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I. INTRODUCTION

On Saturday morning, April 7, 1962, at about 1059*,an accidental nuclear excur=-
sion occurred in the plutonium waste recovery facility (Recuplex) of the 2345
Building., The facility, along with many other plants at Hanford, is operated

by General Electric as prime contractor for the Commission. The nuclear excur=-
sion is the first to have occurred in any production facility at Hanford. This
excursion did not result in any mechanical damage or spread of contamination,
Three employees of the General Electric Company received overexposures to gamma
and neutron radiation, None were fatally exposedj in each case the overexposure
was recognized promptly, and following medical observation and testing the men
were released to return to work,

In compliance with AEC Manual Chapter 0703, an AEC-HAPO committee composed of

“two AEC employees (one of whom was the Chairman) and five General Electric em-

ployees was appointed by the Manager, HOO, with the concurrence of the General
Manager, HAPO, to conduct an investigation of the incident, The committee's
purpose was to determine the cause, nature, and extent of the incident, and
recommend action to be taken by others to minimize or preclude future incidents
of this magnitude. A study of operating practices and operating conditions
that appeared to exist prior to, during, and subsequent to the accident was
made by the committee, : :

The committee believes that this report provides sufficient information to ans-
wer questions. which may arise as a result of the criticality incident except
those relating to its cause. Evidence obtained strongly indicates the cause,
but it cannot be stated positively that the incident occurred in a certain
manner, It is believed that this evidence cannot be secured,

*Armed Forces time.
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"AUTHORIZATION AND SCOPE OF INVESTIGATION

On April 9, 1962, the Manager, HOO, by memorandum (see Exhibit 12-A) appointed
the following Investigation Committee:

Carl N, Zangar, Director, Health and Safety Division, HOO - Chairman
M. C. Leverett, Consulting Engineer, HLO, HAPO
C, C. Gamertsfelder, Technical Consultant, HLO, HAPO

P,

F. Gast, Manager, Physics and Instrument Research and Development, HLO, HAPO

0. H, Gredger, Manager, Research and Engineering, IPD, HAPO
W. N. Mobley, Manager, Manufacturing, FPD, HAPO '
M, J. Rasmussen, Nuclear Chemist, Producticn Division, HOO

E. G, Pierick, Senior Engineer, CPD, HAPO, acted as secretary for the Committee

~and rendered valuable administrative and technical assistance.

The scope of the investigation as stated in an April 13, 1962 memorandum (see
Exhibit 12-B) from the Investigation Committee to the Manager, HOO, is:

1.

4

Se

Cause of and responsibility for the incident.

- Nature and extent (including costs) of the incident.

Recommendations for corrective action, if indicated.

Probability, amounts, and validity of claims against the Government to the
extent this is practicable.

The effectiveness and appropriateness of actions taken to insure safety to
personnel and Government property, and to restore the Recuplex Operatian.

II-1
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. The Investigation Committee, after examining a large body of evidence and after
interviews with numerous persons finds as follows:

III, 'BRIEF OF FINDINGS

A. The accidental nuclear excursion in the Recuplex facility on April 7, 1962
occurred in a general purpose transfer tank, designated K-9, as the result
of the presence in that tank of approximately 1400-1500 grams of plutonium
contained in about 45-50rliters of dilute nitric acid containing other
chemicals. The plutonium concentration of the soluticn was thus about 30
grams/liter°

B. The preferred explanation for the presence of this quantity of plutonium in
K-9 is not completely consistent with all the technical evidence and all
the testimony of witnesses. The preferred explanation is that about 48 liters
of plutonium product solution (45 grams/liter plutonium concentration) over=
flowed from product receiver tank J-1 to the floor. This overflow cccurred
through a line, installed about three years ago, which led to the SE hood
floor directly, rather than through catch tank J-5, as formerly. The fact
that a J-1 overflow could not, therefore, be detected by the former method
of observing a rise in the liquid level of J-5 was unknown to the immediately
associated operating organization, and had not been taken into account in
the operating procedures,

The product solution flowed across the floor of the solvent extractiocn (SE)
hood, and was from there later partly sucked up into K-9 through a temporary
line used in previous hood clean-up operations, In order for the solution

' to have entered K-9 via this temporary line, a valve (#944) in that line had
to be opened and subsequently closed by human agency. The valve (#3u44) was
found closed upon examination after the accident,

C. The strong plutonium solution from the floor mingled in K-9 with a smaller
volume of dilute aqueous solution of plutonium. This dilute aqueous solu-
tion originated in Tank L-2 in the normal course of operations aimed at
clean-up of organic solvent prior to discarding it.

D, That a significant overflow of plutonium solution occurred from J-1 to the
floor is well supported by charts taken from recording instruments on the
equipment,

The explanation is consistent also with postaccident measurements of the
concentrations of plutonium in K-8, J=1, and L-2 (the tank which was the
source of the dilute aqueous plutonium sclution), assuming the two solutions
were mixed in the ratio of approximately 1 part L-2 solution to 1.5 to 2
parts J-1 solution,

E. Both sulfate and hydrogen ion concentrations in J-1 itself are inconsistent
(too high) with the mixing ratio calculated from the plutonium balance on
J=1, K=9, and L=2 solutions, As noted in the text, it is at least partly
justifiable to disregard this inconsistency.

The explanation also is not supported by the statements of the operators on

. duty just before or during the accident, since both of them state that they
do not recall having manipulated valve #944 in any way during the period in

III-1




Fo

G

H,

I,

K,

L,

question., Acceptance of this explanation implies that this testimony is
false or that recollection of the manipulation has, indeed, been obllterated
perhaps by the shock of the event,

The tank in which criticality occurred is provided with essentially no shield-
ing to protect operators of the equipment and other occupants of the building
against escaping neutrons or gamma rays, Of the 22 persons in the building
at the time, three were hospitalized for observation and treatment after the
accident, These three were estimated to have received 110, 43, and 19 rem,
respectively, in the accident, No other person received‘more than two rem,
None of the three hospitalized persons have or had symptons definitely re-
ferable to radiation received in the accident, although laboratory tests

show some effects due to radiation.

The occurrence of the accident on a Saturday .when week-day employees were not
present may have prevented additional significant radiation exposures.

There was no mechanical damage resulting from the excursion and no sgread of
alpha contamination., Fission product activity was detected in the atmosphere
for a brief period after the accident, having been ejected up the veniilating
stack, but quickly and harmlessly dispersed in the atmosphere.

The total number of fissions occurring between the time of initial critical=-
ity and final subcriticality about 37 hours later was about 8 x 1017, The
course of the reaction comprlsed an initial rapid rise to a peak rate of
fission, a subsidence, a rise to one or more later peaks, and after a period
of the order of half an hour, the omset of a long ( ~ 36 hours) period of
declining rate of fission with minor fluctuations from the general trend.
The peak power was probably limited by radiolytic gas evolution, and the
final subcriticality was probably caused by loss of water, principally
through evaporation,

The emergency plan was executed well, Personnel left the building immed-
iately, Responsible management, both in HOO and HAPO, were rapidly notified
of the event, even though the accident occurred on a weekend day. The
Emergency Control Center was activated and staffed rapidly with top manage-
ment, consultants, and specialists. Individuals thought possibly to be
significantly exposed to radiation were identified immediately and put under
medical supervision, Radiation doses received by all persons were guickly
estimated, Contrcl of entry and exit of personnel to and from the accident
area was established early,

Public and press releases were effective, One press release was made within
a few hours of the accident, and others as appropriate,

The procedures used in re=entry and in making the facility secure against
a resumption of the chain reaction were developed and executed with meti-
culous attention to the prevention of exposure of personnel in the event

of another excursion., The elsbcrate precautions taken were justified in

view of the unknown state of the facility at the time,

The cost of the accident, including loss of production in Recuplex and in
other areas which were shut down temporarily, is estimated to be at about

$891,000,
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In the chain of events leading directly to the accident, the Committee finds
no significant violation of a formal, written procedure. However, opening
valve #944 was contrary to oral instruction, and to instructions implied in
the supervisor's written communications to the operating crews,

The main events or conditions, not necessary to successful operation of the
process, and in the causal chain leading to the accident are:

1, The immediately associated operating organization did not realize that
a J-1 overflow would bypass J=5.

2, The operators did not observe or did not properly interpret the weight
factor indication on J=1, '

3., The temporary line from the sump to valve #3944 had been allowed to stay
in place after its usefulness was past, Secondarily, the procedure
calling for the installation of this line did not call for its final
removal, (However, an order had been issued for removal of the line and
was awaiting routine execution,}

4, Valve #°%u44 was operated, contrary to oral instructions.

5. Valve #431 was open, This was a result of use by the operator on the
12-8 shift of a method of transfer from L=2 to K-9 not contemplated in
the design of the system, but not expressly forbidden by instruction,

6, K-8 was not geometrically favorable, and although the introduction into
it of fixed nuclear poison had been considered, no such poison was
present, ‘

7. K=3 was not equipped with an alarm-sounding neutron counter which might
signal the presence of too large quantities of Pu.

The facility had been designed originally as a pilot plant and later was
converted to production., In some respects the facility is not well suited
to production operations, This fact was recognized about three years ago,
and this recognition led to authorization for a new facility a few days
before the accident.,

The equipment in Recuplex shows ample evidence of wear, corrosion, leakage,
and repair, Although it does not appear that equipment deterioration per se
played a primary role in causing the accident, it was the basic cause of
the operations being carried out at the time of the accident, and resulted
in frequent recourse to nonroutine procedures,

The facility was a difficult one to cperate, and the operations were by
nature of varying and complex character. The organization and manning were
appropriate to a routine operation, Engineering coverage was normally
available only during week=day operations.

Although the Recuplex facility had a "three-faults-to-cause=an-accident"

philosophy, conditions of operation and design at the time of the accident
were such that the opening of a single valve caused a nuclear excursion,

I11-3
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DESCRIPTION OF PLANT AND PROCESS

The Recuplex facility is a multipurpose plutonium recovery operation that is
located in the 234-5 Building, 200-W Area, Chemical Processing Department,
Hanford Atomic Products Operation, See Flgn IV-1 for general location of 234-5
Building within the 200-W Area. The Recuplex waste recovery process is for the
purpose of recovery and purification of plutonium from waste streams originating
in the Plutonium Processing Plant and miscellaneous wastes from other facilities
both offsite and onsite,

The Recuplex complex contains dissolvers, feed preparation tanks, solvent extrac-
tion comtactor, and miscellaneous auxiliary equipment, See Fig, IV-2 for arrange-
ment of Recuplex hoods (Room 221). A process flow diagram covering the porticn
of the process of immediate interest is shown in Fig, IV=3, The solvent extrac-
tion process is performed in the H-l1 and H-2 columns, The feed solution is con-
tinuously fed to the intermediate feed point of the H-1 column. This feed
contains plutonium, which is contaminated primarily by ionic impurities rather
than by uranium or fission products , and a nitric acid and aluminum nitrate
salting agent. A counter=current flow of agueous phase rises through the 20 per
cent tributyl phosphate (TBP) in carbon tetrachloride (CCl,) in the column and
extracts the plutonium essentially quantitatively into the organic phase, but
leaves the ionic impurities essentially quantitatively in the aqueous phase., An
aqueous scrub stream (CAS) introduced at the bottom of the column further puri-
fies the plutonium by washing ionic impurities back from the solvent phase to
the aqueous phase. An intermediate scrub (CAIS) or product reflux introduced
three feet above the CAS feed point, further purifies the plutonium as well as
concentrates the plutonium in the columns to about 100 grams per liter,

The organic stream containing the plutonium is pumped to the top of the H-3 col-
umn, where a counterflow of aqueous strip solution (a small amount of reductant
in a 0,15 M nitric sclution) transfers the plutonium back into an aqueous phase.
This stripping column product (CAIS) is used as the intermediate scrub in the
extraction column (Hel and H=2). This recycling of product into the system is
continued until the concentration is about 100 grams per liter, at which point
product is removed from the top of the stripping column (H=3) and received in
the product receiver tank (J=1).

The organic solvent, essentially free cf plutonium, leaves the bottom of the H-3
column and enters the sclvent treatment tanks (K-1 and K-2) . Essentially all

of the plutonium in the effluent organic forms a strongly organic-favoring
plutonium complex with dibutylphosphate (DBP), a primary decomposition product
of tributylphosphate., This "unstrippable plutonlum is removed from the organic
phase in the solvent treatment tanks (K-l or K-2) as the organic phase falls
through (and is periodically agitated with) an aqueous cap (FS) of ferrous

- ammonium sulfate, sulfamic acid, and nitric acid, After the plutonium concen-

tration in this cap reaches about three grams/liter, as determined by sampling
in the K-1 or K-2 tanks, it is transferred to the organic wash receiver tank
(6-58) via the transfer tank (K=9)., Periodically, the DBP is removed from the
organic phase with a carbonate wash,

Fig. IV=4 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 K-9 tank in which the nuclear excursion tock place and the J-1 tank overflow

point,
UNCLASSFIED
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Fig, IV-5 is a pictorial flow diagram of the SE process. This figure concerns
itself mainly with the route by which product solution entered the K-9 tank,
viz,, from the J-1 tank via the J-l1 overflow to the sump, and from the sump via
the 1" temporary plastic line to the K-9 tank., '

IV=2
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ORGANIZATION

The places of the Recuplex operation and of related nuclear safety functions in

the Hanford Atomic Products Operation (HAPO) are shown in Fig. V-1, .The Recuplex

plant is an operating responsibility of the Plutonium Recovery Operation (PRO),
A: supervisor heads the Plutonium Recovery Operation. The Recuplex plant oper-
ates continuously, and the actual operations are performed by four shifts (A, B,
C, and D), each of which is led by a Specialist, and each of which has seven
operators,

Operation of the plant is carried out as specified by the engineers of the
Finished Products Chemical Technology Operation (FPCTO). The duties of these
engineers include the evaluation of all operations in Recuplex for nuclear
safety (as well as for process adequacy, €tc.). The Supervisor, Plutonium Re-
covery Operation is responsible for seeing that the operations are executed as
specified by the engineers, Many of the nuclear safety precautions require the
observance of special procedures on the part of the operators. The specification
of these procedures is the duty of the engineers of FPCTO. The shift specialist
has the respon51blllty of interpreting the engineering sPec1f1catlon= to the
operators, and seeing that they are enforced,

The critical mass control specifications for a new process, new equipment, or
new method of operation are drafted by FPCTO, They then are reviewed by the
Senior Engineer (Nuclear Safety) CPD, who reports through the Manager -
Advanced Process Development to the Manager - Research and Engineering, CPD,
who then approves the critical mass control specifications. The approved
specifications are transmitted both to FPCTO and to the Plutonium Recovery
Operation (PRO), When PRO desires to make a change in equipment or method of
operation, it may do so on its own responsibility provided it believes the
change to be clearly within the approved critical mass control specification,
If it believes the change not to be clearly within the approved specification,
or if it is in doubt, it must refer the change to FPCTO, who may approve the
change if it believes the change to be clearly within the approved specifi-
cation, However, if FPCTO is in doubt or believes the change outside the
specification, the change must be referred to the Senior Engineer (Nuclear
Safety) CPD, who will either approve it or require that a new critical mass
control specification be prepared and put through the approval routine.

Training of operators is primarily by means of on-the=job instruction., However,
numerous safety meetings also are held, and the importance of adherence to speci-
fications is emphasized., The consequences of a criticality accident were well
known to the operators, since they had viewed films showing the condition of in-
dividuals who were exposed in criticality accidents elsewhere,.

FPCTO has audit responsibility to see that specifications are being properly in-
terpreted, The FPCTO engineers make visual observations daily and notify opera-
ting supervisors immediately if corrections are needed.

The Hanford Laboratories Operation, through its Physics and Instrument Research
and Development Operation, provides to the Senior Engineer (Nuclear Safety) CPD
improvements in the technological bases for nuclear safety and consultation
services for this and other matters. Such consultation includes the making of
inspections and audits upon request,
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DESCRIPTION OF OPERATIONS PRIOR TO INCIDENT

On February 22, 1962 the process engineer for the Recuplex Operation recommended

" that the operation be shut down to remove material which had accumulated on the

floor of the solvent extraction hood., Management concurred in this recommen-
dation and the decision was made to shut off all rich feed to the system until
the solvent extraction flpor could be cleaned up and certain piping and struc-
tural members could be replacgd° The material on the floor had accumulated over

.a period of months due to deterioration of the equipment with resultant leakage

of liquids to the hood floors, These liquids, composed of both process organic
and aqueous solutions; had attacked the plastic bags and neoprene gloves which
had accumulated on the floor, resulting in a mass of sludge resembling black

tar containing varying concentrations of plutonium over the area involved.

