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SUMMARY REPORT
of
ACCIDENTAL NUCLEAR EXCURSION
RECUPLEX OPERATION

234-5 FACILITY
APRIL 7, 1942

mtroduction

On Saturday morning, April T, 1962, & approximately 10:59 a.m.,
an accldental nuclear excursion occurred in a 60 iiter glass

tank (known_as X-9) of a Hanford'plutonium waste recovery fecility,
Recuplex. A% the time of the incident, Recuplex was not engaged
in normel operation. Personnel wer: essentially through with a
clean up of the faciiity which had started in March. -The investi-
gation conducted subseguent to the excursion éisclosed a con-
centrated plutonium solution of approximately 30 grams/liter in
K-9. The solution is believed to aave been suecked-up accidentally
from the Tloor of the Solvent Extraction (SE) process hood through
a ‘temporary one-inch diametexr plastic tube after i1t had found its

" way to the hood floor thkrough an over“low tube from a prcduct

receiver tank called J-1. The operators on duty, however, do not
recail manipulating the valve which would have effected the solu-~
tior transfer. The accidental nuclear excursion, which is the }
first to have occurred in any Hanford production facility, resulted

'in three men being overexposed to gamna and neutron radiation.

The radiation dose received by the thiree men is estimated to be
110, 43, and 19 rem, respectively. In each case the overexposure
was recognized promptly, and followin;; medical abservation and
testing, the men were returned to worl: in epparent good health.

The emergency plan was executed well. Fersonnel left the building
irmmediately. Responsible ARC and con“ractor management were repldly
notified of the event, even though the accident occurred on a week-
end day. The Emergency Control Centexr was activated and staffed
rapidiy with top management, consultants, and specialists. In-
dividuals thought possibly to be significantly exposed to radiation
were identified immediately and put under medical supervision.
Radiation doses recelved by all persons were guickly determired.
Control of entry snd exit of personnel to and from the accident

area was established early.

The excursion followed a generally predictable pattern. The course
of tne reaction comprised an initial vupid rise to a peak rate of
fission, a subsidence, a rise to one or more later peaks, and after
a perivd of the order of half an hour, the onset of approximately

a 36-hour period of declining rate of fissions. Final suberiticality
was probably caused by the loss of water, principally through
evaporation. It has bzen calculated that the total number of
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s>tween the time of the initial criticality and
{about 37 hours later) was 8 x 1017. cCalcula-
that approximately 8 x 1015 rissions occurred
receiving the highest exposurz left the room.
11 damage resulted from the excursion and chere
spread.

wce Recuplex had been made prior to the incident,
i been authorized for both design and construction.
1der construction now and is scheduled for com-
’64. The old Recuplex facilisy started out az

;h successive changes it had »ecome a production
of product output about twen:y times its

;y. Consideration of various factorg such as .

r Recuplex safety, the estimated available

sn reactivation and permanent replacement, etc.,
not reactivate Recuplex. At the present time

3 are being stored for recovery in the new

are being reclaimed by alterisate methods.

r, along with other plants at Hanford, is operated
~ic Compeny as prime contractor for the Atomic

and Process

r is a multipurpose plntonium recovery operaticn

r and purification of plutonium from waste stroams
tutonium Processing Plant and miscellaneour wastes
; both offsite and onslte.

:s8, feed preparation tanks, solvent extraction

laneous auxiliary equipment. A process flow
portion of the vprocess of imuediate interest
The solvent extraction process 1is performed in

ms. The feed solution is ccntinuously fed to

1 point of the H-1 column. This feed contains

1 nitrate salting agent, and plutonium, which

wily by ionic impurities rather than by uranium
By counter-current flow the aqueous phase

per cent tributyl phosphate {TBP) in carbon

in the column which extracts ‘the plutonium

;ively into the organic phase, but leaves the

:ntially quantitatively in the aqueous phese.

;am (CAS) introduced at the bottom of the column

ipurities back from the outgeing soivent phase

se. An intermediate scrub {CAIS) or product

<& fzot shove the CAS feed point concentrates

columns to about 100 grams perr liter.

»ntaining the plutonium is pumped to the top cf

. a counserflow of agueous strip solution (a
:tant in & 0.15 M nitric solution) transfers the
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plutonium back into an aqueous phase. This stripping column product
(¢CP) 1is initially or partially used as the intermediate scrub (CAIS)
in the extraction column (H-1l and H-2).  Recycling of product into
the system is continued until the concentration 1s about 100 grams
per liter, &t which point product is remcved from the top of the

stripping coiumn (H-3) and received in the product receiver tank

(5-1).

The organic solvent, virtually free of plutonium, .ieaves the hottom
of the H-3 column and enters the solvent treatment tanks (K-1 and
K-2). Essentially all of the piutonium in the effluent organic forms
a strongly organic-favoring plutonium complex with dibutylphosphate
(DEP), 'a primary decomposition product of tributylphosphate. This
trace of "unstrippable"” plutonium is removed from the organic phase
in the solvent treatment tanks (K-1 or K-2) as the organic phsse
falls through (and is periodically agitated with) an aqueous cap

(FS solution) of ferrous ammonium sulfate, sulfamic acid, and nitric
acid. After the plutonium concentration in this cap reaches about
three grams/liter, as determined by sampling in the K-1 or K-2 tanks,
the cap is transferred to the wash receiver tank (G-58) via the
transfer tank (K-9). Feriodically, the D3P is removed from the
organic phase with a carbonate wash.

Fig. 2 is a photograph of a model of the SE hood. This illustration
more clearly shows the physical locations of the equipment in the
hood, including the J-1 tank overflow point and the K-9 tank in which
the nuclear excursicn took place.

Fig. 3 is a pictorial flow diagram of the SE process. This figure
concerns itself malaly with the route bty vhich product solution
entered the K-9 tank, viz., from the J-1 tank via the J-1 overflow
tc the sump, and from the sump via the one inch temporary plastic
tube to the K-9 tank.

Gperations Prior to Incident

On February 22, 1962, it was recommended that the Recuplex operation
be shutdown to remove material which had accumulated on the floor of
the solvent extraction hood, and so the decision was made to shut off
all rich feed to the system until the sovlvent extraction floor could
be cleaned up and certain piping and structursl members could e
replaced. The material on the flcoor had accumulated over a pericd
cf months due to detericration of the equipment with resultant
leakage of iiquids to the hood floors. These liquids, composed of
both process organic and squeous soluiions, had attacked the de-
compesed, contarinated plastic bags and neoprene gloves which had
accunulated on the floor, resulting in some sludge re<sembling black
tar containing varying concentrations of plutoniurm. Detailed pro-
cedures'were prepared for this clean up program. The cican cut
occurred during the month of March, and the solvent extraction hood
floor was reported as clean on March 30, 1962.



