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FOREWORD

On January 3, 1961, an accident, fatal to three persons, occurred
at the SL-1 rcactor, National Reactor Testing Station in Idaho. This
was the first fatal power reactor accident in the United States. -

The day following the accident, a special board was convened by
the General Manager of the Atomic Energy Commission to investigate
and report on the accident. This print contains the report of that
board and related correspondence. .

The Joint Committee has prepared this document. as a preprint for
the forthcoming hearings on '‘Radiation Safety and Regulation' to
be held by the committee between June 12—-15, 1961. The committee
has withheld a hearing on this accident until the Commission had an
opportunity to fully investigate and make its report.

1 It is my bope that in the course of these hearings, now almost 6
months removed from the date of the incident, the committee may be
able to objectively evaluate all the information gathered in the interim
and extract those lessons which may be learned from this unfortunate
occurrence so that similar tragedy may be avoided in the future.
Crer HowLiFIELD,
' Chawrman, Joint Commaitiee on Atomic Energy.

fo. IIX 0




- ""f e e B L B

LETTER OF TRANSMITTAL

U.S. Aronmic EnErcY COMMISSION,
Washangton, D.C., June §, 1961.
Hon. Cuer HoLIirIiELD,
Chairman, Joint Commattee on Atomic Energy,
Congress of the United States.

Dear Mr. HovutrieLp: I am submitting herewith the SL—1 Investi-
gation Board’s report, copies of which were provided to the Joint
Committee staff a few days ago on an informal basis. We had planned
to release this report in conjunction with a statement by the Com-
mission on the SL~1 incident. However, the latter document is not

et in final form and in view of your preparations for the forthcoming
rearings on “Radiation Safety and Regulation,” the Commission
believes it will be useful for you to have the Board’s report in advance
of the Commission’s statement. I amn also enclosing a copy of a
nemorandum to me from Mr. Curtis Nelson, Chairman of the Investi-
gation Board, in which he makes some additional conmients regarding
possible causes of and responsibility for the incident.

The Investigation Board report represents the judgment of the
Board. The Conunission’s statcment reflecting its own views
regarding the circumstances surrounding the SL-1 incident will be
available by the time your hearings begin on June 12.

Sincerely yours,
A. R. LUEDECKE,

General Manager.

May 10, 1961.
To: A. R. Luedecke, General Manager.
From: Curtis A. Nelson, Cliairman, SL—-1 Board of Investigation.
Subject: Report of the Board of Investigation.

We are transmitting the enclosed report of the Board, based on
information received through May 1, 1961. It appears appropriate
to report at this time, in that further significant information must
come from the reactor itself and will be received only after the difficult
disassembly operation.

We wish to respond to your desires for prompt and complete infor-
mation concerning the SL-1 incident within the limitations of present
knowledge. We cannot say, however, with any certainty, what
initiated the SL-1 explosion, and it is possible that we may never
know. It is also possible, although it seems unlikely, that there will
be discovered evidence of a cause not yet considered.

Although we cannot assign the cause or the responsibility for the
explosion to any known or unknown act or condition preceding the
incident, it is the judgment of the Board that, before the incident
occurred, the condition of the reactor core and the reactor control
system had deteriorated to such an extent that a prudent operator
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would not have allowed operation of the reactor to continue without

a thorough analysis and review, and subsequent appropriate correc-
tive action, with respect Lo the possible consequences or hazards
resulting from the known deficicncies. We believe that such 1'e‘vicw
and action should have resulted in niodifications to desien adminis-
tration, and operation sufficient to insure that there was no potential
hazard greater than couteniplated in the original hazards report and
review, before reactor operation was resumed. : ‘

The rest of our present discussion is in the light of this judgment.

1. Cause of the incident

We do not rule out the possibility of o nonnucl i
sequently caused a nuclear cxcursio}n although xfoe::'ifl‘(;?\lét(‘: ‘t‘glgclil S:tr)é
such a hypothesis has been discovered. Postulation that a mfcrl)e r
excursion mitiated the explosion appears more credible and it is ngt.
ticonsistent with the available evidence. The postuiut.ion of an
tolt,!xcr rlnecl_mmsm, mcludinF hydrogen explosion, sabotage, or o.ny)-’
t;()llﬁﬁ\?csil :\s“not suplplc.)rlted Dy any kuo\\f'n evidence, and would appear
i any cvccnt,. an unhkely coincidence with the operation i progress,

In relating the condition of the reactor to the cause of the incident
& mmjor consideration is that a nuclear excursion of the ningnitude
mdicated could not have occurred without a change in renct.ié:rit,v of
about 1 or 2 percent, at a rate of 2 to 4 percent per second after hav.
ing achieved delayed criticality Even if the shutdown margin of
llencmvuy had been zero, at the time the incident occurred, it nppears
that such n clinnge of reactivity could have occurred only ns the re.
salt of sotire ubrupt structural failure in the reactor, or by an unusual
movesnent of the central control rod. It seeins extrenely improbubixe
that the required motion of the central control rod (v distance greater
lt,lmn approxinintely 20 inches, and at rate close to the rﬁa%imum
rmanly possible, under the circumstances) could have occurred nc-
r?fd'ent,ly, unless the rod had been stuck in the shroud nud became free
\V\lu!c olnc or more operators were excrting a lnrge upward force on it
Vhile there is uo direct evidence that this occurred. the necessary
(s:iobl}(htt,llons :ulxd actions appear, ut the present time, to be less ir;lpllll;-
Sug;es(.:zir.] those required for any other hypothesis that has been

To u lurge extent the phusibility of the sugges i
pends upon the extent to which t,hex?; is cvidencigoft:tfilcl]{li};lpgoglfleci)lit.cxl'gi
rods, particulurly the central rod, within the shrouds. We note thut
there were u large number of occasions on which control blades did
not move freely either in or out. We have henrd testintony that the
central rod naver gave trouble (although there is nt least one recorded
fcusc, shortly before the incident, when the central rod did not full
reely when called upon to scram).  We also have heard testimony
predominantly to the effect that sticking of control rods was due to
111_nlfunct,19n of the senls. A chief operator, with o mechanics speci-
glllt._v, testified that he believed that clearnnces in the shroudphud
v(i(tf;eased—cuusmg sticking of the blades in the shrouds (his obser-
dix lons \vlcre backed up primarily by the experience he had with the

ummy aluminuin control rod that was inserted successfully in shroud

No. i
blgd:).only after several inches had been cut off the bottomn of the
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Whether or not the imcident was initinted by an operator trying to
withdrow the central rod, while stuck in the shroud, the hypothesis is
uscful in discussing the relationships among tlie various factors which
could have, but may not have, contributed to the accident.

(a) [LLeactivity gain from loss of boron.—As indicnted nbove, u large
hicrense in renctivity nbove delayed criticality, in u short time, would
have been required to produce the indicated nuclear incident. If
there had been a larger shutdown margin of reactivity (less mechuanical
loss of boron), the total distance through which the centrnl control rod
would have had to be tnoved would be correspondingly greater. It is
conceivable that the actunl rod displacement would have been inade-
quate in magnitude or rate to produce the excursion, under these
conditions.

(b) Sticking of control rods.—The emphasis in the testimony of diffi-
culty with rod sticking only because of seal difficulties would seem to
argue that rod sticking wuas unrelated to the hypothesis under discus-
sion. It is not unlikely, however, that if the rods were beginning to
stick in the shrouds immediately before the shutdown on December 23,
1960, the fact that sticking becnuse of seal difficulties was an old and
fumilinr problem might have been responsible for failure to recognize
this lnter development or to bring it to the attention of higher
supervision.

(c) Bowtng of boron strips.—It was well known that the boron strips
bowed excessively between tack welds along the outside surfaces of the
fuel elements. It was also well known that it was extremely difficult
to remove, manually, the central fuel elements. It appears not un-
likely that the bowing of the strips caused lateral pressure to be
exerted on the fuel elements, and consequently especially where full
and half strips were both present, tliere may have been lateral pres-
sure on the shrouds, which decreased the clearance between the
control rod aund the inner walls of the shroud. :

(d) Destgn and procedure.—The hypotliesized incident could not
have occurred if the amount of withdrawal of the rate of withdrawal
of the central control rod had been positively limited by mechanical
restraint or by operational procedure.

(e) Administrative controls and technical review independent of the
operational organization.—The following observations are made,
agnin in relation to the hypothesized incident, as factors which could
have contributed to the incident:

(1) Routine technical audit, by persons independent of the
operating organization, of routine operations might have led to
a more conservative course of action, with detailed knowledge of
the nature, extent, and possible implications of the several known
deficiencies.

(2) A specific procedure for the actual operation of assembly
and disassembly of the comntrol rod drives, containing clear
warning and explanation of the possible hazard associated with
lifting the rod (rather than only the mechanical steps contained
in the training procedure), might have reduced the magnitude or
rate of displacement of the central rod during reassembly suffi-
ciently to prevent the occurrence of the incident.

(3) If manipulation of the control rods, during assembly and
dissenibly, with the reactor-shutdown, had not been considered
a routine job, even though it involved a substantial movement
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v respect to the core isi
nlnght. have been present n.nd,pconceivubl_ ) coilﬁidgi(iesyr?f?;:;lsézg
Lm4course of events in such a way as to prevent the incident
" ( )d'IlfI nuclear 1nst.rument,at,ion' were left on at all times and
11_ :lm ible response was present in the reactor room duriné the
xrou(\(,t,rxtw:/{:iic::xliib;;ol\g 1rslconlceu'm,blel thut indications of increasing

vnrt e Power level might have been recognized in time t
prevent the incident i . itude of
the displacement of t,’hg}::elllxlt?rlz{'ﬁi)ocil. S s i BN uce

L;:\"' -

abnormal response, thereby pr ing 1 1
event i
me(r(;; gjt:lt,he central cont.rol};og. "8 wnappropriste displace:
“lie formal recomnmendation of g r
] G _ eport on the loss of b
tt:gmt}l the reactor core, after intensive review of the problem O\I‘;?Lrs]
Iucl%ﬁzgg?xhtcs g“plrivxouslty established inspection routine of the
¢ ¢ o continue to operate the reactor. It is -
,c:évgoblcdt,;gn.t continued inspection of the fuel elements could lf:\rr]e
s additional knowledge which would have affected the deci-
gt oucont.mue to operate, and if the report had recommended
o rT}?é' (:pcy&_bxon, t.ge %cindent. would have been prevented
. raming and ability of the operating o ization
appears not to have been entirelv ad R v
ar Y adequate, since subst,
conditions were allowed to develop in the reactor and it;t:nciiourlr-lc-I

The complexity of th i

l]ill 8.1;;1(1) , r:rlr l{}}x;,]ritgatils lu‘cji?:f:l%?fgﬁ&ifé;gg%n onfngl:oerxiglé?pglg;glurr?igibg{l;
tt:ﬁf)sreczsl.lclhl?: t,‘:;i:;lilll;n i tc':é)(;ldii[figngs::.l? :rv %xsm?lt;ﬂzl,lptflgvrlzllznofrgﬁgrgllirllig
z:'ol;i‘}gducilgqgggill{il&;uié::gl rtég:(fgarlt%r;:l tt,lllll: ?(l)(tlr;:ﬁ(lansgilx?: téil:lii(zazdir:-,
S Py e iy oo

. ) : ) a reactor i
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contractor’s personnel) that circumstances de%{;{g;z)zgor\lvlggrl:

2. Responsibility for the incident

Knowledge of all of the f i
Ul o actors listed above exist ithi
giqntt‘i;'nct.qr'ls orgamzation and within the o erating ‘;lrrr(xadofwt.l}tl’glzﬁge
respoxexs?l.;iqit?)s'lgzr:ngggli)rrisl {Lts 111 result of the hypothesized incident.
' _ e hmuted to any one person or group of per '
Of’It"llllg 1fr(1)1;2geéli1rz:éecficspon_slblllt.y forl the SL-1 incident.fzst,ili)icr)l tll)l(z??grixst.,
scussion, was that of the contractor, in t]
contractor was on-site and had immed;j ibility for all rveun
( L ate responsibility for all
?l%(:;utlons. (We ggecxﬁcally_qbsolve the milita cy;xdr; nsregl(l:g}olr
any responsibility. Individuals of the cadrer}Zud resp'ousibilit.y’
5 b 4

(-

ot weeln B TTE ] TRemabdITT A sl
within the limited role played by the cadre, insofar aus they acted
functionally as a part of the contractor’s organization. Tlere is no
cvidence, however, to show whether actions by individuals of the
cadre were or were not related to the cause of the incident.)

Responsibility for the performance of the contractor is thnt of the
contracting officer (and his organization) who ndminister the con-
tract, i.e., the AEC Idaho Operations Office Manager and his staff.
To the extent that the performance of the contractor was a factor
contributing to the incident, the Operations Office Manager shares -
responsibility for the incident. Responsibility for appraising the per-
formance of the contractor is assigned to the Operations Office by
manual clhiapter 0701, and further delegated within the Operations
Office by local issuances.

Responsibility for appraisal of the performance of the Idaho Oper-
ations Office, including functions assigned related to reactor safety,
is that of the Division of Reactor Development. To tlie extent that
the performance of the Operations Office may have been a factor
contributing to the iucident, the Director, Division of Reactor De-
velopment, shares responsibility for the incident.

Responsibility for ascertaining whether approprinte appraisals are
being made by the headquarters divisions and operations offices is
nssigiied to the Division of Inspection.

The Assistant General Manager for Research und Industrial De-
velopment is responsible for the performance of the operating divisions
reporting to him, and finally the General Manager is responsible for
the performance of the staff. (After the initial design review, the
Licensing and Regulation Division and the Advisory Committee on
Reucbor%nfcgunr s had no further assigned respousibility for review
of this reactor. Under manual chapter 8401, the Operations Office
did have n responsibility to get review from the Division of Licensing
and Regulation if any significant change in design or operation took
place. Tle operations office, in the latter half of 1960, did turn down
o proposul to raise the operating power level from 3 MWT to 8.5
MWT on the basis that the increased power level would present an
unacceptable hazard, in terms of radiation levels during routine oper-
ation. but did nccept n proposal to operate at power levels up to 4.7
MWT, in that such operation did 1ot constitute a significant change.)

There nppears to have been some lnck of clear definition of assign-
ments, within the AEC, of responsibiity for insuring continuing
reactor safety appraisals and inspections, for insuring appropriate
promulgation of written standards and policies, for providing adequate
technical capabilities and for determining the requirements, includin
the most simple and direct organizational lines, for both routine an
nonroutine communications. It is conceivable that clearer definition
of these aspects of AEC staff responsibilities niight also have prevented

the SL~1 incident.
3. Corrective action to minimize or preclude similar incidents

The Board is convinced that there were a number of deficiencies
related to the SL-1 reactor, which may or may not have had any
relation to the direct cause of the incident, but correction of any one of
which might actually have prevented its occurrence. e have
discussed these in our report and in this transmittal letter. The
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deficiencies or the measures taken to correct them may be classified
as items of —

(@) Design, test, and operation.

(b) Organization, training, and administration.

(c) Procedures, policies, and standards.

We believe it would be inappropriate for the Board to make specific
recommendations for AEC action on any of these individual items.
Rather, we would suggest that appropriate action be planned by the
stafl of the General Manager and the staff of the Acting Director of
Regulation to develop proposals for specific measures related to
specific areas of the classifications listed.

The Board wishes to comment also on actions occurring after tlie
SL-1 incident. We believe, first, that the performance of the con-
tractor’s organization during the nitial recovery phase of operations
was exemplary.

Second, we suggest that performance of the Board of Investigation,
itself, might have been improved had its organization and assignment
been specifically preestablished and descriged by appropriate AEC
procedure.