Detailed procedures were prepared to cover this clean-up program and issued on
February 26, 1962 and March 8, 1962 (see Exhibit 3-C),

Operations according to the clean-out procedures proceeded during the month of
March and the solvent extraction hood floor was reported as clean eoni March 30,
1962, .

In summary, the floor clean-up procedures required that successive volumes of
aluminum nitrate and nitric acid be added to the floors, sampled and analyzed
and, depending upon analysis; specific volumes transferred by vacuum through

a temporary 1" plastic line (which had been installed on March 1li, 1862 for

this specific purpose) to the K-9 tank to which cadmium nitrate had previously
been added as a safety precaution, This material from K-9 was then transferred
to L-2, a waste tank, into a solution of water, nitric acid, aluminum nitrate,
sodium nitrate and mistron. This operation was continued until four batches from
K=9 had been accumulated in the L-2 tank, at which time 200 liters of contact
organic containing 8 liters of dibutyl butyl phosphonate was added to the L-2
tank and agitated for two hours to extract the Pu from the aqueous phase and then
it was sampled and analyzed. The aqueous phase, when stripped of plutonium,

was discarded to cribs and the organic phase was washed with an extractant com-
posed of water, nitric acid, ferrous sulfamate and hydrofluoric acid. This
extractant was then run through the solvent .extraction system for plutonium
recovery and the organic phase was saved for subsequent contacts, This proce-
dure was repedted during the month until such time as the floor was cleaned.

Following this clean-up the recovery system was loaded with the undissolved
tarry material which required that the system be cleaned thoroughly before it
could be put back into normal operation,

This clean-out was initiated on March 31, 1962 and was composed of a series of
hydrofluoric acid flushes, followed by aluminum nitrate to complex the fluoride
ion, starting at the waste tanks and working through the system with basic
emphasis on recovering the plutonium and discarding the sludge-contaminated
organic and aqueous solutions,

During the above o¢perations ccnsiderable difficulty was experienced with plugging
of lines, flooding of the organic extraction columns and system leaks. This
caused considerable rework of both the organic and aqueous streams, This clean-
out had proceeded up to the point that the auxiliary systems, i.e., organic
receiver tanks (K-1, K-2); organic transfer-decant tank (K-9), and waste tanks

VI-1




(L-2, L-3, L-8) were in the final stages of the flush, and steps were being taken
to commence clean-out of the extraction columns when the excursion took place,

Specific operations leading up to the incident were as follows:

On the 12-8 shift on April 7, 1862, 550 liters of contact organic, used several
 times for contacting aqueous Solutions which contained plutonium above the crib-
bing limits, was moved from its storage tank (G-36) to waste receiver tank (L-2)
and sampled, The analysis which was reported on the same shift showed 2.11
grams Pu/liter (later corrected to 2.19 grams/liter), or that approximately 1200
total grams of plutonium was in the tank. The shift specialist decided to wash
part of this organic to reduce the Pu content. Approximately 130 liters were
moved from L-2 back to G-36 and 200 liters were to be drawn in four batches from
L-2 via K-9 tank by vacuum and dropped by gravity tc the K-2 tank for washing
with an aqueous phase containing ferrous sulfamate and hydrofluoric acid to
extract the plutonium from the organic phase, This aqueous phase, after suffi-
cient contact time; was to be decanted back into the K-9 tank and then pumped
to the G-58 tank to be used as feed for the solvent extraction columns,

On the 12-8 shift, the first transfer of 55 liters was made from the L-2 tank
to K=9 and dropped by gravity to the K-2 tank. This transfer was made by
drawing the material back through the 431 valve into the bottom of K-8 because
it was reported to be a faster means of transfer than through the normal routing
through the 506 valve into the top of K-8, It was reported by the operator on
the 12-8 shift that there was essentially no aqueous 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 level.

The 8-4 shift continued the transfer of contact organic from L-2 through K-8
to K-2 by opening valve 506, which is the normal route from L-2 to K-8, The
operator who continued these transfers (Employee No, 1) does not remember
closing the 543 and 431 valves (found open subsequently) which were used on
the previous shift and were reportedly left open by the 12-8 shift operator,
which allowed the material to be moved into K-9 from L-2 by two routes simul-
taneously. This transfer continued intermittently during the morning of April
7, 1962 until a total of 3 or 4 batches of approximately 50-55 liters each
had been transferred into K-2 tank. (Operator recollection is hazy as to
whether 3 or 4 batches were transferred.) The intermittent operation occur-
red due to interruptions caused by a flooding condition in the solvent extrac-
“tion columns which required the operator's attention.

At approximately 10:30 Employee No, 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-8 and notified
the regular operator; when he returned, that the transfer had been completed

" and all valves were closed, The regular operator 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 organlc

in XK-2,

The o¢perator proceeded tc decant the cap from K=2 back up to K-8 and was in
the process of getting ready to add wash chemicals (ferrcus sulfamate and water)
from K-8 (chemical additicn tank) to K-2 when the incident occurred in K-9 tank,
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In adding these chemicals to K-2; standard practice had developed whereby
"the vacuum in K-9 was used to break the air lock in the interconnect line
from the K~8 tank to the K«2 tank by cracking the valve (433) to K-9 momen-
tarily to start the chemical flow, Following the incident the chemicals
were not found in the K-8 tank and the valve from K-8 to the sewer was found
partially open. The 433 valve to K-9 was found closed,

Investigation subsequént to the incident has developed the following infor-

mation:

1.

7o

At the time of the incident the columns were operating on a fabri-
cation oil wash feed from G-10; CAFB (dilute feed) solvent extraction
feed tank, The feed from the concentrated feed system was the but-
ton line supernates or spilled liquid from the reception and blending

hood floor,

The sump in the floor of the hood contained liquid up to the top

of the sump (2-4 liters) on 4=25-62, This liquid contained both
aqueous and organic phase which analyzed 1-2 grams Pu/liter in the
aqueous phase and 60-130 grams/liter in the organic phase, depending
upon sample location in the sump. On the day of the incident it was

‘estimated that 20-30 liters of solution of unknown concentraticn was

on the floor, However, visibility in the SE hood is so poor little
credence can be placed in such estimates,

An analysis of charts (Fig, VIII-1) showing the H-3 column (stripping
column) product concentration, the J-1 vessel (column reflux inter-
mediate tank) weight factor, and strip solution flow rate to H-3
column, and the J=1 flow rate to the H-l column (extraction column),

.revealed the source of a major plutonium overflow to the floor of the

hood between 0600 and 0800 on April 17, 1962,

The process vacuum (line vacuum possibly as high as 26" mercury) was
apparently on the K-9 tank at the time of the incident,

The temporary plastic line from the bottom of K-9 tank was in place
with one end lying in the bottom of the sump., The temporary ball
valve installed in this line was found to be in the closed position
and the permanent valve (#31) in the line to the bottom of K-9 tank,
to which this line is attached, was found open.

The valve (433) between K-8 and the chemical addition line from
K-8 to K=2 was found closed,

The material which went critical in K-9 vessel was analyzed sub-
sequent to the incident and found to have the. following analysis:

K-8 Receiver

One phase. aqueous solution (Laboratory Sample #1420 R - 4-20-62)

Pu = 34,8 grams/liter

VI-3




SpG

Fe

H+

Na

NO3

SOu~

+
NH4
Al
F

C1

Pu valence

Am241

Volum

Total Pu

e

L]

u

1.118
0,052
1.23

0,018
1.96
0,11
Q.24
1.4

0,45
0.1k

+4

-grams/liter (0.024

M

= |I= i= |

=

grams/liter (0,013 M)

‘grams/liter (6,05 M)

)

=

grams/liter (0,004

I=
Nt

2.53 x 10% d/m/ml

39 liters

1357 grams

Fission products (back calc. to 4=7-62 = 11:00)

Ry 103

ZrNb°

pait0

5

2,20 x lO16 fissions/liter

2,0 %

1.6 x

16

10 fissions/liter

1016 fissions/liter

' u7
Also found Mogg, Celus, Tellsz, 1131, Nd’.L '

Spectrographic analysis, ppm

Ag
Al
As
B

Be

Bi

H

<20

> 20,000

40

40

Vi-4

Mg
Mn
Mo
Na

Ni

100

400

4,000

100

1,000




Cd = 20
cr = 100
Cu = 2,000
Fe = 70,000%
Ge = -
K = 400
Ll = -

Distribution coefficients

UNCLASSIFIED

Sb

Zn

2,000

K-9 solution vs. 15 percent TBP in ccl, (equai volume) EQ

K-9 solution vs, 25 percent DBBP in CCly (equal volume) EQ

0.22

5.0

Material from K-8 was transferred into PR cans S-124 and S-13u4

after the incident.

S-125 (962-S, 963-S, 5-U-

Top ~ Pu

Bottom Pu

62)
35.6 grams/liter

36,2 grams/liter

S-13% (964-S, 965-S, 5-4-62)

Top Pu

Bottom Pu

(*) Estimated

(=) Not detected

VI-5

36,2 grams/liter

36.2 grams/liter
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DESCRIPTION OF ACCIDENT AND POSTACCIDENT EVENTS

The period from just before the accident up to the time of this report is con-
veniently divided as follows:

A, The period of the accident proper - from a few seconds prior to the accident
up to the first notification of persons other than those present in the
200-W Area, '

B. The subsequent period prior to the assumption of control by the Emergency
Control Center (ECC) in Richland.

C. The subsequent period prior to the cessation of the chain reaction,

D, The subsequent period prior to the preparation of this report.

This section of the report will also contain a summary of reports and announce-
ments made and a brief record of the handling of the four employees directly

involved, and an account of the resumption of certain operations in 200-W,

A, The Period of the Accident Proper

At the time of the accident the 23u4-5 Building and immediate envircns con-
tained 24 persons, disposed as indicated on the attached diagram (Fig.
VII-l), Fig. IV=1 shows the 234-5 Building in relation to other parts of
the 200-W Area. The duties of these 24 employees are briefly indicated in
the following table. Since the accident occurred on a Saturday, most of
the people normally assigned to day work in the building were absent.

TABLE VII-1 EMPLOYEE NUMBERS AND DESCRIPTIVE TITLES

Employee Employee -

No, 222 No, 222

1 Recuplex operator 13 Process operator

2 Patrolman 14 Chemical process operator
3 Engineer 15 . Process operator

4 Engineer 16 Engineer

5 Power operator 17 *Specialist in Recuplex
6 Accounting clerk 18 Process operator

7 Power operator 19 Patrolman (in 2701-Z)
8 Chemical analyst 20 Patrolman (in 2701-2)
9 Technologist 21 Pipefitter
10 Laboratory Leader 22 Chemical analyst
11 Radiation monitor 23 Utility operator
12 Utility operator -2y Process chemist

* The position of Specialist carries responsibility for technical aspects of
the work of the Operators, and is hence a semisupervisory position. The
Specialist, however, is not a professionally trained person.

UNCLASSIFIED

VII-1




UNCLASSIFIED

The status of operations and of the processing equipment at the time of the
accident, as it has been reported to or reconstructed by the Investigation
Committee is given in Section VI of this report,

The operator (employee #1) stated that, "I had started to open my K-8 to K2
chemical addition valve," when he saw a blue flash and heard a sound like
that made by the drawing of an electric arc. He was standing directly in
front of and somewhat below K-8 (his head is estimated to have been three
feet south and four feet below the center of K-9), He reported that the
flash was above him, and in K=9 or possibly to the right of K-9 by a foot

or two, Employee #17, the shift specialist, was standing a few feet to the
rear and left of employee #1, His view was somewhat obstructed both by
employee #1 and by the lead shields which stand in front of the hood. Howe
ever, he also saw the flash and heard the sound reported 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 light=
ning." (Employee #1 has an apparent muscular imbalance between his eyes,
which might make his visual observations somewhat unreliable under some con-
ditions., This imbalance is a condition of long standing and antedates the
accident by some years.)

Employee #1 heard the building poppies first, followed by the criticality
alarm siren in a very short time. He turned one of the emergency switches
which shuts off power to certain process operations. and left the area im-
mediately, Employee #17 also left instantly by a different route. Employee
#23, who was on the mezzanine in the 221 Area also left promptly, as did a
pipefitter, employee #21, ‘in an area which was essentially a part of but
somewhat shielded ‘from the operating area. All but two of the other em-
ployees in the building also evacuated quickly. One of the two was employee .
#7, a power operator who was at work in the attic of the building at the end
away from the 221 Area, -This employee was discovered to be missing when an
informal accounting of those remembered to be in the building was made by
other employees at the 234-5 badge house. Employee #7 was called on = -
the telephone from the badge house and immediately left Building 234-5, He
had heard the alarm but thought it was an alarm attached to some of the
equipment for which he was responsible, and accordingly was investigating
this possibility when telephoned, The other employee whose exit was slightly
delayed was employee #6, an accountability clerk, who paused to lock up her
safe, These two employees took about four and two minutes, respectively, to
reach the gate house, All the others were at the gate house in a much
shorter time, All employees in 234=5 but one left by the most direct route.
All but one of the employees in the building at the time of the accident
were wearing their film decsimeters. The exception had his film dosimeter

on his coat which was hanging a few feet from him. A few supplementary
dosimeters (finger rings, neutron badges) were being worn at the time of the
accident,

After leaving the building, all employees congregated either in the 2701-2
Gate House or in the area northeast of the 2704-Z Building, using it as a
shield from the 234-5 Building. A radiation monitor who had been present
in the 234-5 Building left by a back exit, got into a pickup truck, and
drove around to the Gate House before all the other employees had evacuated
the building. He was able, therefore, to make radiation measurements al-
most immediately in the Gate House and warn all personnel to evacuate fur=-
ther since dose rates up to 200 mr/hour were registered. Most of the 234«5
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personnel boarded the evacuation bus and were driven to the 200-W Area First
Aid Building. Some others had private cars which were used and patrol vehi-
cles evacuated the rest, Approximately five to ten minutes elapsed between

the time of the incident and evacuation of the Gate House - 2704-Z Building

Area.

The evacuation proceeded smoothly; there was little confusion. Nearly all
the employees responded to the alarm promptly and properly. There was some
criticism of the fact that the evacuation bus appeared to be on the verge of
failing to run, The First Aid area was too small for the number of people
involved; if the accident had occurred during a regular work day, this might
well have led to considerable confusion.,

The exact time of the accident was widely quoted by those on the scene or
notified of it at an early hour to be 1059, This is the time at which an
electric clock, on the circuit cut off by the emergency switch, was stopped.
This time is approximately verified by the neutron count rate recorder at
the 234-5 incinerator (about 100 yds from tank K-9) and from a neutron count
rate recorder located in room 221, This time is also consistent with the
other times variously noted and recorded, as indicated in the next portion
of this narrative.

Notification to the émergency patrol officer in Richland proceeded as
follows:

A patrolman who had been in 234-5'at the time of the alarm went at once to
the 234-5 badge house where at 1102 he notified the 200 West radio operator
(by telephone) that the 234-5 alarm had sounded., Immediately following, a
second patrolman also at the 234-5 badge house telephoned the 200 West radio
operator that the alarm appeared genuine, The radio operator .contacted the
patrol lieutenant in the 200 Area and dispatched two patrol cars to the
234-5 badge house, At 1107 the radio operator notified the Emergency Patrol
Officer in Richland of the incident although the radio operator did not yet
know the nature of the emergency.

Employee #17, who was the senior supervisory employee in the building,
telephoned his Section Manager in Richland with the news of the accident at
about 1103, This was probably the first external notification of the
accident. " '

Subsequent Period up to Assumption of Control by Emergency Cénxrol Center

l., Events in the Field

The transportation of the evacuees from 234«5 to the First Aid Building
(2719-WA) took place at about the time of notification to the Emergency
Officer (1107), ‘

Upon arrival at First Aid, all employees were given a "Quick Sort" check,
i.e,, a Geiger-Mueller tube was placed on the abdomen, the employee bent
his body over the tube, and the count rate due to any neutron-induced
activity in the body was measured. Several, but not all, Wwere also
given immediate contamination surveys. In addition to the Quick Sort
procedure, bioassay samples were taken and dosimeters were exchanged.
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All personnel who were working in the radiation zone portions of the
234-5 Building were given complete contamination surveys prior to release
from the 2717-WA (First Aid) Building. There was unanimous praise of the
Radiation Specialists in general and the selflessness of employee #24
(who performed the initial Quick Sort at First Aid) and employee #17,

The practice evacuation drills paid off handsomely and the evacuation
procedures seemed to work very well, No one present in the 234-5 Build-
ing had any difficulty in hearing the criticality sirens.