The floor clean up procedures required that successive volumes of
aluminwn nitrate and nitric acid be added to the floors, sampled and
enalyred and, depending upon analysis, specific volumes transgferred
by vacuum through & tempcrary one-irnch plastic tube (which had been
installed on Msrch 1E:~1962 for this specifiic purpose) to the K-G
tank to which cadminm nitrate had previously been added as a safety
precaution. This material from K-O was then tyansferred to L-2, a
waste tank, sze Fig. 4, into a solution of water, nitric acld,
eluminum nitrate, sodium nitrate and mistrcn. This operation was
continued until four batches from K-9 had leen accumulated in the
L-2 tank, at which time 200 liters of contict organic containing

8 1iters of dibutyl butyl phosphonate was zdded to the L-2 tank and
agitated for twoc hours to extract tne Pu fxom the aqueous phase.
Then, it was sampled and anelyzed. The aqueous phase, when stripped
of plutonium, was discarded to crivs. The orgenic phase was washed
with an extractant composed of water, nitric ecid, ferrous sulfamste
and hydrofluoric acid. This solution was then run through the solvent’
extraction system for plutonium recovery and the organic thase was
saved for subsequent contacts. The procedure was rcepeated during the
month until such time as the floor wias cleaned. '

Following the floor clean up the Recuplex system became coated with
the undissolved contaminated, tarry Tloor material which required
that the system itself be cleaned thoroughly before it could be put
back into normal operation.

The system clean-out was initiated on Msrch 31, 1962, and was com-
posed of a series of hydrofluseci. =i flushes, followed by aluminum
nitrate *o complex the fluoride ion, starting at the waste tanks and
workiag through the system with basic emphesis on recovering the
plutonium and discarding the sludge-conteminated organic ard eaqueous
solutions.

During the above cperations considerable difficulty was experienced
with plugging of lines, flooding of the organic extraction columns,
and system leaks. Tuis caused considerable rework of both the organic
and aqueoue streams. The clean-out had prcceeded up to the point that
the auxilisry systems, i.e., organic receiver tanks (K-1, K-2) organic
transfer-dscant tank (X-9), and waste tanks (L-2, L-3, L-8) were in
the final stages of the flush, and steps were bveing taken to commence
clean-out of the extraction columns when the excursion took place.

The specific operations leading up to the incident were as fellows:

1. On the 12-8 shift on April 7, 1962, 55C liters of used contact
organic solution containing plutornium above the cribbing limits,
was moved from its storage tank ((3-36), shown on Fig. 4, to
waste receiver tank (L-2) and sampled. The analysis which was
reported on the same shiit showed 2.11 grams Pu/liter (later
corrected to 2.19 grams/liter), and that épproximately 1200 -
total grams of plutonium was in the tank. The shift specialist
decided to wash part of this organic to reduce the Pu content.

i
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Approximately 130 liters were moved from 1L-2 back to G-36 and

200 liters were to be drawn in four bstches from L-2 to K-9

tank by vacuum and dropped by gravity to the K-2 tank for wash-
ing with an aqueous phase containing ferrous sulfamate and hydro-
fluoric acid to extract the piutonium. This aqueous phase, after
sufficient contact time, was to be decanted into the XK-9 tank and
then pumped to the G~58 tank for later use (see Fig. b)

On the 12-8 shift, the first transfer of 55 liters was made from
the L-2 tank to K-9 and dropved by gravity to the K-2 tank. This

e maim ot e AP mam wwm e smer Al Taer Adaemrrd vn e e ~ v o~~~ "y
transfer was made by drawing the materisl back through the 1#31

valve into the bottom of K- because it was thought to be a
faster means of transfer than through the normal routing through
the 506 valve into the top of K-9. It was reported by the
operator on the 12-8 shift that there was essentially nc agueous
layer on the organic in K-9, although this could have been in
error due to the poor visibility in the hood and the difficulty
of seeing in the tank from the operating floor levedi.

The 8- shift contirued the transfer of contact organic from

L-2 thru K-9 to K-2 by opening valve 506 (shown on Fig. 4)

which is the normsl route from L-2 to K-9. The 543 and 431 valves
opened and used for transfers by the operator on the previous
shift, and reportedly left open by him, apparently were not closed
by employee No. 1, the employee who conducted these transfers.
This allowed material to be moved into X-9 from L-2 by two routes
sinmultaneously. This transfer continued intermittently during
the morning of April 7, 1962, until a total of 2 or % batches

of approximately 50-55 liters each had been transferred into

K-2 tank. (Operator recollection is hazy as to whether 3 or b
batches were transferred). The intermittent operation occurred
due to interruptions caused by a flooding condition in the solvent
extraction columns which required the operator's attention.

At approximately 10:30 a.m., a process operator (Employee Ho. 18)
relieved the regular operator, Employee No. 1, for personal relief
and finished transferring the last 25 liters from L-2 to K-9.

He dropped a total of 50 liters into K-2 from K-9 and notified
the regular operator; when he veturned, that the transfer had
been completed. The regular orerator then took over and reported
subsequent to the incident that there was an aqueous cap of

10-30 liters on the top of the organic phase in K-2 with a total
of 210 liters of orgenic in XK-2.

The operator started a vacuum decant of the cap from K-2 vack

up to K-9 and was in the process of getting ready to add wash
chemicals (ferrous sulfamate and water) from K-8 (chemical
addition tank) to K-2 when the incident occurred in X-9 tank.
Employee No. 1 stated that "I had started to open my K-8 to K-2
chemicsl addition valve" (433) when he saw a blue flash and heard
a sound like that made by the drawing of an electric arc.



Description of Accident and Postaccidert Events

The 23%-5 Building, of which Recuplex operation iz a part, end the
immediste environs contained 24 personz at the time of the accident.
Twenty-two of the twenty-four persone were in the 234-5 Building, and

two patrolmen were in a nearby Gate House, 2701-Z.
these twenty-four employees are briefly indicated bhelow.

The duties of
Since the

ace.dent occurred on a Saturday, most ¢f the people normally assigned
to day work in the building were absent .

