards. 

She NSPP will operate on the following approximate schedule, running perhaps 

eight tests per year and using statistical design of experiments for maximum 

understanding of the significance of the many variables involved. 

a) June 1965 to January 1966 - Perform the "basic" test series. 

b) January 1966 to June 1966 - Perform comparison of real and 

simulated fission product transport, assisting in development 

of CSE simulants. 

c) June 1966 to June 1968 - Perform parametric studies of transport 

and safeguards' efficiencies, optimizing safeguards' character­

istics. 

Studies of Ignition Characteristics of Charcoal Beds of Filter Systems 

The ignition characteristics of filter train charcoal beds when heavily loaded 

with radioactivity as a result of a serious reactor accident are being studied 

in a program under the auspices of the Division of Operational Safety with con­

sultation by DRDT. The studies are being conducted in an ORR test loop which is 

sponsored by RDT. The program involves melting highly enriched irradiated fuel 

specimens and passing the released radioactivity through small charcoal beds so 

as to maximize the amount of heating experienced by the charcoal. The tendency 

to ignition will be studied under these conditions as a function of gas flow 
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rate through the bed and if no ignition is noted from decay heat alone; 

artificial peripheral heating will be added to determine what limiting con­

ditions may be necessary for ignition. Initial test results on the simple 

decay heat tests are expected by June, 1965. 

Related Small-Scale Fission-Product Behavior Studies 

In addition, a comprehensive laboratory-scale research and development program 

is underway which enables optimum experimental programs to be conducted in studies 

of the efficiency of safeguards in projects such as CSE, NSPP and LOFT. The 

objectives of this research are to: 

a) determine the physical and chemical form of accident-released 

fission products under all credible accident conditions (both 

in-pile and out-of-pile experiments are being performed). In 

these tests, small speciments of irradiated fuel (at different 

burnups, etc.) are heated under realistic simulation of reactor 

accident conditions and allowed to age under, realistic transport 

conditions. The forms of activity found help define the conditions 

which safeguards must counteract and also aid in understanding the 

results of larger scale tests so as to better extrapolate them to 

reactor conditions which might not have been tested; 

b) develop characterization devices so that the chemical and physical 

forms of the fission products can be studied as a function of space, 

time, and environment in the larger scale experiments; 

c) obtain basic data which can lead to the design of effective engineered 

safeguards (such as finding suitable additives for fission-product 

scavenging sprays); 

- 24 - Attachment 



UNCLASSIFIED 

. d) develop adequate accident models so that fission-product behavior 

under accident conditions can be adequately predicted; 

e) develop adequate fission-product simulants for use in the NSPP and 

CSE projects; and 

f) develop new engineered safeguards concepts, such as foam encap­

sulation and aerosol agglomeration-enhancing additives. 

Both in-pile and out-of-pile studies are carried out under both slow and 

transient heating conditions. The results of the above studies have indicated 

that fission product release and behavior are functions of fuel type, cladding, 

atmosphere, peak destructive temperature, destructive heat-up rate, and burnup. 

Variations of these parameters has shown that released fission products can be 

groupsed in three categories. The first category contains the noble gases which 

are usually released to a large extent and the halogens for water- and gas-cooled 

reactor systems. The second category includes the volatile metals and oxides 

(and the halogens for sodium-cooled reactors) which show variable releases 

depending on release conditions. The third category contains the non-volatile 

which are invariably released to a small extent, and further, tend to deposit on 

first contact with solid surfaces even at temperatures above 1000°C. Results 

have shown that significant amounts of activity can be released by any one or all 

of these possible mechanisms in IKL fuel: diffusion, which is important above 

1700C; oxidation which is important below 1500C; melting and partial vaporization 

above 2750 G. The various release conditions determine not only the rate and 

extent of releases, but also give rise to different physical and chemical forms 

of the fission products which determine the transport behavior of fission products 
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and the nature and effectiveness of engineered safeguards which must be 

employed. These chemical forma are very varied and proportions present may 

change with time particularly for iodine which may be present as molecular, 

organic or inorganic iodides, in solution In water present,* or as physically 

or chemisorbed on other aerosol species present; engineered safeguards must 

be provided for all significant forms. Results to date have shown that 

although there can be significant depletion of radioactive aerosols (even 

of iodine) due to natural processes such as deposition on surfaces or 

scavenging by condensing steam, an important fraction (mainly for iodine) 

may remain airborne and the chemical form of the aerosol may change with time 

so that the safeguard most effective at a given time may also be changing. 

Further some of any earlier deposition may be reversible so that radioactivity 

may become again available for transport and escape as conditions change, 

unless engineered safeguards are provided to operate oyer appropriately long 

times after an accident. Many of the above results of this research have 

been used in basic models derived in this part for assessing the significance 

of reactor accidents and providing safe reactor siting. 

Loss of Fluid Test (LOFT) - National Reactor Test Station - Phillips Petro­

leum Company 

The LOFT facility is an engineering-scale simulation of a reactor power plant 

consisting of a 50 MWt reactor plus various safeguards systems such as a con­

ventional containment vessel, a core injection system, containment vessel 

sprays, and recirculation filter system. The containment shell is about 
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300,000 cu* ft. in volume and houses the reactor primary system of about 

750 cu. ft* coolant volume and is designed for operating conditions of 

2500 psi and 600°F. The test series is roughly divided into two parts that 

will study safeguards to varying degrees: 

(1) A non-nuclear test phase, in which the containment facility will 

be subjected to extensive tests* In addition to the air pressure 

leak tests usually performed, repeated tests will be run in an air-

steam environment resulting from the rupture (blowdown) of the 

primary system piping at various pressure and temperature levels 

with different rupture sizes, and at both coolant inlet and outlet 

rupture locations. During this phase, the pressurized water system 

will be artificially heated and will contain a dummy reactor core. 

From these tests, the pressure-temperature-time and leak-rate 

history will be measured. The integrity of the containment facility 

will also be demonstrated. The structural integrity of the dummy 

core designed in accordance with current practice under the blowdown 

loads will provide useful information to industry. 

(2) A nuclear operations phase which includes the usual start-up and 

power operations typical of pressurized water systems. After approx­

imately 400-800 hours of operation at 50 thermal MW, the Inventory 

of 1-131 (which has been established as potentially the most danger­

ous isotope to the general public In a nuclear accident situation) 

will have reached approximately 85$ of its equilibrium value. When 

appropriate weather conditions are available at the NRTS, the primary 
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system piping will be deliberately ruptured to permit expulsion of 

the coolant, uncovering of the nuclear core, meltdown of -fce fuel, ' 

and release of fission products to the primary system and contain­

ment facility volume. Over a period of about five days, data will 

be obtained on the natural transport of 1-131 (and other fission 

products) in the containment. Leakage to the atmosphere, if any, i 

will be checked and the natural pressure decay history will be , 

recorded. After this five day period the effectiveness of spray-

washdown of airborne fission products will be measured. The effective- 1 

ness of decontaminating equipment and of industrial type cleanup | 
I 

filters under post-accident conditions will also be measured* During j 

this test, andinthe post-test examination, the Intent is to measure 

the fraction of fission products trapped by the primary and contain- , 

ment system, and the fission product fraction escaping to the ' 

environment. • ' 

As mentioned in the above summary, the following safeguards will be 

tested in the program: 

(1) The containment vessel; 

(2) The containment pressure reduction spray system; 

(3) The operability of an in-core spray; (current plans Include 

the operation of an In-core spray system in the non-nuclear 

test phase under various conditions of initial pressure, 

temperature, rupture size, and rupture location); 
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(4) Air cleaning systems: Approximately five days after the test, 

following the reduction of pressure in the containment shell, 

the air cleaning system (which is capable of re-circulation 

into the containment or venting through the stack) will be 

operated to remove the halogens remaining in the containment 

volume. A small test filter loop is also being considered to 

assess the effectiveness of conventional filters in removing 

fresh (unaged) particulates and halogens* 

The LOFT program will operate on the following approximate schedule: 

FY 1968-69 Perform one year of pre-nuclear testing. 

FY 1969 Perform the single complete nuclear test* 

Integrity of the Primary Coolant System 

Although not ordinarily included in the term "engineered safeguard", the 

Integrity of the entire boundary of the primary coolant system (the vessel, 

the piping, the pumps, etc.) is one of the basic safely features designed into 

reactors. If this integrity can be guaranteed under the long-term loadings 

due to reactor operation or under loads caused by internal accidents (such 

as severe power transients), then a major loss-of-coolant accident and its 

potential release of radioactivity could be considered incredible. Even if 

integrity cannot be unconditionally guaranteed, it may be maximized by 

proper design and Inspection to ensure that any failures are small, enough 

so that any loss-of-coolant can be replaced by coolant makeup systems, 

thus guaranteeing no major core overheating and minimizing release of 

radioactivity* 
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Accordingly, studies are being conducted of the possibility and extent of any 

cracking or rupture that can occur in reactor piping. By determining the 

probability that (a) any failures will be leaks (i.e., small openings which 

can be detected prior to gross failure and for which countermeasures can 

reasonably be taken to override any slow loss of coolant involved), (b) that 

leaks will not grow to large cracks, and (c) the probability that any crack 

above a critical size will propagate suddenly and rapidly to produce gross 

failure, we hope to develop a more rational technical basis for defining a 

maximum credible accident. A Phase I survey has been completed and compiled 

the histories of nearly too pertinent pipe "failures" from 700 users in 

utilities, process industries, etc., covering a 30 year period. "Failure" 

was defined to include the range from small cracking to gross rupture in all 

pipe sizes. Of these there were 19 complete ruptures and 25 "failures" 

before leakage was detected. About 40$ of all failures were in welds or 

heat­affected zones; 45$ in base material and 15$ in fittings, etc. Causes 

of failure were: wrong material (30$), excessive service such as thermal 

shock and corrosion (30$), fatigue (20$), manufacturing and erection errors 

(2)$). 

To increase our understanding of the significance of all these environmental, 

material, and loading factors, the program is now moving into an experimental 

Phase II which will: 
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(a) develop mathematical reliability models of all factors from design, 

through fabrication and inspection to construction and maintenance* 

(b) examine the application of brittle fracture mechanics criteria to 

ductile failure, developing expressions for the stress and strain 

conditions which lead to crack instability and growth. 

(c) develop improved computer techniques for defining stress and strain 

conditions in complicated pipe geometries, such as two-cylinder 

intersections. 

(d) study the propagation of fatigue cracks in plates and pipes under 

simulations of complicated reactor loading conditions and the 

tendency for gross, rapid rupture to occur under the same conditions. 

The initiation and propagation of cracks under fatigue loadings will be 

examined at various scales and correlated with predicted stresses so as to 

define the safe life of reactor piping and the degree to which proper main­

tenance and surveillance can be expected to detect cracks before they become 

a safely problem. Particular attention will also be devoted to defining the 

probable extent of any large cracks or ruptures which might appear despite 

use of best available design and main tenance methods* These will provide 

a better understanding of "the reality of the "double-ended" pipe ruptures 

currently assumed to be a part of the maximum credible loss-of-coolant acci­

dent. 

As information Is developed by the test program, the accuracy of the relia­

bility model will be improved, so that, ultimately, it may be possible to 
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predict the probability of a pipe failure of a given size occurring in a given 

time under specified sets of reactor conditions* 

The pipe rupture studies will be conducted on the following approximate 

schedule: 

a) By June 66, develop tentative reliability equation and major 

structure of computer code; perform fatigue tests on small 

plates; develop fracture mechanics analysis of conditions for 

crack propagation* 

b) By June 67, perform fatigue tests of small model piping systems 

to verify stress predictions and crack growth rates; examine 

extent of maximum failures. 

c) By June 69, complete tests of small models and perhaps attempt 

verification of crack growth rate by models at near full scale; 

refine reliability models to permit predicting crack probability. 

The Integrity of the primary vessel is also being investigated, particularly 

in the area of fatigue crack propagation, using both laboratory specimens 

and model vessels with purposely introduced weld defects. These tests 

indicate that, for other than conditions involving yield point loading at 

temperatures in the order of HDT or lower (in which range brittle fracture 

may be important), small, internal flaws will not propagate to a potentially 

dangerous size except after extensive cycling at high strain ranges (i.e. 

cyclic loadings much greater than those required by presently predicted 
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operational histories of nuclear power plants) • It is ordinarily assumed, 

however, that undetected defects might still incur the possibility of 

brittle fracture during any startup and shutdown cycles which involve lowered 

system temperature while still at significant pressure levels because of 

increased nil ductilily temperature due to irradiation damage. 

Tests are also underway to determine the extent of radiation-induced embrit-

tlement suffered by an actual reactor vessel (the now dismantled PM-2A) and 

its susceptibility to fracture under internal pressure. This vessel has 

been subjected to a dosage of approximately 3 x 10 ° nvt which is expected 

to have raised the nil ductilily temperature (HDT) of this particular vessel 
o material to about 220 to 250 F. An attempt will be made to correlate the 

fracture characteristics of this vessel with predicted characteristics 

based on small Irradiated specimens and present knowledge of fracture 

mechanics* A good correlation will enhance our ability to predict the 

fracture of other vessels from small specimens without a need for large 

scale tests for each vessel. By intentionally introducing progressively 

larger cracks into the vessel (with progressively more severe conditions of 

pressure and temperature for each crack size), the tests will attempt to 

assess the susceptibility of vessels in general to rupture if cracks should 

pass initial inspection or develop undetected. The present status of this 

test is that non-destructive testing has been essentially completed and 

design of the test facilities (pressurization and temperature control) is 

in progress* Present estimates indicate the beginning of actual test by 

late fall. 
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Quantitative Safely Analysis 

Analytical studies and experience surveys are being conducted to provide a 

more quantitative basis for evaluating the safely of nuclear facilities (e.g. 

reactors)• In the deterministic appraoch currently employed, the nature, 

course, and consequences of various accidents involving the potential re­

lease of radioactivity into and beyond the containment structure are con-' 

sidered without direct reference to or determination of the quantitative 

probability of their occurrence. These accidents are classified as either 

credible or incredible on the basis of subjective judgments* A primary 

objective of these studies is to minimize the degree of reliance on subjec­

tive judgments in safety evaluations* 

It is essential to establish and validate analytical models and to collect 

adequate input data on 

(1) The over-all probabilities of radioactivity releases of various 

magnitudes from various accidents over the life of the facility 

in question 

(2) The quantitative failure rates (i.e. reliability) associated with 

all systems, subsystems, and components entering into -the various 

accident chains 

Studies are being carried out in these two areas. In the first, the Planning 

Research Corporation of Los Angeles, California (PRO) has applied probabilistic 

techniques, derived from experience inoperations research, to reactor safely 

analysis. A draft final report covering all work accomplished under the 
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feasibility investigation initially authorized in May, 1964 is being re­

viewed. A technical paper on this work was given by Mr. Robert Mulvihill, 

PRC Project Manager, at the recent QRHL International Symposium on Fission 

Product Release and Transport Under Accident Conditions. In the second area, 

Holmers & Narver, Inc. (architect-engineers) is conducting a survey of five 

• selected power reactor facilities (Dresden, Yankee, Indian Point, Shipping-

port, and Hallam) to expose in quantitative terms, the operating experience 

of certain power reactor protective systems, including engineered safeguards. 

A technical paper discussing this work was given by Mr. John Garrick, the 

Project Manager, at the recent meeting of the American Nuclear Society on 

reactor siting. This is an eighteen-month effort which will be completed 

early next year. Initial visits have been made to two of the five sites 

(Dresden and Yankee)• 

An analytical model has been developed, which describes both the probabilistic 

aspects of the occurrence of an accident and its consequences in terms of 

fission product release. Maximum use has been made of available deterministic 

analytical models (e.g. AIREK kinetics code). The output of the model is the 

probability distribution of the dose level as a function of time and distance 

from the reactor being evaluated. Required input information includes design 

data, operating procedures, maintenance procedures, and site data. Provision 

has been made for evaluating the effects of consequence-limiting engineered 

safeguards. Specific models are included for filter trains and containment 

spray systems for removal of fission products. Other safeguards models can 

be added later to cover newer safeguards (e.g. vapor suppression). 
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A major problem in the implementation of any probabilistic safely analysis 

model has been the lack of adequate available reliability and failure rate 

input data* To provide some of this data, surveys of operating and safety 

experience have been carried out on test and research reactors* However, 

there was no attempt to develop quantitative reliability and failure rate 

data on systems and components of major importance from a safety viewpoint 

(e.g., protective set-back and scram circuits)* A separate survey of power 

reactor operating and safety experience isnow being carried out with empha­

sis on collecting data relevant to the determination of safely system relia­

bility Including engineered safeguards* This survey will not be completed 

until early 1966. Preliminary indications are that: 

(a) A significant amount of testing and maintenance of engineered 

safeguards equipment is being done within limitations imposed 

by the features currently designed into such systems to permit 

in-place testing and by avoidance of interference with normal 

plant operation or adverse effects on plant components; 

(b) Current testing and record-keeping practices are directed toward 

the assurance of safeguard operability at the end of major test 

periods rather than toward the quantitative determination of 

safeguard reliability and availability of operation at any time 

between such tests (i.e., minor repairs to safeguards between 

tests are not always reported). 

(c) Improved monitoring of safely system reliability, including 

engineered safeguard equipment, can be provided with some 
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additional effort over that now expended. Primarily, this 

added effort would involve proper recording of events (failures 

and repairs) using better defined criteria for success and 

failure of each system and test; there could also possibly be 

attempts at testing safeguards, as now designed under conditions 

more like "those of accidents for which they are designed to 

operate* 

This survey and these conclusions are necessarily limited to existing reac­

tor plants and therefore do not take account of potential improvements in 

safeguard reliabilily obtainable through design based on more intensive 

analysis of requirements for performance, test and reliability; on research 

and development results, and accumulated operating experience. 

Although these facts indicate that useful failure and reliabilily data (which 

can be used as input for probability models such as that mentioned) can be 

obtained from modest improvement in test and record-keeping practice, the 

complete definition of reliability probably involves a much larger effort in 

design of safeguards specifically adapted to in-place or even continuous 

monitoring yet with minimum interference with reactor operation during 

testing. Combined with accumulated data on frequency of failure and repair 

and desirable minimum standards of test frequency plus knowledge of effects 

which result from deviations from maximum operability, such new designs could 

be tested at the proper frequency and in the proper manner so as to aid 

in giving a proper estimate of the degree to which a given safeguard could 

be counted upon at any given time during reactor operation* 
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Development of Codes and Criteria 

Most of the water reactor system components such as primary vessels, primary 

piping, as well as secondary containment shells, are designed according to 

well established engineering codes, specifications and standards for materials 

and components* These standards and the criteria by which other systems such 

as engineered safeguards are designed generally represent the best available 

technology. However, it is recognized that certain aspects of existing codes 

and specifications may require improvement to optimize design of engineered 

safeguards and provide definitive assurance of their effectiveness in accident 

situations. Although not significant in terms of the magnitude of the required 

effort, the Division of Reactor Development and Technology has begun the first 

steps toward developing more uniform and better engineering codes, material and 

component specifications, quality control and inspection practices, for Commis­

sion sponsored reactor development programs applicable to all plant types. The 

foregoing has outlined the research which is intended to contribute to code 

improvement. There is also active participation on many established Industry 

specification writing groups. Specifically, assistance is being given to such 

ASME and ASA Safety Code activities as the development of 

a) Section III (for Nuclear Vessels) of the ASME Boiler and Pressure 

Vessel Code 

b) Section B31.1 (for Power Piping) of the ASA B3i Code for Pressure 

Piping 

c) Section B31.7 (for Nuclear Piping) of the ASA B31 Code for Pressure 

Piping 
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In addition, there is participation in (a) the American Concrete Institute 

Committee 349 which is attempting to develop standards for the construction 

of concrete containment vessels, (b) an ASME subcommittee which has been formed 

to investigate the field of prestressed concrete construction for reactor 

primary vessels, which may have desirable safety characteristics, and the 

feasibility of writing a code for design and construction of such vessels* 

By these activities, it is intended to ultimately produce a complete set of 

specifications for all components of reactor systems that, if properly implemented, 

will maximize the safety of reactors at any location, both in terms of protecting 

the public and preserving the integrity of the operating plant* The follow-up 

steps to insure proper implementation in both AEC owned reactors and commercially. 

available reactor plants is a significantly more difficult undertaking* 
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F. T. Hobbs, Acting Secretary 

DATE:May 7, 1965 

SUBJECT: RECOMMENDATION OP LABOR-MANAGEMENT ADVISORY COMMITTEE 

SECY:JCH 

1* At Information Meeting 477 on May 6, the Commissioners 
reviewed Mr* Clark's May 5 memorandum and indicated that they favored 
the labor-Management Advisory Committee recommendation regarding the 
survey of public reactions to nuclear power. The Commissioners agreed 
that this subject should be discussed at the May 7 AEC-AIF meeting. 

