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Honorable Glenn T. Seaborg
Chairman ' Co i
U.S. Atomic Energy Commission - -
Washington, D. C. T

Dear Dr. Seaborg:

““The Joint Committee has recelved the attached
letter from Miss Elizabeth R. Hogan, one of the

~witnesses in the recent hearings on licensing and

regulation of nuclear reactors. The Committee would
appreciate receilving the Commission's comments on

Miss Hogan's letter, particularly the questions she

raises on page three. : .

In addition please provide the Committee with
a narrative surmary of the attempts by The Conservation
Center to intervene in the Indian Point No. 2 reactor
licensing proceeding; the official position of the AEC's
regulatory staff relative to these attempts; and the
pertinent rulings of the Atomilc Safety and Llcensing
Board and of the Commission.

Thank you very much for your cooperatiqn.'

Slncerely yours,.

. ' . ' // //,} - ;'::j':r::'j //’: —"//

John T Conway o
fExecutiie Dlrectg;

Attachment: L
Ltr Hogan to Conway
9/22/67, w/attach.
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Dear Mr., Conways:

i

_ U&#~

el

It was indeed a pleasure to meet you, and a privilege to :
present my testimony before the Joint Committee., I was , o
especlally gratified by your suggestion that the Joint Committes
review the Conservation Center's petition to intervene at Indian

. Point # 2, and Rep. Holifield$ sgreement to do so. ‘ -

In reviewing my copy of thislbetition I'd 1like to call the
Committee's attention particularly to the following objections
i contained in this petition: : . :

S #l quotes the Safety fvaluation as.statings (with regard to

. " Criterion 1 (b): . :

S “Performance standerds that will enable the facility to with-

. .8tand without loss of the capability to protect the public, the ‘ .

' additional forces imposed by the most severe earthquakes, flooding ~
conditions, winds, ice, and other natural phenomena anticipated z
&t the proposed site." (Page 16, Safety kvaluation of Indian Point 2)

The question then raised by the Conservation.Center was:
.What about unanticipated natural phenomena .,.% o

. . 1
Since this petition was submitted, at least two tornado watches
have been issued for the New York City area. ‘Fortunately, these
‘tornadoes did not materialize. 'The question as to potential damage:
~ a tornado might cause to a nuclear reactor_remains, however, end  i. -
should be explored Iin the interest of public safety. o :

_ &9 quotes from Pages 37-38 of the Safety Evaluation as follows:
- "Also of concern are the potential adverse effects of fires
orlginating in the control snd safety system wiring and/or within o
~ the control room itself. In our opinion, a direct, analytical safety
enelysis relating to the possibility of reactivity excursions i
resulting from such fires is, in practice, impossible due to the ;
random nature of fire damage and the nearly infinite variety of
possible. circult faults (some ‘'unsafe!, somev‘safe') which could
result. c.. . - o : ,
" the ."In this connection, & literature search was conducted with -
assistance of the computer. facilities at the Nuclear Safety. .
Information Center (NSIC) at Osk Rldge National Laboratory, to :
study the historical record of such o s P
ucn excursions. 'NSIC has informed

us that they were unable to find an record ' '
reactor damsge as a result of fire-{nduced 2xg£r§?gé§?ﬂts ipvolying

]
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The Safoty Eveluation then continued: "Based on the fore- .
- going considerations, we belleve that Criterion 16 1s satisfied. o

- The Conservation Center petition questions: "How can the AEC
or the public be satisfied, whén potential adverse effects of .
fires are admitted to be "of concern", when a safety analysis of
them is impossible, snd when there are no records of incidents
involving reactor damage as & result of fire-induced excursions,
" on which to base proper safeguardsi" - o o

- #18: The Conservation Center asked as its final guestion:
" "What system has been set up, and what system could suffice, to
warn the public in the event of a major atomic plant accident at :
... Indian Point II?  The "highly improbable" blackout was self-evident.
. but how would the evacuation of people in the surrounding area of
Indian Point II be effected, if this proves necessary?'

C _ None of these questions were answered at the public hearings,
. {or to my knowledge, elsewhere), because the Conservation Center
' was not granted the right to raise them., :

i By citing these objsctions for special attention, I do not

' - mean to suggest that the other objlections raised in the Conservetion
cme.Conter's petition have been satlsfactorily resolved.- I think the

T Joint Committee will find that many of them deserve greater study,

éspeclally since the Indian Point 2 reactor will be located so -

close to millions of citizens. :

To turn now from the Conservation Center's petition to the
Initiel Decision of the Atomic Safety and Licensing Board, issued
October 3, 1966, directing the Division of Reactor Licensing to
issue & provisional construction permit for Indian Point # 2. ‘

A R
This Initial Decision notes (Pages 10, 11) that “...ACKS .

bas enumerated several items which they wish to review before 1
---the 1ssuance of an unqualified approval for a construction permit. !

Specifically, their view is, in part, as follows: ; oo

N - "®The Indien Point 2 plant is provided with two safety

“. .-..injection systems for flooding the core with borated water in the
event of a pipe rupture in the primary system. The emergency core
cooling systems are of particular importance, and the ACHS believes
that an increase in the flow capacity of these systems 1s needed;
improvements of other characteristics such as pump discharge pressure

- mey be appropriate. The forces imposed on various structural members -

within the pressure vessel during blowdown in a loss-of-coolant
accident should be reviewed to assure adequate design conservatism.’
The Committee belleves that these matters csn be resolved during -
construction of these facilities, However, 1t believes that the
AEC Regulatory Staff and the Committee should review the final
design of the emergency core cooling systems end the pertinent E
structural members within the pressure vessel, prior to irrevocable
commitments relative to construction of these items.'" :
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This Initisl Decision also notes, (Page 12):3’ :

UPhese requests by ACRS ... reflect & concern not heretofore
expressed in ACES reports.” : - . ' i

The comments by the Atomlc Safety and Licensing Board on
Page 13 of this Initial Declsion are not reassuring, however,
thet the information requested by the ACRS will be provided at
the time it has been requested, notably, in the ACRS' own words:
¥prior to irrevocable commitments relative to construction of
these items." : ;

The questions which occur to me are: !

