‘*;%)i‘,.""l; .. ’

OAK RIDGE NATIONAL LABORATORY
operated by

UNION CARBIDE CORPORATION
for the
U.S. ATOMIC ENERGY COMMISSION ' C/
ORNL- TM- 540 /7 /
Addendum 7

8

DRAFT
TECHNICAL PROGRESS REVIEW

NUCLEAR SAFETY

VOLUME 4, NO. 4




LEGAL NOTICE

This report was prepared as an occ;:unf of Gavernment sponsored work. Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparotus, method, or process disclosed in this raport.

As used in the above, ""psrson acting on behalf of the Commission’ includes any employee or

contractor of the Commission, or employee of such contractor, to the extent that such employee

or contractor of the Commission, or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment or contract with the Commission,
or his employment with such contractor.




OAK RIDGE NATIONAL LABORATORY

OPERATED BY

UNION CARBIDE NUCLEAR COMPANY

UNION
CARBIDE

POST OFFICE BOX X
' OAK RIDGE, TENNESSEE

May 13, 1963

To: Distribution Listed in ORNL-TM-=540 Addendum

The two incident reviews in the attached addendum to the draft
copy of Nuclear Safety, Vol. 4, No. 4, are to be a part of Sec-
tion 6 of the finished copy of Vol. 4, No. 4. It had been in-
tended that the reviews be in the draft issue, but they were
not’ available in time. If you have any comments or criticisms
concerning the contents of this addendum, please send copies to
Mr. Thomas W. Hazard of DTI, Mr. H. F. Carroll of Declassifica-
tion, and to me. Inasmuch as the final draft of this issue is

'~ scheduled to go to press early in June, your comments will have
to received by June 1 in order to be considered for inclusion in
the final publication. Mr. Hazard's and Mr. Carroll's addresses
are as follows: : o

Mr. Thomas W. Hazard
Industrial Information Branch
Division of Technical Information
U.S. Atomic Energy Commission

- Washington 25, D.C.

Mr. H. F. Carroll
Declassification Branch
‘Division of Classification
-U.S. Atomic Energy Commission
Oak Ridge, Tennessee

Yours truly, -

. B. Co Tl e

Wm. B. Cottrell
Editor, Nuclear Safety







ORNL~TM-540
Addendum

Contract No. W-7405-eng-26

DRAFT
TECHNICAL PROGRESS REVIEW
NUCLEAR SAFETY

Volume 4, No. 4

Prepared for'U.S. Atomic Energy Commission
by Oak Ridge National Laboratory

DATE ISSUED

MAY 20 1963

OAK RIDGE NATTONAL LABORATORY
Oak Ridge, Tennessee
~ operated by
UNION CARBIDE CORPORATION
: for the
- U.S. ATOMIC ENERGY COMMISSION






iii

Contents

MTIR Fission-Break Tncident . v.eetiiiriiteeieieeroceneenoeonnenses

Accidental Nuclear Excursion in Recuplex Operation at .
Hanford in April 1962 .......ivvvvevnernranas PR e



k7



1

MTR FISSION-BREAK INCIDENT

R.‘A. Costner, Jr.

A fission break! occurred at the Materials Testing Reactor (MIR) on
November 13, 1962 because of the melting of a small portion of one of
the 19 fuel plates in a single fuel element. There was a total loss? of
about 0.7 g of U235, The plate melted as a result of insufficient cool-
ing'caused by a restriction of the flow of the primary’coolinngater by
debris that was léter identified as = gaskef material from the floating
roof of the seal tank-(a 17,000-gal water-supply tahk). The reactor auto-
matically shut itselfvdown, aﬁd personnel were eVacuétéd ffom fhe reactor
buildihg for 12 to 15 min. There wére no significant’personnel,éxposures
and no consequences beyond the site boundary. A brief description‘of the
MTR, as well as some aspecté of its operatién, was included in;the March

1962 issue of Nuclear Safety.?

A fission-break incident that occurred at the Engineering Test

Reactor was'réViewed,in‘the June 1962 issue of Nuélear Safety. 4

. The Incident and Tmmediate Eventé~

'The reactor had been operating at 40 Mw since November 2, 1962, ex-
cept for five Short-duraﬁionlpower reductions. On November 13, 1962,vap-
proximately 15 sec before the scram, which occurred at 1426 hr, the fuel-
assembly differential-preséure monitor annunciated® to indicate that the
differential pressure across one of the fuel elements had been reduced
by 2 psi. (This instrumentation’is set to initiate a full scram if the
drop is 4 psi.) During the annunciation, the serﬁé—contfolled (regulat-

ing) rod moved erratically over .a span of 2 in. (i.e., between 15 and



17 in. withdrawn). At 1426 hr a full scram was initiated by the e in-
strument and by the low differential-pressure systeﬁ. Owing to the coin;
cidence of the signals, it was difficult to determine wﬁich signal oc-
curred first.