Enployee Emypiloyee
Eo. Job No. Job
*1 Process operator i3 Process operator
2 Patrolman 1k Process operator
3 Engineer 15 Process operatoer
I FEngineer 16 Engineer
5 Power operator *1 Specialist in Recuplex
6 Accounting clerk : 18 Process cperator
7 Power operator 19 Patrolmen (in 2701-Z)
8 remical analyst 20 Patrolman (in 2701-Z)
S Technologist 21 Fipefitier
10 Laberatory Leader 22 Chemical snelyst
11 Radiation monitor *23 Utility operator
12 Utility operater 2y Process chenist

The operator (employee #1) was standing directly in froant cof and
somewhat below X-9 {his head is estimated to have been three feet
in front of and four feet below the center of K-9). He reported
-that the flash was above him, and in K-G or possibly to the right
of K=9 by a foo’ or two. HEmployee #17, the shift specialist, woc
standing a few feet to the resr and left of employee #1. His view
was somevhat obstructed both by employee #1 and by the lead shields
which stand in front of the hood. However, he alzc saw the flash
and heard the sound rerorted by employee #1, and generally agreed
with employee #1 as to the location of the flash. Employee #1
described the flash as having a "jagged" appearance, "somewhat like
lightning". (Bmployee #1 has an apparent muscular imbalance of his
eyes, which might make his visual observations somewhat unreliable
under some conditions. This eye imbalance isg a condition of long
standing and antedates the accident by some years).

Employee #1 heard the building popples first, followed by the
criticality alzrm siren in a very short time. He turned cne of the
emergency switches which shuts off power to certain process operations
and left the area immedlately. Employee #17 also left instantly by

*Employees overexposed
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a different route. Enployee 723, who was on the mezzenine floor also
left prompily, as did a pipefitter, employee 721, from an erea which
was’ egsentially a part of but s~mewhat shielded from the operating
. area. All hut two of the 22 employees in the building also evacuated
quickly. One of the two was employee #7, & pover operator who was
at work ir ihe attic of the building et the end awey from the Recuplex
" Area. This employee was (iscovered to be missing when an informal
accounting of those remembered to be in the building was made by other
employces at the 234-5 badge house. Imployee #7 was called on the
telephone from the badge house and immediately left Building 23%+5.,
He had heard the alarm but thought it was an alarm attached to some
-of the equipment for which he was responaible, and accordingly was
investigating this possibllity when uclephoned The other employee
vhose exit was slightly delayed was employec #5, an aceountability
clerk, vho psused to lock up her safe. These two employees took
about four and two minutes, respectively, to reach the gete hounse
All the others were at the gate house in a much shorter time. All
iit. one employee in the 23%~5 Building left by the most direct route.
A1) but one of the emplcyees in the building et the time of the
accident were wearing their film dcsimeters. The exception had his
£11m dosimeter on his coat which was hanging a few feet [rom hiu.
A few supplementary dosimeters (finger rings, neuiron bvadges) were
being worn at the %time of The accident.

fher leaving the vuiliding, all employses ccngregated either in the
2701-Z Gate House or on the rortheast side of an adjacernt wuilding,
using it as a shield from the 234-5 Puilding. A radiation monitor -
vhe had been present in the 234-5 Building lef™t by a back exit, got
into a pickup truck, and drove prowptly around to the Cate House. He
was 8ble, therefore, 12 make radiation measurements almost immediately
in.the Gate House and warn all personnel to evacurte further since
dose rates up to 200 mr/hour were registersed. Most of- the 23h-5
Building personnel boarded the evacuation bus and were, driven to the
200-W Area First Aid Building. uone others had privatb care which
wvere nsed and pairol vehicle:s transported the rest. ﬁproximately
five to {en minutes elapsed between the time of the incident and
evacuation of the Gate House. :

A patrolman who had been in 234-$ at the time of the slsrm went at
once to the Gate House where at 11:02 a.m. he notified the 200 West
radio operator (by telephone) that the 234-5 alarm had sounded.
Immediately following, a second patrolman also at the Gate House
telephoned the 200 West radio operator that the alarm appeared
genuine. The radio operator contacted the pstrol lieutenant in
the 200 Area ard 4ispatched two patrol cars to the 23%4-5 vicinity.
At 11:07 a.m., the radio operator notified the Emerrerncy Patrol
Nfficer in Richland of the incident although the radlo operator did
not yet know the nature oI t“* emergency.

Fnployee #17, who was thﬂ senior supervisory employee in the building,

. telephcned his Section h&nager in Richland with the news of the
accident st ebout 11:03 a.z. This was probsbly the first external
notification of the accidént.

)
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Upon arrival at First Aid, all employees were given a "Cuick Sort"
check, i.e., a Gelger-Mueller tube was placed on the atdomen, the
employee bent his bhody over the tube, and the count rate due to any
neutron-induced activity in the body was measured. 3everal, but not
all, were also given immediate contamination surveys. In addition

to the Quick Sort procedure, bioassay samples were taken and dosimeters
were exchanged. L

The Quick Sort procedure identified three employees [#l, #17, and #93)
as having sufficient induced radioactivily to warrant their being
put under immediate medical observation.

These three employees were sent to the hospital in a radio patrol
car, leaving the 200-W Area &t 11:32 a.nm., and arriving at the
hospital in Richland, a distance of approximately 25 miles, & few
mimites before noon. Upon arrival, tbe three employees were first
given an examination for radioactive contamination, which required
only a few minutes. During this examination, a Company physician -
- arrived and took charge of the three patients.

Meanwhile, in the 20C-W Area, the following events were transpiring:
Fmployees #10 and s11 (e Leboratory lLeader and a Radiation Specialist)
immediately following the evacuation to the First Aid Bullding started
a survey of the 234-5 Building perimeter fence snd roadways, finding
no contaminaticn and radiation levels of about 50 mr/hr at the Gate
House. They alerted personnel in surrounding plants and also obtained
spare instruments from one of the plants. They checked the lawndry
brilding for contamination since all of its beta-gamma detector in-
struments responded at the time of the excursion.

Enployee #24 had arranged for barricade of pertinernt roadways upen
~evacuation.

The contractor's Manager of Control Cperation, Finished Producte, who
had been telephoned st his home in nesrby Sunuyside, Washington, by
employee #24, arrived a few moments before noon. Fmployee #6
(Accounting Clerk) was found at the urea gate and instructed to return
to the First Aid Building. rangements were mede at First Aid to
obtain bioassay specimens from all personnel, including the patrolmen
in the area, to send all health badges in for processing, &nd also

to perform the Quick Sort procedure for the patrclmen and employee #6.
Employee #21 was then sent to the hospital dYecause he had been moder-
ately near the source. ZEmployees #10 and "1 returned from their tour
at about 12:20 p.m. and reported everythi. ander control. They were
requested to stay out of all radiation zones.