Third, we suggest that the effectiveness of the Operations Office
in conducting recovery and investigatory operations may have been
impaired by the early presence of so muony outside personnel. It is
noted that within 24 lours of the incident there were present an
AEC Conmnissioner, the General Manager, the Director of the Oper-
ating Division und several other members of the Division, the Bourd
of Invesfigation and its consultants and advisers, representatives
f{lom several otlier AEC sites and several other Federal agencies, and
the press.

Fourth, we suggest that the recovery operation and the investign-
tory uctions migit hiave been more cffective, and more expeditiously
carried out had the entergency planning been more extensive. As ex-
amples of what might have been improvements, we list the following:

(a) Approprinte choice and placement of suitablerincident moni-
tors (in addition to the one present) night have clearly indicated very
soon after the incident the nature and extent of the incident.

(b) Clearly nssigned, and continuing responsibilities of o ‘disnster
team’’ might have improved the execution of enrly attempts to obtain
significant duta concerning short-lived activities of various samples.

. We mention these examples not to criticize actions at SL~1, but to
indicate the value of preplunning in understanding and coping with a
similar incident in the future.

assa
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1. SUMMARY

A. RNature of Report

This report by the Board of Investigation i1s in response to
the request of the General Manager of the Atomic Energy Commission
to report on the SL-1 reactor incident. At the time of this writing
(May, 1961), there still remains substantial doubt concerniné the
initiating event causing the explosion within the reattor pressure
vessel. The Board, therefore, feels constrained to restrict its
observations concerning cause and responsibility to observable or
demonstrable situations and events.

With this redervation, we present our findings at this
time.

. This report summarizes the current information before

the Board pertaining to the circumstances surrounding the explosion
on January 3, 1961, within the reactor vessel of the SL-1 (ALPR)
reactor plant. Prior to the incident, there appear to have been

a continuing deterioration of the burmable poison strips within

the core and a worsening of the scram performance of the control
rod system, neither of which circumstances necessarily was directly
related to the incident. The evidence strongly indicates a nuclear
incident of 50 megawatt-seconds, or more, which could credibly have
been induced by rapid and extensive motion of the central control
rod. There is no evidence to show that the actions of the opera-
tors on duty were in any way different than those prescribed and

which had been carried out without incident many times before.
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2. INTRODUCTION
—_ U

A. Constitution of the Board

The General Manager, Mr. A. R. Luedecke, appointed a Board

of Investigation on January 4, 1961, to investigate and report on

the SL-1 reactor idcident which occurred on January 3, 1961, at

the National Reactor Testing Station (NRTS) in Idaho. Y

The Board first met during the evening of January 4, 1961,

and has continued to perform its functions since that time. Tts

Principal method of gathering information has been through the

testimony of witnesses who appeared before the Board. g/ The

Idaho Operations Office, AEC, through its own staff, its Technical

Advisory Committee, and itg operating contzactor, Combustion

Engineering, Inc., has been the brime source of information and

assistance to the Board. —/ The Board received additional technical

advice and assistance from 8everal observers who attended some of
the sessions during which witnesses were interviewed. —/

B. The SL-1 Reactor
=2¢ SL-1 Reactor

The reactor is a direct—cycle, boiling water reactor

designed to operate at 3 Mwt gress capacity. The electric power

and process heat vere dumped to the atmosphere through load banks

and heat exchangers, Tespectively. The reactor is fueled with

enriched uranium plates clad in aluminum, moderated ang cooled

with light water in natural circulation.

The reactor vessel is k.5 reet in diameter and 14.5 feet

high. Tt is surrounded by gravel on the sides and is supported

on & concrete pad T2sting on lava. The following equipment and

-2 .
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- : the
;H mponents are located ‘fithin the large iilo li.ke structure
if co

water-
ctor vessel, turbine-generator, heat exchanger and other
rea

aneous
handling components, air cooled condenser and fans and miscell:
an

trol equipment. The reactor control room is loca@ed in the
contro .

ld.ing was
nt Suppor t-fac di . e reactor b
adjace £ 1lities buil ng Th t ui Wi

not designed as a leak-tight containment structure.

ds
At 3 MWt power level, a saturated steam flow of 9009 poun

k2o

r hour was generated in the pressure vessel at 300 psig and

pe

degrees F. About 85 percent of the steam was used to generate
eg )

elecblit:iby- Fifteen peICEHb of the steam by-—passed the turbine

into a heat exch&ngel, which Bimulabed a BPBCE"heat load. The
n

ir-. q (=) £
air-cooled condenser was used to reduce the re uiIe.m nt or water

during plant operation.

es was
of L0 fuel assembli
A reference reecor core array

. - pIOVided for a bobal of nin .
desi@ed Channels were e control rods

\ 4 k'— - ch rod
five 1 i inch span cross rods and four T Shﬂped rods. In ea 5]
u

! ; rods

the cadmium absorbing section wes 34 inches long, and with the
ed tae

positioned at indicated zero withdrawal, the cadmium overlapp
5 antici-

bottom ard top of the active core by seversal inches. It was an

c
peted that the T-shaped rcds vould not be used in the reference

{ ble
3 MWt core of 4O fuel assemtlies, but that it might be desira

to use them in a full-size 59-assembly core. (The testimony

. irected-
indicates that the Argonne National Laboratory (ANL) was dire
to develop a simple, small core and reactor system, but that to
ds
provide for flexibility and poesible increased performance demands,

A .
the extra fuel and contrsl positions were included in ANL's design.)
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OriginAlly, 1t bad been intended to disperse a burnable poison,
essentially in the form of boron, fully enriched in boron-10,
in the fuel matrix. Because of develcopmental problems, not
necessarily related to the boron in the fuel matrix, it was
finally decided to expedite procurement of fuel assemblies by
omission of boron from the fuel matrix. The neutron absorber
was introduced in the form of thin, flat plates, welded to one
or both side plates of the fuel assemblies, as had been done in
the Borax III experiment. The full length burnable poison
strips, fabricated of X-8001 aluminum and highly enriched boron,
were positioned im the core so as not to be adjacent to control
rod channels. Additional half-length strips were also attached
to the bottom balf of the opposite side plate of the 16 fuel

assemblies in the center of the core.

3. ADMINISTRATION OF THE REACTOR PROJECT

A. General
The SL-1 reactor, originally designated the Argonne Low
Pover Reactor (ALPR), was designed as a prototype of a low-pover,
boiling-water reactor plant to be used in geographically remote
locations. A request for such a plant to be built by the AEC
vas made by the Department of Defense in a letter dated
September 27, 1955. The development and final desigz of the

plant vere assigned by the Division of Reactor Development, AEC,

to the Argonne National Laboratory, fo achlieve an early operational SE

versicn of this type of plant. é/ Zoneer Service and Engineering

o LUNU D Rk nmn —
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on Company in July 1957. The design and

Qby the Fegles Constructi
ration of the reactor l/’g/ were revieved in February

proposed. ope
Brench of the AEC's Division of

the Hazards Evaluation
jon and also by the Adviso
en by both of these groups

1o

1958 by
Licensing and Regulat

ry Committee on

Y reactor Safeguards. Approval was g1V
as designed, at power level

s up to

§ for operation of the plent,
taff report stated "when higher power-level

The AEC 8
rt of additional hazards and

3 MWt.

operation is contemplated, 8 Trepo
on at this new pover jevel should be

consequences of operatl

submitted together with a report of the operating experience

at the 3 MW level."”
Argonne National Laboratory

B.

' Argonne '8 role, under contract with the Division of

included the design, test and initial

1
Reactor Development,
operation of the reactor plant. This work was carried out be-
tween 1955 and February 1959. Initial critical operation toak

8, and test operations eulminated in &

place on Avgust 11, 195

ch terminated in DecembeT, 1958. Argonne’s

500 hour run whi
~nded on February 5, 1959, when Combustion
umed contrsctual responsibilit

responsibllity since

official role
y for the

Engineering, Inc., 888
plant. While Argonne has had no official

this time, its employees have, on several occaslons,

reactor site to observe fuel inspection or bave O
plant performance.

C. Combustion Engineering, Inc.

Combustion Engineering, Inc: (CEI) was not involved in

or initial operation of the SL-1

the design, construction,

- 5=
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reactor. CEI was involved with later operation of the reactor,
in modifications to the reactor facility, and the continuation
of training of military personnel. Military personnel have been

on the site since 1958 for on-the-job training. Combustion

Engineering personnel have been on the site since December, 1958.

The contract between CEI and the AEC is for the term between
December 14, 1958 and September 30, 1962. Y It is a cost-plus-
a-fixed-fee contract for operation of the reactor snd for the
performance of research and development work at CEI's plant in
Windsor, Connecticut. The con;ract contains a standard AEC
clause concerning Safety, Health and Fire Protection.

This contract is administered by the Idaho Operations
Office, AEC, with the day-to-day administration being carried
out by,the Military Reactors Division of that office.

CEI was responsible for the actual operation of the SL-1
reactor, for the routine training of military personnel and for
developmental research programs.

The Contractor provided at the site a Project Manager,
Operations Supervisor, & T=st Superviasor and a technical staff
of approximately six personne}. In r=cent months, the Project
Manager spent approxiwmately half time &t the site and half time
at the contractor's office in Connecticut. In his absence, either
the Operetions Supervisor or the Test Supervisor was assigned as

the Project Mansager. }9/
It vas recognized that this situstion was a temporary one,

in that it wves contemplated that a full-time, resident project

-6 -

=i

Gl il e RERORT
SL-—IS’ACCII')E?NW'I’ INVESTIGATION BOARD'S REPOR

. In die-
man8ger would be assigned by CEI to the SL-1 plent

essary
ion of the candidates for this position, and the nec
cusslo

xist-
ualifications of a candidsate, there was considered the e
q

el were not directly
t whereby military personn
{ng arrangemen

ine
rvised (by personal, direct observation) during rout
supe

t Opeltbion smce Eul P ans or ope L'l
L Yy L 5 be ation of the S
P an M

d nob incl\lde any plans foxr any Significanh developmenh volk
ai ’

the & bbe sL-l was to ubilize a
[ elleI&‘L PlB-n for Opelabion Of

remote
military staff comparable to that to be Provided for a
I

- -slte
ite, for the actual operation of the plant, with on
8 ’

nt, and
supervision above the level of the plant superintendent,

enara-l BuperiBiOﬂ assi@ed to the cOanBc tor. Because of
g

the V&cwh B tion and because of the Iecenb addihion of some

he PL~-l con-
development work with the SL-1 plent (including the

denser hesb Hhich d tion at h er pOHe the
require Opera 1 igh r) y
8 I

tter to the AEC
CEI "part-time project manager" wrote & le

29, 1960
Contracting Officer's Representative, dated November 9, ’

that CEI
requesting written confirmation of the oral agreement

sion of
shift supervisors vere not required for routine supervi

f,00d, &8s
plant operation during the night shifts. It was unders y

uld provide
indi~ated by testimony before the Boerd, that CEI WO P

ed out.
supervision on any shifts when non-routine work ves carri

- requently
Further, the operating staff was encouraged to and freq

ts or
did - contact off-duty CET gupervisors if 8oy unusual even

was not
unforeseen circumstances &rose when CEI supervision

ch an oral
present. Testimony before the Board jndicated thet su

-7 -
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agreement did exist (although the letter had not been answered
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at the time of the incident) and that CEI did not believe there
was any specific need for this supervision, from a safety stand-
point, but that the broadened scope of the developmental program
with the SL-1 plant suggested reconsideration of this working
arrangement, including safety aspects. CEI did suggest that
there was enough developmental work on site that CEI super-

vision might be regularly assigned. Agreement not to do this

reflected an AEC decision not to push forward the developmental !
i for operation of the S

fsupervisor, the Health Physicis

i

joamed e byt . L . gy, o
SL—1 ACCHk'ﬁ‘I‘\I")Ir INVESTIGATION BOARD'S REPORT
A reactor safety committee existed at the plant site.

r8 included the CEI Operations Supervi
t and the Assistant Operations

sor, the Test
Tts membe

rvisor. The Test Supervisor testified that the committee
Supe .

ed proposed test procedures and new operating procedures,

review

Lnt did not routinely revie ‘
ess specific problems were brought to 1t.

w reactor operating experience or

They
procedures unl

d not make any overall comprehensive safety revisw of opera-

tions.
Tbe pIDPOBed. pla.nB L l’ a'nd the

program with high priority. The testimonial record also indicates
that the AEC's Idaho Office and the Army Reactors Office clearly
believed that addition of night supervisors when only routine
vork was involved would defeat a part of the purpose of operating
the reactor under the exlsting arrangement, i.e., to obtain plant
operating experience with only military personnel.

A complete technical review of the reactor and its proposed
operation was made in Fzbruary 1959, when Combustion Engineering, In
became the Contractor, by a Nuclear Safety Committee composed of
persannel from the Ccnnecticut offices of Combustion Engineering.

It appears that no other such review or appraisal of the safety
of reactor operation has been made since that time by the Com-

\
Reactor operating procedures, com-

bustion Engineering, Inc.
pletely satisfactory to the AEC, have never been completed by
Combustion Engineering, Inc., although they have been in the

process of preparation and revision since mid-1959.

-8 -

Ap
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were subject to review and ap-

rocedures for such operation,
: proval by the Director, Military Reactors Division, ID. The

' £
Cbntractor has routinely &nd consistently forwarded reports o

the
reactor operations, including malfunction reports, to

Military Reactors Division. The Director of this Division, and

t
mope often the SL-l Project Enginesr on his staff, made fra=quen
: visits to the facility.

F
} Regular written reports of reactor operations were for

wvarded to the Army Reactors office, Division of Reactor Develop-

through visita to the facility,

ment, Hq. Periodic appraisals,
- did

of the safety of the SL-1 pIant by members of the ID staff,

r 8.
not include inspection of the npuclear safety of reactor ope ation

£ the Army Reactors offiee, Headquarters,.

Trip reports by members O
did include specific

especially during early operaticn of the plarnt,
g the operating procedures

comments and recommendations concernin
};/ Quarterly

components at that time.

.

and a number of facility

-9 -
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revievw meetings,
as well as programmatic plans, were attended by Army Reactors
Office personnel as well as the ID personnel.

During a general Headquarters appraisal of ID contract
administration, in 1959, assurances of ID reactor safety

surveillance, including the SL-1 reactor, were obtained. Inde-

P=ndent, validating review, by the Headquarters staff, of the
ID reactor sBafety review system was not performed. There does
not appear to have baen a clearly defined requirement for this
type of appraisal.

D. Dzpartment of Defense

Although the SL-1 reactor was & part of the program of
the Army Reactors Branch, Division of Reacgor Development, AEC,
for the development of water reactors for military applications,
the Department of Defense did not have the responsibility for
this reactor,
of the reactor from the AEC according +o “ha provisions of
section Slb of the Atomic Energy Act. Military personnel at
the site wera either in traihing or a part of the ecadre operating

the reactor under the general supervision of Combustion Enginear-

ing, Inc.

also were shift superviacrs),

The plaat superintendent, the chiaf operstors (who
the qualified operators and
trainees were military persoanal who operated the plant around
the clock accordirg to the procedures 2nd policies provided by

the contractor.

- 10 -
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E. Atomic Energy Commission
Within thé AEC the line of management responsibility for

the SL-1 project is from the General Manager to the Assistant
dGeneral Manager for Research and Industrial Development, to the
:uirzctor, Division of Reactor Development, to the Manager, Ideho
Operations Office (ID), to the Military Reactors Divisiom, ID.
Upetails concerning the definition and delegation of responsif
=bility are given in Annex G.