(1) ¥hen will the final design of the emergency core cooling sysﬁem

end the pertinent structursl members within the pressure vessel

" be avallable for AEC, (and ACRS), review? ' :

(2) Is Con-Edison absolutely obliged to submlit these for review

by the ACRES, "prior" to committments for their construction?

I raise fhese guestions because the comment of the &tomic
Safety end Licensing Board on Page 13 of its Initial Decislon

f states that: "...as a matter of practice, applicants for licenses.
. to construct and operate nuclear facilities do keep the ACRS, as

well as the Staff, informed respecting progress in design and )
technology for a facility even gfter the issuance of a construction

; permit. It 1s reasonable to conclude that the same informational
- procedures will remain in effect.”

A final question is: Zven though the Atomlc Safety and Licensing

Board indicates on Pege 1l of its Initial Decision: "...there appears
'no doubt that the Commission will accede to this ACRS request."

is there any real commitment on the part of the AEC to do so?
‘ : t
In reviewing the trenscript of my oral.testimony before the -
Joint Commlttee, I was sorry to find that my answer to Rep. Hosmer's
question: "Can you point to any instances in this 2l-year history
where the AEC has ‘glven any evidence whatsoever that 1t would be

under any condition pressured to neglect the safety of the public?“f L

was insdequate,

At the moment the question was askéd I did not think quickly
enough, but I might have mentioned that the references made in
footnote 5 of my supplementary material included the fact that the
AFC had overruled the ACRS in granting a construction license for
the Enrico Fermi plant. This action might heve been cited in N
response to Congressman Hosmer's question, had I thought quickly ’
enough. '

Again, after careful study, I can think of no other way to
interpret the examples glven by Milton Shaw to inadequate workmanship

snd inspection in connection with AkC reactors, than the one whichl'”

iona

I gave in my testimony. . o o ' L
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‘In closing, Itve found the pages of "The Technology of
Nuclear Reactor Safety", Volume 1, edited by T. J. Thompson and
J., G, Beckerley (copyright l96h by M. 1. T ), enclosed with this
letter, helpful. ;

: The Joint Committee may find them equally so, in considering
the safety probloms related to Indian Point nuclesar plant # 2.

can be included in the record or not. If it can, 1t would be
helpful in further explalning the concerns 1 expresoed in appearing
before the Joint bommittee. ]

_ With thanks for your courtesy and attention, and again, for -
the privilege of appearing before the Committee, .

1

\

.Sincerely,

£ doril A A

:Elizabeth R. Hogan

"Enc: Pages 5, 6 681 682, 699, 701 "The Technology of Nuclear

Reactor Safety' - volume 1, edited by T, J. Thompson and
d. G, Beckerley, copyright 1964 by M. I T,

v2 page gulde to significant data in AEC Autnorizing Legislation-A ~

Fiscal Year 1968, Part 2.

o - .

e e e e e



ITRODUCTION §4

procc;iurcs is not conslidered within the scopo of
* this project. .

3 CREDIBILITY OF INDEPENDENT UNRELATED
FAILURES .

' - . A reactor facility should be designed so thatthe
failure of any single component will not immecdiately
cause tho fallure of other components—that is, an
arrangement like a “house of cards’ should bo
svoided. For instance, if only a single electrical
power source is available, its failure could causo
loss of flow, loss of instrumentation power, loss

of communications, ete. Clearly, all such failures-

must be designed against and preventedatallcosts,
But what about independent or unrelated fail-
ures? Is it possible to experience accldents due to
two or more indpendent events? Obviously, the
. probabllity of essentially simultancous failures of
two or more unrelated components {s cxtremely
. __small (see Sce, 1.4.3 of the chapter on Sensing and
Control Instrumentation), However, the probability
of two or more indcpendent failures during_any ap—
preciable Interval of fIme {i.0., scconds or longer)

| isTmonegligible.
~—The nmaber of indcpendent failures during a
period of time deemed credible is a subject of con-
troversy. Although everyoneagrees thatone failure
can occur and can cause an accident, thecredibility
of two or more independent (and undetected) faflures
V. —.gccurring in such a way and during sucha time in-.

terval as to cause an sccident has been debated, '

’ Some think it incredible that more than two such’
=== independent failurescanoceur, Othersdrawthe line
at a higher number,

A review of reactor accidents to dateascarried’

out in the chapter on Accidents and Destructive
TesTs Indicates rather clearly that often three or
mori‘ﬁacpenaeWﬁay
exist, Tn our opinion three basic causes are in-
voIved Thalmost every reactor accident to date,

First, there is usually a design flaw~a hiddern
booby trap—which exists in the original reactor
design and plays an important role inthe subse-
quent  accident. Elimination of design flaws is 8
most Important function of a design team and of
the safety review group. For example, the design
of the SL~1 reactor required that each contre vod
be lifted by hand in order to ateach it to the upper
mechanism. At the s.... ime, the design per-
mitted suificient reactivity control ina single rod
g0 that the reactor could be made critical by with~
drawszl of this single rod.

Second, almost every accident involves a super-
visor or human error of some sort. In the case of
the SL-1 accident, the evidence is almost conclu~
sive that the operators involved withdrew the cen-

tral control rod far beyond the point called for by | °

their orders, During the accident at Windscale,
ths supervisor, without aid of a properly annotated
raanual, made a command decision to reheat the
reactor core, and this reheating basically was the
trigger fue the reactopy fhre,

The thlrd purametar whioh ld wbually fnvalved
{s some Instrumentation problem, included in the
{nstrumentation problem is also lack of instru-

mentation. In both the SL~1 accident (no instru- -

mentation operating except for one floor monitor)

THi TECHNOLQGY OF NUCLEAR REACTOR
bdited by L. J. Thompson, and J. G. Eeckerley,

---completely independent components.