The contractor's Control Operation Manager arranged for an AEC
Security man and an AEC Safety Engineer to drive him to the 2345
Building for the purpose of retrieving three radiaticn monitoring
personnel from that Butlding. These three radiation monitoring
personnel had re-entered the 2345 Building at about 12:15 p.m. for
about 15 minuses. One man kept time while the other two made surveys
with gemme-tsia sensitive instrumerts and recovered a Hurst dosimeter
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from Recuplex and one located near thke south door to 234-5. Tose
rates as high as 5 r/hr were measured by this team in Recuplex.
Readings outside the bullding were also made by this team and ranged
from 10-50 mr/hr from the door on the northeast side of the building
to the main entrance on the north side of the building. Inside <he
building dose rates up to 350 mr/hr were measured on the top of the
stalrs inside the main entrance, and in a corridor. No alpha con-

- tamination could be found. On emerging from the 234k-5 Building, the
three monitors were met by the Control Operation Manager, AEC Sefety
Fngineer and the Processing Operation Manager who had just arrived.
They were ordered to leave the area immediately.

It was decided to make neutron weasurements. The nearest BF3 instru-
ment available cutside the 234-5 Building was in a buillding about

100 yards away. The Rediation Analyst from & nearby plant who had

Just arrived with other monitors was dispatched with a patrolman to
obtain it. Tt was observed and reported at thisz time that the nuclear
reaction wes continuing. At about 12:40 p.m., the contrzctor's Manager
2f Produvction of the Chemical Processing Department arrived at the
234.5 Gate House from his headquarters at the 200-W Patrol Building,
and, subject to the direction of the Emergency Control Center in
Richland, took firm charge of fleld operations. All perscnnel vere
withdrawn to the Patrol Building, end First Aid and Laundry operations
were shut down. By this time a considerable nuuber of radiation v
monitoring personnel and scme technically trained supervisory personnel
had arrived from other areas in the plant and from Richland.

Events in Richland

In Richland, mobilization of the Emergency Contrcl Center (ECC) was
nroceeding. At about 11:10 a.m., the AEC duty cofficer in Riehland
was notified of the accident by the Patrol Duty Captein in the ECC.
This station is manned by GE Patrol 2k-hours a dey, 7 days a week.
Other telephone notifications to AEC and GE top management followed
in quick succession. By approximately 11:25 a.m., persons who had -
received these telephcne communications began tc arrive at the Center.
These included the Manager of the Chemical Processing Department (of
which Recuplex is a part), the Manager of the Hanford Leboratories,
the Genersl Manager of GE-HAPC, the Menager of the Richland Operations
Office, the Director of the RLOO Production Division, and many other
specialist in nuclear safety, criticality, radiation protection, and
the Recuplex Operatiocn. Within the first hour after actlvation of
the ECC, the following events tock place:

a. Barricades were requested to control traffic approaching the
200 West Avea.

b. Environmental survey teams were dispatched to evaluate any
resultant ground contamination.

¢. Radiation monitoring assistance was sent to the 200-W Area.
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d. Xadlec Hospltal was notified that three men who were involved
in a radiation accident were being brought +o Kadlec. Radistion
Specialists were sent to Kadlec to await arrival of the men.

e. The 3705 Building‘(film badge processing) was activated to
provide persconnel dosimeter evaluation.

f. The 329 Building (radiclogical analysis) was activated to provide
counting of the criticality dosimeters, blood semples, and other
activated materiasls which could help in the dosiretry evaluations.

g. FPericdic reporfs from Meteorology - particularly wind directions
and speed - were requested and utilized in directing the environ-
mentel survey teams. '

h. Teechnical assistance was dispatched to the 200-W Area. Ag noted -
above, the Manager of Production, Chemical Processing Department,
was dispatched from the ECC to be Field Operations Manager during
this period also, zarriving and setting up his command post in the
200-W Patrol Headquarters at about 12:34. There was constant
communication between the ECC, 200-W Area, various patrol posts,
an:sl cars.

By 12:40 p.m., April 7, about one hour and LO minutes after the
accident, the ECC had been activated, s Field Operations Manager
had been established and had gone into action. The situation
thus entered a new phase, in which it continumed ntil it was
established that the chain reaction had ceased.

Realization that the chain reaction was actually continuing appears
to have crystallized about 12:35 p.m., although the possibility had
been recognized frow the first. When this fact became known, the
principal aim of operations became the avoidance of any act which
would cause an intensification «f the reaction, and the development
of means of safely stopping the resction. It was quickly decided
that no further entry of personnel to the 234-5 Buillding would be
pernitted except for the correction of condiiions which might sther-
wise cause further serious damage. Accordingly, only the following
additional entries were carried out: ‘

1. Two men entered to shut off a dissolver left ruaning in one of
the lsboratories fabout 1:50 p.m., April 7). :

2. TFour men entered to shut off five electric appliances known to
have been left on. While in the building, they also recovered
the remaining dosimeters, and radiation levels in the building
vere noted and mapped. Both neutron and gamma-beta senzitive
badges and instruments were used. Dose rates up to 2.5 r/hr
and above 250 mrem/hr neutrons were encountered. A laboratory
gas burner was shut off from outside the building at the gas
bottle manifold. :

Radiation levels at variousz points in the vicinity of the 2345
Bullding were taken. Within about elght hours, it began to appear
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that after the first two or three hours (before fully systematic
observations had staried) the chain reaction rate had been de-
creasing. For this reason, although a number of proposals for
stopping the reactlon had been made and seriously considered, it
was concluded that the best course of action consisted of allowing
the reaction to die by itself if it would do so, as seemed likely.
Fig. 5 shows the measured neutron counting rates at a point about
110 feet from the K-9 tank, and somewhat shielded from it by con-
crete walls. As shown on the chart, the neutron flux dropped to
background about 37 hours after the accident. Camrma measurements
taken during this period are in agreement with the cessation of
the chain reaction at about midnight. April 3.