At the Idaho Operations Office, the Direetor of the

- former Division of Military Reactors administered the CEI con-

tract. A reactor engineer on his staff served as project

officer for the SL-1 reactor.
Responsibility for safety of reactor operations was
sﬁared by each level of the line organization according to its

function. Detalled deXpgation of this responsibility is not

spelled out, although Manual Chapter 84Ol does assign to the
£ Operations Mansgers, and others, broad responsibility fcr

assuring safety of reactor operations for those reactors under

§ their contractual Jjurisdiction. (Evaluation of the hazards of

i specific reactor designs or oparational programs by the staff
of the Division of Licensing and Regulation (DLR) is not re-

quired, except as the Director of the Operating Division may

Bpecifically request. For new facilities, the Operating

Division Diregtor usually requests review by DLR before opera-
tioa, although this 18 not required and there is no subsequent

follow-up at the initiative of DIR. It is similarly not

required that the Division Dirsctor get DLR review of later

= 11 =

nt

4



ks )

I

.

| O
changes in a facility.

ALUULULN JN\""-:\'}‘[(‘,,‘\T'”~ BC? —— R r
[ T Bl T

This later review is often requested,
but not as regularly as for new facilities. Later review was
not requested for the SL-1. Inspection of reactor cperations
by the Division of Compliance is not required, but may be rs-
quested. Safety review and inspection by the AEC staff are
required for all licenied reactors and for certain AEC-owned
reactors.)

One ar=a of apparent ambiguity concerning responsibility
involved the Army Reactors Branch of the AEC. There was no
functional statement (AEC Manual Chapter) for this organiza-
tion, but a description of the duties of the Assistant Director
for Army Reactors (approved by the General Menager on August 31,
1959), appearing on the organizational chart, states that the
Assistant Director for Army Reactors "Plans and directs the
Joint AEC-DOD programs for the development of nuclear power
systems to meet DOD requirements other than for naval vessel
propulsion and for air and space veahicle applications," and
that the Water Systems Project Branch "provides central
management and technical supervision of the development, con-~
8truction and operation of water systems reactors and plant
prototypes. Provides direct supervision of work through
Projeéi Engineers, assigned individually by proj=ct, responsible
for project management and continuous review and evaluation of
contractor performance and proj=ct progress. Prepares and

maintaing schedules, estimates, budgets, plans, correspondence,

scope of worlk, and technical and operating data on all Branch

- 12 =
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jects. Assures the resolution of ail technical problems
0. .

t arise during the design, construction, testing, amd opera-
-}

jon of Branch Rcactor.projects."

i The Army Reactors Brench also has a separate line

responsibility under the Chief, Corps of Engineers, USA,

ftor the Army reactor progream, including, for example, the

rgonnel
responsibility for the training program for military personn

‘fand also the responsibility for the direction of a research

g
‘#and development program leading to the use of nuclear powc

{ a.an at I'emobe sites. IeBh Y from members of this offic
Pl imon ice

‘findicated understanding of the actual responsibility as

4§ ¢oliows: The Deputy Assistant Director for Army Reactors

states "It is clearly understood «ses... that we of the
\

such
; Afmy Reactors were not authorized, in our own name, a8 ’

anges to the contract or to direct operations,

to direct ch

." The Assistemt
if give direction to the Idaho Operxations

Director, in a prepared statemsnt, states, "As a staff

memﬁer, T am charged with responsibility for planning,

observing, advising, appreising and recommending, but

T have no direct authority over the operations of sub-

ordinate offices of the Division, nor can I give cxders to

officials in such subordinate offices".

Review by the Hazards Evaluation Branch of the Division

q
of Licensing and Regulation was requested prior to operation,

Review of the SL-1 project by the AEC's

red, but,

i
i
;
¢
but not subsequently.
‘ Advisory Committe= on Reactor Safeguards was not requi

- 13 -
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on one occasion was requested by the Division of Licensing and
Regulation prior to start-up of the reactor but not subsequcntly.
Testimony indicated that Army Reactors bersonnel believed that
requests for auch reviaws should be initiateq by the field
office. No requests for independent review were made after _
initial operation. (The testimony indicates that the loss

of boron was well known within the Division of Reactor Develop-
meut at AEC Headquarters, althougk it was not categorized as

& serious condition in the reporis transmitted to Headquarters.
The difficulties with operation of the control rods appears
not to have becn known at Headquarters, and very little
knovledge of the extent of the diffieulty was known by the

AEC staff at ID.)

- 14 -
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OPERATING HISTORY OF THE REACTOR

A. General
The SL-1 achieved .criticality on .August 11, 1958, with ten

’meLalemnta containing a total of 3.5 kg of U-235. There followed

series .of critical experiments. performed.in.the reactor, with

without poison strips, to determine fthe optimum . .fuel e.nd'poison
12

-to_achieve the. design objectiwes.
Aa_a result of these critical experiments, a core was

chosen with 4Q fuel elements, forty full length and sixteen half

i#length boron strips and five control rods. (Critical experiments

il were also performed on a full 59 element core that would have had
higher power capebility, but the design of such a core probably
j xm‘uld.ha.vacal_led for a.different U-235 loading.) The differential

i .and integral worth of the five control rods.were.obiained as a

i function of rod insertion into the core. Flux plots were made of

i the hot zero power 40 and 59 element cores by use of irradiated
7~ r

gold and copper wires.
On October 24, 1958, the SL-1 achieved_its full power

rating of electricity and space heat. During October 29 - 30, 1958,

e. bO-hour xenon run was made. The SL-1 was then shut down and 8

-bours .later the reactor was brought to full power overriding peak

Xxenon.. There. faollowed a 500 hour run at full power. The 500 hour
run continued untdil December -11, 1958. The reactor was operated at

& power level of 3 MW(th) up to November 1960Q.
shut down until March 6, 1959, for maintenance and inspection and

for preparation of operating procedures and manuals. The Army
Reactors Branch at this time stated that the procedures and manuals

The plant. remained

515 =
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.-.tumad_nmr..t&-CEI_hy_AnL.HenLnoi;_s&timc:mry_fnr use by CEI. that-no-further iaspections.- were.ceaducted.. It wvas-noted

CEI .was.requested. 10.prepare. reviged. material. The.material sub- ing.the gecand periodic ingpection in August, 1959, i‘-hat the

Zultted. by CEI was. accepted.as s basis for. the atart of reactor entral fuel slements were difficult to.yemove.

operations, but CEI was. to further develop and modify the operatingj B. Reactivity Chenges.
~-manuals and procadures. after obtaining actual opemtingr experience. The degign.goal. for the. SL-1 reactor core- was.eperation

Initizl teat operation by CEI, for the Windsor Nuclear Safety -4t design power level. (allowing for normsl--outage) for a-period.

incox >a.te.d in the cere design
) ftee, took p on March 6, and cold critical experiments )t three years. The boron strips were incoxpor
tion .of which weuld compen-
began on March 30, 1959. The SL-1 was turned over to Combustion Lo perve as-a burnable poison, the deple
.such..an arrangement would
Engineering, Inc., for operation in February 1959, A‘u for the burning.of fuel. Ideally,
- the core (at. operating
A 1000 hour sustained power run was concluded in July Head to.a constant reactivity value for )
ronditions),. vaich weuld be manifested by a nearly constant positien
' ulated reacitivity behavier,
for paintenance, modification and inspection.ty [ fthe Danked cantrol rods. The calc
terms. .of banked rod.position,. wvs..core exposure is given. in
igure 1. Alss.platted are the. observed reod .positions as a function

By. 500. MWD, 1i.e., by May,..196Q, it appeared that the

. Important shut-downsg occurred in August, 1959, January, =

4
i
i

1960, November, 1960, and December 23, 1960, to permit maintenance

exposure.
e.m..m-ru&ivity faster than.predicted. In August, 1960,

and Ilnspection. Fuel elements were first removed from the core 1

during September, 1959, and inspected by CEI and ARL personnel.

elemen vesled tensive
3 . fuel. ta re the ex
Subsequent inspections took Place in October, 1959, outine inspection.ef .selected

: 1bed
te of gain of reactivity was ascr
A t, 1960, and November, 1960. Initial discovery of the of . boron. . The large ra
to this borop loss..
Of .grester safety significance (as opposed to interest in

the core li.fctin:.on].'y),. the greater rate of reactivity gaim, and,

bowing of the boron strips, in the three inch sections between

i e - TR P DU

tack welds, was made in 1959. During the August, 1960, inspection

300

reduced the capa-
t of reactivity gain
miseing from some fuel elements and the fuel elements in the fact, the larger amoun ’

decreased
render the core subcritical (
center of the core were extremely difficult to remove, by hand. bility of the control rods te

it was observed that large amounts of the baron strips were %
5 the reactivity shut-down margin). Figure 2 indicates, as a functien

Removal caused Plates to fall off and flaking of material. 4

(:Qnsjderub]e n"mb!] P 7 ting
m of el ’ (4 ro po ition for ifferen pera
-tlﬂ.k&ﬂ Wi mllﬂcted from the botto b of cors exposure the banked d Bit O dif t ope

the worth of
was ha . data, and from estimates of
the vessel. As a result of thesge circumstances, it felt that ! conditions. From these y :

] in were made.
il the t stimates of the shut-down marg
further removal of fuel elements might cause further loss of boron; control rods, e

“16 - = 07 =
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o _been made critical by
k _L.-_mhg_macmmnlﬂ—-hu .
Because of the reduced-shut-down wargin, resulting from-the boron:

withdrawal of the centtui control rod only,

-loss, strips.of cadmiim.were.inserted in two of the T-rod control

tor.
anytime since startup of the reac
. .on. November 11, 1960. The banked rod position, with the 1 _ _
At. the. time of. shut-dovn on December 23, 1959,

NG

TS
0¥y L.

reactor cold, was determined ai_san exposure of T1l MWD, but not 3.

-

ghut-down margin for the cold reactor vas probably
eafter. The last part of the curve for the cold condition is

-

assuming rod worth was essentially unchanged

2 to 3%,
5 .an_ssgumption of cold reactivity bebavior, based on the observed !
: = N ’ : from earlier measurements and calculations. With
behavior of the d rods during equilibrium operation at 3 . -
‘ : 4his assuxptlon, and a similar one regarding r
2.5 A , the effect of the cadmium at 2.56 MWT was observed’

(the central control rod), criticallty could be
to be approximately 1% in reactivity, and this was assumed to also’

produced by withdrawl of this rod a.pproximte].y 17

be the case with the reactor cold. 7 E“/ Representa-

inches from the reference Zero position.
CEI's estimate of the reactivity worth of the boron, at :

: tive critical rod positions are given in Table 1
the begi of core life, was 11%. A rough observation of a 2% .

. low.
gein in reactivity, over that predicted which was attributed to 3 be

)
; Table 1
the loss of boron, led to the rough estimate that 2 5~11 = 18% -;' Representative Critical Rod Positions
] d
of the boron originally present was missing from the core (this 3 Rods Rc;
Corire Conditions 1, 3, 5 Zithdra\m)
asaumes unifarm loss of boron from the core and certain other _— g(%; (I;,mhes
ate
1k b
simplifying postulates concerning local reactivity effects). 9/16/60 11 ko7° F, zero power 1k.2
16.6
Although numerical values for core reactivity, rod worth 9/16/60 m 2.5 )ﬁf_:"‘-, no xenon 16.2 e
; 17. .
end shut-down margin are all subject to some uncertainty, in 9/25/60 736 2.5 ML, equil. xenon ) e
17. ohe
varying degree, depending on physical assumptions, the reactor 1_1/6/60 ang 2.56 MWt, equil. xenon
condition, the calculational method or experimental technique, the 1_1./15/60 Cadmium sheets inserted e
a " on 13.2 .
available information indicates the following: 11 /16 /60 853 18Q° ¥, zero power, 1O xen oo
’ 19.3 R
1. The initial shut-down margin for the cold reactor was 12 /5 /60 888  2.56 MWt, equil. xenom . N
[ 19. 19.
probably somewhat less than intended - maybe approxi- 12/23/60 932 2_,56 MWt, equil. xenon

mately 3.5% A k actual margin versus en estimated bt e Borp GrEES 3

(In the initisl critical experiments.,

464 design margin. The actual margin was considered 4 eud vith the sidy rods fully

the I x b array of fuel eleme

’ 1k to
adequate. inserted, criticality was achieved with the central rod
¢l

-18 -
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_1k.5 inches withdrawn.! The small size of this cors would {ncrease
..radial lsakage  compared to that for a 4Q element core, requiring
_grestar withdrawal.for criticality. .The addition-of cadmium and
some_baron-in-the sctual cors.vould—incresse absorption, reguiring
greater withdrawal for criticality, but would be.at least partially
aoffset by the presence of additional fuel. Eight additional bare

elements, producing & 6 x I array, required insertiom of the central

:
rod from 14.5 inches withdrawn to 9.25 inches withdrawn to maintain ‘F

criticality. These numbers serve to emphasize the uncertainty of '
the critical rod position in the absence of detailed knowledge of
the composition of the care.)

C. Control Rod Drive Experience

From. early operations onward, intermittent and increasing
di_t.‘tiéul.ty wvas encountered in the free movement of the control :

rods. At least over theifirst year of operations, and possibly
by

_hand,. several witneases felt there

in large messurs thereafter, the difficulty arose from the ab-

normel performance of the seals through which the drive shafts

b gadt pootns S BT e awss maiag

penetrated the rack and pinion gear housings on top of the reactor.
The rate of flow of seal water affected the performance of the

Increase

S AT & aeSt

rod drives, ms did the presence of foreign matter.

) .
O e

filtration apparently reduced the problems associated with
foreign matter. A study was in progress to b'pak an understanding
of the variation of the scram performance of the rods, with seal

water flov. This variation was not considered a serious problenm,

in that performsance specifications were met, provided the seal

vater flov was at the design value. It wvas also stated that move-
ments imposed in scram tests prior to reactor start-up and mquent‘;

4
I
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exercise .of the rods. geemed_ta.improve.rod. performauce,

t in
posgibly-bytenﬂing to.clear out.particles of dirt or rus

genls. or bearings.

In more recent months, testimony before the Board and

perating records. indicate {ncressed frequency of melfunctioninz
o ’

of the control rod drives. On the ane hand i1t was postulated

by several wiinesses that the bowing of the boron strips

ttached to the fuel elements exerted sufficient lateral force
A

ta result in reduction of t.he clesrance within the control-rod

ahrouds, restricting the free motion of the blades. On the other

was no evidence for such

shrouds, but that there might. be some accumlation
£4

closing of the
l and that exercising

o;f crud on the shroud and blade surfaces;
the drives tended to prevent sticking of the rods in the shrouds.
It was. also indicated that the higher power operation, which

took place only after November 1960, and the addition of the

cadmium strips required further wvithdrawval of the control rods

than had been previously required. Consequently, the drives vere

d in = new region of the mechanical structure, where

being use:

cloger tolerances, or other differences, caused increased diffi-

culties with rod motion.
The oniy known interferences within a shroud vere:
1. A ecrimp or similar bend was observed in the top

edge of the No. 1 shroud. A special stainless
steel wedge-shaped tool was designed and used to

straighten out this defect.

- 21 -



B A i el S

‘-. . A.‘ w ‘- ° [} d‘.!‘.‘

22 SL—1 ACCIDENT INVESTIGATION BOARD'S REPORT

2. A _dummy .control blade, made af aliminum was
fabricated for insertion and irradiation in
the No. b shroud. On initial insertion, the
blade could not be fully inserted. The wedge-
shaped tool was used on this shroud alsq, - byt
aince it could not be inserted within the shroud,
the actual remedy for insertion of the. blade
was to cut a portion off of the bottom of the
blade.
After the incident a review was made of the Operating Logs from
September 1, 1960, through December 23, 1960, by members of the
Military Cadre. The data set forth in Apnex J give all recorded
examples of control rod performance.