2. It is our understanding that the Director of the Division-
of Industrial Participation la taking the required action* 

cc: 
Chairman 
General Manager 
Deputy General Manager 
Asst. General Manager 
Exec. Asst. to Gen. Mgr. 
Asst. Gen. Mgr. for Operations 
General Counsel 
Director, Industrial Participation 
Director, Labor Relations 
Director. Public Information 
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HAY 5 1965 

MEMORANDUM FOR CHAUMAI SEABOKS 
COMMISSIONER BUNTTJS© 
COMMISSIONER PALFREY 
COMMISSIONER EAMEST 
COMMISSIONER TAPE; •> 

SUBJECT: RECOMMSKBDAHON tf LABOR-MANAGEMENT ADVISORY COMMITTEE' j 

xkt Its meeting en May 4, th® Labor-Management Advisory Committee adopted 
a recommendation that efforts be made to encourage some public fund or 
foundation to finance a survey of public reactions to nuclear power. A 
copy of an outline of the Committee* s recommendation is attached. 
The Committee recommended that a survey be made of publle reactions ia 
several areas where there are existing nuclear power plants, and also ia 
several areas where no such plants have boen loeated or proposed. The 
survey would be conducted by some professional public opinion survey 
organization. The Committee suggested that an organization such as the 
Brookings Institution, Ford Foundation, National Planning Association or 
Twentieth Century Fund be encouraged to sponsor and finance such a study, 

bec: Y? 
SECY(2) 
LAR 

The recommendation was made in connection with th© Committee's continuing 
interest ia efforts to increase the public acceptability of nuclear power 
plants. It was considered that such a survey would provide a basis for 
determining the extent of success such efforts have had to date, and for 
locating subject-matter areas where more activity is necessary to increase 
public understanding of nuclear power. 
It was suggested that at th® AEC-AXF meeting on Friday, May 7» the Commis­
sion might wish to discuss with A2F officials the possibility of a joint 
approach by AEC and AXF to organizations that might sponsor and finance 
such a survey. The Committee's recommendation is being brought to your 
attention not? for consideration as to whether it should be diseussed with 
the AXF officials at that time. 
The Committee also recommended that an inventory be made of existing pro­
grams and literature to increase public acceptability of nuclear power 
plants. The Division of Publle Information plans to prepare such an 
inventory of AEC's programs and literature, and to discuss with ATJ* the 
possibility of Its making a similar inventory of its activities and those 
of the private nuclear industry. 
OFFICE > 
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AELMAC SUBCOMMITTEE ON PUBLIC ACCEPTABILITY 

Comment; Present objections to nuclear power plants, 
transmission lines, water use, conservation, 
earthquakes 

I. Proposal. 

Survey. 

Reaction to nuclear power plant 

(a) in existing nuclear plant areas 

(b) in areas with no announced plants 

Sponsor and Pay 

Brookings Institution 
Ford Foundation 
National Planning Association 
Twentieth Century Fund 
Organization to do the survey 

Opinion Research 
Gallup Poll 
Lou Harris 
or similar 

II. Inventory of programs and literature - from AEC and AIF 
Pro and con - speeches, programs, use of literature, 
numbers of people, numbers of sessions, contacts, etc. 

i 
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T O : Members of the Steering Committee for 
Brookhaven Report (WASH 740) 

DATS: April 21, 1965 

FROM : C l i f f o r d K. Beck, Chairman Onginal S.gned by C. K. Beck 

SUBJECT: REVISED BROOKHAVEN REPORT 

f 

On March 8, pursuant to earlier conversations, I suggested that 
Brookhaven prepare a second redraft of their Chapter 2, and I 
gave then a tentative outline for such a redraft which had been 
developed in a conference with Herb Kouts, Ken Downes and myself. 
I hope that copies of this redraft will be in my hands before the 
end of this week. As soon as they arrive, I will send copies to 
members of the Steering Committee. 

As you know, we have discussed with the Commission, and other 
discussions are yet to be held, the final form the "revised Brook­
haven" report to the Joint Committee should take. Two possibilities 
are under consideration: (a) a "Short Form* and (b) a ''Long Form''. 

The'Short Form" would consist of a brief letter from BNL telling 
what they had done and a few of their interesting conclusions, 
which the Commission would then send to the JCAE, with a covering 
letter such as the one I drafted, dated February 26th, addressed 
to The Honorable Chet Holifield. A copy of this is attached. 
These two letters would constitute the "Short Form" of the revised 
Brookhaven report. 

Attached hereto is the first draft of a tentatively developed letter 
such as Brookhaven might send us as their part of the "Short Form". 

The "Lang Form0 of the revised Brookhaven report, as now contemplated, 
would consist of Chapter 1 on Probability of Catastrophic Accidents, 
an earlier draft of which you already have, and a later redraft is 
attached hereto; and Chapter 2 in which Brookhaven would give a 
brief description of what they have done in re-examining WASH 740 
with a statement of their observations and conclusions. You have 
already received drafts 1 and 2 from Brookhaven and it is the 
third draft of this chapter to which I refer in the opening para­
graph above, expected to be completed this week* 

To Chapters 1 and 2 would be added a transmittal letter such as 
the on© to Holifield mentioned above, to constitute th® "Long Form" 
of the revised Brookhaven report. 

V 2n ^« $>- ^ ' f , J /2 7* 
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As soon as possible after the redraft of Chapter 2 has been completed, X 
would like to have a meeting of the Steering Committee with the objective 
of bringing this matter to an early completion. In the meantime, X will 
have received whatever further guidance is possible from the Commission 
on the subject. 

I will be in touch with you, therefore, about another meeting of the 
Steering Committee in the immediate future* 

Enclosures: 
1. Draft letter to Holifield, dtd.2/26 
2. Draft letter from BNL 
3. Draft of Chapter 1, dtd.4/14 

Addressees: 
Steering Committee Members: 

Dr. Okrent, Argonne 
Dr. Gifford, Oak Ridge 
Mr. McLaughlin, NYOO 
Mr. Staebler/Dr. JLjteberman, DRD 
Mr. McCool, OS v^ 
Dr. Claus, B&M 
Dr. Doan, RL 
Dr. Western, SS 

r 
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The Honorable Chet Holifield 
Chairman 
Joint Committee on Atomic Energy 
Congress of the United States 

Dear Mr. Holifield: 

During the Joint Committee hearings last year, you suggested that 

concurrently with the anticipated consideration of extending the Price-

Anderson Indemnity Act, consideration should also be given to updating 

the 1957 report prepared by the Atomic Energy Commission with the assistance of 

Brookhaven National Laboratory on "Theoretical Possibilities and Consequences 

of Major Accidents in Large Nuclear Power Plants". This report is identified 

as WASH 7^0. 

Pursuant to your suggestion, we have asked the Brookhaven National 

Laboratory to re-evaluate its earlier study in light of today's technical 

information and current upward trends in power reactor sizes. It is the 

purpose of this letter to summarize the results of the laboratory re-

evaluation, and to Interpret the significance of these findings in the 

context of the 1957 calculations and in the context of present engineering 

practices and licensing procedures. 

The r1957 report postulated three accidents of different severity, 

ranging from the case where fission products presumed to be released from 

the reactor core are totally confined within the containment system to the 

case where 50 percent of the fission product inventory is presumed to be 

released from the reactor core and also released from the containment system 

and dispersed in the atmosphere. 

fflWLi--
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The consequences of the contained case were calculated to range from 

no injury to the public to the injury of 15 people, if evacuation from the 

immediately surrounding area was accomplished in 2k hours. Concurrent costs 

to the public were calculated to range from zero to $335,000, the latter 

being due entirely to evacuation costs. In the case of 50 percent release 

from the containment, the consequences were calculated to range from no 

injury and no damage to property to 3^00 deaths and $7 billion in property 

damage, depending primarily on the meteorological conditions existing at 

the time of the accident. 

The authors of the 1957 report, as well as a panel of assisting 

consultants, were agreed "that the chances that major accidents might occur 

are exceedingly small." In further elaboration on this point, the report 

pointed out: (l) the postulated maximum consequence accident could occur 

"only by means of highly unlikely combinations of mechanical and human 

failures," and (2) "these theoretical estimates are undoubtedly greater than 

the damage which would actually occur even in the unlikely event of such 

accidents." 

In transmitting the 1957 report to the Joint Committee, Acting AEC 

Chairman Harold S. Vance provided the following interpretive assessment: 

"To sum up, the report affirms that a major reactor accident is 

extremely unlikely. To reduce the matter of assumed hazards to com­

parative numbers, let us take the most pessimistic assumptions used 

and apply them to a case of 100 power reactors in operation in the 

United States. Under these assumptions, the chances of a person being 

killed in any year by a reactor accident would be less than one in 

50 million. By contru.it, the present odds of being killed in any year 

by an automobile accident in the United States stand at about one in 

5.000." 

http://contru.it
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Brookhaven's 1965 re-evaluation of the 1957 report is based, as before, 

on a maximum consequence accident postulated to occur as a result of a 

total loss of coolant coupled with a concurrent inability to prevent the core 

from melting and the failure of all successive barriers which would prevent 

release of radioactivity to the environment. 

The 1965 study differs from the 1957 study in that it has been carried 

out on the basis of a water-cooled reactor of 3200 thermal megawatts (1000 emw) 

and a fuel irradiation period of 1000 days. The 1957 study was based on a 

vater-cooled reactor of 500 thermal megawatts and a fuel reloading cycle of 

180 days. 

The 1965 study postulates a loss of coolant accident under the following 

circumstances: (l) with operable emergency cooling and with containment; 

(2) without operable emergency cooling but* with containment; and (3) without 

operable emergency cooling and without containment, i.e., with an unimpeded path 

for the escape of large volumes of air and radioactivity out of the containment 

system. 

The preliminary results of Brookhaven's re-evaluation can be summarized 

by noting that in the first two cases postulated, i.e., where the emergency 

cooling system and/or the containment system function as designed and tested, a 

loss of coolant accident, irrespective of the degree of fuel melting, will not 

result in substantial injury to the public or damage to off-site-property. 

It is only in the highly improbable instance where these and all other 

engineered safeguards fail simultaneously that a loss of coolant accident 

could result in a public hazard. Calculations show that the upper limits in 

damages that could result from this hypothetical sequence of circumstances 
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would not be less, and under some circumstances could be substantially more than 

the upper limits of the maximum consequence accident reported in the 1957 study. 

The higher inventory of fission products in the larger core would suggest 

that their unimpeded release to the atmosphere under the worst weather conditions, 

would result in higher radiation exposures and increased levels of contamination. 

This, however, is offset a little by the fact that recent experimental work has 

shown that a somewhat smaller fraction of fission products may be released from 

melting fuel than was assumed to be the case in the 1957 study. Another factor 

which makes difficult a precise comparison of the two sets of calculations is that 

the upper limits of radiation exposure and contamination in both instances are 

highly sensitive to unpredictable weather conditions. 

Much r.ore important to the current re-assessment of the public hazards 

associated with power reactor operations than any refinement in our ability to 

calculate the damages that could result from a highly improbable maximum consequence 

accident is our increased understanding aad appreciation of the engineered safeguards 

that have been developed to reduce both the probability and consequences of such an 

accident. 

In this connection, your attention is called to the following statement contained 

in a Nov. 18, 196k, letter from the Chairman of the Advisory Committee on Reactor 
r 

Safeguards: 
'•!*£he health and safety of the public are assured if fission products are 

retained within the reactor or its containment. To accomplish this aim, a 

strong program stressing nuclear reactor safety has been adopted in the United 

States. Strenuous effort is made to be sure that accidents will not occur. 

This effort starts in the original design groups and is carried along •through 

the construction and operation pi^cs with reviews and approvals required 
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at appropriate intervals. It is the intent of this effort to eliminate 

reactor, accidents. However, since the field of nuclear reactor technology is 

new and since there may still be some hazards which have been overlooked, 

dependence must also be placed upon safeguards engineered specifically to limit 

the consequences in the unlikely event of a major accident, or to prevent such 

an accident." 

Although we have had only limited experience to date in the operation of 

power reactors, this review would be remiss if it did not point out that 16 power 

reactors are operating today as central electric power generating stations and we have 

not experienced a single accident of any type. We should also point out that, over the 

22 years since the first reactor, less than a score of significant incidents have 

occurred in the operation of more than 200 additional reactors. Many of these 

reactors, unlike power reactors, are highly experimental in design and operation. 

None of these have caused injury to the public or contamination to property outside 

the facility. 

Because of our limited operation of power reactors and the excellent safety 

record associated with those operations, it has not been possible to accumulate the 

type of experience to demonstrate the probability of accident occurrence or to 

predict with greater reliabilily the possible consequences-of reactor accidents. On 

the basis of the limited amount of information available at this time, we can only 

estimate that a major "upper limit" reactor accident of the type contemplated by 

Brookhaven has an apparent probability so low that it appears to be incredible. 

We find in this estimate no reason for complacency. We are vigorously 

pursuing our reactor safety experimental and test engineering program. From 

this program ve are confident of learning more not only about reactor accident 

phenomena, but also more about the Ions-term performance of engineered safeguards, 
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some of which are under continuing development and refinement. 

We are also continuing to exercise rigorous regulatory control over the 

construction and operation of reactor systems. Efforts are now under way 

to Identify and eliminate any extraneous practices which may exist in our 

over-all licensing procedures, but every precaution Is being taken in this 

review to guard against any compromise in the safety measures afforded by our 

licensing process. 

Complementing our current review of the reactor licensing program are 

two contract studies which we also expect will contribute to our ability to 

predict the probability and consequences of reactor accidents. The first 

study, which is being carried out by the Planning Research Corporation and 

which is expected to be completed before the end of the calendar year, Is a 

probability study of reactor component failures. The second study is being1 

carried out by Holmes and Narver, Inc., and is also expected to be completed 

before the end of the calendar year. It Is a study of reactor operating 

experience with particular emphasis on tine abnormalities of reactor operations. 

From this study we hope to gain a clearer understanding of the cause and 

nature of various anomalies that have been experienced in operating power 

reactors and an insight into those anomalies which, if undetected, might 

have led to reactor accidents. 

To sum up, we cannot categorically state that a power reactor will 

not experience a major accident even though we have had none during the 



eight years since the first power reactor went into operation. At this date, 

we have much more reason for believing that the likelihood of an accident 

occurring is even less than we believed it to be in 1957. Nor can we cate­

gorically state that one or more of the multiple engineered safeguards 

routinely incorporated in all power reactors will not at some time during 

the life of the reactor fail to meet its performance specifications. The 

probability of an accident occurring, however, before the malfunction of more 

than one safeguard has been detected or simultaneously with the failure of 

more than one essential safeguard appears to be very remote. 

Sincerely, 

r 



DRAFT #2 
Clifford K. Beck 
4/20/65 

PROPOSED LETTER FROM BNL 

As the AEC requested in late 1964, we have undertaken a re­

examination of the calculations on reactor accidents we performed 

in 1957, which constituted the bulk of the report on "Theoretical 

Possibilities and Consequences of Major Accidents in Large Nuclear 

Power Plants". In parallel with the plan of our earlier study, 

this re-examination has consisted of several component endeavors 

which were fairly independent of each other until they were put 

together in the final calculations. 

These may be summarized as follows: 

a. Identification of a "typical" reactor. We arrived at a 

3200 MWt, low-enrichment, metal-clad oxide-fueled, water-cooled 

reactor, as being roughly comparable to.the 500 MWt reactor chosen 

in 1957. 

b. A typical site: We found that reactor sites, and popula­

tion distributions surrounding them, have not thus far changed 

significantly. However, plans are being discussed for locating 

reactors at urban sites. Therefore, we considered the conse­

quences of reactor accidents at both typical city and country 

locations. 
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c. Accidents: Brookhaven was not requested to examine the 

likelihood of accidents, the probability or improbability of 

failure of particular systems or components, or to assess the 

over-all "risk" to the public from reactor operation. Further, 

we were not requested to consider accident consequences where 

though the owner's investments might be seriously jeopardized, 

no hazards to the public would result. Rather, Brookhaven was 

directed to examine those theoretically possible accidents, 

both those considered (by some) to be in the credible and those 

in the Incredible range of likelihood,, which would result in the 

possibility of hazard to the public. 

It should be noted that many inherent and engineered safe­

guards are present in all large reactor systems against failures, 

malfunctions, mis operations and other mishaps that might occur. 

In case of such mishaps, if the integrity of the system, the 

functioning of safeguards or other means are taken to prevent fuel 

damage, to prevent escape of fission products from the primary 
r 

system, or to prevent escape of fission products from the reactor 

facility, then, essentially no consequences of concern to the 

public would result no matter how bad things were inside the 

facility, except for direct radiation to a few persons outside 

who might reside very close to the plant, e.g., in a city location. 

Therefore, by assignment, Brookhaven's concern was with those 
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accidents which transcended all expectations, breached all inside 

barriers, and allowed at least some of the inventory of radio­

activity to escape—unless such would be prevented by inherent 

physical limitations which would make this impossible. We did 

not find any inherent limitations which would eliminate all con­

ceivable types of fission product releasing accidents (but we 

made no attempt to calculate the probability of such accidents). 

Therefore, as in 1957, we began with a "typical" reactor, 

at both of its "typical" (country and city) locations, late in a 

"typical" fuel cycle ( days), and assumed that an event 

occurred which if not "credible" was at least technically plau­

sible, that would result in loss of the primary coolant; in this 

case a guillotine shear of a major coolant line near its connection 

with the pressure vessel. We then followed the time-sequence of 

subsequent events and calculated their consequences at appropriate 

stages, as one after another of the protective safeguard systems 

intended to prevent escalation into a worse situation or minimize 

consequences failed to perform its intended function. (Recog­

nizing, of course, that had the systems functioned as intended, 

there would be no outside consequences worth calculating.) 

In this sequence, we selected four successively more dis­

astrous stages for extensive consideration: 
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1. A full meltdown, with the containment remaining fully 

effective. 

2. Full meltdown with "specification" leakage 0.1%/day. 

3. Full meltdown with "hot puff" release. 

4. Full meltdown with breached containment. 

d. Fission product release from melted fuel. Detailed 

examination was made of the release from the fuel and from the 

primary system of the fission product inventory, isotope by 

isotope, that would likely occur in case meltdown of the fuel 

should follow its natural pattern after loss of cooling. This 

study was technically interesting and will be reported elsewhere 

( ) in the nuclear literature. . However, the net result 

is, the escaping fission products, though a little different in 

respective percentage distributions, xrould not be substantially 

different in gross percentage from the "50% release" arbitrarily 

assumed in the 1957 "upper limit" case.. 

e. Atmospheric dispersion: 

Many refinements have been made since 1957 in knowledge about 

patterns of contaminant dispersal in the atmosphere. Among the 

improvements included in calculations of atmospheric dispersion 

in the present study are: 
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1. Changes in dispersal pattern when cloud travel involves 

a time longer than one pattern would normally apply, 

e.g., a change from lapse to inversion parameters 

for a travelling cloud when the day would turn to night. 

2. An extension of calculations to longer distances' 

km, in our studies. 

3. The dispersive effect of "city heat" for clouds travelling 

over large cities. 

Inclusion of these refinements would be of interest to the 

nuclear community and hence these techniques will be reported 

separately in the nuclear literature ( ). However, the 

net effect of these more refined calculations give results which, 

though undoubtedly more accurate than were our calculations 'of 

1957, are different only in degree and detail, not in general 

character, from earlier calculations. 

f. Radiation exposure damages: Our assumptions of injury 

and damages from radiation exposure followed generally established 

procedures. 'The present study differed in one significant detail 

from the 1957 study in that guidance from the FRC is now avail­

able on the lower contamination levels at which countermeasures 

would be applied, - — and hence, expenses would be incurred. This 

was taken into account. 

4^rfefM. (ids. u<w.« 
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g. Calculational technique: All of the factors mentioned 

above, the groups of isotopes that would be escaping from the 

pressure vessel, the population distribution, the atmospheric 

dispersion parameters, etc., with appropriate parameters and 

variables, were organized into a mathematical code which could 

be programmed in various ways for ________ _ _ _ _ _ _ _ computer. 