. {nvolved. Some accldents have occurred because
. ..a relaxed or sloppy crew unknowingly B o

' measures to be breached ooe ata time; the logic

~ vices are operational at all times,* :

" ards involving high pressures, high temperatures, ,

' poisonous chemicals, fast moving mechanical parts, ) : :
.and 50 on. . : N Lo

nna/in thb Windscale accident, instrumentation o
playcd an important role, - .
Thus, at least thrce causes exist in most acel-

L capnr

dents “oxpericnced to date, In somg_CA6CS TOTQ
. than threo causcs have been Involved and, in fact,
in such a way that the elimination &{ @ny one of
severnl causos would have changed tho course of
the nccident materially or would have prevented it,
It i{s clear that the credibility of & number of .., &
{ndgyEndent fajlures must be taken serious, Any- (.,“,,,’—7;,1.:4'
one who has rcad the story of the accident to the o,
ship Andrea Doria or accounts of many other ac-

unique to nuclear reactors. L
It must be cmphaslzed that more than one fail-

¢FAcc QEVTX~

ure can Yake place at essentfally tho same time if ﬁ £d 1963
the TxTures 6re dependent—andthe dependencemay ~ (AgPIRT 70

be_very subtle. In fact, Foactor designers and op~  , s PKEHM
erniors should beware of the Iabel *‘Indcpendent.” /e L
A structure as complex as a reactor and Tavolving r e
- a8 many phenomena is likely to have relatively few

operators must be continually alert to uncover re-
lationships between potential or real malfunctions, ; ) .
and they must include considerationof reactor per- N I

---formance as a function of its 1ife, since such an ' S ‘, 4

effect as misalignment or weakening due to wear
(or corrosion or radiation distortion) can become- ) ;
an unrecognized common cause of a dangerous se- Cr BT
quence of events. R

In reactor facilities one of the chief booby : R
traps exists because there are so many safeties B

has suc- ' B
cessively allowed various {nterlocks and safety

of the operators always is that there are several
and, therefore, the breaching of one is not im-
portant.” Indeed, the results may be totally incon-

sequential until that time when the last inalong = - B i :

series is breached, and thea the results may be
very serious. This is one of the prime reasons 4
why maintenance must ensure that all safety de- = oL '

4 NUCLEAR REACTOR SAFETY AND SAFETY IN
OTHER INDUSTRIES

Except for the nuclear fission chaln reaction
and the associated nuclear radiations, the physical
phenomena involved in reactor safety do not differ
in any essentialway from those normally associated
with industrial plants, Industrial plants have haz-

potential chemical energy releases, corrosive and

Many industrial plants and storage and shipping S He
facilities can, and sometimes do, experience energy ot -

- releases far greater than eventhe worst ones which
have been postulated as credible for nuclear reac--
tors., Even the largest energy releases that have :
been eatimated for hypothetical nuclear reactor o A .
aoohdsuta (whivh nite halioved W he woll heyondihe . N

*We exciude the buili-in spare component from
this discussi - : N . .
SAFPLTY, Volume 1, I SR
copyright 196l i
by MJIT. o

|
i
i
:
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" realm of cradibility) arorelatively smallcompared
to energy releases possible In certain industrial

operations,

Because a nuclear fission chain reaction {s the -

encrgy source, thereactor powerlovelcanincrease
under some conditions with extreme rapldity. Sev-
eral chapters In these volumes are concerned with
the kinctics of thechainreaction. Asthescchapters
point out, there are ways to deslgn a reactor so
that the chain reactionis sclf-limiting. Even though
baslcally complex, thechainreaction iscontroilable
and proper reactor design can greatly reduce or
eliminate the potential hazards associated with ox~

- cesslve cnergygeneration ina “‘nuclear run-away.””

he presence of nuclear radiations in reactors
complicates the measures requiredto ensure safety,
Remote operatlonof somecomponents is necessary;
this often involves mechanical complexity and a

- strong dependence on instrumentation, Meauns for
. malintaining thoso parts of the reactor that are, or

may become, radioactive must be anticipatedinthe

- reactor design, -Because a nuclear radiation fleld

may preclude replacement of components, rugged-
ness and rellability are very important,

In spiteof these considerations, for the most part

the safety problems of nuclear reactor facilities
differ only in degree from those of other Industrial
plants, The safe handling of radioactive materials

requires the same kind of techniques and precautions .

as observed in handling dangerous chemicals or
toxic biological substances. The design, construc-

tion, andoperation of nuclear reactors requiregreat.

care at all stages just as similaractivities in other
complex and potentially hazardous indusiries,

S EFFECT OF ECONOMIC FACTORS ONSAFETY

As puciear reactors develop into commercial . ..

sources of power, {t has become evident that com-
petition with fossil fuel plants {s very keen indeed,
In some geographic areas nuclear plants are now
economically competitive with conventional plants,

This has resulted in pressures onnuclear plantde- -

signers, comnstructors, and operators to reduce
capital costs, to increase core life, to Increase
performance, to increase core size, and to reduce
distances from metropolitan areas.

It is argued that the larger the plant the lower’
- 'will be the capital costs per kilowatt of generated

power, Experlence to date {ndicates this,* Therels
therefore a substantial Incentive to increase as
rapidly as possible the size of plants and to extra-

olate existing experience to much larger plants.,
Thnis, of course, involves serious safety problems
that are not easily answered. In particular, in-
creasing the size of components, suchasthereactor

*For instance, tho Yankece Atomic Electric Plant,
operating at ~ 150 megawnatts olcotricnl, was huilt
for approxtmntoly forty milillon dotlnes, 'The Con-
nectiout Yankes Plant, oporating at approximatoly
threo tlmes this powor level will only cost about
twice as much. Experionce {8 similar with boiling

water reactors, such as those being bullt at Oystor -

Creek (New Jersey) and at Nine Mile Point (Oswego,
New York),

- T. J. THOMPSON, J, G, BECKERLEY

¥

" vessel, valves, turbines, and soon, requires extra-

polation of existing techniques and, consequently,
somo uncortaintics result, Reactor physics maybae

- gomowhat different in larger, moruloouelycouplcd

cores with many . moro critical masses.