One minute after theiscram the readinngf the seal-tahk activity
monitor, which'is in the primary-cooling-water exit line just upstream
from_the seal tank, increased from.iOO mr/hr to 9.8 r/hr. (Full scaie
on this instrument is 10 r/hr.) During this same periéd,;the reading of
the vent-seal act;vity monitqr,'which monitors;all gaéeoug efflueht re-
moved from ﬁhat ﬁortidn of the pfimary.ééoiing’water-that passes through
the flash evaporators, increased from 970 mr/hr to greater than 10 r/hr.
. (Full scale for fhis instrument is 10 r/hr and it remained off-scale for
about 44 min.); By 1428 hr, several outlying area radiétion monitors had
-begun to alarm. Health physics survey teams responded immediately and
surveyed all areaé,'including the process-water building<and‘the fan
house. At 1431 hr, personnel were evacuated from theireactor,'feactor
servicés, éﬁd reactérvwiﬁg buildings. Health pﬁ&éiés survéy teams Qe;
termined that all radiation readings were due to radiation from systems
- containing primary cooliné water,énd that thére~Waé no air activity in
the reactor building at that time.AvPersonnei were then allowed to re-
turn to the buildings in 12 to 15 min, although personnel movement in
the reactor-building basement:wgs under thevsurveillance of health‘

‘physics personnel until the direct readings subsided.

Preliminary Investigation and Remedial Action

 Following the scram, the primary coolant flow was maintained at the

normal rate of 22,500 gpm in order to reduce the deposition of fission



products on the wallsvof the reactor system and to aid iﬁ the prelimi-
nary -investigation of the cause of the incident. At 1428 hr an inspec-
tion of the fuel-assembly differential-preésure monitors indicated that .
the differential pressure across element J-385 in position L-32 was only
8 psig, that is, 5 péi less than normal, which.wés more than sufficient
tb initiate a scram,'.The‘differéntiél pressure across all other elements
was normal. | | |

At 1500 hr, air activity ofllow concentfatipﬁ'was detected in the
reactor-building basement, on the main fioor, and at the reactqr toﬁ.

A sample of,the\primary.cooling water was taken . at 1505 hr that indi-
cated a total béta-gamma contémination of 630,000 cpm/ml (following a

" 2-hr decay), which was lB‘tQ 16 timés normal. A comparisoh was_made of
“the results of a detailed analysis of this sample and of a éémple.taken

. several hours prior té the scram, aﬁd it was found that the activity from
specific nuclides increased by the following ratios: 1131 ang. 1133, 62;
1135, 126; Ba“?, 25; and Sr°!, 36.

At 1655 hr, flow of the pfimary cooling water was stopped in order
to drain the water frdm the overhead workihg reservoir to a retention
basin. By 1935 hr, all the water iﬁ the reactor primary system had been
flushed to the basin and replaced w;th,fresh demineralized water, Flﬁsh
éamples taken at the completioﬁ of this operation.éhowed that ﬁhe total
beta-gamma activity ‘;,fas 124,000 cps/ml (following. a 2-hr decay). By

1925 hr, all areas were free of air activity.

Postincident Inspectioh and Operation

The reactor top plug -was removed at 2025 hr, and one minor release -

of air activity occurred during the removal operation. The bottom of



the plug read 1 r/hr at 1 ft. An inspection of the reactor core re-
vealed a piece of black material in element J-395 in position L-32. A
considerable portion (estimated as 40%) of the area on top of the fuel
plates in this element was covered by this material. Small pieces of
this material were also found on the elements in positions L-35 and L-37;
howeﬁer, differential-pressure readings made priér to sﬁopping the flow
of the primary cooling water were normal for the latter positions.

On November 14 the reactor core loading was changed, the top plug
was reinstalled, and the flow of the primary cooling water was re-estab-
lished (22,500 gpm). After 2 hrrthe core and reflector pieées~were in-
spected, and no additional debris was found.

On November 15 the Reactor Physics and Engineering Staff and the
MITR Safeguards Committee approved returning the MI'R to power under the
following conditions:

1. Primafy cooling water was to be circulated at the normal cper-
ating condition for 1 hr prior to shim rod withdrawal. During‘thié‘
period énd~thereafter,'each'fuel-element differential-pressﬁre monitor
was to indicate a value comparable to that observed during the previous
2-hr circulation test (whén the core was found to be free of debris).

2. Satisfactory-ﬁesults<were to be obtained during shim rod drop
tests.

3. The output of~the~resérve servo system was to be monitored on
a fast-response recorder (to warn of the onset of'nucleate boiling) dur-
ing each increase in reactor power level. The reactor power level was
to be increased in 5-Mw steps until 30 Mw was'reached§4power'level in-

creases above 30 Mw were to be made in 2.5-Mw steps.



4. The fuel-element differenfial—pressure monitoring system was to
be given rigid surveillance during the rémainder of OpefatingACycle 182.

Later, on November 15, preliminary wbrkvwas staxted to'fetﬁrn the
reactor t§ power under these ponditions; however, a 2-psi drop in fhe
differential pressure across. the elément>in position L-34 was indicated.
Inspectioﬁ of the core revealed no debris, but inspection of the dif-b
férential-preséure monitors for positions L-34 and‘L-35'resﬁlted.in fe-»
pladementvof the ovéfrange pressure bellows in the monitcrs; By .0800 hr‘-
-on No&ember 16, a power level of 10 Mw was attained. The full reacfor"
power of 40 Mw was attained at 1056 ﬁr on- November 16., As g;preéaution
the fﬁel-element differential-préssure inétrumént‘set-point was adjﬁsted
to iﬁitiate a full scram when a 2-psi drop occurred.