The Quick Sort procedure identified three employees (#1, #17, and #23)
as having sufficient induced radiocactivity to warrant their being put
under immediate medical observation,

The three employees who were to be sent to the hospital were sent to
Richland in a radio patrol cary leaving the 200-W Area at 1132 and ar-
riving at the hospital in Richland a few minutes before 12 noon, Ugpen
arrival the three employees were first given an examination for radic-
active contamination, which required a few minutes. During this exam-
ination, a Company physician arrived and tock charge of the three
patients.,

“In the 200-W Area, meanwhile, the following events were transpiring:

Employees #10 and #11 (a Laboratory Leader and a Radiation Specialist)
immediately following the evacuation to the First Aid Building started

a survey of the 234-5 Building perimeter fence and roadways, finding

no contamination and radiation levels of about 50 mr/hr at the badge
house, They alerted Redox personnel and obtained spare instruments from
the UO3 Plant. They also checked the laundry building for contamination
since all of its beta-gamma detector instruments responded at the time
of the excursion,

Employee'#zu had arranged for barricade of Z Plant roadway upon evacuation,

The Manager, Control Operation, Finished Products, who had been notified

in Sunnyside of the emergency by phone by employee #2u4, arrived a few
moments before noon, Employee #6 (Accounting Clerk) was found at the

area gate and instructed to return to. First Aid. ;

Arrangements were made at First Aid to obtain biocassay specimens from
all personnel, including the patrolmen in the area, to send all health
badges in for processing, and also to perform the Quick Sort procedure

- for the patrolmen and employee #6. Employee #21 was sent to the hospi-

tal because he had been moderately near the source, Employees #10 and
#11 returned from their tour about 1220 and reported everything under
control. They Wwere requested to stay out of all radiation zones.,

The Control Operation Manager arranged for an AEC Security man and an
AEC Safety Engineer to drive him to the 234-5 Building for the purpose
of retrieving the three radiation monitoring personnel from that
building. : '

These three radiation monitoring personnel had re-entered the 234-5
Building at about 1215 for about 15 minutes. One man kept time while
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the other two made surveys with gamma-beta sensitive instruments and re-
covered a Hurst dosimeter from Room 221 and cne near the south door to
234-5, Dose rates as high as 5 r/hr were measured by this team in Room
221, Readings outside the building 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 eéntrance on the north side of the building. Inside
the building dose rates up to 350 mr/hr were measured on the top of the
stairs inside the main entrance, and in Corridor No. 2, No alpha con-
tamination could be found, On emerging from the 234-5 Building, Room
169 exit, the three monitors were met by the Control Operation Manager,
AEC Safety Engineer and the Processing Operation Manager who had just
arrived, They were ordered to leave the area immediately.

It was decided to be desirable to make neutron measurements. The nearest -
BF3 instrument available outside the 23u4-5 Building was in the 231-Z
Building, about 100 yards away, The Radiation Analyst from Z Plant who
had just arrived with other monitors was dispatched with a patrolman to
get it, It was observed and reported at this time that the nuclear
reaction was continuing. At about 1240 the Manager, Production of the
Chemical Processing Department arrived at the 234-3 Badge House from

his headquarters at the 200-W Patrol Building, and, subject to the
direction of the ECC, took firm charge of field operations. All person=-
nel were withdrawn to the Patrol Building, and First Ald and Laundry
operations were shut down, By this time a considerable number of radia-
tion monitoring personnel and some technically trained supervisory per-
sonnel had arrived from other areas in the plant and from Richland.

Events in Richland

In Richland, mobilization of the ECC was proceeding. At about 1110 the
AEC duty officer in Richland was notified of the accident by the Patrol
Duty Captain in the ECC. A call was placed to the home of the General
Manager, HAPO, but no one answered. (His wife had already been notified
and had left to contact her husband who was a few miles away.) The

703 Building desk and North Badge House were instructed to start calling
persons on their notification list, giving them the following message:
"A criticality problem has occurred in a hood in the Recuplex Line in
the 234-5 Building and the 234-5 Building is being evacuated." By 1120
the General Electric Security Officer had been notified, as had the
manager of the Patrol Operation, and several others., About 1125, per-
sons who had received these telephone communications began to arrive at
the ECC, among them the Manager - CPD, With his concurrence, the
Hanford Laboratories Crash Alarm was activated at 1127. Within about
ten minutes, three members of the HLO emergency team arrived at the ECC,
closely followed by several additional members, including the Manager -
Hanford Laboratories Operation, Within the first hour after activation
of the ECC:

a, Barricades were requested to control traffic approaching the 200
West Area,

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

c. Radiation monitoring assistance was sent to the 200-W Area.

UNCLASSIFIED
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d, Kadlec Hospital was notified that three men who were involved in a
radiation accident were being brought to Kadlec, Radiation Special-
ists were sent to Kadlec to await arrival of the men,

e. The 3705 Building.waé activated to provide personnel dosimeter
: evaluationo* .

f. The 329 Building was activated to provide counting of the. criticality
dos:.meters9 blood samples, and other activated materlals which could
help in the dos1metry evaluations, i

g. Periodic reports from Meteorology . - partlcularly wind directions and
speed - were requested ‘and utilized in directing the environmental

survey teams,

h. Technical assistance was dispatched to the 200-W Area. As noted above,
the Manager - Production, CPD, was dispatched from the ECC to be Field
Operations Manager during thls period also, arriving and setting up
his command post in the 200-W Patrol Headquarters at about 1234; There
was constant communication between the ECC, 200-W Area, varicus patrol

"posts, and cars, The chain of notification of AEC and GE personnel
was also at work, The General Manager = HAPO arrived at the ECC about
1130, having been reached by telephone and messenger. The Manager -
HOO arrived at the ECC at 1200, : :

By 1240, April 7, about one hour and &0 minutes after the accident,

the ECC had been aﬂtlvated a Field Operations Manager had been
established and had gone into action. The situation thus entered a new
phase, in which it continued until 1t was established that the chaln
reactlon “had ceased,

Subsequent. Period Prior to Cessation of Chain Reaction

Realization that the chain reaction was actually continuing appears to have
crystallized about 1235, although the possiblility had been recognized from
the first. When this fact became evident, the principal aim of operations
became the avoidance of any act which would cause an intensification of

the reaction, and the development of means of safely stopping ‘the reaction. .
It was quickly decided that no further entry of -personnel to the 234-5
Building would be permitted except for the correction of conditions which
might otherwise cause further serious ddmage. Accordingly, only the follow-
ing additional entries were carried out:

1. Two men entered to shut off a dissolver left running in one of the
laboratories (about 1350, April 7).

2, Four men entered to shut off five electric appliances known to have been
left on, While in the bulldmg9 they also recovered the remaining dosi-
meters, and radiation levels in-the building were noted and mappedo
Both neutron and gamma-beta sensitive badges and instruments were used,
Dose rates up to 2.5 r/hr and above-250 mrem/hr neutrons were en-
countered, A laboratory gas burner. was shut off from outside the build-
ing at the gas bottle manifcld.

Radiation levels at various points in the vicinity of the 234-5 Building
were taken. Within about eight hours, it began to appear that after the
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first two or three hours (before fully systematic observations had started)
the chain reaction rate had been decreasing. For this reason, although a
number of proposals for stopping the reaction 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. VII-2 shows the measured neutron counting rates at a peint about 110
feet from the. K-9 tank, and somewhat shielded from it by concrete walls,
As shown on the chart, the neutron flux dropped to background about 37
hours after the accident, Gamma measurements taken during this period are
in agreement with the cessation of the chain reaction at about midnight,

April 8,

During this period a number of additional actions were taken to minimize
risk of exposure of additional employees. At about 1300, April 7, it was
.decided that the 200-W Area should be evacuated: except for certain neces-
sary services which could be carried out by employees at some distance from
the 234-5 Building (e.g., power plant operation, some 4000 feet distant),

" At 1304 the evacuation signal was sounded and all persons except those
noted were removed to the main gate of the 200-W Area. Various road
blocks and traffic controls were set up., Affected subcontractors were noti-
fied that their employees should not report for work on Monday, April 9.
Additional monitoring points were established, and aerial surveys were made.

At about 1300 on April 7, the Whole Body Counter in Richland was activated,
Film dosimeters from the involved personnel were received in the 300 Area
at 1320, April 7, and the preliminary gamma dose estimates were available
by about 1430, April 7. Blood samples and urine samples were collected
from each of the three men who were in unshielded positions at the time of
the accident; preliminary estimates of neutron dose from blood sodium acti-
vation were completed prior to 1510, April 7, Between 1800 and 2030 on
April 7, all four of the hospitalized men were put through the Hanford Whole
Body Counter, (All the other 18 employees in the building at the time of
the accident were subsequently put through the Whole Body Counter.)

At about 1500, April 7, the General Manager - HAPQ created three distinct
groups:

1. A Working Group, to investigate all the approaches that might be taken
with ultimate objective of safely quenching the reaction, This group
was to create plans, but could not put them into effect without approval
of the Advisory Council, The Working Group was made up of employees
having detailed technical and operational familiarity with the Recuplex

facility.

2, An Advisory Council, to review and approve the plans of the Working
Group. The Advisory Council was made up of senior technical management

individuals, one of whom was the Manager - CPD.

3. An Investigation Committee, made up of senior technical staff or manage-
ment individuals, charged with determining the cause of the accident if
possible, with evaluating the way in which it was handled, and making
recommendations to prevent a recurrence. The Investigation Committee
was forbidden to take an active role in the work of the other two groups,
in order not to compromise its objectivity. Although the Investigation
Committee was set up initially to consist of five General Electric
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employees and one AEC representative, AEC-Washington later stipulated

that the chairman of the Investigation Committee must be an AEC employee.
Accordingly, the final composition of the committee was five GE employees
and two AEC employees, one of whom was the chairman. An additional GE
employee having considerable technical background in the field of interest

served as secretary of the committee.

D, Subseguent Period Prior to This Report

Termination of the chain reaction meant that the objective of operations
became primarily to assure that no chain reaction could recur, and second-
arily, to acquire information which would enable a valid explanation of how

the accident had been brought about.,

1,

Steps to Render Facility Safe

It was determined that the first step would be entry by a small remotely~-
controlled robot which had been constructed for use in the event of a
reactor accident requiring the remote handling of irradiated fuel slugs
(Fig, VII-3), This device was rigged up to carry a television camera

and other equipment., The TV camera enabled the remotely-situated oper=-

.ator to steer the robot clear of obstructions, and also to perform a

variety of manipulations., The TV camera also made it possible to obtain
readings of gages and dials remotely, without having to send a man into
the process room itself. The TVRM (Television Robot Monitor) made numer=
ous entries, controlled by an operator situated in Corrddor No. 3 about
100 feet from the suspect tank K-8 and enjoying some protection from
intervening walls, It was estimated that in the event of an excursion in
K=9 of § x 107 fissions, the TVRM operator would receive a dose less
than one rem, (The original excursion plus the subsequent periods of
fluctuating or sustained chain reaction was then estimated to have in-
volved about 4 x 1017 fissions.) Thus, operations with the TVRM could

be conducted in relative safety insofar as personnel exposure was cone-
cerned, Early entries were for the purpose of reconnoitering the status
of Room 221, reading dials and gages, placing lights in strategic loca-
tions, moving furniture, equipment, etc.,, out of obstructive positions,
and placing instruments where needed. These entries confirmed 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 occur=-
red, and that there was no alpha contamination above normal background

in the room, The most significant result was obtained when on April 12
the TVRM was equipped with a highly directional gamma probe, and the

hood was surveyed for gamma activity with it. This survey disclosed
unmistakably that tank K-9 was the only strong scurce of gamma radiation
in the room, thus confirming that the excursion had occurred in K-9 and
that the resulting fission products were still confined to K-8 and not

outside it, e.g., in the sump,

Attention turned next to the problem of restoration of K-9 to atmospheric
pressure. At the time of the accident, the vapor spsce in K-8 was con-
nected to a vacuum manifold (it is by this means that liquids are moved
into K=9 from lower tanks), The pressure in the vacuum manifold was
possibly as low as about 26" Hg subatmospheric. It seemed possible
that there might be boiling of the liquid in X-9 or air in-leakage
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through connections to the bottom of K=-9., 1In either case, the average
den51ty of the liquid layer in K-9 would be reduced by the boiling or
sparging, and it seemed possible that the condition of subcriticality
might be being maintained by this means. In that case, restoration of
atmospheric pressure might cause another nuclear excursion, (For this’
reason, an important concern during this period was to assure the main-
tenance of the vacuum, Fortunately, the vacuum pumps were located oute
side the building proper and so were accessible with little risk.) A
valve located on top of K-9 controlled its communication with the vacuum
header; actuation of this valve would shut off vacuum and vent the tank
to the hood atmosphere, The valve is an air-actuated type, and is in

‘turn controlled by a control-panel-mounted air valve. Turning the panel-

mounted valve 90° should actuate the vacuum-vent valve on K=9,

It was decided, in view of the risk of criticality, to use the TVRM to
turn the panel-mounted valve. However, on the first attempt (April 13),
due probably to the awkward angle at whlch the TVRM had to work, the
valve handle was broken off, leaving only a short stub. It was then
necessary to make a special tool for the TVRM by which, on April 14, the
handle was successfully turned, The crucial parameter under observation
at this time was the neutron flux as recorded by instruments previously
placed in the vicinity of K-9. No significant change in flux whatever
was observed, thus indicating no change in multiplication in K-9. How=
ever, it was impossible to be sure whether this meant that vacuum had
been removed from K-9 without causing criticality, or whether the K-9
vacuum-vent valve had simply not been actuated, This possibility had
been foreseen, and could have been obviated by simply shutting off the
vacuum pump, so that the entire vacuum header would come quickly to
atmospheric pressure, However, this procedure had been rejected because
it might result in suck-back of liquid from the vacuum header into K-9,
and a resulting 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. Prior to
closing the J=6 valve, however, the TVRM was again used to survey the

SE hood floor and tanks, The survey showed all the fission activity
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-9, or both. '

The J-6 valve was shut off on April 16 after spending considerable effort
in evaluating the risks inveolved if it should develop that, contrary to
indications, J=6 contained liquid and the K-9 vacuum~vent valve were still
open to the vacuum system. The closing of the J=6 vacuum valve was
uneventful, '

During the above described operations, plans had been under intensive
study for the removal of at least a large part of the contents of K-°
to a geometrically favorable vessel, The plan adopted involved sucking
the contents of K~9 out through its sampling tube, which was to be con-
nected to a long plastic tube terminating in a geometrically favorable
tank located in a room in the laboratory wing of the building about

130 feet from K-9, However, before this or any other plan of similar
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purpose could be adopted, it was judged necessary to send a human ob-
server into the 221 area. Since this represented a distinct departure
from previous operations, new procedures had to be devised and evaluated,
Initially, the observation team (two were always sent) was permitted
only to observe conditions, and to take instrumental readings. They
were forbidden to touch any valves or to operate any controls. They
were required to stop at stated points and wait for determination that
their presence was not affecting the neutron multiplication, although
indications and calculations were that K-9 was safely subcritical,

This observation procedure was carried out on April 18, The K-8 drain-
age procedure above mentioned was adopted and executed successfully on
April 20, The turning of the valve which allowed the contents of K-9

to be removed through its sample tube was accomplished by an electri-
cally driven, remotely-operated actuator, built for the occasion. The
connection of the plastic tube to the sample line, and the connection

of the electric drive to the sample valve handle had to be performed
manually, Of the approximately 39 liters of liquid in K-9 at the start
of the removal, about 25 were removed to the external tank. The oper-
ation proceeded smoothly. A sample of the extracted liquid was analyzed
and found to contain about 34,8 grams/liter of Pu and fission product
activity equivalent to 2 x 1016 fissions/liter, It is thus implied that
the solution in K-9 contained about 1360 grams of Pu, and that the fis-
sions 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 scme uncertainty as to the quantity,
type (organic or aqueous), Pu concentration, and other chemical com-
position of the contents of the other tanks in the 221 Area (including
several in the REB hood). It was clearly necessary that these vessels
be sampled, but that significant residual 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 which the Pu concen=-
tration had arrived at K-9 had not been determined. The-next step,
therefore, was to add cadmium nitrate solution to those vessels in
Recuplex which were not geometrically favorable and in which there was
any significant probability of plutonium in critical quantities. In
planning this step, it was necessary to take a very conservative view
of what might be contained in any given tank since data available per-
‘mitted only rough estimates in some cases, and the fact of the accident
itself indicated anomalous conditions in the equipment, Cadmium nitrate
solution addition could conceivably have caused another criticality
under the right conditions, Addition of the cadmium nitrate solution
was accomplished on April 24 and 25, A line through which cne of the
additions was to be made was found to be plugged, and a new procedure
had to be devised for introducing the solution into that tank, K-2., It
Was necessary to agitate the contents of each tank to which cadmium
nitrate was added to assure that it would be effectively distributed.
This was done using the regular process agitators, but wired so that
they could be turned on or off from a remote 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 agitation was completed and a number of samples were taken for
chemical analysis on April 25,
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Procedures for systematically taking and analyzing samples from all tanks
were then carried out over a period of several weeks., At the time of
preparation of this report only one vessel in the SE hood (J=26A) had not
been sampled, This vessel is geometrically safe, and usually contains
some plutonium salts in solid form since its function is to remove sol-
vent from plutonium solutions by trickling them over a steam coil, It

is thought that this vessel (not in use at the time of the accident) had

'no part in the accident or the events leading up to it. Subsequent

operations were for the purpose of determining the cause of the accident

~ and are accordingly reported in the immediately following section,

Steps to Determine the Cause of the Accident

" The Investigation Committee had held its first formal session on April 9,

although its members had been almost constantly present in the ECC from
about 1530, April 7, and were hence aware in great detail of the status
of the accident and measures taken to deal with it. '

The Investigation Committee conducted 35 formal interviewing sessions, of
some 25 different people who had information about the accident, Twenty-

‘three persons, mostly different from the 25 just mentioned, were asked for

or volunteered written reports of their actions at the time of the ac-
cident, or regarding their interpretation of the events of the accident.
Numerocus informal conversations have been held with persons possibly able
to contribute to an understanding of the accident,

The Investigation Committee made a number of requests for information
which involved considerable work on the part of the Chemical Processing
Department. These requests were met wherever possible within the bounds
of safety. In fact, several of the safetying procedures finally used
were appreciably longer and more expensive than they would have been had
the only objective been to render the facility safe, regardless of the
loss or destruction of evidence regarding the cause of the accident,

Information requested about the Recuplex facility, its operation near

- the time of the accident by the Investigation Committee, includes the

following:

d@, A description of the Recuplex system including equipment numbers or

designations, function, and volume of each component.
b. Standard and special operatihg procedures,

¢. The rationale behind any special operating procedures.

d. Supervisor's log books,

e, Recuplex shift log book, status and transfer sheets, and sample log,
f. Analytical sample records,

g. Analytical Laboratory data of recent samples.