(Describe briefly) 

Conclusions and observations: 

The results of our re-examination of the theoretical 

possibilities and consequences of major accidents in large nuclear 

power plants are summarized in the following observations and 

conclusions: 

(1) Though Brookhaven is well aware of major improvements 

made since our study of 1957 in the extensiveness and reliability 

of safeguard systems designed to prevent the occurrence of 

reactor accidents or to minimize the consequences of such accidents, 

it was not our assignment, and we did not undertake to calculate 

the effectiveness of such systems in preventing accidents or in 

preventing the release of radioactivity to the environment in 

such accidents. However, it is abundantly clear that such major 



hypothetical accidents as we have been requested to consider 

would not occur if safeguard systems such as emergency cooling, 

containment, etc., should in fact perform their intended 

functions. We have the general opinion prevailing among experts 

that the likelihood of major accidents, in the first place, is 

very low, and the likelihood that safeguards will be effective 

or at least partially so, in the second place, is very high 

(though we have attempted no quantitative assessment of either 

of these).. 

(2) In re-examining the details of calculational methods, 

we have, on the basis of improvements on knowledge and techniques, 

been able to include formulas, values of parameters and methods 

of handling the data which permit more accurate and more detailed 

calculations. This has been particularly true for fission product 

releases from melted fuel, atmospheric dispersion of airborne 

materials, and the mechanics of processing of data by computer 

machines. In total, however, these refinements contribute to 

accuracy and clarification in degree and in detail, but the over­

all magnitude and character of damaging consequences which would 

result from major releases or radioactivity are not different 

from what they were calculated to be in 1957. .That is, if large 
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quantities of fission products escape into the environment, 

the resulting damages will depend on prevailing weather con­

ditions and, if these are unfavorable, large damages will result. 

(3) Reactors now being contemplated are several times 

larger than those in prospect in 1957; fuel cycles also are 

much longer. Hence, radioactivity inventories are higher, by 

about an order of magnitude. It is an inescapable conclusion, 

and it is the primary conclusion of our present study that, 

given the occurrence of accidents comparable to those reported 

in our 1957 study, the theoretically calculated damages would 

not be less, and under some circumstances could be substantially 

more than the upper limits of the consequences reported in our 

earlier study. That is, we have found in our present study 

nothing inherent in reactors or in safeguard systems as they have 

now been, developed which guarantees either that major reactor 

accidents will not occur or that protective safeguard systems 

will not fail. Should such accidents occur and the protective 

systems fail, very large damages could result. 

(4) For the meltdown accident with complete containment, 

the only possible hazard to the public would arise from direct 

radiation generated by the fission products in the enclosed 

volume of the containment building. The distance at which such 
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radiation would be damaging would relate inversely to the wall 

thickness, but in no case would exceed a few thousand feet. 

(5) For full meltdown with 0.1%/day leakage of the 

volatile components from inside the containment, which would 

correspond with containment vessels on reactors in "country" 

locations, people as far away as miles might, under the 

worst combination of circumstances, receive lethal exposures 

. . . (or: people out to distances x times as far as that 

calculated for the "volatile release" case in 1957 might, under 

the worst combination of circumstances, receive lethal exposures) 

. . . Such unfavorable circumstances would exist for only a small 

percentage of the time. 

(6) For a full meltdown with all of the airborne fission 

products released as a "hot puff" at temperatures above °C, 

such as might occur under certain accident conditions with a 

large opening in the upper part of the containment vessel, there 

would be no hazard to people outside, even under temperature in­

version conditions. The temperature of the released "cloud" 

itself, plus the heat generated by the decay radioactivity would 

carry the material into the upper atmosphere where it would be 

harmlessly dispersed. This would occur under any conditions 

where the temperature of the released cloud were above °C 

(and the level of radioactivity above _______ curies?). 
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(7) In our detailed examination of the meltdown sequence 

of events which would follow a complete loss of coolant (with 

no auxiliary cooling later supplied), the entire reactor core 

would become a molten pool in the bottom of the pressure vessel 

(within about minutes in a 3200 MWt reactor) and would 

begin to melt its way through the thick steel walls of the vessel. 

For reactors about ; MWt, the uranium would melt its way 

entirely through the vessel wall. For reactors of about MWt 

or less, the molten uranium would not penetrate the vessel wall. 

What happened for reactors in between would depend on the detailed 

thermodynamic sinks in each case. 

(8) A large reactor in a city vs a large reactor in the 

country: 

a. For very large accidents, i.e., fission product releases 

above curies ( % of a 3200 MWt inventory), the total 

damage to people and property under the worst weather conditions 

would not be substantially different, whether the reactor is in 

the country or in a city. In fact, for ja. reactor located at some 

distance (15 or 20 miles) from a city with the cloud toward the 

city during unfavorable weather conditions could cause more 

damage than a similar reactor in the city with its cloud going 

out over only one sector of the city. 
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On the. other hand, the country location is over-all a less 

hazardous risk in case of large accidents, because for relatively 

more of its wind directions and weather conditions, the con­

sequences would be less drastic than those for a city location. 

b. Further, for a range of smaller or intermediate releases, 

time and logistics would permit some measures of protection for 

people in surrounding low-density areas where this would not be 

feasible for the same accidents in crowded locations. For these 

intermediate accidents, should damaging effects occur despite 

countermeasure efforts, far less people would be involved in the 

country location than in a city location. 

(9) Finally, for smaller accidents, retained within low-

leakage and shielded containment buildings, the only disadvantage 

of a city location would be the necessity for a lower containment 

leakage than would be required in the country. 

r 
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PROBABILITY. OF CATASTROPHIC ACCIDENTS 

CHAPTER 1 

The original study of possible consequences, if certain assumed 

accidents theoretically possible but highly improbable were to occur in 

large nuclear power plants*, carried out in 1957, presented in its chapter 

on the probability of catastrophic reactor accidents the following statements 

"The probability of occurrence of publicly hazardous accidents in 
nuclear power reactor plants is exceedingly low. 

This single statement, re-emphasized, would suffice to report this 
portion of the study, except for the essential importance of this 
central fact of 'low probability' to comprehension of the over-all 
public hazard of power reactors. The significance of damages consequent 
to accidents cannot be appraised independently of the probability of the 
accidents. 

One fact must be stated at the outset: no one knows now or will ever 
know the exact magnitude of this low probability of a publicly hazardous 
reactor accident." 

In basic fact, our present re-examination of the study made in 1957, in 

the light of information and experience accumulated over the intervening 

eight years can do little better than to conclude with the words quoted above 

from the original report in describing our present view of the probabilities 

of catastrophic reactor accidents in nuclear power reactor plants. 

There has now been developed, however, certain additional information and 
r 

experience relevant to this question which can be described to set our 

present beliefs on this issue in somewhat better perspective. 

^Theoretical Possibilities and Consequences of Major Accidents in Largo 
Nuclear Power Plants (NASH 740, USAEC, March 1957). 

OFFICIALESE ONLY 
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We believe now, that the likelihood of accidents of sufficient magnitude 

to present serious consequences to the public is still lower than we believed 

them to be in 1957. There are several specific factors which support our 

increased confidence in the safety of nuclear power plants. The more important 

of these are reviewed below. On the other hand, we are not able to assign 

quantitative measures to our belief about this "low probability" of publicly 

hazardous reactor accidents. Further, it still must be admitted that 

theoretical possibilities for such major accidents do in fact exist. Rather, 

to state this differently and perhaps more accurately, we are still not able 

to demonstrate in some positive way that major, theoretically conceivable 

accidents with nuclear reactors cannot occur; it probably will always remain so* 

We are convinced that the likelihood of such accidents is so low, even 

though the potential harm from such accidents could be very high, that 

construction and operation of such reactors in accordance with present policies, 

standards and procedures do not constitute an undue hazard to the public* 

In the following sections brief descriptions and observations are given 

for areas of experience relevant to this situation. 

Much progress has been made in Reactor Safety Research 

The extensive reactor research programs, which currently are being 
r 

supported to the extent of many millions of dollars annually for efforts 

directly committed to exploration of reactor safety, have revealed a greatly 

expanded understanding of basic reactor characteristics and behavior* In 

the following areas of reactor technology, our basic knowledge baa been 

greatly expanded over the past eight years: 
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a. Through power excursion experiments (SPERT, BORAX, etc.) our 

knowledge of the dynamic behavior of reactors in reactivity transients has 

been greatly expanded. 

b. Our knowledge of the inherent coefficients and parameters which 

lead to automatic termination of reactivity excursions in water reactors with 

low enrichment oxide cores has been clarified. 

c. Through observation of many planned experiments and analysis of a few 

unplanned incidents, our knowledge of factors affecting potential reactions 

between water and various metals commonly used in core construction has been 

greatly extended. 

d. Through extensive small scale experiments, currently being expanded 

into experiments utilizing large scale equipment, the factors affecting 

potential fractional release of fission products from damaged reactor fuel 

have been greatly clarified. 

e. Our understanding of radiation embrittlement of structural components 

of reactors has been extended somewhat and, more importantly, a massive long 

range program is beginning to yield a necessarily slow but valuable accumula­

tion of data on this phenomenon. Factors affecting radiation embrittlement 

and its reversibility, are being systematically explored. 

f. Energy releases in potential reactor accidents, the subsequent 
r 

pressure and temperature transients, and design of structures to accommodate 

these have been extensively explored* For example, engineering experiments on 

scale models have demonstrated that with properly designed containment buildings, 

"upper limit" energy releases in fast reactors will not result In breach of 

the containment by ejection of top shield plug, or other potential missiles* 

Much new knowledge about reactor behavior and reliability has also been 

gained by successful design and operation of successive "generations" of 

reactors, particularly of the water type, and by experimental variation of 
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components and operating modes in such reactors* Much credit must be given to 

reactor manufacturers and owners for the contribution to basic understanding of 

reactors and hence to reactor safety, which has emerged from this works 

a. The stability, controllability and predictability of behavior 

of reactors have been amply demonstrated. 

b. The technology of controlling and predicting power distribution in 

reactors has been greatly advanced. 

c. Knowledge of burn-out ratios, safe limits on heat fluxes and hence 

of factors affecting safety margins in thermal design have been clarified. 

d. The technology of efficiency in fuel loading and fuel cycles, made 

possible by predictability in reactor characteristics and behavior, through 

flux flattening, power density control, burnable poisons, chemical shims, etc. 

has been greatly extended with concommitant implications for safety of reactors* 

e. The technology of fuel element fabrieation , quality control, etc* 

leading to extended life expectancy, has also given greater confidence in 

safety. 

Substantial improvements have been made in Engineering Safeguards; 

When the Commission's guide on selection of sites for power reactors was 

published in 1961, the principle was established that,- if adequate and depend­

able engineering safeguards were included in the design of the reactor, there 

could be some reduction in distance requirements that otherwise would be necessary. 

A strong incentive was therefore placed on the reactor manufacturers and owners 

to develop improvement in the safeguard systems in order to gain approval of 

less isolated reactor sites* In consequence, many new and fruitful ideas on reactor 

safeguard systems have been generated, and great strides have been made in 

improving the effectiveness and reliability of such systems* 

OFFICIALESE ONLY 
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In safeguards directed toward prevention of reactor accidents, much 

general progress and some specific advancements since 1957 have been 

accomplished. For convenience, an "accident-prevention" safeguard might 

be defined as any device or system intended to prevent some mishap - breakdown 

of machinery, component failure or malfunction, operator error, etc. from 

escalation into, say, a significant release of fission products from the 

reactor fuel. Thus, to prevent an inadvertent reactivity insertion from 

causing a major power excursion and fuel meltdown, a system for rapid 

automatic rod insertion or reactor scram is provided. To prevent a loss 

of coolant from causing fuel overheating and meltdown, an emergency cooling 

system is provided. 

In addition to these two examples, accident prevention safeguards would 

include: 

a. A poison injection system to assist in emergency shutdown. 

b. Independent source(s) of main station power, in case the primary 

source of power should fail. 

c. A high pressure core spray system to cool the fuel, in case 

circulation line, etc. are inoperative. 

Aside from specific accident-prevention safeguard systems, substantial 

progress in the prevention of accidents has also been made through development 

of more definitive standards, codes and specifications for the design and 

construction of reactor pressure vessels, the valves and piping of the 

primary system and other vital reactor components. 

Perhaps even more obvious advancements have been made in safeguard 

systems directed toward minimizing the hazardous consequences of a major 

accident, should one occur. No substantial hazards to the public arise from 

OFFICIAI 
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accidents in reactors unless significant portions of the radioactivity in­

ventory should escape from the reactor facility into the environment. There­

fore, in conformity with the definition of accidents given above, "consequences* 

limiting" safeguards have as their central purpose the prevention of 

escape of fission products to the environment which might have accidentally 

escaped from the fuel. 

Aaong such safeguards which have now been developed are the following: 

a. Improved sources of auxiliary power to keep essential equipment in 

operation in case of failure of normal and emergency power supplies. 

b. Spray-washdown systems to quench steam, reduce air temperature, and 

wash down fission products in .the containment in case of accidents. 

c. Filter systems to collect fission products by internal recirculation 

of building atmosphere. 

d. Containment buildings of high strength and low-leakage. A number 

of improved new containment concepts have been evolved, such as: 

(1) Double-containment-with-pumpback, and extra shielding outside 

£2) Dry well containment with vapor suppression 

(3) Double vapor suppression. 

Such safeguard systems provide a basis for increased confidence in the 

level of protection against potential accidents in the operation of nuclear 

reactors. 

Accumulated reactor operating experience has been greatly expanded and 
continues to be highly successful: 

In any machinery as complex as a reactor facility it is inevitable that 

structural failures, instrument malfunctions, operators' errors and other 

mishaps will occur, despite the most careful design and rigid schedules of 

OFFIC 
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maintenance and administrative control. Such has been the experience with 
reactor installations. Analysis of the abnormal incident and damaging reactor 
accident experience over a sufficient period of time would provide a basis, 
actually the only reliable one, for estimating the actual (in contrast to the 
potential) hazard to the public from such facilities. Unfortunately, for such 
predictions, but fortunately for the public (and as will be statistically 
examined below), the operating experience to date is altogether too short 
for a reliable estimate of public hazard from reactor accidents to be gained 
therefrom; there have been no reactor accidents in the United States which 
resulted in interference with or injury to the public in any way. 

Nevertheless, some implications are apparent from the abnormal incident 
and damaging accident experience accumulated thus far. Some pertinent facts 
and observations on this experience are presented here: 

1. Reactor Accidents: 
For the 250 odd reactors*, built over the 22 year period and operated 

for a total of about 1500 reactor years, only.some 20 accidents have occurred 
of sufficient severity to cause injury to people or significant damage to the 
facility. No accidents have occurred of sufficient magnitude to cause injury 
to members of the general public; only 3 workers have been killed, all in 
one accident; very few other workers have received overexposure to radiation. 

Less than half dozen such accidents have occurred in the 65 large power, 
production or propulsion reactors.** 

No such accidents have occurred in the 16 power reactors used for central 
station electric power generation. 

Most of these accidents by far have occurred in small experimental, 

* 
This tabulation does not include critical facilities or accidental criticality 
events in fuel processing plants. < 

** Loss of the thresher Is an exceptional case, not included in this tabulation. 
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developmental or research facilities, often purposely located at remote sites 

because of the flexible, exploratory nature of their programs* Such was the 

case with the reactor in which 3 workers were killed. 

2. Abnormal Incidents: 

Thus, our safety record in reactor operation is indeed quite reassuring* 

This is particularly true for large power and propulsion reactors where not 

a single reactor accident resulting in damage to the facility or radiation 

injury to people has occurred. 

On the other hand, as in all systems of complex machinery, mishaps of many 

kinds have occurred. At every reactor facility a long list of operating ab­

normalities accumulates over a period of time, and a complete tabulation for 

all reactors would include thousands of such incidents. Breakdown of machinery, 

malfunction of instruments, deviations from established procedures and 

operator's errors, would be among the incidents included in such a tabulation. 

Most of such abnormalities would result in no undesirable effects or physical 

damages, though in a typical facility, a number of instances might have led 

to shutdown of the reactor or even in a few cases to some possible damages. 

But, we are referring here to minor events which would not merit an "accident" 

label. 

Such experiences, which certainly occur to greater or less extent in all 

reactor facilities, give rise simultaneously to both- reassurance and to un­

certainty in the level of safety of reactors. Reassurance arises from 

realization that the margins of safety surely must be large for this number . 

of mishaps to have resulted in so few significant events and no events of 

magnitude to have caused damage to the public. On the other hand, totally 

unexpected abnormal situations do occur, and it is the case that relatively 

minor events in themselves in combination with other abnormalities can turn 

an insignificant incident situation into a major accident* 

^- OFFICIAL USB ONLY-— 
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3. Serious incipient failures: 

There have been discovered in reactor systems a few incipient 

failures which, had complete failure occurred, would have resulted in more 

serious accidents than any thus far experienced. As examples, in three 

reactors, two or three of the stud bolts on the head closure of the main 

pressure vessel or at crucial locations within the pressure vessel were badly 

cracked or broken. In another reactor two main control rod shafts were found 

to be cracked from stress corrosion. In two reactors significant cracks were 

found in the piping of the. main primary coolant system. 

Small, easily visualizable extensions of these situations could have led to 

serious accidents though by no means necessarily to major public hazards, for 

additional protective safeguards would still have remained* Thus, the occurrence 

of these incipient failures in vital components of the reactor structure does 

not signify that accidents resulting in major hazard to the public were on the ' 

yerge of occurrence; there were still other well planned safety barriers which 

would have been called into use. 

Nevertheless, the occurrence of these incipient failures raises a serious 

question: are there single events or combination of events which could result in 

release of fission products from the fuel assemblies, subsequent penetration 

of this radioactivity through all additional barriers and eventual escape of 

a significant portion of it to the environment? Reactors have many design 

safeguards against such events and there is sound basis for the belief that the 

likelihood of such events is extremely low. Despite all precautions, it is 

probably impossible to develop a positive means to demonstrate that no such 

event could happen. 

OFFICXAEijSE ONLY 
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Statistical significance of reactor accident experience does not 
permit predictions of major accident probabilities: 
Two brief descriptions are given here of attempts to apply formal 

mathematical statistics methods to the evaluation of the probability 
of occurrence of publicly hazardous reactor accidents*. 

1. Based on the assumption that the occurrence of catastrophic 
(publicly hazardous) reactor accidents follows a normal Poisson dis­
tribution, and on the fact that there has been 1500 reactor years of 
operation without a single such accident, simple mathematics would 
show that the probability of catastrophic accidents, at the 95% level 
of confidence, is not more than 1/500 per reactor year of operation. 
The actual probability is certainly a great deal smaller, but the 
extent of reactor operation is simply insufficient to demonstrate this. 
For example, if there were 15,000 reactor years of experience without 
a catastrophic accident, the probability of such accidents, at the 95% 
confidence level, would be not more than 1/5000 per year. 

Such an approach, of course, predicts that the probability of 
catastrophic accidents is not larger than 1 in 500 per reactor year, but 
it does not say how low this probability is — — which ia the question 
of real ̂ importance. 

means 
2. A second possibile / of gaining some insight' into the 

anticipated probability of catastrophic reactor accidents is by way 
of detailed analysis of the reactor facility with attention on all 
*Based on discussions with and analyses by the Planning Research 
Corporation, a major study of probabilistic methods applied to reactor 
accidents and possible sequence of abnormal events leading to 
accidents being carried out by this firm under contract to the AEC ia 
still incomplete. , 



possible sequences and combination of failures, mishaps, malfunction 

and misoperation which might occur, and on those particular combination 

of events which would have to occur before major hazards to the public , < 

would result. For example, no hazard to the public can occur unless a 

significant fraction of the radioactivity accumulated in the reactor 

facility is released into the environment and distributed to inhabited 

areas. Analysis of the reactor facility will reveal various possible ' 

combinations of failures, malfunction and misoperation which might 

possibly result in radioactivity being released from the fuel, trans­

gressing all of the successive barriers and being dispersed into the 

environment under such conditions that large exposure of people in 

surrounding areas would result. If one assigns a probability<-

estimate for the occurrence of each various independent component in 

the chain of events leading to a catastrophic accident, it is then 

possible to calculate the over-all probability of occurence of the 

accident. If one is then clever enough to identify the shortest and : 

the most likely chains leading to catastrophic accidents, a basis could 

be developed for estimating the upper limit of probability of catastrophic 

accidents. 

iP detailed study along this line is now in progress in the Planning 

Research Corporation, under contract with the Atomic Energy Commission. 

Preliminary results indicate that "quasi-probabilities" (i.e., prob­

abilities established on expert judgment of knowledgeable persons, not 

quantitative probabilities established by objective mathematical methods) 
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for the occurrence of catastrophic reactor accidents are, from tentative 
-8 -16 calculations, on the order of 10 to 10 per reactor year. That is, 

catastrophic reactor accidents would be expected no more frequently than 

the order of one per billion reactor operating years* One would have to 

wait a very long time to verify such a prediction by actual reactor 

experience! 