The total beﬁa-gammé cohtamination‘in the primary cooling water rose
to 120,000 cpm/ml (following a 2-hr decay -of the sample) This levelv' |
had decreased to 70,000 to 80, OOO cpm/ml (follow1ng a 2-hr decay of the _
sample) when Cycle 182 was termlnated on November 19.

Todine-132 tests indicated definitely that fuel element J-385 had
a fission break, and therefore the element was. transferred to the MTR-
ETR hot cell for examination.? This examination revealed thatAa‘small
- portion of the seventh plate (from the convex side) had‘melted,‘and,ap-;
proximately 0.7 g of U%3° was lost. (Tﬁe total U235_iﬁ§ehtory in element
J-385 ﬁas calculated to be 177 g based on 11.5% burnup.)v‘If also‘ap_
peared that the channels on both sides’of the damaged plate had beeh
partially blocked, but there must have been sufficient cooling water on
the convex side of the siith plate and the concave side:of the eighth

ﬁlate to prevent damage to these plates.



During the Cyle 183 shutdown (November 19 through November 22,
1962) the seal gasket on the seal-tank floating roof was found to be in
poor conditiom, and replacement of a major portion of the seal was neces-
sary. The gasket mdterial was analyzed and appeared to be the»same’as

that found in element J-385.

Subsequent Related Events

On November 25, 1962, a scram was initiated by the differential pres-
sure for position L-12.6 The core was inspected, and the fuel asseﬁbly
waé found to contain debris described as "red rubber." Later, on
December 24, 1962, a scram was initiated by the differential-pressure
monitor for position L-19.7 AAgain a "red-rubber"‘type of material was
found in the fuel elements in positions L-16, L-17, L-19, and L-35. The
material covered approximately 40 to 50% of the plate-channel area of the
element in poéition.L-l9; much less materialvwas found in the other‘ele-_
ments. Emission spectrometer data indicated a similarity with the ma-
terial found in position L-19 on November 25, 1962; however, an infra-
red analysis did not correspond to that of the L-19 material.

During the shutdown for Cycle 185 (January 2 through January 5;
1963), the primary side of flash‘evaporator C was inspected,8 and numer-
ous pieces of debris were found in the spray nozzles. Therefore, evapo-
rators A and B were also inspected, and debris was again found but not
in the quantity found in evaporatdr C. Ml thevdebris was removed and
examined. Several pieces of the "red-rubber" material were included in

the debris.



Conclusions. and Recommendations

Thg»iessons to be learned from the above events are the following:

1. A method of screening reactor éystens to minimize or eliminate
obstnuctions to fuel eiemént cooling flow is deninable. ‘SuchAscréens
should, as far as possible, isolate the cooling-water inlet from éqnip-
ment containing mnVing parts and from areas where gasket naterial is ex-
pected to function under dynamic conditions. The~openingé in these'
screensnshould be'smaller than the»spacing between plates“in‘nhé fuei
elements. Periodic inspection7of the‘screens for the pnesénne of‘debris
may warn the reactor-operations staff of difficulties befpré‘they becomek
serious. . | | |

2. Vhen events such aS'thosé déScribed above occur in spiﬁe nf
elaborate precautions and instrumentation systems, there is no‘snbstitute
for a well-trained staff. The respdnse of health physics, maintenance,
and MTR-operations personnel waé excéllent;v |

3. The value of an internal,review by groups familiar with the

particular reactor but not directly involved inlreactor operation is
illustrated by the thorough, but straightforward, procedures developed

for returning the reactor to power.
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ACCIDENTAL NUCLEAR EXCURSION IN RECUPLEX OPERATION AT
HANFORD IN APRIL 1962

Dixon Callihan

Criticality was accidentaliynachieved at about 11 a.m. on Saturday,
April 7, 1962 in essentially unshielded plutonium-recovery equipment at
the Hanford Atomic Products Operation of the General Electrie Company. A
volume of plutonium solution, which had been separated from the uranium
and fission products with which it was associated earlier, was drawn by
vacuum into a cylindrical vessel where it became supercritical. Oscilla-
-tions between supercritical and subcritica; apparently followed during
the succeeding 37 hr and generated 8 X 1017 fissions. Dosimetric obser-
vations showed that three employees near the site of the accident received
exposures to neutren and gemma radiation totaling 110, 43, and 19 rem,
respectively. >No clinical symptoms'attributable to these exposures have
been ebserved, None of the 19 other persons in the building received more
than 2Afem. These exposures are not inconsistent with the plausible power-
versus-time pattern of the excursion, which was_deVeloped from the nuciear
properties of the materials concerned and an estimate of their quantity
and their loeation. The power excuision caused no rupture of process
lines or damagevto equipment, and the plutonium contamination problem,
which is normally present in these operations and requires that the equip-
ment be provided with containment barriers, was in no way aggravated by
the accident. AThe following discﬁssion of the nuclear power excursion 1is
a summary of the'report1 of the investigating committee that was appointed

by the Manager, Hanford Operations Office, Atomic Energy Commiseion, and
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was composed of staff members of the Hanford Operations. Office and the
Hanford Atomic Products Operation.