Accarding to testimony presented before the Board, all
ordera in the Night Order Book, for the instruction of reactor
operating personnel, are given by either the Operations Super-
visar, “or the Plant Superintendent with the Supervisor’s or
Assistant Supervisor's concurrence, and the following orders
reflect the efforts of the operations group to maintain the rods
in an operable status by frequent exercise: 12/20/60, by the
Plant Superintendent -

“"Each shift will perform a complete rod travel exercise

at approx. 4 hours after the start of shift. This

rod exercising will be required of each shift until

further notice."

-22 -
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12/21/60 by the Operation Supervisor
"P form. 8. complete rod. travel exercise on the
'‘Per

"
.graveyard and subseguent shifts.
*12/22/60, by the Plant Superintendent

.56 MW
"Do not perform control rod exercises during 2.56

(Tesézmony indicates that a special power
t this

power Tun--

run to get equilibrium dats was in progress a

time.) .
e
A review of the Operating Log #13 reflects that

On
emention with by the operators.
ders were complied
afor ed OT

ting
December 23, 1960, vhen the reactor was secured, the Opers
log #13 includes, in part, the following:
w0825 Dropping rods to secure reactor
Rod drop times
#1 no drop
#3  dropped 1/2" and stuck

#5 clean drop in 0.82 sec.

#71  mno drop

#9 clean drop in 0.81 sec.

w0827 Driving rods 1, 3, and T to zero

to cool dowm to
"0830 Controlling bypass steam flow

2°F /min.
"0835 Rod #3 dropped from 9" to 0.5 sec-
Rod #1 dropped from 16" to 9" in 1.3 sec.

than
Testimony indicates that this behavior w38 worse

mem-
and that the Assiatant Ope- .tions STIPEI'_n nden T
usuA 1 y r8, + {nte d t e

eceding
bered commenting that this was probsbly because of the pr

rocedures
operation (with no rod exercising). The operating P
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called for "scram-testing! the control rods before and during
nuclear start-up of the reactor. Rods were dnopped.individually
fromvahpreacrihad_height bcfore_going"critical,mand.Also.rrom
anathar hcight.&itez;achiexing ope:ating-tcmperainra.and.presaure
in the reactor veggel . Prescribed times for full inaerti&n vere
given.. If the Prescribed times cauld nat be met, reactor opera-
tlon was nat to proceed. Testimony indicates that if g rod did
nat meet the drop-time criterion, the test was repeated.

Review of the experience with control rod performance
indicates that thig behaviar was pProbably not as bad as bad been
experienced on some previous occasions, however. A complete
record of performance, obtained from the operating logs, is
attached as Annex J, The CEI Project Manager and the CEI Assis-
tant Director of the Nuclear Division testified that they were
not awvare of any significant difficulty with the operation of
the control rods and also were not awvare of the entries in the
log books over the past several months describing thesge difri-
culties.

-2k -
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15/

After having been in operation for slightly more than two
years, the SL-1 was shut down on December 23, 1960. It was
planned that maintenance on certain components of the whole

system would be performed during the succeeding twelve days

j and the reactor would again be brought to power on January 4,

1961. While maintenance work on several auxiliary systems of

the plant was completed during this period, the only work
planned for the reactor core was the insertion of 44 cobalt

flux measuring assemblies into coolant channels between plates

of the fuel elements throughout the core. Access to the core,

to install these assemblies, through nozzles in the head of the
reactor vessel required removal of the control-rod drive assemblies.

This portion of the work was begun during the early morning hours

of January 3, 1961. When the day crew (including personnel from

the military and from Combustion Engineering) arrived at the SL-1
:

on January 3, disassembly had been completed. Installation of the

flux measuring assemblies was accomplished during the dsy shift
under the supervision of Combustion Engineering persomnel.

The crew of the next shift (4:00 p.m. to midnight, January 3)

consisted of three military personnel: the shift supervisor (a

qualified chief operator), his operator-mechanic assistant (a

qualified operator), and a traicee. This crew and the following

one were assigned the task of reassembling the control rod drives

-25 -
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levels of
ding; he detected

: e e resetor for PLEGEap hroceeded toward the reactor building;

ana prepar .

iLOO r/hr at the stairway to the reactor.

ecisi r into the re u d ttempt
d i on to ente n actor buil ing to a P
The

the arrival of
' sonnel was made after
Headquarters ag 9:01 p.m, (MST) January 3, 1961, The alarm wag o locate the operating per

au

ted
Entry by him, and others, loca

health physicist.
bnmediately broadcast over all NRTS radio networks. At the same he CEI plant

:oaled Reactor two of the crew on the floor near the reactor in a radiation

crevwmen was
‘fi 1d of approximately 1000 r/hr. One of the two
alarmed and remained e

Experiment gate house, about one mile distant, Removal of the living man vas

; the other, dead.
erratic for gevera] minutes, WELLL Bestmars ’ Shortly thereafter,

11:00 p.m.
accomplished by approximately

Upon the receipt of the alarm which could have resulted from : esponded
| .uﬁced dead by one of the AEC physici#ns who resp
he was prono

excessive temperature, high radiation, by being struck by a

3t S e e e

missile, or a Pressure surge {in the region above the Teactor floor h xt several days to remove
the e
were made over
Subseqent entries

the Central Facilities AEC Fire Department at the NRTS and AEC d records.
p bodies and to recover certain equipment an
the two remaining bo

Security Forces responded. A health physicist from the Materials o
y 100 people edgaged in recovery operations during
Of over

Testing Reactor (operated for the AEC by the Phillips Petroleum ) .
: y P fter the incident and of the several hundred so ang
24 hours a

Company) was called at this time. : i
- he following week, 22 persons raceived radiatica expo
in the fo

Upon entering the Sr-1 fenced area, the. fire department Precautionary

r the range of three to 27 IOQnt8Ells total bOdy expciure.
Ikccess to the eact ang
medical Check-ups did not disclose any clinicsal sylﬂptfom-

6. Consequences of che Incident
- xonsequences of che Inc.dent

A. Injury to Personnel
£ the three
Th 1ts of the post mortem examinatiors of th
e resu

keys, The assistant fire department chief intered the reactor

8upport building and immediately datected radiation levelg up to

25 roent h b)) 1d ob SL- direct
roentgens per hour (r/ r). He could o Serve none of the SL-] , d persons show that two of them died imstamtly as a
eceasge

crevw in the reactor support building, The health physicist from : e
o or indiresct result of blast damsge ead rhat the thir

the Materialg Testing Reactor arrivad and entered the reactor A fatal

dent.
have lived for about two hours after the inciden

support building, Re observed increasing radiation levels as he ; sibility
wound in the head of this third man precluded any pos

d areas
f {lush burns to limite
. There was evidence o
T - of survival
of the bodies.
- 27 -
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Personnel exposures, during the init{al recovery operations

are listed in the previous mection. Since the removal of the

third body, eXposures to personnel engaged {in the recovery
operations have been limited to valueg less than normally
allowed to radiation workers, i.e.,

B. FPhysical Damage

There appears to have bexn only minor physical damage to

less than 2.5 r Per quarter,

the reactor building. A buckling of reactor room ceiling

directly above the reactor (the fan room floor) has been
observed. Two of the shield plugs. were driven upward out of
the nozzles in the head of the reactor vessel and Penetrated
and stuck in the reactor room ceiling. One of these plugs was
removed during subsequent operations. A peeling back of a portion
of this celling indicates the Possibility that some additional
parts of the reactor system, for 2xample, a shield plug, may

bhave been Projected into the fan room area.

Observaticns made with a pinhole camera for gamma rays
indicated the Presence of a high level gamma source in the fap
Tocm area (there {3 a possibility that what ig being zbrerved
i gamma radiacion emitted from the reacter but scattsred from
the structure above the reactor),

No conclusive evidence 1s yet avallable as to whether cr not
the reactor vessel itself has been damaged. Preliminary estimatag
have been made that the explesion may have caused an intermal

Pressure as great as 500 P8i, from observed damage above tha

reactor vessel and from calcularions of energy needsd to propel

-
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) of in COﬂlPOlleDts to obs erved ocatio A po h
ta 1 t nsg. P rtion of the
ce

heet metal, covering some shiéld material on top of the
ghee » :

ctor head, was bent upward, allowing d?spersal of some
rea

£ the gravel, steel punchings, and pelletized boron
o

ghielding material.
Photographs taken by movie and closed-circuit TV cameras

h shown extensive dsmage to the core itself. The central
ave

con » . h e
(o) trol rod No 9, and a portion of {its shroud appear to av
been e IeCth Completely from the core and are lodged below

to
the central nozzle. Control rods Nos. 1, 3 and 7 appear

1
be within the core, though they may be displaced laterally

d vertically to some axtent. The shrouds of these control
and v

:

rods have been greatly distorted, and the top of the core is
;overed with debris from core components such as holddown
plates and end boxes from individual fuel element assemblies.
The core has been'expanded, from inCérnal pressure, to the
point that it 18 in contact with the thermal shield near the
vall of the reactor vessel at many points on its circumference

removing- the 6.to 9-inch clearance in the origiosl core

d 7
configuration. Two raoKs, those for Control rods Nos. 1 and 7,

ds
are protruding from their respective nozzles, though the threa

The rack associated

on the ends of both appear to be dsmaged.

1face of
with No. 3 rod has been broken off near the upper suﬁ

Ro. 3 nozzles.
; d
The bell housing over control rod No. 5 rod extengiqn ha
lacd.
not been removed during the shutdown work and is uti;l in placd
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A8 a result of this, and because the position of rod Fo. 9
and {ts shroud have obscured vision, {t g Dot possible to
ascertain the position of thig control rod,

The plate over the No., 8 nezzle through which the ingtru-
mentation leadsg from the core Passed was blown from the
nozzle, stripping the threads from each of the Studs, The
Present location of the No. 8 plate {s not known,
five shield plugs, only three have been observed, two in the
ceiling of the feactor room (cpe of which wag removed) and
one lying on the top of the reactor head,

Thermocouple Deasurements and water-detecting pProbe
measurements {p the core have been made, Despite conflicting
Previous interpretations, it 1s now generally accepted that

the levgl of the water in the reactor vessel, if {ndeed there

18 any water Present, {g g¢ least 24 inches below the bottom

of the active fuel.

to indicate otherwise, 1t remaing 8 possibility that the

Teactor vessel {g cracked.

C. Eature of the Incident "
——==-09 Cthe Incident

the lnitiating event, which resulted in tha explosion within

the SL-1 reactor vessel, the Board cannot state what actually

- 30 -
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Nie.tta 2 , ool

ivable
re ear to be several conce

i the incident. There app

{ d initiate

events, that could have resulted in the

ms nces of
sfpechanisms, or seque o
1 The relative credibility of these mechani
1

! obsemd effects.

information.
; ly difficult to establish without further
| - from the observed
‘ ite clear fro

ion took place is qu
That an explos

phyBiC&l dﬂmﬂge within and without the reactor vessel.
IndiCBbions that a nuclear excursion hOOk Plﬁce vere PIOUid-Ed

16/
by the following:

{um-91 isotope,

sion product yttr

Identiftcatignsof ;2ea§i;en out of the clothes of one of
in a metall amp

the deceased.

)
1 (
2. Identific&tion of activated copper to Cu-sk in a
c.ig Iﬁbbe lighbﬂr 8crev, belonging to one of the deceased.

h band buckle,
Jdentification of activated copper in a watc
belonging to one of the deceased.

| r worn by
L. TIdentification of activated gold in a finger ring
- one of the deceased.

sket from the
Identification of activated Cobalt 58 in a ga

> top of the reactgr. .
a gasket from

6. Identification of activated Chromium 51 in

) the top of the reactor. o

ducts in air sample
ross fission pro
b i:;z:igi:a::gntzg gayn after the incident.
tes to the

8 of monitoring instruments at nearby site

« Response

passage of a radloactive cloud. brush.

9. Observations of radioiodine contamination of 8:89 i
Observed blast effects on equipment, componemts Zicuiiion o
not incoﬁsistent with the conclusion that a nucleard“ce the pressures
Place. That is, the SORFEY pel=ane mguioed e Fro that observed
Deeded to cause the observed effects 1s comparable Z? oot credibie
in the destructive BORAX experiment, on tha.onf e the other

Techanisms and initial conditions can be postulated, on the

hand, that would lead to such an excursion.
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The Board is aware of no chemical, metallurgical or physical

analyees of any materials or components, the results of which vouli

support the hypothesis of an initial chemical reaction which then
induced a nuclear reaction by rearrangement of core components.
In this regard, the Board has been advised that metallurgical ex-
aminations made after the incident probably would not establish
conclusively whether a metal-water reaction initiated or remitted
from a nuclear excursion.
D. Energy Release
One estimate of the energy release 18 based on the analysis of
a metallic sample taken from the clothing of one of the deceased.
This sample was analyzed for uranium isotopic composition, mass,
and specific yttrium activity. This analysis, related (by assump-
tion) to the total uranium present in the core, led to rough
extinats of the tobal fisstons durtng G axenvsion of 1.5 x 10%°

equivalent to 50 megawatt seconds. It is believed that an energy

release significantly less than this would not have produced the

observed blast effects, and that an energy release greater by a

factor of 3 or 4 would have produced much more drastic blast affectsd

Another estimate of the total energy release, based on analogy
with SPERT experience, as well as observed atmospheric radio-
activity, was a release as great as 500 megawatt seconds, indi-
cating that there may have besn more than one burst, or that
there was additional lower power operation.

A number of estimates of integrated neutron flux have beeh
made from thé determinations of induced radiocactivity in various

samples (thermal neutron doses from 1 x 108 to 2 x 100 nvt were

- B8
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1 ggions n a
ated The extra Oll ion to he numbe o
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clear ﬁxCutsion is extte.mely U“CEttai“, however, fitst, because

ompared to
{ssions) is not large ¢

lease (no. of f

the energy re

he core; and second, the unknown

3 the cumulative expoaure of t
|

; ff cts Of shielding (WBCEI height for example) lnd thitd,
e e

-peutron emitters released from

1l the unknown effect of delayed

the reactor room.

E. Activity Relemse

Aerial surveys conducted

i'the reactor veggel into

on several different occasions since

the incident, at an altitude Of 500 feet and above, have not

ter than
dicated any activity levels (at the ground) grea
o infor-
background levels. On the basis of meteorological
twice backgro .

‘ wind direction NNE at a velocity

diticns,
tion (inversicn con
) £ smoke plumes under s?milar

£ 4 to 8 mph) and the observation o
o

[ole} dition to ether Vith alr and round samp les it appea! 8
i 8 g 2 ’
n ’

led SSW from
ow plume of gaseous fi{ssion products travele
that a narr

the rea b d Low- vel o] -gite activity o Slgebtus
le ff i £ h
h eactor uil 1ng . y

= .
due to iOdine 131 was Obset Ved subseque“t to the in(:idetlt
’

{mmediate +icinity of the SL-1

y were [ty
ilit indicated th&; low le els of gaseous 1odine
fac v b & b o

1eased for a Short P r
[+] e 10d Of time from the reactor or that

leased at the time Of the i“cident was undErgoing
{odine re

ttms1°€ﬂtim- As Of Aptil 7, 1961, masured 1 levela

1
|
i
i
2
? h
g Subseqgent sampling in the
3
2
tor building

! ntially at background; close to the reactor "

were esse

strontium-90
soil samples did {ndicate a lo¥ contaminaticn by

for a e inc de De tmi a ons of the
i d Of time after th i nt. te n ti
Per [e]

: d ted on
strontium 90  content {n five soil gumplas collec
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d oy 1sy-rsel rm fré\; 1018+18 d/m/20gm near the
Support Facility building, to 65+ 8 d/m/20gm approximately
20 feet éast of tb; guard house along the perimeter fenca,

Intermittent radiation surveys in the vicinity of the
§L-1 plant indicate that the gamma radiation has not de-
crenl;d an appreciable amount, During the first week in
February dose rates varied from the order of 10 ¢/hr,
measured at the base of the reactor building, below the cargo
door, to the order of 100 mr/hr, measured a a distance of
approximately 300 feet from the reactor building.