By 3:00 p.m., April 7, top management bad created three distinct
groups :

1. A Working'GTOLn, to investigate all the aprroaches that might
be taken with ultimate objective of safely cuenching the
reaction. ¥nls group was to create plans, but could not put
them intc efiect w;upOuu avproval of an Advisory Council.. The
Working Group was aade up of employees having detailed technical
and O“Gf&thﬁdl,famllia 1ty with the Recuplex facility

2. An Advisoxry Counc1l,\<% review and approve the plans of the
Working Group. The Advisory Council was made 1 up of senior
technical nanagément individuals, one of whom was the Manager
of the Chemic&l Proce851ng Department. :

3. An Investigatlon Committee, made up of synlor bnchnlcal staff
of management ﬁersonhel charged with deLermlnlng the cause of
the accident if posclble, and with making revommendations to
prevent a revurr@nce‘ i

(‘ Pof
This Committee was cdnposed of two RLOO expfdy%e;.gone of whom
was Chairman, und five GE-HAPO employees. adﬂﬂulonal GE
employee wno had cquiderable technical bachg*ouﬁm in the field
of interest « Tv?d‘as secretary of the Lommi*tpe {

Termination of the. Chaln T'eza.r'tzon meant that the cbjecblve of
operations vecane prlmarily to assure that no chain %eactlon could
recur, and secondarlly,=uo acquire information vhich wbuld enable
a valld explanation of how the dcc1den1 nad occurred;

1. Steps to Render: iclll%y Safe

ININ N A A YA

k3

It was determined “hat the first ster vould be vn‘ry by a
small remét e]"-controlled robo+ which had been cd utructeﬁ

for use in theievent of a reacwor accident requiriing the remote
handling of 1rrad1ated fuel sIugs \F;ﬂf €). Thiy device was
rigged up to tarrv telev1sieﬁ cameraiand other: equlpmenm

The TV camera enahled the remately-51bpa+ed operdtor to sbeer
the robot clear OF obpfructlons, and aloo to perjorm a variety
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of manipulations. The TV camera also made it possible to obtain
readings of gages and dlals remotely, withoul having to send a
man into the process room itself. The TVRM (Television Robot
Monitor) made numerous entries, ccontrollesd by an operator
situated in a corridor sbout 100 feet from the suspect tank

X~9 and enjoying some protection from intervening walls. It
was esiTmath that in the event of an exeursion in K-S of

5 x 10 iseions, the TVRM operator would receive a dose less
than-one rem. (The original excursion plus the subsequent
periods of fluctuating or sustained chaln reaction was then
estimated to have involved about 4 x 10+7T : Pissicus). Thus,
operations with the TVRM could be conducted in relative safety
insofar as personnel exposure was concerrned. Early entries
were Tor the purpose of reconncitering the status of the room,
reading dials and gages, placing lights in strategic locations,
moving furniture, equipment, ete., out of obstructive positions,
and placing instruments where needed. These entries confiimed
that there was no mechanical damage outside the hood, that all
external gages read as they should have at the point in the
process where the accident occurred, and that there <ras no
alpha contamination above normal background in the room. The
most significant result was obtained when on April 12 the

TVRY was equipped with a highly directional gamma probe, and
the hood was surveyed for gam:ma. activity with it. This survey
Gisclosed unmistekably that tank K-9 was the only strong source
of gamma radiation in the rodm, thus con “irming that the ex-
cursion had occurred in K-9 and that the resulting fission prou-
ducts were still confined to*K-9 and not outside 1t, e.g., in
the glove box sump.

T

Attentica turrned next to tha problem of restoration of K-9 to
atmospheric pressure. At the time of the sccldent, the vapor
space in K-9 was connected uO a vecnun manifold (it is by this
means that liquids are movad into X9 from lower tanks). The
pressure in the vacuum manifold was' possibtly as low as about
26" Hg subatmosphéric. It $eemed possible that there might be
boiling of the liquid i K-9 or air in-leakage through con-
nections to the bottom of K=9. Inj ‘either case, the average
density of the liqgid layer: in K- 9 would te reduced by the
beiling or sparging, and itvseemed possible that the condition
of oubcrltioa_lty might be being maintained by this means. In
that case, restoratlon of atmospherlc pressure might cause
another nuclear excurs¢on (For this reason, an important con-
cern during this perlod was to assure the maintenence of the
“vacuum. Fortunately, the vacuum pumps were located outside
the building proper ard so were ,ccecsible with little rlsk )
A valve located on top of K-9 codtrolled its communication with
the vacuum header, actuaiion of this valvo would shuu off
vacuun and vent the tank uO the heod. atmos sphere. iThe valve is
an, a*r-aﬂtuaoed tyne, and: is in turn ‘controlled by a control-
panel—moun+ed a*r valve. Turning thp: anel~mounted valve 90o
should actuaup cne vacuum~vent valve on K—Q

e
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It was Jecided, in view of the risk of criticality, tc use the
IVRM to turn the panel-mounted valve. However, on the first
attempt (April 13), due probably to the awkward angle at which
the TVRM had to work, the wnlwve hrndle was broken off, leaving
only a shert stub. It was then necessary to make a special
tool. for the TVRM by which, on April 14, the handle was success-
fully turned. The crucial parameter under observation at this
time was the neutron flux as reccrded by Instruments previously
placed in the vicinity of K-9. WNo significant change in flux
whatever was observed, thus indicating no change in multipli-
cation in K-9. However, it was impossible to be sure whether
this meant that vacuum had been remcved from X-9 without causing
criticality, or whether the K-9 vacuum-vent valve had simply not
been actuated. This possibility Lad beer. foreseen, and could
have been obviated by simply shutting off the vacuum pump, so
that the entire vacuum header would come quickly tc atmospheric
pressure. However, this procedure nad been rejected because it
might result in suck-back of liguid from the vacuur header into
K~9, and a resuiting renewal of criticality. The next step,
therefore, was to close the valve connecting the vacuum trap
(J-6) to the vacuum header. This trap, located between K-9

and the vacuum header, was indicated to be empty by the gage
reading as seen with the TVRM camera. Frior to closing the

J~6 valve, however, the TVRM was again used to survey the SE
hood floor and tanks. The survey showed 211 the Ffission schivity
still to be in K-9. Had there been a sizable leak below liquid
level in K-9, some fission activity would have been expected to
show up on the floor upon shutting off the vacuum. The survey,
therefore, showed that either no such leak existed, or that the
vacuum had not been shut off of K-G, or both.

The J-6 valve was shut off on April 16 afuer spending consider-
able effort in evaluating the risks involved if it should
develop that, contrary to indications, J-i contained liquid
and the K~9 vacuun-vent valve was still open tc the vacuum
system. The closing of the J-6 vacuum valve was uneventful.