Reanalysis of existing samples still in the laboratory.

VII-11




k,

1.

M

Cs

P
Qs
r,

S.

t.

UNCLASSIFIED

The volume, type, and.Pu concentrations in the liquids in every tank,
column, or vessel in the SE hood and in the L-2, L-3, L-8, G-36, and
G-58 tanks of the REB hood., Where both organic and aqueous phases
were present, the volume and Pu concentration were desired on each

phase,

Analyses for acid, fluoride, and ferrous sulfamate on any aqueous
solution in tanks K-9, X-2, L-2, L-3, L-8, G-36, G-58, and the SE
hood sump. '

Plutonium distribution data after equal volume contacts of the follow=

" ing solutions: SE sump and K-2 organic; L-3 aqueous and L-2 organic

(or K-2 organic),

The positions (open, partially open, or closed) of all valves in the
SE hood and those between the SE hood and L-2, L-3, and L-8.

The position of the plastic line from the bottom of K-9 to the SE

sump, the position of a reported 1/2" plastic line from the top of
K~9 to the sump, and the positions of the ends of these two lines

relative to the sump and the J-30 line,

The chemical analysis of anything resembling precipitated solids in
vessels L-2, L=3, and L-8 in the SE hood.

The amount, type, and Pu content of any materials in vent or vacuum
traps and in stack filter,

The identity of the vessel in which criticality occurred.
A radiochemical estimate of the number of fissions which took place.
Photographs at each stage of the entry and reconnaissance operations.

An up to date organization chart which includes all positions having
responsibilities associated with incidents of this type.

Recuplex experience records of all process operators, utility oper=
ators, and shift specialists who were assigned to the Recuplex
Operation as of April 7, 1962; and in addition, the ages and senior-
ity dates of the men, if nonexempt, or their years of service in CPD
operations if exempt,

Standards, guides, and criteria.

Records of safety reviews.,

Records of safety training and drills,

Records of external (safety) audits,

The HOO files relating to Project CAC-880,

Applicable information regarding Washington State's labor compensation
laws relative to nuclear incidents, conditions, if any, under which
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sections of this report and partly reserved to a later report, At this point
in the report will be given an outline of the way in which the potentially

injured employees were handled,

As previously noted, four employees in all were hospitalized. All were in or
closely adjacent to the room housing the SE hood in which the accident oce-
curred. All were put through the Quick Sort procedure at the First Aid
Building (2719-WA), and three employees, #l, #17, and #23, were quickly
identified as being sufficiently radioactive to warrant observation in the
hospital, They were accordingly sent to Richland in a patrol car at 1132,
Employee #21 was sent in to the hospital somewhat later, about 1315, April 7,
since he also had been moderately close to the source,

Radiation Specialists were awaiting the three employees at the hospital on
arrival, and before they had finished examining the employees for external
radxoactlve contamination, a GE physician arrived to take charge of the cases,
Employee #1, who had been closest to the source at the time of the accident
and who was found to have received the largest dose of radiation was seriously
apprehensive and appeared to be sure that his exposure would prove fatal,

The others were calmy all were highly cooperative throughout, By 1510, both
gamma and neutron doses had been estimated and were immediately communicated
to the four hospitalized employees, All appeared much relieved, particularly
#l1, Families of the four men were notified of the accident at about 1315 and
told that they could see the men at once, All the patients were asked if

. they wished to be seen by their own personal physicians; only employee #1

requested this, and was seen by his physician within about ten minutes
after his request. The men were placed in the hospital in private rooms

as bed patients,

During the late afternoon and early evening of April 7, three of the men
were interviewed separately by their supervision in an effort to get any in-
formation about the accident which would be useful in making the facility
safe or explaining what had happened., It was considered that employee #21,
because of his location at the time of the accident and the nature of his
duties, would be unable to shed light on the cause of the accident. The
interviews with the other three were recorded on tape., One of the men asked
to be interviewed again on the morning of April 8, and this interview was
also recorded, but due to faulty recording much of the interview was lost.,
(This employee has since been reinterviewed several times so the information

which he imparted is available,)

Employee #21 was the first to be discharged from the hospital, on April 8,
The others were released for eight hours each on April 11, 14, and 15, and
were discharged from the hospital on April 16, Since discharge, tests and
observations of various types have been made on the three men initially
hospitalized, in order to acquire scientific information., They have parti-
cipated willingly in this program, Periodic observation to determine what,
if any, long range effects their exposure may have had, also have continued
and will continue.

Re-establishment of Operations

Evacuation cf the 200-W Area on April 7 stopped normal production activities
there. By April 13, it was apparent that resumption of operations at some
distance from 234-5 would be safe. Accordingly, a 1500 feet exclusion
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radius (with minor exceptions later granted) around 234-5 was established,
and on April 16 operation of Redox resumed. By April 26, it was clear that
operations in 234-5 other than those in Recuplex could be safely resumed,
Accordingly, steps were taken on April 30 to reactivate the button-line and
fabrication operations. Getting back into operation required several weeks
from this date, however, since it was necessary to establish a different
method of handling the button-line filtrates which were formerly sent to
Recuplex, The ECC was closed on April 27 and the Advisory Council went
into a deactivated state, CPD set up special internal organizational
machinery to carry through the remaining activities in Recuplex and to
supply the Investigation Committee with needed information.

The Recuplex facility is at present shut down, No firm decision regarding
putting it back into operation has been made known, However, construction
of the replacement facility, authorized by the AEC just before the accident,
has started, As an interim measure, temporarily acceptable ways of handling
the materials formerly sent to Recuplex have been worked out. Since some
portions of the equipment in the SE hood have been removed, it thus appears
progressively less likely that Recuplex will be put back into operation,
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VIII.

DISCUSSION

This section of the report contains the significant facts regarding the accident
and a discussion of them, :

The discussion falls naturally into three parts:

A,

B.

.c‘

A,

o~
m—..‘ =

The operation of the system set up for dealing with the accident,
The explanation of the accident itself,

Measures which would have prevented the accident, . .

The Operation of the System Set up for Dealing with the Accident

The system set up for dealing with possible accidents such as this involved
the taking of certain actions by both the GE and HOO organizations, Although
there were later found to have been minor deviations from the plan, these
were: 1n81gn1ficant and, in general, the plan functioned Smoothlyo The em-
ployees in Building 234-5 evacuated the building promptly, in the main, and
the one or two who delayed slightly were renotified by fellow employees of
the seriousness of the situation so that their delay was minimal. Radiation
monitoring personnel went to work promptly and efficiently; the potentially
injured employees were quickly identified and placed under medical care
within an hour of their exposure. All employees iavolved in the evacuation
behaved in a calm, orderly way. The syhuem= of notification to the Emer=-
gency Control Center, to line supervision, and to AEC officials worked
well, Details are recorded in Section VII of this report. Of particular
note are the facts that the Hanford Laboratories Crash Alarm System resulted
in manning the ERC within about ten minutes of the giving of the crash alarm,
that the HAPO General Manager was at the ICC within about 30 minutes and the
Manager HOO-AEC was notified within 30 minutes of the accident, despite the
fact that the accident occurred on a Saturday, when many people are normally
not easily accessible,

In Section VII are recorded the steps taken to set‘up organizations for plan-
ning the moves to deal with the facility, for review of +hose plans, and for
investigation of the accident, :

+

The Investigation Committee had an excellent cpportunity to cbserve in de-
tail the planning and handling of the postaccident measures to neutralize
the facility and to learn the cause of the accident, These measures were
planned, reviewed, and executed with meticulocus regard for the safety of
the individuals involved, This approach was appropriate, in view of the
fact that it was not known whether conditicns were such that another nuclear
excursion might start up upon minor disturbance, This necessarily cautious
approach resulted in using the first thirteen days after the accident to
neutralize tank K-8, and an additional three days to poison the significant
geometrically unfavorable tanks, The personnel who planned, reviewed, and
executed the '"quenching" cperations exhibited a high order of lngenuzty

and resourcefulness,

The releases of information to the public and to project employees appear
to have been timely and adequate., Within a few hours, a press release had
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been prepared and cleared with local AEC authorities and with Washington-
AEC, Some terminology in that portion of the release which concerned the
extent of the injuries sustained by the four employees involved, later was
questioned by Washington-AEC as possibly being liable to misinterpretation
by persons not familiar with the precise meaning of the terms used. This
was the only significantly adverse comment noted on any of the releases,

‘Explanation of the Accident Itself

In spite of careful review of a large mass of evidence and testimony, it
has not been possible for the Committee to develop an explanation of the

accident which completely agrees with all the technical data or all the per=

sonal testimony. An acceptable explanation has, however, been developed.
To the extent that it does not agree with technical data or personal testi-
mony, the acceptance of this explanation implies that the technical data

are in some degree unreliable, and that the personal testimony also is partly

unreliable, The Committee has seen several examples of both these types of

‘unreliability in the information supplied it in this investigation (this
does not imply any intent to mislead the Committee), and is, therefore, wil-
ling to accept an explanation which does not fit all the data and testimony,

provided it does agree with the better-established parts of the evidence.

The most plausible explanation of the accident comprises the following
statements: '

1, During 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 column - see Fig, IV-5 for flow diagram) to vessel J-1 (a
product receiver tank) and was intermittently removed from J-1 during
this period. However, during part of the period, input sufficiently

. exceeded output to cause J-1 to fill and then to overflow. The overflow

went via a line provided for the purpose to the floor of the SE hood.

The evidence for this statement is summarized on Fig. VIII-1, which is
a record of inflow to J-1, outflow from J=1, and weight factor (i.e.,
depth x density) in J-1, This figure is drawn from charts taken from
recorders after the accident, The traces on the original charts were
not as sharp as these drawings might 'imply, because of instrument noise
and sticking of the tracing stylus in places. However, the uncertain-
ties thus introduced are not enough to invalidate the conclusion above-

. stated, It will be observed that for considerable periods between 0600
and 0800, the weight factor indicated J-1 to be full while input was
occurring at rates greater than output, During these periods, J-1
must have been overflowing,

Statement 1 is not controverted by any of the physical evidence, Con-
sistent with statement 1 is the observation by all the operators that
there was liquid on the floor of the hood before the accident (although
they differ somewhat on the extent of the pool of liquid), The 12-8

operator, on whose shift the presumed overflow occurred, does not re=
call having seen any overflow occurring, but did not specifically look
for one, Visibility through the plastic hood walls is extremely poor
(for example, several minutes of study was required on the part of a
Committee member before he could be convinced that he was seeing the
sump location) and it is judged unlikely that an operator would have
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noticed the overflow by direct observation unless he had been locking

. for it. The operator did not specifically recall checking the J-1 weight
factor instrument (his only means of determining liquid level in J-1),
The shift Specialist who came on duty at 0800 made a careful visual check
of the SE hood for leaks, and found none active. (The evidences of old
leaks were clear and plentiful in the hood after the accident.) However,
by this time the overflow would have stopped, and even if continuing,
might have gone unnoticed in a leak search, since the overflow line ex-
tended clear to the hood floor. Thus, the personal belief of the 12-8
operator that the overflow did not occur is not conclusive,

The Committee regards statement 1 as essentially established,

2, At some time within several minutes before 1059 and while suction was
on tank K-8, valve #9ul4 was opened, allowed to remain open for a few min-
utes, and then closed. This resulted in sucking some of the strong pro-
duct solution from the sump (where it was in a thin slab geometry and
therefore, necessarily subcritical) into K-8 where its geometry became
such as to make it almost critical.

To establish plausibility of statement 2, the following arguments are
adduced:

a, The quantity and Pu concentration of the overflow from J-1 were at
at least sufficient to account for the quantity and concentration of
the Pu solution found in K~9 after the accident.

. b, The composition of the solution found in K-8 after the accident, as
regards its constituents other than Pu, is consistent with the hypo=-

thecated origin of this solution,

¢. A physically feasible path existed from the sump to K-9 via valve
#9u4, and only this valve needed to be opened to draw liquid from
the sump into K-9,

d. Opportunity for opening and closing of valve #9u44 existed.

e. The manner in which the power probably varied during the excursion
is consistent with triggering mechanisms which could have been

operative,

Various othér explanations have been examined and found less plausible,
or actually impossible. These arguments may be elaborated as follows:

a, The quantity and Pu concentration of the overflow from J-1 were at
least sufficient to account for the quantity and concentraticn of
the Pu solution found in K-9 after the accident,

After the accident, K-9 contained about 39 liters of aqueous solution
of 34,8 grams/liter Pu concentration plus a crudely estimated 68
‘ grams (max.) of Pu in solids, and a few hundred milliliters of strong
’ : organic Pu solution in the inferior connected piping for a' total
. quantity of 1400-1500 grams of Pu.,  From Fig, VIII-2 it has been
estimated that a total volume of about 48 liters overflowed from
-1, .(The H-8 flow through the column and into J-1 was at the rate
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of 0,66 liters/minute for 90 minutes (~59 liters total) in the 0600-
. » 0800 interval. The rate of outflow from J-1 was 0,36 liter/minute
for 30 minutes (v1l liters total). The weight factor indicater
showed J-1 full throughout the entire two-hour interval, so all of
the difference ( 59 - 11 = 48 liters) must have overflowed onto the
floor.,) The Pu concentration found in the J=1 tank after the acci-
dent was 34,4 grams/liter, but the Pu concentration in the J-1 liquid
during the interval 0600-0800 is estimated from Fig. VIII=2 (H<3
‘column product concentration) to have been about 45 grams/liter
average. Hence, the Pu overflowing onto the floor was about 48 x

45 = 2160 grams,

The brown rings left on the glass walls of K-9 suggest that the vol-
ume of the solution at the time of the accident was about 45 liters *
which decreased by evaporation and radiolysis to the 39 liters found
afterward. The concentration of Pu in the original K=9 solution
would then have been about 30 grams/liter. The difference between
the 45 grams/liter concentration in the overflow to the floor and the
30 grams/liter in K-8 is accounted for by assuming dilution of the
floor solution with aqueous phase drawn from L=2, through K-=9 and
thence into K-2, where it formed the 10-30 liter aqueocus cap reported
by both the 8<4 shift operators. This solution would presumably be
of the same concentration as that later found in L=2, i.e., 0,118
gram/liter. Mixing of the two liquids in the ratic two parts J-1
overflow to one part L=2 aqueous phase would give 45 liters of 30
grams/liter solution in K-8, Such a calculation is obviously not
very accurate, since it does not take into account possible dilution
of the J-1 overflow while on the flocr; hcwever, the impression
given by all the operators 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, '

I <5

In any event, it is evident that the J-1 overflow provided more than
the requisite amount of Pu for K=9,

The residue remaining in the sump after the accident was sampled on
April 25 and was analyzed for Pu alsc, Both aqueous and organic
phases were present, The aqueous phase, at various depths in the
sump, contained 1.4 to 2,5 grams/liter Pu, while the organic phase
(black, tarry, and lighter than the aqueous phase) contained 61 to
132 grams/liter Pu, The low density of the organic phase suggests
loss of CCl, by evaporation over the several week-long interval
between the accident and the sampling. Loss of CCl, would make the
remaining TBP a more powerful solvent for Pu., The low Pu content
of the aguecus phase thus does not necessarily indicate that 45
grams/liter aqueous Pu solution could not have been on the floor,
but is consistent with the supposition that the Pu was extracted
into the organic phase on the floor and in the sump after the
accident.