The implications of an SL-1 incident to the public in a
populated area is discussed in a memorandum which is attached

as Annex M.

7. Possible Mechanisms for the Incident

From consideration of the factors which may have caused this
accident, it 1s possible to couceive of several different items
or combination of items which may have constituted the immediate

initiating event. The accident could have occurred with no

N\
errors being committed on the part of the crew, though cerénin
errors on the part of the operators also can be visualized as
possible initiating events.

It is known that the tasks assigned to the operators (re-
assembly of control rod drives) involved the lifting of the
control bladgs. Testimony before the Board indicates thnﬁ the
Chief Operator and the Operator had performed this same task

at least four times before the occasion in question and

that they had received specific training for this opexation.
- 34 -
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at during disassembly, the control rod was not € -
than four inches. The reason for this limit was not g
rehe procedure. From the positions of the men after the in-
" t and the {njuries they suffered, we are unable to rule
- {bility that one, OT possibly t¥o, of them were
e rod at the time of the explosion.

d {n lifting the central

mgage
ere is no direct evid

ence on this point.

ot ol A o o e b 2 B ¢ TR iee s B o) AR Bl

t present, bhowever, th o
he light of measurements made prior to the
In the
essary to
December 23, 1960, it would have been nec
own on Dec . .
6 inches at tha
igse the central control rod a minimum of 1
aise —
isting informa
duce criticality. On the basis of ex
to pro
o h of the central control rod (prior

on the reactivity wort
regults of BORAX
1d need to be withdra

—

° and SPERT experiments,

to shutdown) and the B

t is estimated that this rod wou -
s per
6 to 8 inches at a rate of approximately 24 inches P
to ne h N
agnitude est
i der to produce & nuclear excursion of the mag
n or
e these actlons and conditions

ted to have occurred. Whil

e in the ilight of

babl
appear credible, they do not appear proba

the evidence thus far available.

time, which
Additiopal factors can be considered at this ,
ona
the
1ity that some changes occurred in

involve the possibi o and
3, 1960 an
properties of the reactor between December 23, bild
capability
January 3, 1961 - changes which would minimize the c3p
’

he reactor shutdown.
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4
od system tO majntaio t

resent that any such

of the control r
changes

There is no direct evidence at P
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' In the absence of additional information concerning the

l L _ ssand ""

) by —
bt luun placé.ﬁm%f 1oss of cedmium or 1

088 of boron did Occur durinﬂ

the shutdown pPeriod in question, the shutdown margin of reactivi{

would have been reduced. With a reduced shutdown margin of ra-

0o 38 mug. .

activity, subatantially less withdrawal of the central control 3

"

¥ould have produced criticality, 19/ : ?‘
Other conceivable initiating events, though at the Present i

i

their likelihood 8ppears to be low, include: 29/

-

e

(8) A vater

-metal, hydrogen explosion, or other chemiral

reaction, below the reactor core,

which would drive

the central rod or several of the rods up out of
the core, or that would 11ft the seal plugs and

therefore +he attached rods by a general Pressure

increase,

(b) Addition of water to a core which had become dry

and otherwisge changed.

It should be emphasized that the foregoing discussion is

limited to DPossibilities and 1g ot intended to iumply any degree 3

- of Probability, 71t 8prears now that the most likely immediate

cause involved sorge wrusually large and rapid movement of the

central control rod.

8. conclusions
~20c usions

1nitiating event for the incident, the Board 1is unable at thig

time to be more specific about the nature, cause ang extent of

the incident.
A. An explosion cenurred in the SL-1 reactor at approximate] yas

9:00 P.M., on Jamvary 3, 1331, Tesulting in the death

of three bersons, in damage %o the reactor and to the

- 36 -
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reactor room, and in high radiation levels (approx-
imately 500-1000 r/hr) within the reactor rocm. On
April 1, the levels had decreased to the order of 100-
200 rAr and were decaying with a half-life of approx-
imately 40 days.

Two membaers of the crew were killed instantly by th=

bout two hours as a
explosion. The third died within a

result of an injury to the head.

1
The explesion involved a nuclear reaction. The therma
nvt above the reactor was estimated to have been
olo

proximately 1 n/cm?, and may have resulted from
ap

more than a single burst of radiation.

Chemical and radioactivity measurements on a single
fragment of reactor fuel ejected by the explosiom, 1f
representative of the total fuel, suggest thsc the
reaction msy have resulted im 1.5 x 1018 fissionz.

This would have produced 50 megawact-secondz of =nergy.
Other estimates, based on decay of gaseous activity and
on analogy with SPERT and BORAX experimental results,
give a range from 100 MW-secomds ts 500 MdJ-s=coade,

for the totul energy release.

At the time of the explosion, the reactor crew appears
to have been engaged in the reassembly of control rod
mechanisms and housings en top of the reactor. The

Fresaure generated within the reactor, which probably

3
reached seversl hundred poundz per square inch, wa

-37-
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vented through a number of partially closed nozzles

in the head of the reactor, blowing out shield plugs,
portions of control rods, and scme fuel,

The explosive blast was generally upward ircm the ports
in the top of the reactor. Structural damage to the
building, principally due to objects projected from
the nozzles, was slight. Damage to the reactor core

is extensive, although there does not appear to have

been gross melting of the aluminum core.

S R i e O

Some gaseous fission products, including radiocactive

iodine, escaped to the atmosphere outside the building Y
§
Particulate-

and were carried downwind in a narrow plume.

fission material was largely confined to the reactor
building, with slight radioactivity in the immediate
vicinity of the building. .

At this time it 1s not possible to identify completely
or with certainty the causes of the incident. The most
likely immediate cause of the explosion appears to have
beer 2 nuclesr excursion resulting from unusually rapid
aud extensive motion of the central control rod. As

\
yet there is,evidence to support any of several other

conceivable initiatd ng mechanisms.

It 18 kcown that a variety of conditions had developed
in the reactor, some having their origin in.the design
of the reactor amd others in the cumulative effects cf

reactor operaticn, which may have contributed to the

-~ 38 -
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cause and extent of the incident. Among these

conditions were the loss from the core of the burnable

boron and the condition of the control rods that

caused sticking.
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/
FOOTNOTES ;
) Y

e b

/

Copies of the teletypes concerning formation of the
Board of Investigation area attached as Annex A.

A l1ist of witmesses, who appeared before the Board, /
is attached as Annex B,
The membership of the Technical Advisory Committee 1/
is given in Annex C.

A l4ist of observers is given in Anmex D.

A series of photographs and drawings are attached as
Figures 4 through 8.

AEC Staff Paper AEC 420/27 Argonne Low Power Reactor
Project, October 31, 1955,

RARAGA 460 1 1 bl o o o]V 030 T2 5o bttt s - bty 199 D A0 0 ¢ @

ALPR Preliminary Design Study, ANL-5566, April 1956.

Hazard Summary Report on the ALPR, ANL-5744, complete
October 1957, published November 1958.

Pertinent contractual arrangements and agreements are
given in Annex F,.

it OSSR, Che B WP nt!

An orgamization chart for the CRI adminis tratiom of
the SL-1 plant is attached as Anmex I.

TR o

A summary of inspections and visits is attached as
Annex K,

Detailed test results are given in a report of a talk
by D. H, Shaftman, on "Pre-Power, Zero-Power Reactor
Physics-Experiments im the ALPR, Presented at ANPP

Beactor Analysis Seminar, October 11, 1960" and "Initi
Testing and Operation of the Argonme Low Power Reactor

- 40 -
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¥ reactor operation is attached

A detailed chrgpslocy obf equipment malfunctions is

as Amnex H,. A summary
attached ‘as Amnex K.

‘ d as
A representation of control rod worth is attached a

Figure 3.

: f events
detailed chromology ©
:ncidsnc was contained in the AEC press re

Januery 12, 1961..

before and after the
lease of

d as
Detailed results of activation data are attache ‘

Annex L..'

A copy of the procedure 18 attache

v

d as Annex N.

8

A discussion by a Board Consultant of consiﬁerazéz;

£ rata of change of reactivity and total i 2:§d of
:eactivity related to emergy release 18 atta

Annex O. i
t
{scussion by a Board Consultant of possible Zit:gi:d y
| td:i::?;ns since comstructiom, of the SL-1, 1s
as Annex P.
‘ ' Consultant of the significance

o/ 4 dggeunsion by & Boardn the SL-1 incident i8 attached

reactions 1 .
o iz::igal ::3 a metallurgical evaluation of the SL-l
::re conpo;ancs is attached as Anmmex R.
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ANNEX B
S WHO APPEARED BEFORE BOARD

e ake

ANNEX A

TELETYPES CREATING BOARD OF INVESTIGATION WITNESSE

January b, 1961 ‘

pruaTy 9 1961

‘& 1,0 C. Johnson, Managel, m

"TO CURTIS NELSON CHAIRMAN OF SPECIAL INVESTIGATING BOARD ON SL-1
Health and gsafety Division,

INCIDENT CMM INFO ALLAN C JOHNSON FROM A R LUEDECKE PD PURSUART TO ™

AEC MANUAL CBAPTER 0502-042 A CMM I HAVE CONSTITUTED A SPECIAL BOARD ? b R. Horan, pirector, ID
QF INVESTIGATION TO CORSIST OF YOU AS CHAIRMAN ARD OF THE FOLLOWING 1} o et st sty eI, |
MEMBERS CLN DONALD I WALKER CMM I00 CMM CLIFFORD BECK CMM PETER g . Bills, Deputy Director, C

MORRIS CMM AND FORREST WESTERN CMM HQ PD

THE BOARD IS TO INVESTIGATE AND REPORT TO ME ON THE INCIDENRT CMM
PURSUANT TO AEC MANUAL CHAPTER 0502-042 AND AEC APPENDIX 0502-043-A
AN INTERIM REPORT SHOULD BE SUBMITTED TO ME AT THE EARLIEST POSSIBLE
TIME WITH COPY TO MANAGER OF OPERATIONS PD

I HAVE INSTRUCTED THE IDAHO MANAGER OF OPERATIONS TO MAKE AVAILABLE TO
YOU AS YOUR COUNSEL THE CHIEF COUNSEL CMM IOO CMM AND TO PROVIDE THE
SERVICES OF OTHER PERSONNEL OF IOO AS REQUIRED PD PLEASE FEEL FREE
TO CALL ON ME FOR ANY ASSISTANCE YOU MAY REED IN OBTAINING THE SERVICES
OF ANY OTHER CONSULTANTS OR EXPERTS WHICH YOU MAY REQUIRE PD GM CLK
ARL ERD AEC 82"

ch

L. Voelz, M.D., Chief, Medical Services Branch,
i gafety Division, m
sL-1, Military Reactors Division,

ect Of ficerfor S abe
By Bs s Mggua;adpzohief, INPFO, U. S. Army, Idsbo Falls,
)

Protre=g

Director, Military Reactors Division, D

. V. Hendrix,
Combustion Engineering,

Ideho
rvisor,

: Cohen, SL-1 Test Supe

il ’palls, Idaho

. B. Allred, PXO,leCt Manager, COmb\lsbion Engineexing, H..ndﬂo!, Conn.
“SSiamb Di!eCtOI, ]UCleu Diiiﬂioﬂ, Combu

Windsor, Conn.

N o ; stion

obn Anderson,

“T0 CURTIS NELSON CMM CHAIRMAN OF SPECIAL INVESTIGATING BOARD ON SL-1
Engineering,

INCIDENT CMM IOO CMM IDAHO FALLS CMM IDA INFO TO ALLAN JOHNSON FROM
A R LUEDECKE

I BAVE DESIGNATED DR WILLIAM K ERGEN CMM OAK RIDGE NATIORAL LABORATORY
SMCLN DR BENJAMIN LUSTMAN CMM BETTIS LABORATORY CMM PITTSBURGH CMM :
PA SM CLN DR JAMES H STERNER CMM EASTMAN KODAK COMPANY CMM ROCHESTER

oy}

Health and gafety Division,

obn R. Horan, Director,
Combustion Engineering,

uke, Project Physicist,

k Idsho
harles W. L

CMM NY SMCLN AND DR WARREN NYER CMM PEILLIPS PETROLEUM COMPANY CMM Falls, Idsho -
IDANO FALLS TO SERVE AS CONSULTANTS TO YOUR INVESTIGATIVE COMMITTEE sident, General Nuclear Engioeering
O THE SL-1 INCIDENT FD THESE CONSULTANTS ARE IN ADDITION TO OTHER jMJoseph R. Dietrich, Vice PXES FiTh o) iq0
PEOPLE YOUR COMMITTEE MAY WISE TO CALL ON FOR ADVICE AND ASSISTANCE FDHf Corporation, t1onal Laboratory,
PLEASE CONTACT ME RELATIVE TO DESIRED TIME AND PLACE AVAILABILITY OF § Levenson, Senior Chemical Engineer, Argonne Na
ABOVE CONSULTANTS FD GM CLN ARL AEC 106" Nilton Argonne, Illinois
Operations

-1 Acting Site Repreaent&tive and

daho
ent, Combustion Engineering, Tdaho Falls, I

P. R. Duckworth, SL

Superintend "

ir Forc
rintendent, U. S. A

M/sgt. (E-T) R. C. Lewls, SL-1 Plent Supe ‘

Annex B/l "
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sary 10, 1961 (Cont.)
SL-1 Chief Operator, U. S. Air Force

January 7, 1961

SFC (E-6) G. J. Stolla, SL-1 Chief Operator, U. S. Army /sgt. R A- Feil,

ds
t Chief, Fire Department, Hazar
¢ A Moshbergg;%rl;ia;i:zh, Hea.li:h and -Safety Division, ID

SFC (E-6) G. B. Millar, SL-1 Chief Operator and Electronic Section
Chief, U. S. Army

£ Aa b,

Captain, Fire Department, Hazards Control Branch,
’

, 8. Desrdony Safety Division, ID

M/Sgt. R. C. Lewis, SL-1 Plant Superintendent, U. S. Alr Force , Capfain
M. Brooke, Director, Security Division, ID

Rock, MIR Health Physics Techniclan, Phillips Petroleum
$ * " Company, Idaho Falls, Idsho

T/ng.. C. E. Woodfin, SL-1 Chief Operator and Chief Instructor,
U. S. Air Force

% ord -;&N

Allan C. JOhDSOn, Hanager, m
Richards, MIR Health Physics Techniclan, Phillips Petroleum
§ o Company, Idaho Falls, Idaho

Patrol and Enforcement Branch, Securilty

W. P. Rausch, Assistant Operations Supervisor, Combustion Engineering,
Idaho Falls, Idaho :

. J. Arave, Patrolman,

Jenuary 8, 1961
Division, ID

incident. % e
v 2
tering Branch, Health and Safety
Thiet 3, 190 j M. Ruth Guffe}ﬁ) Personnel Metering 5
/ | »
e T P Comten rRnrlig, TS Balla, S t‘ R. M. Bishop, SL-1 Chief Operator and Chief, Maintenance Section,
. 1 ke gl . . y
U. S. Army

nlon, NCOIC and Training Officer; SL-1 Cadre,
Army

sgt. 0. K. Soward, SL-1 Operator, U. S. Army

Former Cadre Cmdr., SL-1 Cadre,
U. S. Army

SFC (E-7) R. M. Bishop, SL-1 Chief Operator and Maintenance Section
Chief, U. S. Army sc (E-7) P o o

P. R. Duckworth, SL-1 Acting Site Representative and Operations Super-
intendent, Combustion Engineering, Idaho Falls,

Idaho 4

U. S. Air Force

SAREIAShY

(SRS

Capt. J. T. Westermeler,

SFC (E-6) H. L. Kappel, SL-1 Chief Operator and former Chief Instructory SP5 J. B. Davis, Process Control Techni_ciﬂ-nx

U. S. Army :
SP5 R. D. Meyer, SL-1 Chief Operator, U. S. Army ‘

January 10, 1961 -
SFC (E-6) D.. R. Deddens, SL-1 Operator, U. S. Army

January 18, 1961

- dre
Capt. Stephens W. Funnally, U. S. Army, Former Chief, SL-1 Ca
Lt. Ronald Phillip Cope, U. S. Navy, Former Chief, Boller Operations
Branch, SL-1
M/Sgt. M. B. Hobson, SL-1 Chief Operator and Electrical Section Chier, W/sgh. R C. Lewis, SL-1 Plant Superintendent, U. T

U. S. Air Force
Annex B/3

Annex B/2
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January 18, 1961 (Contd) _s
W. P. Rausch, Assistant Operations Supervisor, Combustion Engineering

Idaho Falls, Idaho

January 19, 1961
Lt. Col. H. C. Schrader, Deputy Assistant Director For Army Reactors

V. V. Hendrix, Director, Military Reactors Division, ID

January 20, 1961

Joseph Crudele, Former Operations Supervisor, SL-l1 Project, Combustio

Engineering

Jenuary 21, 1961

Engineering
W. B. Allred, Project Manager, Combustion Engineering, Windsor, Conn.

