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FOREWORD 
:-

On Jn.nuary 3, 1961, an n.ccident, fatal to three persons, occurred 
n.t the SL-1 reactor, National Reactor Testing Stn.tion in Idaho. This 
wn.s the first fatal power reactor accident in the United Stn.tes. · 

The dny following the accident, n. special board wns convened by 
the General :Mamiger of the Atomic Energy Commission to investigate 
1ind report on the accident. This print contn.ins the report of that 
boo.rd o.nd related correspondence. . · · 

The Joint Committee has prepn.red this document ns a preprint for 
the forthcoming hen.rings on "Radin.tion Safety and Regulation" to 
be held by the committee between June 12-1.5, 1961. The committee 
has withheld a hearing on this o.ccide.nt until the Commission hn.d an 
opportunity to fully investigate n.nd make its report. 
! It is my hope tho.t in the course of these hen.rings, now almost 6 

inonths removed from the date of the incident, the committee may be 
n.ble to objectively evaluate n.ll the information gn.thered 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. 

CHET HOLIFIELD, 

Chairman, Joint Committee on Atomic Energy. 
Ji.,. . III ', 

.. 
. . 

"· .. . : . 
•i . : ! ; •.... , ... 'i.: 

.· · . . ·. ~ 

I.,'.,'•' l o '•• , I • •'.•.;• ,• : 

--

/ 

. . . 

". ·::/: • :.g.: ;, ::: . ,i::;H:;'.~;;·;\>~ . : .. · . 'r , ••1 . 

' .. , : ! 
. : 



- • I ,,,,, . . ., • •• -.I ... I~ - - . ..;;;.l ....., .... 

I 
i 

i 
f 
I 
i 
i 

' I 

• · -ll ... ,...... fib ,:,1 .~ - _, ~ 1 .... .. u . t J .. "'a'Ti·!t--

LETTER OF TRANSMITTAL 

Hon. CHET HOLIFIELD, 

U.S. A.TOlll!C ENERGY COMMISSION, 
·washington, D.C., June 5, 1961. 

Chairman, Joint Committee on Atomic Energy, 
Congress of the United States . 

DEAR Mn. HOLIFIELD: I 0.111 submitting herewith the SL-1 Investi­
gation Board's report, copies of which were provided to the Joint 
Committee stuff n few days ngo on nn informal basis. We had· planned 
to release this report in conjunction with n statement by the Com­
mission on the SL-1 incident. However, the latter document is not 
yet in fin11l form o.nd in view of your prcp1irntio11s for the forthco111ing 
heo.riugs on "Ro.dintion Snfcty o.ud Regulo.tion," the Commission 
believes it will be useful for you to ho.ve the Board's report in advance 
of the Commission's stntemen t . I o.m also enclosing 11 copy of a 
memorandum to me from l\rir. Curtis Nelson, Cho.irmo.n of the Investi ­
gation Boo.rd, in which he mo.kes some ndditiono.l com111ents regarding 
possible causes of and responsibility for the incident. 
' The Investigation Board report represents the judgment of the 
Boo.rd. The Commission's stn.temen t reflect.ing its own views 
rego.rdiug the circumstances surrounding the SL-1 incident will be 
nvn.ilnble by the time your hearings begin on June 12. 

Sincerely yours, 

To: A. R. Luedecke, Genera.I Manager. 

A. R. LUEDECKE, 
General 1vlanager. 

i\IA Y 10, 1961. 

From: Curtis A. Nelson, Cho.irmo.n, SL-1 Board of Investigation. 
Subject : Report of the Boo.rd of Investigation. 

We are transmitting the enclosed report of the Boo.rd, b1ised on 
information received through May 1, 1961. It appears appropriate 
to report nt this time, in that further significant information must 
come from the reactor itself nnd will be received only after the difficult 
disassembly operation. 

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

Although we cannot assign the cause or the responsibility for the 
explosion to any known or unknown net 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 nn extent that n prudent operntor 
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....,,~uld not have n.llowed opern.tion of t.he ren.c1.or to continue without 
n. t.liorough nnn.lysis n.nd review, n.nrl subsequent appropriate rorrer· 
Live nction, with respect. l.o the possible co11scquenrl's or hn.zards 
r<'.su I Ling from ~lw known deficiencies. We beliern thn.t such review 
n.nd n.ctio11 sl1ould have resulted in n10difirntions lo design, n:dminis­
tration, nnd opern.l.ion sufficient lo insurl' tlmt I-here wns no potential 
haznrd grenter thnn co11templated in th<' originn.l hazards report and 
review, before ren.ctor opern.tion wn.s resnmecl. 

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

liliil 

I. rause of the incident 

We do not rule out the possibility of u. nonnuclen.r event which sub­
Se<]uently caused n. nuclen.r excursion although 110 evidence to support 
such a hypothesis hn.s been rliscoverecl. Postulntion that a nuclear 
excursion initin.ted the explosion appears more credible, nnd it is not 
inconsistent with the n.vn.ilahle evidence. The postulation of any 
other mechanism, including hydrogen explosion, sabotage, or any· 
t.hing else, is not supported by nny known evidence, and would appear 
to hn.vc be<'n an unlikely coincidence with the operation in prngress, 
in nny event .. 

Tn reliLt.ing- the condition of the re1Lctor to the c1rnse of the incident. 
1L nrnjor considerntion is tlrnt n nuclear excursion of the nrngnitudc 
i11dirnted r.011ld not hn,·e occurred without 1L chnnge in re1Lctivity of 
n bout 1 or 2 percent, 1Lt a rn.te of 2 to 4 percent per second ILfter h1LV· 
ing achieved delu.yed criticality Even if the shutdown margin of 
renctivity hnd been zern, u.t the time the incident occurred, it 1tppenrs 
tlrnt snch 1L cl11tnge of re1Lcti,•it.y could hnve occurred only 1Ls the re· 
snit of s01i1<' 1tbrnpt structurnl failure in the reactor, or by 1w unusuu.I 
movewrnl. of Lhl' centrnl control rod. It seems extremely improbu.ble 
Lh1Lt the required mot.ion of the centrnl control rod (a dist1u1ce greater 
th1tn 1Lppro.-.:inrntely 20 inches, and nt rnte close to the nrnximum 
hunrnnly possible, under the circumstances) could hnve occurred nc· 
r; idrntly, unlrss the rod had been stnrk in lhe shroud nud became free 
while one or more operntors were exerting 1L !itrge upward force on it. 
'While there is 110 direct evidence tlrnt this occurred, the necess1try 
conditions :Llld 1Lctions 1tpprar, 1Lt, the present time, to be less implau­
sible Limn those required for 1my other hypothesis thu.t hns been 
suggested. 

To 11. litrge extent the plnusibility of the suggested hypothesis de­
pends upon the ext.ent to which there is evidence of sticking of control 
rods, pu.rticulitrly the cenlrnl rod, within the shrnuds. We note tlrnt 
there were 11 litrge number of occasions on which control blitdes did 
not move freely either in or out. We have he1Lrcl testimony thu.t the 
centrnl rod nG.ver gn.ve trouble (n.lthough there is 1lt lenst one recorded 
c1ise, shortly before the incident, when the centrn.l rod did not fall 
freely when cnlle<l upon to scrn.m). vVe nlso hu.ve he1trd testimony 
prcdominn.ntly to the effect thu.t sticking of control rods w1Ls due to 
nrnlfunction of the senls. A chief opern.tor, with u. mechanics speci­
ulity, testified thnt. he believed tlrnt r.lenrnnces in the shroud hu.d 
decre1ise<l-musing sticking of the bin.des in the shrouds (his obscr­
V1Ltions were b1tckecl up primarily by the experience he lrnd with the 
dummy 1Liuminum control rod thn.t wns inserted successfully in shroud 
No. 4 only n.fter severn.l inches hnd been cut off the bottom of the 
blitde). 

• ... l,.Jii:JTTE:' .. ~.J TR.~·JTT.~. ·- • .'£ _ .. 
Whether or not the incident w1LS initiu.ted by u.n opern.tor trying to 

withdrnw the centrnl rod, while stuck in the shroud, the hypothesis is 
useful in discussing the relittionships 1unong the v1Lrious factors which 
could hnve, but nrny not hu.ve, contributed to the 1Lccident. 

(a) Reactivity gain"f rom loss of boron.-As indicILted nbove, u. !itrge 
i11c:re1LSe in re1Lctivity 1Lbove delitycd critic1dity, in 1L short time, would 
lm ve been required to produce the indic1Lted nucle1Lr incident. II 
there lmd been 1L !itrger shutdo,vn nrnrgin of reo.ctivity (less mechunicu.l 
loss of boron), the tot1Li distnnce through which the centrnl control rod 
would huve h1td to be moved would be correspondingly gre1iter. It is 
conceiv1tble thu.t tl..ie 1Lctuid rod displacement would hnve been in1Lde­
qU1tte in m1tgnitucle or ru.te 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 sen! difficulties would seem to 
1Lrgue tlrnt rod sticking wits unrelated to the hypothesis under discus­
sion. It is not unlikely, however, thnt if the rods were beginning to 
stick in the shrouds immediately before the shutdown on December 23, 
1 UGO, the fact tlmt sticking bec1Luse of sen! difficulties wns an old and 
fomili1Lr problem might have been responsible for failure to recognize 
this litter development or to bring· it to the attention of higher 
supervision. 

(c) Bowing of boron strips.-lt was well known that the boron strips 
bowed excessively between to.ck welds nlong the outside surfaces of the 
fuel elements. It was nlso \veil known thnt it was extremely difficul t 
to remove, m1rnunlly, the centml fuel elements. It nppeurs not un­
likely thnt the bo.ving of the strips caused lateral pressure to be 
exerted on the fuel elements, nnd consequently especially where full 
1rnd hnlf strips were both present, there may hnve been lateral pres­
sure on the shrouds, which decreased the clearance between the 
control rod u.nd the inner walls of the shroud . . 

(d) Design and procedure.-The hypothesized incident could not 
lrnve occurred if the amount of withdrn.wal of the rn.te of withdrawal 
of the central control rod hn.d been positively limited by mechanical 
restrn.in t or by opern.tion1Li procedure. 

(e) Administrative controls and technical review independent of the 
operational organization.-The following observations are made, 
1Lgnin in relation to the hypothesized incident, as factors which could 
hnve contributed to the incident: 

(1) Routine technical audit, by persons independent of the 
opern.ting orga'nizntion, of rout.ine operations might hnve led to 
a more conservative course of action, with detailed knowledge of 
the nature, extent, nnd possible implications of the several known 
deficiencies. 

(2) A specific procedure for the actual opern.tion of assembly 
nnd disassembly of the control rod drives, containing clear 
warning and explanation of the possible hazard associated with 
lifting the rod (rather than only the meclmnical steps contained 
in the trn.ining procedure), might hnve reduced the magnitude or 
rn.te 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 und 
dissembly, with the reactor· shutdown, had not been considered 
n routine job, even though it involved a substantial movement 
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might. hn.vc been present nnd, conceivnbl_y, could have influenced 
the course of events in such n wny ns to prevent the incident. 

(4) If nuclear instrumentation were left on nt o.ll times, nnd 
if nudiblc response was present in the reactor room during the 
rod reassembly, it is conceivn.ble th11t indications of increasing 
rnitcLivity and power level might lmvc been recognized in time to 
prc,•cnt t,he incident, by limitation of the rate or magnitude of 
the c.lispln.ccment of the centrnl rod. 

(5) Hnd nn operator been present in the control room, o.nd 
observing the nuclear instrnmento.Lion, it is conceivable that indi­
cntions of reactivity or power level increase during manipulation 
of the control rods during assembly o.nd disassemb ly would have 
been such that he could hnvc advised those in the reactor room of 
abnormal response, thereby preventing inappropriate displace­
ment of the central control rod. 

(6) The formal recommendation of o. report on the loss of boron 
from t11r. reactor core, after intensive review of the problem, wns 
to tcrminnt.c o. previously established inspection routine of the 
fuel clements nnd to continue to operate the reactor. It is con­
ceivnblc that continued inspection of the fuel elements could hnve 
led Lo o.dditiono.l knowledge which would have affected the deci­
sion to cont.inue to opernte, o.nd if the report ho.d recommended 
no further operation, the accident would bo.ve been prevented. 

(7) The training nnd ability of the operating organization 
nppPnrs not Lo have been entirely ndequnte, since substandard 
conditions were allowed to develop in the reactor o.nd its com­
ponents o.nd yet, reactor operation was allowed to continue. 
The complexity of the chain of command for the SL-1 mo.y ex· 
plain, in po.rt, the lo.ck of effectiveness of the existin~ orgo.nizo.t.ion 
in communicating with higher levels of supervis10n regarding 
these substn.ndnrd conditions. For example, the role of the mili· 
Lary cadre was limited, in operation of the plant, in that the cadre, 
while o.dequntely trained to perform the routine shift duties in­
volved in opel'llting the reactor, wo.s not, by itself, trained in 
reactor physics o.ncl nuclear safety to the high level of experience 
o.nd ability normally o.ssocintr.d with o. reactor plant opera.Ling 
force. IL is conceivable that since the high level supervision wo.s 
supplied b.r o. different part of the opel'llting organization (the 
contractor's personnel) that circumstances developed where 
both parts together were less effective than o. single organization 
would have been, o.nd that o.s o. result, insufficient knowledge of 
one kind or another wo.s transmitted to appropriate personnel. 

2. Responsibility for the incident 

Knowledge of nil of the factors listed above existed within the 
contractor's orgnnizn.tion o.nd within the operating arm of the AEC. 
If the explosion occurred ns n result of the hypothesized incident, 
responsibility cannot be limited to o.ny one person or grour of persons. 

The immediate responsibility for the SL-1 incident, stil in the light 
of the foregoing discussion, wns thn.t of the contractor, in that the 
contractor wns on-site 1ind lrnd immediate responsibility for all reactor 
operations. (We specifically o.bsol ve the mili tnry cadre, ns such, 
from nny responsibility. Individuals of the cadre ho.d re~ponsibility, 
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within the limited role plo.ye<l by the cu.dre, insofar u.s they u.cted 
functionnlly ns 11 pnrt of the contrn.ctor's org1inizntion. There is no 
evidence, however, to show whether actions by indiYiduals of the 
c1Hlre were or were not related to the cnuse of the incident.) 

Responsibility for the performn.nce of the contrn.ctor is tlrnt of the 
con trncting officer (nnd his orgnnizo.Lion) who tLdminister the con­
t.met, i.e., the AEC Idaho Opern.tions Office Mn.no.ger nnd his staff. 
To the extent that the performance of the contractor was o. factor 
contributing to the incident, the Operations Office Mnnnger shares 
responsibility for the incident. Responsibility for appraising the per­
formnnce of the contrnctor is nssigned to the Operations Office by 
nrnmml chapter 0701, nnd further delegated within the Operations 
Office by local issuances. 

Responsibility for 1Lpprnis1d of the perform1u1ce of the Idnho Oper-
1Ltions Office, including functions assigned relu.ted to rencto·r safety, 
is tlrnt of the Division of Ren.ctor Development. To the extent that 
the performance of the Operntions Office m1Ly hnve been 1L factor 
contributing to the incident, the Director, Division of Re1Lctor De­
vclopmen t, slrnres responsibility for the incident. 

Responsibility for 1iscertnining whether 1Lppropri1Ltc o.pprnisnls are 
being m1Lde by the hendqunrters divisions o.nd operations offices is 
nssigned to the DiYision of Inspection. 

TI1e Assisto.n t Genernl Mannger for Research 1rnd Industrial De· 
velopment is responsible for the performance of the operating divisions 
i·eporting to him, and finally the Genernl Mnn1Lger is responsible for 
~hr performance of the stnff. (After the initinl design review, the 
Licensing 11.nd Regulation Division 1ind the Advisory Committee on 
Re1Lctor S1Lfcgu11.rds hnd no further 1Lssigned responsibility for review 
of this reactor. Under mununl clrnpter 8401, the Operations Office 
did have 1L responsibility to get review from the Division of Licensing 
1Lnd Regulation if 1rny significn.nt. ch1inge in design or operntion took 
pl1Lcc. The operntions office, in the !utter ho.If of 1960, did turn down 
1L propos1d to mise the operating power level from 3 MWT to 8.5 
.:VIWT on the b1Lsis tluLt the increased power level would present un 
mrnccept1Lble hnzn.rcl, in terms of rndin.tion levels during routine oper· 
1Ltion. hut did 1Lcccpt 1L proposnl to opernte 1Lt power levels up to 4.7 
~fl.YT, in that such opern.tion did not constitute 1L significant change.) 

There nppeo.rs to h1ive been some iiLck of clear definition of o.ssi~­
ments, within the AEC, of responsibility for insuring continuing 
reactor s1Lfety o.pprniso.ls o.nd inspections, for insuring appropriate 
promulgation of written sto.nd1Lrds 1rnd policies, for providing adequate 
technical cnp1Lbilities 1rnd for determining the requirements, including 
the most simple o.nd direct orgu.nizutiono.l lines, for both routine o.nd 
nonroutine communications. It is conceivable that clearer definition 
or these 1Lspects of A.EC staff responsibilities might also ho. ve prevented 
the SL-1 mcident. 

3. Corrective action to minimize or preclude similar incidents 
The Board is convinced thnt there were o. number of deficiencies 

reln.ted to the SL-1 reactor, which m11y or mo.y not ho. ve hn.d u.ny 
relation to the direct cause of the incident, but correction of o.ny one of 
w_hich might o.ctuo.lly ho. ve prevented its occurrence. We ho. ve 
discussed these in our report o.nd in this transmittal letter. The 
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deficiencies or t.be measures to.ken to correct them may be classified 
o.s it.ems of-

(a) Design, test, o.nd operntion. 
(b) Org11nizo.tion, tro.intng, and administration. 
(c) Procedures, policies, and st.o.ndo.rds. 

We believe it would be inappropriate for the Boo.rd to mo.ke·si;>ecific 
recommendn.tions for A.EC o.ction on any of these individual items. 
Ro.ther, we would suggest tho.t appropriate action be _planned by the 
st.o.ff of t.he General :iio.no.ger o.nd the staff of the Acttng Director of 
Regulnt.ion to de,·elop proposals for specific measures related to 
specific o.rens of the classifications listed. 

The Boo.rd wishes to comment also on actions occurring after the 
SL-1 incident. We believe, first, tho.t the performnnce of the con­
tractor's organization during the initinl recovery phase of operations 
was exemplary. 

Second, we suggest tlmt. performnnce of t.he Boo.rd of Investigation, 
itself, might. lrnve been improved lmd its orgo.nizo.tion and assignment 
been specific1illy preestnblished o.nd described by appropriate AEC 
procedure. 

Third , we suggest thnt t.he effectiveness of the Operations Office 
in r.onducting reco,·ery und investigntory operations may have been 
impo.ired b.r the enrly presence of so m1rny outside personnel. It is 
noted that within 24 hours of the incident there were present o.n 
A.EC Commissioner, the Gencro.l J\.f o.nnger, the Director of the Oper­
a.ting Divisio11 11nd several other members of the Division, the Bo1ird 
of Investignt.ion nncl its co11sulto.11ts nnd advisers, representatives 
from several other AEC sites and severnl other Federal agencies, o.nd 
the press. 

Fourth, we suggest. thnt t.he recovery opemt.ion 11nd the investig1i­
tory 11ctions might. have been more effect.ive, and more expeditiously 
c1irried out. hnrl t.he emergency pl11n11ing been more extensive. As ex­
amples of wh1it might have been improvements, we list the following: 

(a) Appropri1it.e choice nnd placement of suito.ble'incident moni­
tors (in nrlrli ti on to the one present) might ho. ve clearly indicated very 
soon 1ifter t.he incident the n1it.ure o.ncl ext.ent of the incident. 

(b) Clearly 1issigned, nnd cont.in uing responsibilities of u. 0 disnster 
t.eo.m" might lmve improved t.he execution of e1irly attempts to obto.in 
significo.n t d1it.o. concerning short- ii ved nctivi ties of various samples. 

We men ti on these examples not t.o criticize actions at SL--1, but to 
indicate the v1ilue of preplnnning in underst.o.nding and coping with o. 
similar incident in the future. 
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1. SUMMARY 

A. Nature o! Report 

This report by the Board of Investigation is 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 concerning the 

initiating event causing the explosion within the rea.e-tor 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, ve present our find.ings at this 

time. 

This report summarizes the current information before 

ihe Board pertaining to the circumstances surrounding the explosion 

on January 3, 1961, within the reactor vessel of the SL-1 {AI.PR) 

reactor plant. Prior to the incident, there appear to have been 

a continuing deterioration of the burnable poison strips within 

the core and a vorseni.ng of the scram perfonnance of the control 

rod system, neither of vhich circU111Btances necessarily was directly 

related to the incident. The evidence strongly ind:!.cates 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 vere in any vay different than those prescribed and 

vhich had been carried out vithout incident many times before. 

- 1 -
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2. INTRODUCTION 

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 itlcident Whieh occurred on January 3, 1961, at 

the Nat~onal Reactor Testing Station (.NRTS) in Idaho. ±/ 

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

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

principal method of gathering information has been through the 

testimony of witnesses who appeared before the Board. 5,/ 
The 

Idaho Operations Office, AEC, through its own stai.'f, its Technical 

Advisory Co!lllll.ittee, and its operating contiractor, Combustion 

Engineering, Inc., has been the prime source of information and f 
j 
l 
I 

The Board received additional technicalJ 
assistance to the Board. l/ 

advice and assistance from several observers who attended some of 

the sessions during Which witnesses were interviewed. !!:/ 
B. The SL-1 Reacto~ 

The reactor is a direct-cycle, boiling water reactor 

designed to operate at 3 MWt gross capacity. The electric power 

and process heat vere dumped to the atmosphere through load banks 

and heat exchangers, respectively. The reactor is fueled with 

enriched uranium plates clad in aluminum, moderated and cooled 

vith light vater in natural circu.!.ation. 

The reactor vessel is 4.5 feet in diameter and 14.5 feet 

high. It is surrounded by grav~l on the sides and is supported 

on a concrete pad regtir..g on lava. The follOVing equipment and 
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components are located within the large silo-11.ke structure: the 

reactor vessel, turbine-generator, heat exchanger and other water· 

handling components, air cooled condenser and fans and miscellaneous 

control equipment. The reactor control room is located in the 

adjacent support-facil!ties building. The reactor building vas 

not designed as a leak-tight containment structure. 2/ 
At 3 MWt power level, a saturated steam flow of 9000 ;:iounds 

per hour ~as generated in the pressure vessel at 300 psig and 420 

degrees F. 

electricity. 

About 85 percent of the steam was used to generate 

Fifteen percent of the steam by-passed the turbine 

into a heat exchs.nger, whi~h simulated a space-heat load. The 

air-cooled condenser vas used to reduce the requirement for water 

~uring plant operation. 

A reference reec~o~ core aITay of 4o fuel assemblies was 

designed. Channels we:::-e provided for a total of nine control rods: 

five lJii- inch span cross rods a.~~ four T-shaped rods. In each rod, 

the cadm:!.um absorbing section wes 3~ inches long, and with the rods 

position~d at indicated zero withdrawal, the cadmil.1111 overlapped t~e 

bottom 'lnd top of the activ~ core by several inches. It vae: l!Ltici-

pated that the T-shaped r~ds vo'.1.1.d not be !l.Bed in the ::-eference 

3 MWt core of 4o fuel assemblies, but that it might be desirable 

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

indicates that the Argonne National Laboratory (ANL) was d.!=ected· 

to develop a simple, sllL9.ll cor~ and r~actor cystem, but that to 

prov!de for flexibility and poasibl~ increased performance demands, 

the ext~a fuel and contr~l positions vere included in ANL's design.) 
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· Origi.naJ.J.Y, it bad been intended to disperse a burnable poison, 

esaentialJ.y in the form of boron, fULly enriched in boron-lo, 

in the fuel matrix . Because of developmental. problems, not 

necessarily related to the boron in the fUel matrix, it vas 

finally decided to expedite procurement of fUel assemblies by 

omission of boron from the fUel matrix. The neutron absorber 

vas introduced in the form of thin, flat plates, velded 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-8ool aJ.uminum and highly enriched boron, 

vere positioned in the core so as not to be adjacent to control 

rod channels. Additional. haJ.f-length strips vere also attached 

to the bottom half 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· l reactor, originally designsted the Argonne Lov 

Power Reactor (ALPR), vas designed as a prototype of a lov-pover, 

boiling-vater reactor plant to be used in geographically remote 

locations. A request for such a plant to be built by tbe AEC 

was made by the Department of Defenae in a letter dated 

September 27, 1955· The development and .final desig~ of the 

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

to the Argonne National Laboratory, f;o ar:hieve an early operational 

versicn of this type of plant. §/ P!oneer Service and Engineering 

Company was the architect-engineer and the construction vas started 
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y the Fegles eonstruction company in July 1957. The design and 

of the reactor 1/ ,W vere reviewed. in Febrwu'Y 
proposed operation 

='1958 bY the Hazards EVSJ,uation Branch of the AEC' s Division of 

1
•1icensing and Regulation and also by the Advisory Committee on 

Reactor SafegUardS. Approval was given by both of these groups. 

for operation of the plant, as designed, at power levels up to 

3 MWt. The AEC ate.ft' report stated "when higher paver-level 

I 

l 
1 

~ 

i 
i 
~ 

report of additional hazards and 
operation is contemplated, a 

consequences of operation at this new power level should be 

submitted together Yi.th a report of the operating experience 

at tl:1e 3 MW level. " 

B. Argonne National. Laborator)'. 

Argonne's role, under contract Yith the Division of 

I Reactor Development, included the design, test and initial 

plant. This vork vas carried out be­

Initial critical operation took 
operation of the reactor 

tween 1955 and February 1959· 

place on Ai.:gust 11, 1958, and test operations cul.minated in a 

500 hour run vhich terminated in December, 1958. Argonne ' s 

official role ~nded on February 5, 1959 1 .vhen Combustion 

Engineering, Inc., assumed contrsctual responsibility for the 

plant. While Argonne has had no official responsibility since 

this time, its employees have, on several occasions, visited the 

reactor site to observe fUel inspection or have otherYise revieved 

plant perfortnd.Ilce. 

C. Combuation Engineering, Inc. 

Combustion Engineering, Inc. (CEI) vas not involved in 

the design, construction, or L"litial operation of the SL-1 

- 5 -
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reactor. CEI vas involved vith 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 

Engineerin& personnel have been on the site since December, 

The contract between CEI and the AEC is for the term between 

1958. 

December 14, 1958 and September 30, 1962. '1J It is a cost-plus­

a-fixed-fee contract for operation of the reactor and for the 

performance of research and development work at CEI's plant in 

Windsor, Connecticut. The contract contains a standard AEC 

clause concerning Safety, Health and Fire Protection. 

This contract is administered by the Idaho Operations 

Office, AEC, vtth tha day-to-day administration being carried 

out by.the Milita..-y Reactors Division of that office. 

CEI vas responsible for the actual operation of the SL-1 

reactor, for the routine tr.'liniog of military personnel and for 

developmental resee:ch programs. 

The Contractor provided at the site a Project Manager, 

Operations Sup~rvisor, a T~~t SuperJi.aor and a technical staff 

of approximately six personnel. In recent months, the Project 

Manager spent approx:!.wately half time «t the site and half tim~ 

at the contractor'a office in Connecticut. In his absence, either 

the Operations Supervisor or the Test Superviaor was assigned as 

the Project Manag~r. }!}) 

It vas recognized that this situation was a temporary one, 

in that it va,s contemplated that a fUll-time, resident project 
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SL-1 ACCIDENT INVESTIGATION BOARD' S REPORT 

In dil'-
msnager would be ass~ed by CEI to the SL-1 plant. 

cussion of the candid.ates for this position, and the necessary 

qusl.ifications of a candid.ate, there was considered the exist-
directly 

routine 
ing arrangement whereby military personnel were not 

;upervised (by personal, direct observation) during 

plant opere.tion. Since early plans for operation of the SL-1 

did not include any :plans for any significant development work, 

the general plan for operation of the SL-1 vas to utilize a 

military staff, comps.ra.ble to that to be prov:tded for a remote 

site, for the actual operation of the plant, 'llith on-site 

supervision above the level of the plant superintendent, and 

general supervision assigned to the contractor. Because of 

' t.he vacant position and because of the recent ad.di tion of some 

7 

development work 'W'ith the SL-1 plant (including the PL-1 con­

denser test, which required operation at higher power), the 

CEI "part-time project manager" wrote a letter to the AEC 

Contracting Officer's Representative, dated November 29, 19Eo, 

requesting written coni'irmation of the oral agreement that CEI 

shift supervisors were not required for routine supervision of 

plant operation during the night shifts. It va.s understood, as 

indi~ated by testimony before the Bos.rd, that CEI would provide 

supervision on any shifts when non-routine work was carried out. 