It is interesting to observe fhat this is the fifth criticality ac-
cident to occur in chemical operations within the history of nuclear
energy in the United States. The first of these was at the Osk Ridée
Y-12 Plant?~® in mid-1958. Another occurred at the Los ’Ala'méS‘Scientific‘
Laboratory,7:8 and two occurred at the Idaho’Chepical Processing Plant,

°-12  Tn the first two accidents, opera-

National Reactor Testing Station.
tions with unirradiated fissile material were being directly performed

by personnel,'és was also true in the Hanford accident, whereas the Idaho
accidents were in rembtely operated well-shielded equipment for process-
ing irradiated reactor fuel. Accordingly the exposures to individuals

in the vicinity of the Y-12 accident were as high as 461 rem; the exposure
which resulted in a fatality at Lbs Alamos was estimated at 20,000 rem; |
and those in Idaho did nqt'exceed 8 rem internal or 50 rem to the skin.

It is equally interesting to note that all the accidents, and particularly
those in directly operated equipment, occurred in fissile-material salvage

processes where inventory uncertainties are more highly probable and where

operations are less routine than in production operations.

Description of the Facility

The accident occufred in a multipurpose recovery system designated
Recuplex. The equipment for this operation is locatéd, in part, in Room
221, Building 234-5, as shown in Fig. 1. 1In this operation, plutonium
was being salvaged from various waste stfeams arising both within the

Hanford production complex and in offsite sources. The impurities from



' — . — R Unclé.ss‘ified,

" DECONMTALINIATICRIZS .

| 8246 & crycIBLE
| L H00D:

Fig. 1. Model of Hdod Arrangement in Room'221, (Fig. IV-2 of ref. 1, with
additions to show positions of solvent extraction columms H-1, H-2, and H-3 of Fig.
2.)

T
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which the plutonium was separated were primarily ionic, rather than
uranium or fission products. rThe Recuplex system cohtaihed dissolvers,
feed-preparation tanks, éolveh%-extraction éontactors, and the miscel-~
laneous auxiliary equipment necessary for chemical separations by solvent
‘extraction. The organic extractant was tributyl phosphate in carbon
tetrachloride, which essentially quantitatively removed‘plutonium from
the agueous feed solution in the extraction column and, also essentially
quantitatively, left the impurifies behind. The ionic impurities that
were carried into the organic stream were washed back into an aqueous
phase by scrub streams i?tfoduced at the bottom of the.first extraction
column. One of these scrub streams derived from the stripping COlumn,
where piutonium was returned to an aqueous phase, and was, in fact, the
product of the stripping column. In this recycling operation, plutonium
was not only purified but was concentrated to about 100 g/liter prior to
final discharge as Requplex product.

Since plutonium adheres strongly to dibutylphosphate, which is a
decomposition product of tributylphosphate, a small amount of plutonium
was carried out of the stripping column in the organic:eff;uent. It was
necessary to treat the effluent to remove this "unstripp&bie" plutonium
and, at intervals, the dibutylphosphate. This treatment fcrvplutonium
recovery was carfied out in Véssels auxiliary to the principal stream
and consisted of an additional solvent extraction of the ﬁlutonium into
aﬁ‘aqueouS'soiution of ferrous ammonium sulfate, sulfamic acid, and nitric
adid; Prior to achieving a plutoniUm.concentration of-3 g/liter, this
‘aqueous "cap" was transferred to subsequent process sfeps via a transfer

tank designated K-9. It was in tank K-9 that’the-critiéal volume of
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plutonium solution was accumulated. Tank K-9 was a cylindrical vessel
about 18 in, in diameter with a capacity of 69vliters;‘its 1ateral wall
was 3/8-in.-thick Pyrex glass;”its-top‘and bottom weie 1-in.-thick steel
plétes‘ | o

Thevnatural hazards‘aSSociated with processingwﬁiuﬁonium.require
equipment containment to limit the dispérsion of radiocactive contaminatioﬁ
arising in normal operatiohs,-éuCh as the mﬁchiﬁing of the metal, or from
accidental occﬁrrences, such as ﬁhe'rupturevof a liQuidacarryingwprdcess
line.. Confainment is often provided by compartments congtructed of -
transparent materials, plastic or glass, and equipped with @penings‘
tightly fitted with long»g;gve81to allow,manipulations-withinhthe Qom%
partménté. These are calléci‘ ,"v'glove boxes” or "hoods," even though they
may be the order of a hundred feet‘lbng to aC¢ommodate extendedﬂérocess
trains. The recuplex syétem oecupied several such‘hoods;-including one
-for the solvent extracfion‘equipment in which tank'K-9 Wés locatéd. ~In
some 1nstances the hoods were equlpped w1th relatlvely thln shields that
were de31gned to protect the operators from the natural rad10act1v1ty
of plutonium and-lts companion elements but which were not intended to
profect«against fadiafion arising»iﬁ‘a nuélearvaccidént of the magnitude
discuséed'here. | -
| Nuclear~safety, that is, proﬁection'from accidental achievement of
criticality, was-effected'in the Recuplex ?rocess-by imposing, ihdividually,
several of the usual llmltatlons, such as those on chemical- concentratlon%
~ and -on the dlmen31ons and shape of equlpment an& in some cases, by com-
blnatlons of two or more Qf these. Some -equipment, for example, was~?f“<

described as "geometrically unfavorable,” meaning that the dimensional
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restrictions assured safety provided the plﬁtonium coﬁtent, or the plu-
tonium concentration, did not exceed a predetermined value. Solutions

of cadmium nitrate wéreiadded to the'proceés stream in some instances.
There was no provision, however, for the addition of solid neutron-
absorbing materials, such as rings of borosilicate gldass. It is obvious
that tank K-9 could not safely accommodate its full capacity of plutonium ‘
solution without concomitant festricﬁions,'so, as noted above, the process
design limited the plutonium concentration to 3 g/liter, which is well
below the minimum concentration required for critigality-in an agueous
solution. The concéntration.wés administratively controlled by analyses

at points immediately upstream of tank K-9.