‘In"an effort to reduce tiic caplial costa, in p"lr~
ticular those of transmission of ele.ctrlcnl ennr;,_,{'
considerable pressure has been exerted to move’
reactors closer to centers of use, The costs of,
rural transmissfon iines themseclves rungebctwccn
$50,000 and $150,000 per mile, exclusive of right
of way, Near urban centers where large uantitics
of electrical power aro nooded, the right of way.{s
even more expensive and, In fact, in metropolitan
areas, high voltage cables must be located under-
ground Such procedures arevery expensive indeed
and rapidly raise the costs of clcctrlcity.LIt is
therefore clear that there are econemic incentives
to move reactors towards major centers of elec-
trical energy consumption,

By increasing the performance of a given core, -
-t is possible to improve the economics consider-
- ably. Almost every power reactor to date hasbeen

able to safely exceed its original design valuesand
its power has been gradually raised. Increased
core performance can be achleved by flattening the
neutron flux distribution and thereby rcducing the
hot-channel factors, (The considerations Involved
in improving core performance arerg,lscussed!;in
the chapter on The Reactor Core.){Pressures to

ncrease core performance tend to force reactor
designers to move closer to burnout conditionsand - .. -

to operate on narxower margins of safety asfar as
fuel is concerned, {Thus, the burnout correlation

and the validity of these correlations become very -

important indeed; the chapter on Heat Transfer
emphasizes these aspects, As the flux is flattened,
a larger and larger percentage of the coreis being
driven at or near the limiting thermal conditions,
Thus, if there s a transient, fuel melting is likely
to be more widespread than it wouldbein a reactor

with a less flat flux, T

As the safety margins are narrowed, it may bé

N necessary to devise improved in-core instrumenta-

tion or to develop new means of burnout indication,

'To date efforts in this area have been limited;

cleoarly, as performance has increascd, such efforts
begome more and more necessary,

‘Another means of prolonging core life s by in-
creasing the avallable reactivity. Since the total
shutdown reactivity available in control rods in a

- power reactor is limited, it 1s necessary to limit

the excess reactivity in such a way that the control
rods can-shut down the reactor in any concelvable
gituation, The only flexibility left is that which
exists in core burnup or shutdown margin, Thus,
the pressures to reduce the shutdown margin have
been very great and in some cases the shutdown
margin {s now as low as 0.5% or less, This means

that measurements of reactivity, reactlvity effects, .

control rod worths, coro lifctimao cffccts, and so

on, it bo wndo muoh move anvefully than (oe--
morly, At tho momont, the state oﬂ\u art in this

aroa {8 not us rood ag it should bo,
It should bo noted that tho incentivesto prolong
core life have also led to tho design of new typos

of reactors which can bo continuously fucledor re-.

fueled during operation on a partial basis, For

L
t
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ACCIDENTS AND DESTRUCTIVE TESTS 83 By, T.7. THOMAPSEHM 681
and maintenance are tollowed, mosiof the problems discussion of this accident, its causes, and its
_of a disassembly aftor an sccident will bo min- ' lessons, but lttle attentlon has been paid to the
{mized.® : humap_aspects of its Cauecs. There T8 a tendency
(2) Genoral Elcctric recommends high stand- to look only at what happened and to point out
ards of cleanliness and good housckeeping a5 - defictencies in the system without understanding
- they had great difflculty with decontaminnting why they happen, why certain decisions were made
ond sorting out tho .equipment that was neoed- as they were, Post-aceldent reviews should con-
lessly present, - i © gider the situation and the prossurcs on per-
(3) An ewmcrgency or alternatlve access to all * gomnel which exiasted before the acefdent, This
areas should be provided, © gection is presented to point out some of the factors
(4) In areas where a high radlation operation which were Involved in the decisions which were
could concelvably bo carriod out the crane should mado. (1t is hoped that others may take another
have all motions electrically powered and ghould =~ path whén they are faccd with the same deccisions
have provisfons for quick hookup of a remots or _ and the same pressures.) .
semiremotc operating cable, : The design and operations attitude which per- -
(5) Noninflammable bullding insulation should meated the project from its fnception appears to
be used. The use of water cooling rather than  have been more or less a direct result of the : e : o ;

oll cooling would also reduce tho fire hazard,  objectives set for the reactor, coupled with a R o o
. -1limited budget, a tight time_schedule, and o~ B

Emergency Plans _ stantly changing sets of personnel, The reactor - :
: '  was intonded Bs 'a prototype for the purposcs U
(1) This accident again points out the need '~ - of testing the operation and serving as a training . 1. R oo
: for clear emergency plans and adequate supplies,  center.” {54] The requirements eventually de- .} . T -
L The first access was limited partially because no veloped called for 200 kw of electrical power with . R
! one other than the threo operators kmew what | some expansion capacity and 400 kw of space ' e e
E the situation was and no records from instru- heat. Because of the remote location and dif- o L S
mentation existed and very few notes existed in ficulties of refueling, it was desired that the core N ~ o
the, log. No radlation dctectors with sufficient life bo several years, and 3 years’ equivalent b . |
: range were avallable at the site and no emergency was finally - fixed upon as the gdal, It was nec- P )
: supplies of health physics equipment, essary that the reactor be capable of being op- @ - D R
: “Each reactor should establish one or more erated by military personnel., | N '
: emergency depots remote from the reactor and The original plan was to use nondevelopmental . e
_ clearly accessible, Each should have high level materials and fuel designs, but the long core life . ’ : .
Tadiation deiectors in operative order, seli- - chosenand highertemperatures dictated the choice ; ‘
contained breathing units, respirators, special of X-8001 and a burnable polson., Pressures of .. -
olofhing, up-to-date drawings as might be Te-  schedule and developmental difficulticd prevented S
quired In_emergencies, and procedures for op- puﬁingmirectly in the fuel element plates, :
erations which might be necessary. — - and fnstead, side plates of partially clad boron- - : )
7(2) The lack of an adequate written gset of - aluminum were chosen as belng acceptable and pro- " :
operating instructlons and procedures scems to  viding more flexibility in selecting the final op= :
have played some part In the entire situation, erating loading. (It must be remembered that -
; Evidently, those available during the original nuclear calculations are often not too accurate '
{ startup and operation were deemed inadequate by on a new reactor concept, In fact, even rigidly’ P )
3 the Office of Army Reactors, and more adequate -~ specified duplicate cores on the same reactor may - FUR
: ones were never prepared during the ensuing~  vary as much as 0.014k in reactivity.) The flex- R,
: operations, It is'clear thatan adequate and up-to- foility was indeed used as discussed in reference’ P
i date- et of operating Instructions, a set of stand- (55]. No doubt-the cholce of the number and type I
ard procedures, and a set of check lists_is vital of control rods was basedon s{mplicityandmgged- . ' o .
to the safe and reliable operation of any device ness, The design clearly realized that there were e .
as complicated as a reactor, . . some reactivity problems connectedwith the central b L
) . " pod. This rod had a much longer follower whose R 1
General Concluding Note . . length appears to have been chosen to prevent a B