Further, the operating staff was encouraged to - and frequently 

did - contact off-duty CEI superv:tsors if any unusual events or 

unforeseen circumstances arose when CEI supervision was not 

present. Testimony before the Board indicated thet such an oral 

- 7 -
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at the time of the incident) and that CEI did not believe there 
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SIJ-1 ACCIDENT INVESTIGATION BOARD'S REPORT 

A reactor safety committee existed at the plant site. 

ts members incJ.uded the CEI Operations Supervisor, the Teet 

.upervisor, the Health Physicist and the Assistant Operations 

upervisor. 
The Teet Supervisor testified that the committee 

eviewed proposed test procedures and nev operating procedures, 

,ut did not routinely review reactor operating experience or 

procedures unless specific problems were brought to it. 
They 

did not make any overall comprehensive safety review of opera-

..., .... ~ ·g , 

was any specific need for this supervision, from a safety stand­

point, but that the broadened scope of the developmental. progI'8lll 

Yith the SL-1 plant sug#;eeted reconsideration of this vorking 

arrange~ent, incll.ldiDg safety aspects. CEI did suggest that 

there \itl.8 enough developmental vork on site that CEI super­

vision might be regularly assigned. Agreement not to do this 

reflected 8.ll AEC decision not to push forward the developmental :ltions. 

program w1 th high priority. The teetbionial record also indicates ' 

that the AEC'e Idaho Office and the Army Reactors Office clearly 

believed that addition of night supervisors vhen only routine 

vork vae involved vould defeat a part of the purpose of operating 

the r~actor under the existing arrangement, 1. e., to obtain plant j 
I 

operating experience with only military personnel. ~ 
I 

A complete technical review of the reactor and. its proposed i 

operation was made in F~brue.ry 1959, vhen Combustion Engineering, 

became the Contractor, by a NucJ.ear Safety· Committee composed of 

personnel from the Ccnr.ecticut offices of Combustion Engineering. 

It appears that no other such reviev or appraisal of the safety 

of reactor ore~ation hss been made since that tiIDc by the Com-

' buetion Engineering, Inc. Reactor operating procedures, com-

pletely satisfactory to the AEC, have never been completed by 

Combustion Enginee~, Inc., although they have been in the 

process of preparation and revision since mid-1959· 
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The proposed plane for operation of the SL-11 and the 

procedures for such operation, were subject to review and ap­

proval by the Director, Military Reactors Division, ID. The 

I Contractor has routinely and consistently forwarded reports of 
.,I 

reactor operations, including malfunction reports, to the 

Military Reac-tors Division. The Director of this Division, and 

mane often the SL-1 ProJe~t Engineer on hie staff, made frequent 

visits to the facility. 

Regular vritten reports of reactor operations were for-

warded to the Arm:! Reactors Office, Division of Reactor Develop­

ment, Hq. Periodic appraisals, through visits to the facility, - -
of the safety of the SL-1 plant by members of the ID staff, did 

not include inspection of the nuclear safety of reactor operations. 

Trip reports by members of the Arm:! Reactors Office, Headquarters, . 

especially during early operaticn of the pl8!!"t 1 did include specific 

comments and recommendations concerning the operating procedures 

and a number o! facility components at thai; time. ~ QU.arterly 

- 9 -
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rev-1.ew meetings, which dealt with reactor operational experience 

as 'lll!lJ. as progr8JllllJ1ltic 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, inclllding the SL-1 reactor, vere obt~ined. Inde­

p~ndent, validating review, by the Headquarters star£, of the 

ID reactor safety review system was not perfot'llled. There does 

not apperu- to have b~en a clearly defined requirement for this 

type of appraisal. 

D. Department of Defense 

.Although the SL-1 reactor was a part of the program of 

the Army Reactors B~ch, Division of Reactor Development, AEC, 

for the development of water reactors for military applications, 

the Department of Defl!.Ilse did not have the responsibility for 

this reactor, either under license or as a result of transfer 

of the reactor f!'Cm the AEC according to "';.he provisions of 

section 9lb of the Atomic En~rgy Act. Military personnel at 

the site were either in t::-a:!..lliDg or a part of the cadre operating 

the reactor under the genersJ. super.rision of Combustion Engine~r-

1.!Jg, Inc. The pla.::it superintendent, the chief ope:-ators (vho 

also vere ~hift supe!"T.!.~crs), the qual!fied operators and 

trainees Vere military perso~el who operated the plant around 

the clock accordi:cg to the pro·:~dur~s !!.lld policies provided by 

the contractor. 

- 10 -
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E. Atomic Energy Commission 

Within the AEC the line of management responsibility for 

SL-1 project is from the General Manager to the Assistant 

eral Manager for Res~arch and Industrial Development, to the 

irector, Division of Reactor Development, to the Manager, Idaho 

Operations Office (ID), to the Military Reactors Division, ID • 

. IDetails concerning the definition and delegation of responsi-

bility are given in Annex G. 

11 At the Idaho Operations Office, the Director of the 

former Division of Military Reactors administered the CEI con-
i fl tract. A reactor engineer on his staf:t' served as project 

1 
I 

1 

officer for the SL-1 reactor. 

Responsibility for safety of reactor operations was 

l 
shared by each level of the line organization according to its 

fllnction. Detailed deagation of this responsibility is not 

spelled out, although Manual Chapter 84o1 does assign to the 

Operations Managers, and others, broad responsibility fer 

assuring safety of reactor operations for those reactors under 

their contractual jurisdiction. (Evaluation of the hazards of 

specific r~actor designs or operational programs by the staff 

of the Di·.ri.sion of Licensing and Regulation {DLR) is not re-

quired, except as the Director of the Operating Division may 

specifically request. For nev facilities, the Operating 

Division Director usually requeets review by DLR before opera-

tioa, although this is not required aud there is no subsequent 

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

required that the Division Dir::ctor get DLR review of later 

- 11 -
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changes in a facility. This later review is often requested, 

but not as regul.arly as for new facilities. Later review vas 

not requested for the SL-1. Inspection of reactor 9perations 

by the Division of Compliance is not required, but may be r~-

quested. Safety review and inspection by the AEC staff are 

..... s~ccr~ : rNv ,,,-;j116AT~oAJ-vt-~EP01t·1 I 

rojccts • 
Assures the resolut.ion of .a.ll. technical problems 

. r.at arise during the design, construction, testing, l!l?lli. opera­

ion of Branch Rcac:tor.1>.rojects." 

The Arrrzy' Reactors Branch also has a separate line 

responsibility under the Chief, Corps of Engineers, USA, 

required for all licen~ed reactors and for certain AEC-owned ·1for the Army reactor program, including, for eXBI!lple, the 

reactors.) . responsibility for the training program for military personn.el 

One a...~a of apparent ambiguity concerning responsibility ; and also the responsibility for the direction of a research 

involved the Army Reac'!;ors Bran.ch of the AEC. There vas no 

fUnctioonl statement (AEC Manual Chapter) for this organiza­

tion, but a description of the duties of the Assistant Director 

and development program leading to the use of nuclear power 

plants at remote sites. Testimony from members of this offi~e 

indicated understanding of the actual responsibility as 

for Army Reactors (approved by the General Manager on August 31, 'Ital.laws: The Deputy Assistant Director for Army _Reactors 

1959), appearing on the organizational chart, states that the 

Assist!ll'lt Director for Army Reactors "Plans and direci:s 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 vehicle applications," and 

that the Water Systems Project Branch "provides central 

man~ement and technical supervision of the development, con­

struction and operation of water syst~ms reactors and pl3.Ilt 

prototypes. Provides direct supervision of work through 

Project Engineers, sssigned individually by proj~ct, responsible 

for project 1118lll!lgement and continuous review and evaluation of 

states "It is clearly understood ••••••• that 'll'e of the 

,) Army Reactors were not authorized, in our O'Wll nsme, as such, 

to direct changes to the contract or to direct operations, 

give direction to the Idaho 0peirations." 
The Assistlillt 

-11 Director, in a prepared statement, states, "As a staff 

~ member, I sm charged with responsibility for planning, 

obse~...ng, advising, appraisillg and recommending, but 

I have no di:-ect authority over the operations of sub-

ii ordinate offices of the Division, nor csn I give c:-d.ers to 

officials in such subordinate offices". 

·i 
Review by the Hazards Evaluation Branch of the Division 

-·'it 1'0 

contractor performs.nee and project progress. Pr'epares and 

maintains schedules, estimates, budgets, plans, correspondence, 

scope of work, and technical. and operating data on all Branch 

J 

-l 

of Licensing and Regulation wsa requested prior to operation, 

but not subsequently. Revie'll' of the SL-1 project by the AEC's 

Advisory Committee on Reactor Safeguards was not required, but, 

- 12 - ·:i 
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on one occaoion was requested by the Division of Licensing and 

Regulatton prior to start-up of the reactor but not subsequently. 

Testimony indicated that Army Reactors personnel believed that 

requests for auch revi&we should be initiated 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, al.though it was not categorized as 

a serious condition in the reports transmitted to Headquarters. 

The difficulties with operation of the control rode appears 

SL-1 ACCIDENT INVESTIGATION BOARD'S REPORT 15 

OPERATI.NG HISTORY OF THE REACTOR 

A. General. 

The- SL-1 achieved criticality on .Augua.t ll, 1958, with ten 

.elementa. eonta1n1ng .a...total. of 3.5 .kg of U-235· There followed 

series .o! cri:tica.l exper.ime.nta. perloi:med.. in . .the. . .r.eac.tar, vi th 

without poison stripe, to determine the opti!D!im .fuel and poison 

1.10"0 rng-to....a.chieve the . .de.sign objecti:v:e e. 0 

1 
Ae...a.. result .of theae. cri:ticaJ.._exper.imen.tar a ..core was 

J.l.c.bosen with 4o i'uel elements, forty full.. length..and sixteen haJ..f 

length boron stripe and five control rode. (Critical. experiments 

not to have been known at Headquarters, and very little 

knowledge of the extent of the difficulty was known by the 

were al.so per.formed on a full 59 element core that would have had 

higher pover capability, but the.~ of aucll .a core probably 
AEC staff at ID.) 

- 14 -

1 

.. !f.rould . .h&v.e- .cal.led for a . .di!'ferent U-235 loading.) The .. difi'erential. 

.and...in±egx:al. JoCOXth of the .f.iYe cont=l rod.a.. W!re .. ob±ained as a 

. .!.nnc+1on .of rod insertion into the core. Flux plots were iaade of 

j .. the. ha.t,. zero power 4-0 and li9 element cores by use of irradiated 

l 
~ gold...and. copper "wires. 

1 
J On October 24, 1958, the SL-1 achieved...1.ts. f.ull power 
·1 
J ratin8 of electricity and .apace heat. During October 29 - 30, 1958, 

a. 4o-hour xenon run we.a. .made. The SL-1 1laS. then shut. do\lJl and 8 

..hour.a .l.a:ter. the reactor 1o1a.a brolJ8b,t to full .power overridiDg peak 

xenon.. There . .rolloved. a. 500 hour run at full poller. The 500 hour 

i:un c~~d until December .J.l, 1958. The reactor \1:8.B. operated at 

a power level of 3 MW(th) up to November 1960. The plant. remained 

shut down until Mar.ch 6, 1959, for maintenance .and inspection and 

for preparati.o~ of. opera:t.ing. .procedures and 1118.IlU!Ll..e . The Army 

Reactors Branch at this time stated that the procedures and manuals 

- 15 -
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, __ turned mre.r_.to CE:I h;y UII...were not sat1 sf11c+oey._.f.ar use by CEI. 
tb&t.-lll4-furthel:'. 1:aapect10Ja. .. were. .. ~te.d- It \l&a-.noted 

CEI :waa .. requ.e.s..te.d.. to . p.re.paxe .. re.vi.aed. ma.ter.ia.l... The .. .material. sub-
ing.-±lle. ;econd J?"rfod1 c 1nap•ction...i.D..Jwguat, • .l..959, .. .t)iat the 

.ll11:t ted. by. CEI -™ .a.c.ce.pted .aa. .a.. .ba.aia.. for. . .the. ata.rt of reactor ~t:c.a.l.-...fuel.. al•-n+ • . i.r:ei:e... dil!'.1.c.ul.:t .to...~move • 
operations, hut. CEI ™· to. further develop and modify. . .tbe operating' B. Rea.ctiv1ty Ch.e.nge.a.. 

• ...J1J11.n

11

s] s and . procedures . .a1'ter obta.:1.ning. . .actuaJ. operating experience. 'rhe-.deJl.ip.-aoaJ,. f-'>r the. SL-1 rea.c.tol:'- cor~ wa&•eperation 

.Ini Ua.1. teat operation by CEI, for the Windsor Nuclear Wety 

Committee, took pla.ce on March .6, and cold critical. experiments 

begnn on March 30, 1959. The SL-1 ™ turnsd over to Combustion 

Engineering, Inc., tor operation in February 1959. 

A 1000 hour sus.:taine°": .pot.rer run. .waa con.eluded in July 

. 1~59.,. . .and. the. .pl.&n.t. .:then .remained shut dolll:I .for about .J. 1110nth 

f.or maintenance, modification &nd inspect.ion. !.JI 

Import&nt shut-downs. occurred in. ~t, 1959, Jf.IU.iary, 

1960, November, 196o, and December 23, 1960, to permit llll!.intenance ~ 
and inspection. Fuel elements vere first removed from the core 1 
during September, 1959, ..and inspected by CEI and ANL peraonnel. 

Subsequent inspections took pl.a.ce in October, 1959, 4 
l August, 1960, and November, 1960. Initi.al discovery of the l 
l boVing of the boron strips, in the t.hree inch sect.ions betveen 1 

ta.ck welds, vaa made in 1959. Durin.g the August, 196o, inspection l 
l 

1 t """ obaerved tha±-J.ar"~"""""ta a< the baron •tri>• ve~ j 
mia.s.1.ng t:rom. some. .fuel elements and. the fue.l elements in the ' .. ,I 
center at the core. we.re e.x:tr.emeJ.y difficult to remove., by hand. ·:j; 
RemovaL caused pl.a.tea to .fa.1..1. oi:t and f'J ak1pg of .ma.teria.1.. A 

··.t ~-power le.veJ.. (allowing.. 1'or JJ.Orma:l--011~ ). for a. period. 

The .borou. strips vere incor.porate.d in the core design 

serve a.a-.a.. bunw.bJ.e poison, the d~pletiGD -of wb.:l.ch \IG!Uld compen­

ter .. .. the- burn~ ... o!'. tuel~ Ide&l..ly, . .au.cli..an...ar;ranse111ent vould 

e.a.d. to . a . .cOI14talS.~ r.ea.ct.1 v1 t;r va.l..Ue.. .Lor . . the.. core. ~ a:t.. operating 

cmdi tiona.),. vlLich w•uld be llllUlifea.ted by. a.. nearly cons.tant position 
I 

1
the. banked. c.on.tral.. rods. The .cal.culated . .rea.c:tJ..v:ity behavior, 

I 

. tern . ...o:Lba.nked. rod..poait.inn,. 'l&-. .core . exposure ia . gi.~. in 

.Al.ao .. pl..o:t:ted .. .axe..t.be..obae.rited... rod .poa1 +1 ona a.a. a. !unction 

expos.u:ce. By. 500. MWI>r Le.,. by: ~, ... 191)o,... ..it. .a.ppea.re.d.._tpat the 

e ... va.a... ga 1n1ng .re.a.ct1 vi ty faa:te.r ...than. pr.edic.tecL .In Augua:t / 1960 / 

outine. .. ilis.pe.c.tion. .. eJ:.. .ae le cted . ..fu.e.l.. e.l..elllcn ta reve.a.l.ed the exte11.si ve 
. . 

..o:t: .. borOll.- . . .!rhe... large .ra.te o:f .gain. o:f reac.t.1v1 ty was ascribed 

to th.1a.. .boI:OJ1. loaa •. 

.CL.iv-eater .a.a.te.:cy._s1gn1f1csnce..(.as.. .opposed .to. in.~est in 

the c.ore 11.fetillle. . .onl.y)., . . the . gr.eater .rate. of rea.ct.1v1 ty_ gain, and, 

!act,. the .larger aDOunt ot . re.ac.t.ivity gain, reduced the capa­

bility of the control rods to render the core subcritica.1. (decreased 

the reactivity shut-dovn 118.rgin). Figure 2 indicates, as a functien 

con.aide.rahl.e. number of .tlAlcea. ve.re .collected f'rom. the bottom of .ijl or cor~ exposure, the banked rod position for different operating 

the vessel. Ae. a result of these cl.rcums..t&ncea, it -was. felt that· coaditiona. From these data, and from esti.lllates of the vorth ot 

further re1110va.1. of i'uel elements might cause further loss o! boron~fl tbe control rods, eatiDates of the shut-down margin vere made. 

- 16 -
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:Se.cauae of the redw:ad-sb~~o\ln. me.r.gin, res\11.ting- t'rOlll- -~ boron 

.. .l..oBAr.sttlpa. o£. c11dmi1m .:were...1.nae.rte.d. in tvo o~ t.he T-rod. control 

. ....s.hl:ouda.. on. . Novemhex 11, 1960. The.. h•rnked rod. J,Xllrl.tion,_ vi th the l 

rea.c.tar cold,. was. determined a.Lan exposure of 711 MWD, but not 

ther.eafter. The last pa.rt o! the curve for the cold condition is 

. .an . .a.s.auznption of col.d reactivity behav:ior, baaed on the observed 

beha.vior of the banked rods during equilibrium operation L~ 

2.56MwT. Thus, the effect of the cadmium at 2. 56 MWT was observed1 

' 
to be approximately l'f, in reactiv:ity, and this vas assUJ1ed to also; 

be the case with the reactor cold. 

CEI's estilllate of the reactivity wot'th of the boron, at 

the beginning o! core life, vas l.l'f,. A rough observation of a C!1> 

ga.in in reactivity, over that predicted which was attributed to 

the loss of boron, led to the rough estilllate that 2 ;...11 : lf?l1, 

of the boron originally present vas missing from the core (this 

Aaaumes unii'arm loss of boron from the core and certain other 

., 
! 
' ~ 

i 
.? 

SL-1 ACCIDENT INVESTIGATION BOARD' S REPORT 

_z_ .. ..The reect-OI'. ~onl d haJC.e,._been JDB..c1,e...c.r.i:t;1.ciµ by 

vitbdrav&l··o1'. .the c.entrai control rod ortly, 

3. 

. ..anyt.1.me-~ a.tar:t;up .o! the reactor • 

At. .the- ti.Ille ~ shut-davn on. December 23, .1959, the 

abut-down imi.rgin for the co1.d reactor· vas 1Jrobably 

19 

2 to ?fl,, assuming rod worth wa.s essential.lY unc~d 

rrom.e.arlJ..er measurements and calculations. With 

'tlhis a.sstmption, and a siiailar one rega,+dillg rod #9 

(the central control rod), criticality cou,ld be 

produced by withdrawl of this rod approximately 17 
lJ±I 

inches trom the reference zero p:>sition. Representa-

tive critical rod positions are given in Table 1 

below. 

Table l 
Re~resentative Critical Rod Position9 

s1m:pl 1fying p:>stulates concerning local reactivity effects). lli 9/16/6o 711 4-o7° F, zero power 14-.2 1., 
16.6 i6.6 

Although numerical values for core reactivity, rod worth 

and shut-down margin are all subject to some uncertainty, in 

varying degree, depending on physice.l assumptions, the reactor 

condition, the ce.lculational method or experimental technique, the 

available infoI'lll!!.tion indi~ates the following: 

1. The initial shut-down margin for the cold reactor was 

probably somewhat less than intended - maybe approxi­

mately 3-5~ A k actua.l IDl!l:gin versus an estilmted 

4--$1> design margin. The actual margin vas considered 

adequate. 

- 18 -

9/16/60 711 I 9/25/6o 736 

i 11/6/60 848 

11/15/6o 

11/16/60 853 

12/5/6o 888 , _ 

' 2.5 ~' no xenon 

2.5 ~t, equil. xenon 

2.56 :NWt, eqlrl:l· . ~enon 

ca.dJaiua sheets inserted 

i8o0 r, iero pover, no xenon 

2.56 ~t, equil. xenon 

~.56 :NWt, equil. xenon 

17.8 17.8 

17-6 F·6 

13-2 13.2 

19-3 J..9-2 

19-4 i9.4-
12/23/60 932 

with no bo:r~in pre sent in 
Cm. the initial. critical e~riments, 

tbe 4- x 4 a~ay o! tuel element~ and vith the sid! rods !ull.7 

inserted, critic&l.ity was achieved with the centrf.l rod 14 to 
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.exer.cJ.s.e..-Of .t.b.e....=da-.seemed...to-.iJ:p=11'.e-··rod...~C4r 

poss1hly • .b~. tending to .cl.es.r .out .. parti.cl.ea o.r. dirt or rust in 

s,e.a.l.B . or be.._rings.. 

In JllOl'e recent month.a, t.ea:t:iJno.i:iy before t.he Boa.rd and 

' _ ., i.a, r 

21 

. grea.te.r vithdr!lli&l.. !or =itica.li ty,. but.. would. .be.. &t. ..le.a.gt_p&rti&l.l.J" ·I ... ""' r· "".,..d&..J.ndic.a. t.e. increa.aed frequency:- o! mal.func tionin:! opera:.........,.- ...._....... 

all.set. by the.. pre.sence of add! tiona.l fuel. Eight add1 tional. bare 

-1~,,...nte,. producing. a 6 x 4 array, required insertion of the central 
I 

rod .frOlll 14. 5 inch.ea vi thdrawn to 9. 25 inche.4 vitbdr&tm. to.. :maint&i.n · 
I 

crit.ica.llty. TMae . numbera aerve to emphaai:r.1! the. llllcerta.int7 of 

the critical rod position in the absence of detailed knovledge of 

. -the....compoa.Uion . o! t.he core. ) 

C. Control Rod Drive E?Cperience 

FrOlll early operations onward, int.ermi ttent and increasing 

di.:C:Cicul ty vae encountered in the free mov-ement of the control 

.rods. At: l..ea.st. over tbe:;,tirst yea:r of opera.t.ion.9, and. possibly 

" 
in....l.a.l:ge . .me..a.aure the.rea.fter, the. di!!iculty e.i-oee froia. the ab-

.DOl:lllal. performance o! t.he sea.ls through .vhich t.he drive sbLtte · 

i 
l 
d 
i 

o! the control. rod drives. 
On the one. lland.. it· "W8.4 poetulat~d 

by aevex:a.l vitnesae..s :tha:t the .bovi.ni;. or the boron et.rips 

a.tta..c.he.d- to. the :Cuel e.lemellt.B e..xert.ed eu:f!icient l.Ate.ra.l 
force 

ta result in reduct.ion of the clearance vithin the control-rod 

ahrouda, reatri.cti.ng the. rree mot.ion. of the bl.edes.. On t.he other 

. .hand, . . ae:v.er.a.l.. ."lli tne.s.ses ..fe.l t. there wa.s no evidence for such 

closing .o!. .the shroud.a,. but. :t.h&.t there might. be some. a.c.cumnlation 

.,I 
of CI:Wi..on. the ..ab.roud. .ana:olade eurlaces.; and that. exercising 

t.he. .drives t.e.nded to prev:ent sticking of the rode in the shrouds. 

n. 'WJUl. Al.so indic&t.ed tbii.t. th.e.. higher pover operation, vhich 

took place only after November 19601 and t.he add1 tion of the 

cadmium et.ripe required f'urther vithdraval of. t.he control rod.a 

~tr.ii..t.ed.. t.he rack and pi.nion ge11.r houafnge on top ~ the ..reactor. -~, than bad been prev:1.oualy requi.red. Consequently, the drives vere 

The ra.t.e. of nOY of ee.al water a.ffect.ed \;be perl'ol'lUllce of the . i being used in a. nev region of the mecbanical structure, vb.ere 

rod drinsr aa did the presence o! foreign :matt.er. IscreaH 
~ 

~1 j closer tolerances, or other di!ferencee, caused increased di!fi-

~ilt.ration appe.rently reduced the problems associated vith 

foreign JU.tt.er. A study vaa in progress to ~·~ek an understaading 

of the Tari.11.tioa of t.he scram. performance of the rods, vith seal 

vat.er nov. This T&riation vas not considered a s1trioue problem, 

in th&t per:!'ormance specifications vera _,t, provided the seal 

- t 

-1 
l 
I 
l 
f 

~1 
vater !lov vas at th8 design T&lue. 

meats illposed in scrl.lll tests prior 

It vas also et.at.ed that :move..: 'l 
to reacto:r: start-up ~d frequeat :: 

.. -; 
,j 

- 20 -

cultiee vith rod motion. 

The only knovn int.erl'erencee vithin a shroud vere: 

l. 
A crilllp or eimil&r bend vae observed in the top 

edge of the No. l shroud. A epeci&l etai.nleea 

et.eel vedge-ehapod tool vae designed and used to 

straight.en out this defect. 

- 21 -
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2.. .A~ .. con.tral.....bJ.ade.,.......ma.de...~ al um1 Dlllll was 

.f.a.hric.ated for insertion and ixradia.t1on in 

the No. 4 shroud. On initial. insertion, the 

bl.a.de could not be fu.Uy inserted. The wedge -

shaped t.ool v..a used on this shroud al.aa, . bv,~ 

since it could not be inserted. vi thin. the shroud, 

the actual remedy for insertion of the. blade 

was to cut a portion off of the bottom of the 

blade. 

Arter the incident a review -was ma.de of the Operating Logs from 

September 1, 19(50, through December 23, 19(50, by members of the 

Mililary Cadre. The data set forth in Annex J give all recorded 

examples of control rod performance. 

Accordins to test1.moll1" presented before the Board, a.11 

orde.ra in the Night. Order Boak, !or the in.st.ruction of reactor 

operat.ing personnel, are g1 ven by either the Operations Super­

vi.aor, •or the Pl.ant Superintendent vi th the Supervisor's or 

A.s.ai.atant Supervisor's concUITence, and the following orders 

:i:enect the er.forts of the operations group to maintain the rods 

in an operable status by frequent exer~ise: 12/20/60, by the 

Pl&nt Superintendent -

"Each shift vi1.1 perform & 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. 11 

- 22 -
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12/2J../.6o by the- 0pe.ra.il.on- supe.i::YUor . 

11
Perf0l'S-a.. compl.ete rod. t;r:a.vel exercise on the 

.sr.e.veyar.d and sub.Sequent shift.a.. 
11 

· 12/22/6o~ by the Pl.ant. Superintend.en.t. 

"Do not perforlll- control rod exercises during 2. 56 MW 

power run..'..' (Testi.11.v:my indic&te.s th&t. a.. special power 

run to get equilibrimn data was in progress at this 

tilJle •. ) 

A rev:iew o1'. the Operating Los #13 reflects t.baL. the 

23 

On 
a;fo:i:ementi.oned..ordera vere complied nth by the operators. 

,De.cember 23, 19(50, vhen the reactor was secured, the Operating 

I i.oS #13 include.a, in part, the following: 

11 o825 Dropping rods to aecure reactor 

Rod drop times 

#1 no drop 

#3 dropped 1/211 and stuck 

#5 clean drop in o.82 sec. 

tr no drop 

lf9 clean drop in o.81 sec. 

11oa27 Driving rods 1, 3, and '7 to zero 

Controlling bypass steam flow to cool do'lltl to 

2°F/m1D • 
11 o830 

11 o835 Rod #3 dropped from 911 
to 0.5 sec. 

Rod #1 dropped from 16" to 9
11 

in 1.3 sec." 

Testimony indicates that this behavior '11'3.S verse than 

usual, and that the Assistant Ope?"!J.tions Super!.ntendent remem­

bered colllJllenting that this ;ras prol-ably because of the preceding 

operation (vith no rod exercising). The operating procedures 
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c.a..Ued rar "sc.r;am·-±=t1ng'• the: .control. rods be.fore and during 

nuclear a.ta.rt-up or the reactor. Roda were dr.opped .1.ndi Vi dually 

.t'rom. . .a.. .pres=ihe.d... ~ .be.fore...saing .. criticaJ.., . ..and. Al.so. from 

Ulathe.r . .hc.igh.t. Afiel:.. achieY~ opei:&ting~e. . and. p;ressure 

in. the. rea.c.tor ve.as.ei- Prescribed. ti.mes :for t'ull 1.oacr.t.ion were 

_p_ven_ I:t' the prescribe.d. times. could not be me.t, reactor opera-

t.1on "WaS not to proceed.. Testimony indicates tha.t. if a rod did 

not. .meet. the . . drop-time criterion, the test was. re.pea.te.d. 

RcView o£ the experience with control rod perfonaance 

1.nd.ica.tea that this behaViar "WaS probably not as bad as had been 

experienced on same preVious occa.aions 
1 

however. A complete 

record ~ pertorma.nc.e., obtained from the opera.ting .logs, is 

SL-1 ACCIDENT INVESTIGATION BOARD'S REPORT 

·•5. Sequenc_e of E_ven_t_s_ S.l!rro\lnd_i_gg the Incident .!1/ 

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 

••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 

25 

a.t.tac.h.ed .a.a Annex J. The CEI Project. Manager and. the CEI Assis-

tant -Director of the Nuclear Division testified that they were 

not. &'W'S.re of any SJ..gnific.ant dif:ficul ty w1. th the operation ot 

the. cont.rel rods and s.lso were not &.'\1'8.re of the ent.riea in the 

~eactor vessel required removal of the control-rod drive assemblies. 

ii This portion of th~ work was begun during the early morning h~rs 

log book.a over the past several months describing these difti-

cul ties . 