Operations at the Time of the Accident

‘During a period of several weeks prior to the accident, the extrac-
tion sectiqn of the Recuplex process had been used for cleaning the hood
in which that section was.located. This housekeeping chore was demanded
by an accumulétion of liquid and solid materials, and some in-between
phases, én the floor of the boxf The accumulation apparentlyvincluded
both organic éndAaqueoué solutions of plutoaiumAand reggents from legks
in the process plumbing; there were also neoprene gloves and plastic con-
tainers that had been temporarily disposed of by dropping them to the
floor. All in all the result was a conglomerate mess that was somewhat
rich in plﬁtoniumu Much foreign material had collected on the walls of
the hood and thereby reduced visibility qfrﬁhe interior, a factor of
some significance. The cleanup:entailed adding su;cessive vqlumes of

aluminum nitrate solution and nitric acid to the floor. These solutions
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were sampled and analyZed and then transfefred iﬁto tank K-9 in batches,
with the size of the batch established by the analyses. Cadmium nitrate
solutionihad previously‘been‘added to tank K-9 as'a safety'measure.» The
transfer from a sump in the £100r to tank K- vas by vacuum ﬁhroﬁgh‘a
temporariiy instailed«l-in{ediam plastic tube that was attached, through
two valves, tb,the bottom of tank K-9 and had not yetvbeén removed at the
time of tﬁe‘accident, although ﬁhe-floor cleanup, per se, had been satis-
factorily compleﬁed some days previdusly. There reméined tp be done, hbw-
‘ever, a necessary cleaning-of»the un&iséolved‘tarfyrﬁaterials‘from the
extraction system‘itseif before normal process operations could be re-
sumed. Difficulties with plugged'linés,»flooding of qolumns, and system
leaks were encountered in thié qleéﬁ éut, although the operation, which
was not r§utine, had been desé:ibed; as was thexentirevcleéning tagk, by
procedures properly prepared prior to its commencement.
Aipiecevof'equipmeﬁt of some importance and'appropriéteiy'ihtroduced
into the discusSiQn at this point was a geometrically favorable product-
receiver tank, desigﬁated,J-l, that was immediately downstream of.the
stripping column. It éouldvreceive solutions ﬁith plutonium concentrations
of up to lOO‘g/liter from the column. For the past several years, tank
J-1 had apparently been equipped with an'ovérflow ﬁhaﬁ sﬁilled solution
directly to fhe fléor of the hood’instead of into aicatéh tank, where'an
overflow of tank J-1 couid'have been'deteéted, as ﬁas formerly true. That
it could overflow direcfly to the floor in this manner was not known to
the directly associated OPerating orgenization and was not reflected in
the operating procedures. Thé reasons for alloﬁing solution to accumulate

knowingly outside the process piping were not made clear.
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In one phase of the rather complex operations, it was necessary to
use tank K-9 to tfansfer solutions of low plutonium content from one
process vessel to another, and this transfer could be effected through
either or both of two paths. Transfe; by one of the paths Qas prescribed
by operating procedures; transfer by the other path although not prescribed,
was not prohibited by the procedures. On occasion. the latter path was
employed because, in the opinion of some of the operators, the transfer
| could be made more expeditiously through it.  Flow through this path was
controlled by two valves in series, valves a and b, Fig. 2. It is probable
that not only was this unprescribed path used during the shift preceding
the one in which the gccident occurred but also that, at the conclusion
of the transfer, both valves were inadvertently left open.

Between the two valves in the unspecified flow path was a tee to. -
which was also connected,- through a third valve (valﬁe c},:the teméorary
plastic tube leading to the suﬁp’in the floor of the hood through which
the floor-cleaning salvage solution had been removed. It was intended,
of course,‘that this third valve be closed at all times except when re-
moving iiquid‘from‘ﬁhe sump. The valve was found closed after the ac-
cident.

Immediately preceding the accident some 200 liters of organic solu—
tion containing about 2 g of plutonium per liter had been transferred
“via tank K-9 from one vessel to another preparatory to further remoQal of
"unstrippable" plutonium.: A few tens of liters of aqueous phase, probably
quite lean in plutonium, which had been collected unintentionally atop
the organic solution, was then transferred by vacuum back to tank K-9.

The next step, the addition of reagents to the 200 liters of organic
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solution, was interrupted by the excursion which was evidenced by a flash
of blue light, the response of radiation detection instruments, the sbund
of emergency alarms, and, according to one observer, a sound resembling

that of an electric arc. Evacuation of the area by personnel was immediate.