: . . serjous transient in the event the rod fell through
As has been pointed out In the Introductory the core and out the bottom. while the point -
chapter, most accidents involve design errors, cannot be easily checked and thus it {s pure con~
instrumentation errors, and operator or super- jecture, it is possible that means w_ex:_e_c_ongs_ide,red .
"yisor errors. The Si-1 accident 18 an object - to make the a'ssemblz—a*n‘a—a(sﬁgemmy “safer and -

T
r
i

) lesson in all of these, THerv ttas been much - rejecwwﬁqgg or, more . . ]
: \ S ’ . likely, time schedule. The immediacy of a schedule - - S
- delay or increased Co&ts often outwelighs thethreat K e

< R e . A
+{%1t 1s Intercsting to noto how strongly tha  of 8 vague and {mprobable possibility. Other

Sy Genoral Flectriogroup fooln regnrding thone polnta, dopign orroera woro presont and hnve been mon- :
tioned in the disoussion, Mont of thepo soosm L0
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< They were the ones who bore the brunt of the

: pleanup difficulties and it has clearly influenced point to choices dictated by the design objectives .

thelr point of view. For instance, they had to or made on the basis of cost and schedule lim=- PR

: , remove and bury 15,000 £t3 (420 m3) of gravel ftat{ons, ‘ . L
! used as vessel shielding and contaminated during Once the design cholces had been made, 1

}
’ . the accident, and the ‘reactor built and tested, other factors




- Operations Office,

ro doubt began to play a part. The Initial tests
secmed quite successful, giving everyone con-
siderable confidence in the reactor. The design
and startup groups, having completedthelr principal
tasks,
fk\ding time to prepare_ adequate reports and op-

Cu_m'ren. ‘"

erdting Instructions, 4
On relatively short notice, a new contractor

took over responsibility for the plant, Thetransfer -

of responsibility for devices as complicated and
individual as prototype recactors remains a dif-

St

8y

Tl JI

it would appear_that there was no one who was * |
totally cognizant of the Bifiatlon alid utthe same
time had the authorlty, responsibility andknowl- .
edge necessary to appreciate the problem and take !
movod on to other work, sometimes nat declslve action, It is clear, and many people have

later . sald so, that the reactor should have been

shut down pending resolution of the boron dif- "~

- flculties and the general deterforation of thecontrol

. fleult procedure at any stage, from; initlal design .

through to operation, It should only be done in
cases of absolute necessity. Then ft should be
carried out over an extcended period and in such a
way that it is absolutely certain that all pertinent
knowledge has also been transferred, It does not
appear to this author that three months s an
adequate period. Then too, the size of the staff
which now took the responsibility appears to have

been very small to carry out the many.tasks as-..

signed including becoming familiar with the re-

~actor, ‘preparing 'adequate operating instructlons, -

training military personnel, and planning and super-
vising tests, Whether this’was a budgetary cholce
or not {s not known, ‘

{It should also be pointed out that the Iines of

rod operation. In fact, no one did so or even
brought the malfunctions to the attention of any
responsible safety group, In the climate that ex-
isted before the accident, it i{s likely that if one
man had decided that the reactor should be shut
down for safety reasons, he would have been
ridiculed and would almost certainly have had an
-unfriendly response.since he would have had to
say some rather harsh things to accomplish hia
.purpose, .

. The type of organization selected and its funC-
tioning has 'a fundamental role to play in reactér

safety. The situation can be helped if four basic ..

rules are adhered to-as closely as possiblé:

- -(1) Insofar as possible, design, construction,

and operation should all be the responsibiiity .of
one organization In order to €nsure continulty

- and continued responsible judgmentof the situation:

responslbility for thls particular project were .

The Department of Defenge
réquested of the ALC that the reactor be bullt.
The design, test, and {nitial operation was tho
.responsibility of the Argonne National Laboratory,
Ploreer Service and Engineering Company was the
architect-engineer, and the Fegles Construction
Company carried out the construction. The over-
all coordinatifon and direction was the responsi-,
bility of the Programs Division of the AEC Chicago
- Later, the operation and In
particular the Combustion Engineoring part of the
operation fell under the jurisdiction of the Idaho
Operations Office of the AEC. The Division of
Reactor Development of the AEC and its Army
Reactors Office exercised over-all program re-

especlally confusing,

gponsibility, The AEC Idaho Operations Office and’

~{ta Milltary Reactors Dlivision, as well as the
Army Reactors Office in Washington, participated

. In decisions regarding the amount of supervision
In testifying before -

_to be used at the reactor,
the Joint Committee on Atomic Energy of Congress,
,C."A. Nelson, Chafrman of the General Manager’s
'Board of Investigation sald, ‘“The complexity of
the chain of command for the SL-1 may explain,
in part, the lack of effectiveness of the existing

_organization in communicating with higher levels

“of supervision regarding these substandard con-
ditions,”’ me same hearing,Commissioner R. E,
Wilson said,—~*The lines of responsibility within
“the AEC for health and safety, from the General
XManager down to the operators of the reactors,
wera not clear and definite in several respects

es they  should have been, nor were the levols |

"at which certaln safety and oporating docisions
should be made spellcd out,”’
While~there Were miany people~wid,~at Teast
in principle, had some safety responsibility for
varying periods of the reactor’s life, no one or
no single group exercised any continuous direct
-responsibility over all phases of its life, In fact,

{2) The organizational responsibilities in re-
gard to safety and all facets of operation should
be clearly and unambiguously Taid out. A line
organization should be used, not a committee, :