It is not yet apparent how much weight should be placed on these 

tentative conclusions. 

SUMMARY: 

From all the information available about reactors and their behavior 

and from the cumulated reactor experience to the present time, there is 

a basis for confident belief that the likelihood of occurrence of reactor 

accidents of sufficient severity to endanger the public is exceedingly low, 

even lower than would have been estimated at the time of the first report 

on Theoretical Possibilities and Consequences of Major Accidents in Large 

Nuclear Power Plants. 

On the other hand, the possibility that such accidents might occur 

cannot be excluded and there has been accumulated some evidence that a 

few failures may have almost occurred which could have resulted in more 

serious accidents than any which have thus far been experienced. However, 

even had these incipient failures resulted in major breaches of the 

primary cooling systems, there still would have remained several safeguard 

barriers against the release of radioactivity in significant amounts to the 

environment. 

OFFICIAL^gSE^ONLY 
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Thus, all the evidence available to the present time indicates that 

the probability of accidents in the publicly hazardous category of those 

analyzed in the later sections of this report have exceedingly low likelihood 

of occurrence, but the Impossibility of these theoretical occurrences 

cannot be positively demonstrated. 

In the following section of this report, there is presented the 

summary of a technical study on the upper limits of theoretically 

calculable damages which might result in the event a major hypothetical 

accident should occur in a large power reactor with only those safe­

guard features remaining in effect for. which no possibility of failure 

could be found. 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D.C. 

APR 5 1965 

MEMORANDUM FOR CHAIRMAN SEABORG 
COMMISSIONER BUNTING 
COMMISSIONER PALFREY 
COMMISSIONER RAMEY 
COMMISSIONER TAPE 

SUBJECT: AEC-OWNED REACTOR SAFETY REVIEW SYSTEM 

At meeting No. 2046 on September 22, 1964, the Commission discussed 
AEC 132/64, AEC-Owned Reactor Safety Review System, and noted that the 
General Manager would: (1) study the extent and circumstances whereby 
final approval authority over safety analysis reviews for AEC-owned 
reactors could be delegated to field office managers; and discuss and 
clear his conclusions with thexDirector of Regulation; and (2) would 
report on the effectiveness of the new procedure within six months. 

An ad hoc Committee studied this problem, held informal discussions 
with various other Headquarters, field office and contractors' staffs, 
and submitted a report (see Attachment 1) with recommendations, on No­
vember 3, 1964. Within specified restrictions, the Committee recommend­
ed three reactor categories where field managers should be delegated 
final approval authority: 

a. Critical facilities and prompt burst facilities 
b. R&D reactors up to 1 Mw(t) design power level 
c. Reactors of proven types up to 10 Mw(t) design 

power level 
These recommendations would allow field managers' approval authorities 
where: (1) the radiation hazards are of a routine and local nature, or 
(2) where the proposed reactor is of a proven type, and is to be located 
at a site that was previously reviewed and approved by AEC Headquarters 
for similar or larger operations. 

Due to the low fission product inventory, reactors in the first two cate­
gories (a. and b.) generally do not present radiation hazards off of AEC-
owned. or controlled sites beyond those allowed in AECM-0524. For these 
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reactors, the fission product after heat is generally not sufficient to 
cause core melting and fission product release even if there were a com­
plete loss of coolant accident. In the case of nuclear excursions, the 
SPERT and SNAPTRAN experiments, and the LRL criticality accident, demon­
strate that core damage sufficient to induce shutdown can occur, but 
that fission product release is relatively small and generally confined 
to the immediate area surrounding such reactors. 

Delegation of authority for category c. rests on the proposition that 
previous Headquarters reviews and approvals have been made for certain 
proven reactor types which are (or were) located at AEC sites, and that 
to continue the requirements for Headquarters safety review of similar 
follow-on projects are repetitive and unproductive. 

On February 17, 1965, the Director of Regulation furnished comments on 
the Committee's report (see Attachment 2) as follows: 

"As we understand the ad hoc Committee's recommenda­
tions, safety reviews by the General Manager's staff 
in Headquarters would be eliminated. This appears 
to be in accord with the Commission's discussion on 
AEC 132/64 on September 22, 1964. To this extent 
we concur in the recommendations. 

"We do not, however, concur in the recommendations of 
the report to the extent that they involve a change 
in the role of the Regulatory Staff with respect to 
facilities in the above categories. We recommend 
that the AEC continue to provide the independent safe­
ty review of AEC-owned reactors by the Regulatory 
Staff consistent with its review of licensed reactors. 
This policy recognizes the importance of the principle 
of independent safety determinations gnd provides 
greater assurance of uniformity and consistency in 
the application of accepted standards and criteria." 

The nonconcurrence of the Director of Regulation in the Committee recommenda­
tions, to the extent that they would change the role of the Regulatory Staff 
in the above reactor categories, and his recommendation for continuation of 
the Regulatory Staff review raises a policy question concerning the con­
tinuance of existing requirements for Regulatory Staff review of all AEC-
owned reactors. The General Manager would like to discuss this matter with 
the Commission at an early information meeting. 

Attachments (2) 
As stated above 
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l . 'MTKl) S T A ' i T ^ G O V E R N M E N T 

Memorandum 
TO : E. J . Bloch, Deputy General Manage^ . . / D A T ^ N O V 3 1964 

THRU: Nathan H. Woodruff, D i r eg t# r J/,/?, '' 

FROM : Whi 
R e a c t ^ / / i ^ 

SUBJECT: REPORT OF AD HOC* COMMITTEE FOR REEXAMINATION OF AEC FIELD OFFICE 
MANAGER APPROVAL AUTHORITIES FOR THE SAFETY OF AEC-OWNED REACTORS 

OS:DIR:WJM 

(Reference; your memorandum October 7, 1964, same subject) 

The Ad Hoc Committee met the morning of October 8 with all 
members present from 9:00 a.m. to 11:00 a.m. The Committee 
reconvened from 3:00 p.m. to 5:00 p.m., except for Mr. E.F. 
Miller, who attended an ACRS meeting. There have been fur­
ther conversations with individuals assigned to the Committee 
here at Headquarters, and by telephone with those from the 
field offices in order to reach final agreement on the Com­
mittee recommendations and this memorandum report. 

The Committee recommends that favorable consideration be given 
for delegating to AEC field office managers the responsibility 
for approval authorities under AECM-8401, relating to the safe­
ty aspects for construction, operating, and modification author­
izations of AEC-owned reactors located at AEC-owned or -controlled 
sites, which are operated by prime AEC contractors, and which are 
limited to the following categories: 

a. Critical facilities and prompt burst facilities 
b. R&D reactors up to 1 Mw(t) design power level 
c. Reactors of proven types up to 10 Mw(t) design 

power level 
Reactors of proven types (c above) are those which shall have been 
reviewed and approved on previous occasions by AEC Headquarters, 
using the most recent AEC site and radiation exposure criteria 
(such as 10 CFR-100 and 10 CFR-20). For these types, the determina­
tion shall have been made that the reactor will not: present any 
significant new and unreviewed nuclear safety considerations; sig­
nificantly interact with other nuclear facilities at the same site; 
or significantly increase the overall probability or.consequences 
of nuclear incidents at the reactor site. 
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AEC manual chapter 0524 should be used as the basic radiation 
exposure criteria for the above authorizations, since it cur­
rently specifies the limits of the field managers' authorities, 
and it corresponds to similar criteria from NCRP, NBS-69 and 
10 CFR-20. 

AEC field office managers should: assure implementation of the 
Nuclear Reactor Safety Contract Clause; document all safety 
analyses, reviews, and authorizations performed under this dele­
gation; request AEC Headquarters review as they deem it neces­
sary; keep the appropriate Headquarters program division direc­
tor currently advised of authorizations issued under this dele­
gation (with copies to OS); encourage full exchange of safety 
information and staff services between AEC field offices and 
Headquarters; and not be permitted to redclegate this approval 
authority. AEC Headquarters should continue the reactor safety 
audit of-field offices to assure continuing AEC administrative 
controls and to assure satisfactory usage of these approval 
authorities. 

Delegation of such approval authorities will achieve substantial 
savings in reactor safety schedules and manpower expenditure 
without sacrifice of overall reactor safety. Experience and 
analysis have demonstrated that the potential hazards associat­
ed with the small reactors in categories a and b above are al­
most insignificant at the boundaries of the AEC sites. The 
hazards associated with the proven reactor types (category c) • 
are well known, have been evaluated many times before, have 
been minimized through extensive operating experience, and in 
many cases have been the subject of extensive safety research 
programs. Routine AEC Headquarters safety review of reactors 
in the above categories is not particularly productive and 
should be terminated at the field office level unless the field 
manager determines that the reactor and/or the reactor site 
violates the precepts mentioned previously. In those cases, 
he would be obligated to refer such matters to AEC Headquarters 
for final review and approval action, in accordance with the 
standard AECM-8401 procedures. 

The AEC field offices are adequately staffed with reactor safe­
guards engineers to assure satisfactory implementation of these 
recommendations. There are currently 39 full-time reactor safe­
guards engineers in the AEC field offices who are assigned in­
dependent of the reactor program aspects. Their average nuclear 
experience level is 8.3 years, and 98% have engineering degrees, 
while 35% have advanced engineering degrees. In addition, AEC 
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field office managers can call upon the services of numerous 
specialists in AEC field offices and Headquarters, and in 
contractor and consultant groups to perform reactor safety 
analyses, reviews, computer programs, etc., as needed. 

The Division of Operational Safety will supply additional 
supporting information by separate memorandum bearing on 
the field office staff qualifications, and illustrative 
examples and recent experience with AEC Headquarters re­
view of reactors in each of the above recommended cate­
gories. 

cc: J. A. Lieberman, RD 
E. F. Miller, P 
D. M. Gardiner, CH 
M. E. Jackson, OR 
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ATTACHMENT NO, 2 

UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON, D. C. 
February 17, 1965 

MEMORANDUM 
TO s Edward J. Bloch 

Deputy General Manager 
FROM s Harold L. Price /s/ C.L. Henderson 

Director of Regulation 
SUBJECT: COMMENTS ON REPORT OF AD HOC COMMITTEE FOR REEXAMINATION 

OF AEC FIELD OFFICE MANAGER APPROVAL AUTHORITIES FOR THE 
SAFETY OF AEC-OWNED REACTORS 

This is in response to your request for our comments on the 
above report. The ad hoc Committee report recommends that the AEC 
Field Office Managers be delegated the responsibility for approval 
authorities under AEC's M-8401 In the following categories: 

a. Critical facilities and prompt burst facilities 
b. R&D reactors up to 1 Mw(t) design power level 
c. Reactors of proven types up to 10 Mw(t) design 

power level. 
As we understand the ad hoc Committee's recommendations, 

safety reviews by the General Manager's staff in Headquarters 
would be eliminated. This appears to be in accord with the 
Commission's discussion on AEC 132/64 on September 22, 1964, To 
this extent we concur in the recommendations. 

We do not, however, concur in the recommendations of the 
report to the extent that they involve a change in the role of the 
Regulatory Staff with respect to facilities in the above categories, 
We recommend that the AEC continue to provide the Independent 
safety review of AEC-owned reactors by the Regulatory Staff 
consistent with its review of licensed reactors. This policy 
recognizes the importance of the principle of independent safety 
determinations and provides greater assurance of uniformity and 
consistency in the application of accepted standards and criteria, 
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AEC 943/17 

COPY NO. 60 

ATOMIC ENERGY COMMISSION 

PUBLIC ACCEPTANCE OF POWER REACTORS 

Note by the Secretary 

The Assistant General Manager for Administration has 
requested that the attached letter of March 1, 1965 from 
W. E. Ergen* ORNL, to Dr. Chauncey Starr, Atomics International, 
be circulated for the information of the Coromission. 

W. B. McCool 
Secretary 
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O A K R I D G E NATIONAL LABORATORY 
OPERATED BY 

UNION CARBIDE NUCLEAR COMPANY 

POST omcr BOH V 
QAK RIOUE, TENNtSSF.E 

March.i, 1965 

Dr. Chauncey Starr 
President 
Atomics International 
P. 0. Box 309 
Canoga Park, California 

Dear Dr. Starr: 

I would like to congratulate you and your staff on the very successful 
meeting on Nuclear Power Reactor Siting that was held under your leader­
ship two weeks ago. Probably most of us were most stimulated by those 
sessions which dealt with- aspects other than those with which,.we are 
routinely concerned. In my case.this was the session on Public Accept­
ance, This letter contains my personal thoughts, and afterthoughts, on 
this .subject, 

1. I th<nk we all agreed that further experimentation, including destruc­
tive testsy are indicated. One reason for this is that we have to learn 
about new reactor concepts and their safety aspects, and that there remain 
even some open questions on "old" concepts V There jLs one thing more impor­
tant than convincing the public of the safety of nuclear energy; we have 
to convince ourselves. 

In case of doubt regarding a safety question, the designer or administra­
tor always has to assume the worst case. .Further experimentation removes 
doubts and cannot help but promote a more optimistic view, on balance. 
There have been, and will be, eases where experimentation shows unfavor­
able results, or results that can be interpreted as being unfavorable, 
These cases are few and are*a price we have to pay for increased knowledge 
that allows us to relax conservatism on a rational basis. 

2. At the meeting we had some discussion on the question of publication 
of the results of these tests. Some felt that they could be withheld 
from the public on the basis -that they represent more detail than the 
public might be interested iii. Others felt that the results should be 
delayed until fully analyzed (which would be a long delay), Another group 
felt, for the reasons given -feselow, that any results should be published at 
the earliest possible moment, which includes making information on destruc­
tive tests available to the p*©ss-right after the test. I certainly belong 
to the last mentioned group. 
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3. The publie has been told repeatedly, by you and by others, that tho 
nuclear industry lives in'a fishbowl and that no information on civilian 
reactors is Withheld. It is largely ori this basis that the nuclear 
community is allowed to police itself i*» safety matters. If there were 
any indication that this fishbowl policy is, in fact, not quite followed, 
and the opponents of nuclear energy would sooner or later ferret out such 
indications if they existed, then the review of safety matters would very 
probably bo entrusted to an agency representing "broader" interests. This 
would be much worse than the present situation, and to avoid such a turn 
of events would be well worth the limited amount of unfavorable publicity 
that the open-information policy occasionally might bring'.' 

4. We should not be complacent-, however, about such unfavorable publicity. 
Where facts are misstated the author should be asked to eat crow. Where 
the facts, are correct, they should be allowed to stand but should be coun­
terbalanced by correct, favorable facts, if possible at the same press 
conference or in the same journal issue. This applies to all safety infor­
mation, not only results of destructive tests. If there is a "review for 
policy" in AEC controlled journals, it might well be modified along the 
above lines. The press reports on the KIWI-TNT test, which received such 
strong criticism at the-Meeting, were actually reasonably tcorrGct., The 
only unfortunate thing was that the very favorable results of the test 
were not published alongside. 

5. As to nomenclature,' I certainly agree that the word "Hazards Report" 
should be replaced by "Safety Report". Elimination of such descriptive 
and popular words as "scram" might be going too far, though this could 
admittedly be justified in the interest'of standardization to conform 
with the Canadian "trip". Expressing the energy of nuclear excursions 
in lbs of TNT might actually be used to dramatize the mahy-order-o£-
magnitude difference between reactor excursions and nuclear explosions; 
however, I do not like the "l*ra'-of 3?NT" too well - it just adds to the 
confusion of units such as'-Mwa-eo, number of fissions, BTU etc. 

6. Some missionary work might be possible among conservationists. Assum­
ing that the power will ultimately be generated in one way or the other, 
nuclear' generating plants are better than any other plant from the con­
servationists' point of view. Nuclear power stations are pretty, they do 
not innundate spots of great natural beauty of historical value; nor do 
they cover the landscape with smoke or haze, nor do they inflict ugly 
strip-mining scars on the mountains. Here is Oak Ridge all of this is 
quite strikingly apparent. Maybe the nuclear industry could do public 
relations work where other proposed plants do meet conservationist opposi­
tion. 

7. People frequently believe in those things that fatten their pocket-
books. Citizens of a small community may drown their safety worries in 
hopes of additional revenue from a large nuclear plant. The tax rate of an 
inhabitant of a large city will not be affected much by any plant, and 
he will not see why he should take any additional risk. For this reason 
it might generally be wise to gain public acceptance first where it is 
easy: in the small communities. 

- 3 
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8. The Price-Andorson Act frustrates mony attempts of convincing pooplo 
ol' Iho bnfoly of nuclear plants. You roaaort eloquently that the risk'of 
an alrlinor crashing Into a fully occupied football stadium does not lead 
to the abolishment of airlines or football; however, there is the come­
back: "Somehow the airline or football chiefs regard their maximum credible 
accident as much less likely than the nuclear industry regards its MCA. 
For football and airlines do not ask for free Government insurance against 
their accident, and the nuclear industry emphatically feels that it needs 
this insurance." Maybe some compromise, like paying for the Price-Anderson 
insurance, would be worth while from the public relations view point. 

I am enclosing copies of these thoughts for the panelists at the Public-
Acceptance session, but I leave it up to you aa to whether they should 
be sent to them JOT not. 

Sincerely, 

William K. Ergen 

Enclosures 

'Mot attached t© this paper, 
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UNITED STATES GOVERNMENT 

Memorandum 
Joseph F. Hennessey, General Counsel March 31, 1965 
Robert Lowenstein, Asst. Dir. of RegulatioflATE: 

W. B. McCool, Secretary w. B . fnd&ol 

SUBJECT: AEC 785/89 ­ REPORT TO THE JOINT COMMITTEE ON ATOMIC ENERGY ON 
OPERATIONS UNDER THE INDEMNITY PROGRAM 

/ 

SECY:ICB 

1. At Meeting 2095 on March 24, 1965, the Commission: 

a. Approved the draft report substantially in the 
form attached as Appendices "A" and ••B" of AEC 785/89 
for transmittal to the Joint Committee on Atomic Energy, 
in compliance with Section 1701. of the Atomic Energy Act 
of 1954, as amended; and 

b. Noted that the unclassified portion of the report 
(Appendix "A" to AEC 785/89) will be transmitted to the 
JCAE by letter such as Appendix "C" to AEC 785/89. 

2* The Commission agreed the first paragraph on page 2 of the 
draft report should be revised to read: "The Brookhaven National Laboratory 
has been requested to assist the Commission in a reexamination of the 
theoretical reactor accidents which they had studied and reported on 
in 1957." 

3. At Information Meeting 464 on March 26, 1965, the Commission 
reviewed the revised paragraph and agreed the report should be submitted 
to the JCAE without further revision. 

4. The General Manager and Director of Regulation have directed 
you to take the action required by the above decision and request. It is 
our understanding that the Office of the Assistant Director of Regulation 
is preparing the correspondence to the JCAE. Copies of this letter together 
with other pertinent correspondence should be provided the Office of the 
Secretary* 

cc: 
Chairman 
General Manager 
Deputy General Manager 
Asst. General Manager 
Exec* Asst* to Gen. Mgr* 
Director, Congressional Relations 
Director, RD&T 
Director, International Affairs 

Director of Regulation 
Deputy Director of Regulation 
Asst. Dir* of Reg. for Admin. 
Asst* Dir* of Reg. for Nuclear Safety 
Director, State & Licensee Relations 
Director, Reactor Licensing 

?£t.J- -/<X~ -OFFICBttTDSf-ONtY^" 
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Memorandum 
UNITED STATES GOVERNMENT 

Harold L. Price, Director^jof DATE: March.30, 1965 
Regulation ^ j" 

W. B. McCool, Secretary 

PROCEDURES USED IN CONDUCTING SAFETY ASSESSMENTS 

SECY:AJ 

1. During the Briefing on Reactor Siting, held on March 22, 
1965, the Commission requested a brief summary of the procedures used 
in conducting safety assessments, and a brief outline containing 
appropriate technical descriptions, diagrams and definitions of terms 
relating to power reactors. 

2. The Commission has directed you to take the action required 
by the above request. Copies of all pertinent correspondence should be 
provided the Office of the Secretary. 

cc: 
Chairman 
Director of Regulation 
Deputy Director of Regulation 
Asst. Dir. of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
Director, Reactor Licensing 
General Counsel 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON 25, D.C. 