Cause of the Accident

In order to establish the:cause of the accident, which ébviously‘ref
sulted from a critical accumulation of,plutoniuﬁfin tank K-9, it was neces-
sary to ascertain the‘source of the piutonium and to postulate avreasonablé
‘method Qf:transfer. From many pieces of information and observations, in- ‘
cluding examination of valve cdnditions and tests of their integrity,
chemical analyses of samples from all process streams and vessels; re-
views of records from continuously operating process instfﬁﬁentatidn,
and interrogation of operating pers@nnel, ﬁhe folloWing reconstruction of
events leading %o the accident was derived. Even so there remain incon- ' A
' éistenciesvand uncertainties, some possibly caused by’fhe delay in sampling"
enforced by the aréa being inaccessible. ' |

The conclusions point to the presence of 45 to 50 literé of solu-
tion in vessel K-9 at the time of the accident. AThé éolution contained
1400 to 1500 g of plutonium and ﬁas dilute in nitric acid and other
chemicals. Within a few hours prior to the incideht, an unobserved ovér—
fiow of an estimated 48 1itérs«of produét solﬁtioﬁ, ﬁavingda plutonium
concentration of about 45 g/lite:‘(2160 g of plutonium), probably occurred S
from the product recovery tank J-liand collected on the floor of the hood.

The deposit of obscurant materials on the insidé'of the plastic walls of

" the hood had reduced visibility so that an overflow of such a quantity
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might not have been observed. The presence of liquid on the floor was so
common that product solu@ioﬁ there at this time probably elicited no con=-
cern, even if it were noted. A likely‘source of‘the requisite quantity
of plutonium was therefore established.

Mention has been made bf the continued presence of the pléstic tube,
which was temporarily installed for the hood cleanup, and of fhe fact that
one-of‘the two valves (valyés.a and ¢ in Fng 2) separafing,the tube from
tank K;9, was found open after the accident. 'The-end of the tube was lo?

_cated in the floor sump. The one valve (¢) found closédvafﬁer the ac-

- cident must have begn opened, a£ least momentarily,vto substantiate the
most reaécnable reconstruction of the accidenf. No -evidence of the valve
being opened was presented by operating personnel. The valve was of a
ballfplug type requiring only a 90° tuﬁn‘of aAbaf handle from full open
to fﬁll closed. The handle was inside the glove‘box and an accidental
turn of it while manipulating another was unlikeiy but possible.

‘When re-entry of ﬁhé area was made, tank K-9 was found ventgd to the
atmosphere, a consequence, no doubf, of feﬁote manipulétion of the three-
way (vent vacuum K-9) val?e during the activitiesiwhéreby the safety of
re-eﬁtry was assured. There i#llitile question that taﬁk‘K-9 was under
vacuum at the time of the accident. Therefore a‘plausible path and meané
of movement of the SOlution existed.

Ah-hypothesizéd power-?ersus-time pattern 6f the felease, supported
by datavandncalcuiations, demands that the approadh of the sélution to
crificalify vas at a much slower ‘rate than:tpaﬁ«ﬁossiblé upon ihe addi-
tion of aPProximatély‘5O liters in the time available. ReaSonable means

existed, however, for further addition of reactivity in increments
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suffieiently small to account for the'observations aﬁd analyses. This

- final increment of reactivity may have been provided through diluﬁion of
the 1argér volume by the agueous "cap” of low plutonium concentration,v
which actually was added to the belleved-to-be-empty fank“K—9; the incre-
ment of reactivity may have been addedvby‘deaeration_Qf.the‘contents«of
‘'K-9 following the éddifion of the “capf; or the reactivity increase may
have resulted from settling of léw-pluﬁonium-containiﬁg4organic material
(carbon tetrachloride, a neutron aﬁsorber)vfrom the pluténigﬁ solution.
Any one or a combination of these three posSibilitieS'would be éonsistent

with the findings.

Personnel Response and Exposure

Following the audible radiation alarm{_prompﬁ'evacuation of‘person—
.nel from the entire building was affected according to well-established
emergency procedures. From the local asSembly,pqinﬁ,.all:pefsonnel were
transferred to the area First Aid Building, where a "Quiék.sért“ exami -
nation* not only correctly identified the three employées wh¢vwefe shoWﬁ
later by more sophisticated dosimetry'to have received doses greater than
2 rem but also excluded, with possibly one exception, all other'personnel
from the Signifi_can’c«-e}@osure category. These three exposed emplqyeesk
were in the room‘containing the exfractiog hood and were at distances
from the accident estimated to range from 5 to 26 ft. They, together
with a fourth employee whose exposure wgsvinitially uncertain, were

hospitalized. The fourth employee, who was later shown to have received

*In this test a Geiger-Miller tube is placed'against the éubject‘s
abdomen, he bends his body over the tube, and neutron-induced activity
in the body is detected.
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an exposure of about-l‘rem, was discharged the following day. The other
three were»discharged on the ninth day. |
A complete medical.feport describing the radiation effects on the '

three individuals receiving the greatest ekposuré will ‘not be issued until
the'completion of relatively long-term clinical tests.i‘A variety of im-
mediate cliﬁical tests and radiocactivity detefminations (includipg blood
pattérﬁ studies, testicular biopsies, ‘and measuremgnf of induced radio-
vactivity in body fluids; in hair, ‘in fingernaiis,fand in toenails) gave-
results thax-weré not incénSistent with exposureS'deiived from_physicai
dosimeters. There‘vas some variance because the expdsures-occurred at
shért~range and thefefore varied from part tb part of an individuai. The
presently reported whole-body exposures are, respectivély, fﬁr the four ..
individuals: (1) 63 r gamma ahd 24 rads neutron, (2) 23 r gamma and 10
rads neutron, (3) 13 r gamma and 3 rads neutron, and (4) 1.4 rem (esti-
mated). Baséd on a vélué of“z for the fast-neutroh RBE factor, these
whole-body exposure values confirm the total'eprsures listed earlier.
No qeleteribus effects attributable to these exposures had been observed
in any of the individuals at the time the reportl of the incident was

issued, that is, August 1962.