- 24 -
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of January 3, 1961. When the day crew (including personnel from 

the mflitary and fromCcmbustion Engineering) arrived at the SL-1 
.I' 

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

flux measuring assemblies was accomplished during the dsy shif~ 

under the supervision of Combustion "Engineering personnel. 

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 

qualiiied operator), and a trainee. This crew and the following 

one were assigned the task of reassem~ling the control rod drives 

- 25 -
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and preparing the reactor for startup. 
roceeded toward the reactor building; he detected levels of 

First indication of trouble 
at the SL-1 reactor was an automat 

alarm received at Atomic Energy Commission Fire Stations and Securi 

oo r/hr at the stairway to the reactor. 

Headquarters at 9:01 p.m. (HST) January 3, 1961. 
The alarm was 

all NRTS radio networks. At the same 
imnediately broadcast over 

time, the personnel radiation 

Experiment gate house, about 

The decision to enter into the reactor building to attempt 

0 locate the operating personnel was made after the arrival of 

he CEI plant health physicist. Entry by him, and others, located 

1
_two of the crew on the floor near the reactor in a radiation 

' 
erratic for several minutes. 

monitor at the Gas Cooled Reactor 

one mile distant, alarmed and remainedffield of approximately 1000 r/hr. One of the two crewmen was 

Upon the receipt of the alarm, which could have resulted from 

excessive temperature, high radiation, by being struck by a 

I 
llstill living; the other, dead. Removal of the l:!.vin~ man was 

Jlaccomplished by approximately 11:00 p.m. Shortly thereafter, 

Jibe was pronounced dead by one of the AEC physici~s who responded 
q 

missile, or a pressure surge in the region above the reactor 

the Central Facilities AEC Fire Department at th~ NRTS 
floor,.JI to the emergency call. 

i 
Subseqent entries were made over the ll!!Xt several days to remove 

:1 th~ two remaining bodies an . -, i ment and records • d to recover certain equ p 

Company) was called at this time. 

Upon entering the SL-1 fenced area, th~ fire department 

j 
I . .. 

·t 
i 

personnel were unable to arouse the SL-1 crew. 
11 
1, 

Access to the reacto1 

support building was gained through use of the security patrolman's Jj 
keys. The assistant fire department chief ~ntered the reactor 

support building and immediately detected radiation levels up to 

25 roentgens per hour (r/hr). 
He could observe none of the SL-1 

crew in the reactor support building. The health physicist from 

the Materials Testing Reactor arriv~d ~nd entered the reactor 

support building. 
He observed increa&ing 

radiation levels as he 
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Of over 100 people erlgaged in recovery operations during the first 

24 hours ~iter the incident and of the several hundred so engaged 

in the following week, 22 persons r~ceived radiaticn exposures in 

the range of three to 27 roentgens total body expcaure. Precautionary 

medical check-ups did not disclose any clinical symptclllS. 

6. Consequences of che Inc:!.dent 

A. Injury to Personnel 

The results of the post mortem examinations of the three 

deceased persons show that two of them died i~st;mtly as s direct 

or indirect result of blast dam11ge e·'.'.d that the third man may 

have lived for about two honJrs after the incident. A fatal 

wound in the head of this third man precluded any possibility 

of survival. There was evidence of flash burns to limited areas 

of the bodies. 
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Personnel exposures, during the initial recovery operations 

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

third body, exposures to personnel engaged in the recovery 

operations have been limited to values less than norm.ally 

allowed to radiation workers, i.e., less than 2.5 r per quarter. 

B. Physical Damage 

There appears to have ber~n only minor physical damage to 

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 por.tion 

of this ceiling indicates the possibility that some. additional 

parts of the reactor system, for example, a shield plug, may 

have been projected into the fan room area. 

Observ·aticns made with a pirthole camera for gamma _rays 

indicated the presence of a high level gamma source in the fan 

roan area (there is a possibility that what is being ~b~~rved 

is gmnma radiation emitted frum the reactor but scat:~red from 

the structure above the reactor). 

No conclusive evidence is ye~ available as to whether er not 

the reactor vessel itself has been damaged. Preliminary estimat~s 
have be~n made that the explosion may have caused an internal 

pressure as great as 500 psi, fron:. ~bserved damage above th~ 

reactor vessel and from cslcula~ions oi energy needed to propel 
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certain components to observed locations. A.porti?n of the 

sheet metal, covering some shd..eld material on top of the 

reactor head, was bent upward, allowing dispersal of some 

of the gravel, steel punchings, and p~lletized boron 

shielding material. 

Photographs taken by movie and closed-circuit TV cameras 

have shown extensive damage to the core itself. The central 

control rod, No. 9, and a portion of its shroud appear to have 

been ejected completely from the core and are lodged below 

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

be within the core, though they may be displaced laterally 

and vertically to some extent. The shrouds of these control 

,fods have been greatly distorted, and the top of the core is 

covered with debris from core components such as holddown 

plates and end boxes from individual fuel element assemblies • 

The core has been expanded, from internal pressure, to the 
A 

point that it is in contact with the thermal shield near the 

wall of the reactor vessel at many points on its circumference. 

removing· the 6 !to 9-inch clearance in the original core 

configuration. Two raaRs, those for Control rods Nos. 1 and 7, 
l 

are protruding from their respective nozzles, though the threads 

on the ends of both appear to be damaged. The rack associated . 
with No. 3 rod has been broken off near the upper su~face of 

No. 3 nozzles. 

The bell housina over control rod No. S rod exte°"iQn had 

not been removed during the shutdown vork ~d is still in plac~. 
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As A result of this, and because 

and its shroud have obscured 
the position of rod No. 9 

vision, it is not possible to 
ascertain the position of this control rod. 

The plate over the No. 8 nozzle through 
which· the instru-

mentation leads from the core 
passed was blown from the 

nozzle, stripping the threads from 

present location of the 
each of the studs. The 

No. 8 plate is not known. Of the 

five shield plugs, only three have been observed, two in the 

ceiling of the reactor room (one of which was removed) and 

one lying on the top of the reactor head. 

Thermocouple measurements and water-detecting probe 

measurements in the core have been made. 
Despite conflicting 

it is now generally accepted that 
previous interpretations, 

the level of the water in 
the reactor vessel, if indeed there 

is any water present, is at least 24 inches below the bottom 

of the active fuel. Sin::e the first observations were made 

more than a month after the incident it is possible that 

what water was present just 
after the incident had evaporated 

Although there is no evidence to support 

it, and activity levels below the reactor vessel, w01Jld seem 

to fDdicate othervise, it remains a possibility that the 

before observation. 

reactor vessel is cracked. 

c. Nature of the Incident 

In the absence of any direct evidence which would identify 

the initiating event, which resulted in th~ explosion within 

the SL-1 reactor vessel, the Board cannot state what .actually 
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d initiate the incident. There appear to be several conceivable 

chanillm.1!1 1 or sequences of events, that could have resulted in the 

~'observed effects. The relative credibi.lity of these mechanisD18 is 

extremely difficult to establish without further information. 

That an explosion took place is quite clear from the observed 

physical damage within and without the reactor vessel. 

JI Indications that a nuclear excursion took place were provided 

' ~ ; by the f'olloving: 
J 
. .J 
1 
·1 
• 

1. Identification of the fission product yttrium-91 isotope, 
in a metallic sample she.ken out of the clothes of one of 
the decell8ed. 

2. Identification of activated copper (to Cu-64) ill a 
~igarette lighter screw, belonging to one of the deceased. 

3. Identification of activated copper in a watch band buckle, 
belonging to one of the deceased. 

,4. Identification of activated gold in a finger ring vorn by 
one of the deceased. 

5. Identification of activated Cobalt 58 in a gaaket from the 
top of the reactor. 

6. Identification of activated Chromium 51 in a gaaket from 
the top of the reactor. 

7. Identification of gross fission products in air samples 
taken one and two days after the incident. 

8. Response of monitoring instruments at nearby sites to the 
passage of a radioactive cloud. 

9. Observations of radioiodine contamination of sage brush. 

Observed blast effects on equipment, components and personnel are 

not inconsistent with the conclusion that a nuclear excursion took 

Place. That is, the energy release required to produce the pressures 

needed to ca~e the observed effects is comparable to that observed 

in the deetructive BORAX experiment, on the. one hand; and credible 

mechanillllB and initial conditions can be postuiated, on the other 

hand, that would lead to such an excursion. 
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alculated). The extr~polation to the number of fissions in a 

clear excursion is extre.IDelY uncertain; however, first, because 

support the hypothesis of an initial chemical reaction vhich then 
is not large cOlllPared to 

·1 
i the energy release (no . of fissions) 

I the cumulative exposure of the core; and second, the unknown induced a nuclear reaction by rearrangement of core components. . ; 
In this regs.rd, the Boe.rd has been advised that metallurgical ex- ! 

jleffects 
of shielding (water \reight, fot:' ex.ample) and third, 

released from 
the unknown effect of delayed-neutron emitters 811linations 1118de after the incident probably would not establish I 

i 
conclusively whether a metal-water reaction initiated or remitted 

I l the reactor vessel into the reactor room. 

from a nuclear excursion. ~ E. Activity Release 
.l Aerial surveys conducted on several different occasions since D. Energy Release ! 

One estimate of the energy release is based on the analysis of l 1 the incident, at an altitude of 500 feet and above, have ~ot 
indicated any activity levels (at the ground) greater than 

twice bac~ground levels. On the basis of meteorological infor-

a metallic sample taken from the clothing of one of the deceased. 1 

j 
1 This sample was analyzed for uranium isotopic composition, mass, 

and specific yttrium activity. This analysis, related (by assump- j 
' tion) to the total uranium present in the core, led to rough ~ 

18 .j 
estimate of the total fissions during the excursion of 1.5 x 10 - 1 
equivalent to 50 megawatt seconds. 

) 

It 1• bo1'.•V•d that on energy i 
release significantly less than this vould not have produced the 

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

factor of 3 or ~ vould have produced lllUCh more drastic bla8t effects~ 

Another eat1.mate of the total energy release, based on analogy I 
vith SPE.Rr experience, as vell as observed at!Dospheric radio- .i 

' 

mation (inversion conditions, wind direction NNE at a velocity 

of 4 to 8 mph) and the observation of smoke plumes under s~il~r 
conditions, together with air and ground samples, it appears 

that a narrawplume of gaseous fission products traveled SSW from 

the reactor building. Low-level off-site activity of sagebrush, 

due to iodine-131, was observed ·subsequent to the incident. 

Subseqent sampling in the ~mmediate 7icinity of the SL-1 

facility indicqted thsJ: law levels of gaseous iodine were re-

-:1 
.I 

activity, was a release as great as ,500 mega\nltt seconds, indi-

eating that there may have bean more than one burst, or that 

there was additional lover power operation. 

leased for a short period of time from the reactor or that 

iodine released at the time of the incident was undergoing 

translocation. As of April 7, 1961, measured 1
131 

levels 

close to the reactor bailding, 

contamination by strontium-90 
were essentially at background; 

A number of est1.mates of integrated neutron flux have been 

1118de from the detenainations of induced radioactiv1t7 in various 

samples (thermal. neutron doses from l x 108 to 2 x lolO nvt were 
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soil samples did indicate a law 

for a period of time· after the incident. Determinations of the 

s~rontiUI!l 90·content in five soil s::t111plcE collected on 
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-;y l .i 1-·L"'f6 l riiiged from 1018±.18 d/m/20gm near the 

Support Facility building, to 65±. 8 d/m/20gm approxi.Jlately 
I 

20 feet east of the guard house along the perimeter fence. 

Intermittent radiation surveys in the vicinity of the 

SL-1 plant indicate that the gamma radiation baa not de-

creaaed an appreciable amount. During the first week in 

February dose rates varied from the order of 10 t/hr, 

measured at the base of the reactor building, below . the cargo 

door, to the order of 100 mr/br, measured a~ a distance of 

approximately JOO feet frcm the reactor building. 

The implications of an SL-1 incident to the public in a 

populated area ia discussed in a memorandum which is attached 

as Annex H. 

7. Possible Mechanisms for the Incident 

?rom consideration of the factors vbich may have cau~ed this 

accident, it is possible to coaceive of several different iteiaa 

or combination of items which may have constituted the i.Dlllediate 

initiating event. The accident could have occurred with no ., 
errors being committed on the part of the crev, though cer~ain 

! 

errors on the part of the operators also can be visualized as 

posaible initiating events. 

It is known that the tasks assigned to the ~perato~~ (re-

aasembly of control rod drives) involved the lifting of the 

control blades. Testimony before the Board indica~es t~a~ t:he 

Chief Operator and the Operator bad performed this same taak 

at least four tim!s before the occasion in question and 

that they had received specif~c tr..ining for this o~~·~ion. 
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11,,, ,,,ining p<ooodu<• J]J inolud•d <h• •xplioi< '"''~o<ion , the control rod was not to be raised 
at during disassembly, 

l re than four inches. The reason for this limit was not given 

~ ; the procedure. FrOlll the positions of the uien after the in-

i dent and the injuries they suffered, we are unable to rule 

I 

' 
i t the possibility that one, or possibly two, of them were 

A 
1 gaged in lifting the central rod at the time of the explosion. 

t p=esent, however, there is no direct evidence on this point. 

In the light of measurements made prior to the reactor shut-

ovn on December 23, 1960, it would have been necessary to 

aise the central control rod a mini111Um of 16 inches at that 

ime to produce criticality. On the basis of existing informa­

itio? on the reactivity worth of the central control rod (prior 
~ I 18/ 
"i to shutdown) and the results of BORAX and SPERT experiments, ~ 

J t is estimated that this rod would need to be withdrawn another 

6 to 8 inches at a rate of approximately 24 inches per second 

a nuclear excursion of the magnitude esti-

ted to have occurred. While these actions and condition~ 
appear credible, they do not appear probable in the ~ight of 

the evidence thus far available. 

Additional factors 
can be considered at this time, which 

changes occurred in the 
involve the possibility that some 

properties of the reactor between Dect!IIlber 23, 1960 and 

January 3, 1961 - chang~s which would minimize the capability 

of the control rod system to m•lntain the reactor shutdown. 

There is no direct evidence at present that any such changes 
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Lu11. placl!._ t r loss o:r cadmium or loss of boron did occur 

the shutdown period in question, the shutdown margin 

... 
would have been reduced. 

Wi tb a reduced shutdown margin of re- l 
acti~·ity, substantially less withdraval. of the central control 

would have produced criticality. W 

other conceivable initiating events, though at the present 

20/ their likelihood appears to be low, include: ~ 
(a) 

1 
rOcj 

l 
' 'i 
I 
I 

:l 
l 

~t 
A ~ate~-metal., hydrogen explosion, or other t 

chellli~el. 

reaction, below the ~eactor core, which would dr:!.ve 

the central rod. or several of the rods up_ out of 

the core, or that \{Quld lift the seal. plugs and 

therefore the attached rods by a general pressure 

increase. 

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

and otherwise changed. 

It should be emphasized tha+, the foregoing discussion is 

limited to possibilities and is cot intended to imply any degree 

of probability. It appears now that the most likely immediate 

csuse involved so~e U4USU9.l.ly large and rapid movement of the 

central control rod. 

8. Conclusions 

In the absence of additional. infonnation concerning the 

initiating event for the incident, the Board is unable at ~his 
time to be more specific about the nature, cause and extent of 

the incident. 

A. An explosicn occt:...-red in the SL-1 reactor at approximat.elj 
• • I 

9:00 P .M., on Ja':lu.a...ry 3, 1951, :esulting in the death 

of three persons, in dalnage ~ the reactor and to the 
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B. 

c. 

D. 

E. 

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 rihrand were decaying with a half-life of «pprox-

imately 40 days. 

Two members of the crew were killed instantly by th~ 

explosion. The third died within about two hour3 as ~ 

result of an injury to the head. 

The explosion involved a nuclear reaction. The thermal 

nvt above the reactor was estimated to have been 

approximately 1010 n/cm2, and may have resulted from 

more than a single burst of radiation. 

Chemical and r~dioactivity measurements on a single 

fragment of reactor fuel ejected by the explosion. if 

representative of the total fuel, suggest th.at the 

reaction m.&y have resulted in 1.5 x 1018 fis.iion.!I. 

This would have produced 50 megaw«ct-~econda of ~nergy. 

Othi::r estimat·!!S, based on decay of gaseous :a.ct~:..-ii:y and 

~n analogy w!th SPBRT and BORAX experimental results. 

give a rtng'! from 100 MW-second!! t11 500 ~-· .!l::co~1clii: 0 

for thn tocnl.energy release. 

At the time of the explosion, the reactor cr!!'I' •ppe«r~ 

to have been engaged in the reassembly of control rod 

mechanisms &nd housings on top of the reactor. The 

F•essure generated within the reactor, which probably 

rea~hed sever~l hu~dred pounde per square inch, was 

- 3 7-
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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 some fuel. 

F. The explosive blast was generally upward frcm 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 r~actor core 

is extensive, although there does not appear t~ have 

been gross melting of the aluminum core . 

G. Some gaseous fission products, including radioactive 

H. 

I. 

iodine, escaped to the atmosphere outside the building 
i 

and were carried downwind in a narrow plume. Particulate· 

fission material was largely confined to the reactor 

building, with slight radioactivity in the iDlllediate 

vicinity of the building. 
J 
~ 

t 
I 
' At this time it is not possible to identify completely l 

The most j 
11k•1y 1~d1•<• ••••• of '"" oxplo•lon •PP••r• <o hav• J 

i 

or with certainty the causes of the incident. 

been a nuclear excursion result~ng fr<1111 unusually rapid 

and extensive motion of the central control rod. As 

w~ 
yet there is,evidence to support any of several other 

conceivable initiatl ng mechanisms • 

It is kcown that a variety of conditions bad developed 

in the reactor, some having their origin in .the design 

of the !!!actor and others in the c!.lmulative effects cf 

reactor operation, which may have contributed to the 
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cause and extent of the incident. Among these 

conditions were the loss frOUI the core of the burnable 

boron and the condition of the control rods that 

caused sticking. 
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11, A detailed chr~ology of reactor operation is attached 
as Annex H •. A- summary bf equipment malfunctions is 

FOOTNOTES 

Copies of - the -teletypes concerning formation of the 
Board of Investigation area attached a1 Annex A. 

A list of witnesses, who appeared before the Board, 
is attached as Annex B. 

The membership of the Technical Advisory Comnittee 
is given in Annex C. 

I 

I 

r I 
il7/ 

i1a1 
~ A list of observers is given in Annex D. i 
., 

A series of photographs and drawings are attached as ; 
I Figures 4 through 8, 1
12

, , 

AEC Staff Paper AEC 420/27 Argonne Low PC1Wer Reactor j 
Project, October 31, 1955. i 

. , 
ALPR Prelim~nary ~esign Study, ANL-5566, April 1956. 'to/ 
Ra~ard Summary Report on the ALPR, ANL-5744, completed 
October_ 1957, ~blished Noveniber 1958. t 
Pertinent coutractual arrangements and agreements aref 
given in Annex F. :) 

A.a orgmibation chart for the CEI admin:fa tration of ·1 
the SL-1 plant is attached as Annex I. • -- -
A summary of inspections and visits is attached as 
Annex ! . 

Detailed test results are given in a report of a talk 
by D. -B-. Sliaftman, on "Pre-Power, Zero-Power Reactor 
Physics-EXperiments in the ALPR, Presented at ANPP 
Reactor Analysis Seminar, October 11, 1960" and "Initi 
Testing and Operation of the Argonne Low Power Reacto' 
<..uPR)", Am.-6084, Deceniber 1959. 
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attached 'as A.Jlnex K. 

A represeatation of control rod worth is attached as 

Figure 3. 

A detailed chronology of events before .and after the 
!ncideat· was contained in the AEC presa release of 
January 12, 1961. 

Detailed results of activatioa data are attached as 

Annex· L. 

A copy of .the procedure is attached as Annex N. 

A discussion by a Board Consultant of considerations 
of rate of change of reactivity and total change· of 
re.activity related to energy release is attached as 

Annex o. 
A discussion by, a Board Consultant of possible reactivity 
additions, since co1LStruction, of the SL-1, is attached 

as Annex P. 

A discussion by a Board Consultant of the significance 
of chelllical reactioua in the SL-1 incident is attached 
as Annex "Q, and a · metallurgical evaluation of the SL-1 
core cQll}'oaen.t• is attached i.s Annex a. 
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ANNEX A 

TELETYPES CREATING BOARD OF INVESTIGATION 

January 4, 1961 

"'ro CURTIS NELSON CHAIRMAN OF SPECIAL INVESTIGATIJ'U BOARD ON SL-1 
INCIDENT CMM INFO ALLAN C JOHNSON FROM A R LUEDECKE PD PURSUAl'lT TO 
AEC MANUAL CHAPIER 0502-042 A CMM I HAVE CONSTITUTED A SPECIAL BOARD 
OF INVESTIGATION TO CONSIST OF YOU AS CHAIRMAN AND OF THE FOLLOWIIG 
MEMBERS CLN DONALD I WALKER CMM IOO CMM CLIFFORD BECK CMM PETER 
MORRIS CMM A!ID FORREST WESTERN CMM HQ PD ~ 

THE BOARD IS TO INVESTIGATE AND REPORT TO ME ON THE INCIDENT CMM ~ 
PURSUANl' 'ro AEC MANUAL CHAPTER 0502--042 AND AEC APPENDIX 0502-043-A PD1 
All INTER.DI REPORT SHOULD BE SUBMITI'ED TO ME AT THE EARLIEST POSSIBLE j 
TIME WITH COPY TO MANAGER OF OPERATIONS PD 'V'! 
I RAVE INSTRUCTED THE IDAHO MANAGER OF OPERATIONS TO MAKE AVAII.AllLE 'rol 
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 NEED IN OBTAINim THE SERVICES 
OF ANY OTHER CONSULTANTS OR EXPERTS WHICH YOU MAY REQUIRE PD GM CLN j 
ARL END AEC 82" ] 

i January 4, 1961 

1
. 

"TO CURTIS NELSON CMM CHAIRMAN OF SPECIAL INVESTIGATING BOARD ON SL-1 I 
INCIDENT CMM IOO CMM IDAHO FALLS CMM IDA INFO TO ALLAN JOHNSON FROM . 
A R LUEDECKE , 
I HAVE DESIGNATED DR WILLIAM K ERGEN CMM OAK RIOOE NATIONAL LABORATORr: 
31-CLN DR BENJAMIN LUSTMAN CMM BETrIS LABORATORY CMM PITl'SBURGH CMM 
PA SH CLN DR JAMES H STERNER CMM EASTMAN KODAK COMPANY CMM RCX::HEST1'1R 
CMM NY Sl-CLN AND DR WARREN NYER CMM PHILLIPS PETROLEUM COMPANY CMM 
IDAHO FALLS TO SERVE AS CONSULTANTS TO YOUR INVESTIGATIVE COMM!TrEE 
ON THE SL-1 INCIDENT PD THESE CONSULTANTS ARE IN ADDITION TO OTHER 
PEOPLE YOUR COMMITI'EE MAY WISH TO CALL ON FOR ADVICE AND ASSISTANCE PD ' 

PLEASE CONTACT ME RELATIVE TO DESIRED TIME AND PLACE AVAILABil..ITY OF 
ABOVE CONSULTANTS PD GM CLN ARL AEC lo6" 

ANNf.X B 

WITNESSES WHO APPEARED BEFORE BOARD 

uarY 51 1961 

an c. Johnson, Manager, ID 

,bn R. Horan, Director, Health and Safety Division, ID 

. c. Bill&, Deputy Director, Health and Sa.fety Division, ID 

orge L. Voelz, M.D., Chief, Medical Services Branch, Health and 
Sa.fety Division, ID 

apt. R. L. Morgan, Project Officerfor SL-1, Military Reactors Division, 
ID, and Chief, INPF0

1 
U. s. ArmY 1 Idaho Falls, Idaho 

• V. HendriX
1 

Director, Military Reactors Division, ID 

idney Cohen, SL-1 Test Supervisor, Combustion Engineering, Idaho 
Falls, Idaho 

11.DuaI"Y 6, 1961 
B. Allred, Project Manager, Combustion Engineering, Windsor, Conn . 

-Ohn Anderson, Assistant Director, Nuclear Division, Combustion 
Engineering, Windsor, Conn. 

Horan, Director, .Health and Sa.fety Division, ID 

harles W. Luke, Project Physicist, Combustion Engineering, 
Falls, Idaho 

Idaho 

Joseph R. Dietrich, Vice President, General Nuclear Engineering 
Corporation, Dunedin, Florida 

Milton Levenson, Senior Chemical Engineer, Argonne National Laboratory, 
Argonne, Illinois 

Duckworth, SL-1 Acting Site Representative and Operations 
Superintendent, Combustion Engineering, Idaho Fe..lls, Idaho 

M/ Sgt. (E-7) R. C. Levis, SL-1 Plant Superintendent, U. S. Air Force 

Annex B/l 
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January 7, 1961 -

SFC (E-6) G. J. Stolla, SL-1 Chief Operator, U. S. Anny I 
SFC (E-6) G. B. Millar, SL-1 Chief Operator e.:od Electronic Section l 

Chief, U. S. Army -· ~ 

M/Sgt. R. c. Levis, SL-1 Plant Superintendent, U. S. Air Force 

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

t 
J 
.t 
;} 
~ 

Allan C. Johnson, Manager, ID ! 
W. P. Rausch, Assistant Operations Supervisor, Combustion Engineering: 

Idaho F•ll•, Id•bo , ,

1 January 8, 1961 

Executive session and meetings "1th observes and the Technical Advisorr. 
Committee. No witnesses called. The Board also visited the site of t~ 
incident. ' 

,, 
January 9, 1961 .J 
E. J. Vallario, Health Physicist, Combustion Engineering, Idaho Fall.s,-t·~ 

Idaho -

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

P. R. Duckvorth, SL-1 Acting Site Representative and Operations Super-=) 
intendent, Combustion Engineering, Idaho Falls, 
Idaho · ·· · · 1 

i SFC (E-6) H. L. Kappel, SL-1 Chief Operator and former Chief Instructor;: 
u. s. Army .,,1 

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 

M/Sgt. M. B. Hobson, SL-1 Chief Operator and Electrical Section Chief, 
u. S. Air Force 

Ann~x B/2 j 
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~Y io, 1961 (cont.) 

•/Sgt. R. A. Feil, SL·l Chief Operator, U. S . . Air Force 

• A. Mosbberger, Asrlstant Chief, Fire Depar'bDent 1 Ha:r.ards 
control Branch, Heal.th and-Safety Division, ID 

!L Deardon, Captain, Fire _Department, Hazards 
Health and Safety Division, ID 

H. Brooke, Director, Security Division, ID 

Control Branch, 

L. Rock, Km Health Physics Technician, Phillips Petroleum 
Company, Idaho Falls, Idaho 

.·I 

. E. RicllardS
1 

Km Health Physics Technician, Phillips Petroleum 
Company, Id;aho Falls, Idaho 

J. Arave, Patrol.man, Patrol and Enforcement Branch, Security 
Division, ID 

January 11, 1961 

.. ,. •• ,. '119 

45 

M. ~uth Guffey, Personnel Metering Branch, Health and Safety Division, 

ID 

Sgt. R. M. Bishop, SL·l Chief Operator and Chief, Maintenance Section, 
u. s. Army 

SFC (E-7) P. J. Conlon, NCOIC and Training Officer, SL-1 Cadre, 
u. s. Army 

Sgt. O. K. Soward, SL-1 Operator, U. S. Army 

Capt. J. T. Westermeier, Former Cadre Cmdr., SL·l Cadre, U. S. Air Force 

SP5 J. B. Davis, Process Control Technician, u. S . Army 

January 18, 1961 

Capt . Stephens w. Nunnally, U. s. Army, Former Chief, SL·l Cadre 

Lt. Ronald Phillip Cope, U. s. Navy, Former Chief, Boiler Op~rations 
Branch, SL-1 

M/Sgt. R. c. Lewis, SL-1 Plant Superintendent, u. s. Air Force 

Annex B/3 
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January 181 1961 (Contd) J 
w. P. Rausch, Assiatant Operations Supervisor, Combustion Engineerina 

Idaho Falls, Idaho 

January 19, 1961 j 
~ 
' Lt. Col. H. C. Schrader, 

V. V. Hendrix, Director, 

January 201 1961 

Deputy Assistant Director For Army Reactors~ 
• ! Military Reactors Division, ID 1 

j 
Joseph Crudele, Former Operations Supervisor, SL-1 Project, 

Engineering 
Combustion 

January 21, 1961 

John Anderson, Assistant Director, Nuclear Division, Combustion 
Engineering 

i 
1 
i 
~ 
·: 
t 

W. B. AJ.lred, Project Manager, Combustion Engineering, Windsor, Conn.J 
··( 

February 16, 1961 

Capt. A. Nelson Tardiff, Project Officer, Army Reactors, DRD, Hq. 
U. S. Air Force · 

Col. G<>rdon B. Page, Asaistant Director, Army Reactors, DRD, Hq., 
u. s. Army 

April 13, 1961 

' -~ 

i 
i 
1 

Lt. Cmdr. Charles W. Mal.lory, U. S. Navy, Chief, 
Branch, Army Reactors, DRD, Hq. 