EM 1 7 « 5 

MEMORANDUM FOR CHAIRMAN SEABOSG ^ 
COMMISSIONER BUNTING 
COMMISSIONER PALFREY 
COMMISSIONER RAMEY 
COMMISSIONER TAPE 

SUBJECT: BROOKHAVEN REPORT "THEORETICAL POSSIBILITIES AND CONSEQUENCES 
OF MAJOR ACCIDENTS IN LARGE NUCLEAR POWER PLANTS" (WASH 740) 

During discussions last year with the Joint Committee on Atomic Energy, 
in anticipation that the question of extending the Price-Anderson 
Indemnity Act would be considered this year by Congress, there were 
suggestions that the 1957 report by Brookhaven National Laboratory on 
the above subject be revised and brought up to date. Brookhaven was 
again requested to perform the technical calculations of consequences 
which might result from hypothetical accidents in large nuclear power 
plants of the type now being built. A study group was set up at BNL 
consisting of essentially the same people but with added strength in 
the fields of biology and medicine, 

In the course of this study, the Brookhaven team met from time to time 
with a Steering Committee established by the AEC and consisting largely 
of AEC staff members. 

Brookhaven1s technical calculations are now largely completed, and the 
process of developing a suitable description and report of this work is 
now in progress. 

Reactors now being considered for construction are five or six times as 
large as the 500 MW reactor considered in the first Brookhaven report; 
the fuel lifetime is three or more times as long; hence, the fission 
product inventory is many times larger than that dealt with in the c**uJ&.-
original Brookhaven report. It is an inescapable ĉ latttetTbn, therefore, *̂*"e**-
that given the same hypothetical accidents as those considered in the 
original BNL study, damages would result possibly ten times as large as 
those calculated in the previous study. Nothing has been discovered in 
the interim which assures that such accidents cannot happen, even though 
we are convinced that the probability of such accidents is believed to 
be lower than the low estimates of the likelihood of such accidents made 
at the time of the original study. 
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The problem racing the Commission, therefore, at this time, is the 
choice among the few alternate methods which might be selected for 
presenting the results of this newest Brookhaven study "in proper 
perspective". 

To understand this problem clearly, a brief review of the original BNL 
study may be helpful. Brookhaven's assignment was to develop the character­
istics of a "typical" large power reactor in a "typical" location. This 
reactor was to be examined for major "hypothetical" accidents which might 
conceivably occur during its operation. From among these accidents a 
spectrum of three were chosen, including the upper limit "50% fission product 
release" case (the latter being identified elsewhere in the report as being 
incredible). For each of these accidents, Brookhaven did extensive and 
meticulous calculations of the damages to people, contamination of land 
areas, etc., which would result. For this upper limit accident, under 
the worst combination of meteorology and other conditions, it was calculated 
that as many as 3400 people would be killed and the total cost would be 
live or so billion dollars. It was not Brookhaven"s assignment to 
estimate the probability or the improbability of such accidents, to 
explain how many safeguards were present to prevent their occurrence <iaf d"**-*. 
otherwise to interpret the implications of "major hj^pothetical accidents" 
in relationship to their likelihood of occurrence, or to discuss the over­
all risk to the public presented by large power reactors. Therefore, 
when the Brookhaven study had been completed, the AEC Steering Committee 
and others, with the assistance of some of the BNL study team members 
prepared a report to be submitted to the JCAE and released for public 
information, which contained in its first chapter a discussion of "the 
probability of catastrophic reactor accidents"; in its second chapter a 
description of the "assumptions used in the damage studies" and in its 
third chapter, "estimated consequences of the assumed reactor accidents" 
(a brief resume). In the appendices the details of BNL computational 
methods and calculated consequences were fully presented. 

In the present situation, we have been given a preview of Brookhaven's re­
examination of the theoretical possibilities and consequences of major 
accidents in large nuclear power plants. The results can be summarized 
in a very few words: "calculations show that the upper limits in damages 
that could result from this hypothetical sequence of circumstances (loss 
of reactor coolant with impaired containment) would not be less and under 
some circumstances could be substantially more than the upper limits of 
the maximum consequence accident reported in the 1957 study." Again, 
bxwever, as in 1957, it is not Brookhaven's assignment to deal with 
questions such as the probability or improbability of major accidents, 
the safeguards which have been developed to protect against such accidents 
or the over-all risk which may now exist to the public from the operation 
of nuclear reactors. 
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In this situation, which is comparable to that existing in 1957, the 
Steering Committee is attempting to develop a report consisting of two 
chapters. In the first, there would be a presentation of such information 
as now exist on the progress made in reactor safety research, the great 
improvements made in engineering safeguards - both those to prevent 
accidents and those to limit the consequences of accidents, the highly 
successful accumulation of reactor operating experience, the estimate 
of procedural safeguards (Regulation, ACRS, Hearing Board) which exist 
to assure high standards in reactor design, construction and operation. 

In the second chapter, the basic elements of the revised Brookhaven 
study will be presented, the technical factors involved in the calculation 
of consequences will be described, and the observations and conclusions 
will be presented. 

It would be our present intention not to present the full numerical details 
of the calculated damages in the various assumed accidents but, rather, 
to present the results in a qualitative, comparative way with respect 
to the results obtained in the original Brookhaven study. 

A special committee of the Atomic Industrial Forum, who, by their 
urgent request, have met twice with the BNL study team and the Steering 
Committee to discuss the preliminary conclusions arising from the 
Brookhaven calculations have written a letter in which they strongly urge: 

a. That the revised Brookhaven study not be published in any form 
at the present time, but that the study be extended for "another 
year or two" to permit a comprehensive quantitative appraisal 
of the effectiveness and reliability of safeguard systems to be 
described in the eventual "revised Brookhaven report" to offset 
the presentation of calculated damages Iron hypothetical accidents. 

o. That the Commission it the present time simply report in a very 
brie." letter to the Jo-'nt Committee on Atomic Energy that if 
major nccicentc are nssuped to occur without regarc to the 
improbability ol such events, very Isrge damages, of course, 
would be calculated to result, that there is no absolute assurance 
that the accidents cannot happen, but that the Commission is 
expanding the Brookhaven study to include a major review of 
safeguards which do apply and the results will be presented at 
a later time. 

A draft of a letter along the lines discussed between the Forum and the 
Steering Committee members has been prepared for discussion. 

Original Signed by C. K. Beck 

C l i f f o r d K. Be^k 
Deputy Director of Regulation 

cc: Secretary(2) 
OGC 
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fc COHMi. 
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 

UNITED STATES ATOMIC ENERGY COMMISSION 
WASHINGTON 25, D. C. 

MAR 1 3 1965 

Honorable Glenn T. Seaborg 
Chairman 
U. S. Atomic Energy Commission 
Washington, D. C. 

Subject: REPORT ON HAZARDS OF PRODUCTION REACTORS 

Dear Dr. Seaborg: 

In recent months, the Advisory Committee on Reactor Safeguards has 
reviewed several novel core loadings of the Hanford and Savannah 
River Reactors. These loadings have had one feature in common, in 
that they have been proposed in whole or in part for reasons other 
than military necessity. 

The production reactors at Hanford and Savannah River were built 
in then remote locations and in response to urgent demands of 
national security. Partly for these reasons and partly because the 
technological basis for reactor safety had not been so fully developed 
as at present, engineered safeguards to protect against the estimated 
consequences in the unlikely event of severe accidents were not pro-
ded for these reactors to the extent that they are now included in 
ge reactors. The power levels of these production reactors have 
en increased several times with corresponding increases in estimated 

accident effects. Several years ago, the Committee recommended that 
measures be taken to improve the protection against the estimated 
consequences of accidents, and as a result, extensive confinement 
programs were instituted at the Hanford and Savannah Reactors. 

e Committee recognizes the excellence of the technical and the 
rating staffs at these two production sites, and the added assurance 
safety that can be derived from the continuity of such competent 

rsonnel. However, it continues to be concerned by the estimated con­
sequences of postulated serious accidents (See References 1 and 2) in 
production reactors relative to those of licensed reactors. Comparisons 
of these relative consequences were discussed in a refeent meeting be­
tween the Commission and the Committee. . -
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The Committee believes that production reactors should be operated 
under the same basic safety criteria that are presently applied to 
licensed reactors and it recommends that studies be undertaken at 
an accelerated pace to determine means by which the above objective 
can be accomplished. The Committee would like to review the results 
of this study and its relation to future operation of the production 
reactors as soon as feasible. The Committee would also like to 
schedule annual reviews of both Hanford and Savannah River operations. 

Dr. Henry W. Newson can concur with the above only after the addition 
of the following sentence: The guidelines (Title 10 Code of Federal 
Regulations Part 100) for the siting of stationary power and test re­
actors will not necessarily be suitable for the production reactors 
at Hanford and Savannah River. 

Sincerely yours, 

~\y(0yyfdy 
W. D. Manly 
Chairman 

References: 
1. DRL Report to ACRS on Production Reactors dated February 5, 1965 

(Secret/RD). 
2. HW-82657, Answers to Questions of the ACRS Relative to the Heed 

for Retention of Government Land dated June 8. 1964 (Secret/RD). 
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Karen o , 19o5 

Following a discussion with Ken Downes and others on March 4, 

I am suggesting that Brookhaven consider working on a re-draft of 

Chapter 2 somewhat along the enclosed lines. 

CLIFFORD K. BECK 

U 
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BROOKHAVEN REPORT (WASH 740) 

(OUTLINE WITH EXPLANATORY COMMENTS ) 

Note: This suggested revision of Chapter 3 puts a little more 
emphasis on the choice of accidents considered, what was 
actually done in considering these accidents and their 
consequences, and on expanded "conclusions and observations". 
We believe this chapter would be most effective if it were 
as compatible as possible with the statement*"in conducting 
this study, the Oak Ridge National Laboratory was requested 
to include not only those accidents'which might be considered 
to be credible but also to consider in its report, as was done 
in the study of fcteea theoretical reactor accidents prepared • 
by the Brookhaven National Laboratory, the possibility and 
consequences of accidents which are theoretically possible 
but so highly improbable as to be considered incredible", 
with enough description to permit the reader to understand 
how the task was accomplished, with the conclusions staged *• . 
in qualitative (not numerical) terms, and where feasible SM^A&ffl^iA^) 
in comparison with the 1957 study. 

1. Introductory Comments: ( ^J^JUj^ ^ ^ r Y~fU.fr U^ iL]dL^ &-<.)_ 

It is well established, of course, that no large reactors are built 

which are not provided with abundant safeguards against the occurrence 

of accidents and many additional safeguards to minimize the consequence, 

if one should occur. Nevertheless, it is entirely likely that accidents 

may occur in which substantial damage to the facility would result. It 

is theoretically possible for more severe accidents to occur with 
t 

implications of serious hazards to people in surrounding areas, but such 

accidents are so highly improbable as to be considered incredible. 

It is of great interest in many aspects of the Atomic Energy Commissicr. !s 

reactor program for estimates to be made of damages which might possibly 

result from reactor accidents in the range of those considered .to be 

&^Z^Prt~r-t rT~r*-~7-v-'rr7-

http://Y~fU.fr


- 2 -

c:c'b'".i;, a.ic even for those larger theoretically possible accidents 

considered to be incredible. 

2. The 1'.'57 Study: 

In 1957 the Brookhaven National Laboratory was requested by the 

Atomic Energy Commission to undertake a study of possible consequences 

if certain assumed accidents theoretically possible but highly improbable 

were to occur in large nuclear power plants. This study was undertaken 

by n team of BNL scientists under the general guidance of a Steering 

Committee composed of scientists and engineers of the AEC and BNL staffs. 

The results were published by the Commission as report WASH'740 - "Theoretical 

Possibilities and Consequences of Major Accidents in Large Nuclear Power 

Plants". 

In this study, Brookhaven considered three hypothetical types of 

accidents in large, standard type reactors located at; a typical site. 

They were as follows: 

a. "The contained case" - in which it was assumed that all of the 

fission products from the reactor were released into the containment 

building, but the building was assumed to be 100% effective and no release 

of the fission products to the environment resulted. 

b. "The volatile release case" - in which iu was assumed that all 

of the volatile fission products in the reactor were released from the 

reactor and also escaped from the containment building into the environment 

and subsequently dispersed. 
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v,. _i e zZ% rele lse ̂ ase" - in which it was assumed chat 501 of all 

.iSoion products xn the reactor were released from the containment building 

and were subsequently dispersed into the environment. It was not Brookhaven's 

assignment to consider the probabability, or improbability, of those extremely 

unlikely and hypothetical accidents. 

The damages from these three types of hypothetical accidents, resulting 

from radiation exposure of people and contamination of land, were then 

calculated taking into account information then available on all the 

pertinent factors such as meteorological patterns of disposal, the mechanisms 

of personal exposure, the injuries resulting from various levels of radiation 

exposure, the values of property damaged by contamination, etc. 

It was found that damages from these theoretical accidents ranged from 

very low, where favorable conditions were prevalent to very high thepretical 

damages for the 50% release case when unfavorable conditions such as might 

exist for a small percentage of the time were prevalent. Specifically, 

for the 50% release case the number of people receiving doses at lethal 

levels would range from none under favorable conditions to 3400 under un-
-4 

favorable condit ions, and areas contaminated to levels grea ter than 10 
2 

curies/M could be as high as 240,000 square Km. It was estimated that 

damages might range as high as several billion dollars. In this same 

report attempts were made to explain what was then believed to be the 

extremely small probability of such accidents. 

3. Assignment to BNL in 1964 Review: In late 1964, BNL was requested to'evaluate the possible consequences 

if large, theoretically possible, but highly improbable accidents were to 

occur in large nuclear power plants. In conducting this study, BNL was 
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requostoo to include not only those accidents whicn might be considered 

to be credible but also to consider in its report the possibilities and 

consequences of accidents which are theoretically possible but so highly 

improbable as to be considered incredible. 

In undertaking this study, BNL, as in 1957, established a team of 

scientists consisting of essentially the same people but with added 

strength in the fields of biology and medicine and chemistry. 

A Steering Committee was established by the AEC and has worked closely 

with the Brookhaven team during the study. 

4. Basic Elements of the Study: 

a. The reactor (description, possibly in comp'arison with the one of 1957) 

b. Fission product inventory (power level, fuel cycle, etc.) 

c. Reactor location, population distribution (for both urban and 

country sites. 

5. T-jgB- Aoa^gent Descriptions 

Note: 
vj^U<^^A^^4hj. 

(1) I would suggest this section be written not on the basis of 
"we assumed that everything failed" or even on the basis that 
one item after another, after another, was assumed to fail. 
Rather, the description might start with a normal reactor and 
then present what the results would be if each of the numerous 
stepwise failures should occur. For example, if a double ended 
pipe break of the primary coolant line should occur, coolant 
would be lost and high pressures would build up in the 
containment vessel. At this point, if the emergency coolant 
systems should operate, there xvould be no fission products 
release and no hazards. On the other hand, if coolant systems 
should not ̂ a'-î f̂ then within eight or ten minutes cladding 
on the fuel would begin to melt. This would release the 
accumulated "gap" fission products into the pressure vessel 
from whence they might escape into the containment vessel. 
Subsequently, if still no coolant were available, the fuel 
itself would melt - in about two hours, etc. 

'M^L 
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l~o~e: With the full course of the accident portrayed, it would then 
be logical to re-state that no hazard to the public would 
result unless radiation or radioactivity escaped beyond the 
confines of the plant; that great damage to the facility and 
to the owners investment might occur for far less extensive 
accidents but no damage to the public would be involved in 
such cases. Therefore, from the accident sequence described, 
only those situations which might result in radiation or 
radioactivity escaping the plant would be of consequence 
in the present study. Four such accident situations were 
selected for study. 

a. Full Meltdown with the containment fully effective. 

b. Full Meltdown with "near spec" leakage (% or 1%). 

c. Full Meltdown with "hot puff" release. 

d. Full Meltdown with breached containment. 

7. Technical Factors in the Calculation of Consequences: 

a. Fission product release (55 isotopes, chemical grouping, 
method of using these data.) . 

b. Atmospheric Dispersion (perhaps comparatively described re 1957). 

c. Personnel exposure and doses (a brief statement of factors considered, 
end points, etc.) 

8. Calculations and Observations; 

Note: In this section, include not only the main conclusion but also 
associated subconclusions and observations, either re "consequences" 
or re some of the technical sequences. For example, time factors 
in the melt sequences and what the terminal point of the meltdown 
would be; effect of "city heat" observations re city vs. country sites 
for different accidents, etc. 

Inclusion of some of the secondary items of interest 
from the study, such as those mentioned from time to time 
to the Steering Committee, would give a clearer appreciation 
of what BNL did, would enhance the merit of the report, and 
would give a clearer appreciation of the context of the 
main conclusions, even though the numerical and grphical data 
were not included as in the 1957 study. 
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UNITED STATES 

TO F i l e DATE: March 4 , 1965 

FROM : W. B . McCool, Secilejary ^ 

SUBJECT: TECHNICAL BRIEFING ON REACTOR SITING 

SECY:JCH 

1. At Regulatory Information Meeting 144 on March 1, 1965, the 
Commissioners discussed the proposed technical briefing on reactor siting 
and Commissioner Ramey suggested consideration of some of the points made 
by Mr. Frank Pittman in his luncheon speech at the American Nuclear Society 
Meeting in Los Angeles during the week of February 22. 

2. It is our understanding the Director of Regulation is taking 
the required action. 

cc: 
Chairman 
Commissioner Ramey 
Director of Regulation 
Deputy Director of Regulation 
Asst. Dir. of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
General Manager 
Deputy General Manager 
Asst. General Manager 
Exec. Asst. to Gen. Mgr. 
General Counsel 

4) 
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MEMORANDUM FOR CHAIRMAN SEABORG 
COMMISSIONER BUNTING 
COMMISSIONER PALFREY 
COMMISSIONER TAPE 
GENERAL MANAGER 
DIRECTOR OF REGULATION 

SUBJECT: TECHNICAL BRIEFING OF REACTOR SAFETY CRITERIA 
FOR LOCATING POWER REACTORS IN METROPOLITAN AREAS 

At Regulatory Meeting 210, on February 11, 1965, the 
Commission requested that a detailed technical briefing 
be prepared by the Regulatory staff on the subject of 
reactor safety criteria as they relate to the policy 
questions of locating power reactors in metropolitan 
areas. 
In view of the considerable effect such a policy could 
have on the reactor development programs of the Commission, 
as well as the fact that the reactor safety R and D program 
is very closely related, I would like to suggest that 
appropriate staff on the reactor development side be 
present at this briefing. Further, it might be appropri- . 
ate to consider their viewpoints on such a policy at a 
separate briefing. 
I would like to take this up at an early Information 
Meeting. 

James T. Ramey 
Commissioner 

cc: Secretary 
/ 'ft / ' 
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f UNITED STATES A f f ^ ) / ^ ^ * 
ATOMIC ENERGY COMMISSION " , 

WASHINGTON, D.C. 20545 ^ 

February 5 3 1965 
IN RCPL.Y REFER TO: 

^1 

JESORANOT FOR CEAIEIIA:! SEAEOILG 
COZSESSICCSER STEoEETG 
COICHSSAC'.IE! PAINTJET 
COKHSSICIKl PJlIiZSY. 
CCvSHSSIOllER 2APE 

THROUGH GENERAL MAUAGSR / a / John V* Vincisuerra 
SUBJECTS BACKGROUND STATHZ1FA72 OUTLHIBTG SIGHIFICAHT 

S
r
J?EPS TAKE! 20 EIPROVS THE EFFICIENCY M D 

SAFETY 0? OPERATION 0? SHE PR0DUCTIQI1 REACTORS 
AT HANFORD AND SAViOSAH RIVER SINCE STARTUP 

As background information for use by the ConmisDion at 
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lining significant steps taken and projects completed to 
improve the efficiency and safety of operation of the 
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SNAP 10-A FS-1 System Test Failure 

Class A 

During electrical acceptance tests on June 23, 1964, 20 to 30 cubic 
inches of NaK leaked from an expansion compensator of the SNAP 10-A 
FS-1, and inflicted damage to the complete electrical system. 

Following physics tests of temperature defect at 938°F, the reactor 
was shutdown, and the shield plugs on top of the test vault were re­
moved to permit access to electrical wiring within the valut, to lo­
cate electrical shorts in the power conversion system, and to run con­
verter electrical isolation tests. Prior to the final electrical con­
verter measurements, a sudden pressure rise occurred in the vacuum 
tank followed by sounding of the sddium vapor alarm on the inlet side 
of the vacuum pumping system, nuclear power unit (NPU), instrumenta­
tion failures, and shorts in the electrical test heaters. Visual' 
inspection ̂fforoaigh, clear -ports en the-top head revealed that the 
vacuum chamber walls and the area immediately adjacent to the NPU in­
strument compartment were coated ,with a white-frosty film, and that 
considerable damage had been inflicted on the NPU electrical system. 
The electrical cheating.sjtatem-was -shutdown- by- the opening of the 
heater fuses .and̂ .the«s.ystem.temperature subsequen*l>y dropped to <am-
bient under vacuum. The reactor was shutdown at the time of the leak 
and remained shutdown during all subsequent operations. Cleanup of 
the NaK was initiated, and upon removal of the NPU from the vacuum 
tank, exposure to atmospheric moisture resulted in the formation of 
sodium hydroxide in various areas. 