February 16, 1961

Capt. A. Nelson Tardiff, Project Officer, Army Reactors, DRD, Hg.
° U. S. Air Force

Col. Gordon B. Page, Assistant Director, Army Reactors, DRD, Hg.,
U. S. Army

April 13, 1961

Lt. Cmdr. Charles W. Mallory, U. S. Navy, Chief, Water Systems Projec

Branch, Army Reactors, DRD, Hq.

Capt. Robert L. Morgan, U. S. ‘Army, Reactor Engineer, Military
Reactors Division, ID

1

Lok o £ it st T B bkt 4 e 1 - 21

Annex B/h

R

o, TR € YNNI aTs vy

l we M"vld

nl Ve N . ——

S REPORT 47

SL—1 ACCIDENT INVESTIGATION BOARD

ANNEX C

THE TECHNICAL ADVISORY COMMITTEE

Chairman
National Laboratory, Idaho

ational Laboratory, Lemont
tonsgzgzizgé’AizgzizeNgtional Laboratory, Lemont
5' Lipinskii Argonne National Laboratory, Lemoit
O: Brittan, Argonne National Laboratory, Lem;gaho
R. deBoisblanc, Phillips Petroleum_Compaﬁg;ho
ren Burgus, Phillips Petroleum Company, A idge
7. Morgan, Union Carbide Nuclear Company,

Wayne Bills, ml
W. Thalgott, Argonne

=1

CONSULTANTS TO THE COMMITTEE

Laboratory, Lemont
. H. Kittel, Argonne National
T. Vogel,’Argonne National Laboratory, Lemont

&
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ANREX D

LIST OF OBSERVERS

i
i
1
%
E. J. Bauser, Capt., U. S. Navy, Staff Member, Joint Committee on
Atomic Energy, Washington, D. C.
Herbert Cahn, Physicist, Combustion Engineering, Windsor, Comnn. 3
. 1

R. L. Doan, Manager, Atomic Energy Division, Phillips Petroleum
Company, Idaho Falls, Idaho

Angelo Giambusso, Division of Reactor Development, AEC, Hg.

W. L. Ginkel, Assistant Manager, Idaho Operations Office, AEC,
Idaho Falls, Idaho

Robert Hellens, Physicist, Combustion Engineering, Windsor, Conn.

Allen C. Johnson, Manager, Idaho Operations Office, AEC, Idaho Falls
Idaho ]

Captain H. W. Johnson, Reactor Engineer, Military Reactors Division,
Operations Office, Idaho Falls, Idaho

Captain D. C. King, AFIG Staff, DNSR, Kirtland Air Force Base, Albugque
* New Mexico 4

E. J. Leahy, Health Physicist, NRDL, San Francisco, California

Lt. Col. D. G. MacWilliams, DMO, Office of Chief Chemical Officer,

Washington, D C. a.
Meyer Novick, Director,: Idaho Division, Argonne Rational Laboratorji'

Idsho Falls, Idaho E
Loren K. Olson, Commissioner, U. S. Atomic Energy Commission, Wash b.

D. C.
Lt. G. A. Roupe, Kirtland Air Force Base, Albuquerque, New Mexico

Maj. C. A. Scheuch, M.D., AFSWC and NASA, Kirtland Air Force Base,
Albuquerque, New Mexico

Capt. R. A. Schwartz, Army Reactors Branch, Division of Reactor
Development, AEC, Hq.

Vincent A. Waelker, Division of Compliance, AEC, Hq.
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-:: for Regulations and Safety

requ
g:ti?:ine %he extent to ¥
e
::zpit:ngperation were cond
'military personnel o
mation avallable was O
“the Army Reactors Office,
Fational Laboratory,
Office.

sl Nosabomes .

GATION BOARD'S REPORT 49

ANKEX E

10, 1961
Fipan, Assistant Geperal March 10, 196

.- A. Morris, Assistant Director

+ Reactors
vision of Complisnce

Introduction
Introduc 2o

vas made to

o e ten invesgig:tigipections or

s of the SL-1 plant
s i ucted by the AEC,
r the contractor. The infor-
btained from the files of
DRD, the Argonne
and from the Idaho Operations

There has been no continuing, comprebe:siz;
program for review of operational B:fe yVided
the SL-1 reactor, comparable to thzi pzo

by periodic compliance-type inspections.

umerous visits to the site,

eviews of the contractor's per-
gﬁ::ﬁiﬁtf ind specific investigation:;r:;z
only two instances are known where O ¢
reactor operetionel afet (hA 0% Crew by
consideration. ne ¢ sl .
the contractor and one detailed study by
representative of ARM/DRD were made pzt:r
to routine operation of the plant by
contractor (i.e., before March 1959).

There have been I

(continued) Annex E/1
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III. Discussion
3. Review of the sL-1 Contractor performance
D Military Reactors: Division

A. Inspection History for the SL-1

. nu:;:ie:fof the available records indicate. that
and.a.numbérviﬁits have been made to the SL-1 facility
appraisals of contractor performance ’

was made by the I
by (according to a
Military Reactors

8.

letter from the Director,
Divisiom):

Informal Reviews

Quarterly Review Meetings

have b
Bcheduizs m:::iabOth on a periodic and also a non- |
’ * 1
The Pecards, {nd 2) Unscheduled Plant Visits
cords. indicate t
listed below, there were ;2125832221225 ::Eep:iins 2; zz{eggogzyczzzizzit?ii:zzsaiﬁdsor
; ey 5) Liaison representative at Windsor

atl

cal;;a :il:e:ctor performance and safety, specifi-

he Division z;ecg:miirable to those carried out by
= ol tiisnzzse?f licensed facilities.

b. Review and Approval of

Administrative and

Operating Procedures.

Review of CEI Reports

* 1. Combusti
Nuclear Safezs gzg;iz:ring, Inc., through its c.
: Sprades) of i frebtes o o & Harough
‘ operation 1ncludiaCility"nd its proposed 1) Quarterly Progress Report
March 19 ;1959 ng reactor safety, by CEI on §g gnnual Operating Report
2 . : opical Reports
4) Malfusnction Reports (There were 38
ation of

of these during CEI's oper

the plant.)
5) Hazards Summary Report

6) Design Reports
7) Reactor Operating Manuals (as required)

g) Health and Accident Report (Monthly)
9) Other administrative reports

:;ptgﬁiii z;ge, between August 1958 and
i Hrmniliec 0, approximately 20 visits by
Primarilypfr::?2§; (26 individual persons,
e ol /DRD and NPFO/Ft. Belvoir),
o e e en trip reports are available
i Bt ri;:ewed. Except for the report
n ;55umpt1°ng : January 1959 visit (prior
. of responsibility by CEI), which
o aa e reactor plant was "substandard
ol mzferation, Qesign and construction,
oty tontenance,' each of these visits
v oiated a specific problem (for example
on) or only programmatic considert%ions.

d. Review of Extraordinary and Problem Situatioms
ns (Made and

Physical Reviews and Inspectlo
£ ID as required)

e.
reported on by the Divisions o

During FY 1960 the following reviews were performed:

1. Accounting System
2. Property Management Appraisal
3. Health, Safety and Fire Review

4, Security Survey

There
e ::::% between December 1958 and October 25
b ;hiCh tg—one visits by military personnel ’
el 2ere are no trip reports available.
visit; T individusls involved in these

vere primarily from ARM/DRD and NPFO/

i Ft. Belvoir.
£. Annual Appraisal Report.

Our review of reports of Quarterly Reviews indicates that
operational safety has not been discussed extensively since the
meeting of April 15, 1959. Our review of reports of Health,
Safety,and Fire Reviews indicates that these reviews did not
encompass operational safety of the reactor at all.

viszzzzazs that no single military individusl
i he reactor plant more than four tim
. en August 1958 and October 1960. °

(continued)
(continued)

Annex E/3
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B. Compliance Iaspection

The primary objective of compliance inspection of
privately owned reactors has been and is to gather
information to show whether or not the licensee, or
permit holder, is in compliance with the Atomic Energy
Act, the rules and regulations of the AEC and any
special conditions of a construction permit or license.
Those of us who have been charged with this responsibilit
have always falt strongly, however, that the compliance
inspactor also has a responsibility for gathering infor-
mation to show the extent to which the actual or pro-
posed operation eof the facility endangers the nealth
and safety of the public. This latter responsibility,
we believe, arises because the primary purpose of the
regulatery pregram is te procect the health and safety
of the public and, at the presant time, there ara not,
and cannct be, a set of regulationa, standards, license
conditicns, or oth:r rules, that by themselves, will
guarantee an acceptably low level of risk attending
reactor operation, without seriously stifling the
industry.

To accomplish the absove objectives we have strived
for two princlpal goals. Briefly, these are competence
of the inspector and familiarity with the facility and
its operation. To achieve the firat of these goals we

five years or more of responsible reactor experience.
Such experiencz includes direct cperational and super-
visory assigoments and direct technical support assign-
ment3. To achieve the second gonal it 1s our practice,
insofar as feasible, to> have a single inspector assigned
to a given facility throuvshsut the construction period,
the initial startup and teat period and during early,
routine operatioza. Durirng construction of a large
power reactor visits o the site might average one per
month, fer example.

We do nct sttempt to duplicate the work of the
reacter owner, which duplication, in effect, would
divide respcusibility for safety, but we do sazek to
gather sufficient information te allow a mature
appraisal of the overall saiaty of the raactor operation.
Not the least important in this appraisal is information
ccocerning management interest, ability and effectiveness
in directing safe opersatien.

(continued)

sMcmﬁv‘r‘!‘ rNVESI’d}ATIMOAn’B"S “"REPORL

Conclusion 4

-1 site were made,
g maﬁy viz;;:rthtgzuiies were made relatziew
and alCnoe lnas ects of reactor safety, in °“Et .
ot 1nd1Viiuitiespd1d not constitute compliance-typ
chese aitni We conclude that there were no
12;2§i;n2e inspections of the SL-1 reactor.
c

Ju

Annex E/S
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ARNEX F

CONTRACTUAL ARRANGEMENTS AND AGREEMERTS

1... Atomic Ener
- tion. Engineerin
g,- Inc.

The following
-excerpt. from. the AEC and. CEI_contract define

the
Tesponaibilities of CEI in operating SL-1
-the SL-1 reactor:

Contrac!
t No.. AT(10-1)-967 betwean Cambustion Engine
-and the Atomic » o
-Energy Commission .is for the term between
Decembe
r 1k, 1958, and September 30, 1962. It is
- g cost-
-plus-a-fixed -f
ee cantract for operation of the. reactor and
..for. the perf
ormance of research and development. vork at
Combustion E ! .
ngineering's plant in Windsor, Conmecticut
The obJjectives of the contract are:

1. to
gain, through SL-1 plant operation:

HUionie B2 sturivi I Bl e Ak
. s L
Hrren i hat bidba tobln, T e (e, g ot o st bk B e o,

(2) data and experience at design and off-desi
sign
condi:
tions in support of the Army Boiling Wate
ater
Reactor Program.
b
(b) knowledge of the costs of operating the SL-1
-1 on
both a commerciasl and a Government-accounti
n
basis. g
(c) fami
) liarity with the problem areas encountered

through sustained opération.

IO, ¥

facesponie] brers
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to carry on the Army Boiling.uw.xuctor Program of

toward meeting.the overall
economical,

resesarch and.development-

cgmissionob,jective of obtaining.simple,

eas:l.ly—e_rected., boiling water puclear power plants of

various power capacities.

3. to traim,. and sssist others in. training, crews to operate

the SL-1 and other reactor installations.
* ® ¥

ntract dated 2/29/59, in Article IT, Statement of Work, om

"In the performance of {ts undertakings
ball use assigped military
ponsibilities

The cO
page 1b, states: under
aph B., the Contractor s

eatest extent consistent with its res

this paragr
personnel to the gr

¢or safe operation of the ALFR."
Modification No. U (cont'd)
Supplexnenta.l Agreement
Contract No. AT(10-1)-96T

ARTICIE IIT - STATEMERT OF WORK (Cont'd)

n makes no warranty or representation

M. Disclaimer. The Commissiol

ity, safe condition, vorking coO
vork or otherwise) of any Pre-

as to the qual ndition, state of repair

or adequacy (for the purposes of the

y kind coming into the

item of equipment or material of an
in the

mises or

possession or control of the Contractor or to be used by it

performance of the vork.

ARTICLE XXI - SAFETY, HEEALTE ARD FIRE PROTECTIOR

The Contractor shall take all reasonsb
Anmex F/2

le precautions i{n the performance
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of. the work to. protect the.health and safety of employees and of
members of the public and to.minimize danger from all hazards to
life and property,.and shall comply with all health, safety, and
fire protection regulations and requirements. (including.reporting '
requirementa) of the Commission. In the event thet the Contractor;-

fails to comply with said. regulations or requirements of the Com- ?

misgion, the Cantracting Officer msy, without prejudice to any
other legal or cantractual righta of the Commission, issue an
order stopping sll ar any part of the work; thereafter a start

order for resumption of work may be isaued at the discretion of

the Contracting Officer. The Contractor shall make no claim for

an extension of time or for compensation or damages by reasom

of or in comnection with such work stoppage.

The. cantract ia .sadministered by the. Idaho Operations Office, AEC -

with the day-to-day .adminjstration being carried on by the Mili

Reactors Division of thet office. The Idaho Operations Office

reports to the Division of Resctor Development which is respomsible

for planning, directing and coordinating the work of the Idaho
Oparations Office in order to accomplish approved. programs.

the Division. of Reactor Development, the Army Reactors. Branch is

responaible for the part of the program being performed by Combuati@

Engineering under Comtract No. AT(10-1)-967. Iaformal contacts

’_m‘ [ ] H

tary.
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ammatic
usually, in connection with techmical, Progr
Branch - ’

and .budgetary matiers:

d Alr
jces (Army, Navy ex
1 from. three .8erv.
Military personne

Such persomsel

a.ll manssemenb and teChﬁ cal di):ect'.ion of Combuﬂ tion EB&iMEI iﬂso
1

t of Work
ThAAcontxact.daied.Z/ZQ/Sg, in Article II, Statemen .

on page h t 4 e t derta.kinga
1 states "In the perfom-nc of its un
’ *

the Contractor ghall use asaigqed mili-

this ps.r-as'ruph B.,
- consistent with 1its

or safe O
responsibilities £

’
The Combushion Eﬂgin&ering, Ilc', Pro.ject Mansager, W. B. All.zed

and his testimony W88 cc\rroborated
mo),

testified befors the Board (

. . ’
Y ix, I 3
b; v V. Hﬂdr Direc tor Nili taxy Resc tors Div ision

tbat durdng all contract 2egot

th
of the contract, it was understood by bo

Military Cadre to perform routine

i
tor operstions ¥
reac Nationﬁ-l Laboratory.