Behavior and Reconstruction of the Accident

It is bf interest to review the physical behavior of the critical
~volume, thezactions taken to suppress it, and the;rechstruction of its
cause and behavior. Radiation surveys in and around Building 234-5 during
the hour following the excursion revealed (1) a persisting gamma-ray field

and (2) the absence of alpha-particle contamination; the first signified
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continuation of the nuclear reaction, and the second implied the contain-
ment of the affected plutonium within the extraction hood. The continua-
tion of the reaction was soon confirmed by measurements within the build-
ing of neutron and gamma fields as great as-0525urad/hr“aﬁdu2.5 r/hr,
respectively. Since withih‘the next several hours the chain reaction ap-
peared to be decreasing in’intenéity; it waS'decided to allow it to ex-
tinguish itself, as it did, about 37 hr after its initiation.

The most. complete record of the history of the reaction was Obtainéd
from a recording neutron-sensing device located within Building 234-5 about
350 £t from tank K-9.  Although the recorder was off scale early in.the
period, a power pattern can be constructed. There was é rather :sharp
initial power peak of unéertain duration owing to the recorder being off
scale until 28 min following the excgrsion~(except for some indication
of an increase in the neutron field above background during the first
1.5 min, which possibly defines an increasing multiplication of the
ambient‘Pu24°‘neutron population as fhe solution approached.criticality).
In fhe second'hélf—hour period the intensity decreased exponentially, .and
thén it gradually further decreased during the next 34 hr (until 10 p.m.
on April 8). It then decreased rapidly to background some 24 hr later.
It is postulated that the volume became subcritical about midnight April 8
(37 hr after its initiation) and that background neutron multiplication
continued for another 24 hr, Impbéed on this pattern were many power
oscillations.

* Radiochemical analysés of 1liquid recovered from ténk K-9 and the

volume invblved, determined from a ring around the Pyrex cylinder, gaveA

the energy release as 8.2 x 107 fissions (6.4 % 106 calories), of which-_f
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about 20%‘appeared’in:the(initial unrecorded,fhalffhour'intéfval. The

decay during this interval wésréssﬁmed~te’be exponeﬁtigl.frem_its incep-'“
tion, with“the period observed’durdng theisecond-halféhour*interval; This

may be?a;gfp§s,Vbut uniﬁportaﬁt, Qver'Simplifiéation;t'The<pattern is not

) inconsistedt, however,_yith«the energy yield in the initial stages, as
ascertained.from‘persenﬁel:eXPOSureS‘and.from dosimeters.

Cessation of the~chain»reaction by meahS‘then unknown: demanded as-»
-surance, as 8§ prellmlnary to contact actlon and 1nvest1gatlon, that the
chain reactlom would not- be restarted At‘tbatmtlme-the~exact location
of the accldent waS‘not unequivoeally fixed, the mementary‘obéervation
of the glow having been not-entirely défiﬁitivet The use of?a~robot,to
gather 1nformation and to effect remedlal measures is perhaps the most
v fa801nat1ng part of the reconstructlon ThlS moblle one- handed device
with a closed-circuit - telev151on eye wae operable from a p01nt 100 ft
distant and around some - corridor cornersiftom the extraction hood, and
the eperator3waé therefere'provided:with cOnsiderable radiatien,protec—

. tion.in the event the reactlon started agaln it«ﬁas~eetablished‘that
the reaction occurred in tank K- .9, for example, by equlpplng the robot
with a highly dlrect;onal gamma—ray detector and_demandlng_that he scan
the hood. Tank K-9 was the only strong‘gamma-ray~source observed. The
robot also-placed 1ightS'and instruméﬂts, read meters; moVed equipment
and turned‘Valves The valve connectlng tank K-9 to-the vacuum header,
for example, was turned to vent ‘and observatlons on detectors prev1ously
placed by the: robot showed no- resultlng effect on the nearby neutron
field. The culmlnatlon:of many such actlonS'was-the reasonably assured