. *As noted elsewhere, criticality calculations suggest thzt the initial volume
was about 50 liters. The apparent discrepancy between 45 liters and 50 liters
does not affect the argument or conclusions,
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The composition of the solution found in K-9 after the accident, as
regards its constituents other than Pu, is consistent with the hypo-
thecated origin of this solution.

The solutions found after the accident in H-7, J-1, K-9, and L-2
were all analyzed chemically for acidity, sulfate, ammonium, and
iron. If the solution in K-9 was the result of mixing J-1 overflow
with L-2 aqueous phase, the composition of the K-9 solution should
be calculable from those of H-7, J-1, and L-2, H-7 is included here
because it is the cold chemical feed tank from which the aqueocus
stripping solution is pumped into the bottom of column H=3.

On emerging from the top of H-3, this solution, now carrying Pu as
well as its original constituents, passes to J-l1. Thus, the non-
plutonium analysis of H-7 should be the same as that of J-l1 and may
be used in place of the J-1 analysis in calculating the composition
of K-~9, The accompanying Table VIII-1l shows the results of calcu-
lating the K-9 composition in both ways. In both cases, it was as-
sumed that the K-9 solution resulted from mixing 15 liters of L-2
solution with 30 liters of J-1 overflow as would be necessary to
make the Pu content of K-9 come out right. It is apparent that there
is a rough correspondence between the calculated and found composi-
tions of K-9, The H-7 analyses are probably more reliable than
those of J-1, since the H-8 solution corresponds closely to what was
supposed to be fed into the column at the time, whereas the J-1
analysis does not and is more difficult to perform. Allowances must
be made for possible floor contamination of the J-1 overflow, and
for the known tendency for samples from J-1 to be high in sulfate,
due presumably to sulfate solids being picked up out of the tank
with the sample. Although agreement leaves something to be desired,
the general pattern of agreement among the Pu, H*, SO,~7, and NHK
constituents (using the H-7 analysis for the latter) can hardly be
coincidental and is regarded as supporting the conclusion that J-1
overflow liquid found its way into K-9.

The possible sources of aqueous Pu solution of concentration greater
than 30 grams/liter are shown in Table VIII-2, according to post-
accident analyses of the contents of all vessels in the SE and

R&B hoods,

It will be observed that three of the tanks (G-66, J-2, and J-3)
contained solutions of such high acidity as probably to preclude
their being the origin of the solution in K-9, and two of the three
are also excluded by their sulfate contents., Of the remaining
tanks, G-59 is located in the R&B hood and could transfer into the
SE hood only via tanks G-65 and G-66 (also in REB hood), of which
one (G-65) was found empty and the other (G-66) has already been
excluded., J-7, if diluted to 30 grams/liter, would be 1.85 M acid,
which is well above the acidity of K-9 (1.07 M) but perhaps not
high enough to rule out J-7 as a source in view of analytical un-
certainties, Tracing out of the lines leaving J-7 discloses no
open path to K-9, While it is theoretically possible for the
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TABLE VIII-1 CALCULATED AND FOUND COMPOSITION OF K-9 SOLUTION (MOLALITIES)*

Constituent

H+
S0, ™"
+
NHy)

Fe

H-7

0,558
0.16
0.03

0.0019

J=1

2,10
0.28
0,42

0.003

L2

3.30
0.036
0.10

0.01

K-9

At time of From L~2 From L;2
accident®* and H-7 and J-1
1,07 1.47 2.50
0,095 - 12 .20
0,011 054 . W31
0,04 004 «005

*Assuming ratio of floor solution to L-2 solution is 2:1,

**Assuming volume of 45 liter in K-9 at time of accident.
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Vessel
NO.

G-59

G-66

K-9

Pu g/l

71,4
32.4

34 4

22.4
86,4
111.2

30,0

2,10

7 .98#
9,60#
6,87

1,07

o
d

»TABLB VIII-2 AQUEOUS SOLUTIONS OF MORE THAN 30 GRAMS/LITER PU CONTENT

SO,™" M NHY M
0.28 0,023
2,14 0,0056
3.164 0,01
0.095

0,011

Fe ﬂ

0,003

00,0057

0,007

o.ou

Remarks

In REB hood, Volume. solution 17 liters,
214 grams Pu, : .

45,5 liter vessel, contained 3% liters
solution

40,6 liter vessel, 2,5 liters solution
contained

40,6 liter vessel, 2 liters solution
contained

. 37,2 liter vessel, 16 liters solution

contained

Calculated composition at ‘time of
accident . . = .. .

*Included here because of uncertainties about accuracy of analyses.

#Indicates an analysis so high as to preclude this solution as the origin of the Pu in K-3,
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contents of J-7 to find their way to the floor, this would require
a series of manipulations of valves or pumps. No such series is
suggested by any evidence or testimony.

AA;phySkE]}y feasible path existed from the sump to K-9 via valve

#9447, and only this valve needed to be opened to draw liquid from
the sump into K-9,

As shown in Fig. IV-5;  a plastic line had been installed for tem=-
porary use during the floor cleaning operations between valve #9344
and the sump, While the floor cleaning operations were going on,
floor flushes were drawn by suction into K-8 from the sump. To
guard against criticality in geometrically unfavorable K-9; a pro-
cedure of first putting cadmium nitrate solution in K-9 was followed.
Suction was applied to K-9 from the vacuum headerj valves #431 and
#9uy were open, and other valves to K-9 were closed.

The floor cleaning operations had been finished but the temporary
plastic line had not yet been removed (an order for its removal had
been issued a few days before the accident)., After the accident,
valve #431 was found open as shown on Fig, VIII-2, Valve #3944 was
found closed., This valve is of the quarter-turn-to-open type, with
a ball type plug., Rotating the valve handle (a simple bar) from

3 o'clock to 12 o'clock opens the valve completely.

Examination of the vacuum-vent valve (#312) after the accident
showed it to be open to the vent, as it should be as a result of the
procedure used to render K-3 harmless. Whether this valve was
actually open to the vacuum header at the time of the accident can-
not be confirmed after the fact, but since several suction transfers
into K-9 had been made during the morning of April 7, and since the
operator states that #312 was open to vacuum at the time of the ac-
cident, and since there is no controverting evidence or testimony,
it may safely be assumed that suction was available in K-9 so that
if valve #9944 were opened, liquid from the sump could enter K-39.

Opportunity for opening and closing the valve existed,

The handle of valve #3944 is located inside the hood, approximately
as shown in Fig, VIII-3. The valve werks easily, but in order to
operate ity the operator must put his hand into glove B and reach
inside the hood, a distance of 1 - i 1/2 feet, Both the regular
operator (employee#l) and his relief operator (employee #18) were
familiar with the valve and its function. Both operators had the
opportunity to open and later to close the valve, as required by
the explanation considered most plausible., Both operators state
that they do not recall doing so. Both state that accidental
opening of #3u44 while reaching for one of the other valves in the
vicinity is possible, but unlikely.

The manner in which the power probably varied during the excursion
is consistent with triggering mechanisms which could have been
operative,

VIII-8
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In Appendix 8 will be found a discussion of a physical anlysis of
the excursion, This analysis shows, among other things, that if
criticality occurred as a result of a continuing steady addition of
uniform plutonium solution, the rate of addition probably had to be
less than (very roughly) 0.1 - 1 ml/see., Had it been much larger
than this, the size of the initial pulse would have substantially
exceeded the « 1010 fissions which it is believed to have contained,
Since putting v~ 50 liters of solution into the tank would have re-
quired 14 hours at 1 ml/sec, and since the time available for fil-
ling the tank was apparently 15 minutes or less, this does not seem
to have been the triggering mechanism. However, other mechanisms,
capable of adding the last increment of reactivity at a slow rate
once the tank was almost critical, exist, For example:

1) Addition of 1400-1500 grams Pu at a concentration greater than
30 grams/liter followed by dilution with a small stream of di-
lute nitric acid. Such dilution could occur as a result of
sucking the aqueous cap off K-2 into K-9, as was actually done,

2) Addition of final increment of reactivity as result of deaer-
ation of contents of K-8 following the dumping of the aqueocus
cap off K-2 on top of the more concentrated solution in K-9,
Such deaeration would be stretched out over a longer period than
normal by the effect of the suction applied to K-9,

3) Addition of final increment of reactivity as result of settling
out of organic phase (a neutron ebsorber and hence reactivity
depressant) drawn into K-9 as an incidental part of the de-
canting of the aqueous cap off K-2, The finding, after the ac-
cident, of a few hundred milliliters of organic phase in the
piping at the bottom of K-9 is consistent with this possibility.,

Although it has not been possible to establish the exact triggering
mechanism, it is apparent that any one or any combination of the
three indicated above would be consistent with the evidence and
testimony available, -

Various other explanatlons have been examined and found less plaus-
1ble or actually impossible,

At the time of the Committee'’s preliminary report, it had been found
that there was an accumulation of dried solids on a valve between
the top of the stripping column H=3 and J-2, a product receiver and
acid addition tank. The dried solids were found to contain 37% Pu,
corresponding approximately to plutonium. nitrate. Leakage of pro-
duct solution onto the floor was at once suggested. The valve and
its connected piping were removed and tested in the laboratory for
leakage. The leakages through the closed valve and through the
fitting were less than 0.1 'ml/min and 1 ml/min, respectively, under
pressures much higher than could have existed in the process., It
is obvious that neither leak could account for the quantity of Pu

which got into K-9,

The possibility that an accumulation of solids in K-9 might have
played a significant role was ruled out by examining the bottom of
K-9 and finding on it at most less than 68 grams of solids,
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The possibility that valve #944 might have been leaking sufficiently
to admit the sump liquid under suction, and then to somehow retain
the liquid above it for several weeks was suggested. Valve #3uu

was removed, with its associated piping, having first immobilized
the valve handle in its as-found position by application of a self-
setting resin. Hydraulic tests were then made, which proved the
valve to be nonleaking. The internal parts of the valve appeared
clean and bright; there was no indication that any solid or semi-
solid material was present to act as a sealant against downward
flow, It was also hypothesized that there might be some positien
of the handle of valve #9u4 which would permit upward flow at the
necessary rate of several liters per minute in response to the
suction (~20-25 inches Hg subatmospheric) on K-8, but would not
permit downward flow when the suction was removed or would limit
downward flow to a slow rate, Experiments to find such a setting of
the handle did not disclose the existence of any setting at which
the flow rate relationships even approximately satisfied the

~ hypothesis.,

It was found that although the valve handle worked easily, it stayed
in any position in which it was put. Creeping from a slightly open
to a tightly closed position under the action of gravity hence seems
excluded. ‘

The possibility of entry of strong Pu solution into K-9 through
openings other than K-9 also was considered. Reference to Fig.
VIII-2 shows that all exits from and entrances to K-9 were blocked
by closed valves or by a capped line, Moreover, the lines beyond
these closed valves were found in every case to lead proximately
to other closed valves or to vessels containing either no plutonium
in aqueous solution, or aqueous plutonium solutions of concentration
much less than the 30 grams/liter minimum which must have existed
in K-9 at the time of the accident. Thus, leakage of one of these
valves would not have admitted sufficiently concentrated Pu solu-
tion to account for what was found in K-9,

As implied earlier in this section, there was also a systematic

survey of the possible sources of Pu solution of 30 grams/liter cr
stronger, with a view to determining whether they could contribute
30 grams/liter or stronger solution to K-9, either by transmission
through pipes, or by leakage to the floor, and thence into K-8 via
valve #9u44, This survey disclosed no plausible source of Pu solu-

tion except J-1,

The foregoing most plausible explanation of the accident considers
only that evidence which is directly pertinent to this explanation,
In the course of searching for an explanation of the accident, much
additional evidence was developed. Some bits of this additional
evidence are at variance with what was expected to be found. For
example:

1) The chemical operator said that he had put certain chemicals
into tank K-8 in preparation for washing the organic phase in
- K-2, After the accident, K-8 was empty, and its drain line
valve was partly open to the waste collection system° Why this
valve was partly open is not known,
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2) The aqueous solution in G-36, a waste storage vessel, was 7 M
acid instead of about 3 M as expected. No explanatlon is

available,

3) The product solution in J-1 was 2,1 M in acid, whereas it was
expected to be about 0.6 M. No explanation is available.

4) The solution in tank L-2 was found to consist of about 175
liters of aqueous solution of 0,118 gram/liter Pu content, It
had been expected that the tank ‘would contain about this same
volume of organic solution of about 2.1 grams/liter Pu concen-
tration, This condition, while unexpected, was not considered
abnormal since this tank contained dilute wastes, of both
phases, collected from several sources over a period of a few

shifts,

These conditions are not of a type which would be expected to create
a nuclear safety problem but, being anomalous, they might be sus-
pected of some connection with the accident. No such connection has
been found, and these points remain minor and probably disconnected

anomalies,

C. Measures Which Would Have Prevented the Ac¢cident

Certain conditions existed in the Recuplex facility on April 7 which were
necessary to the accident, and which were not necessary to operation of

the equipment. Correction of these specific conditions would probably have
prevented the accident, The conditions referred to are:

l, K-9 was geometrically unfavorable, and although the introduction into
it of fixed poison had been considered, no such poison was present.

On at least three previous occasions there had been "over-batch" inci-
dents in K-9, i.e,, the specified maximum quantity of Pu allowed in the
tank at any one time had been exceeded, Because these mass limite are
set quite conservatively, there was no criticality in any of these
cases, Partly as a result of these incidents, the installation of
Pyrex glass raschig rings in K-9 had been considered. The boron con-
tained in the Pyrex would have been a powerful suppressant of neutron
multiplication, However, there were some objections to the instal-
lation 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 in-
creased, sampling would be less reliable), and it was concluded that
the right answer to. %hls and other reCOgnlzed problems of the Recuplex
facility was the construction of a new facility - Project CAC-880,
Approval of this project had been requested, but its final authori-
zation involved considerable delay, as elsewhere noted. '

2, K-9 was not equipped with an alarm-sounding neutron counter which would
signal the presence of too-large quantities of Pu.,

The installation of a neutron counter (which would sense the spontaneocus
fission neutrons from Pu2%0) for detection of too-large quantities of
Pu in K-9 had also been discussed. However, no decisive action had

UNCLASSF E’& =i
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been taken, it belng indicated that a counter of the type desired would
be quite expenSLVe and further study seemed desirable. Counters are
available on various of the process vessels, but in order to get a
reading from them, one must first set a selector switch to the counter

 of interest, since several counters feed into the same meter through
" a selector switch, No counter was installed on K=-9. There was here

also some feeling that the proper course of action was to replace K-9
with a geometrically favorable vessel, as planned in Project CAC-880,
and that the real answer was to get approval on CAC-880,

The directly associated operating organization did not realize that a
J-1 overflow would bypass J=5.

Until about three years ago the overflow from J-1 was directed to J-5,

a tank which serves also as an overflow catch tank for various other
vessels, J-5 itself overflows to the sump, but is provided with a high
level alarm which notifies the operator to pump out J-5 into another
tank from which appropriate final disposition of the overflow can be
made, About three years ago, it was found that occasionally there '
would be contamination of J-1 with less pure overflow solutions from
another vessel, The contamination was traced to a form of backing-up
through the overflow line, To make sure of curing this trouble, a new
overflow line was installed directly from J-1 to the floor, This
change did not introduce a direct nuclear hazard, since the floor of
the hood is geometrically favorable, However, after the accident it
was found that relatively few people in the operating organization were
aware of the existence of the direct 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 installation of the
line was reviewed and approved by the Critical Mass Engineer at the
time of installation, but the operating procedures do not mention the -
line or its effect on operations.

The drawings of the equipment in the SE hood, available at the time of
the accident, do not show the direct overflow line from J=-1 to the
floor., The line was discovered during the course of the postaccident
activities requested by the Investigation Committee and aimed at ac-
quiring an up to date set of "as-built" drawings. .