J 
Water Systema Project:•• 

.;) 
Capt. Robert L. Morgan, U. S. ·Army, Reactor Engineer, 

Reactors Division, ID 

A 

Military 1 
-·t 
~ 

I 
.:4 
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ANNEX C 

THE TECHNICAL ADVISORY COMMI'l'rEE 

Wayne Bill.a, ID, Chairman 
w. Tb.algott,- Argonne National Laboratory, Idaho 
ton Le.ven.son, Argonne National Laboratory, Lemont 
H. Shaf.:tmanT . Argonne National Laboratory, Lemont 
C. Lip.i.nskiT Argonne Natioiia.l Laboratory, Lemont 
o. Brittan,. Argonne National Laboratory, Lemont 
R. deBoisblanc, Phillips Petroleum Company, Idaho 
ren Burgus, Phillips Petroleum. Company, Idaho 
z. Morgan, Union Carbide Nuclear Company, Oak Ridge 

H: Kittel, Argonne. National Laboratory, Lemont 
T. Vogel, Argonne National Laboratory, Lemont 
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ANNEX D 

LIST OF OBSERVERS 

E. J. Bauser, Capt., U. S. Navy, Staff Member, Joint Committee on 
Atomic Energy, Washington, D. c. 

Kerbert Cahn, Physicist, Combustion Engineering, Windsor, Conn. 

R. L. Doan, Msnaser, Atomic Energy Division, Phillips Petroleum 
Company, Idaho Fs.l.ls, Idaho 

l 
' 
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ANNEX E 

8lll F. Finan, Assistant General 
,er for Regulations and Safety 

r A. Morris, Assistant Director 

Reactors 
;nsion o! compliance 
I 

-1 INSPECTIONS AND VISITS 

March 10, 1961 

Angelo Giambusso, Division of Reactor Development, AEC, Hq. )H•:PAM 

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

·r 

' 
Robert Kellens, Physicist, Combustion Engineering, Windsor, Conn. . •. 

Allnn C. Johnson, Ma.Dager, Idaho Operations Office, AEC, Idaho Falls 
Idaho 

Captain H. W. Johnson, Reactor Engineer, Military Reactors Division, 
Operations Office, Idaho Fs.l.ls, Idaho 

Captain D. C. King, AFIG Staff, DNSR, Kirtland Air Force Base, 
Nev Mexico 

E. J. Leahy, Hes.1th Physicist, NRDL, San Francisco, CB.l.i:t'ornia 

Lt. Col. D. G. MacWillia.ms, DMO, Office of Chief Cbem.1cs.l. Officer, 
Washington, D c. 

Meyer Novick, Director, · Idaho Division, Argonne National Laborato 
Idaho Falls, Idaho 

Loren K. Olson, Commissioner, U. s. Atomic Energy Commission, Was 
D. C. 

Lt. G. A. Roupe, Kirtland Air Force Base, A.lbuquerque, Nev Mexico 

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

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

Vincent A. Walker, Division of Compliance, AEC, Hq. 

Introduction 

At your request, an investigation vas made to 
determine the extent to vhich inspections or 
compliance-type appraisals of the SL-1 plant 
and its operation were conducted by the AEC, 

• military personnel or the contractor. The infor­
imation available vas obtained from the files of 
'the Army Reactors Office, DRD, the Argonne 
' Rational Laboratory, and from the Idaho Operations 

Office. 

s~ 

a. 

b. 

There has been no continuing, comprehensive 
program for reviev of operational sa.i'ety of 
the SL-1 reactor, comparable to that provided 
by periodic compliance-type inspections. 

There have been numerous visits to the site, 
quarterly reviews of the contractor's per­
formance, and specific investigations, but 
only two instances are k:novn vhere overall 
reactor operational sa.i'ety vas a major 
consideration. One comprehensive review by 
the contractor and one detailed study by a 
representative of /JJUl./DRD vere made prior 
to routine operation of the plant by the 
contractor (i.e., before March 1959). 

(continued) .Annex E/l 



- .. . :.. i. .. -

;.. ... 
1 ~ • 

I 
50 

1 •••• - .• ~ ... 
. ~ ~ ···-"·· 

SI,-1 ACCIDENT INVESTIGATION BOARD'S REPORT 

III. Diacussioti 

A. Inspection History for the SL-1 

Review- of the. available records indica:te.. that 
~number of via.its have been made to .the SL-1 facility, 
and.&..number of appraisals of contractor performance 
have been made, both on a periodic and also a non­
.scbeduled, ba.ais.. 

The records. indicate that, with the exceptions 
listed below, there ver.e no inspections. 11.Dd . eva.lu­
atioll.B. of reactor per~onuance. and ~.ety, specit'i­
cally, that were comparable to those carTied out by 
the Division of Compliance of licensed facilities. 
The. exceptions to this vere: 

1. Combustion Engineering, Inc., through its 
Nuclear Safety Committee, conducted a thorough 
appraiss.l. of the facility 11.Ild its proposed 
operation, including reactor safety, by CEI on 
March 19, 1959. 

2. There were, between August 1958 11.Ild 
September 1960, approximately 20 visits by 
millta.ry personnel (26 1.ndivid~ persons, 
primarily from ARM/DRD a.nd NPFO/Ft. Belvoir), 
for which written trip reports are available 
and have been reviewed. Except for the report 
ma.de following the Janua.ry 1959 visit (prior 
to a.ssumption of responsibility by CEI), which 
found that the reactor plant was "substandard 
in areas of operation, design and construction, 
safety 11.Dd ma.in'tenance," each of these visits 
was related to a specific problem (for example, 
crud formation) or only programmatic considerations. 

There were, between December 1958 and October 25, 
1960, twenty-<:>ne visits by military personnel 
for which there are no trip reports available. 
Again, the 27 individuals involved in these 
visits vere primarily from ARM/DRD 11.Dd NPFO/ 
Ft. Belvoir. 

It appears that no single military individU&l 
visited the reactor plll.Ilt more than fo'lir times 
between August 1958 11.Dd October 1960. 

(continued) 
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3. Review of the SL-1 Contractor performance 
was made by the ID Military Reactors · Division 
by (according to a letter from the Director, 
Military Reactors Division): 

a, 

b. 

c. 

Informal Reviews 

1) 
2) 
3) 
4) 
5) 

Quarterly Review Meetings 
Unscheduled Plant Visits 
Day to Day Progr!llll Discussion 
Telephone conversations to Windsor 
Liaison representative at Windsor 

Review and Approval of Administrative and 
Operating Procedures. 

Review of CE! Reports 

Quarterly Progress Report 
Annual Operating Report 
Topical Reports 
Malfunction Reports (There were 38 
of these during CEI 1 s operation of 

1) 
2) 
3) 
4) 

5) 
6) 
7) 
B) 
9) 

the plant.) 
Hazards Summary Report 
Design Reports 
Reactor Operating Manuals (as required) 
Health and Accident Report (Monthly) 
Other administ=ative reports 

51 

d. 

e. 

Review of Extraordinary and Problem Situations 

Physical Reviews and Inspections (Made and 
reported on by the Divisions of ID as required) 

During FY 1960 the following reviews were performed: 

f. 

1. 
2. 
3. 
4. 

Accounting System 
Property Management Appraisal 
Health, Safety and Fire Review 
Security Survey 

Annual Appraisal Report. 

Our review of reports of Quarterly Reviews indicates that 
operational safety has not been discussed extensively since the 
aeeting of April 15, 1959. Our review of reports of Health, 
Sa!ety,and Fire Reviews indicates that these reviews did not 
sncompass operational safety of the reactor at all. 

(continued) 
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B. Compliance l::ispec!:ion 

The primary objective of compliance inspection of 
privately owned r~actors 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 

l 
t 
~ 

special conditions of a construction permit or license. l 
Those of us who have been charged with this responsibilitf. 
have always felt strongly, however, that the compliance i 
inspector also has a responsibility for gathering infor- ! 
m~tion to show the extent to which the actual or pro- 4 
posed operation of the facility endangers the health Jt 
and safety of the public. This latter responsibility, 
we believe, arises becsuse the primary purpose of the 
regulatcry prcgram is to pr1Jtect the health and safety ~ 

of the publi.:: and, at the pres'!nt time, there are not, i 
and cannot be, a set of regulat!ons, standards, license j 
conditions, or oth~r xules, that by themselves, will ~· 
guarantee an acceptably low level of risk attending 
reactor operation, without seriously stifling the ! 
industr7. s 

To acccmplish the abl;J'l;'e objectives we have strived 
for tw~ princ~?al goals. Briefly, these are competence 
of the inspector and familiarity with the facility and 
its operotion. To gchieve thP. first of these goals we 
have used as reactoc inapectors on!y those who have had 
five years or more of re~ponsible reactor experience, 
Such experience incl~de~ dir~ct cperational and super­
visory assignmenta gnd direct t~·:hnical support assign­
menta. To achie~e the see~nd goal it is our practice, 
insofar aa feas~ble, to have a single inspector assigned 
to a given facility thro~ghout the construction period, 
the initial startup and teat period and during early, 
routine operatio~s. Duri~g construction of a large 
power reactor v:~its to the site might aver?.ge one per 
month, fer example. 

We do net stt~m~t to ~uplicate t~e work of the 
re•ctor ow-ner, which duplicatioa, in effect, would 
divide r~gpcnsibi!t~y for safety, but we do seek to 
gather s~fficient iaformaticn to allow a mature 

I 
~ ,, 
; 

1 
.:~ 
l 
J 

j 
f 

t 
5 

I 
appra~sal of the overall sai~ty of the reactor operation. 
Not the least important in this appraisal is information 
concerning mar-agement interest, ability and effectiveness 1 

in directing safe operation. 

(contir.tued) 

Annfl!X E/~:' 
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Conclusion 

Although many visits to the SL-1 site were made, 
and although a number of ~t:udies were made related 
to individual aspects of reactor safety, in our view 
these activities did not constitute compliance-type 
inspections. We conclude that there were no 
compliance inspections of the SL-1 reactor. 

"""6j~ 
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ANNE:X F 

t 

l 
CONTRACTUAL ARRAliGEMEm'S AND AGRE'.EMENl'S ! 

:i 
L .• .A.tazn1.c....Ene.rgy. ConmU..ss.i.on. .and Combua.tio.n. Eng1neer.ingr Inc. i 

1 The. .folloving .e.x.c.erp:t.. fr.om. the...AEC. .aod.. CELcantr.act define11 
• ~ 

the. . .r.espona.ibilitie.a. of CE.I in. opera t 1 og .. the... SL.-1. r~tor: 1 
J 

. Contrac.t .. No. . . .AT.(lO.-L}-96.7 .betve.en. Crnnbnst1on . .Engineerillg, Ii. 
l 

.. aod. the Atomic . .En.exgy Commis..ai.on. .ia £.or the . .:tenn. b.e.tveen j 
.December 14, 1958,. .and September 30,. .J.9(52.. It is. JL. cost- J 
.p.l..ua.-a.-!ixe.d-fee contra.ct f.ar. opera.ti.on of the. reactor and i 

. .. far. the per.for.ma.nee of r.esearch .and development. work at · 

Comhuatio.n. Engineering'a pl.ant in Windsor, Connecticut. 

t The objectives of the contra.ct are: i 
. i. to. gain, through. SL-1 plaD.t operation: ·~ 

(a) data. and experience at. de.sign and off-design j~ 

condition.s. in support of the Arrrry Boiling Water .: 

Reactor Program. 

"" (b) knowledge of the costs of operating the SL-1 on 

both a commercial and a Government-accounting 

basis. 

(c) familiarity with the problem areas 

through sustained operation . 

encountered 

Annex F/l ?. 
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2. to. CJJ.rr:I ~ tbe. Army :SOili:ns-~.llea.c±= Program. of 

re.search .&J1..d. . de:ve1~t-..towar.d. meeting .. the overall 

canpp1n1on objective of obtainill8·.s:1Jnple., ec=mical, 

es.sily-erected., boiling water nuclear power plants of 

varioua power caps.cities . 

3- to. tr.aiJl,. .. and. llJJJlia.t.-otbeJ:S. .in .. trallliilg, crews to operate 

the SL-1 a.lld other reactor installations . 

......... 
The contract dated 2/29/59, ill Article II, statement of Work, on 

~e 14, states: "In the performance of its undertakings under 

this paragraph B., tbe Contractor shall use aaaigned military 

personnel to the greatest extent consistent vith its responsibilities 

tor safe operation of the AI.PR . '' 
Modi!icatio~ N~- 4 (cont'd) 
Supplemental ~eement 
cont.ract Ho. AT(l0-1)-967 

ARTICLE III - s'!ATEMEliT OF '\/ORK (Cont'd) 

K. Disclailller· '?he Commi&aion ms.ke.s no varranty or representation 

11.11 to the quality, sate condition, vorking condition, state of repair 

or adequacy (for the purposes of the vork or othervise) of any pre-

1111ses or item of equipment or materi&l. of B:D.Y kind coming into the 

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

performance of the vork. 
ARTICI.8 XXI - SAFETY, HEALTH AfID FillE PROTECTION 

The Contractor shall take all reasonable precaution11 in the performance 
An:aex F/2 
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o:f. the. vo:t:k ta. protect the. . .hee.lth and aai'et.y o.f employees and o! ' 

members of the public and to. .minillli:z.e d.&nger from .all. hazards to 

li:fe and property, . and sha.l.l. comply "'1th all heal.th, sat'ety, and 

:fire protection regul.at.ions and requirementa. (iJlcJ.ud.i.ns. reporting ·' 

re.quirementa) o.f the. Commiaaion- In the event. the.t the Contractor­
; 

fail.& to comply vi.th. sa.id. regul.a:ti.ona. or requiremeAt& or the Com- ; 
T 

~ 

m1 sslon the. Cantrect1 nit Oi'ficer. ma.y 1 vi:tbout. pi::eJudice to any J: 
l 

.other- .l.egal. or CClllt.rac.tue.l r.ighta. o.f the Commisaion, iuue an ~ 
" ·; 

order stoppi.J:lg. .a.ll or IUl.Y part o.f the vork; thereafter 111. start j 
order !or resllll!Dtion of vork may be isaued .a.t the diacretion or f - ~ ., 
the Contract.illg Officer . The Contractor shall make no claim for l 
an. .ext»...naion o.f time or for compenoailon or .damages by reaaoa l 

• :t 
of or in connection vith such vork stop~age. ~ 

.The. canb:ac:t. ia .a.dmiJ2iatered. by tbe. . Idaho Operat.io.ns Office, AEC - l 
1 

v.1.th the da.y-to-dA.y. .a.dmiJ2iatra±i.oll being carried on by the Mili~ 
;a 

Re.actors. Diviaio.n of .thet office- The Idaho Operations Office ~ 

reports to the Division of Reactor Developmeiit .'llhich is respo11sibl;1 

for nlenn1nit, direc.t.illg and coord1net:hig tbe. 'llork at. the Idaho 4 
Oparat.iono Of!'ice. ill order to a.ccompli.ah a.ppr.oved. progr.ama. W'i thill,j 

the Divi.sJ.on. o.f Rca.ctor Deve.lopment,. the · Arrey Re.actors. Branch is .-i 
.l 

responaible for the part. of the program. being performed by Combusti.~ 
.~ 

Eagineering under Caat:rJLCt No. AT(J.0-l )-967. Iitonu.J. cont.acts 

existed betveen the Idaho Operations Office and the Arm:! Reactors 

Annex F/3 
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:sraJl,Ch - ususJ.ly, in connectiOn vith techa1cal, programinatic 
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and . blldgetarY J111Lt.terS. 

Mill tarY perSOJlll8L J:rom. three . servic~ (AnJcy, Navy l!-lld Air 

rorce) vere. ~d ta tb.e SL-1 !o:r t.r.aillin8· Such persouel 

pe:ctoi:med. oper.a.t.iClllal. ~.JDS.in~ f.unctiOJI.& under tb.e over­

all ~ement aAd technical direction of combustion Engineerillg· 

'.l'.he. contract.. ds±eii-2/29/59r in ,Ar±icle. .. II, s±a+ement. o! Work, 

"IJ1. the perfQrllllLllCe of its undert.aki:ngs 

'· 

on page 14, at.ates: 
shsJ.l use a.ssigJl.ed mili-

w:ider this. ~aph B. , the CoJ1.tractor 

t.arY personnel ta the .grea~ - extent consistent vith its 

reapollSibilitieA for aa.te opers.ti011 or :the AI.PR·" 

The Combustion EJigine.ering,. I:ac., Pro.Ject ~er, W'. B . All.red, 

testified before the Boa.rd (alld his testiJllOllY vaa cqrroborated 

by v. v. ReJUirix, Director, MU.it.arY Re,&Ctors Divi.5i=, IDO), 

tbat....dlll'.inS·.a.ll. co:o.t.r.act.. ~ot.i,a:t:1.ol1JI· .aJLd . .pr.to:r to tormaJ.i 7.B. tio• 

of tb.e .con:tract, it vas UJLders.taod by bo.th. partieBr CEI aad IDO, 

that CEI =ul.d. pennit. tb.e Mil.it.arY Cadre to perform routine 

reactor 
o,pe.rationa wi t.hout supervi.siOJI. .. by CE!. 

NatiollB-1 Laboratory. 
onmdRAton aAd Argonne 

Atomic Energy Conmu.-­
Tbe desigl1. of. tb.e SL-1 (then AI.PR) res.ct.or vs.a. .a.as.i.gned to the 

a task und.er CoJ1.:tract W-31-109-
Argonne Na.tiona.l Laboratory a.s 

ENG-38 vith the UJ1.iversity o! Chics.go . 
This contract vas 

A:oeic F/4 
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Ad.mi. htar.ed.~-tbe - Cb1 c• go Oper" t1 a•• . .Qlli.ce through i U 

Program.a Di viaJ.o.a. .A.n ac±.1lre 1.D.t.e.rea t .. ilt. t.he .de.aip. a.ad ope r&­

ti oA. .or the rea.ctor by A.NL, &lid. the. role or coo, VILB- also 

. ma.1..aUi.iJlcd by the Army Reactor~ Orfice, DiviaiOll of Reactor 

Developmellt. 
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AN1'IEX G 

FUNCTIONS AND DELEGATIONS 

section 0103 - 46 FUNCTIONS AND DELEGATIONS DIVISION OF 
BEACTOR DEVELOPMENT 

* * * 

59 

11
462 Responsibility of the Director. The Director, Di'vision 

or Reactor Devel.opment ia reaponsib1e to the. As.aistant General 

)(n.nager for Research and Induatrial Development. !or the performance 

of functions usigned to the Division of Reactor Development. 

SpecificallY the Director is responsible for:" 

* * * 
".d- Plann1 ng., directing. and coordinating. the. vork o! the 

Di.vision (a.nd the Operations Offices reporting. to the 

Diviaion) ill order to accomplish approved program.B·" 

* * * 
Section 0103-48 FUNCTIONS AND DELEGATIONS IDAHO OPERATIONS OFFICE 

*** 
"481 Functions. The Idaho Operations Office is assigned the 

!olloving functions:" 

* * * 
"c. assuring that all activities relating to the NRTS as a 

ADnex G/l 



·--

· .1 

.• 

., 
-" ... 
.. .. , 
lf -', ; 

:: .. "' 

~~(i() I.. · - I . . •-1 iiNM liilllii SL·:--tcu~ INV~hlJATilJN°""DoARD'S REPORT 
fllll 

vhole are. carx.ietl out . in_ a. lllanne.r 

heaJ...th . .8.Jld .safety-of employe~ 
to SU4rd. the. security, 

and . the.. PubJ.ic., and to 

l 
·; 
i 

.~ 

i , 
• ? 
'V 

j 
~ 

protect the property of the AEC, i ta contracta. and the 

public; sUch functiona in the case o:f activities at NRTS 

vhich are administered by other Operations Offices are 

to be carried out in cooperation vith those other 
-( 
.;;: 

Operations O:ffices;" 

* * * 
"482 

Responsibility of the Manager. o~ Operations_ The 

Idaho Operationa Office, is responsible to. the. Director, 
Manager, 

r 

"! 
1 
~ :r 
f ... 
~~ 
·r 

·f 
·~ '.t ..... 

for the pert'ormance o:f functions A 
-1-Specifically, the Manager, 

Division of Reactor Development, 

8.as.igned to the Idaho Operations Office. 

is responsible for: " 

" c. 
* * * 

planning, directing and coordinating the work of the 

Idaho Operations Office in order to accomplish approved 
progrllJlls;" 

* * * 

.: 
~ 

! 
j 
i 
:i. 
z 
~ , 
-~ 
.ji 
~ 
-;: 
•!': Section 0103-48 - FUNCTIONS AND DELEGATIONS IThUIO OPERATIONS 

* * * 
~ 

OFFICE J 

ID Appendix 0103-485K DIVISION OF MILITARY REACTORS 

"l. Functions . 
The Division of Military Reactors VilJ.:" 

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

Military reactor projects. 

" ( c) Pl.an and. coordinate action necessary to :t.he 

effective, sati~tory, and timely accomplishment 

of the assigned Military reactor programs." 

* * * 
It should. be .noted thAt whi1e the Divi~ion of Licensing and Regula-

tion b8..8 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-o8 FUNCTIONS AND DELEGATIONS DIVISION OF LICENSING 
AND REGULATION 

"o81 Functions. The Division of Licensing and Regulation is 

assigned the following functions: 

* * * 
"f. Developing health and safety standards, guides, and codes 

for the design, operation, supervision, contaiDllll!nt, 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 location, on 

the basis of established health and safety standards, 

guides, and codes. This will include revie\fing all per-

.Anziex G/3 
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tinent reactor hazard information. (Effective 

Mey 21, 1956) 
!£ 

Coordinating All phaaes of the AEC' s reactor safety ! 
program.a, assisting appropr.iate div~sians in initiating J •. 
nev or amplifying existing projects in this field, and j 
makins such recommendations and suggestions aa 

necessary in various phaaes 

Cally, 

! 
.l a.ppear :s 

of these programs. Specifi-' 

the folloving fwictions are included: I 
1. to keep informed of all programs vithin the AEC re- ~t 

lating to understanding and minilllizing the possibil.itr 

and consequences of reactor accidents; ~ 
2. to identify all requirements for further information·§ 

and areas needing further study; J 
i 3. to inform appropriate operating groups of program.s i 

4. 

needi11g action; 

to assist in further definition of principles 

.l 
1 

leading~ 
·i 

betveen requirements of safety ~ 

and economics of reactors; J 
to acceptable balance 

""' -"" 5. to bring together groups or parties having mutual i 
interest in particular safety problems; j 

6. to promote the interchange of int'ormatioa on safety .'Ji 

programs; and 
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7. to collect, organize, and tra.nslllit. inf'orma.tion from 

originating groups on- particular areas or problems 

of safety." (Effective Septelllber 13, 1957) 

*** 

*"" * 
Tbe folloving excerpts frOlll the AEC Manua.l further define · 

responsibilities for reactor safety .determinations: 

"CRAP'IER 8401 REACTOR SAFETY DETERMINATION 

"•8401-01 ~se and Scope 

"This Ch.apter provides a guine for the preparation and processing 

of reactor Hazard swnmary Reports (See Section -o4 belov) and fOr 

the authorization of construction, modification, start-up and 

operation of both licensed and AEC-ovned reactors. Specifically, 

,! 
it establishes: 

"a. AEC policy on evaluating safety aspects of proposed nev 

reactors or significant modifications of existing 

reactors; 

"b. the responsibilities of the Director, Division of Civilian 

Application, Directors of Operating Divisions, Managers of 

Operations and other officials in such evaluation; and 

"c. responsibility for authorizing the start-up and operation 

of nev or significantly modified reactors.* 
Annex G/5 
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''*8401-02 Policy 

"In order to. protect. the he.al.th. and. .48-f.ety ot the .pub.lie, and 

employee.a ,_.ork.ing in reacto.r facilities, and the safety ot public 

and. private property, it is the policy ot the AEC to evaluate 

the potential nuclear ha..z.ard8 of each proposal to build a ne,_. 

reactor or to significantly modify an existing reactor to deter-

mine that the ba:z.ard which the reactor presents is acceptable.* 

1184-01-03 Responeibilities 

~ 

I 
Jj 

i 
~ 
.11 

·t 
-~ 
·I 

"-1'031 Assistant General Managers sball, upon receipt of the recom-·i 

mendations outlined in 84-0l-032(e), and upon a poeitive determi.natiolli 
• !I 

"! 
that the ba:z.ards presented by the proposal do not constitute an undue. 

' risk to the health and safety of the pub~ic, approve construction, ;! 
·t 

modifications, start-up and operation of the reactor under considera- , 

tion. 

"*032 
1 

Directors of Operating Divisions shall: <! 
.!+ ,, 

''e. ... 

"b. 

s 
assure that Operations Offices under their jurisdiction 'if 

~ 
~ 

apply the AEC reactor safety standards, guides and codes;i 

revie,_. the Hazard Summary Report, together ... 1th any i 
collllDents submitted by the Managers of Operations for 

all reactors under their supervision, from the stand-

point of completeness and adequacy, and obtain from the 

~ 

i 
~ 
~ 

l 
~ 

contractor or Manager of Operations such information as, "lfi 

' ~ ~ 
1
~ 

. 

i 

in their opinion, is needed to evaluate properly the 

nuclear hazard associated '"'1th the facility; 
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"c. 
prepare such co=ents a.a are considered appropriate 

and .submit them together 'llith 18 copies of the report 

to the Division of Civilian Application ... 1th a fonnal 

reque..st that an evaluation of the "oAZArd aspects of 

the reactor be made· This request should give some 

indication of the urgency of the progre.DI under con­

sideration and should indicate ._.bat, if any, prelWnar.Y 

advice and recommendations are neeaed prior to final 

evaluation; 

"d. 
obtain all additional data needed by the Division of 

Civilian Application during its revie,_. of the subject 

reactor; and 

''e. 
transmit the Hazard Suxmnar.1 Report and coumients by 

the Division of Civilian Application to the appro­

priate Assistant General Ma.Dager 'llith a recommendation 

concerning authorization of construction or operation 

The 

of the reactor.* 

Director, Division of Civilian Application, sbA.11: 

"a. develop health and safety standards, guides, and 

codes, for the desig:o.1 operation, supervision, 

containment, and location of all reactors, both AEC 

and privately o\nled; 

Annex G/1 
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''b. receive and evaluate all.. Hauu:d Summary Reports 

{submitted. in accordance 1.'.ith 8401-032." {c) and AEC 

Regulation 10 CFR 50, 'Licensing or Production 

"c -

"d. 

''e . 

and Utili28.tion Facilities,') 1.'ith regard to design,.,) 

~ 
operation, supervision, containment, location, and f 
all other factors affecting health and safety; Z ~ 

~ 
~ obtain such additional information as is needed to I 

carry out such an evaluation by fonnal. request to 

the appropriate Division Director in the case of AECj 

reactors and to the licensee or license applicant ;I 
in the 

obtain 

case of privately 01.'ned reactors; 

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 84o1-033 for 

i 
~ • 3 
~ 

1. 

j 
i charter for Advisory Committee an Reactor Safeguards);~ 

for AEC reactor, furnish the appropriate Division 

Director 1.'ith the results of the hazard evaluation 

together 1.'ith recommendations concerning the advis­

ability {from a safety standpoint) of proceeding 

1.'ith the proposal and such specific comments on 

the safety of the reactors as are deemed appro-

priate; and 

* * * 
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·•03~ ~er of OperationsL in developing and administering 

the programs. -UDder their jurisdiction, are responsib:le for the 

5A!e operation of AEC-ovned reactors under their supervision. 

specifically, they shall: 

"a. 
apply the AEC reactor safety standards, guides 

and codes to reactor facilities under their juris-

diction; 

''b. 
obtain from the contractor a Hazard swmnary Report 

~.:;.,', / ... 

for each ne1.' reactor or each significant modification 

"c. 

of an existing reactor; and 

revie1"' this report for completeness and adequacy, 

1.'ork out modifications and improvementa '111.th the 

contractor and submit 20 copiee, together 1.'ith per­

tinent coJ11111ents, evaluations and recoumiendat1ons to 

the operating division responsible for the program.* 

"*84o1-04 Hazard S\llllll8IY Report 

"Inforum.tion to be included in a Hazard SUllllll6I'Y Report is 

covered in Appendix 8401-04.* 

ID CHAPrER 8401 REACTOR SAFETY DETERMINATION 

"8401-01 Purpoee and Scope: 

"Thie issuance supplements AEC Chapter 8401 by establishing 

responsibilities for ID0 and its contractors in regard to 

reactor safety determinations. 