(3) Safety reviews should be made by a com=
petent group outside of the operating organizatioh

on a regular basis. The safety organization should -

be such that these reviews are not rcpeated by

..competing safety groups so as to unduly harasd

the operating group and thereby reduce safety.
(4) The ultimate responsibility for reactor
safety should rest and must always be allowed to
rest on the immediate supervisory organization
at the reactor, In the final analysis, the reactor
shift supervisor and, In turn, the operator at the
reactor console should have the authority to shut

down the reactor if either believes it to be unsafe,

312 The, SPERT-I Destructive Series [64?§9_1 F
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General, During the summer and fall of 1965/

“a ‘series of self~-limiting power excursion test

7

~ special fuel elements,

were carried out at SPERT-I utilizing an’ 0,020
in, (0.51 mm) thick U-Al alloy plate-type element,
olad with 0,020 fn, of aluminum, There were 25
elements {n a 5 X5 array in the core, There were
one central transient rod and four other safety
rods,- each located in a separate quadrant., The

double plate-type control rods operated in slots {n
The water gaps between °

plates in the core were- 0,179 -in, (4.55 mm)
This facility and core and the SPERT tests asa

wholé followeéd a logical development from BORAX~ e

I tests described in Sec. 3.4, )

A serles of 54 tests wero carried out using
5 core loadings, some of tho lator onos mado
up In part hom undamagod fuel plates salvaged
from earlier ones, The results for Cores II to
V are summarized in Table 3-10 {65]. The tests

showed plate buckling at periods of the order of -

6 to 9 msec and a ripple pattern which would
have led to heat transfer difficulties if the ele-
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Table 6-1,

Causes of Accidents

Causc

Location (Date) Facility or Experiment

1. Personnel working in critical area
(all fatalities)

2. Permonnel working wllh non-aafe
fluid geometry

N L]
3. Loss of coolant

4. Loss of flow

method causes accident

‘6. Reactivity inserted too fast —
gource and startup

7. Positive feedback effcets, an
important factor

8. Instruments caused accideat

"9, Instruments off

10. Power decrease indicated, control
rods withdrawn

11. Flat slab geometries or two units

: approaching

12. Experiment not well planned,
parta performed unexpectedly

13. Mis-cstimates of effects of
rcnchvxty

14. Control rods withdrawn manuu“y

FLASL (1 Feb. 'SY) critical;

LASL (21 Avg. '45, 21 May "46) Pu sphere; Vinca, Yugoslavia (15 Oct. '58) D30 eritical;
LASL (30 Dec. '58) Pu soln.; NRTS (3 Jon. '61) SL-1; UNC (24 July '64) U soln. -
ORNL (16 Nov. "58) 55-gal. drum; LASL (30 Dee. *58) Pu aoln.; NRTS (16 Oct. '59, .
25 Jun. '61) fuel rcprocess; Hanford (7 April '62) Pu soln; UNC (24 July '64) U soln.
Canada (12 Dec. '52) NRX; lanford (4 Jan. '55) KW Reactor; Canadn (July—Aug. *55) "
NRX; Canada (23 May *58) NRU; Santa Susana, California (13 July *59) SRE; Waltz
Mill, Pa. (3 April '60) WIR

ONNL (1948) X-10; NRTS (Junc '54) MTR; Hnnford (4 Jan. *55) KW Reactor; Saclay,
France (26 Nov. *57) FL-2; Saclay, France (13 April '58) EL-3; Saclay, France (12 Feb.
'59) EL-2; NRTS (12 Dee. '61) ETR; NR'TS (13 Nev. '62) MTR

ORNL (1 Feb. '56) critical; LASL (3 July "56) Honeycomb;
Vinca, Yugoslavia (15 Oct. *58) D;0 critical ' )

fianford (16 Nov. "51) critical Pu soln.; LASL (3 Feb. *54) Godiva; Hanford (3 Oct. '54)
production; Hanford (6 Jan. "55) production; LASL (3 July '56) Honeycomb

Canada (12Dee. "52) NRX; Hanford(4 Oct. 54, 4 Jan. '55) production; Canada (July, Aug. '55)

NRX; NRTS (29 Nov. *55) EBR-1; United Kingdom (9 Oct. '57) Windacale No. 1; Santa
Susana, Calif. {13 July '59) SRE

NRTS (18 Nov. '58) HTRE-3

LASL (Dec. "49) Water Boiler; Vinca, Yugoslavia (15 Oct. *58) D70 critical; Saclay,

France (15 March '60) Alizé; NRTS (3 Jan. "61) SL-1

Hanford (3 Oct. 'S4) production; NRTS (18 Nov. "58) HTRE-3; Waltz Mill, Pa. (3 April
'60) WTR.

LASL (21 May "46) Pu hemispheres; LASL (1 Feb. '$1) crit. eylinders; LASL (3 Feb.
'54) Godiva; ORNL (1 Feb. '56) U23502F2 soln.; LASL (3 July "56) "oneycomb LASL
(30 Dec. *58) Pu soln.; ORNL (10 Nov. '61) critical

LASL (4 June '45) hand-stacked erit.; LASL (18 April *52) Jemima; ORNL (26 May *54)
homog. crit.; NRTS (29 Nov. 55) EBR-1; LASL(12 Feb. '57) Godiva; UCRL (26 March

1763} Kukla .
LASL (11 Feb. *45) Dragon; LASL (18 Apnl '52) Jemima; NRTS (22 July *54) BORAX-1; -

NRTS (29 Nov. '55) EBR-1; NRTS (5 Nov. '62) SPERT-1
LASL (Dec. '49) Water Boiler; ANL (2 June '52) ZPR- l Canada (12 Dec. '52) NRX;

NRTS (3 Jan '61) SL-1 .