The operators did not observe or did not properly interpret the weight
factor indication on J-1,

That an overflow might be occurring could have been inferred from the
fact that the weight factor chart indicated the vessel to be full,
However, this, in turn, would have required knowledge of the specific
gravity of the solution in J-1. The input-output flow charts would
also have given some hint of overflow had they been studied continu-
ously. However, even in normal circumstances, the operator and the
shift specialist are too busy to be expected to do such work. On
April 7, they were doubly busy since there had been difficulty in keep-
ing the H-1 and H-2 columns from flooding and this had taken much of
the operator's attention on both the 12-8 and 8=4 shifts, Thus, while
it would have been possible for the operator to have detected the over-
flow from J-1, it is not reascnable to expect him to have done so,
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Valve #431 was open,

The Committee learned that when suction is applied to K-9 there are two
routes by which liquid may be drawn from the same opening at the bottom
of L-2 (a tank used for collection of contact organic, located in the
R6B hood) into K-9, One of these routes admits the liquid to the top
of K-8, through valve #506 (see Fig, VIII-2), The other admits liquid

- to K-9 through its bottom, via valve #431, the pump, and valve #543,

The "normal" path was through valve #506, into the top-of K-8, How-

" ever, some of the operators felt that the transfer went faster if the

other route (via valve #431) was used, Operating instructions did not
forbid the use of the route through valve #431, and this route had

been used on the 12-8 shift in making transfers from L-2 to K-9 and
thence to K-2, Valve #431 was left open as a result of these transfers,
The 8-4 operator did not make a complete valve status check when he
came on duty, and was, hence, unaware that #431 was open. Had it been
closed, the accident would not have happened.

The temporary line from the sump to valve #944 had been allowad to stay
in place after its usefulness was past,

During the planned use of this line, the procedure called for first
determining the Pu content of the sump contents, then placing in K-9 a
specified quantity of Cd (NO3), solution before suckirng the sump liquid
into K~9. These precautlons were carefully detailed in a special in-
struction which had Critical Mass Engineering approval, This instruc-
tion was silent on the subject of removal of the temporary plastic line
after the floor clean-up had been concluded, However, the supervisor's

.instructions to the operating crew after the floor clean-up had been”

completed included directions to cease using the temporary plastic line,
A work order-for removal of the line had been written four days after
need of ‘the line ceased, After another three days, the work itself had
not been performed. The work order was being handled as a routine
scheduling item at the time of the incident, Thus, a full week had
passed without correction of this primary hazard to critical mass

safety.

Valve #944 was operated, contrary to oral instructions. As previously

pointed out, no one admits to having operated valve #S44, but no other

plausible explanation is available,
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APPENDIX 1

EMERGENCY
~and _
DISASTER PLAN

The HOO "Procedures for Emergencies" are contained in AEC Manual - HA Supple-
ment HA O6H1-01l. Pertinent portions of the Manual are quoted below:

06H1-01  Purpose

The purpose of this chapter is to establish procedures for providing
assistance in protection of heaslth and safety of the general public
against (a) radioactive materials under license, (b) government-owned
radioactive or toxic meterials involved in accidents off-site, and (c)
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relate to contractor personnel are not intended to alter the contractor's
internal emergency plans or to alter civil defense plans in effect to cope
with enemy action. :

06H1-03 Emergency Plans

. Plans for notification and action are shown in the Appendixes for the
categories of emergencies described below: '

031 On-site Contractor Incidents. The plan shown in Appendix 06H1-031
outlines the procedure to be followed in the event of an accident originating
at HOO which may result in the spreading of radiocactive contamination (gas,
liquid, or particulate) or any other toxic material outside the Hanford
Restricted Area.

The HOO Emergency Committee is to be notified in accordance with Appendix
06H1-031 given below:

Appendix O6HL

Emergency Committee

Office Bome .
Name Ext .No. FPhone Home Address
F. J. McHale - Chairman 6-5441 : WH 4-5193 | 1317 Tunis
Richland
Alternate:
0. R. Simpson 6-54h1 WH 7-T475 1210 Gowen
Richland
. V. R. Holmquist 6-4011 WH 8-3195 1602 Johnston
_ Richlsnd
Alternste:
D. J. Keigher 6-4011 WH 5-7537 642 Chestnut
1 1 Richan

SRS




Emergency Committee (Continued)

Office Home
. Name . Ext.No. Phone Home Address
A. T. Gifford 6-5291 WH 3-3257 1935 Harris
‘ Richland
Alternate: .
H. E. Parker . 6-5291 WH 6-6820 1706 Geaillard Pl.
' Richland '
J. L. Dickson 6-4646 WH 3-1676 2126 Harris
‘Richland
Alternate: ‘ :
C. F. Goodner 6-4731 WH 3-1961 509 Basswood
Richland

INFORMATION DIVISION, DIRECTOR

M. R. Cydell 6-4933 WH 6-6215 1918 Harris
Richland

Alternate: _
L. D. Weir 6-4822 WH 7-2815 1713 Hunt
Richland

Notification Call List for Emergency
Resulting from Radiation Accidents in Alaska, .
Oregon and Washington and Other Off-Site Requests for Aid

In the event of an emergency of the types described in Manual Chapter O6H1,
Subsections 032 and 031&, the following individuals will be alexrted:

1. Atomic Energy Commission:

Office ' Hbme :
Neme Ext.No. Phone Home Address
H. G. Hicks 6-5496 : JU 2-8940 1216 W. 27th Ave.
Kennewick
K. L. Englund 6-5496 WH T7-5665 : 1409 Jadwin
Richland

2, General Electric Company (I—IA.PO Radistion Protection Operation):

K. R. Beid 3589 WH 5-1h4h7 1513 Sanford
Richland

A. J. Stevens 3376 WH 3-3783 1920 Howell
Richland

WH 4-0820 - 519 Catskill

Richland




. 2. General Electric Company (HAPO Radiation Protection Operation) continued:

Office Home
Name Ext.No. Phone Home Address
"Alternates:
G. E. Backman 3153 WH 6-6443 1606 Davison
Richland
L. A. Carter 3598 WH T7-2358 1028 Birch Avenue
Richland
E. C. Watson 3135 WH 4-9512 2104 Pullen
, Richland
3. The Emergency Medical Team
Dr. W. D. Norwood 6-4010 WH 4-5155 1937 Harris
Richland
Alternates:
Dr. Philip A. Fuqua 6-hhal WH 4-5180 1217 Gowen
Richland
Dr. Bradford C. Scudder 6-4948 WH T7-7565 1816 Hunt
' Richland

O6H1-O4 Emergency Action Organizations

Okl An Emergency Committee is hereby established which will be responsible
for initiating such measures, safeguards, and actions as deemed necessary to
properly fulfill the AEC-HOO responsibilities in the event of emergencies.

The following officials will function as the pérma.nerit Committee:
(See call list Appendix O6H1-031).
Chairmsn - Director, Security Division (or alternate)
Director, Safety Division (ar alternate)
Director, Production Division (er alternate) :
Chief, Transportation & Traffic Branch, Construction Engineering
and Supply Division (or alternate)

O06H1-05 Notification

d

051 A1l pubiished plans contem_'pla’ce that the HOO Security Duty Officer
will be notified at once of any emergency condition which falls within the
scope of this chapter.

052 The HOO Security Duty Officer will obtain from the individual notify-
ing him of the accident (or from such cther sources as deemed necessary) the
location, time, access, weather conditions, personnel involved, agency,




‘

individual reporting and phone number; habitgtiocn in the viecinity, and any .
other information pertaining to the incident. In all cases, he shall instruct
the person notifying him to keep all persons away (a minimum of 500 feet from
weapons, otherwise 50 feet) from the material and the site involved until
specific instructions are issued by the Emergency Committee.

If the notification is received by another EOO Division or Office, the minimum
instructions contalined above will be given to the person reporting the incident.

053 The HOO Security Duty Officer will immediately report the above
information to the Chairman, Emergency Committee, listed in Appendix O6H1-031
and request further instructions to be given the person reporting the incident.

054 The HOO Security Duty Offlcer will immedistely notify cther members
of the Emergency Committee listed in Appendix O6H1-031 and request them to
report to the AEC Airpors.

055 If medicel advice or action is required, the Emergency Medical Team
will be alerted by the HOO Security Duty Officer by use of the call list in
Appendix O6H1-0L2.

The GE-HAFPO incident notification‘_ follows the order shown below:

*GE Patrol Emergency Officer notifies GE personnel conly except for
the AEC Security Duty Officer who is responsible for notifying
HOO personnel identified in Appendix 0O6H1-031.

EANFORD ATOMIC PRODUCTS OPERATION
Master Primery Emergency Call List
For
Plant Disaster and Evacustion

Source of Alarm

Supervisors - Manufacturing Aress
Ievel IIT Managers

- #GE Patrol Emergency Officer
(located in ERC - 703 Bldg.)

Business
Phone Home Phone _
Area Patrol Notification
Crash Alarm
6=4122 : ) WH 4-5197 W. E. Johnson
6-5kh1 ) _ AEC Security Duty Offier
" (Notifies individuals

identified in Appendix
06H1-031)

6-4387 or 703 Reception Desk
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Business .

Phone Home Phone
6-4740 WH 6-6715 A. B. Greninger or
2-5156 YO 7-377h 0. C. Schroeder or
2-548Y4 WH T7-3295 C. A. Priode
6-4733 | | WH 6-67T7 G. R. MacArthur

3626 ‘ . WH 5-2128 R. L. Dickeman or

3562 WH 5-1702 W. N. Mobley or

3874 ' WH 5-0772 H. E. Berg

36h2  (8:00 AM to 4:30 PM . H. M. Parker or

3740 f‘ggértgrr:.%e' ) A. R. Keene or

H.L.0. Crash Alarm)

3738 R. F. Foster
6-4055 | ' WE L4-%770 R. J. Schier
6-452h _ WH 4-6275 L. L. German or
6-4ko22 JU 2-7693 C. W. Weeks
6-4002 North Gate House
2-7699 WH h-0hs52 P. H. Reinker or
2-T706 , WH 3-9507 J. H. Warren or
2-7807 WH 7-0253 P. R. McMurray
6-5486 JU 6-4386 C. E. Crandall
6-4010 ' WH 4-5155 W. D. Norwood, M.D. or
6=ll1l WE L4-5180 P. A. Fugua, M. D.
6-4755 | WH 7-7675 M. F. Rice or
6-4754 WH 7-T725 E. G. Jones
2-7321 ' | | | Electrical Dispatcher
2-T716 ) ' Meteorology Tower
6-4935 (8:(50 AM to 4:00 M) : | Train Dispatcher
Direct

Line : Telephone Operator




The General Electric Company has in existence plant-wide emergency and disaster
plans. For the past few months the Company has been reviewing these plans and
recently presented to HOO for review and comment a new version of these plans.
They are contained in documents HEW-70T00, HW-T72200, and HAN-81167. Since the
new plans have not been approved and issued in final form, the Committee has
reviewed the existing plens contained in the "Manual of Standards Practices -
Finished Products Operation - 234%-5 Building", dated June 1, 1961.

The entire Manual consists of nine sections as follows:

Subject , ‘Section
Emergency Procedures I
Safety II
Radiation Hazard , II1
Property Accounting Iv
Essential Material and Supply Procedure v
Process Control VI
Standard Operating Procedure VIl
Job Description and Responsibilities VIII
234-5 Building Security Rules and D6
Regulations

Section I pertains to emergency plans. Pert 10l pertains to the Z Plant
evacuation plan, and Part 102 deals directly with the Nuclear Excursion
Evacuation Plen, while Part 104 deals with emergency Procedures. Fertinent
portions of these parts are extracted below:

Part 101 - Finished Prdducts %rétion Evacuation Plan
Z-Plant Evacuation Plan
Purpose

It is established that an organized withdrawal of persomnel from
the Plants in FPO is considered necessary to minimize the possible loss of life
in case of an actual eremy action. Following an alert, a distance greater than
ten miles from any target area is desired. In case of a Take Cover signal,
which indicates an immediate attack or bombing, the 234-5 Building tunnel is
regarded as the Z-Flant underground shelter and the Electrical Gallery in
224h.U is regarded as the U Plent wunderground shelter. In case of an Alert
signal, all persomnel in FPO will evacuete to iis staging area which is already
Ire-arranged by Security Patrol persomnel. Prior to an evacuation, each unit
in FPO areas will be expected to perform those functions theat are required to
shut down a facility.

Alarm Systems
234=5 Building

The 2345 Building is equipped with & klaxon that can be heard
throughout the building. The activation switch is located in the Button ILine
Specialist's office, Room 251-Z. The Processing Operation Supervisor is
regsponsible for seeing that the alarm switch is activated. Areas unsble to be
reached by the Alzrm System such as outside greund, 291-7, 270h-7 s and 2h1
Sump Area, will be coversd by dispatched personnel using a “"shutdown card®
system,

et ASSIFIED 2.6
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Types of Evacuations
. Evacuation Class I

UNCLASSiEyp

ILocal emergencies arising from radiastion or industrial hazerds which
warrant evacuetion of a building, facility, or the area, are known as Class I
evacuations. The ranking Processing Supervisor, the Recovery Specialist in
his absence, or principal occupant of & ron-processing operation is responsible
for meking tke decision to evacuate, notifying Security Patrel Radio Operation,
end initiating the All Clear signal.

Evacuation Class II

An emergency which is of sufficient scope to involve another area is
Xnown as a Class II evacuation. The decision to evacuate the area in which the

emergency occurs is the responsibility of the Evacuation Director of that area.

The decision to evacuate cother facilities or areas will be made by the Emergency
Reloeation Certer or the Evacuation Director of the area in question. The
persons making the decision will notify the Security Pstrol Radio Operstor and
initiate the All Clear Signal. :

Practice Evacuations

In order that the evacuation plen may function smoothly in time of
emergency, it is desirsble that tke practice evacuation be held periodicsally.
Gereral Electric Chemicsl Processing Department's Organization and Policy
Guide states:

"The Manager, Processing Operstion, in each plant is responsible for
scheduling practice evacuations such that each shift will participate at least
once each calendsr year. The element of surprise should be maintained insofar
as is practical to effectively evaluate the practice. A report of the practice,
including participation, pertinent times, and other appropriate comments should
be sent to the Specialist, Health, Safety and Radiation within 24 hours.”

Signals
Bvacuation

5 minute steady blast from the Power House and/cr building klaxons.
The 224-U, 23%-5, and 231 Buildings are equipped with kiaxon systems. The 2704-Z
and 2705-Z Buildings and 222-7 Building must be notified by telephone or dis-
patched personnel.

In a fé.cili‘by evacuation the only signals will be those located within
the buildings of the facilities. '

Alerm Tests

Once per quarter the evacustion alarms in the 22k.T, 234~-5, and 231
Buildings will be tested for thirty seconds to insure their worksbility. All
persons in these two buildings must be aleried in advance that this is a "test”
in order to aveid the possibility of & penic,

Evacustion Responsibility

The signal for an alert will be communicated by the Control Center
to Ares Security Patzrol who will initiste the evacuation by means of the Crash
Alzrm System. 17




Wren the signal "Civil Defense Alert" is received by en area, normal
operations will be discontinved. After facilities have been Prepa.red for
evacuation, the area will be evacuated.

The decision to evacuate either of the 200 Areas for causes rising
within it is the responsibility of the ranking Operations Supervisor who shall
be tke evacuation director. Line of command is as follows:

1. Renking Processing Supervisor of the Special Separations Processing and
Auxiliary Operation.

2. Ranking Processing Supervisor in 234-5 Building (alternate).

Z-Plent Processing Supervisor will be directly responsible for originating the
signal to evacuate the Z-Plant facility. In his absence the Recovery Specialist

will assume the responsibility.

The U-Plant Specialist will be directly responsible for originating the signal
to0 evacuate the U~-FPlant facility.

The line of command in FPO is as follows:

1. Operation Supervisor, Processing Cperation.
2. Specialist, Product Recovery (alternate).

3. Plutonium Metallurgy Operation Supervisor.

Facility Evacuation

The ranking Processing Supervisor in the 234-5 Building and the Specialist in
the 224.U Building are responsible for initiating all evacuations for causes

arising within the facility. In order to initiate the alsaxm, he will notify

Area Security Patrol on 7775 (200-West). The message will be as follows:

1. Evacuation for (give facility name).
2. Evacuating for (give reason).

The supervisor or spec:.a.list will prepare his facility for evacuation and
complete the exit

In case of an Area Evacuation, the arnouncement over the Crash Alarm System
will be applicable of the following: :

1. "This is an (Evacuation - Class I; Evacustion - Class II; A Civil Defense
Alert). Evacuate!"

2. "This is a Civil Defense Take Cover Signal. Seek Shelter!"
3. "This is a Practice Evacuation. Proceed according to pia.n."

Each Crasgh Alarm station must not hang up until the message is clearly under-
stood and acknowledged by repesting the telephone number to the radio operator.
No station that has left the conference can be re-connected to the conference
except by re-establishment of the entire conference to all parties. If uneble
to deliver the message, the fact will be reported to the Shift Lieutenant who
will investigste and take sppropriate action to insure notificatlon.