705U3 O- Gl--6 
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'84ol.-02 Respot1aibilitiea: J "021 
The Directors of Operations and Military Reactors 
Divisions, IIX>, are responsible for: -

"(a.) The s&'e operation of and the application of 

"Cb) 

"{c) 

AEC reactor sa:fety standards., guides and codes 

to reactors under their supervision. 

Obtaining from. the contractor a Hazar.d Summary 

Report for each new reactor 
and each significant 

modification of an existing. reactor. 

-Determin.illg W'hen modifica. tians are of 
sUfficient 

magnitude to require a. Hazard Summary Report. 

·f 
.I; 

-~ 
~ 
"'· l 
if 
V-
.! s 
ll! 

i 
I 

"{d) 
Procuring staff assistance and comments from 

I 
~ 

"(e) 

"( f) 

ii Health and ..Safety Division concerning the Hazards ( 

Summary Report. ~ 
£ 
;'i 
:f, 

Re-rieving each Hazard Report for completeness. and .J 
$. 

adequacy and working out modifications and improveJ 

ments vith the Contractor in accordance W'ith 

10 CFR 50.34. 

..s 

1 ,; 
~ 
"' Reco1DI1ending approval and preparing for submittal ~ 
a twenty copies of each Hazard Report to the Division'! 

of Reactor Development sixty :f days in advance of i 
of the new or modified reactor ~ 

initial criticality 

reported on. 
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"022 The Con.tractor is resp0I1Sible for: 

..... ..:...JA"' 
()\;I 

" {a) Providing IDO with a. Ha.za.rd. Summary Report 

ninety days in advance of initial. criticality 

for each neW' or significantly modified 

reactor. The report is to oon:form to 10 CFR 

50.34' and is also to include an evaluation 

of the maximum credible accident." 

Advisory Committee on Reactor Safeguards 

The ACRS is established by Section 29 of the Atomic Energy Act 

of 1954, as amended, that section requiring that the ACRS 

" ... shall ... revieW' studies and facility license applicationis 

referred to it and make reports thereon, advise the Colllllission 

vith regard to the hazards of proposed or existing reactor facili-

ties and the adequacy of proposed reactor safety standards, and 

perform such other duties as the Commission may request" . 

Argonne National Laboratory (University of Chicago) 

Argonne's activities 1.'ith respect to the SL-1 {then the ALPR) 

W'ere a part of the overall contractual obligation of the U:a.iversity 

of Chicago to the Atomic Energy Colllllission. No specific terms 

relating to the operation of the SL-1 reactor W'ere included. 

Combustion Engineering, Inc. 

While Combustion Engineering, Inc. (CEI), 1.'as not involved ia the 

design, construction, or initial operation of the SL-1 Reactor, 

CE;r was involved W'ith the later operation of the reactor, in 

Annex G/11 
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1110d.ific.a. tiona. to the. reactor f a.ci.U. ty, and the continU&tion of 

trai.ni.ng Df .military peraann.e.l. The reapansibilitie.a aa&igii.ed 

to CE! are de.lineated in detail 1.n.. Article II, Statement of Work, 

and Article XX!, Safety, Health and Fire Protectianr and in 

each of the four.. subsequent 1110dit'icationa of Contract No. AT 

(10-1)-967, betveen AEC and CEI, a.a follovs: 

.Modification No. 4 (Cont'd) 
Supplemental Agreement 
Contract No. AT(l0-1)-967 

Art1c.le III - STATEMENT OF WORK {Cont'd) 

M. Diaclai111Cr. The Colllllission makes no va.rranty or 

representation as to the quality, safe condition, vorking 

condition, state of repair or adequacy {for the purpose of 

the vork or Dthe~ise) of any prell.ises or item of equipment 

of material of any kind coming into the possession or control 

of the Coatractor or to b~ used by it in the per1'oruance of 

the vork. 

Article XX! - SAFETY, HEALTH AND FIRE PROTECTION 

The Contractor shall take all reasonable precautions 1.n 

the performa.nce of the vork to protect the health and safety 

of employees and of members of the public and to 11.inimize danger 

from all hazarda to lif'e and property, and shall comply vith all 

health, safety, tuzd fire protection regulatio•s and requireaenta 

{hcludi11g reporting requirements) of the Colllllission - h the 
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eveJ>.t. tb.a.t the. Contractor fails to comply vith said regule.tions 

or require:menta of the. Cammissian., the Contractil1g Officer may, 

vitbOUt prejudice to any other legal or contractual. right11 of 

the cOllDlission, issue an. order stopping all or s:tcy par.t of the 

vork; thereafter a atart order for resumptioa of vork may be 

1uued at the discretion of the Contracting Officer. '!he 

COlltractor sba.11 make no claill for an extension of time or for 

compensation or damages by reason of or in connection vith such 

vork stoppage . 
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ANNEX H 

CHRONOLOGY OF PLANT OPERATION 

Attached is a chart of energy produced by the SL-1 versus 
time. 

Test periods, criticality experiments, planned and 

unschedUled shutdowns and rensons are indicated on the chart 
and the legend. 

Also attached is a chronological SlllDIDa.ry at: events ~hich 
occurred during operation. 

This BlllDIDa.ry covers the period 

February 5, 1959, ~hen Combustion Engineering began operating 

the plant, to January 3, 1961 . 
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DETAILS .. OF UllSCHEDULED SHUTDOWNS 

A routine cbe.c.lt an the .head .gasket vapor l.eak-off line 

revealed the failure of the head saaket. The apparent 

cause. vas. suspected to be due to a .faulty gasket or 

improper gasket seatine;. The plant operation was con-

tinued to dete:cmine if the inner gasket W'ould reseal 

itself. After 10 hours of operation the gasket still 

leaked and it '118.S decided to secure the plant and replace 

the gasket. 

When the reactor 1.'as shutdmm at the end of a five day 

period of operation, the rods 1.'ere all dropped individually 

from 30 inches under hot conditions. Rod #7 hung up at 

approximately four inches. The apparent cause of the rod 

failure \l'aB suspected to be binding in the rod seal or 

back up roller. On May 4, 1959, 1.'hen the plant '118.S started 

up again, the hot rod drop test on rod #7 1.'as repeated. 

The rod shoW'ed no signs of sticking during this test so the 

reactor 1.'as brought up to po1.'er for a five day run. 

On May 4, a steam leak developed in the purification system 

W'hile the reactor 1.'as at po1.'er. The reactor was secured and 

the leak isolated. Health Physics detection precedures 1.'ere 

folloW'ed and the contaminated area cleaned. Plant operation 

'118.S resumed on May 5 after a do1.'ntime of eight hours. 

Annex H/2 
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4_ .. /1-. 5- The. re.actor .. vaa..se=ed . .1'.or.. one s.h11'.t .on May 14th e.nd one 1~ 
shift on May 15th,. bee.a.use of loss o.1' vacWJlll in the gland:· ~ 

~ 

6. 

7. 

8. 

ejector system. The reactor was shut down on May 18th I 
A discussion ; 

of the maintenance activities performed on the gland f 
while the gland air ejector was repaired. 

ejector system may be found on page 6~ Plant dovntiJDe :J 
totaled 61 hours. 

·I.JI .... 
~. 

E ... 
On May 20, control rod drive #7 failed to meet the hot rod'! 

~ drop time requirement of tvo seconds for 30 inches travel..I 

. i4 Following a preliminary investigation of causes for sticking, 

the pl~t ••• •<o=•d ~d tho ~obani•m ~• ~plaood. -~ 
Detaila of the replacement sequence are presented on ~~ 
page n Plant downtime totaled 22 hours. '"if 

~7: 
'T;i 
.,.~ 

Ma.in condenser ran motor tripped out causing the reactor t~ 

! scram due to main condenser high pressure. Apparent caus~~ 

was a short circuit in one phase of the motor stator. iJ!i: 

Attempts were made to reset the motor thermel overload; I 
.. 1 . 

failure of this action necessitated orderly shutdovn of .;~. 

the plant. ·ii 

The 1000 ho= •u.tainod povor rM vhioh otartod on JM• 51 
was completed on July 17. During this time steam was gene~-

, .11-

ated by the reactor for approximately 99. 5i of the time. ': 

There were, however, four brief occasions when the plant J 
* Operating Pl~t Log 

~,. 

!1: 
Annex H/ i 
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was not generating steam. Two were due to accidental scrams 

which could have been prevented and one was a planned test to 

obtain operational data.. There was only one shutdmm re-

quired for repairing three leaking valves that prevented 

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

H/R #5 
7/14/59 
9. The primary reactor water level recorder stuck at -1 inch 

causing the feedwater valve to close allowing the hot'well 

to fill and give a hotwell high level alarm. The cause was 

tube failure in the Hayes liquid level indicator. Replacing 

these tubes will scram the reactor. In an attempt to place 

a jumper across the scram contactors, the reactor was 

accidentally scrammed. 

1 
M/R #6 
8/31/59 
10. Condensate in the lire started leaking from the air cooled 

M/R #7 
9/18/59 

ai'ter condenser. The apparent causes were damaged gaskets 

and a small leak 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. 

11. At 114o hours 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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approx.bna. tely a. t the mid-plane or the reactor core. With 

the puri:fication pl.Dllp in operation and vith the present 

piping arrOJ18ement in the puri.fic.a.tion and retentien tank 

systcm.s, it is possible to pump vater out of the reactor 

and into the retentien tank. The ~ter level in the reten-

tian tank vaa checked and ~s observed to be nearly full. 

This tank is normally kept at less than one-hal.f £ull. It 

~s concluded that vater from the reactor ~s pumped into 

tbe retention tank lovering the reactor ~ter level to 

about 11" belov the top of the core. All valves vere in 

proper positions vhen checked after this incident. Any one 

of six vnlves to the retention tank could have been opened 

or partially opened during operation of the purification 

j 
'.! 
•i 
; .. 
':f 
~ 

·;;. 

~ 

~ 

• ;1: 

..; 

¥ 
·t 
1. 
•)> 
-~ 

~ 
.i 
.i';': 

'"' .,. 

-~ 
·~f 

system allo~ing reactor vater to be rem•ved from the pressure . ..... _ .. l' 
vessel .. The folloving steps vere completed after it ~s 

determined that the reactor ~ter level ~s lev: (1) Plant 

instrumentation ~s turned on. (2) Radiation readings vere 

taken above the reactor vessel. These ranged from .9 to 

5 r/hr.(3k control rod plug ~s removed from the reactor 

head and frmm a distance tve hoses vere inserted into the 

plug opening. (4) Water vas added to reactor vessel and 

the level returned te normal. (5) Background readings ef 

abeut 20 mr/hr vere recorded. (6) Radiation readings vere 

ta.ken at the opening in the reacter head as ~ter vas added. 
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M/R #8 
9/24/59 

12. 

13 · 

S~ACCI~W'r INYE!3tlGA~BoAlrrrs . REP.ORT .I 11o-~;·rri 

FrC111 .. tbi.a. .. data..1 t vs.a .detenn1 ned .• tha.t. the redj at1 on level 

at the. head opening ~s 1000 r / hr vhen the vaj;er ~s at its 

loves.t. point. (7) Film badges vere collected for immediate 

processing. There vere no overexposures. 

At 0238 hours the reactor scrammed. The apparent. cause 

va.a an. electrieal transient in Channel I that caused the 

needle in the pover level circuit to deflect up-scale 

and strike the scram actuating contractgr. There ~s n• 

permanent indicati11n for the cause ef this transient . 

As there ~s no permanent indication of trouble f11lloving 

the first scram, the plant vas returned to pover. After 

the secend scram, the plant ~s isolated by proper valving 

to retain pressure and Channel I pover supply ~s removed 

for repairs. 

On October 27 there ~s ne steam flov for a fifteen minute 

periCJd vhile a valve gasket ~s replaced. The plant ~s 

maintained at 300 psig vhile the repair ~s made. 

~~ 
10/9/59 
14. The nuclear instrument ventilating air fan ~s being in-

stalled and a vire vas shorted to ground, bloving fuse L-3· 

Fuse L-3 also supplies pover to the control rod clutches. 

This caused the control rods to drop to zero inches. 

Replaced L-3 fuse and returned reactor ta pover . 
Annex H/6 
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M/R #ll 
10/ll/59 ' .!i: I l 7 · :l; On No.vember 14 plant s.ta.I::tup .. was... de.layed nine hours and 

15. A - The isolailon valves for the reactor steam and the A-
~ 

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

main.. steam. pressure gage.s 11ere lea.king sufficiently to 
..:!. 

"' i-1~ 

·!t ·,-
require repairs. The apparent cause '11"8.S damaged asbestos 

gaskets. The main steam. gage valve is downstream from 

ii , 
·~ 
·~. 

the main steam valve MS-1. The reactor vas maintained 

a± temperatu.-e and pressure llith MS-1 closed 11hile the 

aabestos gasket 11as replaced. 

B - The isolation valves for the reactor steam and the 

main steam pressure gages 11ere leaking sufficiently to 

~ 
.:.t. ,... 

. -~ . . t: 
']! _ _,. 

;!· 
:~ 
;~ 
. i 
-~ 

require repairs. The apparent cause 'll"B.s damaged asbestos ~ 
(!If: 

gaskets. The reactor gage valve is upstream from the 

main steam valve MS-1 and its repair requires being at 

atmospheric pressure. The plant 11as blollll do'lltl to 

atmosphere and the ring sheet asbestos gasket replaced. 

llormal procedures call for securing the reactor venting 

valve 11hen reaching temperature and pressure prior to 

passing steam. In attempting to secure this one-inch 

stainless steel globe valve it 11as found to be frozen 

open. Reactor pressure 'll"B.s reduced to atmospheric and 

the valve removed for inspection. 
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H/R #13 
10/18/59 

. 18. 

ten . .minutes 11hile the primary side of the simulated heat 

load.heat exchanger 11aa tha11ed out. This unit froze 11hen 

the secondary coolant, 11hich contains anti-freeze protec­

tion, cooled to less than 32° F and froze the condensate in 

the primary side of the heat exchanger. 

The main steam inlet isolation valve for steam trap #1 

11as leaking sufficiently to require immediate repair . 

The main steam stop valve (MS-1) 11as closed to bottle up 

the reactor vessel at 300 psig 11hile the bonnet gasket on 

the inlet valve for steam trap #1 11as replaced. 

H/R #12 
10/19/59-A 
10/20/59-B 
19. Continued oscillations in the main condenser vacuum 11ere 

traced to the controlling action of the turbine governor. 

The apparent cause 'll"B.S originally thought to be a sticking 

valve stem in the turbine governor throttle valve. It 11as 

later determined that the cause 11as in the governor unit. 

The reactor 11as bottled up at 300 psig and the turbine 

governor throttle valve '11"8.S removed and the stem '11"8.S found 

bent . A temporary repair vas made by polishing the stem 

and reeming the valve bushing. 

Annex H/8 
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Cont.in.ued oac.ill..a.tiona in the :ma.in cand.e.nser vacuum were 

traced to the controlling action of the turbine governor. 

The apparent cauae \lB.Jl originally thought to be a sticking 

valve stem in the turbine governor throttle valve. It vae 

later determined that the cause vae in the governor unit. 

When the governor oscillations persisted the governor oil 

vaa changed and the compensating adjustments reset in 

accordance vith the recommended 500 hour maintenance 

requirements. 
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M/R #11~ 
12/29/59 

\r 

t 
.; 
~ 

20. Operator error; the vrong fuse vae pulled. 
-\ 

The three power ~ 
~~ 

lines to the bus tie breaker are individual.ly fused . One 

~ of these fused lines (NA) also supplies power to the turbine ~ 

generator lock out relay. While attempting to check the 

fuoee, NA was inadvertently pulled causing lose of power 

to the lock out relay. The turbine throttle then tripped 

shut and caused the reactor to scram upon lose of control 

pover. 
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:!f. 
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M/R #15 
2/8/60 

~~ ... 
~ 
-ft 

21. Electrical - Defective Station Awcilie.riee, Circuit Breaker. ":.'f 
ri 
i The Station Awciliariee Circuit Breaker kicked out stopping 
1!i2' 

the feedvater pump, condenser fan, and related equip:ment. ,~ 
.:Ji ;.;r 

The breaker could not be reset immediately because of residual.~ 
.. t!f _..,. 
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Jiea.t . . 1.n tripping. .mechanism..... .. The.. ~--load -~ dropped 

.. from-the.....tw:hine .. .geners tor .. and. . .an...a:tt.empt. .vaa .. p:iade to 

parallel vith Ida.ho Pover vhen the reactor ecrBDDed. 

M/R j:i6 
2/9/6o 
22. - • 'l'Qe.-ltl~-VQJ.t&88-pQW&r· - .cahl~ · for- Cha.n.nel r.:i; shorted 

-ca.wrlng the reactor · to scram. The cable vae replaced . 

'1'./R #l7-
2/ll/6o 
23- An..operetor in. i;re1n1ng .had .started.the turbine. generator 

.I 
X/R #18 
2/ll/6o 
24.. 

.. follow.in.g. .DOrlllB.l atax.tup. procedures. whil.e. eupe.r.v.ie~ by a 

qualified.. plant operator.. As the turbine \l8.B being. ~a.ded 

in 6o KW incrementa. the. steam.. throttle tripped ehut. .ca.using 

.J.os.a of a.l.l e.lectri.cal. power and. acra:mm1n& .. the. reactor vhen 

the turbine .generator vae loaded to approx:iJDately 5<:J1, • 

The oonirrol r-00a. -rod liq.. poe.i tion indicator showed .. roq. fT 

. stuck a.t. 10-6.. in.. . !ollow.in.g -a... reac.tor. SCrtllll- Inveatiga..tion 

.~ reps led .the-Degetor apring. .had..unwonnd !r0111.-th.e. . re¥.ind spool 

and.a.a. the.. rod dropped..,. the. looa.e .epr.in.g. d.1.senge ged the poai­

tion . :1 ndket1 ng a.el.s.yn. .gear train renderin.g the ae.J..e.yn. and 

. . tbe-.motor drilTe micro awi tchea inope.rati ve. The rod bottomed 

an the dampening springs but the drive motor continued to 

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

eh.aft key. 

Annex H/10 
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M/R #19 
2/15/60 
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25. Channel II, the linear pover scram circuit, vas not 

functioning properly . There vas. no signal to Channel 

II. The trouble vas traced to a shorted signal cable 

from the detection chamber to the amplifier. 

M/R #20 
3/1/60 

26 . At approXimately 0700, Mar.ch 1, 1960, main condenser 

..... 

pressure started to increase and the cause could not be 

located. By oBoo lov main condenser vacuum started to 

af'fect turbine operation and in attempting to svitch the 

plant electrical load from the SL-1 turbine to Idaho Pover, 

by pa~alleling, the turbine tripped due to overspeed and 

the reactor scrammed at o822. 

M/R 1/21 
. 3/5/60 

27. The station auxiliaries breaker tripped out and before the 

condenser fan could be successfully returned to operation, 

the reactor scrammed from high condenser pressure. The 

stntion auxiliaries breaker vas reset and the vessel vas 

bottled up at 300 psig while the reactor vas returned to 

pover. 
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M/R #22 
3/6/60 

$ " 
;~ .. , 

28. -;t . ,. 
The turbine governor failed to regulate at full pover operation~: 

- ,;i_l 
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Lov. gene.ra.to.r frequency resulted effecting the .f'.eedvater 

control circuit. The feedvater valve opened but the pump 

diach.arged dropped due to lov frequency and under voltage . 

When the generator recovered the feed pump immediately 

paased in excess of lOOo/f/hr through the open feedvater 

valve. A cold vater tranBient folloved scramming the re-

actor at 4.5 MW(t) on high flux Channels I and II. The 

reactor vas returned to operation at 8rf1,/full pover. 

M/R f23 
4/12/6o 

29 . Reactor scrammed during normal. operation from a false high 

water level. Analysis of recorded operating data follovi.ng 

the scram indicates that the reactor vater level indicator 

drove high (off scale) instantaneously, causing the scram . 

Its operation before and af'ter the malfunction appears 

normal. The reactor was secured at pressure and a normal 

re-startup folloved. 

M/R f24 
4/20/6o 

30 . At 22001 April 20, 1960, the canned rotor purification pump 

failed and could not be restarted . The purification system 

vas secured and the pump tagged out. As the reactor vater 

quality vaa good, it vas not necessary to immediately secure 

the reactor and plant. 

Annex H/12 
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M/R #2.5 
5/ 1 /60 

I 
·e ,. 
~ r 
-'-I 

31. The station auxiliary breaker vhich supplies electrical 1 
pover to all plant auxiliaries tripped. The time delay 

"" le: 

·~· ..... 
-~· 

required before the breaker could be reset al1oved condenser ~ 
~ 

pressure to increase 5 psia automa.ticalJ.y scramming the 

reactor at 0103 hours. The plant vas secured vith the 

reactor at pressure. The station auxiliary breaker vas 

re s:et and 11 normal hot startup performed. 
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M/R #2.6 
5/8/60 

~ ... 
:?; 

.... l 

:: 
32 . The station auxiliary breaker vhich supplies electrical 

pover to all plant auxiliaries tripped. The time delay 

required before the breaker could be reset alloved condenser 

·i : 

~· 

pressure to increase 5 psia, automatically scramming at 21J.O '.! 

hours. The plant vas secured vith the reactor at pressure. '.~. 
.~: 

The station auxiliary breaker vas reset and a normal hot 

~ 
startup performed. ~ 

~ 

H/R #'2.7 
6/3/60 

.i; -... -· ~f 

33. The lover screen in the mixed bed resin container ruptured. 
.. 

. ..:,a.o... ., 

.lit 
'~ 

It vas discover~d vhen resin from the mixed bed column plugge~ ~ 
.. 1.:.:. 
7' 

the feedvater filter. The resin vas cleaned out of the system 1'\ 
~ 

(the resin vas approximately 15 mr) and the mixed bed column ~i 
was changed to mixed bed resin and an attempt vas made to 

return the reactor vater to operating quality. 

~ .:a 
·~: ...... 
;~ 
.-=.: 

~ 
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M/R #2.8 
6/20/60 
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34. During. a mili ta.ry train1.ng period the. steam supply vas 

. red.u.ced ... to the turbine. and caused a fluctuating pover 

M/R #2.9 
7/16/60 

35. 

.I 

output from the generator. Fuses blev in a voltage 

regulator and in the pover supply to Nuclear Channel I 

and Channel r.v. The reactor scramrued from loss of power 

to Channel I. The fuse vas replaced and a normal hot 

startup performed. 

Steam was visually observed blowing into the operating 

floor from under the reactor for shielding. The reactor 

vas sc.ra..mmed, the shielding vas removed, and the vessel 

head vas 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 vas repai~ed 

and the reactor ••as returned to temperature and pressure to 

check for additional leaks. Water leaks vere found at the 

inlet and outlet cooling vater fittings to Control Rod 

No. 7. A steam leak vas observed in the Control Rod tr 
rod drive housing. The leaking svaglock fittings vere 

replaced and the Control Rod tr drive housing vas replaced. 

Annex H/14 
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M/R #30 
7 /J.6-18/60 

36. During eU!.rtup the. reactor -.:a.a acr11mmed .cm five separate 

M/R #31 
7 /21~/60 

37 . 

occasions. from abnormal operation of Uuclear Channel No . 1. 

Following ea.ch scram, all c=ponenta o:J: the channel were 

inspected to locate the source o:f the spurious signal. 

The trouble could not be located and the channel was 

returned to the scram circuit. 

Steam was visually observed bloving into the operating 

floor from under the reactor top shielding. The reactor 

was scrammed and the top shielding was re!llOved to determine 

the location of the leak. Steam was found leaking from 

No. 3, No. 7 and No. 9 control rod eeaJ.e. A rubber "O" 

·f .,,,., 
-,_& ..., 
;'! 

;; .. ~ 
. ·~ 

"' •' 

~ . 

., .. 
~t ... 
·" 

'.\'< 

~::. 

".i ' 

.J 

-; 

sr-

~ing and a neoprene shaft seal was replaced on the leaking f 
control rod gland seal housing unite. -~ 

M/R #32 
7/28/60 

38. A scram was caused by a reactor high water level. The high 

M/R f33 
B/22/60 

water level illlmediately corrected itself so the reactor 

was returned to power after a normal startup. 

39. Steam leaks developed in three origin.al welds in the main 

steam system. Water leaks were found in two screwed fittings 

Annex H/15 
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on the reac.tor water l..in.ea to the purilication ehutdovn 

M/R #34 
8/26/60 

40. 

40A. 

cooler. The reactor was scrammed to repair the leaks. 

Prior to 0247 hours August 26, 1960, a large quantity of 

used nuclear grade resin wa.a. added to the hotwell. The 

exact method or time that the resin was added to the botwell 

has not yet been determined. 

On Oct. 24, 1960, the reactor vs.a accidentally ecramned 

while connecting PL scram signal to the reactor scram circuit. 

M/R #35 
9/25/6o 

,! 41. The breaker on the condenser fan tripped and would not reset . 

The breaker apparently overheated. Upon lees of the fan, 

the condenser pressurized and the reactor scrammed. The 

break.er was reset and the reactor was returned to power . 

41A. The reactor was secured for eiX hours when the plant operator 

became incapacitated and could not be illlmediately replaced. 

M/R #36 
12/3/60 

42 . As outside ambient temperature decreased, the main air con-

denser mixer and exhaust dampers automatically adjusted to 

maintain a 4o° F inlet air temperature. The exhaust dampers 

slipped on the motor drive shaft and shut, resulting in high 

condenser temperature and pressure . The operator immediately 

Annex H/16 
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~ reduced steam. IloY to pre=t an .a.u:toma.tic. acram due to !) 
Ji :r. condenser high pressure. As steam .flow. \18.B reduced reactor ;t 
11 

pressure increased and the plant scr.ammed a.utoma.tically at t 

325 psig. Normal shutdown procedure was followed. The 

e.xha.uet dampers we.re . temporarily locked at the desired 

position and a routine startup performed. 

·;:J 
z, 

1: 
~¥ . ... -... 
7 
;,~ 

"' M/R /137 
x2/T/6o 

~ 
fj!. 

£ 
43. 

·~~· 
.;ore 

During P. nonna.l pl.ant check, the condenser circulating pump '~ 
:-f.t 
::li' 

motor vne found to be overheated a.nd before it could be 

secured the motor shorted and stopped. 

. ;~' ... 
~.;: 

~ 

~ 
M/R #38 
12/16/60 

·~ 

li4. Th~ utility bus breaker supplying power tc;i the motor control ;~ ; 

center tripped, causing lose of the main condenser fan. ii 
..;;_;. .... ..• 

Before steam flow could be reduced the 1118.in condenser became ~ 

pressurized and automatically scr!l.lllllJed the reactor. 

Annex H/17 
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T11t Supen1.•or 
Sydney Cohen 

Allen c. Johnoon 
Manager 

Idnho Operation• Office 

Military Reactor• Division 
v. v. Hendrix, Director 

R. L. Horgan, Captain, U. S. Anny Reo.ctor En;1neer 

II. H. Zinn 
Director 

Nuclear Di vision 
Combustion En;ineeri.n,g, Inc. 

1
Mo.nager 

ABllR ProJect 
II. B; Allred 

Operat10ll• Supervisor 
SL-l Plant 

Health Physicist 
Ed"ard Vallerto 

Paul Duck:vortb 

Aaaiato.nt Opero.tion• Supervisor 
II . P. Rausch 

Plo.nt Superintendent 
M/Sgt . R. C. LeYia 

ProJect Pby•ici•t 
c •. 11. Luke 
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OPERA'.:.'IORS LOG HISTORY OF COR'rnOL ROD BO. l 

Sept Sept Sept Oct. Nov. Nov. Nov. Nov. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. Dec. 
3 11 11 17 20 20 27 29 7 19 19 19 19 19 19 19 20 22 23 23 23 HOUR 1035 1320 1448 1015 0120 1219 0924 0240 1022 1005 1328 1349 1352 2330 2330 2330 19JO 0449 0825 0835 0835 

Dropped or 
Rai l!<!Od f'rcal 18.o 20 20 18 20 22 20 17 19.4 20 , 25 i6 i6 30 29 28 30 30 19.35 16 

Stopped .At 18.0-3/8 10 16 o, 20 15 o.4 20 25 i6 0 30 29 0 25.2 0 19.35 9 

Hung Momentarily 
.At (.An:!. Then Dropped) 

21.6 

Wu DriTCll to 
Bc!'oro J.l'reein8 11.5 18 16 12 . 0 28 

Total Drop Ti.me 
(SccoDda) 

See ll'ote Number 
(Bc.lov) l ".2 3 7 -4 ? 