During the above described cperations, plans had been under
intensive study for the removal of at leszst a large part of the
contents of K-9 to a geometrically feversble vessel. The plan
adopted involved sucking the contents of K-O cut through its
sampling tube, which was to be commested Lo a long plastic tabe
teminating in a geometrically favorabie tank located in & room
in the laboratory wing of the building about 130 feet from H-0.
However, before this or any other rlan of similar purpose could
be adopted, it was judged necessary to send a human observer
into the room. Since this represeated a distinct depurture
from previous operations, new procedures had to be devised and
evaluated. Initially, the observation team (two were always
sent) was permitted only to cbserve conditions, and to take
instrumental readinrgs. - They were forbiddea to touch any valves
or to operate any controls. They were required to stop at
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stated points and wailt for determination that their presence was not
affecting the neutrcen multiplication, although indications and cel-
culations were that K-9 was safely subcritical. This observation
procedure was carried out on April 18. The K-9 drainage procedure

" above mentioned was adopted and executed successfully on April 20.
The turning of the valve which allowad the contents of K-9 to be
removed through its sample tube was accomplished by an electrically
driven, remotely-operated actuator, bailt for the occasion. The
connection of the plastic tube to the sample valve handle had to be
performed manually. Of the approximasely 39 liters of liquid in
¥K-9 at the start of the removal, about 25 were removed to the ex-
ternal tank. The operation proceeded smoothly. A sample of the
extracted liquid was analyzed and found to contain about 34.8
grams/;iter of Pu and fission product activity equivelent to

2'x 1016 fissions/liter. It is thus implied that the solution in
K-0 contaiaed about 1360 gramg of Pu, and that the fissions in the
incident came to about 8 x 1017,

Although the most obvious criticality hazard had been removed by

the actions just described, there was some uncertainty as to the
‘quantity, type (orgsuilc or aqueous), Pu concentration, snd other
‘chemical composition of the contents ¢f the other tanks in the

. area. t |was clearly necessary that these vessels be sampled, but
that significant residuel criticality risk must be assumed still

to remain, Although K-9 had been identified as the vessel in which
the excursion had occurred, the manner in whick the Pu concentration
had érriv'd at K-9 had not been determined. The next step, there-
fore, was to add cadmium nitrate solution to these vessels in
Recuplex which were not geometrically favorable and in which there

' was any significant probability of plutonium in exritical quantitiles.
In planning this step, it was believed necessary to take & very
rongervative view of what mignt be contained in any given teank

since data available permitted only rough estimates in some cases,
and the fact of the accident itself inlicated anomalous conditions

in the equipment. Cadmium nitrate solution addition could con-
ceivebly have caused another criticali®y under adverse conditions.
Addition of the cadmium nitrate sclution was accomplished on

April 24 and 25. A line through which one of the additions was to
be made was found to be plugged, and a new procedure had to be de-
vised For introducing the /solution into that tank, K-2. It was
necessary to agitate the ﬁontents of esch tank to which cadmium
nitrate was added to assure that it wovld be effectively distributed.
This was done using the $egular process agitators, but wired so that
they could be turned on pr off from a remcte location. This obviated
the necessity for a man to be present in the room during agitation,
when, conceivably, a temporarily critical condition could have been
caused. The agltation ias completed without incident and a number

of samples were taken for chemical analysis on April 25.

Procedures for systematically taeking and anslyzing samples from 21l
tanks were then carried out over a periond of several weeks.

- 14 -



The Investigation Committee began its inquiries by first interviewing
the men involved in the incident, the operators on several shifts pre-
ceding the incident, and other staff and management personnel. These
-inquiries failed to disclose precisely the cause of the incicdent.
Therefore, the Committee asslsted by numerous individuals of the Chemical
Processing Department, GE-HAPO, sought to determine the cause of the
 incident by obtaining a complete chemical analysis of each vessel, by

| noting the position (open or closed)] of each valve, and hy \etennin*ng‘
the as-built location of all pipe lines, tubes, ete. Many types of
records: were examined but in spite of careful review of a large mass ofj
evidence and testimony, it was not possible for the Committee to develop
an explanation of the accident which completely egreed with all the .
technical date or all the persomal testimony. An acceptable explanation
was, however, developed. The most plausible explanation of the accident
comprises the following statements:

1. Durlng the latter part of the 12-8 shift on April 7, product solution
flowed intermittently from the top of column H-3 {solvent extraction
stripping colamn - see Fig. 3 for flow diagram) to vessel J-1 (a
product receiver tank) end was intermittently removed from J-1 during
this period. However; during part of the period, input sufficiently
exceeded output to cause J-1 to £111 and then to overflow. The over-
flow went via a line provided for the purpose to the floor of the
SE hood.

2. At some time within several uminutes befcre 10:59 a.m., and while
suction was on tank K-9, valve #94l4 was cpened, allowed to remain
open for a few minuies, and then closed. This resulted in sucking
some of the strong product solution from the sump (where it was in
a thin slab geometyy and therefore, necessarily suberitical) into
K-O where its geometry became such as to make it almost critical.

After the accident, K-L contained about 39 liters of aqueous solution
of 34.8 grams/liter Pd concentraticn plus & ecrudely estimated 68 grams
(mex.) of Pu in soTidé and a few hundred milliiiters of strong organic
Pu sgolution in the lowur connected piping for a total quantity of
1400-1500 grams of Pu. From certain instrument flow charts it vas
estimated that a total volume of about 48 liters cverflowed from J-1

to the hood floor between the hours of 6:00-8:00 a.m., on April 7. The
Pu concsntration found in the J~1 tank after the accident was 34.4 grams
rer liter, but the concentration in the J-1 liquid during the interval
6:00-8:00 a.m. was estimated to have been aboubt L5 grams/Witer average.
Hence, the Pu overflowing onto the floor was about 48 x 45 = 2160 grams.