After cleaning and reinstallation in the vacuum tank for drying, ad­
ditional NaK leaked from the expansion compensator on to the instru­
ment compartment and the base plate of the vacuum chamber. The vacuum 
tank was reopened and the air-NaK reaction initiated flames in the in-
sulati6n on the low temperature instrument compartment wiring. The 
fire was extinguished with calcium carbonate. Fire damage was insig­
nificant compared to that already incurred from the NaK leak. 

The contractor is continuing his study of the expansion compensator 
failure. 
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Heat Exchanger Leak at the CP-5 

The CP-5 research reactor developed a leak in the heavy water-light 
water heat exchanger on June 26, 1964, resulting in significant loss 
and downgrading of heavy water. The building was evacuated, but ra­
diation surveys showed no contamination external to the reactor fa­
cility. There were no radiation exposures, injuries or damage to the 
reactor or other parts of the plant. 

Inspection of the vertically mounted, double tube sheet heat exchanger 
revealed a clean, circumferential break of one tube. The cause of the 
tube failure was attributed to vibrational fatigue. Investigation 
showed that the failed tube wall thickness was reduced for one-half 
inch below the inner tube sheet, and that this tube wall thickness 
decrease was caused by expanding the tube beyond the tube sheet, Fur*-
ther inspection of the heat exchanger did not reveal any other tubes 
similarly afflicted, and the failed tube was plugged. The heat ex­
changer and other affected areas were decontaminated, and the heat 
exchanger was returned to service. Reactor startup is planned for 
mid-September. 

Approximately 3000- pounds of heavy water entered, the secondary coolant 
system and were not recoverable. The balance of the D2O inventory was 
recovered but was contaminated with H„0 as follows; 

2260 lbs. of 93% D^O from heat exchanger primary side 
4950 lbs. of "13.9%""D£0 from heat exchanger secondary side 
15750 lbs. of 95.8% D2O from all other primary system components 
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CLASSIFIED DOUQ-OT CROSS-REFERENCE SHEET 
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NOV 9 1964 

Advisory Committee on Reactor Safeguards 
United States Atomic Energy Commission 
Washington, D. C. 20545 
Attention: R. S". fraley 

Executive Secretary 
SUBJECT: REPORTING OF REACTOR INCIDENTS AND OPERATING EX­

PERIENCES FOR AEC­OWHED REACTORS 
Gentlemen: ' 
In accordance with our letter to you dated August 10, 1964, 
we attach for your information 18 copies of a summary of 
each of two incidents, vis., Class A ­ SNAP 10­A FS­1 Sys­
tem teat Failure and Class 0 ­ Heat Exchanger Leak at the CP­5. 

Sincerely yours, 

ORIGINAl SIGNED .BY ' 
­ _ . WathanH. Woodrafl 

Nathan H. Woodruff* Director 
Division of Operational Safely 

Attachments <36> 
As stated above ' • . *. 

f 
­ • ' . ■ ­ . ' ■ ■ • ' ■ ' " ^ 

/3by» £­.**­ <&f fW&Si**M )' {.*.»*.«** ̂ <*«­i l̂ ­Mfc, 
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SNAP 10-A FS-1 System Test Failure 

Class A 

During electrical acceptance tests on June 23, 1964, 20 to 30 cubic 
inches of NaK leaked from an expansion compensator of the SNAP 10-A 
FS-1, and inflicted damage to the complete electrical system. 

Following physics tests of temperature defect at 938°FS the reactor 
was shutdown, and the shield plugs on top of the test vault were re­
moved to permit access to electrical wiring within the valut, to lo­
cate electrical aborts in the power conversion system, and to run con­
verter electrical isolation tests. Prior to the final electrical con­
verter measurements, a sudden pressure rise occurred in the vacuum 
tank followed by sounding of the sodium vapor alarm on the inlet side 
of the vacuum pumping system, nuclear power unit (NPU), instrumenta­
tion failures, and shorts in the electrical test heaters. Visual' 
inspection ̂through* clear .ports c-n the-top head revealed that the 
vacuum, chamber .walls and the area immediately adjacent to the NPU in­
strument compartment were, coated ..with a white J frosty film, and that 
considerable damage had, been inflicted on the NPU electrical sy&tem. 
The electricaL-heating system was-shutdown' by the opening of the 
heater fuses and-the. .system temperature subsequently dropped to am­
bient under vacuum. The reactor was shutdown at the time of the leak 
and remained shutdown during all subsequent operations. Cleanup of 
the NaK was initiated, and upon removal of the NPU from the vacuum 
tank, exposure to atmospheric moisture resulted in the formation of 
sodium hydroxide in various areas. 

After cleaning and reinstallation in the vacuum tank for drying, ad­
ditional NaK leaked from the expansion compensator on to the instru­
ment compartment and the base plate of the vacuum chamber. The vacuum 
tank was reopened and the air-NaK reaction initiated flames in the in­
sulation on the low temperature instrument compartment wiring. The 
fire was extinguished with calcium carbonate. Fire damage was insig­
nificant compared to that already incurred from the NaK leak. 

The contractor is continuing his study of the expansion compensator 
failure. 
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Heat Exchanger Leak at the CP-5 

Class B 

The CP-5 research reactor developed a leak in the heavy water-light 
water heat exchanger on June 26, 1964, resulting in significant loss 
and downgrading of heavy water. The building was evacuated, but ra­
diation surveys showed no contamination external to the reactor fa­
cility. There were no radiation exposures, injuries or damage to the 
reactor or other parts of the plant. 

Inspection of the vertically mounted, double tube sheet heat exchanger 
revealed a clean, circumferential break of one tube. The cause of the 
tube failure was attributed to vibrational fatigue. Investigation 
showed that the failed tube wall thickness was reduced for one-half 
inch below the inner tube sheet, and that this tube wall thickness 
decrease was caused by expanding the tube beyond the tube sheet. Fur*-
ther inspection of the heat exchanger did not reveal any other tubes 
similarly afflicted, and the failed tube was plugged. The heat ex­
changer and other affected areas were decontaminated, and the heat 
exchanger was returned to service. Reactor startup is planned for 
mid-September. 

Approximately 300O pounds of heavy water entered the secondary coolant 
system and were not recoverable. The balance of the D2O inventory was 
recovered but was contaminated with H_0 as follows: 

2260 lbs. of 93% D^O from heat exchanger primary side 
4950 lbs. of"13.9%'D20 from heat exchanger secondary side 
15750 lbs. of 95.8% D2O from all other primary system components 
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UNITED STATES GOVERNMENT 

Memorandum 
0CT1 61964 

TO .* W. J. McCool, Assistant Director DATE: 
for Reactor Safety, DOS, HQ /XuduU' (f- t^(k^ FROM : Vincent C. Vespe, D i r e c t o r 

Opera t iona l Safe ty D iv i s ion , AL 

SUBJECT: SAFETY REVIEW INFORMATION OF ALO REACTORS 

0D:DWP 

Attached is a figure showing the dates that Safety Analysis 
Reports (SAR) were reported, pertinent interim data, and 
dates of SAR and/or construction approval. 

This information was requested by Mr. Mayhue Bell of your 
staff on October 14, 1964. Most of this information was 
relayed to him by telephone on October 15, 1964. 

Enclosure: 
As above 



SAFETY REVIEWS OF REACTORS AND CRITICAL FACILITIES IN ALOO COMPLEX SINCE 1961 

Los Alamos Scientific Laboratory 

Reactor or 
Facility 

UHTREX 

FRCTF 

Kiwis 

SAR (or HSR) 
Submitted to 

AEC HQ 

LA-2689, Hall/Kaufman 
April 20, 1962 

LA-2-735, Hall/Lieberman 
Aug. 29, 1962 

ALOO's Review of 
SAR or Supplementary 
Material to AEC HQ 

Vespe/Pittman 
June 15, 1962 

Addendum, April 25, 1963 
Also Review Feb. 21, 1963 

Construction 
Authorized 
By AEC HQ 

Pittman/Hertford 
Aug. 28, 1962 

TWX Pittman/Hertford 
July 2, 1963 

NOT APPLICABLE AS NO REGULATORY REVIEW REQUIRED 

SAR and 
Operational 
Approval 

Pending 

Pending 

SPRF 

SERF 

SNARE 

SC-4357, Hertford/Betts 
Feb. 7, 1961 

Final SAR 
Oct. 3, 1961 

Jan. 22, 1962 

Sandia Corporation 

(ACRS Review April 7, 1961) 

With SAR and additional 
comments, Feb. 1962 

Supplemental material 
furnished 

Construction 
essentially completed 

Construction 
completed 

May 1961 

Sept. 28, 1962 

July 7, 1964 

Nuclear Nov. 1, 1963 

Rocky Flats 

iPerformed with RF April 24, 1964 Pending 

October 16, 1964 
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U.MIFX STATES GCVL^P'Erri ­ • V taU!«A v£**~£t, 

Memorandum 
ro ■ Those Listed Below D A T E : October ?, 

*■'"" ' E„ Jfc BIoch3 Assistant General Manager/' 
for Operations •' j?*. 

{ Mi HOG COMMITTEE TO RE­EXAMINE MANUAL GR&JTE& 8401 APPROVAL PROGEBU8ES 
OF ABC­OWED REACTOR SAFETY REVIEWS * ' 
OS:DIR:NEW ' " ) 

At I#.eting 2046 ©a September 22, l9S4j, the Commission considered a report 
of the Division of Inspection entitled "Problems Relating to the Adrainis­ .. '. 
craliCu. of the ADC­owned Reactor Safety Program" (a part of AEC 132/67) 
and h report by the General Manager entitled "AEC­owned Reactor Safety l 

Review System (discussion paper)"a(AEG 132/64)a As a result of this con­
sideration., the General Manager is to initiate a study to determine to 
whit, â tertt: and under whet circumstances final authority to approve cer­
tain safety analysis reviews of AEC­owned. reaetore can be delegated to 
cba tUnagers of Field Offices; and would discuss and clear his conclusions 
v't.h che Director of Regulations Furthera a report is to be submitted co 
tba COnaaission within six H3&nths on the effectiveness of the procedure ' ' 
u^tsd above * 
I «sa appointing the fo3 lowing ad hce cotmaittee to undertake the above 
6'^aoiCit. o.tudys 

H, Ja SlcCool, Division ©f Operational Safety, Chairman 
Joseph A» Liebarman, Division of Reactor Development 
Edward FM Miller, Division of Production 
Donald M. Gardiner, Chicago Operations 
l̂ ax E„ Jackson, Oak Bidge Operations 

1 understand ena2 the above people can be made available promptly for 
c­'j;:posa of this study* If situations develop whereby these personnel 
iciouc­ unavailable­^, pleaso supply appropriate alternates. 
I ara uigiiig 35r„ McCoci and the ©ooaittee to have completed their report ,' 
ou the ucudy and te be in process of discussing andcelearing this 'report 
with the Direccor of Regulation by October 30, 1964„ . . • 
AckVesseas: 
Kenjatb A. Dunbar,, Manage­. Cil • 
S, $,» Sapicie, Managars OR ^ 
Frsnk x/Pittman., Director, £.0 I 
7ra.ik 3?« ̂ Jsra/Wvrski, Diicctosr^ ? >4 
Nathan H*> W*»J>c*j;urf., &i?.@cto£. GS ­ "' 

v iliij i'J'S Patwi^s r>y-'& 'X'gfr "arly m ih? Pay. »// Savings PL 
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UNITED STATES' .NMENT ▼ • Uitf j 5VERNMENT 

Memorandum 
TO 

FROM : 

SUBJECT: 

Edward J. Bloch, Assistant 
General Manager for Operations 

Wo B« McCool j, Secretary 

DATE; 
September 30, 1964 

** 
*%% 

AEC 132/63 ­' PROBLEMS RELATING TO THE ADMINISTRATION OF REACTOR 
PROJECTS SUBJECT TO 10 CFR 115 

SEGYsAJ 

1. At Meeting 2046 on September 22, 1964, the Commission: 

a» Approved retention of 10 CFR 115; 

b. Noted the General Manager'would establish a single 
channel of communication between AEC and prime contractors 
for construction or operation of AEC­owned reactors by 
designating a field officer or a representative of the 
Program Division through whom the Director of Regulation 
would deal with respect to Regulatory matters. This would 
not restrict the Director of Regulation in having direct 
assess to the contractors as necessary; and 

c. Requested a report in six months on the effective­
ness of the revised procedure in (b) above. 

2. The General Manager has directed you to take the action 
required by the above decision. 

\f 

cc: 
Commissioners 
General Manager 
Deputy General Manager 
Assistant General Manager 
Asst. Gen. Mgr. for R6D 
Director of Regulation 
Deputy Director of Regulation 
Assistant Director of Regulation 
Asst. Dir. of Reg. for Admin. 
Asst. Dir. of Reg. for Nuclear Safety 
General Counsel 
Director, Inspection 
Director, Reactor Development 
Director, ̂ Contracts 
Director, Operational Safety 

ONLY 

i. 

i n &M»**X\ 
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'AUG 10 1964 -

Advisory Cowaittoe on abactor Safe^juard* 
United State* Atossic ggggg? Cossai*sli3« 
tfaahiiig$©&> ft. 6 , . ®S&S : . 

AttdQtioR; B. ? . ?rt*l*y 

mmsm&i m?$mwz 6V­~WICIQ». iscuxsxs &SD OPERATISG SXPISSX;KC£S ­

Sentlewga* _ - " . , '• 

la accordance ^i tb the a^reeiaent reacted a t th* recent ACRS raeetln^ 
at tfaa Broofciiaven Batlonal laboratory, the Mviaion of Operational 
Smiaty will provid« the Atas with suwaaxy report* m Class A m$ 
Claw I type incidents, «» defined ia AKC Hem*al Chepture <*9ft| and 
a?ui, and as thuae *r« relatad to reactor i<tf#fcy. 'la addition, «* 
Hill provide mm with copies o« reactor operating experience re­
port* which are distributed by tba Division mi Operational tiafsty. ' 

In suansry, Class A incidents a*a*t on* or wore of the following cri­
ttctas property la** o£ f**«,©#§­ or mre, fatalitiue of ow 
pursons, injury to five or ware persons> or whole body radiation 
posur* of J5 rem or saor*, while Class $ incident* involve property 
As^ f fW 4Pap-i«aBW?PBSJ* Y '

|
* J T *

I
' K W^Hft ipj/t%#%# 3gf*W5&& flHw^jF^^ ^sHuf-AW W**Wj f I F W * * * -flH wft^wwi 

nec^sE^rily ciasait'Ud with rtgard to typa, lint are getwraily reports ­
*£ int*reefc to reactor operators, and frequently involve 'near misa • ­
situations wft*r* l i t t l e or no proparty %mw'm personal injury rasuited. 

Attached fot' vomr iitfortaatloft .ears' M coBiet of each #£ the 15 ireactor 
oi^ratins experiences issued by |ftt Pi vision of Operational $#f *«y to 
date j togethijr with * I i»t of wtetufe i»ci<l&nt* .and op^fatittg expetieiwea 
*iaich Mt n&& ffguBfyiftf' nsd­ pifovida eopisa to A£3iS in Chi Ulnar future* 

;, ­ hoc: v/o attafi&meafea ­. ­ ­ ­'­ • WmmXf f*KU* ­
'­ , Chairman . ­ ' ' * ■ '■ " ' ­ " v '' ' 

' : ' E. J . Bloch, AGM* OHIGIWAI,­SIGNED BY • " . ; ' . 

(7#>­­ 7- /pees : * ' , ' . , . ^ 
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Class A Incident Report 

SNAP 10A - Coolant Leak 

Class B Incident Reports 

Contamination by Disintegrated Temporary Line-Block - HWCTR 

*Overheating of KER-4 Loop Pressurizer 

Process Water Spill - 100K, SR 

H Reactor Loading Incident 

Heat Exchanger Leak at CP-5 

Miscellaneous 
(no classification) 

*Liquid Loop Seal Failure - HWCTR 

*Failure of Safety Rods to Scram - K Reactor 

*To be issued as Reactor Operating Experiences 
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REACTOR OPERATING EXPERIENCES 

63-1 PM-3A Nuclear Power Plant Fire 

63-2 Hallam Nuclear Power Facility Carbon Trap Cell Fire 

63-3 Heat Exchanger Leak in the BMRR from the Primary to the 
Secondary Cooling System 

63-4 Control Mechanism Difficulties at the ETR 

63-5 Control Mechanism Difficulties at the MTR 

63-6 Minor Fuel Element Rupture at the ORR 

63-7 Fuel Assembly Discharge Difficulty at the HWCTR 

63-8 Decontamination of the PRTR 

63-9 Nuclear Excursion at the LRL Critical Facility 

63-10 Failure of Containment Vessel Penetration Seal at the PRTR 

63-11 Fault in Rod Release Clutch at the BNL Minimum Reflection 
Critical Assembly 

63-12 Anomalous Control Rod Behavior at the SPERT-IV Reactor 

64-1 Effect of Radiation on Beryllium-Cadmium Shim Rods and 
Beryllium-Reflector Core Pieces at the ORR 

64-2 Beryllium Damage at the MTR 

64-3 Loss of Control Power at the ML-1 Reactor 
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REACTOR OPERATING EXPERIENCE - 63-1 

PM-3A Nuclear Power Plant Fire 

Summary 
A hydrogen fire, with possible concurrent detonation, occurred at the PM-3A 
Nuclear Power Plant, McMurdo Sound Station, Antartica, on October 7, 1962, 
between 8:10 a.m. and 12:44 p.m. McMurdo time. The incident occurred in 
the upper portion of the inside of a containment tank which contains the 
steam generator, main coolant pump, pressurizer and related systems, ex­
clusive of reactor vessel or control actuators. Flash front and pressure 
surge damage extended into two adjacent containment -tanks. There was no 
injury to personnel, no major equipment damage and no abnormal radioactivity 
was caused. 
Circumstances 
Plant shutdown was caused at 6:15 a.m. on October 7, 1962, by an automatic 
scram of undetermined origin. Subsequent investigations and attempts to 
restart the plant were unsuccessful. At 8:10 a.m. an attempt to startup 
was interrupted by an automatic scram due to the loss of vital bus through 
an overcurrent trip. Investigation showed a short circuit in the steam 
generator level indication system. A final attempt at 12:44 p.m. showed 
that damage had occurred to the control rod position indicating system which 
had been operational at 8:10 a.m. Thereupon, extended plant shutdown was 
initiated and entry was made into the containment tanks after plant cool-
down and containment air purging. 
Signs of fire damage were noted upon entry. The short circuit, which oc­
curred at 8:10 a.m., was located inside the steam generator containment 
tank in.the general area of the fire, and it was found to be a line-to-
line short with metal fusing. 
Results 
Damage was largely superficial and resulted mainly from the short duration 
high temperature flash front and short duration pressure rise. Collapse 
of control rod actuator coil cans was the only significant equipment damage 
that occurred. 
Causes 
It has been determined that release of hydrogen due to system leakage caused 
local buildup of hydrogen in the stagnant area of the steam generator con­
tainment tank and was followed by ignition, fire and possible detonation. 
There was no overt manifestation of the incident until after plant shutdown 
and entry into the containment tanks for inspection had been accomplished. 
Data and analysis of the accident causes and sources of combustible material 
indicate that hydrogen was the conbustibie agent. There are three signifi­
cant sources of hydrogen in the PM-3A plant. 
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A. Radiolysis of shield water. This can be a significant source of hydro­
gen buildup, but will be gradual and the hydrogen so released would be 
generally distributed with the greatest concentration in the reactor 
containment tank in the air space above the shield water. It is be­
lieved that this source of hydrogen contributed to the general level 
of hydrogen content in the tanks, but it was not responsible for the lo~ 
cal buildup resulting in the incident. 

B. Leakage from the hydrogen addition system. This system was disconnected 
and not in service at the time of the incident. Therefore, this system 
could not have contributed to the incident. 

C. Leakage of primary coolant. Liquid phase leakage of the extent expe- • 
rienced in plant operations is not a significant hydrogen source. How­
ever, vapor phase leakage can be a very significant source. Vapor phase 
leakage, particularly from the pressurizer vessel, is considered to b® 
the most probable contributor to local buildup of hydrogen preceding 
the incident. 

The short circuit which occurred at 8:10 a.m. was the probable cause of 
ignition. Other possible causes of ignition are: the presence of cata­
lytic "promoters", such as nitrogen peroxide formed by irradiation of air 
inside the tanks, or ammonia, which is used for pH control of the shield 
water, or possible buildup of static electricity at the point of vapor 
leakage through valve packing on a pressurizer datum column blockvalve. 