Paver Level (~) 2.1 0 0 2.7 2.89 3.0 2.65 0 3.0 3.06 3.27 

Rod Cool!l.llt Flov 
(OPH) 120 !So !So 120 110 120 100 100 100 100 . 100 

llOTES: 
l. Rod Stuck and vould

0 

not drive 111 or out v/l&J GPH cool!l.llt !'lov. 
2. Btuclt momentarlly 11.lld then contiAued driV'l.Dg out to 22" 
3. Rod dropped "part vay," stuck, then dropped to :r:ero 
4. Bad to drive rod out 111.th a pipe' vrench 
5.. Vould not drop at all 011 selected rod drop 
6 Operated Jerkily belov 3" 
7. Be• "•cram" log 1A 1960 Paver !U.atory 1loolt 

0 16 

19. l.13 1.3 

6 

0 o ' . 0 . 0 0 0 0 

100 100 20 20 20 

Dropped vhen .cool!l.llt vaa aecurecl. 

9 

0 

0 

0 

-4~~$;t,~~ii~~'':ifitn~~~~$~-H~i.if,.,!-l';.).!.~~~"~~,i~!~,~~ .... J.; 1 ;~ ·~r? , :1 .-. ... ., .. :· b:: .~ •1:" :J\::h .;..- " ; ·1 '· . "· .. •.. 
a a 

- '. ,-: .'>.,! 

DATE 

HOUR 

Dropped or 
Raised rrom 

Stopped At 

Hung Momentarily 
At: 

Was Driven To 
Before Freeing 

Total Drop Time 

0. See Note Number 
(Below) . 

~ Power Level (MW) 

~ Rod Coolant 
N Flow (GPH) 

.. _ 

OPERATIONS LOO HISTORY OF CONTROL ROD NO. 3 

DEC. 
19 

1333 

25 

25 

16 

100 

DEC. 
19 

1350 

16. 

0 

i.22 

0 

100 

DEC. 
19 

2330 

30 

0 

6 

1.185 

0 

20 

DEC. 
23 

o825 

19. 35 

18.85 

- 9 

0 

DEC. 
23 

o835 

· 9 

0 

1.-

t.O 
N -

-;~ 

r-
CfJ 

1 . 
> 
(") 

2 
0 
~ 

z 
-3 

z 
< 

I t:] 
CfJ 

;j 
a 
> 
;j T"-
0 z 
td 
0 
> 
:::l 
q 
CfJ " --:::l 
t:l 
"d 

[ 0 
;l:I 
>'3 
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[· 

[ 
CfJ 

I l 
> 
(") 
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0 
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z 
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CfJ 
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> 
j l 0 z 
td 
0 
> 1"" :::l 
q 
CfJ 

:::l 
t:l 
"d 
0 
:::l 
>'3 

'T 
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OPERATI~ LOO HISTORY OF CON'L~CL RClD liO. 5 w 
~ .i~ · 

' D.An Sept Sept . !lov. !lov. Nov . Dec. ~ 
Dec. Dec. Dec. k 

ll ll 15 19 20 3 
Dec, Dec . Dec. 

17 19 19 19 22 23 
BOUR lliOO l 4lil3 0255 1020 1219 0114 (I'. 1130 1005 132 1349 0449 Qt\25 ~ Dropped or 
Raiacd rrOlll 18 18 16.5 19.4 22. ·o > 20 20 25 16 19.35 Cl 
Stopped At 18 10 16.5 5.5 20 s 

20 25 0 0 Cl 

Bung Momentarily <'! 
'7, 

At: >-l 

W 8.11 Dri VC.11 To ~ f ( :S.: r o ra .Free 1.og) 0 <: 
t'1 
CfJ 

To~ Drop Time ::l 
.52 .82 Cl 

Sec Note Number ;i. 

::J (Bclov) l 2 3 .~ 5 6 0 
7 8 2! 

Power Leval (MW) 0 0 2.71 2.8 2.95 3.c8 tl:l 0 3.06 0 0 0 0 
Rod Coolant > 

~ 
Flov (OPH)' l8o l8o" 

::::J 
8o 120 120 100 ll.5 ~ -· 120 100 100 CfJ 

§ 1'0TES: 
l. 'llould !lot Drop At 18o GPH Flov, dropped clean vtth o tlov 

::::J 

l t=l 

~ 
2. 'llould not drin: out clcctrica.!J.y • '"d 

3. 0 Stuck on drive out ::::J 
4-. Dropped part vay, stuck, then dropped to o- >'3 

~ 5. Stuck vhilc being driven out. Had to be rorccd by hand 

I \.JJ 6. Had to be drive.:. out by hand · 
7. Would not dri-re on drive out. Hiid. to use pipe vrench. 8. Op.rated. jerkily above 26. 7" J 

f.t;i~~\i?'ii~!:.~ri;~f.iMiM:.11!\!ir.ii'f,!fil~ ¥..\i~'> !,•1l~~..,;,!11;'t~r;,1 1.;. illi!I~. '$,ti:~t~1ri i.~ ; "if f.1 !:>· · 11 ' •. ;.,,.\'W .,~,.t.·J;i,~ ,;=i.:• ~' i •: . ,. l • l:.. •1• I :. 11 r,;o, } •I>' '•I' •· ·:H·1~t';~i;.'<tl~ 

OPERATIONS ·-LOO HISTORY OF CONTROL ROD NO. 7 

DATE Sept Nov . Nov. Nov. Nov. Uov. Nov. Nov. Nov . Nov . Nov . Dec . Dec . Dec. Dec . Dec . Dec . Dec . Dec . 
11 12 18 18 19 20 20 • 20 27 27 24 3 7 · 7 12 14 20 22 23 

HOUR 1448 1530 1005 1005 1020 0120 1219 1219 0924 1720 0240 0114 0110 1022 1630 1328 0025 0449 0825 

Dropped or 
Raiacd From 20 0 19 2 19.3 20.0 22.0 3 20 19.3 

Stopped At 10 2 2 2 19-322 .0 3 0 20 3 

l!l:Ilg Momentarily 
At (And then 
Dropped or Raised) 7 21.0 

Was Driven To 
l!ct'orc Freeing 0 0 0 0 

Total Drop 
Time (Seconds) 6.965 2 

See Note BelCJ\I 
(Humber) l 2 . It 

Pover Level (MW) 0 o . 2 .7 2 .7 2 . 8 2 . 89 3.0 3.0 2.65 2 . 65 

Rod Coolant 
Flov (GPH) l8o 100 100 120 110 120 120 

l. Mtcr it vaa !reed, it moved smoothly. 
2. Stuck on drive out on rod exercise. 
3. Operated jerkily below 3 inches. . 
4.. Sec "Scram" log in l96o Po\lcr History Book . 

100 100 

17 19.5 19.l 19-4 19.2 25 30 19.35 

15 2.8 0 l • 3 25 0 19.35 

14.4 0 0 0 16 0 

j.39 1.71 
; 

3 

0 0 2 .87 3.0 2 . 5 0 

100 100 100 100 100 

I 
CfJ 

l 
> 
() 
() 
H 

f Cl 
t=l z -
>-:l . 
H 

~ 
t=l 
CfJ 
>-:l 
H 
C'l 
> 
>'3 

I, H 
0 z 
tl:l 
0 
> T-' ::::J 
C! 
CfJ 

::0 
t=J 
'"d 
0 
::::J 
>'3 -
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AmiEX K 

MALFU?K:TION REPORTS 

On June 3, 1959, in .a letter frOIIL v. V. Hendrix to W. B. Al.lred, 
C.E . I. vas instructed to submit reports on incidents in accord 
with the following criteria as of June 5, 1959· The company vas 
to submit report.a on previous incidents concerning the pressure 
vessel. gasket.leak.; a.ir ejector problems; Rod~ malfunction and 
condenser . ..i'an. motor fai.J.ure.. 

Criteri& for Reporting Malfunctions 

1. An occurrence resulting ill & reactor accident or physical 
damage to the core or prilnarY plant components. 

2. An equipment failure which causes a reactor scram or 

plant shutdovn. 

3. Repeated !a.ilure of equipment to remain in adjustment. 

4. An overexposure of personnel to radiation in excess of 

,\ established tolerances . 

5. A fire or normal industrial accident that a:ffects power 

plant operation. 

SL-1 M&l:func.tion Reports 

Date - Time 

1 . 4/2/59 2:00 pm 
(7/27/59)'!/ Canfieldg/ 

2. 5/1/59 
(7/27/59) 

3. 5/14/59 
(7/27/59 

8:25 pm 
Canfield 

12:00 noon 
Rausch 

Malfunction 

The inner g11.sket on the reactor 
vessel failed . 

Rod ~ stuck under full free fall 
conditions at temperature and 
pressure. 

Failure of gland ejection le&k off 
system to maintain a vacuum. 

!/ .Dates in parenthesis are dates of report. 

g/ Names represent persons vho submitted report. Underlined ll&llles 
represent members of the Cadre . 

Alulex K/l 
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Date - Time Kalt'unction . 

.,.. 
- -.':. .,, 

4. 

5. 

6/2/59 
(7/2.7/59) 

7/14/59 
(7/27/59) 

6 . 8/31/59 
(9/1/59) 

7. 9/18/59 
(9/2.2/59) 

8. 9/24/59 
(9/30/59) 

9. 11/9/59 
(11/19/59) 

10. 11/13/59 
(ll/17/59) 

ll. 11/ll/59 
(u/17/59) 

12 . u/19/59 
ll/20/59 

(u/30/59) 

13 . 11/18/59 
(12/2/59) 

14. 12/20/59 
(12/20/59) 

10:47 8Jll 

.Ra.uach 

10: 00 pm 
Crude le 

ll:45 pm 
Crude le 

11:4o pm 
Crude le 

2:38 am 
7:07 am 
Crudele 

ll:l7 pm 
Crudele, J . S. 

2:30 am 
Rausch 

Lose of pover to main condenser 
fan.. mo taI:. 

Electronic - Bad vac.uum tubes in the 
Hayes Liquid level indicator_ 

Condensate in the line started leak­
ing "from the a.1r coal.er a1'.ter 
condenser. The apparent causes 
vere damaged gaskets and a small. 
leak in the cooling coils. 

The reactor vater vessel vas eetiDated 
to be about ll" below the. top of the • 
core, causing the radiation level ~• 

above the reactor vessel to increase 
to about 5 !{;.> :~ 

Electronic failure - The power 
supply in the Channel I linear 
pover level circuit failed. 

Fuse L-3 blev re1110ving pover 1'rom 
the control rod clutches. 

Mechanical failure of reactor 
venting valve. 

-" 
; ... 

·"' 

.. 
6: l 7am 10: 20 am A & B - Mechanical failure of steam 
Rausch valve bonnet packing. 

12: 57 pm 
9:45 am 
Canfield 

11: 30 pm 
Can.fiald 

9:45 am 
Feil 

"-

Mechanical failure - turbine 
failed to control governor. 

governor. 

~ 
.- ,; 

;.;.-t 
• ..4 

Mechanical failure - Excessive steam 
leakage of steam valve bonnet packi03;" 

Operator error - vrong fuse vae 
pulled. 

.A.Jiex K/2 
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Date - Time 

15· 2/8/60 2:43 8Jll 

(2/8/60) Curr~ 

16. 2/9/60 9: 00 pm 
(2/9/60) Levie 

17· 2./ll/60 7:20 am 
(2/ll/60) Rausch 

18. 2/ll/6o 7:20 am 
(2/u/60) Can.field 

19 · 2/15/60 10:4o B.111 

(2/18/6o) Canfield 

20 . 3/1/60 8 : 22 am 
(3/1/60) Hob eon 

21. 3/5/6o 8:40 am 
(3/5/60) Hob eon 

2.2 . 3/6/60 1:35 am 
(3/7/60) Bishop 

23 . 4/12/Go 10:50 pm 
(4/14/60) Rausch 

24. 4/20/Go 10:00 pm 
(4/22/60) Rausch 

-n~ n., ,.... t? 1-

Malfunction 

Electrical - Defective Station 
Awciliariee. Circuit breaker. 

Loae of Pover (high voltage) on 
Channel II (Safety Channel) 
aborted cable. 

Not determined at time of report. 

The negator spring for Rod Irr 
unvound from the negator rewind 
spool causing damage to the 
rod drive mechanism. 

Electronic - Channel II, the linear 
pover scram circuit, vae not 
functioning properly. 

Design failure. 

Electrical - The design auxiliaries 
breaker tripped out resulting in 
a reactor scram. 

Mechanical - failure of turbine 
governor valve to regulate at 
full pover. 

Reactor scrammed during normal 
operations from a false high vater 
level. Ana.lyeie of recorded operat­
ing data folloving scram indicates 
that the reactor vater level indi­
cator drove high (off scale) instan­
taneously causing the scram. Its 
operation before and after the mal­
function appears normal. 

The canned rotor purification pumps 
failed and could not be restarted • 

Aluaex K/3 
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~· 

Date - Ti.me 

25. 5/l/6o 
(5/2/6o) 

26. 5/8/60 
(5/10/6o) 

27- 6/:3/60 
(6/6/60) 

28 . 6/20/60 
(6/20/60) 

29. 7/16/60 
(7/16/60) 

30. 7/16/60 
7/17/60 

7/18/60 
(7/16/60) 

31. 7/24/60 
(7/26/60) 

12:58 am 
R11uech 

?: 02 pm 
Rau.sch 

9:43 pm 
Can.!ield 

4:57 8111 

Rausch 

5:59 am 
Rausch 

4:15 am 
3:05 am 

10:00 am 
11: 1~5 am 
7:30 am 
Rausch 

6:40 am 
Duckworth 

Mal.function 

The ata.tion auxiliary breaker- which 
ilU.E.Pliee electrical power to all 
plant auxiliaries tripped. The time 
delay required before the br.eak.er 
could be reset allowed condenser 
pressure to increase 5 peia, . auto-
111A.tica.l.l.y ecramming the reactor at 
1:03 am. 

Same malfunction - reactor scrammed. 
at 9:10 pm 

7f 
~ 
-: 

~ 

~ 

~ 

v .. ... 
The lover screen in the Ddxed bed reei.i; 
container. ruptured... It was discovered 
when resin from the mixed bed column r 
plugged the feedwater .filter. ~ · 

l.· 
During a military training period, the· 
ete8lll supply was reduced to the tur-..;i: 
bine and caused a fluctuating power ~ 
output .from the generator. Fusee blev_ 
in a voltage regulator. and 1.n the ~.1 
power supply to nuclear Channel I :t 
and Channel IV. The reactor scrammed -· 
from l oss of power to ChBtilel I. !.'. 

;.:· 
During a normal plant startup, a steam. 
leak was observed in the reactor top -;'. 
area. Water was leaking .from No. 5 .;, 
control rod seal houstng and from No. i 
7 control rod inlet an~ outlet coolill3° 
water .fi ttinge. Steam was leaking -~ 
.from No. 7 control rod housing. ./ft: 

:/ii ,.,. 
During startup, the reactor was scrammed 
on .five separate occasions from ab- :'i, 
normal operation of Nuclear Channel I.l. 
Downtime in minutes - 5 - 5 - 10 - 10 .=. 

-·~· 
;:j1~ 
·~~ 

-~~ 

After a plant startup .following a tra~­
ing scram, steam was observed in the i~ 
reactor top area. See.le on the gland~· 
water housing unite o.f control rod~· '* 

. ")1( 
Alulex K/4 '~It 
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32. 

33. 

34. 

35. 

36. 

37. 
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Date - Time 

7/28/60 
(7/28/60) 

8/22/6o 
(8/24/6o) 

Prior to 
8/26/60 

(8/29/&J) 

l0/25/60 
(10/25/6o) 

12/3/6o 
(12/6/60) 

12/7/6o 
(12/8/6o) 

3:55 am 
Duckworth 

10:45 pm 
Duckworth 

2:47 am 

Duckworth 

5:43 am 
Duckworth 

1:14 am 
Rausch 

10:22 am 
Rausch 

Mail unction 

No. 3, No. 7 and No. 9 were leaking. 
The gland water seal houaing on the 
three control. rode were disassembled 
and the rubber "O '1 rings and Neoprene 
scales were repl.e.ced. 

A scram was caused by a reactor high 
water level. 

Steam leak.a developed in three 
original velds in tbe main steam 
eyetem. Water leak.a were .found in 
two screwed .fittings on the reactor 
water lines to the purification 
shutdown cooler. 

A large quantity o.f used nuclear 
grade resin was added to the bot­
vell by an undetermined method. 

The breaker on the condenser .fan 
tripped and would not reset. The 

breaker apparently overheated upon 
lose o.f the fan, the condenser 
pressurized and the reactor scrammed. 

As outside ambient temperatures 
decreased, the main air condenser 
mixer and exhaust dampers auto­
matically adjusted to me.intain a 
4o° F inlet air temperature. The 
exhaust dampers slipped on the 
motor drive aha.ft and shut result­
ing in high condenser temperature 
and pressure. The operator ilDlned­
iately reduced steam flow to prevent 
an automatic scram due to condenser 
high pressure. As steam .flow was 
reduced, reactor pressure increased 
and the plant scrammed automatically 
at 335 peig. 

During a normal plant check, the 
condensate circulating pump motor 
was .found to be overheated and 
before it could, be secured, the 
motor shorted and stopped. 

Annex K/5 
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UNITED STATES GOVERNMENT 

Memorandum 
AN1lEX M 

Curtis A. Nelaoa, Director 
DiTiaion o! InapectiOA 

TO 

PROM 

SUBJECT: 

rorrest l<eatern, Deputy Director 
Office o! He&l.th. s.nd Sai'ety 

DATE: February l3 1 l96l 

IMPLICATIONS or All SL-1 DiCIDEliT TO PUBLIC DI A pOP\JLA'l:ED AREA 

In response to your request !or a statement "as to the ilttpli­
cationa o! an SL-1 incident to the public in a popul.&ted a.rca," 
the fol.lovillg diacu.aaion is based in part on the in!ormation 
provided you by E- B. Johnson in bia lD!!IDOriu>dUlll of February 1, 
1961. Thi• diacuaaion is a\lllllllllI"i:Z.ed aa rol.lova! 

~ 
l1' the SL-1 incident bad occurred in a populated area, persona 
outside the exclu.aion area vould not have received seriou.a 
doses or radiation during and immediate]S fol.lowing the exploaion­
It is un11ke]S that any such person vould have unavoid.abl.Y re­
ceived a radiation dose larger than he vould be permitted on an 
11.lUlual baai• under current atands.rda or radiation protection; 
that ia 0- 5 rem (500 mrem) . Depending upon such factors as 
relative location or nearest resident•, meteorological. condition•, 
and aeason of year, institution Of countermeasures to li.Jllit 
exposure to radiation direc~l.Y from the reactor or from foods 
produced in tho! iJDnediate area might be required vitbin periods 
or time r=gi.ng from several. hours to tvo or three days. Appro­
priate measures might include the erection or a shield around 
the reactor buil.ding or e.J.terna.tively the evacuation or persons 
living adjacent to the exclusion iu-ea; the control of certain 
foods; and the administration or etable iodine to reduce the 
uptake by the thyroid of radioiodine ingested or inhaled. It 
is like]S that the biological. errecta or exposure to radiation 
vould be much less illlportant than otbl!r effects such as emotional 
stress, inconvenience, and economic loss. 

The above conclu.aiona are baaed upon the fol.loving considerations: 

It vould be desirable to consider separatel7 those exposcrea to 
radiation and to radioactive materials vbich vould have occurred 
before effective countermeaaur~a might have been taken and those 
exposures vbich could be avoided if e!fective countermeasures 
vere preferred . It is also necessary to consider that the same 

( con'tinued) 
Arul.eX M/l 
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_,.,_ 
aerie.a o1: events in the re.actor may be expected to produce 
a different set of results in a populated area due to dif'fer­
ences in such factors as 

(1) the design of the reactor building; 

(2) the size of the exclusion area; 

(~) seasonal and meteorological. conditions; 

{4) relation of loca.1. vegetation to food supplies, etc. 

As a first approximation to the assesament of the effects on 
a populated area, one estimates the radiation doses which would 
have been received by persons in the vicinity of the SL-1 area 
during and follolling the accident. Some of these estimates are 
based upon measurements at the locations for which the estimates 

~ 

~· ., 

·. 

.; 

are l!lllde and are considered to be reasonably good; others are 
e.xtr~polations supported by secondary information and are con- .. 
sidered to be "ball park" figures. All estimates are "out-of-doors" • 
exposures . Exposures of persons indoors would be leas, depending 
upon construction and other factors. 

1. Prompt gamma and neutron radiation from the nuclear excursion. 

The memo cited above quotes an estimated dose of 300 millirem 
at the boundary of the exclusion area. 

Shielding around the reactor would have effectively prevented 
any radiation from this source, except a small amount which es­
caped through the top of the reactor and was scattered back by 
materials in the building and by the atmosphere. I believe the 
estimate is probably on the high side. 

It may be observed that the dose received by persons at 
greater distances would be much less than at the boundary; e.g. 
at 500 feet from the boundary the dose from this source would be 
less than one-tenth that at the boundary. 

2. Whole body exposure to gamma radiation from radioactive 
materia.1.s released from the building to the atmosphere. 

Persons near the path of the released activity, as they moved 
do'\lllllind, woQld receive doses of radiation which would depend 
upon effective distance and time of exposures. 

(continued) 
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The total radiation dose measured out-of-doors over a period 
of severa.1. days on film meters at a point o.8 miles south of 
the SL-1 was less than 10 millirema. 

1 !i-l!l 11 

By extrapolation' from secondary observations, the following 
c9rresponding radiation doses at other locations were estimated: 

Boundary of exclusion area (dovnwind) 

Atomic City, 5,3 miles from SL-1 

East of Atomic City, center of radioactive 
plume 

< 100 mrem 

( 1 mrem 

< 3 mrem 

3. Radiation dose to the thyroid as a result of inhalation of 
radioiodine. 

From measurements of radioiodine removed from the air by 
continuous samplers, the following total radiation doses to the 
thyroid were estimated: 

Atomic City 1 millirem 

East of Atomic City 3 millirem 

By extrapolation, corresponding dose• nearer the SL-1 were 
estimated; 

Boundary of exclusion area 100 millirema 

0.8 miles south of SL-1 10 millirems 

Although only a fraction of the radioactive material escaping 
to the atmosphere from the building is believed to have escaped 
during the first severa.1. hours follolling the accident, without 
detailed knowledge of possible variations in llind direction, one 
c9.Illlot conclude what fractions of the above doses may have been 
received in corresponding periods of time. 

4. Radiation doses which could be largel-y avoided by effective 
countermeasures. 

{a) Radiation from radioactive materials in the reactor 
building. 

(continued) 
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Dccau.se the reactor had been shut do'llll for 10 days preceding 
the accid~t, the level of radiation from the radioactive 
material in the reactor was decreasing .rather elO'\lly (about 
one-b.e.l.f in sixteen daye 1 •• ). Total radiation doaes from this 
source during the first few days following the accident would 
be nearly proportional to the length of exposure. The follow­
ing dose rates were observed; 

At the nearest boundary o.f the exclusion area, 
120 feet from the reactor, about 6oo millirem/bour 

300 feet from the reactor, about 90 millirem/hour 

21 000 feet .from the reactor, lees than 2 millirem/hour. 

If the reactor had been located in n populated community with 
the same exclusion area, persons living adjacent to the boundary 
of the exclusion area would have required some countel"Jlleaeure 
(e.g., evacuation within the first few hours) to have avoided 
excessive exposure from this source. 

(b) Radioactivity in food. 

.. 
~ 

·~ 

Depending upon the location and the season of the year, occurrence 
of the SL-1 $ccident in a populated area might have resulted in 
excessive quantities o.f radioiodine in food, particularly vege­
tables and milk. While no vegetables were involved in the . SL-! 
incident, maximum concentrations of radioiodine on sage brush 
indicatP. that vegetables growing dollllwind from the reactor might 
not have been usable for several weeks after the accident. 

The nearest cove were several miles beyond Atomic City. On the 
basis of concentrations of radioiodine observed in samples of 
milk taken from farms in this area, it was estimated that the 
total dose to the thyroid of a child from daily uae of the milk 
would be lees than 100 millirema. By extrapolation based on 
comparative concentrations of radioiodine in the environment at 
other locations, it was estimated that if the cows had been at 
locations nearer the reactor, daily use of their milk could have 
resulted in the following total doses to the thyroid: 

(continued) 
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Atomic City 300 millirem 

East of Atomic City 900 millirem 

o.8 miles south of SL-1 3 rem 

These numbers are not directly applicable to other areas and 
seasons of the year because of differences in feeding. They 
do suggest, however, that if the accident had occurred in the 
midst of a milk producing area, control measures to avoid ex­
cessive concentrations of radioiodine in milk might have been 
necessary. 
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CHAPTER II 1 ~-

Sir 1 Rod Drive 

Description: (General) Figures 8-10 

The core structure or the SL-1 is designed to accomodate nine 
control rods, although only rive are pre11ently being utilized. 
These rive control rods are composed o1"cad:mium sheets vith 
aluminum-nickel alloy cladding and are or cross type construction 
(see 71gure 1). The remaining four unused control positions Yill 
accClllOdate "T" type control rods. 

'!be control rods in their fully inserted position in the core 
extend 3 1/8 inches belov the nominal lover fuel dimension. Stain- . 
less steel bsl.l.-joint end fittings are attached to the upper ends .:;; 
of the control rods. 'nlese are used to connect the control rod to ._: 
the rod drive 11echan1 Biil by metllls of a b&ll joint gripper located !• 
at the lover end of the rod drive extension sbart. A set of con- :~: : 
centric srrings located in the upper portion of the housing acts -· 
as a shock absorber and positive stop during rod drops . (see 
Figure 2) '../ 

Vertical linear motion is 1.mpe.rted to the rod by a rack and 
pinion gear. The rack and pinion gears, the, pinion support bear­
ings, and backup roller operate in a saturated steam atmosphere 
above the reactor vessel. 

-~-:; 
A seal is u11ed vbere the pinion drive sba.rt penetrates the 

rack hou11ing. '!his seal assembly consists of a rive element 
labyrinth presisurc breakdovn seal. '!be seal bas 5 stationary and 
5 floating rings. 'nle guide bushing is fluted to allov easy pass-
age or the vater that is introduced betveen it and the seal ~Ii 
elements. 'nlis vater provides cooling for the see.111 and prevents 
outward 11te1U11 leakage by assuring a flov of vater into the reactor 
vessel. Leakage thru the seal assembly is collected by a lantern 
ring and returned to the condensate tank.. 

'nle control rod drive motor and position indicator assembly 
are located outside the concrete biological shield above the 
reactor ve1111el- A uni versa! coupli:ig connects this aBSembly vi th 
the pinion drive sbart. 

The tna.nsmission assembly consists of 2 clutches, and 2 
springs. An electronagn~tic clutch is used to transmit the rorce 
necessary to drive the control rod in either direction. If the 
electromagnetic clutch should !'&11, the cam clutch, vhich is 
unidirectional, vill drive the rods dovn. 

r 
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~e rod drives vere designed for operation Yith tvo negator 
springs attached to each pinion sbart to limit rree f1Lll shock 
rorce11. Control rod operation or SL-1 be.11 revealed that rod drop 
times increase folloving reactor shutdown. A buildup or particu­
late matter vaa obaerved to occur in the vater seal rings, pinion 
bearings, bushings, and rack houaing are&11. 'When this buildup 
interferes Yi th rod perfonllLllce and prevents the rod rrom meeting 
prescribed rod drop/equirement11 (4 reet per second appraxilllll.tely) 
tbe condition can b tempora.ril7 corrected by remoVing one of the 
negator springs. The negator springs are 110unted just above the 
pinion support be&ring11. 

A gear on the negator spring drum dri ve11 the gear train that 
is coupled directly to the ·position indicator syncbro-tranamitter 
and micro svitche11. rue &rrangement a1111ure• the operator or 
positive po11i tion indication at all times during operation. '!be 
micro llvi tche11 are used to operate the upper and lover limit 
llvitche11, control panel indicating lights, and electric motor 
interlocks. Adjus"bnent of these micro llvitches is the responsi­
bilit)r o;t the instrumentation section. 

Control rod travel is limited to 2.85 inches per minute ror 
the 4 outer control rods and i.85 inches per minute for the center 
control rod. 

.I 
'l.'here is no gang llvitch for control rod operation. All rods 

are vi thdrawn and inserted individually utilizing a selector 
llvi tch vi red to a single drive llvi tch vi th the exception of 19. 
'l.'h.is ill the only rod that has an indiVidual drive llvitch and 
can be driven independently vith regard to direction in reference 
to a:rr.y other rod 110vement. 
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R~T"\l. or ControJ_ Rod Drive 

L Conditions to be satisfied before the unit c.an be removed 

a. Reactor scrammed and brought to atmospheric pressure. 

b. Reactor vater level raised to bottoia or plug nozzle 
in reactor head. 

Removal o:f ~tor and Clutch Assembl.y. (Reference Figure #3) 

. 1- Disconnect electrical connection (#1) to isolate unit 
electrical.ly. 