Brown rings left on “ie glass walls of K-9 suggest that the volume of
the solution at the time of the accident was sbout 45 liters, which
decreased by evaporation and radiolysis to the 32 liters found after-
ward. The concentration o Pu in the original XK~9 solution would then
have been about 30 grams/llter The difference between the 45 grams
per liter concentration in the overflow to the floor and the 30 grams
per liter in K-9 is accounted for by assuming dilution of the floor
solution with aqueous phase drawn from L-2, througa K-9 and thence into
X-2, where it formed the 10-30 liter aqueous cap reported by both the

- 15 -
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i
8-L4 shift operators. This solution would presumably be of [the same c:innw
centration as that later found in L-2, i.e., G.118 gram/liter. Mixin
of the two liquids in the ratio two parts J-l overflow to pne part L-2
aqueous phase would give 45 liters of 30 grame/litcr solutfion ir X-9.
Such a calculation is obviously not very accurate, since does not
take inte account possible dllution of the J-1 overflow while con the
floor; however, the impression given by all the operatcors was that there
was only a little liquid (of the order of several liters) on the floor
during the day or two before the accident.

E. Measures Which Would Have Prevented the Accident

Certain conditions existed in the Recuplex facility on April 7
which were necessary to the accident, and which were not necessary
tc operation of the equipment. rroction of these specific con-
ditions would probably have presented the accident. The conditions
referred to are:

1. K-9 was geometrically unfavorable, and although the St To~
duction into it of fixed poison had been considered, no such
poiscn was present.

On at least three previous occasions there had been "over-
bateh” incidents in K-9, i.e., the specified maximu guantity
of Pu allowed in the tank at any one time had been exceeded.
Because these mass limits are set quite conservatively, there
was no criticality in any of these cases. Partly as a result of
these incidents, the iInstallation of Pyrex glass raschilg

rings in K~9 had been considered. The boron contained i. the
Pyrex would have been a powerful suppressant of neuhron multi-
plication. However, there were some objections to the in-
stallation of the rings (mixing of the contents of the tank
would be more difficult, hold-up of liquid on the surface of
the rings would be increased, sampling would be less reliable).

2. K-9 was not equipped with an alarm-sour:ding neutron counter
which would signal the presence of too-large quantities of Pu.
The instellation of a neutron counter éwhich would sense the
spontaneous fission reutrons from Pl 2k } for detection of
too-large quantities of Pu in K-9 had also been discussed.
However, no decisive action hed been taken, it being indicated
that a counter of the type desired would be quite expensive
and further study seemed desirable. . Counters are avaiiable on
various of the process vessels, but in order to get a reading
from them; one must first set 2 selector switch to the counter
of 1nterest, since several boun+erslfepd into the same meter
through & selector switch. No counuer was installed on K-O.

3. The direétly associated operating organization did not realize
that a J-1 coverflow would bypass J-5. :

Until about three years ago the overflow from J-1l was directed
to J-5, ‘a tank which serves also as an overflow catch tank for
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is provided with a high levgl alarmm which notifies the operator

1
varicus other vessels. J»§ itselt overflows to the sump, dbut
to pwap out J-5 into anothe&

tank from vwhich appropriate final

..4isposition of the overflowécan be made. About three years ago,

it was found that occasionallly there would be contamination of
J-1 with iess pure overflow soiuhions from another vessel. The
contamination was traced |to % form of backing-up through the
overflow. line. To make ure&gf curing this trouble, a new over-
flow line was installed diredtly from J-1 to the floor. This
change did not introduce B Ajlect nuclear hazard, since the floor

‘of the hood is geomctrically favoreble. However, after the

accident it was found that reletive y few pecple in the operating
organization were aware of the existence of the direet overflow
line from J-1 to the floor, and the operators relied upon the

J-5 alarm signal to notify| them of an impending overflow to the
floor. The iustallation of thé line was reviewed and approved
by the Critical Mass Enginder st the time of installation, but

. ‘the operating procedires dgq not: mention the line or its effect

on operations. ;

The opérators did not observe of did not properly interpret
the weight factor indication on J-1.

That an overilow might De Zﬁcurring couid have been inferred

from the fact that the weight factor chart irdicated the vessel
o be full. However, this, in tum, would have required knowledge
of the specific gravity of the solution in J-2.. Thc Input-
outvut flow chaxts would alsd have given scme hint of overflow
had they been studies continuovaly. However, even in normal
circumstances, the operator ahd the shift specialist are too

. busy 1o be expected to do such work. On April 7, tliey were

doubly busy since,there had been difficulty in keeping the H-1
and H-2 columns fépm flooding 'and this had taken much of the
operator’s attentibn on both the 12-8 and 8-4 shifts. Thus,
while it would have: been possipie for the operator to have
detected the overflow from J-1, it is not reasonable to expect
nim to bave done soy :

Velve #+31 was open. ™~

~

The Committee learmed that wheﬁfﬁﬁé%ion is applied to K-9 there

_are two rowtes by which liquid mgy be drawn from the ssme openlng

at tlie bottom of L2 into K-9. e of these routes admits the
liguid to the top of K-Q, throughk valve #506. (See Fig. 4) The
other admits liquid to K-9 through its bottom, via valve #431,
the pump, and valve #43. The "riormal” path was through valve
#506, 4nto the top of K~9. JHowever, some of the operators felt
trat the transfer went fester if the other route (vie valve #431)
wag used. Operating instructions did not forbtid the use of the
route through velve 431, and this route had been used on the
12-8 shift in meking transfers from L-2 to X-9 and thence to K-2.
Velve #4231 wes left open as a result of these transfers. The

- 17 -
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8- operator did not make a complete valve statug check vhen
he came on duty, and was, hence, unaware that #:31 was open.
Had it been clos(d, the accident would not have happenad..

6. The temporary one inch diameter tube from the sump to valve
Ok had been allowed to stay in place after its usefulness
was past. During the planned use of this tube, the procedure
called for first determining the Pu content of the sump con-
tents, then placing in K-S a specified quantity of cadmrium
‘nitrate sclution before sucking the sump liquld into K-9.
These precautions were carefully detailed in a special instruc-
tion whick had Critical Mass Fngineering approval, but the
instruction was silent on the subject of removal of the tem~
porary plastic tube after the floor clean-up had been con--
cluded. BRowever, the supervisor's instructions to the operating
crew after the floor clean-up had been completed included
directions to cease using the temporary plastic tube. A work
order for removel of this tube had been written four days after
need of the tube ceased, however, three cdays later the work
itgel? of removing the tube had not been performed. The worxk
order wae being handled as e routine scheduling item at the
time of the incideni. Thus, 2 full week had passed without
correction of this pirimary hazard to critical mass safety.