safe entry by personnél-who, still by operations moderately remote,
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drained much of the liquid from tank K-9. Cadmium nitrate solution was
added to-all vessels in the;Rééuplex system not geometrically favorable‘
and all parts of the system were sampled. . . '
Instrumentation was positioned ‘(some by the robqt) whereby the neu-
tron field could be observedlas the éolution was removed from tank K-9v
and an estimate could be ﬁade'ofva~critical volume by an apparent neutron
multiplication curve fakén in-réverse time,i-Tﬁé conditions ﬁecessaryvfor
criticality in the cylinder were also qalculated by~regctor=physics com;
puter codes based on reasonable plutonium concentrations and reflector
conditions. These many coﬁsiderations;Anot entirély internally consis-
tent and suffering from.unknéwns in such basic parameters as thevmass of
‘plutonium involved (for examplé, solids bea?ingiplutonium which might have
been suspended during at least é pgff'pf‘the period were found on the
bottom of ‘the tank), ailowed,a formulation.of a séquence of remérkably*
coherent events in &iew~of the cpmplexity of the normal proceSS'and,
particularly, of the specialépurpose Qpera£ions in progress at the time.
Thé hypothesized sequenc¢ éf events leading to and dﬁring the excur-
sion is described in the following summary. Approximately 1450‘g of
rlutonium in a solﬁtion‘with a concentration of iesé than 30 g of plutonium
per liter was added to tank K-9 from the hood sump,>and it occupied a
subcritical volume. The sldw addition of diluté nitric acid, bringing
the total volume to pefhaps 45 to 50 liters, gradually'increased the re-
activity and led to a small and slowly developing initial pulse of ap-
proximately 10%6 fissions, consistent with personnei exposure. Repeated
pulses were then formed and each was terminated by the presence of radio-

lytic gas bubbles until, after about 20 min, boiling ensued (at 60°C
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under the pressure in tank K49). As boiling,procéeded‘to reduce the solu-
tion vplume, the reactivity decreased, forcing a decline in power. Such
a decline ﬁould be‘expected to be'ekpcnential and, 1if ﬁhis analysis is
correct, was in progress about'thé time the neutron recordér came back -
on scale. After 2 to 3 liters of solution had boiled off, the declining
‘reactivity cbu’ld no longer maintain bulk boiling; thi's»_cdx;ditioﬁ developed
about 1 hr after initiatipn of the reaction. Following termination of
boiling, evaporative cooling and beat losses to tﬁé environmgnt,reduced
the temperature.and thereby adaed slight reactivity through the-negative »
temperature coefficient and established a qﬁasi-equilibrium éon&ition

that pefsisfed until the solution'reached ambient temperature. Then,

with the sourece of reactivity no longer present, the system beﬁame sub-
critical owing to further'evaporation which, in fact, continued until

the evacuation system was valved off. Since the volﬁme of the solution

in tank K-9 at the time of personnel re-entry was 39 liters, approximately

10 liters was removed by boiling and evaporation.

Restoration of Operations

Processes other than Recuplex occupying the same general area at
Hanford were shut down at the time of the accident on April 7 as a pre-
caution against personnel'exposures that might arise from the continuing
or aggravated nuclear‘reaction. Processes in buildings other than
Building 234-5, that is, those in buildings beyoﬁd a 1500-ft-radius ex-
clusion area, were reactivated on April 16. Those within Building 234-5,
except Recuplex, were restarted on April 30, As of April 1963, thé ‘
Recﬁplex processing*éystem héd not béen returned to service, and it will

probably be replaced by a more modern salvage system.
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‘Comments and Conclusions ~ - /-

The criticality accident that7éccur¥ed in the EaﬁfofdloﬁéfaﬁiOhs in
April 1962 is the laﬁééé-ofvthe remarkably few écdidents'of this kind
that have occurred in the céuntry‘é‘chemical and metallurgical processing
of fissile matériais.‘hfﬁé'facf that its cohsequenceé were not morefsevere
is a tribute to a Well-plaﬁned and well-ofganized emergency procedure
whereby personnel evacuated fhe affected aréa in a promptvand ordériy
manner. As has been true in related instances elsewhere, the cause.Was
not an unexpected phjsical or cheﬁical éhenomenon bﬁt, according to the
mos£ plausiﬁle reconstruction of e#enfs;'was a combiﬁation ¢f shortcomings,
some in the design of the process anﬁ the-équipment, some;in supervision
and administration, and some in the operation itself. The‘ value of the
accident to other operations is a re-emphasis of the need for care and' . -
caution on the part of all persons éoncerned in order to more completély
assﬁre safe operations.- | |

Although there were many items that confribuféd to the accideﬁf, it
is difficult to single out dominant ones, particularly since there aré’
uncertainties in the description of the way in which it happened. Measures
that would correét many of these items can be read into the description
of the occurrence. It is possible, in the opinion of this feviewer, to
make two genéral cémments. Salvage operations, because of the variety,
nonuniformity, and uncertainty in the process materials, must be ciearly
prescribed and carefully carried out. ‘Thisvneed is‘particularly apparent
in those procesée5vwith fissile materials where the safety ofifhé procéss-

ing‘depends, in part, upon parameters administratively controlled, such -
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as the chémical concentration of process solutions, and, in part, upon
more firmly fixed controls, such as the dimensions of equipment. Trans-
fers.éf_material between these areas must be done carefully and with an
understanding of the concomitant.shift in the manner of assuring safety.
The second comment has to do with an appaiently simple matter — good
housekeeping — upon which all types of safety éo-strongly*depend. It is
rather apparent, in retrospect, that the recovery process was made giffi-
cult by poor visibility of operations, fhat the source of the plutonium
existed unnoticed for the same reason, and‘that“this-pgrticular cleanup

was necessitétéd by a long-standing accumulation of waste materials.
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