2. Loosen 2 set screvs (#2.) and slide coupling ott spline. 

3. Remove 4 hold down bolts and remove :motor and clutch 
assembly. 

4. MantuU!y slide control rod dr1 ve sbat't fJ."Om concrete 
shield block. 

NOT!:: nus procedure is identical :for all rods. 

Ronove Biological Shielding•. 

1- Remove top shield plug utilizing a spreader be.r and the 
o-verhef.ld crane. nus plug is constructed o:r laminated steel and 
masonite. 

2- Remove the :four key blocks using the overhead crane. 

3- ~ve the five concrete blocks &1rlQ'" :from the reactor vessel 
using cl:ain sling and overhead brid8e crane. 

Remove Rod Dr1 ve Mechanism (Reference Figure 14) 

1- Secure :feedvater Talve to isolate rod drive seals frOll 
!eedwater pu111p pressure. 

2. Di•connect inlet and outlet lines to rod ·drive seal. 
assemblies. (/1 and /2.) respectively. 

3. 

4. 

5. 

RC'llOve tie rod studs ( #3) 

Remove seal assemblJ' and pl.ace on a clean blotter paper. 

RC'llOve pinion shaft e:xtension ( 14) from thimble ( #5). 

Annex: N/4 
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Pl.ace on clean blotter :i:aper. 

6. Remove socket head nut• (16) uaing Allen vrench and soft 
balllmer. 

7. Lift orr thimble (fj). caution; this item is TI!r;y heaV7 
and CUlllbersane and 1111111t be aaretul.ly b&l.&nced during remonJ.. 

8. Remove tvo retaining rings (#7) and remove piniollJI and 
be&ring• ( 18) 

9. SeCUI'9 special tool CRT #l on top or rack (#9) and raise . 
rod not more than 4 inches. Secure "C" clamp to rack at the top 
or spring housing (/lo) 

10. Remove special tool CRT 11. from rack and remove slotted 
nut (#.U) aild vasher (#12) 

11. Secure special tool CRT 11. to top or rack and remove "c" 
clamp, then lmrer control rod until the gripper knob located at 
upper end o:f fUel element Dakes contact rt th the core shroud. 

12. Remove 8 socket head cap screvs (#l3) and lift ott butter 
spring housing and pinion support assembly ( IJ..4) and place on clean 
blo;tter paper . . 

. 13. SeCUI'9 tvo 3/8 inch ey~ bolts into spring bouaing (IJ..5), 
Lift or:r spring housing and place on clee.n blotter raper. 

14. Place special tool CRT f2. over rack and extension rod (IJ..6) 
and secure special tool CRT fl to rack. Connect special tool CRT #2. 
to hook or overhead crane and take up the weight or rack and exten­
sion rod. Rotate special tool in countel'- clockwise direction; this 
action disconnects the' split coupling (IJ..7) :from the control rod 
gripper (#.J..8) located at the lover en:i o:f the extension rod. 'l!\e 
special tools and extension rod are then li~ted out by the ovel'­
head crane as a single unit . 

Installation o:f Control Rod Drive 

1- Assembly or the rod dr1 ve mechanil!lll, replacement or 
concrete shield blocks and installation or !llOtor and clutch as­
sembly are the reverse or disassembly- Replace all flexitallic 
gaskets insuring that all lllllting surfaces are viped clean vith 
alcohol or other comparable cleaning agent. Particular care should 
be taken vhen securing the rod dr1 ve seal cooling lines and !1 ttings. 
I:f not properly fitted up considerable leakage Y:l.ll occur and result 
in a loss or !ee'iwater and pressure. 
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D!saseembq and A1111embl;r Of Components 
!\. 
' 

L Seal Disassembly. (Reference P'igure 4) 

a. Reioove map ring (#19) and coupling (#20), Tape m&JI 
ring and key (#21) to coupling to prevent loss of these item. 

b. Reioove :five socket head cap screvs ( /e2) and bearing 
retainer ( #23) • 

c. ReDaOve bearing locknut ( #24) and 5 socket head cap 
screva (Jfe5) and remove vater gland seal (#26). 

NOTE: 

d- Remove seal shaft ( #27) . 

e. Remove lantern ring (#28). 

f. 

g. 

Re!llO~ 5 seal diaphnuu (#29) and noating ring (#30), 

Remove retaining ring ( #31) and 1telli te bushing ( #32) 

'nu! seal. diaphnll!ls and noating rings muat be kept in :pairs 
and in the order of their remoV8.l from the seal housing 
as they nruat be replaced in their original order. All part1 
of this a1111embly Yill be cles.ned using acetone or alcohol 
and dried Yi th soft lint free material. 

lfOTE: The a1111embly of this unit is the reverse of disassembly. 

Spring Housing ILl1d Pinions Support Disassembly. 

1 . Remove 4 socket h~ cap screws (#33) and reniove backup 
roller ( #34). 

2- Re111ove 6 socket head cap 1crevs (#35) and remove spring 
houdn~ (#lo) -

3. ReDaOve spring sect (#36) end tvo compre11111on springs (#37) 
and (#38). 

NOTE: Assembly of spring housing and pinions support a1111embly is 
the reverse of disassembly. 

Clutch Unit Disassembly (Reference Figure 3) 

1. Remove motor .from base -

2. Disconnect and tag clutch power Yires. 
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3. Remove change gear ( #39) . 

4. Re.moTe instrument pad. 

5. Remove 2 socket head. cap acrevs ('4o) and be&r:Ulg cap (141) 

6. RemoTe splille ( ~2) 1 bear1ng ( ~ 3) 1 and. abat't &Hell~ 
('44). 

7. Remove 2 set screvs (#45) 1l1 eam clutch (/ll-6) through 
bole (/47) in cam clutch cover (~) and remove drive lhatt (/49) 
and bearing ( /?O) • 

8. Remove negator spring drum (#51), cu. clutch (/ll-6), and 
magnetic clutch (#52). 

lfO'll!:: A1111embly of this unit is the reverse order of di sasses~. 
'!be refacing of the magnetic clutch is accomplished in 
tbe aa.me :manner as deacribed in Chapter I, :i:ages 11-13. 

Iutallation of lfegator Spring. (Reference :Figure 3) 

l. Loosen set screv and remove coupling fro. J110tor and clutch 
as

0

aembly. 
,! 

2. Dr1 ve rod out until the posi t:ion indicator in the control 
room reaches appraxillll.tel;r 28 inchea. 

lfOTE: Limit svitches murt be by-passed. 

3. Remove socket head cap screw-a. ( 53- 54) 

4. Install negator spring (55 or 56) in alot an negator 
spring drum ( 51) and replace socket hee.d cap 1cren ( 53- 54) . 

NOTE: Removal o~ negator spring is accompl.iahed 1l1 the reTerse 
procedure described above. 
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FIGURE 3 

5£COON 8 

SfQPI A·A 

53, Socket head 
screws 

54. Socket head 

l, Electrical connection 41. Bearing cap 

~ 2. Set Screws 42. Spline 
~ 

45. Set screws 49. Drive shaft 

46. Cam clutch 50. Bearing 
screws 

55. Negator 
spring 

56. Negator 

2: 
39. Change gear 43. Bearing 

"Q:: 40. Socket head cap screws 44. Shai't assembly 

47. Hole 51. Negator spring drum 

48. Clutch cover 52. Magnetic clutch 
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ANNEX 0 

REACTIVITY MAGNITUDES A1'ID ADDITION RATES 
IN NUCLEAR EXCURSIONS 

by W. E. Nyer 

Under the assumption that the SL-1 incident vas the consequence 

of a n~clear excursion, the folloVing questions arise concerning 

the nature of the incident: 

• 1. What transient pressures vere generated? 

2. What was the nuclear· energy release? 

3. What reactor period vas attained? 

4. What rate of reactivity addition vas required? 

5. What total reactivity addition vas necessary? 

The latter tvo questions are of special value in assessing the 

plausibility of various modes of initiating excursions. 

= 

The Spert reactor excursion studies provide information on 

comparable, but less violent situations, over a Vide range of core 

characterisi tics and condi ti.~m$"; · Most of the important parameters 

of the SL-1 core fall.vithin the range of values of these 
I , -

parameters in the Spert experiments. These similarities invite 

a measure of confidence in the qualitative features that can be 

estimated for the kinetics of the SL-1 core; hovever, the 

important differences betveen the SL-1 reactor and the Spert cores, 

combined vith the differences betveen the incident and the 

experiments, make a quantitative evaluation '1JUt of the question. In 

particular, a fuller knovledge of the void and temperature 

coefficients is usually obtained for Spert cores than existed 

for SL-1; the Spert experiments have not included tests in 

vhich pressure effects comparable v1th those in the incident 
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vere generated, vhich are primarily in the destructive regions 

of reactivity additions; distorted flux patterns may have 

existed in the SL-1; and the number and the thickness of fuel 

plates in the SL-1 vere considerably different from Spert cores. 

None-the-less, the experience and data obtained from the Spert 

program may be extrapolated to indicate some likely features of 

destructive excursions and, taken vith the destructive Borax 

experiment and the knovn SL-1 core parameters, they may be used 

to estimate the kinetic characteristics of the SL-1 in order 

to attempt to answer the above questions. 

On the basis of the physical damage evident in the SL-1 

reactor, past experience vould indicate that the incident vas one 
I 

in v~ich the reactor vas super-prompv crit!~al, and melting of 

the fuel plates occurred to ~ ~ignificant, but not preponderant, 

degree. It is unlikely that transient pressures capable of 

causing such damage would arise unless some melting occurred. For 

this reason, a plausible lover limit for this incident is an 

excursion vhich raiseg the hottest fuel plates at least to the 

melting point. The range of reciprocal period, rJ...,, required 

to approach the meltiilg point for the applicable Spert cores is 
-1 _ 1 

from 200 sec to 4oo sec r, with resultant transient pressures 

in the neighborhood of 100 psi. It is estimated that the SL-1 

kinetic behavior vould lie in the range of the above cores 

subject to the differences due to neutron flux distributions 

and fuel plate differences. The latter vould make it possible 

to produce melting at lowero\ for the SL-1 core. Hovever, 

vith reasonable confidence, it can be estimated that for the 

ANNEX 0/2 
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folloving excursion some melting vould occur in the SL-1 core: 

o(, l\.J 200 sec-l 
period'1J 5 msec 

Energy releaseli/ 4o MW-seconds 
Tranaient pressure f'\.1100 psi 

Using 5~eec for the prompt neutron lifetime,,(7, and 0.65~ as 

the delayed neutron fraction, the required reactivity addition 

is the folloving: 

bk prompt(\;Ll~ 

or /:J. k total f'v 1. 7 5~ 

In addition to the above requirement on the total reactivity 

to be added to the system, there is also a requirement on 

the rate at vhich it must be added to produce an excursion. The 

required rate, k, at vhich reactivity must be added for the 

reactivity to appear as a step of magnitude cf...=dkp/~ is given 

by the formula 

rJf.ixf 
"f" is a slovly-varying logarithmic function of the initial 

paver and the rate of reactivity addition vhich, for this situation, 

has approxims.tely the value 15. With rearrangement and appropriate 

values of the conAtants inserted, the formula becomes 

!~(~/sec) = 6 (:'.\~(~))2 

This relation is relatively exact since the only reactor 

para111eter that enters in a strong vay is the prompt neutron 

lifetime. 

It is apparent as a general property of this relation 

that large excess reactivities require extremely high insertion 
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rates vhich 1 in turn, require acceleration values not readily 

obtainable vithout special devices. 

The acceleration requirements can be illustrated by the 

following considerations. Assuming that the reactivity 

introduced by a control rod is proportional to its displacement, 

the reactivity added at any time is proportional to the square 

of rate of reactivity addition divided by the accelerat~on. At 

the same time, for this reactivity to be added as a step requires 

that the rate of addition be proportional to square of the added 

reactivity.. Thus, the acceleration is proportional to the cube 

of the reactivity to be added. 

These considerations on required accelerations and reactivity 
I 

addition rates can be applied to the present situation to estimate 

a reasonable upper value for attainable period in the 9L-l. Use 

must also be made of measurements by Combustion Engineering, Inc., 

(C. Wayne Bills, Chairman, Technical Advisory Committee, personal 

communication) of the speeds with vhich a mockup of the No. 9 control 

rod could be manually lifted. The measurements can be interpreted 

as requiring an effective upvard acceleration of about 1 g acting 

over the early part of travel. Rod .speeds as high as 6 ft per 

aec are attainable, vith corresponding reactivity insertion rates 

in the neighborhood of 15~ per sec. Table I, prepared by Mr. A. · H. 

Spano, shove that this vould result in an excursion with a 3.4 msec 

period and an available prompt reactivity of l.~. Thus, for any 

rod-vorth up to this value, the demonstrably attainable rod speeds 

indicated by the experiment would permit all of this reactivity 

to be inserted in an excursion. 

ANNEX o/4 



....... l> j~ . ./,..,l .ilr-1 1- DE~ • • j VE::;.._rIQl\\.... . - .rrn·: _...t'OR ...... 

on the other hand, tvice this reactivity vould require 

insertion rates of &Yf. per sec and net accelerations in the 

neighborhood of 8 g. This vould yield a period of 1.7 m.sec. 

The available rod-vorth data indicate decreasing vorth for 

large displacements, vhich vould require a greater acceleration 

than the estimated 8 g. Thus, it vould appear that the rates 

attained in the experiment are very nearly upper limits as veil 

as being readily attainable values. 

Table I - Reactivitl Addition Rates 

i1 kp 
I 

r5,. k period 
( ,;) (,;/sec) ( sec:--1) (~) 

0.1 0.06 18 55 

0.2 0.24 36 28 ,, 
o.4 0.96 73 14 

o.6 2.16 109 9 

0.8 3.8 146 7 

1.0 6.o le.a 5.5 

1.6 15 290 3.4 

2 24 36o 2.8 

4 96 730 1.4 

6 216 llOO 0.9 

8 384 1500 0.7 

10 6oo le.co 0.55 

Spert experience extrapolates to energy releases betveen 

4o MW-seconds and 200 MW-seconds for excursions vith~equal 
to 300. This vould undoubtedly result in significant melting 

of fUel plat~s and generation of transient pressures in excess 
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of several hundred psi. 

Considerably refined estimates could be made vith reliable 

flux information and reactivity values for the No. 9 rod or by 

more detailed cotnparison of Spert and SL-1 data. Dr. J. R. Dietrich 

(c. Wayne Bills, Chairman, Technical Advisory Committee, personal 

communication) has attempted this, a!li his analysis suggests that 
·"':" -

an .energy release in the 100-200 MWs ;~ange vould be consistent 

vith the observed results. He also suggests that internal melting 

and surface melting could occur for periods as long as 12.5 m.sec 

(~ e.o sec -l) and 5.3 msec ~~ 190 sec -1 ), respectively. He 

estimates that the total energy stored in fuel plates vould oe about 

20 MW-seconds for the internal-_me~ting case and e.o MW-seconds for the 

surface-melting case. 

Excursions of considerable magnitude have been obtained at 

Spert by other means than rapid injection of large excess reactivities. 

Essentially steady operation vith large reactivities compensated by 

voids have also brought this about by self-induced oscillations vhich 

collapsed the voids. 

In the SL-1, it vould be possible for slov vithdraval of the No.9 

control rod to produce such an excursion. This vould require greater 

reactivities than the equivalent cases discussed above because some 

bulk-vater heating to the boiling region vould be necessary. Hovever, 

this is offset to some degree since greater violence usually 

accompanies excursions initiated from high temperatures than from lov 

temperatures. This vould also require that the rod be maintained 

in the vithdravn position for times at least as long as seconds 
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and possibly as long as minutes. The time scale for this 

situation to develop is sufficiently long that corrective 

action by en operator is ordinarily possible, provided he 

is aware of the developing power increase. 

In summary, the observed mechanical damage in the SL-1 

incident is consistent with excursions with a reciprocal 

period, cl, in the re.nge 200 sec-1 to 290 sec-1 . Correspondingly, 

the periods would be 5 msec to 3.4 msec, the transient pressures 

vould range from a hundred psi to, perhaps, somewhat less than 

a thousand psi, and the energy release would range from 4o MW-

seconds to 200 MW-seconds. The attainable rates of reactivity 

addition would permit the necessary reactivity to be introduced 

to the reactor provided it were available in the control rod. 

It is unlikely that significantly greater amounts could be 

inserted, nor does it appear that significantly greater rod worth 

existed. It is possible, but less likely, that the incident 

could be produced by very slow insertions of reactivity. 

Improvement in the values of the estimates by refinement in 

the analysis is not to be expected without new information 

becoming known. 
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AimKX p 

by W. IC. Ergea 

1 . . Expected Raactivi'tl .J:acreue . 

ru:;·~ 

.Aa.-1..n..DUi¥- ~to.r.a.:ld.th..l.&rge...amou.nta. .ot .. .bur.nahle . .po.i.A,onr the 

... ~vi.t7. _of .. .thi.a...rea.ctor . ..incr.e.a.ae.d .a.t. .. tha. beginning ot . . co.re life 

. .aa...tbe....b=up. ot .po.1aon. .0V1!rcompen111ted - the. l.oaa. ot reactivi t)' ·b;r 

..bur.nup. of. !uel,. !iu.iozi,.~t bu.ildup.r etc. A.tter.lllUCh of the 

boron..~.burnad.11p, the raa.ctivit;y lo.a.ea due to.burnup o.! fuel, 

The reacti vi q- thua vent through. a.. 111\Xi mm. In the Ha.zarda 81.11111l&l7 

Report ~ (p. 38 and fig. 28) it W&a eatiD&ted. (~e Section III 

D~ and.1.igure 28*) that the max1mm .reactivity 'l(Ould exceed the 
I 

~tivit,.- ot the treah reactor b;y about o.&f, corresponding to 

one. or tvo. inche.a in the poaition ot' the central control rod in 

the region ot thia rod'• largest differential worth. The lllaXimum 

*In .&ddition to the . approxillatione and assumption• listed in the 

reference, the folloving assumption• vere 111\de: a) about 11,; of 

reactivicy would be controlled b;y boron, and b) the boron burnup 

would proceed e:rtectivei,. as if .the boron w.11 distributed unifoI'lll;r 

in the fuel "meat". The time of the maximum is read trom the curve 

to be 300 days of "operation at average power". The average power 

assumed va.1 1. 73 Mwth, according to D. H. Bha.t'tnla.n, private communi-

cation. Anllex P/l 
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vaa-.e.at.1.ma.ted. to. occur. ro\l8hly: at . 500 Mv. -d.&¥•*. At the time o:r 

tba...indd.ent, 900 )Iv. d.aya,.. the . reactivity vould have returned to 

. i ta.. or.131nal va.Lu.e.-

...... 

. La:ter7 .JUlOther calcul.a±ion va.a. .ma.de. .hy- Comb111tion. Ellgineerillg, Inc. 

.A.c.c.cr~ •. to . tb.ia. .calcnlat1an,. the -x1mm o.f'. rea.cUvity vould 

exceed.. t.be . .reacti vi t.y o£ the fr~ re.actor by much... mere . than the 

.. .11J110W1t . .co111pu.ted in tbe oz:i8ina.l lla:l.arda. Re.port. ( tvo. inchea. of the 

. .f'ive-rod. .bank posit.ion) . Furthermore, at t.be time o.f' the incident, 

the reactivity vould Just have reached its maxinnml. 

2. Obae.rved..Loss of Boron 

In. addition to the scheduled nuclear burnup of boron, some boron 

V&Jl !oat. by d.ama8e. to the. boron strips. This additional loss caused 

a..!'urther...change in .critical position of the five-rod ba.nlt by 2.5 

1.nchea, .ao. that thia critical poai t1on ha.d . .c.hanged by 4. 5 inches 

• .as.. comp&J;ed.. to the. origin.&J... vu..l.ue in the fresh reactor. This is 

an exper:i.menta.l result 7 obtained in September 196o. It should be 

empha.sized that the critical position o:r the center rod, in the 

cold reactor, vith Xe decayed, and the off-center rods inserted 

to indicated zero, was measu.red in September 1960 and found to be 

14. 3 inches. 

A:r1 attempt vas made to compena.ate for this loss of boron by the 

addition o:r cadmium strips. This resulted in a change in the critical 

position of the rod ban.It, retrievillg about two-thirds of the above 2.5 

inches. Annex P/2 
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_..9.in.ce... .the . .r.eac.tor.....had....be.eA . .l.oai.Eig-boron . .me che n 1 ca l l y .. in...an un con -

t'r'nl i .. .a,_.-but.. .~,. . .lll&Alle.l" •. .up .. to .. a.:t. le.aa:t.~. l.~01 the 

.. gue s t1 on .JlllLy . .n&tur.a.l.J.¥ .. .be... .r.aiae.d ... lolbe. the.r fur:the.r. mec ha n 1 cal boron. 

~=ed..~ tb.ia. .time.. :OUt- prior to the incident. From 

the data presented by COllLbuation ~inee.rin5,. Inc., the control 

rod positions - for comparable conditions of the reactor - remained 

the same. From thia .it may be concluded that little or llD boron 

. waa . . los:t. mechan1 cally. Hovever 1 • the .Jlumber of the control-rod . 

poait.iona. presented in th1a connection ia. ve:ry smalJ.. The reason 

for. this . is ... the. de.sire. o.f' CEI to uae. only data. obt.a.inr!d under 

..ea.sil.y....ana.l.y=d.. .condi:t.iona.. There. a.re 11 te.ral..4 .hundred.a or control­

rocL'poaition records,. . .iuid.. .an ..a.ttempt. . 1a beillg made to obtain some 
! 

~-;Crom. .these.. ~ds. 

:rbe point . .has....s.J.so.. .be.en. .made. .that...aame. .horon..JDB¥ . .ha.ve been lost 

. ..from_.th.e....core...and..h&Ye. .been. carr1 ed .a.round. .b-y:. :the boiling ~ter 

..vhile...the....J:e&c:tor .vas. .opeza..tillg_ . Tbua tbe....re.a..c.tor Yould.. ..have been 

poi acned .. by. th1a. boron. while. the . .reactor ..ra.s. . .in operation and most 

ot the control-rod readings vere taken . However,. a:t'ter the prolonged 

shutdown, this boron vould have settled and the poison vould have 

dis.appeared. 

The vater volUllle in the core vas 6-7 cubic feet and the tot&! aaount 

ot vater vas about 100 cubic feet. Thus only a smal.l. part o:r the 
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floa~..boron vauld. .have b.ee..n in the core and the poj.eoning vould 

.hLve. .bee.n 11egligible. Also, aettling of floatin4!; boron vould b&ve 

bees.. not:lced . a.t'ter other .l.lwtdovn..., bad. it occurred. 

The. burnup ot boron up to the time .or the incidellt .amounted to 5'/.. 

E.v.en .&l.lo~ for the knovn ..mac.hanical. loaa of boron.r .the reamining 

.bc,r.on. exceeded the ahutdolm margin, .. ao tha.t its loaa - bad it 

. occurred - voul.d .have . lll!Lde the. reactor critical. 

4. Loss o:r Oadm.:l.um Stripe 

-
~ 

"'. 

-
.... .,. 

Each strip vas vorth lees than 0.2-inch in rod-ba.n.k position. Um.lees 

- ... Slr-~IDE~VES'I'Ici.TIO~ARD~REPORT_:J 1~ 

. P•rt:l•l remow.l.d .. .an....oU.-caA:ter-=trol.. rod. .ptior. - to. .. tha. iJieident 

could.. tbeoretic• 11 y . bava. .ba.e.n .. c.auae.d. .b7 . ..a...br..ealr..~ .. t.he .. rod.. extensioa 

or .a .. tbe-.mec.bazUcal. • .a to.p.Jle&r the . top.. ot. .. the . rod-axten don. In 

api.te. .. o:t .the • .l.axge. . .:Col::.ce .• tbat- oc caa 1 ona ll ;y wa.a. • ppl :I ed to. t.pe_ rods 

vAen.- they- llel:a . .no.t...JllalCing. b'ee.ly, auch .. a.. . brea.lt appear• JW>t . .u:oJ.il:ely. 

.. :a.o-rer., . ...ba.d....tha...br.eaL..oc.cunad.,- .an. ot.t - c!!Jl..ter. . rod... could. fall partly 

out . .o.r .. 1;b.e. .r~tol!, ... .le&rlng .about 10 .inches of pobon. over_l.apping 

.:l:he.~tue..ma.taria.l. 

'rhe. - .ceJl.~ .rod . .had. .a. .. l~ :rollbver .and could not t'&ll th9.t far. 

;•: I ...lleaides. it VII.a .:t'.owui above the core. 
the. unl :I kely loaa or several. atr:l.pa 1e poatu.la.ted, . loea Of cadmium 

atripa voul.d not have been a a.ignifica.nt reactivity addition. 

5. Mecban1 c• l Loaa of an .. Off-Center Control Rod 

:Er.e-:1.nc:l.d.ent relll0ll1Ll or an of:r~center control rod is unlikely OD the 

. ba.!Ua ot the preaently . .avail.able poat-1.ncident :l.ntorm&tion. Rovever, 

. bad. an off-ce..nt.er rod been loat, tbe reactor voul.d b&ve bee11 close 

to critical before the central rod was. vithdr&'llil. This statement is 

based on the report, referring to room temperature, that " in tbe 

fresh core, vibout poisoning by S&JlllU'iUlll-149, it is doubtt'ul tb&t 

ehutdovn vould have been possible vith t;ro ot":r-center control rode 

a.t 30 inches". Siace then the reactor b&e increased in reactivity 

partly due to mechanical lose of borctl, and partly (at least according 

to CE!) by the expected burnup. 
Annex P/4 
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6. J3urnup ot. Cadm11un . .in :tbe Control Rods 

. It. -tb&.~-cr.oaa. aectioa. .. ca.dm.:l.Ulll. in tha lover part. of the centra.l 

coakoJ.. rod. . .ha.d .be.e11. .. .vllo.lly or. part1.al.ly b=e.d .up by J1eutroa 
,! 

&b.a.orptioll, ~ . .allght withdraw.J. could. ba.ve brought. the reactor 

critical.. Rovever, thia possibility seems to be ruled out by 

13 
the t'olloving calculation. The t'lux at the center was. 3 x 10 

I 2 . 
n cm sec; due to the flux depression ne&r the rod it vas probably 

. 13 2 
Ro more tha.n 10 n/cm. sec at the rod surface. The aeutron current 

13 2 
eJlterin4!; the rod from both aides vould tben be 0.5 x 10 n/cm. sec. 

The reactor had achieved 900 MvD, or 300 days of full-pover operation. 

19 2 
The nvt enter~ the rod vae thus 13 x 10 B/cm . The cadm.11.1111 ebeet 

V&ll o.o6o-inch thick; the density of cadmium is 8.6 g/cm3 &?Id the 

abundance or tbe high-cross section isotope Cd 113 is l~. 

Annex P/5 
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21 .nOlll-..thi.4. it. can. be. .. comput.ed .t.ha.t.. . .tber:e.~ • .o.a5 . .x._io atou 

113 2 CtL of Cd per cm. • The.. hurnup .ia thus. only 1,., .... The !'act that 

the. . .rod.. is.. black to .. therma.l .11eutrOJ1J1 is :aot cbanged. 

7 .. )de] t1 ng .at' Cadmium. 

Ii'. . ..the..cadmi.1.1111 • .had me 1 ted., -it could concei v.ably .nm. out.. of the 

Tb.e .. mel til:llJ po.uit.. ol' . ..ca.dmium ..i.a. 32:1.° C- The 

open.Uzi& te.m:pe.r.a.ture of the va.ter va.a. 42o° F = 216.° C. ~ p. ll 

• .&lld. & . te.mpcr:a.ture drop in excess of 100° F from the. ..c.adm11.1111 to 

.the \11\ter-eould not be poatul.a.ted even during the h.igh. pover 

.opera.tion and the connected. chuggbg- :Beside.a, 1oss of i:admium. 

vould have sbovn up i:ll the control rod poaitiOllJI during ,;eactor 

operation. 

* * * * 
.In. Bl.lllllm.rY i.t..111&y be B&id. that the !'reah_col.d reactor .could have 

be.en hr ought. to =1t.1caU.ty7 • rl th ...aU. ~-center :rod.a i.Jlserte d, by 

vithdr.aY.ing the .c.ente:r rod to .J.9 inche& above. indic.&ted .zero. At 

the time of the i:acident, a smaller rlthdraval vould have bee!1 

sufficient, but the presently avail.able evidence makes it very 

-

•. 

~t. · 

~~ 

likely that criticality would only have been achieved by vithdr&val, ·:!:. 

substaiati&l.ly in excess o!' the al.loved 4 inches. It may be added • 

that the reactivity per inch of the central control rod is small 

if the rod is vithdra'llll only slightly above indicated zero. It 
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would be d1ff1c11Jt t.o.aee hcw.xeacl;.i;rl.~-~.he....inse.rted euf!'i-

cientl.;ir !'a&t..!'o:r the i:Acldent, had .the rod only been vithdra'llll 

alightly,. even. if a. .alight withdr.awal. .had. i.11 same. Ulle.Xplll.ined 

manner achieved criticality. 
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SIGNIFICAflCE OF CHEMICAL REACTIONS IN THE SL-1 INCIDENT 

The occurrence of chemical reactions has been postulated as a 

possible cause of the SL-1 incident. It has been estimated that 

the energy release in the incident was about 50 JllW'-sec. Such an 

energy release by chemical reaction alone would require the 

complete reaction of four SL-1 tuel plates or the reaction ot 

4100 liters of hydrogen and 2250 ot oxygen. However, chemical 

reactions alone are insufficient to explain the kno'llll details ot 

the incident. 