Atomic Energy Conmission and Argonne

assigped to the
The design of. the sL-1 (then ALPR) reactor was .8

t W-31-109-
task under Confrec
Laboratory 88 &
Argonne National

contract was
ENG-38 with the University of Chicago. This
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Administered
-by_the Chicago Operatioes Office through
Programs D N
ivisicm. An.active interest.im the degign and Y
tion of the reac o
tor by ARL, a=ad. the role of C00, was also

.maintained b
Yy the
Army Resctors Office, Division of Reactor

Deve]_opme,t.
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ANREX G

FUNCTIONS AND DELEGATIONS

46 TFUNCTIONS ARD DELEGATIONS DIVISION OF
REACTOR DEVELOPMERT
* ¥ ¥

462 Responsibility of the Director. The Director, Dpivision

ig responsible to the Assistant General

of Reactor Development
for Research and Ipdustrial Deve

the Division of Reactor Development.

Manager lopment for the performance
of functions assigned to

specifically the Director is responsible for:"

* ¥ *

\
s "q, Planning, directing and coordinating the work of the

rations Offices reporting to the
ved programs.”

Division (and the Ope

Diviasion) in order to accomplish appro

* * ¥
Section 0103-48 FUNCTIONS AND DELEGATIONS IDAHO OPERATIONS OFFICE
* * ¥
ssigned the

n48] Functions. The Idaho Operations Office 1s &

following functions:"
* * ¥

assuring that all activities relating to the NRTS a8 &

”n

c.

Annex G/1
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whole are. |
carried out in a Banner tq 8uard the 8ecuri ty i

Mfet}Lo_f employees and .the pub.]_ic, d ';

health and Y and to :

rote e o e ta -
Protect the prop. rty of th AEC, { 1

pu C; such fu.nctions in the case of activy :

bli ties at KRTS :'é

s

z
-
&
-
3
&
b3
P
4
£

* % x 2

"482 Reg
on5ibility of the
M&nager of
: rations. The

R

Manager., Idaho .q
(0]

pPerationa Office, ig Tesponsible to. the Di g

. rector, .

&

¥

:

Specifically, the Man&gef

15 IeBpons.[ble fOI.
c pl&uﬂiﬂg, 'iirec ting and COOIdthin the work of hhe
g =
Idﬁho Ope at ons QO ce I tO aCCOmp sh apploved 2
I 1 n ffi in orde li

Programs; "

Section 0103-48 -
3 FUNCTIONS AND DELEGATIONS IDARO OPERATIO
NS OFFICE

B b oo il

g
g
8
E‘
»
8
8
&
~
o
:
S
5
:
:
;
L b

03 S5 04, ST B i

* ¥ ¥
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"(b) Provide technical review and control of assigned

Military reactor projects.

"(c) Plan and coordinate action necessary to the

effective, satiafactory, and timely accomplishment

of the assigned Military reactor programs."
* % *
It should. be noted that while the Division of Licensing and Regula-
tion has no "in-line" responsibility for management of the SL-1
reactor operations, the division has been assigned responsibility

for certain aspects of nuclear safety of reactors, as shown by

the following excerpts:
"Section 0103-08 FUNCTIONS AND DELEGATIONS DIVISION OF LICENSING
. ARD REGULATION

"081 Functions. The Division of Licensing and Regulation is

assigned the following functions:

* ¥ ¥

Developing health and safety standards, guides, and codes

g <
for the design, operation, supervision, containment, and
location of all reactors including both AEC and privately
owned reactors. (Effective May 21, 1956)

"g. Evaluating all reactor proposals with regard to design,

operation, supervision, containment, and locatiom, on

the basis of established health and safety standards,

guldes, and codes. This will include reviewing all per-

Annex G/é
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5. to bring together groups or parties having mutual

6. to promote the interchange of informatiom on safety

4 e ced T il

tinent reactor hazard information.
May 21, 1956)

(Effective

Coordinating all phases of the AEC's reactor safety
programs, asslsting appropriate divisions in initiating
new or amplifying existing projects in this field, and

making such recommendations and suggestions as appear

AN o 90 BT B > s LB AN

necessary in various phases of these programs. Specifi--

cally, the following functions are included:

1. to keep informed of all programs within the AEC re-

59 sauR-ERB e

lating to understanding and minimizing the possibilit:

and consequences of reactor accldents;

‘/l i

2. to identify all requirements for further information

and areas needing further study;

3. to inform appropriate operating groups of programs

needing action;

k. to assist in further definition of principles lead

RoTRBI ot dNEL D delts £ ML

to acceptable balance between requirements of safet;

and economics of reactors;

interest in particular safety problems;

programs; and

Annex G/b
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ion from
T to collect, organize, and transmit informat

ms
iginating groups on particular areas Or proble
orig

of safety." (Effective September 13, 1957)

* % %

* %

r define
following excerpts from the AEC Manual furthe
The 1O
nations:
onsibilities for reactor safety determi
resp

"CcHAPTER 8LOL REACTOR SAFETY DETERMINATION

ngh01-01 Purpose and Scope

ocessing
t rovides a gulde for the preparation and pr
"thig Chapter P

-0+ below) and for
See Section ok

4 Summary Reports (

of reactor Hazar

tart-up and
thorization of construction, modification, B8
the au l
. Specifically,
tion of both licensed and AEC -owned reactors pe
operation
e

1{ establishes:

ts of prop058d new
aluating safety espec
AEC policy on ev

lla.
tors or significant modifications of existing
reac
reactors;
of Civilian
the responsibilities of the Director, Division
b bo

A plication, Directors of Operating Divisions,
P

Ope ations and Othel OffiCi&lB in Buch ev&l\mbion, and
by

tart
"e. responsibility for authorizing the 8

*
r significantly modified reactors.

of new o Annex G/5
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"In order to protect the health and safety of the.puhlic, and

erployees working in reactor facilities, and the safety of public |

the potential nuclear hazards of each proposal to build a new

reactor or to significantly modify an existing reactor to deter-

"8401-03 Responsibilities

mine that the hazard which the reactor presents is acceptable.* %

"¥031 Assistant General Managers shall, upon receipt of the recom~~§
mendations outlined in 8401-032(e), and upon a positive determinatiom

that the hazards presented by the proposal do not constitute an undQ?

tion.

"%032 Directors of Operating Divisions shall:

"

a. assure that Operations Offices under their jurisdiction
apply the AEC reactor safety standards, guides and codes;

"b. review the Hazard Summary Report, together with any
comments submitted by the Managers of Operations for

all reactors under their supervision, from the stand-~
point of completeness and adequacy, and obtain from the
contractor or Manager of Operations such information as,
in their opinion, is needed to evaluate properly the

nuclear hazard associated with the facility;

Annex G/6
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iate
such comments a8 are considered appropr
e, prepare
eport
nd .submit them together with 18 copies of the TEP
and .8

h a formal
to the Division of Civilian Application wit

ects of
uest that an evaluation of the hazard &sp
req
some
he reactor be made. This request should gilve
t T

gram under con-

4{ndication of the urgency of the pro
if any, preliminary

aideration and should indicate what,

advice &nd IEComendahions are DEeued pT ior to fml

evaluation;

1 data needed by the pivision of

dditiona.
nd. obtain all & t
cation during its revievw of the subjec

Civilian Appli

reactor; and

ts b
' transmit the Hazard Summary Report and commen Y

n of Civilian Application to the appro-

ger with a recommen

slo
the Divi o

priate Assistant General Mana

concerning author

yzation of construction or operation

of the reactor.®
tion, shall:
The Director Division of Civilian Application,
~ e des, and
develop health and safety standards, gul )
"a.

operation, supervision,

for the design,
- both AEC

con tBinmen h, a-nd loca tion of all reac tor 8,

and privately owned;

Annex G/T



ety skl

|

%

Ilb .

) Py
-1, ....lmm-vvmvménunrION"’I}‘UiRD'g REPORT

recelve and evaluate all Hazard Summary Reports
(submitted in accordance with 84Qa1L-032 (c) and AEC
Regulation 10 CFR 50, 'Licensing af Production
and Utilization Facilities, ') with regard to design,
operation, supervisien, containment, location, and
all other factors affécting health and safety;
obtain such additional information a8 is needed to
carry out such an evaluastion by formal request to
the appropriate Division Director in the case of AEC

reactors and to the licensee or license applicant

in the case of privately owned reactors;

it ReR R T b e AT B 3 A sty Bn

B sitbbenan esh s

obtain advice and assistance as may be needed from
such sources as AEC or AEC contractor personnel,
private consultants and the Advisory Committee on
Reactor Safeguards (See Appendix 8Lk01-033 for

charter for Advisory Committee on Reactor Safeguards);

-
121}

for AEC reactor, furnish the appropriate Division
Director with the results of the hazard evaluation
together with recommendations concerning the advis-
ability (from a safety standpoint) of proceeding
with the proposal and such speclfic comments on

the safety of the reactors as are deemed appro-

priate; and

Annex G/8
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~#Q3h Manager of

the DPro

safe operstion of AEC

specifically,
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teri
perations, in developing and adminis ng

nsible for the
i{sdiction, are respo

under their jur

grams

owned reactors under their supervision.

they shall:

uides
1y the AEC reactor safety standards, g
app.

s to reactor facilities under thelir

b Juris~

and code

diction; .
S &
btain from the contractor a Hazard Summary
"b. ©

ification
h new reactor or each significant mod
for eac

of an existing reactor; and

uacy
q 2
Ievieu this IEPOIb for complebeness and a.de

ts
work out modifications and improvemen

' contractor and submit 20 cop

i t Comenbs, evﬂluabions and rECOmnd&tions to
tinen

ieﬂ, tOge ther Hihh per
pe p pr gIan-

2 o i g 3E
the o atin &.Viﬂion res OnBib e for the (o] J

"%x8401 -0 Hazard Summary Report
e included in & Hazard Summary Repor

t is

"Information to ®
_oh.*

covered in Appendix 8401 -0k

1D CHAPTER 8401 REACTOR SAFETY DETERMINATION

"8401-01 Purpose and Scope:

i g
This issuance BupplenmntB AEC Chﬂ-ptel 8,4'01 by esbabl shin

d to
ntractors in regar

for IDO and its co

responsibilities

reactor safety determinations.
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'‘8ha] ~02 Responsibilities:

"o21
The Directors of Operations ang Military Reactors

[ [N Y

"022 The Contractor is responsible for:
"(a) Providing IDO with a Hazard Summary Report

ninety days in advance of initial criticality
for each new or significantly modified
reactor. The report is to oonform to 10 CFR

to reactors under thei
T supervision.
50.34 and i1s also to include an evaluation

(v) Obtaining from the contractor a Hazard Summary

g L AP 1) _,a,_qg.,' AL

of the maximum credible accident.”

R
eport for each new reactor and each significant
Advisory Committee on Reactor Safeguards

modification of an existing reactor . 2.
(e) Determining when modifications ;re of Suptlatems .% The ACRS is established by Section 29 of the Atomic Energy Act
magnitude to require a Hazard § Rt g’ of 1954, as amended, that section requiring that the ACRS
"(a) Procuring starr assistance ang Soumenta Tron %' "...shall... review studies and facility license applications
Health and Safety Division concerning the — % referred to it and make reports thereon, advise the Commission
Summary Report., f , with regard to the hazards of proposed or existing reactor facili-
i '
" b
(e) Reviewing each Hazard Report for completeness and E ties and the adequacy of proposed reactor safety standards, and
d 2 d ",
adequacy and working out modifications and 1mpr°ve;§ perform such other duties as the Commission may reques
+ P 3
menis with the Contractor in accordance with g . 3. Argonne National Laboratory (University of Chicago)
10 CFR 50.34. ‘3 Argonne's activities with respect to the SL-1 (then the ALPR)
"(f) Recomn d % were a t of the overall contractual obligation of the Umiversit
ending approval and preparing for submitta] % : e ¢ Y
g of Chicago to the Atomic Energy Commission. No specific terms

twenty coples of each Hazard Report to the Division?

relating to the operation of the SL-1 reactor were included.

of Reactor Development sixty days in advance of
4. Combustion Engineering, Inc.

o
P
) initial criticality of the Dew or modified reactor
b reported on, ; While Combustion Engineering, Inc. (CEI), was not involved im the
design, construction, or initial operation of the SL-1 Reactor,

U AT et el

CEI was involved with the later operation of the reactor, in
Annex G/11
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modifications. to. the reactor facility, and the continuation of
training of military persannel. Tbe responsibilities assigned

to CEI are delineated in detail in Article II, Statement of Work,

and Article XXI, Safety, Health and Fire Protection, and in
each of the four. subsequent modifications of Contract No. AT
(10-1)-967, between AEC and CEI, as follows:
Modification No. 4 (Cont'd)
Supplenmental Agreement
Contract No. AT(10-1)-967

Article III - STATEMENT OF WORK (Cont'd)

M. Disclaimer. The Commission makes no warranty or
representation as to the quality, safe condition, working
condition, state of repair or adequacy (for the purpose of
the work or otherwise) of any premises or item of equipment
of material of amy kind coming iato the possession or control
of the Cortractor or to be used by it in the performance of
the work.

Article XXI - SAFETY, HEALTH ARD FIRE PROTECTION

The Contractor shall take all reasomable precautions in
the performance of the work to protect the health and safety
of employees and of members of the public and to minimize danger
from all hazards to life and property, and shall comply with all
health, safety, amd fire protection regulatioms and requiremenats

(including reporting requirements) of the Commission. Im the
Annex G/12
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vent that the Contractor fails to camply with said reguwletions
e

or requirements of the C
pre judice to any other legal or contractual rig

ommission, the Contracting Officer may,

t hts of
withou
the Commission, issue an order stopping all or any part of the
a start order for resumption of work may be

The

work; thereafter

igsued at the discretion of the Contracting Officer.

Contractor shall nake'no claim

ges by reason of or in commection with such

for an extension of time or for

compensation or dama

e

fazraptfine BB SAOAARAELN R 1 YIlaermeribiv e o a1

work stoppage.

2
3
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ANNEX H

CHRONOLOGY oF PLANT OPERATION

Test Periods,

criticality experiments, planpeq and

unscheduleg shutdowng and reasong are indicate

d on the chart
and the legend.

Also attacheq is a chronologica] Summary of eventg vhich

occurred during oreration. Thig Summary covers the period

when Combustion Engineering began operating
the plant, to January 3, 1961.

February 5, 1959,

Annex /1
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DETATLS. OF URSCHEDULED SHUTDOWRNS

A routine check on the head gasket vapor lesk-off line
revealed the failure of the head gasket. The apparent
cause. vas. suspected to be due to a faulty gasket or
improper gasket seating. The plant operation was con-
tinued to determine if the inner gasket would reseal
itself. After 10 hours of operation the gasket still

lesked and it was decided to secure the plant and replace

the gasket.

When the reactor was shutdown at the end of a five day
period of operation, the rods were all dropped individually
fram 30 inches under hot conditions. Rod #7 hung up at
approximately four inches. The apparent cause of the rod
failure was suspected to be binding in the rod seal or

back up roller. On May 4, 1959, when the plant was started
up again, the hot rod drop test om rod #7 was repeated.