7. Valve #Okk was operated, contrary to oral instructions. Yo one
admite to having operated valve #94k, but no other plausible
explanation ig avallstrle.
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Charles Rombough, 01:33 PM 08/17/1999 +0000, Re: Fwd: report request

X-Sender: jsrombough@postoffice.worldnet.att.net

X-Mailer: QUALCOMM Windows Eudora Pro Version 3.0.5 (16)
Date: Tue, 17 Aug 1999 13:33:52

To: barbara henderson <bdh@lanl.gov>

From: Charles Rombough <rombo@ctr-tech.com>

Subject: Re: Fwd: report request

Cc: nip@trail.com

At 11:31 AM 8/17/99 -0600, you wrote:
>Charlie - This does not seem to be the same report. But, this is apparently
>the only one the LANL library can come up with.

| suggest that | reference this one in the document. The one we
can't find has EXACTLY the same title as this one except that it
says "Final Report" instead of "Summary Report".

>

>>

>> X-Sender: u092587 @cic-mail.lanl.gov

>> X-Mailer: QUALCOMM Windows Eudora Pro Version 3.0.5 (32)

>> Date: Tue, 17 Aug 1999 11:16:40 -0600

>> To: bdh@lanl.gov

>> From: Linda Kolar <kolar_linda_k@lanl.gov>

>> Subject: report request

>>

>> We have identified the following report which we own (microfiche) in the
>> Report Library:

>>

>> 0230283 NSA Accession Number: NSA-17-020244

>> Title: SUMMARY REPORT OF ACCIDENTAL NUCLEAR EXCURSION, RECUPLEX
>> OPERATION, 234-5 FACILITY

>>  Author(s): Zangar, C.N.

>> Corporate Source: Richland Operations Office, AEC

>> Publication Date: Apr.7, 1962 Page(s): 25

>> Primary Report No.: TID-18431

>> Journal Announcement: NSA17

>> Document Type: Report

>> Language: English

>> Abstract: A description of occurrences associated with an

>> accidental nuclear excursion in a 60-1 glass tank (K-9) of the

>> Hanford Recuplex facility is presented. This facility is a

>>  multipurpose Pu recovery operation for processing wastes. The
>>  plant and processes are described along with execution of the

>> emergency plan. Measures which could have been used to avoid
>> the accident are discussed. (J.R.D.)
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Document Typé: Journal Article
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Publication Date: May 14, 1962 Pagce(s): 108

Primary Report No.: HW-77295%

Note: Revised May 1962

Journal Announcement: NSA1Y

Availability: NTIS

Document Type: Report

lhanguage: English

Contract No.: AT(45-1)-1350
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4 Complete Record .
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Title: RECUPLEX INCIDENT, APRIL 7, 1962-EMISSION OF FISSION PRODUCTS FROM THL 291-2Z STACK

Author(s): Soldat, J.K.

Corporate Source: General hlectric Co. Hanford Atomic Products Operation, Richland, Wash.

Publication Date: May 23, 1962 Page(s): 17 ‘

Primary Report No,: [IW-77345

Journal Announcement: NSAISQ

Availabality: NT1S8

Document Type: Report

Language: bBnyglish

contract No.: AT(45-1)-1350
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Author(s): Zangar, C.N.

Corporate Source: Richland Operations QOffice, AEC

Publication Date: Apyx, 7, 19262 Page (s): 25

Primary Report No.: TID-1843)

Journal Announcement: NSAl7

Document Typc: Roport
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Abstract: A description of occurrences associated wilh an accidental nuclear excursion in a 60-1
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multipurpose Pu recovery opervation for processing wastes. The plant and processes are
described along with cxccution of the emcrgency plan. Mcoasures which could have been used to
avoid the accident are discussed. (J.R.D.)

Subject Codes (NSA): HRATLTH AND SAFETY

6 Completce Record

0228365 NSA Nccession Number: NSA-17-018325

Title: DOSIMETRY TNVESTIGATION OF THE RECUPLEX CRITICALITY ACCIDENT

Author (s): Gamerisfelder, C.C,; Larson, H.V.; Niclscn, J.M.; Roesch, W.C.; Watson, E.C.
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Publication [late: Aug. 22, 1962 Page(s): 32
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‘ -yvAPCIDENTAL NUCLEAP Excunsxow-”
- RECUPLEX OPERATION =~ .

- 2345 FACILITY
- APRIL .7, 1962

”“5jjfmﬁﬁ[_zntroduction 3;'”:l- BN

” .iOn qaturday morning, April 7, 1962, at approximatel
"' un”aceldental nuclear excursion occurred in a 60 ii:
. " teank (kaown as K-9) of a Hanford. ‘plutonium waste rec
o Recuplex. At the - time of the incident, Recuplex was
:in normal operation.‘ Personnel ver: essentially th
H,:~clean up- ‘of the facility ‘Which had started. in March.
- .gation conducted’ subseguent: to the excursion discloc
oo f{*-centrated plutonium solution of: approximately 30 gre
T U0 K-9. 'The solution is belleved to have been sucked-v
.. from thé floor of. the Solvent ‘Extraction (SE) proces
R temporary one<inch diameter.. ‘plastic tube after it
" vy o the ‘hood’ flodr through an overflow tubé from
... receiver.tank called J-1. The operators on duty, ho
.. . 'recall manipulating the valve which would have. effec
- tion transfer. The accidental nuclear’ excursion, wh
'iuggfirst to ‘have’ ogcurred in eny Hanford production fac:
g three men - being overexpogsed to ‘gamma and neutron :
7. The radistion.doge’ received by the three men is estlr
20110, b3, and 19 rem, respectively.’ In each case the
,:'.'-".‘-was recognized pmptly, and following medical’ '\bser\
,'Tﬁﬁfgteating, the men were returned to work in apparent gc

a'”=The emergency plan was executed well PErsonnel left
F~,”immediate£y Responsible AEC and contractor manageme

- notified. of the event, even though the accident cecur
N end’ day. The Emergency" Control Jenter was activated
oo rapidly with. +op management,, consultants, and special’
‘,Ymgdividuals thought possidbly to be significantly expose

. . were identified’ immediately and put under medical sup

- Radiation: doses recelved by all. persons were quickly .

}ﬁﬁontrol of entry end exit of pervwnnel to and from the

R arsa was established early '

, V,;fIhe exgursion followed a generally predictable patter
. 'of the reaction compriaed an in*tial rupid rise to a y

* ...ifission, @ subsidence; & rise to one or more later pee
i a.perivd of the.order of half an hour, the onset of ag
" 8’ 36-hour period of declining rate of fissions. Final
WA prdbably caused by the loss of water, principally
'5.;evaporation It has bcen calculatad that the total nu

S -
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