4 or by abnormal means

®In NRX and FTR incidents, boiling caused loss of coolant end fuel melting. The SRE incident could also be categorized as a loss of

fiow accident.

of its useful life and was no longer believed to
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.reactivity. changes. |
-occur while fission heat is already beinggenerated

primary cooling system unless subsequent over-
pressure ruptures it,

In most reactors the accidents withthe greatest
potential for serious effects are those involving
This type of accident can

in the fuel, or such heat may be generated because
of the reactivity accident, This type of accident
has the potential of utilizing all the forms of
available energy to assist {n dispersing the fission
product burden of the core through the various
containment barriers.
activily changes do not have the advantage of

bexrz-ihwwg_aracter. .
: To date nine cores hive been destroyed or se- .
Of these only two (BDORAX~I and

HPEITS Deatruotive "Peal) cun heandd o have boen

riourly damaged,

destroyed on purpose as a part ofatest, T'hree re-

- actora have been put out of action by accidents and

never revived., Two of these, Windscale No, 1 and
the SL-1, were deemed beyond reasonable repair.
The third, Clementine, bad really reached the end

Accidents involving re-~ .
Ceider

be a competitive research tool, It was dismantled

and replaced by another higher flux research '

reactor—the OWR, These nine cases of core de-

- struction all represent .economic. accldentg of a
serious nature involving radioactivity cleanup, down

time, and rebuilding.

To date no accident has seriously involved the
health and safety of the general public, The
accident which came closest to doing this was the
Windscale accident, which contaminated an area
of about 200 square miles (52,000 hectares)around
the reactor with a temporary low concentration

" of radioactive- fall-out affecting the local milk

supply. It cannot be said to have affected seriously
thic health and anfety of the general public,

Feom the nuolenr viewpoint and frem the vont rol
vivwpolnt ovitical assombly and power reactor ac~

cidents have many similarities, Therefore, while -

recognizing that there are important differences,
both of these types will be considered together in

order %o provide a larger number of accident---
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January 3, 1961, after a 10-day holiday shutdown,
Enough others can be cited to Indicate that judg-
ment and alertness may be affected adversely
on late shifts or on shifis whore morale is likely
to bo low or where attention is wandering because
of holldays or other reasons,

To datc_no scrlous accfdent has happened to

all accidents have happened during startup orunder
special test conditions, In part, this may account
for the large number of accidents just after
holidays, since many reactors restart at suchtimes,

any reactor which was opcrating at its norma .
operating conditions at.its rated power, Almosj

6.2 Conclusions and Recommendations (See also
those at the end of subsections on spcciﬁc

accidents, )}*

{1) The single central goal of reactor safety
is to prevent the relecasc of fisslon products to
. the environment,
. {2) Every reactor dosigner should strzvo to
; create a reactor system which is safe in spito
* of human errors, malice, or {ngenuity, This im-

- plies that the system be designed as nearly fail -

safe a&s possible and that the core itself contain

adequate inherent shutdown mechanisms such as
voids, Doppler effect etc.

(3) All materials and components selected for

use in reactor systems should have adequate

- safety margins on such parameters as tensile

strength at operating temperatures, corrosion

rates, compatibility, etc. No_ material used in
any part important to the safct)_r 76f the system
should beused without a prior or conéurrent and

,adequ'—\te ‘testing program, In"casés where such
environmenial tests—are not deemed neccssary,
inspections at intervals frequent enough to ensure
the infegritj of the part should be carried out

éle and” cdn.,tructxon.
Steps mus"tbﬁe taien to be sure that the plant is
built as designed and that all components continue
to perform in accordance with thedesign ob;ectxves
and specifications.

{ {4) Great care should be taken to utilize ma-
steriais and fluids which are compatible from the

"ehemical, corrosion, and structural viewpoiats,
Required materials which arenot compatible should
be separated by appropriate barriers. '

(5) Accidents usually occur because ofmultiple
and_often apparently unrelated cayses, [t 1S not
enough to place reliance on one simple safety
barrier or procedure,

(6) Procedural control is at best a poor sub-
stitute for design ingenuity in setting up the first
line of defense, That is to say, procedural controls
should not be relied upon as the only, or even
primary, safety barriersghenever possibleinter-
locks and positive mechanlcal barriors should bo

*The conclusions stated aro thosoe of the author
of this chapter and do not necessarily represent
those of the authors of the chapters on the various
toplcs, :

..%____/‘
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designed into the system to prevent unsafe nctlons.]
When such a system has been designed, procedural |
controls should then take over to .ensure thatl the
system {8 used and maintained correctly, In this
sense, procedural controls also play a vital role,
There is, of course, a point beyond which Inter-
locks and barriers becomo so burdensome as to
tempt operator ingenuity to violate them, Thisalso -
has happened and should be avolded,

(7) Any solid configuration of fuel, absorber,
or moderator should be so suhdivided that the
accidental or planncd movement of any singleplece
will not cause an unacceptably large mcrease
in reactivity. L

(8) All possible mechamcal movements and
configurations in the core:in both normal and
conceivable abnormal conditions must be con-
sidered to sce whether they are potential sources |
of large positive reactivity effects. In particular
such movements should not increase the reactivity
in an uncontrolled or rapid manner. The plannecd

+.o-movement of any components wlthin the core

should be carried out so that only small portions
of the core materials with safe incremental worths -
can be moved at one time and then only ina
controlled manner,

(9) Those components of the system which
conirol or strongly influcnce the insertion of
reactivity into the system or the removal of
rcactivity from the system deserve particular
attention in design, construction, and operation,
The close coordination and mutual understanding
of the reactor physicist, the metallurgist, and -
the mechanical designer areessential, Thenuclear
consequences of any normal reactor operation or
any abnormality should be such as to be easily
controllable by the available control systems, '

10) 1t should be impossible to withdraw by
hand or other means in an unpremeditated manner
control rods, the withdrawal of which could lead
to criticality. This can be preventedby appropriate
mechanical interlocks or by other design methods,

(11) In the United States it has becomecommon
practice to provide a shutdown margin sufficient
to allow for the fallure of a single control rod..
This ‘‘Stuck-Rod Criterion” may be stated that
it should be impossible for a reactor to be made .
critical In its most disadvantageous situation with . -

“only a single rod fully withdrawn. Consequently, it

should always be possible to shut down a reactor

_with one rod stuck in its outermost position. If

it {8 possible that rods or mechanisms might inter=-
act so that several could be stuck in the out

‘position, the number of rods used in the Criterion

should be increased accordingly.
(12) In Canada, Great Britain, andto some extent

" in the United States a ‘‘cocked-rod’ rule is used.