Air mixing in the containment tanks was generally fair with some stagnant 
pockets. The area in which the fire occurred was such a stagnant pocket, 
permitting hydrogen content to build up locally rather than mix into the 
entire volume. 

A detector for combustible mixtures was installed in the general area of 
the fire, but through an operational error, it was not in operation at 
the time of the incident. Hydrogen content of the tank air at the time 
of the incident is not known and was not being monitored by any means ex­
cept by the above-mentioned inoperative detector. 

General information on the PM-3A and an almost identical sister plant 
(PM-1) may be found in: 

(1) Directory of Nuclear Reactors; Vol. IV, Power Reactors, pages 39-45; 
International Atomic Energy Agency; Vienna 1962 

(2) Nucleonics, Vol. 20, No. 9, pages 37-42; September 1962 

V 
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REACTOR OPERATING EXPERIENCE - 63-2 

Hallaa Nuclear Power Facility Carbon Trap Cell Fire 

Summary 
A sodium fire was reported in the auxiliary bay of the reactor building at 
the Hallam Nuclear Power Facility, Hallam, Nebraska, on December 26, 1962, 
at 12:32 p.m. (CST), The fire occurred in the carbon trap cell during the 
removal of a sodium sample. Major damage was restricted to melted aluminum 
jacketing and deterioration of the insulation on the carbon trap and piping. 
There was no injury to personnel. No abnormal radioactivity was caused and 
surveys for the presence of contamination showed none. 

Circumstances 
A carbon trap run of 100 hours at 1200°F was completed at 1:40 a.m. on De­
cember 24, 1962. Since the carbon trap has no bottom drain, it was pressur­
ized with helium through a freeze trap and the liquid sodium was blown 
through the inlet line back to the storage tanks. This procedure leaves 
a heel of sodium in the bottom of the carbon trap. All heaters to the car» 
bon trap were turned off and it started to cool. 

The carbon trap assembly has process thermocouples in the inlet and outlet 
lines. These cooled to about 100°F indicating that any sodium remaining in 
these lines would be frozen. The carbon trap itself has only pre-heat thermo^ 
couples and these are in the pre-heat oven around the outside of the trap 
(shortly after the accident, these thermocouples read over 300°F, indicating 
that the carbon trap was cooling very slowly and any sodium in it would still 
be liquid). A pressure gage on the piping indicated a pressure of 6 psig on 
the trap and piping system. 

At the time of the incident, a sodium sampler removal operation was in prog­
ress in the carbon trap cell. Three persons were involved in the removal 
operation: one was standing on the auxiliary bay floor; one was standing on 
a ladder leading down into the carbon trap cell; and the third man was on 
top of the carbon trap straddling the piping which contained the sampler. 
The sodium sampler contains stainless steel tabs which are exposed to the 
sodium in the process stream and a sample cup in the bottom for obtaining 
a sample of the process stream. These tabs are important to the Hallam 
program, since their analysis provides valuable information on the carbon 
concentration in the primary sodium. 

The sodium sampler was raised about one-half inch and liquid sodium suddenly 
sprayed out around the flange in a horizontal direction. Liquid sodium 
gushed up out of the line and washed the sodium sampler out of the hole, 
The two men in the carbon trap cell exited immediately. It was during 
this period that smoke detectors and the Pyralarm indicators alarmed, re­
porting a fire in the auxiliary bay of the reactor building. 

Those present made an unsuccessful attempt to extinguish the fire by spread­
ing calcium carbonate inside the cell. The fire was finally extinguished by 
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replacing the cell cover plate and flooding the cell with nitrogen. After 
a cooling off period, entry was made into the cell to determine the damage. 

Results 
Damage appeared to be restricted to melted aluminum jacketing and deteriora­
tion of the insulation on the carbon trap and piping. Some minor damage 
occurred to electrical and thermocouple leads. 

No injuries were sustained by the two men in the carbon trap ceil. Each 
was wearing protective clothing for handling sodium. The man on top of 
the carbon trap at the time of the incident was liberally sprayed with 
liquid sodium, but escaped injury because of his protective clothing. The 
man on the ladder received no spray from the sodium. 

The reactor had not operated at any appreciable power for approximately two 
weeks; hence, no contamination or radioactivity as a result of the incident 
was expected. Nevertheless, surveys were made to determine the presence of 
any radioactive contamination, but none was found. 

Causes 
This operation had been performed successfully on two previous occasions, 
but no written procedures had been prepared for the operation of removing 
the sodium sampler, 
The pressure had not been bled off the system prior to removing the sampler, 
and apparently the effect of the seemingly low pressure on the operation was 
underestimated. 

Prior to the performance of the sampler removal, advantage was not taken of 
the information from the pre-heat thermocouples. Since the pre-heaters were 
off, all the heat in the ovens was coming from within the carbon trap. Since 
the pre-heat thermocouples indicated about 300°F, it could have been de­
termined that the sodium in the carbon trap was in the liquid phase and at 
a temperature higher than 300°F. 

General information on the Hallam facility and its operation may be obtained 
from - Final Summary Safeguards Report for the Hallam Nuclear Power Facility, 
NA-SR-5700, Atomics International, April 15, 1961. 
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REACTOR OPERATING EXPERIENCE - 63-3 

Heat Exchanger Leak in the BMRR from the 
Primary to the Secondary Cooling System 

Summary 
The guiding philosophy for preventing leakage of activated primary light 
water coolant from nuclear reactors into the secondary system is to main­
tain a higher pressure on the secondary side of the heat exchanger than 
can be attained on the primary side. This is accomplished at Brookhaven's 
Medical Research Reactor (BMRR) through the use of an automatically con­
trolled pneumatic valve which until recently maintained a pressure of 40 psi 
at the secondary water discharge side of the two heat exchangers. The maxi­
mum attainable pressure at the primary water inlet to the heat exchangers 
is 30 psi. 

Recently leaks developed in one of the BMRR heat exchangers and was attrib­
uted to corrosion due to the poor quality well water which is employed in 
the secondary cooling system. It was observed that the leakage passed from 
the low pressure side into the high pressure side of the exchanger. The 
high velocity of the secondary cooling water with consequent aspirator ac­
tion near any leakage point was the apparent cause of this phenomenon. 

This information report does not constitute a reactor accident report, but 
rather points out an unexpected experience which, under different circum­
stances, may have introduced a reactor safety problem. 

Circumstances 
During the latter part of January 1963, a gradual loss of primary water 
from the BMRR cooling system was discovered, which appeared to be slight­
ly more than normal losses due to evaporation. A close inspection of all 
exposed primary water piping failed to reveal a leak; hence, an internal 
leak was suspected in one of the heat exchangers. By manipulation of 
valves, and adjustment of pressures in the water systems, the leak was 
traced to the Number 2 heat exchanger. 

As soon as the original leak was discovered, a survey was made by the BMRR 
Health Physics Group to determine the amount of radioactivity entering the 
secondary water system under extreme conditions. After one-hour of con­
tinuous operation of the reactor at 3 Mw with normal primary and secondary 
water flow rates and pressures, a water sample taken from the secondary 
cooling system showed aa activity level of 2,7 x. 10°"̂  micro-curies/cc, 
which was determined by radioanalysis to be mostly 15 hour half-life Na2*. 
The Na2^ probably results from fast neutron induced reacto^s^with the 
aluminum clad fuel elements, Al2^(n,a)Na2^. 



Results 
The BMRR #2 heat exchanger was removed from service, dismantled, and the 
leaks located- and repaired .by removing the leaking tubes aad .plugging the 
holes in the tube sheets. When this exchanger was reassembled and re­
turned to service, a test revealed a minor leak still existed (most probably 
resulting from damage on reinstallation), although a hydrostatic test be­
fore reassembly indicated that the tube bundle was tight. Sectioning and 
inspection of the leaking tubes revealed severe pitting and corrosion of 
the secondary water side of the tubes, so it was considered impracticable 
to attempt further repairs to the present BMRR #2 heat exchanger. 

Extensive tests were made to ascertain the pressure differential necessary 
to prevent leakage of primary water into the secondary system. For these 
tests, constant conditions of coolant flow rate and pressure (1280 gpm and 
30 psi) were maintained in the primary cooling system, while the pressure 
and flow rate in the secondary cooling system were varied, and the water 
level in the primary system was observed to provide an indication of the 
direction of coolant leakage. 

Conclusions and Evaluations 
Since the leak was discovered due to a loss of water from the BMRR primary 
system, it is obvious that the general guiding philosophy described above 
was not a valid operating philosophy for the operating conditions of pres­
sure and flow in the secondary system which obtained earlier at the BMRR. 
From the test results, it was established that a secondary water pressure 
of 50 psi is necessary to prevent leakage of primary water into the second­
ary cooling system. Henceforth, this back pressure will be maintained on 
the secondary water system when the reactor is being operated, regardless 
of which heat exchangers are being used. 

The feasibility of replacing the aluminum tubes with stainless steel U-tube 
heat exchanger bundles indicates that normal reactor operation without ap­
preciable change in present operating temperatures will be possible. The 
leaking heat exchanger will remain on standby service with the secondary 
water side valve closed, and will be used only with the higher back pres­
sure when required to provide necessary reactor cooling, until the new 
stainless steel tube bundles are installed. 



REACTOR OPERATING EXPERIENCE - 63-4 

Control Mechanism Difficulties 
at the 

Engineering Test Reactor (ETR) 

Summary 
Several difficulties have been encountered in the operation of the ETR rod 
drive system as noted below: 

1. Control rod magnets located in the rod access room underneath the sub-
pile room frequently shorted out due to moisture problems, thus allow­
ing the rods to drop. 

2. Failure in the poison section spring loaded roller assemblies caused 
"rod sticking". Graphitar, used as the bearing material for the 
rollers, was cracking, and in some cases, completely gone from the 
roller, leaving only the outer stainless steel band. The screws used 
for retaining the roller assembly to the poison section were found to 
have failed, allowing the entire roller assembly to become loose and 
inoperative. 

3. Occasional failures in the latch hook guards have necessitated modifi­
cation of the latching mechanism. 

4. The seat switches, a mechanical linkage type mechanism which required 
precise adjustment under adverse conditions, have caused difficulties 
in operation for a period of time. 

The above-noted abnormal conditions have caused no major damage to the 
equipment. Measures have been taken to correct the difficulties en­
countered and in no way have the change-overs compromised reactor safety. 

Causes 
1. The shorting-out of the control rod magnets was determined to be caused 

from moisture in the area where they are located. This problem was 
corrected by "waterproofing" which consisted of encasing the magnet 
coils in epoxy resin and providing weep holes for moisture drainage. 

2. Upon investigating the roller assembly difficulty, it was determined 
that the Graphitar-stainless steel type rollers needed replacing by 
a more efficient type. Therefore, rollers of solid, stainless steel 
construction were used as replacements. The change-over was ac­
complished by replacing whenever a roller became defective. It was 
deemed to be more feasible to make a gradual change-over rather than 
an all-at-once replacement, since there was no positive assurance that 
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the new type roller would be completely trouble free. Also, heavier 
screws were used with each replacement. This change-over is now com­
plete and the new rollers (SS)have proven very successful. 

3. It was found necessary to modify the latch hook guards by designing a 
heavier latching mechanism for more efficient operation. These newly 
designed mechanisms replace the ones causing failures as failures 
occur. 

4. A proximity seat switch of new design, which was proof tested, was in-
N corporated into the indicating circuitry, and is proving far superior 

to that previously used. It is expected that complete replacement will 
be made by September 1963. 

3,0 Conclusions 
It appears that corrective measures and/or modifications have been used 
wherever it was deemed necessary for better operation of the facility, and 
that in so-doing, reactor safety was in no way compromised. 

v 



REACTOR OPERATING EXPERIENCE - 63-5 

Control Mechanism Difficulties 
at the 

Materials Testing Reactor (MTR) 

1.0 Summary 
Several difficulties have been encountered in the operation of the MTR rod 
drive system during the past year as noted below: 
1. Failure of the sprayed stainless steel cladding of the regulating rod. 

The stainless steel cracked causing the regulating rod to bind. 

2. Through timed rod drop checks, it was found that one particular rod's 
time-of-flight had increased. It was determined, however, that this 
indication was false, the true offender being the seat switch which 
required hydraulic shock to actuate contacts. 

3. A new cadmium section may be mechanically fastened to the beryllium 
portion of a beryllium-cadmium shim rod. Alignment between the 
beryllium section and the replacement cadmium section is critical and 
attempts to fasten these two sections for use resulted in slight bind­
ing of the rod. 

The above-noted abnormal conditions have caused operational difficulties, 
but no major damage to the equipment has resulted. Measures have been 
taken to correct the difficulties encountered and in no way has reactor 
safety been compromised. 

2.0 Causes and Corrective Action 
1. The regulating rod causing failure was made up by a metal spray process 

with cadmium sprayed onto a machined alumium rod, remachined to desired 
dimensions, overlaid with sprayed stainless steel and again machined. 
The stainless steel cladding cracked, thus causing the regulating rod 
to bind. Upon replacement with a like rod a"similar failure occurred. 
Upon further investigation, it was determined that the failure was 
caused by a combination of brittleness of sprayed stainless steel and 
abnormal stress placed on the rod due to misalignment, which arose as 
a result of a sleeve within which the regulating rod moved being sub­
jected to a side load caused by the lower rollers not being positioned 
properly. 

The misalignment has been corrected, and a newly designed rod employ­
ing a swaged cladding technique in lieu of ,the metal spray method was 
used. Since the misalignment correction and the new rod installation, 
no further difficulties have been encountered. 
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2. Indication of the seat switch used was by impulse lines requiring hy­
draulic shock to actuate contacts. It was discovered that through 
timed rod drop checks, the time of flight of one rod had increased. 
Subsequent checking revealed the indication to be false; the real 
difficulty being the seat switch. 

Short response time pressure transducers as backup instrumentation have 
been incorporated in the impulse lines, thus giving more realistic indi­
cations of proper rod seating. The pressure transducers are acceptable 
from the standpoint of satisfactory operation, but the cost was found 
to be prohibitive. Therefore, an evaluation of a more acceptable system 
is presently under way. 

3. Beryllium­cadmium shims caused another control rod difficulty. The rod 
in use was designed so that, upon cadmium depletion, a new cadmium sec­
tion could be mechanically fastened to the beryllium portion of the rod, 
thereby eliminating the necessity of discarding beryllium sections which 
are expensive. Upon investigation, it was determined that alignment be­
tween the beryllium section and the replacement cadmium sections was 
critical, and that a slight binding of the rod occurred when the two 
sections were fastened and installed for use. 

When the rod was removed, further inspection was made of the situa­
tion revealing bowing of the beryllium section. There has been no 
positive explanation of the bowing, but it is theorized that the dif­
ficulty could be due to gas formation brought about by the n­2n re­
action in beryllium. Tests are to be performed on samples taken from 
the beryllium section to evaluate the gas concentration and the me­
chanical properties. 

To date, examination of beryllium has shown that some of the L pieces 
adjacent to the South face of the active lattice were distorted and 
bowed inward about 1/10" toward the core. The L pieces are approxi­
mately 3"x3" square, 30" long and contain longitudinal holes for cap­
sule irradiations. 

As a result of this latter observation, a more thorough examination 
was made involving the removal of all fuel to permit a study of the 
other beryllium faces. It was observed that in several areas on the ■ 
North face pieces or chips 1 to 2 inches in length had broken away. 
No beryllium chipping or spallation was observed on the East or West 
faces. The South face, a distance of 6" (two L pieces) from the 
active core, was undamaged. 

Study of the beryllium deterioration is continuing with consideration 
given to the desirability for partial replacement which could incur 



the expenditure of large sums of money. However, while the study is 
underway, operation of the reactor continues, with the control rods 
being checked for sticking on each cycle. Loss of large amounts of 
beryllium from the reflector area would decrease the reactivity of 
the system. Further, due to geometry and flow direction, it is in­
conceivable that any reflector chips could, if dislodged, relocate 
in a manner which could hamper control rod safety action or restrict 
fuel element coolant flow. 

3.0 Conclusions 
Corrective measures and/or modifications have been used wherever feasible 
to improve operational efficiency and safety of the facility. In the in­
stances where corrective measures have not been taken, study is being made 
whereby the malfunctions can be corrected appropriately. 



REACTOR OPERATING EXPERIENCE - 63-6 

Minor Fuel Element Rupture 
at the 

Oak Ridge Research Reactor (ORR) 

Summary 
A minor fuel element rupture occurred in the ORR early in July 1963. 

The facility had been shutdown for the installation of a new loop experi­
ment and the performance of other maintenance activities. Upon startup, 
and more or less routine power ascension, it was noted that: 

1. At a power level of approximately 24 Mw, the degasifier showed a higher 
than usual activity level; 

2. A radiation level of about 2 r/hr was found at the primary coolant pumps 
whereas the normal reading is approximately 0.25 r/hr; 

3. The pool activity was approximately twice that normally expected. 

When the above normal conditions were detected, the reactor was shutdown. 
As a precautionary measure, the reactor building was evacuated for a 
period of about six hours during which time authorized entries were made 
into the building for purposes of evaluation and monitoring. Upon re-
occupance of the building, it was determined that the source of the ac­
tivity was a small hot spot rupture in a low burnup element located in 
a relatively low power density region of the core. Removal of the faulty 
fuel element and cleanup and inspection of the facility's primary system 
followed later the same day. Normal operation of the ORR was resumed 
about noon of the day following the incident. 

Cause 
The rupture was caused by a small piece of gasket material which had 
lodged in the fuel element, thus causing an obstruction to the coolant 
flow. A careful inspection did not disclose any damage nor deterio­
ration of the installed gaskets within the system. It was assumed that 
the foreign object had been introduced into the system in connection 
with shutdown maintenance work. 

Conclusion 
This experience illustrates that small obstructions can interrupt opera­
tions. However, emergency measures were taken immediately upon detec­
tion of the malfunction and it has been determined that: (1) there was 
no radiation overexposure to personnel; (2) there was no damage to equip­
ment; (3) normal operation was resumed with very little loss of time; 
and (4) reactor safety was not compromised. 



REACTOR OPERATING EXPERIENCE - 63-7 

Fuel Assembly Discharge Difficulty 
at the 

Heavy Water Components Test Reactor (HWCTR) 

Summary 
On June 20, 1963, an oxide fuel test assembly failed in the HWCTR. Efforts 
to discharge the failed assembly and the housing tubes as a unit were un­
successful due to separation of the top end fittings from both the housing 
tube and the assembly. Special removal devices were fabricated for the 
fuel assembly and the housing tube, and each was successfully discharged 
separately. Inspections revealed that the fuel assembly separated by fail­
ure of the four studs which connect the top fitting to the fuel piece, and 
that the housing tube failure occurred at the flared joint between the tube 
proper and the top fitting. The failed assembly was a Zr clad 1.5% en­
riched uranium oxide tubular test assembly (OT - 1-3) and had been in the 
reactor for about 3-1/2 months, having accumulated approximately 66 MWD 
exposure. 

There were two similar fuel assembly failures in the HWCTR previously; 
(1) SOT - 2-3 (segmented oxide tube); and (2) SOT - 2-2. Examination of 
these failed assemblies revealed that the top fitting for the SOT - 2-3 
assembly was free and that three of the four top fitting studs had failed 
on the SOT - 2-2 assembly. 

Causes and Remedial Changes 
Apparently the top fittings of the fuel tubes failed because of hydrau-
lically-induced vibration as evidenced by cladding wear near the top 
fittings. The fuel elements and housing tubes were designed with suf­
ficient clearance to allow removal of the assemblies separately from the 
housing tubes. Orifices installed above the top fitting of the oxide 
assemblies created turbulence and in combination with the large clearance 
caused vibration of the elements. 

Redesigned top fittings are being installed on the oxide assemblies, to 
reduce clearance between the assemblies and the housing tubes. The ori­
fices have been redesigned to reduce the flow turbulence near the top 
fitting and all oxide assemblies have been fitted with anti-vibration 
spacers to preclude further damage. 

The housing tube failure was probably caused by accidental mechanical 
damage while recharging the tube to the reactor. The tube was discharged 
from a previous cycle, and upon recharging it from the spent fuel basin 
to the reactor, the tube joint was overstressed. Subsequently, the hous­
ing tube failed when discharge of the failed element was attempted. In­
spection of other housing tubes has not revealed any similar damage from 
overstressing. 
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Conclusions 
A design deficiency in the fuel assemblies and housing tubes apparently 
allowed hydraulically-induced vibration which ultimately caused failure 
of the fuel assembly top fitting. Redesign and installation of modified 
top fittings and orifices have been initiated to preclude similar fail­
ures in the future. 