UNELASSIFIED

When a "Crash Alerm" is received, the foll‘owing must be done by the ranking -
Operations Supervisor or alternate:

234-5 Building

1. Activate the Evacuestion Klaxon (switch ldcated in room 251).

2. Dispatch personnel with shut-dot;rn cards to follow prescribed shut-down
duties.

3. Should audio alarm fail, notification of persomnel at these locations
will be made by telephone or runners.

L, 1If an Evacuation Alarm is received during shift work, a runner must be
dispatched to inspect the 231 Building, 272-Z, 2705-Z, 2704-Z, and clear
the area. ,

Evacuation Procedure Weekends

When a "Crash Alarm" is received on weekends and no Z plant supervisor is
Present, the A, B, C, and D shift operator who is.on duty will activate the
evacuation klaxon in the- 234-5 Building.

He will assume the 231 Building is cleared of personnel unless he knows
differently from inspections made of the building prior to evacuating
Z-Plant, If personnel are known to be in the 231 Building, he will activate
the evacuation alarm in Room 26B of the 231 Building.

He will then leave the building through the duct level and out the No. 7
Power Room door to clear personnel from these areas which are unsble to be
reached by the building klaxon.

The A, B, C, and D operators will then check the 272-%Z, 2704-7, and 2705-%
Buildings for personnel and proceed to the evacuation bus.

In U-Plant, the shift operator will activate the klaxon, inépect the premises
for other personnel and proceed to the evacuation bus.

The A, B, C, and D operators are approved evacuation d:civeré .
102 FINISEED PRODUCTS OPERATION NUCLEAR EXCURSION EVACUATION PLAN
102.1 EVACUATION PLAN - NUCLEAR EXCURSION, FINISEED PRODUCTS OPERATION

Introduction

Since the potential for a nuclear excursion exists wherever nuclear
materials ere hendled, it becomes necessary to provide a procedure for
evacuating personnel from the premises. This procedure is separate and
distinet from the Flant Defense Plan Emergency Evacuation Procédure.

Discussion
Ten radiation detection devices for nuclear excursions are located throughout

the 234-5 Building. There are two in the UO3 Plant. The warning signal is a
continuous siren. At the sound of the siren everyone should immediately

1-9




evacuate the building by the neesrest exit. Arrows pointing to the neerest
exit are painted throughout the building. Once outside, a distance of 100
feet from the building should be attained and maintained ard everyone should
gather at the evacuation buses. The Section Manager and all Sub-section
Managers should be notified as socn as practical.

It is important to note thet in the event of a ruclear excursion, time is
of the essence! Extremely high gamms ray fields will exist even though the
nuclear resction may subside. Iethal doses of radiation may be avoided if
not a second is lost in evacusticn. Do nct beother to lock files, change
clothes, or shut down the process, unless you can hit the "shut-dowm button"
on the way out.

Practice evacustions will be held at least four times a year. Everyone will

be notified in advance of a practice evecuation so that they may leave immediately
when the alarm sounds without affecting the process or violating security.

Visitors

Visltors will evacuate by the routes described above glong with the bullding
residents. All visitors should be made aware of an evacustion plan by the
hosts when they entexr the srea.

Re«Entry Procedure

Ranking management in the Processing, Fabrication; Control and Maintenance
Operations shall set up headguarters with the Menager of the Processing

Operation in charge. The Control Cperation Manager will be respomsible for
evaluating radioclogical hazards and personnel dose rates. The Maintenance
Operation Mansger shall be responsible for determining the safe condition of

the affected structure and the electrical and power equipment. No re-entry

to the plant exclusion area shall be sllowed without the concurrence of the
Control Operstion Mansger and after radiation levels have been defined. Immediate
steps shall be ‘taken by this group to effect the following:

1. Completely define radiation levels throughout plant area, posting them
conspicuocusly at general approaches. (Obtain gamme and neutron measuring
instruments from neighboring facilities.) :

2. Consult with experts on critical mass prior to re-entry of zones where
the excursion took place. (Suggested contacts are: R. L. Stevenson,
E. D. Clayton, P. F. Gast.) The cause of the excursion and the status
of the equipment must be determined, and the procedural steps must be
planned before any action is taken to kill the reaction.

3. Eliminate all potential fire hazards (e.g. Pu in moist air, electrical
ha.zards). Adjust ventilation to minimize spread of contamination. Secure
all classified material and products. Place non-affected areas in safe
standby. v

L, Set up a central office of communicastions, records of all subsequent
activities (including first-hand reports, radiation levels, equipment
loss, etc.) and supplies (SWP clothing, masks, decontaminating agents,
radiation survey instruments, replacement film badges, etc.).

F:%:‘S l1-10 |
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5. Arrange for the emergency processing of all personnel exposure badges
and pencils, the analyses of blood samples as required to determine
exposures of those most affected and the emergency treatment of personnel.

6. Organize clean-up squads, waste hauling and repair service.

T. Assess the extent of the damage and recommend need for revision to
rroduction schedules, emergency procurement of replacement equipment
or any other steps necessary to resume continuity of production.

10k EMERGENCY PROCEDURES

10k.2 CHEMICAL PROCESSING DEPARTMENT EMERGENCY RESCUE PROCEDURE

Purpose

Voluntary CFD persomnel will be trained and organized to function as
rescue squads in the event of a disaster from natural, internal, or external

causes.

Responsibility

Relations Practices is responsible for personnel training arrangements, pro-
curement of equipment, maintenance of the rescue procedure and integration
of the rescue program. :

Personnel

One squad of trained personnel will be esta.blished on each of the A, B, C,
D, and day shifts. A shift squad will consist of eight men and the day squad
will consist of six men, for a total of 38 CPD rescue personnel.

A personnel roster will be posted on bulletin boards in Redox, Purex, Power
and General Maintenance, Finished Products Operation, and other appropriate
locations. ,

Rescue personnel -will carry special identification cards. In an actual emergency
rescue personnel will be admitted to all exclusion areas.

Equipment

One bus will be equipped with rescue equipment as recommended by the Office of
Civil and Defense Mobilization. Deviations from these recommendations may be
made considering Department conditions and the availsbility of similar equip-
ment. The bus will be identified by blue and white Civil Defense colors and
the letters "200 Areas Emergency Rescue”. It will be parked nesr the 200-West
Area Fire Station. Mechanical maintenance of the rescue bus will be performed
by 200-West Area Light Equipment Maintenance Operation, CE & UO.

Rescue squad leaders will inventory equipment monthly and drive the bus for a

- test run within the area. The Patrol Radio Operator should be notified priocr
to making the test run.

1-11
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A. Non-Evacuation Emergenices

Incidents such as fire, explosicn, collision, structural or equipment
failure may endanger life, but not involve radiation or contamination. Similar
incidents may occur within exclusion areas, but may not cause the facility to
be evacuated.

Notification

The ranking Processing Supervisor or principal occupant of a non-processing
facility will call the Area Patrol Radio Operator, T702 West Area, 7302 East
Area, and request assistance of the rescue crew. The notification will be made
on the Crash Alarm System: "A non-evacustion emergency exists in the

Operation. Instruct all rescue personnel to report to
Building, 200 Area immediately."

Supervision will immediately notify rescue personnel and dispatch them to
the site.

Mobilization

Rescue personnel will immediately assemble at the main entrance of their
respective work locations and depart for the disaster site using any availsble
transportation.

Upon arrival at the site, rescue personnel will assemble st the rescue
bus and receive instructions from the ranking Processing Supervisor of the
facility requesting aid.

Practice

Practice non-evacuation emergencies will be scheduled ss needed to evaluate
the effectiveness of the procedure.

B. Evacuation Emergencies

Conditions which require evacuation of facilities or areas are defined in
the 200 Areas Master Evacuation Flan.

Notification

Unless otherwise instructed, rescue personnel will board the evacuation
buses or report to designated shelters with other personnel.

Mobilization

Upon arrival at the voint of area exit or the designated staging area,
rescue personnel will assemble gt the rescue bus and await instructions of
the Evacuation Director. This information may be relayed to the Rescue Squad
I.eader by a Security Patrol rzdio car.

Duties of Fescue Personnel

Participate fully in training program; respond to emexgency and practice
alarme; drive rescue bus; inventory rescue equipment; request replacement when

shift is changed.
' 1l-12




Obtain dose rates and oral radiation work instruction before entering a
Radiation Zone.

Training Program

CE & UO Fire Protection Operation will conduct the training program. New
rescue personnel will receive 60 hours of instruction and field work; refresher

progrems of 16 hours will be scheduled annually.

Additional Help

Depending upon the need, other special services may be requested of the
Patrol Radio Operator by the Supervisor initiating the notification.

A. Industrial Medical - Field First Aid, transport injured.
B. Security Patrol - Roadblock, comtrol of perscnnel, radio communication.
C. CE & UO Line Maintenance - De-energize, restore electrical lines.

D. Disaster Crews from IPD and FFD - Additional rescue personnel and
equipment.

£
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PRICR AUDITS OF SAFETY

The committee has investigated the organizational requirement for providing
reviews and audits of criticality comtrol procedures and finds that all formal
requirements have been met and that the requirements themselves appear to be
reasonable. .

The Chemical Processing Department Organization and Policy Guide No. 11.9
defines policy, general practices and responsibility for control of critical
mass hazards. This OPG was issued L4-15-60.

Paragraph 7 of Section III, Procedures states:

"7, Internal audits will be performed at the direction of the Opera-
tion Manager (Purex, Finished Products, or Special Separation
Processing Auxiliaries) on a continuing basis to assure that
administrative controls are adequate and adhered to. Independent
sudits will be performed in accordance with paragraphs 8 and 9,
Responsibility."”

Paragraphs 8, 9 and 11 of Section IV, Responsibility are:

"8, The Manager, Production Operztion, is responsible for providing
indépendent annual sudits of critical mess conbrol peri‘orma.nce
in CPD. production facilities a.nd, laboratories. s :

"Qe The Department Genera.l Manager, at his discretlon, will provide

.. audits of Department critical mass control specifications and
procedures by recognized experts not associated with the opera-
tion of Hanford Atomic Products Operation.”

"1. The Senior Engineer (Nuclear Safety), Advence Process Operation,
Research and Engineering Operation, is responsible for producing
an annual review and technical appraisal of Department Critical
Mess Control Activities."

During the period from Octcber 1960 through September 1961, a total of 42
visual sudits were conducted in the 234-5 Building by a supervisor in the
Radiation Monitoring Operstion. In the period from October 1961 to February
1962 the frequency of audits dropped slightly with a total of 12. These
visual audits are valusble for controlling criticality hazards in most areas
within the 234-5 Bldg. but are incapable of determining the status in the
Recuplex Area.

A review of criticality procedures in the Chemical Processing Department
was conducted on May 19 and 20, 1960, by A. D. Callihan of ORNL, H. C.
Paxton of LASL and P. F. Gast of HLO. The report of this review in its
entirety is reproduced and appended as Exhibit 2-A.




Another review of criticality procedures was conducted on September 8 and 12,
1961, by a group of experts internal to Hanford but external to the Chemical
Processing Depertment. The members of the review committee were C. L. Brown,
We S« Nechodom, C. R. Richey and P, F, Gast. The report of this committee is

appended as Exhibit 2-B.

The Senior Engineer (Nuclear Safety) has written a "Nuclear Safety Review"
in the fall of each year since 1958. These reviews all written by R. L.
Stevenson and listed as Confidential-Undocumented have the following numbers
and issue dates:

HW-58077, issued November k&, 1958
HW-62632, issued November 12, 1959
HW-67643, issued November 21, 1960
HEW-T1588, issued November 9, 1961

In general, these reviews, both internal and external, reflect some concern
for the difficulties of meintaining adequate control of nuclear safety in the
Recuplex Facility because of the presence of non~critically safe tanks, the
difficulties of direct observation in the hoods, and the deteriorated condi-
~tlon of the facility itself. Actions taken as the result of recommendations

- of the external review committees are included in Appendix 4.
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W. K. MacCreedy, Hanager
CERMICAT, PROCESSING DEPARTHENT
27C4-E Bldg.
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200-~Fast Area

CRITICALITY REVIEW

~

ment with respect to criticality sefety were reviewed on Mey 19 and 20 by A. D.
Cellihen of ORNL, H. C. Paxton of LASI, and P. F. Gast of HLO. The Eanford
Ioboratories operations in Building 231-7 were included in the review because
of its locsbion in the 200-W Area. The review concentrated upen 234-5 Bldg.
end 231-7 Bldg., but Redox and Purex buildings were also briefly considered.

LG your reguest, the procedures and practices of the Chemical Processing Departi-

The Redcx and Purex processes were described to us and the bases for eriticalit]
control in the vericus process vessels were reviewed. A similar review was made
of 234-5 operations followed by a tour of the building. C(Cperations in 231-%
were discussed with FLO personnel and that building was also toursed.

Ye fourd the criticality safety situation to be generally satisfactory but
believe that there are some possibilities for improvement in cervain respecis
which we nention specifically below. We found an awareness of the Importance oY
criticality control in all those to whom we talked end a general epprasciation of
the factors which enter into such control. Those heving specific responsibili-
ties in this area were well-informed and generously cooperative in assisting us
in carrying out this review.

Comaendetory effcris have been nede in the instruction and train

supervisors and operstors in the criticelity area and 1T is reco d thet
this training be repeeted as turnover of personnel werrents and that periocdic
T

~he Research and Engineering Cperation cerries hsavy responsibility in provid-
ing criticality specifications, and it is recomnended that ccasideration e given
40 increasing the musber of people in the cperation whose primery Tield of
activity is criticality. The discussicn of each criticelity mrcolen, no matlier
how straightforwerd it appesrs $o be, by two or mcre people, eath ¢ whon is

b A 2ield added assurence that nothing will be overlocked.
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perscnnel. HoOWwever,
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ispected; and the primary
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€
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criticslity control is on the sccountability of solution transfers

end the thoroughness of eguipment cleancuts, it is recommended

thet a more detailed reviev be made cof the B-PID to be certain that
is definitely not in scme remote part of the equip-
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Flutcnivunm Reprocessing

It is reccznized that the old Recuplex Fecility is in poor corditicn

and that a new facility is fto be built. In the review, therefcre, the

ccmnittee locked for aress that might require immediszte attention 1o

improve safety in the imberim period. The recommendetions of the com-

rmittee sre as follcws:

2) In Recuplex. imprcve the criticalily controls on the ifeed end
receiver tanks of the E-1 and H-2 columns, particularly on
K-1, and X-2. One feature that could be improved is the
ronitcring system. Cne of the safety devices on meny of
gecmetrically unsafe vessels in Recuplex is & neutron mor
indicate higher-than-normal guantities or concentraticons
plutonium. Most of these menitors are comnected to a sir
roin®t reccorder and sre not cn alarm. To make reedings on
vessels, the operstor mist switch the recorder frcm chaunn
channel; such readings are taken routinely each shift., I
recomrended that ezch of these monitors have its own chan
ard thet an alarm roint be set cn each to call astentina
larger-than-normal emcunts of plutcaium. It may elsc be
possible to connect the glarm points to the intericek systens
on G-10; K-1, and K-2, to shut off the feed valve ¢ these
tanks in the event of an alarm. Tt is elsc sugzested that the
possibilit; - “roisoned” Reschig rings o
ves 223 scfety fealture.

-l
"
S

[0 A

M




e TOHE —d

RANFORD LABORATQRIES OPERATION
ker 6 ctober 20, 156
exr it OVUO er 3 _Lgol

¢) In the plutonium cxide dissoluticn hood of the emalytical lebora-

i3 ing plutonium nitrat
soluticn should be reviewed to be certain of the margin of safetly.
+ was noted that the-posted limits permitted three bottles (12
liters total), each containing 400 g Pu (1.2 Xg total), to be in

£ one time at a ll-inch spacing. It was not readily
apparent that the three Lottles would be safe if they were side
bty side. £ this were the case; safety would be based on cnly one
contingency--the lé-inch spacing--rather than cn tke recommended
minirum of two contingencies.

d) The committee would like to mzke one other observatich concerning
Recuplex. Since one of the methods of prepering feed for Recuplex
is now to burn the plutonium metal to Pulz before dissolving rather
than dissolving the metal directly, the glow novement of the Pulp
particles in the form cf dust end undissolved Pulp over a pericd

-

of weeks or months into unsafe vessels znd remote areas should be
cerefully watched. licre specificelly, there should be assurance
that the cleanouts of geometrically unsafe vessels are complete;
that large amounts of Tulp do not accumulate in some local part
of the P-4 system, and that the Pulp does not work its way invo
vnsafe tanks {such as D-6), where it is not expected to be found.