The rod showed no signs of sticking during this test so the

reactor was brought up to power for a five day run.

On May U4, a steam leek developed in the purification system

while the reactor was at power. The reactor was secured and
the leak isolated. Health Physics detection precedures were
followed and the contaminated area cleaned. Plant operation

was resumed on May 5 after a downtime of eight hours.
Annex H/2
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The. reactar was. secured. for. one shift .on May 1Uth and one &

shift on May 15th,. because of loss of vacwm in the gland::

ejector system. The reactor was shut down on May 18th
while the gland air ejector was repaired. A discussion
of the maintenance activities performed on the gland

ejector system may be found on page 6% Plant downtime

totaled 61 hours.

On May 20, control rod drive #7 failed to meet the hot rod,

st RS R

FEHAE,

drop time requirement of two seconds for 30 inches travel..

Following & preliminary investigation of causes for stick

the plant was secured and the mechanism was replaced.

Details of the replacement sequence are presented on

ATE TRy g

page 7% Plant downtime totaled 22 hours.

4
¥

Main condenser fan motor tripped out causing the reactor t

# S

scram due to main condenser high pressure. Apparent cause.

Firda

was & short circuit in one phase of the motor stator.

§

Attempts were made to reset the motor thermel overload;
failure of this action necessitated orderly shutdown of

the plant.

The 1000 hour sustained power run which started on June S‘

was completed on July 17. During this time steam was genét-
A5

ated by the reactor for approximately 99.5% of the time.

There were, however, four brief occasions when the plant f?-
ng Plant Log ‘

el sl Bis

Lﬂmuz JE— I F"?'.*""w ’

RO B

was not generating steam. Two were due to accidental scrams
which could have been prevented and cne was a planned test to
obtain operational data. There was only one shutdown re-
quired for repairing three leaking valves that prevented

the plant from generating steam for a period of 75 minutes.

u/R #5

7/14/59

9. The primary reactor water level recorder stuck at -1 inch
causing the feedwater valve to close allowing the hotwell
to fill and give a hotwell high level alsrm. The cause was
tube failure in the Hayes liquid level indicator. Replacing
these tubes will scram the reactor. In an attempt te place
a Jjumper across the scram contactors, the reactor was
accidentally scrammed.

H/R #6

8/31/59

10. Condensate in the lire started leaking from the air cooled
after condenser. The apparent causes were damaged gaskets
and a small leek in the cooling coils. The air ejectors
were secured, the reactor "bottled up"” and maintained at
300 psi pressure and the condenser was removed for repairs.

M/R #7

9/18/59

11. At 1140 bhours on September 18, 1959, an attempt was made to

start the purification pump. No suction could be obtained

on the pump. The suction line for the purification pump

terminates in the reactor vessel at a level that is
Annex H/4
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approximately at the mid-plane of the reactor core. With
the purification pump in operation and with the present
piping arrongement in the purification and retentien tank
systems, 1t 1is possible to pump water out of the reactor
and into the retentlen tank. The water level in the reten-
tion tank was checked and was observed to be nearly full.
This tank is pormally kept at less than one-half full. Tt
was concluded that water from the reactor was pumped into
the retention tank lewering the reactor water level to

All valves were in

Any one

about 11" below the top of the core.
preper positions when checked after this incident.
of six valves to the retention tank could have been opened
or partially opened during operation of the purification
systeﬁ alloving reactor water te be remeved from the pressure
vessel. The following steps were completed after it was
determined that the reactor water level was lew: (1) Plant
instrumentatien was turned on. (2) Radiation readings were
taken above the reactor vessel. These ranged from .9 to
5 r/hr.(3}\ centrol rod plug was removed from the reactor
bhead and from a distance twe hoses were inserted inte the
plug opening. (4) Water was added te reactor vessel and
the level returned te normsl. (5) Background readings ef
abeut 20 mr/hr were recorded. (6) Radiatien readings were

taken at the opening in the reacter head as water was added.
Annex H/S
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From..this data it was .determined.that the radiatien level

at the head epening was 1000 r/hr when the water was at its

lewest. point. (7) Film badges were collected for. immediate

processing. There were no everexposures.

; M/R #8

& 9/24/59

2 12. At 0238 hours the reactor scrammed. The apparent cause

% wvas an electrical transient in Channel I that caused the
é needle ;n the power level circuit to deflect up-scale

E and strike the scram actuating contracter. There was ‘ne
g permanent indication for the cause ef this transient.

m

}i As there was no permanent indication of trouble follewing
% the first scram, the plant was returned to power. After
. ¢ the secend scram, the plant was isolated by preper valving
,i to retain pressure and Channel I power supply was remeved
§ fer repairs.

=

ﬁ 13. On October 27 there was ne steam flew for a fifteen minute
fg period while a valve gasket was replaced. The plant was
% maintained at 300 psig while the repair was made.

P

3 /R #9

= 10/9/59

= 1k, The nuclear instrument ventilating air fan was being in-

Fe

1ikEgRiE

5
A

”

RS A S P IS

stalled and a wire was shorted te ground, blewing fuse L-3.
Fuse L-3 alse supplies power to the centrol red clutches.
This caused the contrel reds to drop te zere inches.

Replaced L~3 fuse and returned reactor te power.
Annex H/6
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M/R #11
10/11/59
15.

M/R #12
10/18/59
16.

JD’S penemDRT pmen

Phaemrne

A - The 1solation valves for the reactor steam and the
main. steam pressure gages were leaking sufficiently to
require repairs. The apparent cause was damaged asbestos
gaskets. The main steam gage valve i1s downstream from
the main steam valve MS-1. The reactor was maintained

at temperature and pressure with MS-1 closed while the
asbestos gasket was replaced.

B - The isolation valves for the reactor steam and the
main steam pressure gages were leaking sufficiently to
require repairs. The apparent cause was damaged asbestos
gaskets. The reactor gage valve is upstream from the
main steam valve MS-1 and its repair requires being at
atmospheric pressure. The plant was blown down to

atmosphere and the ring sheet asbestos gasket replaced.

Normal procedures call for securing the reactor venting
valve when reaching temperature and pressure prior to
passing steam. In attempting to secure this one-inch
stainless steel globe valve it was found to be frozen
Reactor pressure was reduced to atmospheric and

open.

the valve removed for inspection.
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On November 14 plant startup was.delayed nine hours and

17-
ten minutes while the primary side of the simulated heat
load.heat exchanger was thawed out. This unit froze when
the secondary coolant, which contains anti-freeze protec-
tion, cooled to less than 32° F and froze the condensate in
the primary side of the heat exchanger.
M/R #13
10/18/59
18. The main steam inlet isolation valve for steam trap #1
was leaking sufficiently to require immediate repair.-
The main steam stop valve (MS-1) was closed to bottle up
the reactor vessel at 300 psig while the bonnet gasket on
the inlet valve for steam trap #1 was replaced.
M'/R Heo
10/19/59-A
10/20/59-B
19. Continued oscillations in the main condenser vacuum were

traced to the controlling action of the turbine governor.
The apparent cause was originally thought to be a sticking
valve stem in the turbine governor throttle valve. It vas
later determined that the cause was in the governmor unit.
The reactor was bottled up at 300 psig and the turbine

governor throttle valve was removed and the stem was found

bent. A temporary repair was made by polishing the stem

and reeming the valve bushing.

Annex H/8
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Continued oscillations in the main candenser vacuum were
traced to the controlling action of the turbine. governor.
The appsrent cause was originally thought to be a sticking
valve stem in the turbine governor throttle valve. It was
later determined that the cause was in the governor unit.
When the governor oscillations persisted the governor oil
waa changed and the compensating adjustments reset in
accordance with the recommended 500 hour msintenance
requirements.

M/R #1h

12/29/59

20. Operator error; the wrong fuse was pulled. The three pover

M/R #15
2/8/60

21.

lines to the bus tie breaker are individually fused. Ope

of these fused lines (NA) also supplies power to the turbine
generator lock out relay. While attempting to check the
fuses, NA was 1nadvertently pulled causing loss of power
to the lock out relay. The turbine throttle then tripped

shut and caused the reactor to scram upon loss of control

pover.
Electrical - Defective Station Auxili&ries, Circuit Breaker. -i:
The Station Auxiliaries Circuit Brea.kler kicked out stopping ;";,g
the feedwater pump, condenser fan, and related equipment. E‘;
The bresker could not be reset immediately because of rcsidualg

Annex H/9
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heat in tripping mechanism.... The. dummy-.load .was dropped

. from_the turbine . generator. and.an attempt was.made to

W/R #16
2/9/60

N/R #1T
2/11/60
23~

)‘I/R #18
2/11/60
2k,

=arne N

parallel with Idaho Power when the reactor scrammed.

The-high-voltage-power cable  for Channel II shorted

causing the reactor to scram. The cable was replaced.

An .operator in training had started the turbine generator

. following normal. startup procedures while supervised by a

qualified plant operator... As the turbine was being loaded
in 60 KW increments the. steam.throttle tripped shut. causing
Jloss of all electricsl power and scramming the reactor when

the turbine generator was loaded to approximately 50%.

The control rcom rod #7 pesition indicator showed.rod. #7

_stuck at 10.6.4in.. following & reactor scram. Investigation

. the .motor drive micro switches inoperative.

.revealed .the negator spring bad unwound from.the. rewind spool
and.as the rod dropped,. the. loose spring disengaged the posi-

tion.indicating selsyn gear train rendering the selsyn and
The rod bottomed

an the dampening springs but the drive motor continued to

drive in, as in a stuck rod condition, shearing the pinion

shaft key.

Annex H/10
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M/R #19 %
2/15/60 3 Low generator frequency resulted effecting the feedwater
4‘5
25. Channel II, the lipear power scram circuit, was not % control circuit. The feedwater valve opened but the pump
3

functioning properly. Theare was no signal to Channel discharged dropped due to low frequency and under voltage.

9
as

II. The trouble was traced to a shorted signal cable When the generator recovered the feed pump immediately

from the detection chamber to the amplifier. passed in excess of 1000#/hr through the open feedwater

M/R #e0
3/1/60 -

26. At spproximately 0700, March 1, 1960, main condenser

valve. A cold water transient followed scramming the re-~
actor at 4.5 MW(t) on high flux Channels I and II. The

reactor was returned to operation at 80%/full power.

M/R #23
4/12/60

29. Reactor scrammed during normal operation from a false high

pressure started to increase and the cause could not be
located. By 0800 low main condenser vacuum started to

affect turbine operation and in attempting to switch the

plant electrical load from the SL-1 turbine to Idaho Power vater level. Analysis of recorded operating data following
)

by paxalleling, the turbine tripped due to overspeed and ] the scram indicates that the reactor water level indicator

the reactor scrammed at 0822. drove high (off scale) instantaneously, causing the scram.

l“ '

M/R #21 Its operation before and after the malfunction appears

"3/5/60

27. The station auxiliaries breaker tripped out and before the

normal. The reactor was secured at pressure and a normal

re-startup followed.

s

¥
]
¥

condenser fan could be successfully returned to opefution
b 4

. == M/R #2b
the reactor scrammed from high condenser pressure. The Jg h/20/6°
station auxiliaries break;r vas reset and the vessel was é? 30. At 2200, April 20, 1960, the canned rotor purification pump
bottled up at 300 psig while the reactor was returned to gg failed and could not be restarted. The purification system
pover. :g was secured and the pump tagged out. As the reactor water
g;g/zgz ?ﬁ quality was good, it was not necessary to immediately secure
%: the reactor and plant.

28. The turbine governor failed to regulate at full power operatioﬂ;

Annex H/12
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M/R f25
5/1 /60
31. The station auxiliary breaker which supplies electrical
power to all plant auxiliaries tripped. The time delay
required before the breaker could be reset sllowed condensger
pressure to increase 5 psia automatically scramming the
reactor at 0103 hours. The plant was secured with the
reactor at pressure. The station auxiliary breaker was
res:et and a normal hot startup performed. .
M/R #26
5/8/60
32. The station auxiliary breaker which supplies electrical
pover to all plant auxiliaries tripped. The time delay
rcquired before the breaker could be reset allowed condenser
pressure to increase 5 psia, automatically scramming at 2110
hours. The plant was secured with the reactor at pressure.
The station auxiliary breaker was reset and a normal hot
startup performed.
M/R o1
6/3/60
33. The lower screen in the mixed bed resin container ruptured.

It was discovered when resin from the mixed bed column pluggedi

ahy V=t

Jres g

4113} aee

dieh i dtn i s

1y

SSuL
2

the feedwater filter. The resin was cleaned out of the systen;%

(the resin was approximately 15 mr) and the mixed bed column

was changed to mixed bed resin and an attempt was made to

return the reactor water to operating quality.

Annex H/13
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M/R #28
6/20/60
3.

M/R #29
7/16/60

35.

SL—1 ACCIDENT INVESTIGATION BOARD'S REPORT 87

During a military training period the steam supply was

reduced..to the turbine and caused a fluctuating power

output from the generator. Fuses blev in a voltage

regulator and in the power supply to Nuclear Channel I
and Channel IV. The reactor scrammed from loss of power
to Channel I. The fuse was repléced and a normal hot

startup performed.

Steam was visually observed blowing into the operating
floor from under the reactor for shielding. The reactor
was scrammed, the shielding was removed, and the vessel
head was inspected to determine the origin of the leak.
Water from a leak in No. 5 control rod drive seal appeared
to have saturated the reactor head insulation and reactor

heat was generating the steam. The water leak was repaired

and the reactor was returned to temperature and pressure to

check for additional leaks. Water leaks were found at the

i{inlet and outlet cooling water fittings to Control Rod
No. 7. A steam leak was observed in the Control Rod #7
rod drive housiﬁg. The leaking swaglock fittings were

replaced and the Control Rod #7 drive housing was replaced.

Annex H/1b4
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M/R #30
7/16-18/60
36. During startup the reactor was acrammed on five separate

occasions from abnormal operation of Huclear Channel No. 1.
Following each scram, all ccmponents of the channel were
inspected to locate the source of the spurious signal.

The trouble could not be located and the channel was

returned to the scram circuit.

M/R #31
7/2h/60

37 Steam was visually observed blowing into the operating
floor from under the reactor top shielding. The reactor
was scrammed and the top shielding was removed to determine
the location of the leak. Steam was found leaking from
No. 3, No. 7 and No. 9 control rod seals. A rubber "0"

ring and a neoprene shaft secal was replaced on the leaking

control rod gland seal housing units.

M/R #32
7/28/60

38. A scram was caused by a reactor high water level. The high
water level immediately corrected itself so the reactor

was returned to power after a normal startup.

M/R #33
8/22/60

39. Steam leaks developed in three original welds in the mein

Water leaks were found in two screwed fittings
Annex H/15

steam system.
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on the reactor water lines to the purification shutdown

The reactor was scrammed to repair the leaks.

cooler.
¥idio
Lo. Prior to 0247 hours August 26, 1960, & large quantity of
used nuclear grade resin was added to the hotwell. The
exact method or time that the resin was added to the hotwell
bas not yet been determined.
LOA. On Oct. 24, 1960, the reactor waas accidentally scrammed
while connecting PL scram signal to the reactor scram circuit.
M/R #35
 9/25/60
jhl. The breaker on the condenser fan tripped and would not reset.
The breaker apparently overheated. Upon less of the fan,
the condenser pressurized and the reactor scrammed. The
breeker was reset and the reactor vas returned to power.
hiaA. The reactor was secured for six hours when the plant operator
became incapacitated and could not be immediately replaced.
M/R #36
12/3/60
- As outside ambient temperature decreased, the main air con-
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