The housing tube failure was probably due to accidental mechanical damage 
during recharge operations. 

Recovery has been accomplished and startup operations begun on July 12, 
without compromising reactor safety. 
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REACTOR OPERATING EXPERIENCE - 63-8 

DECONTAMINATION 
of the 

Plutonium Recycle Test Reactor (PRTR) 

Summary 

Appreciable quantities of plutonium dioxide and fission products were re­
leased to the PRTR primary system when an experimental Mg0/Pu02 fuel element 
ruptured on August 21, 1962. 

Decontamination was necessary to reduce radiation to acceptable levels, and 
was accomplished by the use of chemicals. A buffered oxalic/peroxide, alka­
line permanganate (35 g/1 KMnO^+207 g/1 NaOH in deionized water), oxalic 
acid decontamination process was found most suitable for decontamination 
of the PRTR stainless steel/Zircaloy-2 primary system. During the three 
and one-half month period between the fuel element rupture and the return 
.to normal operation, the fuel elements were discharged and cleaned in an 
ultrasonic bath, the heavy water drained, the chemical-addition system in­
stalled and the reactor decontaminated, inspected, tested, filled with 
D2O and recharged with cleaned fuel elements. The decontamination process 
itself required 10 days. 

Procedure used for Decontamination 

The decontamination procedure follows:' 

1. Buffered oxalic/peroxide solution (50 g/1) recirculated for 1 hour at 
80°C. 

2. Rinse with deionized water. 

3. Buffered oxalic/peroxide solution (50 g/1) recirculated 1 hour at 
80°C. 

4. Rinse with deionized water. 

5. Alkaline permanganate solution recirculated for 2 hours at 105°C. 

6. Rinse with deionized water to (MnO^") of 10 ppm or less. 

7. Rinse with a 1% solution of oxalic acid. 

8. Solution of proprietary oxalic acid (90 g/1) recirculated at 2 hours 
at 80°C. 
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9. Rinse with deionized water to a specific resistance of approximately 
10,000 ohm-cm. 

10-14 Repeat steps 5-9. 

Significant amounts of Radioactivity redeposited from the proprietary oxalic 
acid after the oxide film had been stripped from the primary system pipe 
walls, and reduced the decontamination efficiency by about 50%. Excellent 
results were obtained when steps 5-9 were repeated with an 80% dibasic 
ammonium citrate solution substituted for the proprietary oxalic. Decon­
tamination factors ranged from 15.0 in the rupture detection system where 
good rinsing obtained to 2.8 at an angle valve where crevice areas held up 
activity. 

Results 

Following cleanup, radiation readings were significantly lower than those en­
countered during normal reactor shutdowns, thus indicating removal of acti­
vated corrosion products, as well as fission products. 

After a short period of testing, normal reactor operation was resumed. The 
radioactivity has remained at a low level which indicates effective removal 
of the plutonium, and there have been no corrosion problems. 

Further details on this operating experience may be obtained upon request 
to USAEC Richland Operations Office, Richland, Washington, attn: P.G.Hoisted 
(Ref. HW-SA-2888). 
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REACTOR OPERATING EXPERIENCE - 63-9 

Nuclear Excursion 
at the 

LRL Critical Facility 

Summary 
At approximately 0000 hours on March 26, 1963, an experimental critical 
assembly at the LRL Critical Facility underwent a nuclear excursion. 
The excursion took place in a shielded vault. There were no personnel 
injuries or overexposures, nor was there any appreciable release of radio­
active material. 

Circumstances 
The experiment measured the subcritical multiplication of three close-
fitting concentric cylinders of U^35 metal, assembled within an air 
space surrounded by concentric reflectors of beryllium and polyethylene. 
The assembly technique was insertion of the central solid cylinder into 
the nested outer cylinders and reflectors by means of a remotely operated 
hydraulic ram. The beryllium and polyethylene completely surrounded the 
hollow uranium cylinders, the ends of the reflector cylinders being closed 
with circular plates. The bottom plates had holes to admit the central 
uranium on the ram. The one inch air space was approximated on the bottom 
of the uranium cylinders by a styrofoam spacer resting on the bottom re­
flector. 

The procedure for each multiplication step was: 

1. Insert the ram a predetermined amount. 
2. Measure multiplication. 
3. Extrapolate to determine next insertion limit. 
4. Lower ram. 
5. Enter vault and reset mechanical ram stops. 
6. Exit vault and repeat from 1 above. 

Seven multiplication steps were completed, and the operator had inserted the 
ram almost as required for the eighth step. He stopped the ram and was ad­
justing instrument scales when a sharp pop was heard through the vault in­
tercom. The television screen used to watch operations in the vault went 
blank. When the television image returned, it showed material burning and 
falling from the assembly. 

Results 
About 10 kg of the assembly's uranium melted and resolidified. About 15 
kilograms burned. Analysis of parts of the recovered material indicated 
that about 4xl0l? fissions had occurred. The assembly had fallen to the 
floor. Some polyethylene reflector was scorched and melted. Two paraffin-



encased ion chambers were knocked from the assembly machine and part of 
the paraffin encasements were melted. Other combustible materials in the 
vault were unscorched. 

Personnel film badges indicated doses ranging from zero to 120 mrem of 
gamma with no neutron exposures. It is not certain that all of the 120 
mrem maximum exposure was received during the excursion. Nasal wipes, 
thyroid scans, and urinalyses were negative. 

Physical damage was confined entirely to the assembly machine. However, 
the vault was contaminated with fission products and separated uranium. 

Although the vault is not a sealed containment structure, there was no 
evidence of serious activity release. At 0100 measurements indicated 
about lxl0~9 p. curies of p-y per cc of air at a point on the site 350 
meters north of the building. The peak airborne concentration in a 
part of the building near the vault was 2x10"' u c/cc shortly after the 
event. No alpha-emitting material was found outside the building. 

Causes 
LRL hypothesizes that the central solid cylinder was slightly out of line 
with the cylinder into which it was to slide. It lifted the inner hollow 
cylinder on each of three successive assembly steps, thus yielding false 
multiplications. During the eighth step, the hollow cylinder again lifted, 
but fell back when the ram was well inserted. The resulting reactivity in­
crease caused the excursion. The internal air space, the position of the 
TV camera, and the internal structure of the assembly were all such that 
motion of the type postulated would not have been observed from the con­
trol room. 

Calculations indicate that an excursion in an assembly of this configura­
tion would tend to be slightly autocatalytic up to the point where the 
uranium began to melt. 

Additional information is available ins UCRL-7345 - Health Physics Follow­
ing a Nuclear Excursion: The LRL Incident of 26 March 1963. Kathren, Day, 
Denham, and Brown. 
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REACTOR OPERATING EXPERIENCE - 63-10 

Failure of Containment Vessel Penetration Seal 
at the 

Plutonium Recycle Test Reactor (PRTR) 

Summary 
During a pressure test of the PRTR containment vessel to 2.5 psig conducted 
during a reactor shutdown in late June and early July, 1963, it was found 
that the epoxy resin in one of the instrument line penetrations had failed 
to set up properly and the uncured resin was forced out of the penetration 
by the containment vessel test pressure. Subsequent analysis revealed that 
the most probable cause of the failure of the resin to harden was incorrect 
mixing of the resin and the catalyst. 

As much of the old material as possible was removed from the penetration 
tray and the penetration repoured with new resin. After hardening, the 
seal passed the 2.5 psig pressure test. 

Discussion 
The original pressure and leak rate test of the PRTR containment vessel to 
satisfy code and design requirements was performed prior to equipment in­
stallation. During this test, the penetration trays were sealed with weld­
ed covers. After equipment installation and sealing of the penetration 
trays with epoxy resin, the containment vessel was retested. All pene­
trations passed this pressure test. 

The penetration which failed the recent test was originally a spare and 
was placed in service within the last year. This penetration was sealed 
by two resin pours; and from outward appearances, the penetration was 
properly sealed. Examination after the failure revealed that a hard cap 
was formed at the top of the penetration tray and that the majority of 
the resin remained a viscous fluid. Thus, when pressure was applied to 
the containment vessel, the hardened cap was forced out of the tray along 
with the fluid resin. 

Repair of the failed penetration consisted of removing as much of the old 
resin as possible and resealing the penetration with new resin. During 
the pouring of the new resin, the con tainment vessel was pressurized to 
1 psig to force the new resin through the penetration. As soon as the 
resin was observed to overflow the outside of the penetration tray, the 
containment vessel was depressurized and the resin allowed to harden. 

A slight leak was observed along one edge of the penetration when the con­
tainment vessel was repressurized. Again, new resin was forced into the 
penetration utilizing the containment vessel pressure as the driving force 



REACTOR OPERATING EXPERIENCE - 63 - \ l 

Fault In Rod Release Clutch 
at the 

BNL Minimum Reflection Critical Assembly 

Summary 
On July 25, 1963, routine shutdown of the Minimum Reflection Critical 
Assembly was satisfactorily achieved by manual scram with gravity in­
sertion of three safety rods and cart separation of the assembly sec­
tions. However, control instrumentation and the remote TV monitor in­
dicated that the fourth control rod remained withdrawn even though the 
electric current to the magnetic clutch had been cut. This malfunc­
tion has since been attributed to a partial vacuum between the clutch 
faces. This experience did not result in radiation exposure or equip­
ment damage, but it is interesting since we do not know of any pre­
vious similar experience. 

Circumstances 
The scientist operating the assembly immediately observed the malfunc­
tion and secured the reactor which can be shutdown by any safety rod 
or by cart separation of the assembly. Upon subsequent inspection, the 
disk clutch was found to be holding. The scientist tapped the clutch 
housing lightly and the clutch released immediately, and the safety rod 
inserted properly by gravity. The rod was exercised repeatedly, and 
each time (about 50) it performed satisfactorily. Minimum hold currents 
were measured for each of the clutches on the Minimum Reflection As­
sembly, but no significant differences were found. The affected clutch 
was disassembled and found to be in proper working order and free of 
dirt or any noticeable residual magnetism. In fact, it was the clean­
est of the clutch faces being used. 

Causes 
The exact cause has not been verified, but it is thought that the clutch 
faces were held together by a partial vacuum. The clutch faces have de­
pressions (for rivet holes) where air could be trapped upon closure. If 
the clutch faces were hot (from friction) prior to closure, the subse­
quent cooling could create such a vacuum if the clutch faces were very 
clean. 

Results and Corrective Measures 
One face of the clutch has been cut with spiral grooves to allow a leak­
age path for potential air pockets. Other clutches will be modified 
similarly. 
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and the pressure relieved to allow the resin to harden. The penetration 
subsequently passed a 2.5 psig test. 

3.0 Conclusions 
The visual appearance of the hardened resin can lead to the erroneous con­
clusion that a penetration tray is properly sealed. However, portions of 
the resin may not have set up properly or leaks may exist along the edges 
of the penetration or along the wires or tubing in the penetration. Some 
type of pressure testing of the penetration is the most adequate method of 
determining the presence of the proper seal and should be performed when­
ever a seal is poured. 



REACTOR OPERATING EXPERIENCE - 63-12 

Anomalous Control Rod Behavior 
at the 

SPERT-IV Reactor ' 

Summary 
On September 5, 1963, the SPERT-IV reactor experienced unexpected inter­
ference with the operation of two of the four control rods. The reactor 
was promptly scrammed and remained shut down until the cause was deter­
mined and corrected. No personnel injuries or radiation exposures, or 
reactor or facility damage occurred as a result of this incident. 

Circumstances 
The SPERT-IV reactor consists of a 20 ft diameter open tank equipped with 
a bridge from which the reactor core and control rod drives are suspended. 
In this case, boiling noise vs power level tests were being conducted with 
an enriched uranium-aluminum alloy plate-type core covered by approximately 
18 ft of water. The reactor is operated remotely from a control center 
1/2 mile away. 

A data point had been established at 7.5 MW and an attempt was made to with­
draw the control rods to raise power level to 8 MW. However, a rod jam an­
nunciator was received at this point indicating that one control element 
had separated from the magnet which normally holds it to the drive assembly. 

Since an unknown condition existed, the reactor was manually scrammed. Two 
of the four rods scrammed normally in 300 - 350 msec, shutting the reactor 
down. The other two rods drifted in very gradually, requiring about three 
minutes for total insertion. 

Causes 
The control blades of each control rod assembly are connected to the magnet 
armature by a long shaft which passes through a hydraulic shock absorber as­
sembly. Since the incident occurred at elevated temperatures, and since rod 
performance was later found to be normal at ambient temperature, thermal ex­
pansion effects were immediately suspected as the principal cause. 

The cause was finally identified as a nylon bushing near the base of the 
shock absorber. The bushing was backed by stainless steel so that the net 
result of thermal expansion was a reduction in internal diameter. Insuf­
ficient clearance had been allowed for this effect and a 30 C tempera­
ture rise was found sufficient to cause binding of the rod shaft. 

Results and Corrective Measures 
The internal diameter of the bushings was enlarged to allow for any pos­
sible expansion effects. Subsequent tests indicated that the difficulty 
had indeed been corrected. 

No injury or damage resulted from this incident. However, about two weeks 
were required to positively identify the cause and correct it. 
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REACTOR OPERATING EXPERIENCE - 64-1 

Effect of Radiation on Beryllium-Cadmium Shim Rods 
and 

Beryllium-Reflector Core Pieces 
at the 

Oak Ridge Research Reactor (ORR) 

1.0 Summary 
During the past year, problems with beryllium-cadmium shim rods and beryllium-
reflector core pieces have become apparent at the ORR. After a reaC/tor scram, 
a beryllium-cadmium shim rod failed to drop during tests. It was removed, and 
a check for abnormalities disclosed that the beryllium section was bowed. Later 
the other beryllium-cadmium shim rod was also replaced. During core reloadings, 
a marked increase in tightness between the core pieces was noticed. Primarily, 
this tightness or binding occurred in those rows containing beryllium-reflector 
pieces and caused difficulty in placing the final piece in the core. 

Although no direct operating malfunctions occurred as a result of the binding, 
the time required to refuel increased noticeably. 

2.0 Causes (Investigation of Beryllium Distortion) 
The beryllium sections were cut from both beryllium-cadmium shim rods, and 
the amount of bow was measured by use of a special contour bar and dial indi­
cator. The data showed that the bowing occurred because of an elongation of 
the concave side of the beryllium -- the section adjacent to the fuel element. 
The bowing on the first rod removed was the worst and was in the order of 20 
mils over any deviation that was found during the original fabrication in­
spection in 1960. 

After the discovery of bowing in the beryllium-cadmium shim rods, ten beryllium- I 
reflector core pieces were checked with the contour measuring device. The worst \ 
one, which had been in the same position for five years, showed a bow of ap­
proximately 50 mils; and, when visually inspected in a hot cell, it appeared to 
be twisted. 

3.0 Corrective Action 
After the beryllium-reflector pieces are inspected, the usable ones are placed 
in the core in such a way as to counteract the bow that has been formed due to 
radiation damage. Because the present criterion is to have all core pieces 
fit loosely, no permanent decision has yet been made as to how much bowing can 
be accepted. 
As more data becomes available, limits will be placed on the amount of de­
flection that can be tolerated. Then all beryllium core pieces that do not 
fit the new criterion will be replaced. Also, a definite schedule for shift­
ing beryllium pieces within the core to minimize radiation-damage effects 
will be followed; and a radiation record of all beryllium in the reactor 
will be maintained. 
The beryllium-cadmium shim rods were replaced with aluminum-cadmium ones. 
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4.0 Conclusions Conclusions 
Although only time will tell how successfully the beryllium problems at the 
ORR have been corrected, it is already apparent that replacing certain beryl­
lium pieces within the core has eliminated much of the operating difficulty. 

y 
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REACTOR OPERATING EXPERIENCE - 64-2 

Beryllium Damage 
at the 

Materials Testing Reactor (MTR) 

1.0 Summary 
Beginning in late 1962 and continuing into 1963, noticeable bowing of beryl­
lium shim rod follower sections and of lattice beryllium pieces was detected. 
Shortly after, some cracking and spalling of the north face of the permanent 
beryllium reflector was noted. This face is immediately adjacent to the ac­
tive lattice. Details are available in ID0-16899 published by Phillips Pe­
troleum Company in June 1963. 

No significant operational problems have resulted from beryllium damage as 
yet. 

2.0 Causes 
In all damage cases noted thus far, elongation of the side of the beryllium 
closest to the active lattice has occurred. The exact mechanism is as yet 
unknown. 

3.0 Corrective Action 
A surveillance program to detect any further beryllium damage and studies 
into basic causes of the problem are being conducted. 
Rod follower sections and lattice beryllium pieces have been replaced as 
necessary. Replacement sections for the permanent reflector adjacent to 
the core were ordered. Tentative plans have been made for installation of 
the new sections in 1964. However, the permanent reflector damage has not 
increased significantly since first discovered. 

4.0 Conclusions 
To prevent operational difficulties, continued surveillance of the beryl­
lium condition is necessary. Eventual replacement of all beryllium sec­
tions close to the reactor core will probably be required. 
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REACTOR OPERATING EXPERIENCE - 64-3 

Loss of Control Power 
at the 

ML-1 Reactor 

Summary 
During an electrical storm on May 29, 1964, the ML-1 (Mobile Low Power) Re­
actor experienced a power failure scram probably resulting from an electrical 
power fluctuation. The operator attempted to operate the turbine-compres­
sor start motor to circulate coolant gas for decay heat removal, but the start 
motor did not respond. Rising in-core temperatures required use of the emer­
gency nitrogen injection system to cool the reactor. The lubricating oil 
pump also would not start and turbine radial bearing temperature rose 179° F 
above the normally allowed limit. No personnel injuries or radiation ex­
posures occurred as a result of this incident. The turbine bearing will be 
inspected for possible incipient damage. 

Circumstances 
The ML-1 reactor is a water moderated and nitrogen cooled system which drives 
a turbine-compressor (TC) set. The system had been operating, prior to scram, 
for 664 hours at about 70% reactor power and rated turbine speed during con­
duct of a full power and limited endurance test. 

Loss of commercial power normally scrams the reactor, and the electrical 
system is automatically transferred to an emergency standby diesel-genera-
tor. Normal procedure allows the TC set to coast down to 1/4 speed, and 
the 440V start motor is turned on to continue coolant circulation for de­
cay heat removal. The standby 120V moderator pump comes on automatically. 

It was initially thought that the 440V breaker on the start motor was open 
and personnel were dispatched to investigate. The start motor breaker was 
found to be closed. It was then thought that the electrical system was 
not transferring automatically to emergency diesel power, and so the trans­
fer was done manually. The manual transfer had no affect on the ability to 
operate the start motor and lube oil pump, and it was then realized that 
commercial power was available (as well as emergency), but that the motor 
control relays were not closing. This led to the conclusion that the 120V 
motor control circuit was at fault. 

The reactor supervisor dispatched two men to check the circuit breaker 
panels in the control cab (these panels contain the control power circuit 
breaker) and also began a check of electrical connectors between the con­
trol cab and the test building. The two men reported that all circuit 
breakers in the control cab were closed. It was later determined that 
both men had independently observed the panel containing the control power 
circuit breaker. 
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About 1 hour and 15 minutes after scram, the site manager, electrical super­
visor and an electronics technician arrived at ML­1 and the electrical super­
visor and electronics technician immediately checked the circuit breaker 
panels in the control cab and observed that the control power breaker was in 
the "off" position. Closing the breaker restored control power, and the lube 
oil pump was started to provide cooling flow to the turbine bearing. Emer­

gency nitrogen injection had cooled the reactor sufficiently to obviate any 
additional action in behalf of the reactor. 

0 Results 
No personnel injury resulted from this incident. The turbine bearings (a 
new design) were scheduled to be inspected following an additional 300­400 
hours of operation, and this incident will result in an earlier inspection 
with little effect on the overall schedule. 

0 Causes 
The requirement for using the emergency nitrogen injection system, which is 
the last system available for cooling the reactor, was necessitated by the 
inability to make use of the available emergency power. 

0 Corrective Action 
The contractor is reviewing the electrical system to determine if the con­
trol power breaker should be annunciated and if an additional means should 
be provided for making control power available to the control system. Al­
though it is not definitely established that the circuit breaker was tripped 
when the two men observed it, additional training will be provided to the 
operating crews on electrical system trouble shooting. 

0 Conclusions 
Care should be exercised in electrical system design to eliminate as much 
as possible the dependence of all sources of electrical power on the opera­
tion of one component. Annunciation of the critical components is desirable 
where emergency situations may cause hurried inspection of control compo­
nents . 