It has be!?n postulated more reasonably that chemical reactions 

may have occurred sufficient to raise the control rods and initiate 

a nuclear incident. It has been shown in a number of investigations 

(see RigginB and. Schultz - ID0-28, 000 and review by Epstein - GEAP-

3335) that initiation of a chemical reaction between alumin1.1111 and 

water requires melting of alumin1.1111; in fact, self-sustaining 

chemical reactions initiate only when the alumin1.1111 temperature is 

raised above ll70° C and dispersed with a mean particle size of 

about 200 µ. Thus, means of melting the aluminum core and elevating 

its temperature to the range indicated are required. It is aho'llll 

in Al'IL-574.4 th.at 12 hours a.:fter shut do'llll, the core may be uncovered 

-

"'. 

\ 
to a depth of over tvo feet without serious elevation of the alumin1.1111 

temperature. It is thus unlikely th.at decay heat alone could cause 
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elevatio11 of alumin1.1111 temperatures to the requ.ircd raJl8e a.t the 

time. of the. incident. Be.cause. of the good..condu.ctirtty or a.lumin1.1111, 

propsget1on of burning al.on& a. fuel. plA.te. i.e. 1ncance.1vahl.e a.a long 

aa the. plate. can. conduct to a. water reservoir. Thus, initia.tion of 

re.action in locations such as irradiated fuel vould be expected to 

quench instantly in a submerged core. 

Collection of hydrogen and oxygen in a combustible mixture at some 

location still requires some means of igniting the mixture. It is 

sbo'llll :IUl the report AECU-3327 that spontaneous ignition of a com-

bustible hydrogen-<>xygen mixture will not occur at temperatures 

belov about 950° F. 

Thus, no plausible hypothesis has been conceived which postulates 

chemical reactions as the cause or initiating means for the incident. 
I 

It is quite conceivable on the other hand that chemical reactions 

may have served to increase the severity of the nuclear incident. 

Examination of the metallic debris for extent of oxide formation 

and crystal structure of the oxide formed may serve to indicate 

the amount of reaction and the temperature at which such reaction 

occurred. 
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A1iNEX R 

IN.l'ERVIEWS COOCERNING c'HEMrCAL A1ID 
METALLURGICAL BEHAVIOR OJI' SL -1 

Dr. Benj8llli.n Lus'b:nan, Board· Consultant 

....... 

To gai.n unpubliahed or up-to-date information· ~ins the chemistry 

8.lld core . metallurgy ot' SL-1 core I, interviews were held with per-

Bonnel of COlllhuation Engine.e.ring .at Idaho Fa.ll.s and Argonne National 

Laboratory in Chicaso. 81-rized below is the signific8.Jlt inf'orma-

tion developed in the. course of these interviews: 

I. Chemistry of SL-1 Core I Operation 
. Date: January 10, 1960 
Consultant to InTestigating Board - B. Lus'b:nan 
Combustion Engineering - Chief Chemist, Nuclear Di vision, 

Windsor {part-tille); Pl8.llt Chemist, SL-1 site. 
' 

The Pl8.llt Cbemist haa. b~en the only chemist at the SL-1 site during 

recent months.. fl.e is a 1958 graduate chemist, and, before assignment 

to the site, vaa ~yed by CE at Wil1dsor on chemistry activities 

associated with the S-1-C pn1ject. At the time of the transfer to 

the site in May, 196o, he was one of three chemists assigned to SL-1 

opera.tions, but baa recently been the only contractor chemist at the 

,.,, 
~ 

~ 

~· 

ji 

.. 
~-

:i 

site. H.e has been involved recently in ordering equip:i1ent to periai t 

analysis of radioactive contamination of plant water. All radioactivity 

... ~ 
1:. 

analyses have hitlierto been performed by CPP personnel at the NRTS. 
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Routine control of vater chemistry was performed by military personnel 

and involved measurement of pH and resistivity, twice each shift during 

operation. Although plant operation specifications permit pH to 

vary between 5.5 and 7.0 and water resist"ivities of 500,000 ohm cm, 

water has recently been controlled at 6.5 - 7 -0 pH and greater than 

750,000 ohm-cm resistivity. Subsequent discussion with Argonne per-

sonnel indicated that, at the low water flow rates involved in the 

SL-i plant, water chemistry control to maintain minimum aluminum 

corrosion rates at as high a purity {or resistivity) value as possible 

was preferred over operation with low pH. Since such operation also 

minimizes corrosion rates of the stainless steel portions of the plant, 

such tightening of the water chemistry limits was considered beneficial. 

Water purity was maintained within specified limits by use of the 

' purification system. Reactor water was pumped at a rate of 1-5-2 gpm 

through a regenerative cooler, cloth filters, mixed bed and hydrogen 

form cation resin ion exchangers, and then back to the reactor vessel . 

Control of resistivit7 was maintained by flow through the mixed bed 

resin and of pH by adjustment of flow through the cation resin. The 

resins were not regenerated and, during noI'111B.l operation, were expected 

to survive for six months of operation. However, because part of the 

operator training schedule involved changing the resin beds, in practice, 

the beds had been changed on the average every two months. Most of the 

contamination in the resin beds was considered to be Na-24 activity, 
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although no det~Lled radiochemical or chemical analysis of the de­

posits had been made. The filters were also changed every tvo months, 

apparently because of buildup of radioactive particulate matter; 

again no c.nalyees were reported of particulate matter on the filters. 

While no attempt was made to control water chemistry during shutdowns, 

it was apparently a practice periodically to record pH and resistiv­

ity during such periods. During ehutdovn and maintenance periods, 

water was added to the vessel from an open 1000-gallon drum; further­

more, removal of the control rod drive thimbles during the December 23-

January 3 shutdown and in-leakage of air after cool-down of the system 

ensured the dissolution of air in the reactor water. ·. 
Because of the 

residual activity of the core, it should be possible to observe the 

radiolytic fonnation of nitric acid (or of NH
3

) under such conditions, 

although the CE personnel were apparently unaware of such occurrences. 

Compilation of the water chemistry records during the shutdown period 

may thus be of value in revealing chemical changes in the reactor water 

at the time of the incident. In this connection, it was the Plant 

Chemist's recollection that pH changed from a ehutdovn value of 6.5 

to a value of 6 . 2 a few days after ehutdovn. 

Measurement of fission product activity levels during recent months has 

revealed no increase over that observed in the past, indicating that no 

observable gross failure of fuel plates had occurred. Because of the 

unavailability of suitable radiochemical equipment at the site, it has 
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not been possible to infer the source of radioactivity, whether sur-

face contamination, cladding contamination, or fuel plate defects. 

The principal activity in the reactor water had been Na-24 activity 

formed by an n, alpha reaction with aluminum. The activity levels 

6 appear to be inordinately high, 2.11.xlO dpm/ml at 3 mv operation 

during recent months of operation. Subsequent inquiries revealed 

that activity levels in the MTR and ETR are of the order of 104 and 

105 dmp/ml, respectively, in spite of their much higher neutron flux 

levels (albeit lover operation temperatures). It is further sign! ficant 

that ANL reported Na-24 activity levels of about 6 x 105 dpm/ml, during 

early operation. This increase by a factor of three may be of importance 

in indicating progressive metallurgical deterioration of core components. 

+t was further noteworthy that increase in reactor power of about 6af, 

to l~.7 mv increased steady state Na-24 activity levels more than 12af, 
6 

to 4.72xl0 dpm/ml. These levels of activity should be compared with 

those noted in Borax III and Borax IV. 

Particularly after observation of failure of the B-Al poison stripe, 

a number of attempts were made to detect the presence of Bin the reactor 

water, to no avail, although indications of the presence of Cd in the 

water had ~ ?ntinualJ.y been noted. An observation made during the teeti-

money that a whitish deposit formed in the neighborhood of a lee.k in 

the vessel head analyzed high in boron content was confirmed by the 

Plant Chemist, but attributed by him to reaction of the steam with the 
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B-Fe shielding pellets used in the head rather than to deposition 

from the reactor water. Considering that this plant vae the first 

reactor use of the alloy X-8001, rather surprisingly, no provision 

vae incorporated in the plant for analyzing the react~r water for 

"crud" or suspended solids. The only obeervutione recorded were 

those of total solids, dissolved and undissolved, present after the 

purification filter, and in general these shoved the presence of lees 

than 1 ppm solids.· !'lo smears have been taken of deposits upon the 

vessel or pip~ valls. 

The lllll.in conclusions dravn from this interview vere the following: 

1. Plant water chemistry vae veil controlled vithin specification 

limits. 

2. Supplementary chemistry data which vould have been of con­

siderable value in development of the SL-1 type of reactor 

plant and in assessing the performance capabilities of the nev 

type of cladding employed, the fuel elements, the burnable poison 

plates, the control rode, and other developmental items vere 

gr~atly restricted both because of number of technical personnel 

assigned and equipment available. 

3. The high levels of Na-2~ activity noted in the reactor water 

as vell as the increase in these levels may have been the first 

indlcee of metallurgical deterioratien vithin the core. 
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II. Metallurgy of SL-1 Core Components 
Date: January 18, 1960 
Consultant to Investigating Board - B. Lustman 
Argonne National. Laboratory: -

Dr. F. Foote, Head, Metallurgy Division 
Mr. D. Walker - (fabrication SL-1 fuel elements and 

poison stripe) 
Mr. S. Greenberg - (corrosion behavior fuel plates and 

poison stripe) 

153 

Mr. N. Grant - (corrosion behavior fuel plates and control 
rode) 

Dr. J. E. Draley - (corrosion X-8o01 cladding) . 
Mr. W. Ruther - (corrosion X-8001 cladding) 
Mr. W. Kann - (fabrication control rode) 
Mr. J. H. Kittel - (irradiation behavior) 

The original plan for the reactor core for the SL-1 plant called for 

utili:r..ation of nondevelopmental materials, fuel element designs, and 

fuel element fabrication techniques. Deviations from this intent vere 

required because of the long core life at elevated temperatures; the 

' aluminum cladding alloy X-8001 vas employed to meet this requirement. 
I 

In addition, it vae desired to achieve adequate ehutdovn margin by 

the incorporation of B-10, originally as an additive to the fuel alloy. 

Since the technique of making such additions had not been developed, 

tvo development contracts vere placed, one vith Metals and Controls 

to develop methods of incorporating B in the fuel alloy by melting 

techniques, the other vith Sylvania-Corning to de~elop powder-metallur­

gical methods of incorporating boron. The former subcontractor, in the 

course of the investigation, found that the addition of Ni, added to 

permit incorporation of boron in the fuel alloy, greatly improved the 

corrosion resistance of the latter, thus leading to the addition of 
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(2.) 

2.'f, nickel to the SL-1 fuel alloy. (W. E. Ruther and J. E. Draley -

ANL-6053, November 1959) For the reasons listed below, it was 

subsequently decided to add the boron as a separate burnable poison · 

strip rather than incorporated in the fuel all.oy. These reasons 

vere: 

1. difficulty in development a technique for addition 

of boron to the fuel alloy; 

2. undesirability, for radiation damage reasons, of 

intennixing boron and uranium; and 

3. because of lack of a critical experiment for this core, 

uncertainty existed as to the boron content required in 

the fuel alloy. 

Having made the de~ieion not to disperse the poison uniformly in the 

fuel, a fabrication contract for manufacture of the fuel plates was 

awarded to the Babcock and Wilcox Corporation who utilized a fabrica-

tion technique similar to that employed for other enriched uranium 

aluminum-clad fuel plates. Several hundred plates were so fabricated; 

the great majority of these failed to meet ALPR standards either for 

bond quality or for surface finish. The contract was consequently 

cancelled and ANL initiated its own fabrication of the fuel plates. 

The technique utilized involved a pre-rolJ.ing eutectic diffusion-

bonding treatment utilizing Si as the eutectic-forming medium, followed 

by a 4:1 hot reduction. The technique used is described in Ref. 2. 

2) R. A. Noland - TID-7559, Part 1, p. 233, May(l958). 
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The method of fabricating the burnable poison stripe involved mixing 

X-8001 and B powder, encasing the mixture in an X-8ool can and sealing, 

and hot ext~udiog the mixture to a rectangular section which subee-

quently was rolJ.ed to size. 
Thie technique was also used for the 

Borax III reactor and is described in the Hazards SUllDllary Report 

ANL-5744. 
It is noteworthy that, on finishing to size, the boron 

stripe are essentially unclad, with 1 to 5 mile of aluminum wall 

thickness on the surface. 
The joining of the fuel plates to side 

plates for fabrication of the final assembly is also described in 

the Hazards SUIDID8ry Report ANL-5744. After flanging the fuel elements, 

the flanges were machined from an initial thickness of 0.120 in. to 

o.055 in. prior to spot-welding to the side plates. 
Thus one of the 

bonds to the fuel was exposed to water at a noininal distance of only 

one-tenth inch from the fuel. 

The fabrication of the core alloy and nondestructive inspection of the 

various fuel plate components are described in Refs. 3, 4 and 5. 

These reports reveal that indeed a high quality bonded plate was 

achieved and that considerable care and exacting inspections were 

used. In addition, coupon~ ~ere sheared from each end of the final 

plate and subjected to corrosion life teats in 550° F water. These 

tests showed that the corrosion quality of the cladding met all the 

requirements for this alloy . 
However, o~casional blisters were noted 

3)R. L. 
4) w. J. 
5) w. J. 

Salby and W. R. Burt, Jr. - ANL-5950, Dec. 1959 
McGonnagle, W. N. Beck, and N. Lapinski - ANL-5951, Aug. 1959 
McGonnagle and R. B. Perry - ANL-5944, December 1959 A.nllex R/8 
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at the bond area on the edges of the coupons. These blisters are . 

attributed to local high concentrations of the Si bonding agent 

vhich subsequent work has shown ae detrimental to the hot water corro-

eion resistance of alumim.mi alloys. There appears to be little 

doubt that the fission product activity noted in SL-1 plant arose 

from corrodible high Si content fuel bond defects probably exposed 

at the machined fls.nged edge. 

Mr. D. Walker of ANL was present at almost all occasions when fuel 

elements were pulled from the SL-1 core for interim examinations. 

He was present at the September 1960 examination when failure of the 

B-Al poison strips vae noted together with CE Idaho Site personnel and 

Mr. Murtha of the CE Windsor plant. He reported that th.e fuel element 

surfaces were remarkably clean and free of corrosion product as evi-

denced by the observation of fingerprints and tape markings still 

visible from the initial insertion. Ae a result of the observations 

of poison strip buckling and fracture, some corrosion tests were 

ini tiatP.d at ANL. The main reeul ts of these tests are summarized below: 

1. Fuel plates of the SL-1 type grew one inch in their 27 inch 

length and also bowed on corrosion testing in 6oo° F water; 

silllilar growth was not noted at 450° F. 

2. B-Al stripe 20 inch in length grew 0.035 inches on testing 

for 14 days in 600° F water; X-8001 strips grew 0.117 inches in 

length. 
Amlex P:/9 
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3. B-Al stripe tack-vel.ded to X-8001 pl.a tee bowed o. 060 inches 

when corrosion tested 14 days in 500° F water and 0.118 inches 

when tested in 600° F water. 

It. ia thus apparent that corrosion of the SL-1 fuel elements, un-

accompanied by irradiation, would cause the poison plate bowing 

observed during the interim examinations. 

Th.e good corrosion behavior of X-Bool cladding in the SL-1 reactor 

was attributed to the good control of water· chemistry which is feasible 

in a l..arge system and to the large area of aluminum exposed relative 

to the water volume. It vae estimated that the corrosion rate of the 

cladding vae probably less thnn 0.001 - 0.002 in/year. Some experiments 

were reported in which massive pieces of X-8ool alloy were exposed in 

0 
l~! F steam in contact with a thermocouple. From the observation 

that little or no temperature rise was observed during the corrosion 

attack, the conclusion was drawn that rapid, auto-catalytic reaction 

of this alloy with steam would not be noted at exposure temperatures 

at or below lOOoP F. 

Teetilllony reflected that corrosion tests of aluminum - cadmium -

aluminum sandwich samples at 420° F for 125 days shoved that such 

eandvichee corroded with a maximum weight lose of the cadmium of 1-2 

2 mg/cm -month. Cadmium dissolved in the autoclave water to concentra-

tione of about 3 mg/l, and an increase in water pH from an initial 
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vo.lue of 7 to n level of 9 was noted. It was speculated that under 

the sta.tic conditions obtaining within an SL-1 control rod, such 

water conditions would not greatly affect the corrosion rate of the 

a.luminum cladding. 

The design of the SL-1 control rods was discussed and the intentional. 

opening of the interior of the rod through the rod extension was 

point~d out. ANL analysis of Cd operational temperatures in the SL-1 

application indicated that these temperatures vere vell belov the 

melting point of Cd. The riveted connection at the top of the rod 

extension piece was pointed out as the probable point of failure in 

case the rod were dropped on the shrouds. 

Mr. Kittel discussed further results of the irradiation of SL-1 :fuel 

plates in the ANL~2 loop in MTR discussed in Ref. 6 and additional 

tests described in an internal memo (Ref. 7). The failure observed 

in the teat described in Ref. 6 -..as attributed to poor loop operating 

conditions, and consequent high corrosion rates and was not considered 

significant to SL-1 operation. An additional plate has since been 

irradiat~d in this facility and did not fail, although similar high 

co"-rosion rates vere observed. Also described in Ref. 7 are low tem-

perature irradiations of 24 SL-1 type plates. These showed a density 

decrease of about 3~/atom percent burnup vhich is normal for metallic 

6) A. P. Gavin and C. C. Crothers - ANL-618o - July 1960 
7) J. H. Kittel - ANL-FF-692a, Jan. 17, 1961 Annex R/11 

... 

T 

;-

·~ 

:;:. 
4 

t-;:• 
\~· 

\ t 
..,_ 
· -: 

. r·~ • 

.: ;... 

' ); 
.:"' .;: . 

.:7t:': 

·~ 
~~~. 

... ... ... rt~~ _J ~ ~.... . __ :J ,.: !•~ l tid' 
SL-1 ACCIDENT INVESTIGATION BOARD'S REPORT 159 

fuel alloys. Fuel swelling was observed in the experiments described 

in Ref. 6 at a burnup of 1 atom percent. This was ascribed to opera-

tion of the fuel at a temperature of 84o° F, as a result of the heavy 

oxide film built up on the surface. The "dry" conductivity of this 

oxide was measured to be 0.56 BTU hr-ft-°F; however, in water the 

thermal resistance of the oxide could be markedly less and the calcu-

lated fuel temperatures correspondingly lower. The failed sample 

described in Ref. 6 vas viewed by Mr. Chernack of CE, Windsor, late 

in 1959· Argonne's view was that the failure was not significant to 

SL-1 operation. 

Discussions were held concerning the failure of the B-Al poison strips 

and the lack of test data. Corrosion data for the unirradiated material 

w~re considered to be adequate to validate its use. It was stated 

that the state of the art concerning irradiation behavior of this 

material was such that "we considered it neither to be a problem nor 

not to be a problem." 

The principal conclusions dravn from these interviews were the following: 

1. The selection of cladding materials and fabrication techniques 

employed were such as to ensure delivery of a high quality fuel 

element. 

2. The pre-irradiation corrosion tests were inadequate to reveal 

probable penetration to the fuel alloy through corrodible bond 

defects, a..~d the fuel element assembly design wns faulty in 
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permitting close approach of the fuel alloy to the fuel element 

perimeter. 

3. The fuel plate irradiation validation program vas restricted 

in scope, but probably vould have been adequate bad not the 

in-pile failure occurred. 

4. The dimensional instability in corrosion testing of the fuel 

element vi th its tacked-on poison strip vas not revealed in pre -

irradiation testing, probably because the final assembly of the 

poison strip nt the site precluded such testing. 

5. The design and validation program for the control rods vas 

probably adequate for the SL-1 application. 

6. The selection of unclad B-Al strips for the poison application, 

without prior or concurrent irradiation evaluation, does not 

appear to be d.efensible, certainly not vith present knowledge, 

and probably not vith the information available at the time of 

the selection. 

7. The highly developmental nature of the various core components 

such as the cladding fuel alloy and fabrication method, vhich 

received their first utilization in SL-1, the control rods, vhose 

design and operation conditions vere unique to SL-1, and the 

poison strips, of a type vhich bad never previously been utilized, 

appears incompatible vith the use of the SL-1 facility without 

an extensive accompanying test, evaluation, and examination program. 
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ANNEX ll 

METALLURGICAL EVAWATION OF SL-1 CORE COMPONENTS 

1. Fuel. Elements. 

The SL-1 fuel element&- have shown in irradiation tests only 

a.normal. amount of growth or swelling (3 per cent pe.r atom 

per cent) at burnups up to 1 atom per cent (out of 1.7 a/o 

burIUlp poasible in the SL-1 fuel) and calculated teinperatures 

of 84o° F. Since, at the time of the incident, the core bad 

accumulated only about 3€J1> of its burnup (corresponding to a 

maximum fuel burn up of . 36 x 1. 7 : 0. fJ1,), and since a.11 

J.,11 ":' i\!i 

evidence points to restricted formation of insulating corrosion 

,I fiJ.Jlls on the cladding, no gross distortion or swelling of the 

fuel elements is anticipated. 

On the other band, it is probable that the fuel elements 

defected, exposing the fuel alloy to water at small discrete 

points early in life. The evidence for this is the following: 

a. The fuel element flanges vere machined, exposing one bond 

line to water at a nominaL distance of 0.10 inches from 

the fuel alloy. 

b. Corrosion tests have shovn bond-line attack at discrete points 

corresponding to regions of high silicon content. 

Annex R/14 
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c. Fission product activity levela have remained constant 

since plant startup, indicating that surface contaudnation 

is not responsible. 

d. Fission products show a e~ler ratio of short-to long-

lived isotopes than is found in fission, indicating 

that the isotopes reach the .,coolant through a tm.· tuoue 

path, such as a corroded bond line. 

Since no defected irradiation tests have been performed, it is 

not possible to assess the effect of such a fuel element condi-

tion. However, from the fact that fission product activities 

have not increased, it may be inferred that no gross failures 

due to such operation have occurred. No effects related to 

the fuel elements significant to the causation of the accident 

a.re itnown. 

2. Burnable Poison Strips 

Two effec~s may cause gross distortion of the poison stripe; 

these a.re irre.diation growth due to boron depletion and 

corrosion growth due to fonne.tion of highly stressed oxide 

films on the surface of the thin poison stripe. It is probable 

that the buckling observed August 27, 1959, at about 200 MWD 

of operation, is caused by corrosion growth. At this time, the 

core had accumulated about l~ of its life, although it had 

undergone intermittent Got operation for almost a year; the 

burnup of the 'crcn would not be expected to be more than 0.1 
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a:t. percent.. The. volu:me charge. .a.ccompanying this burnup 

(about. 0.2 per cent) would proba.bly be insufficient to cause 

bowing- On the other band, corrosion tests. at. 500° F have 

shown. O. o60 in bow in 14 da..ys of test in e.. configuration 

simulating tbe a.tta.cbme.nt of boron stripe in SL-1. Further 

evidence for this supposition is shown by the rod bank poei-

tions which began deviating from the theoretical curve only 

after 300 MWD of operation. 

COITosion. growth would not be expected greatly to embrittle 

the poison stripe. On the other h.D.nd, irradiation would 

markedly decrease ductility at boron depletions above O.l 

atOlll per cent (about 1 a/o boron depletion can occur in the 

SL-1 poison stripe). Corrosion of the stripe would tend to 

become increasingly more rapid, the 1110re the plates become 

embrittled e.nd cracked, because of the exposure of new 

corroding surfaces at the crack. The increase of aluminum 

surface exposed would cause additional corrosion at an 

accelerated rate; the increase in Na24 activity in the coolant 

from about 6 x.105 dpm/ml ee.rly in 1959 to 2 x 10
6 

late in 

1960 may be indicative of such progressive change in the 

burnable poison stripe . . It is plausible to postulate th&t 

progressively more rapid deterioration of the poison stripe 

during the 9/30 to 12/23 period directly relates to the cause 
Annex R/16 
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of the incident. On the other band, rapid corrosion ma.y 

not ha.ve occurred until the boron bad become &lmoat completely 

depleted, in vhich case its lose vould not be significant. 

3. Control Rode 

The dedgn of the SL-1 control rods permitting access of the 

coo.La.nt to the r~d interior bas tvo principal consequences; 

a. Cd corrosion products can be leached from the interior 

of the fuel rod into the system, thenee to be removed 

in the purification system. 

b. The 11.ttack of the Al cladding from the interior ma.y be 

a.ccelerated by the formation of a high pH l<llter chemistry 

in the rod interior. 

Me&surement of the corrosion rate of Cd in 420° F vater 

yields a maximUlJ. rate of about 1 mg/CJI2 month. This corrosion 

rate is comp<ttible with a recorded observation of Cd-115 

activity in 36oo gal. of SL-1 liquid vaetee of 44 uc. The 

rate of Cd lost from the rotle would then have an approximate 

value of 60 gJis/mo or about 0.1~ of the contained Cd per 

1110nth. This cadmium lose is unlikely to have a significant 

effect on the incident. 

Likewise, under the static corrosion conditions obtaining 

within a control rod, and in consideration of.the reported 

beneficial effect of dissolved cadmium salts on the corrosion 

Auex R/17 
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.c£_.alum1mnn, it .ia .. ulll1kel;y t.ba.t..an.y significant del.e.terioue 

corrosioA of tJie Al cladding on the control rods bAs occurred. 

4. Cla.dd:in8 

.· 

No deleterious. effe.cte ba.ve bee.11 uncovered vith respect to 

the beba.vior of the X-0001 cladding stock; this material, 

in fa.ct, appears to ba.ve beba.ved better than ~ticipated. 

The only detrimeDt&l obeerva.tion bas beeA the corrosion 

growth observed &a a. result of fonu.tion. of hea.vy, highly 

stressed oxide fil.Jits at el.evated temperatures of exposure. 

On the other hand, the use of 2S aluminUJJl &a cladding for 

the cadmium stripe inserted during the September 301 196o, 

shut down is highly qucstion&ble but is hardly eignifica.nt 

for the SL-1 incident. At temperatures of 420° F, it bas 

been observed tba.t 2S aluminUJJl is on the verge of the tempera-

ture ra.nge in which ra.pid blistering attack a.nd dieintegra.tion 

occ,ure . Thus, blistering occurs in a few hours at 600° F, 

in several weeks 11.t 500° F, and possibly in six to 12 months 

at 42o° F. Thus, Borax-III operated for six months at 420° F 

using 2S-Al cladding. Thus, while use of this t1Aterial as cladding 

for the Cd poison stripe l<llS queetiona.ble for long life expo­

sure probably only 0.001 in. of metal was . corNided during 

the two months of its use and hence its corrosion is not 

related to the incident. 
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ANNEX K 

MALFUl!CTION REPORTS 

-- ~--<~ 
REPORT ~ 

On June 3, 1959, in . a letter from. V. V. Kendrix to W. B. Allred, 
c.E. I. was instructed to submit reports on incidents in accord 
with tbe folloving criteria as of June 51 1959· The compa.ny va.s 
to submit reports on previous incidents concerning the pressure 
vessel gasket. leak; air ejector problems; Rod ftT llllLlfunction and 
condenser .18.ll. motor f&il.ure.. 

Criteri& for Reporting M&lfunctions 

1 . An occurrence resulting in a re&ctor accident or physic&l 
damage to the core or prilnary plant colllpOnents. 

2. An equipment failure which ca.uses a. rea.ctor scram or 

plant shutdown. 

3. Repeated f&ilure of equipment to rema.in in a.djustment. 

4. An ovenxposure of personnel to ra.dia.tion in excess of 

,I established tolera.nces. 

5. A fire or normal 1.ndustri&l &ccident that affects power 

plant opera.tion. 

SL-1 M&lfunc.tion Reports 

Date - Tillle 
M&lfunction 

1. 4/2/59 2: 00 pm The inner gasket on the rea.ctor 

<1/21/59)Y Ca.n!ieldg/ vessel failed. 

2. 5/1/59 8:25 pm Rod ftT stuck under full free falJ. 

(7/27/59) Ca.n!ield conditions at temperature and 
pressure. 

3. 5/14/59 12:00 noon Failure of gland ejection le&k off 

(7/27/59 Rausch system to 111&intain a va.cuum. 

ij ,Da.tes in parenthesis are dates of report . 

~ Names repnsent persons vho submitted report. Underlined names 
npresent members of the Cadre. 

Au.ex K/l 