A control rod or rods should be cocked inthe
out position during all core changing operations
ready to drop into the core in the event that a
nuclear transient should result fromany operation,
In particular, tho reactivity worth of tho cocked
rodu nhould bo grentor thanany conaelvablo nmaount

sol veactivity rosulting [rom an ncofdont durlng the

planned operation, In some reactors such a rule
is not possible and special care must be exercised
during such operations as loading to ensure that

the core is well below oritical, »(If the reactor-

RN _....4.._....-.__.,......_.....__..A_.b..,_.._.,_. :

s e e




i

RS e e e e e i e e et ._. USRS ST e
- - i R HE e
- ol . oo o R .
EEN oo . ' R i R BT ML;i»w

‘uuiae to significanu data contained in

S ool

AEC AUTHORIZING L:fSISLAYION-PISCAL YEAR 1968, Part 2%
{numbers which follow subject-heading indicate page numbers of this report)

Poor "gquality" assurance; defects encountered in ArGC reactor components.
Papcss 7u1 78l 766, 1291-1292, 1297

Inaulficient engineering standards; general rather than epecific criterlias
“Pages: (L4, 151, 158, 1290, 1296, 1298

Instructions related to safety are not always written or rollowed: P.. 743

i

Unsolved 'lechnlicsl and Safety Problems. o
(Heactors are being dbullt which require extrapolations on vhich
technical data is not yet available, even thougﬁ "major problems"
are expected) ]
Pages: 698, 882, 883, 1407, 1418 ' P ’ .Q;;

Recent safety warnings: (From Advisory Committee on Reactor Safeguards)
Pages: 1327 to 1330

,‘Nuclear reactor safety research is incomplete: (though large ‘reactors are }Q

being built, and about to operate, without the advantage of the -
results of this research) .
Pagess 902-903, 906, 1377 to 1382, lhO?

Much that is known is not being apolied; atbtitude of trying to “"get by"

when nroblems develop, witnout correcting the deficlency: et

Pages: (42, 143, TTo, 786 . . S T~

Severe Personnel Recrultment Problemss: AEC and nuclear industrx
Pages: 097, 769, 913 . . -

High-level radiosctive wastes: Peges 855 to 858

Waste-tenk failures have reduced storage space to “critical" status: P}9357§

!

inedecuate industry expendltures for safety: Pages: 75&-755 ' .i : :~i

Reactor manufacturers balk at strict safety requirementss:P. 763, 768 1297 8;:

Fue& used by nuclear power plants inferior to ‘naval fuels Page 769

Choice of materials related to safety is up to resctor manufacturers: . -
{(Inferior maverials can sffect safety but may be preferred .

because they are cheape€r) ,.0 does not inspect velves, ete. after N
_Pages: 709, T173 febrication: fages (02 T

AEC will not force tested materlals on nuclear industry: Pages 770 771

Self-regulation of nuclesr industry (with regard to: some 1nspectiohs) 'V;~f
Pegpes: 186, 187, 188 ;

AEC deniel of full responsibility for public health end safety. '
Conflicting statements, Page: 1287 1288 -

- Hearings before Joint Committee on Atomic nnergy, March lh, 15, . 1967

Part 2, rrice: $2.75 For sale by Supt. of Documents, U.S. Govt, Printing
- uffice, Washincton. D.C. 20L02 !



"Cuide to siqnlficant dana contained in

.- fage: 768 o , R

~"Melting" can occur in less than a second: Pages: 1397 to.1399

. Uncertsin nuclear plesnt economics:
Operating History of Nuclear Power Keactors (through Dec.3l, 1966)- , ;

| Updating of ArC 1966 Report to Congress: (Appendix 6) .

- Civilian Ducleur Electric Power Plants as of March 15 19§1' Pagp:,675
"Nuclear Reactors built, being builtJ or Planned in the U S.s Page 993 998

AEC AUTHORLLING LaISLALION-FISCAL YraR 1968 Part o% Page 2

Dependence on indlvidusl worker's ability for reactor safety;
inability to get same degree of managenent attention (because of
numerous nuclear plants now being buillt) as before:

I S
Inability to "place" responsibility: - S L E.‘" v ;'-é
'_P..g—g_e.ﬁ.: ?57’788 . L ' H Lo :

Enrico Fermi meltdown accident, October 5, 19063 Pages: 778?779

Numerous technical-safety oroblems at bonus reactor in Puerto Rico: o
Pagess: 922, 923 ‘ _ ! B s s

Bxplanation of barriers to fiésion-oroduct escapos Page 1361

How gccidents can leed to escape of radioactivity to environment: - - 1
Pages: 1365, 1368, 1369, ' R

Page H 7)45: 171

Pages: 1017-1073 (only shutdowns of five days or more are shown) BEESEE

Pagess 1074-1075 L
Peach Bottom resctor shut-down three dsys after it started delivering i
i

electricity to the Phniladelphia blectric ®ystem: Page 1074)

ArC Report on Civilien MNuclesar Power Program as of 3- 31 67s Pages 1338 1339

AEC Budget for Fiscal Year 1968, Appendix 1: Pages 927-949 ' §_ .:-:{”

"Reactor Development Program.--Operating costs for the reactor
development program ere estimated at $492.3 million in 1968
compared with 1967 estimsted costs of ¢L467.7 million and :
1966 actual costs of 428.6 million." (Page 930) : - E'

o =i s e a e

Admiral H., G. Rickover's advice to prosvective ourchasers of central
statlion nuclear oower plsnts: Pages: 1493-149 -

How many utilities have even heard of this advice? :
How many follow Admiral Rickover's recommendations on safety assurancei

How well protected is the public in view of these admlissions made .
. part of the record of hearings held March 1ll, 15, 1967 -- to - N -
poor workmanshilp, defective, inferlor meterials; inadequate inspections, .
unsolved technical and ‘safety problems, lack of .specific enﬁineering
standards and criteria, conflicting data on responsibility ’ etc.; . :