Specifications implementing +the technical reguirements of COFG 11.9
ewizt. Tormal procsfures have Teen estzplishzd to control changss o
relaxations in the specifications T2 insure continued safe operacion.
Since sdministrative procedures which recguire perscnnel =
recognized as egually impertant in insuring safet operat
specificaticns, & planned schedule, and formal gcals should U
1ished which encompsss the subject of personnel training. It 1s reccn-
randed that personnel Treining be fermalized at least to the point
of estebii nz & systexm for measuring zrd recordirg the training level
of g1l ze end specific geals est blizhed for improving Train-
Py ecific s ti iz to generate by a set dalte writ-
of the "hazerds ard hezerds control tech-
with e plant coperavion, preferably by job
wrther -se, iz Lo gusrantee f 1 dgmeiEy
with T nd techmiques.
syt ol S
2 et e S
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wmnzs UNCLASSIFIED

OPERATING PROCEDURES AND STANDARDS

The Committee has investigated the basis for operation of the Recuplex
facility, and finds that there are established opersting procedures and
standards for carryirg on these operations. A basic document is the
"Manual of Standexd Practices" of the Finished Products Operation of CFD.
This manual contains, in eddition to sections on such matters as emergency
procedures, radiation hezerds and property accounting, rather complete
sections on Process Control and Standard Operating Procedure for the 23L4-5
‘Building. The Recuplex Operating Procedures total 190 pages; the type of
detail in these procedures is illustrated in "Solvert Addition to K-1 and
K-2", attached as Exhibit 3-A. The original process standards for verious
operations of 234-5 Building are contained in HW-k0517, "Process Stsndards
for Plutonium Isolation, Purification and Fabrication.”

Preparation of the Operating Procedures for Recuplex is a responsibility of
the Research and Engineering Section of CPD, and this component also provides
supplementary "Opersting Aids” contsining specific process information for
current application. An example is attacked as Exhibit 3-B. Other process
suggestions and run plan information items ere provided in memorandum form to
the operating group by supporting technical persommel from Research and
Engineering - A February 26, 1962 memorandum, “Recuplex Hood Floor Clean-Up,"
and a March 8, 1962 memorandum, "SE Floor Processing Via K-9 and L-2," are
gttached as Exhibit 3-C.

Plant tests of new process features are carried out under provisions of a
"Process Test," which must be approved by the responsible operating and
technical menagers, i.e., the Manager, Finished Products Operation, and the
Manager, Finished Products Chemiczl Technolegy. An example is attached as
Exhibit 3-D. Flowsheet revisions are issued pericdically by Finished
Products Chemical Technology; the most recent changes are covered by

L. E. Bruns' letter of January 11, 1962, to L. A. Berry, "Recuplex Flowsheets"
- see Exhibit 3-E.

In the important area of criticality comtrol, procedures and practices are
governed by CPD Crganization and Policy Guide No. 11.9 on Critical Mass
Control, with provisions regar-ding operstional controls, process and equip-
ment reviews and evalustions, internal and external audits, and related
matters including the requirement for written critiezl mass control specifi-
cations. OFG 11.9 is reproduced here as Exhibit 3-F, and the current status
of critical mass control specificaticrs and waivers for 234-5 Building is
attached as Exhibit 3-G. Two further safegusrds against criticality incidents
are to be noted. Neutron counters are used on a number of vessels in the
Recuplex system to assist ia product acccunting and to protect against over-
batching., Aleo, thers is an interlock system designed to prevent cressmixing
between the eritically safe vessels carrying high corncentration plutonium
solutions and themne-critically safe veszels which are expected to handle
only low concentraticns of product. A complete description of the interlock
safeguerds is given in secret document HW-64491, "Critical Mass Control
Specification - Recuplex,"” R. E. Smith, April 4, 1960C.

3-1
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a

11.00 SQLVENT ADDITION TQ X1 AND k=2

TBP and CCL; are added directly to the SE hood from tenks G~23 and K-3,
" respectively. These tanks are located in the chemical meke-up room,
. 337, Tenk K-13'in the SE hood is used as a measuring tank for these
- reagents, ‘ -

Periocdically, addition'of CCL, to the ofganic is necessitated by‘its
‘evaporation and relative solubility in the aqueous phase, .

‘Due to the formation of TBP hydrolysis products and other degradation
Jimpurities, the complete solvent inventory is renewed periodically.

Specific gravity range for the on-line organic is 1.465 to 1.495. 1If the
specific gravity is above 1.495, it is rich in CCL; and must be butted
with TBP, If the specific gravity is below 1.465, it is rich in TBP and .
must be butted with CCLy. : ‘ '

11.01 Butting of TBP-rich Solvent with 100% CCLy

 From the spécific gravity of the CAX analyéis, compute the

. o : a,
. ' . volume of CCL, to adjust the specific gravity to 1.49.
Calculation:
Veely = Vs (1.49 - SpGr)
' 0.105
Where: V ecly, = liters of CCLy addition.
Vs = liters of CAX solution °
SpGr. = Specific Gravity of CAX

b, Make the addition in accordance with Step 11.05.

11.02 - Butting of CCL,-rich Solvent with TBP

'a. From the specific gravity of the CAX enalysis, calculate the
= : ' ‘ volume of TBP to adjust the specific gravity to 1.49. '
_ Calculation: . ‘

. V VS (SpGre -’1049)
0.5
liters of TRBP additicn
liters of CAX solution
specific gravity of CAX

tbp

Where:  Vipp
Vs B

b‘l" : - | .';. SpGr,
- UNCLASSHFIED

Rev. 9~23-57 (WAC) | Exhivit 3-A-(1)
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- UNCLASSIFIED 2502369

b, Make the addition in accordance with Step 11.05,

' ¢. Treat the solvent with one=20 liter, 5% sodium carbcnate
wash in accordance with Procedure 12,00, Step 12.02.

ilIOOB New solvent Make-Up

a, Normsl orgenic solution volume is 200 liters of 15% TBP, .
Meke-up is 30 liters of 10C% TBP and 170 liters of 100% CCLy,.

b, Other totel volume can be edding one liter of 100% TBP
to 5.7 liters of 100% CCLy .
¢, Meke additions to the K-tank in accordance with Step 11.05.

d, Treat the organic with one-20 liter, 5% sodium carbonate
wash in accordance with Procedure 12.00, Step 12.05.-

11.04 New Solvent Make-Up on Used Organic

“a. Treat the used orgenic with two-15 liter FS washes in
- accordance with Procedure 12,00, Step 12.03.

b, Butt the used organic to 200 liters.
Calculations

Vcclzl. = 166 -"(l°6l)(vs) (SpGre - 00976)

Verp 200 - (Vg # v¢c14)

Wheres VéclA = liters of carbon tetrachloride to be added = .

v,

g volume of used orgenic in the K-1 or K-2

tank before butting

SpGr. = Specific gravity of the K-1 or K-2 solvent
before butting, (Use last CAX analysis.)

V%pr = 1liters of TBP to be added..

¢c. Meke the aaditions in accordance with step 11.05.

d. Treat the butted solvent with two 20 liter caustic-carbonate
weshes, (19 liters of 5% scdium carbonate, NapCO3, and one
Jiter of sodium hydroxide, NaCH.) = See Procedure 12.00,
Step 12.05. ‘

&

xhibit 3-4-(2)

=3
[9)

Rev. 9-23-57 (WAC)
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- 11.05 Addition to K=1 and X=2

&, Obtain from the above calculatibns the‘proper volume of TBP
end/or CCL, to be added to K-13. - ' ot

b, Valve Checks:

Tank G-23 (TBP)to K-13 ~  Tank K=3(CCL)to K-13 -

Valve No, . Position ' Valve No, - Position
504, Closed o . 501 Closed
510 Closed 504, Clozed
537 Closed - 510 Closed

c. Open valve 537 and receive the proper volume of TBP or open
velve 501 and receive the proper volume of CCL, into K-13.

CAUTION: If the addition of TBP or CCLy exceeds
45 L, be careful not to gverflow K-13.

d. . Transfer the CCL, or TBP from K-13 to k-1 or K-2 by gravity.

‘e, Valve Chéck: .
Transfér to K-1 Transfer to K-2

Valve No, Position  Yalve No, Position
301 Closed 208 Closed
305 Closed - 310 Closed

425 Closed 427 Closed’
429 Closed ' 429 Closed
432 - Clesed L32 ‘Closed
433 Closed 433 Closed
L34 Closed - 437 Closed
437 ' Closed 438 Closed
504 ‘Closed 504 - Closed
510 Closed 510 Closed

f. Check the liquid level in K=1 or K=2,

g. Open valves 510 and 429 (for K-1) or 432 (for K-2) and transfer
the organic solution by gravity.

h, Close valves 510 end 429 or 432

i. Turn on switd: SW-32 (for KFl) or SW=35 (for K%Z) and agltate
the organic for at least 5 m._nutes° ,

j. Turn off swilch SW-34 or SW=35.
Record the final liquid level in K-l or X=2,

1. TBP additicns must receive NapCC3 - NaCH wash in accordance
with Proce*1“e 12,00, Step.12.05 prior to use in the columms.
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CHEMICAL PROCESSING DEPARTMENT

“ SEHERAL &2 ELEGCTRIC

S RICHLAND, WASHINGTON

e, Jo Jo Courinsy s Soptenbor 13, 1560
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CHEMICAL PROCESSING DEPARTMENT

GERERAL S

"RICHLAND, WASHINGTON

s
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s Al sttea i,
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ELEGTRIC

February 26, 1962

HMr. L. 4, Berry

Frocessing {Recovery)
Finished Prcducts Os"*" ien
234-5 Building, 200-¥ Area

RECUPLAEY_FCOD FIOOR CLEAN-UP

Increased eg! *:e,.t failures have led to & floor swp comiitien that

t’*zﬂ sclvent erbrv ction process carmot handie efficiently. It has
veon decided that the Rcocuplex RB and SE hood floors should bs

cl_eaned, precessing only floor sclutions, floor flushes, supernates,

or virgin fosd necessary to maintain contirucus primary plant

n. A& pmceih"e o’atlive foer el eaa:x: ths {loor snd cther

T endatl

The best approach may bes 1) rerove the sxisting flocr selutions;

2} fiush the flcors as ruch as poscible with solutions that can
diszolve some of the {rzference: mere from G, V. Becker,
dated Tebruary 8, 196

2

nd 3) actuslly screping and rs;"cv"rc the
final gludgs thei cann s
catline is (c‘ tailes

-t
o)

N

]

H

t be dissolved. The recousended procsfurs
1res will bs written vhere nccessar;r 3

———

Q e

e
s by
¥
o
o
(2 [#

hat have £31led 231 precess tanks {floor

1. Remcve the scliutic
r, ed lsd to exceszive rewerk).

mzverdal plus virgin

oy
]
w

iy e

)

2a 58 Heod

o

2. = Convert CC columm from HF to FS.
ba Add vacuum remcovel iins from 0O column crgenic effluent to
K-9, ‘ ‘

¢. Inersezse CU colwumn ou tlet jack-2eg from 1/2-inch to l-inch
lins or plastic tubling.

4. Proecesz {1
o

Ente]
2
atternatives

» soluticns to cclumms by ong of the three
L]

g PR I A 4 - ATais T % & B T
{1} Floor sciution gnd OCW throuzh the OO coliwmn.

(z2)

1\
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CHEMICAL PROCESSING DEPARTMENT

GEMERAL ELECTRIC

UNCLASSiEyEp

. RICHLAND, WASHINGTON

b B

e Lo As Berry ' -2 Fetruary 25, 1962

~h.

ECUPLIY ROOD FLLOR CLEAN-UP  (Contiraed)

{3} ‘E’le or solution organ vie to H-10, aquecus through CO cclm,
b} i—S erganic directly to the K=-tanks,. :

¢. Fluch SE floor with 35% nitric via J-2, J-2 pump, and spray
nogzle to floor,

a. Frocess flcor solution via G-47, G-48 using normal flowsheet

o]

s mixbure of 2:1:1/ANN:ENO, rweter by mixing
i~tznk grd spraying onto é‘e hood floor via the

ecessary to also fiush ths RB hood s«':.u‘l Cbl -LU?.
{ ficwshest or specially pre&vrisa*l flowsheets,

ther procedlures and systerms are baing studied vhich may
or o4 to the a‘.)"‘:‘s‘"- .

every 8 hours s, or waen cclor

2 1" strezms sheould

7,
cendi tm s indicste high wostes.

3. X1 ¥ &éd‘x‘&i -.3 should fmmediztely be followsd by o I-liter
ANH plus 5-14 ELer .11 :sh (53 msy be re wz.rer’f to offset ANH

'.
5'"@’*"” stron ~‘£;'o

e . ’ R

3 i " * s JRT T SR PSS eI & Sl 1E OO ) % e 517 YR

LR 2 z : % HERID 9N i
H © - - -

i ] tte i 3 s R » AR S s 3 3 5T
o4 e o 2y

& el e 1 el e ah 3TV T e 3
PRI 2 2 S LSS [ Xn) 22330 s 3
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CHEMICAL PROCESSING DEPARTMENT

GEXERAL

¢ jf 3
uu: I n
=y
g i
|t
KR

UNCLASS

ELECTRIC

RICHLAND, WASHINGTON

¥y, L, A. Zemy -2 Februavy 26, 1562
KOCUPLEX HOCD FLOOR CIEAN-UP (Contimed) '

Se

4.

T

For efficient I~tank washing with orgenfc contach scluticn 13, the
plutonium concentratbi fon of the orgenic should E:e kept below 1.5 g/fl.

Contact eorganic should be giv n & ginsle wush and then relurned to

C-3% for future combich ust. An crganic of 0.2 g/l or less is
g023 for centacling high C;%.'&‘-‘s.

High CAU's lend to excessive rework. CAWfs should be kept
belcw 0.05 g/l if -Jcs-ai‘al If wa tes are contirmally high

C;:e’*e.oien,

inished Products Cherical Technology
esearch and Ingineering Cperaticn

e
o

il 2-C-(3)
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CHEMICAL PROCESSING DEPARTMENT

‘ GEHERAL ELECTRIE

RICHLAND, WASHINGTON

- -

: | Yarch 8, 1562

I’iro L& Ao 8.,"'1'? o ' Y
Procsesing (Recovsry) : C ‘
Firnfshed Products Userstion
2345 Bullding, 200~ irea

S FICOR PROCESSTIT VIA K-0 AND X2

nstrated in 04 con uvuus DSEP-CCYy, will remove almost &A1 the

plutonium £ Z flecr cc.“as. Henemy it 1‘L..§ Gf:r:’z reoooended
that the floor sollds be sent directly to K-9 (organie wash recsiver
tanlt) to L-2 {smste tenk), zs.rz:! thura contected with TEP-DBEP-CCL,.

Critlegiily dangers can be eliminated by careful analyses of the
ficor materinl ond by sdditicon of codnlwm to the K-9 tani

cer ey ) v, )
B & H Fiuzh ebo wld bz

T & & g 4 . e - &
& 52}t ogsten is nseezsary, hense, an ANEIIO,
R S, &5 Pk = - pooi v
Lushed enty ths Doy viy 6«5 coverifleow or vik J=2 punp ard eproy

Iy i1 be noceszory to aitach a saren linme from K-9 to the flscr,

It 3*01:4.1 be & 3/k-inch lino with & vectun nozzie st the floor en d,
4 Ifa-inch by Le-inch “M”}.'"* rey &&'i:’.ce. The gavan can be ecnnected
to the valve usad to c--:r":,z ha GO columng

=% P} Lol ¥ o . % xr -~ ” % e ~ o Nm
Finer ﬂg m ::cw., =1 r-mi“},q; E~% to 1~Z, may b2 a preblen, Fluching

BF A el Es e e wudn 3 Y
t EP fretmently may zllevigts thie polentisl trouils,

G oo

glf éa‘? O3

If floor amplyses gve so hisch that handiing viz K=9 and 1-2 is irzras-

et 3 - R Lo QR PR 13 2 3 e o 3.
ticzl, & glass ftank (3 "-ut hﬁ rh) with pesforated polythene eoriridge

* \ X ot ~ R =~ e Tees

insere has heon designed for handling Cleor material, Floor sludge is

. LT T 4 S D R o L A Ty
vaonmed into ths caxtyidze mﬁ "_.'-_;...l\..!. free of solids is sent throusk
solvent eriracticn. ¥hen the esriridre is £l of solids, ihe sclids

X th""
&iva

& -
ere TEP-CCL,~uwgshed, thes cgriridss roweved gnd btursdied, gnd
replacsd with a noy cartridge.

The recommended provedures iz a3 £clsws:

is id gboub 230 liters of the following z:i::‘:,a"a tho hood flionws:
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CHEMICAL PRGCESSING DEPARTMENT

. GoRERALG ) ELECTRIS
- _ RICHLAND, WASHINGTON

Mra L. Ay Bercy -2~ ¥
ST FIOOR PROCFSSTID VIA K-9 44D I-8 (Contimued). .

2, Sarpla 500 =l of siudge ard check for plutonluy In noutron counter.

inasiot

{XCTEs As check, send 25 rd eludge to tho laterstoryes Ths
lsboratory shadd contzed 5 xl sludges with 5 2l colum
- eroende ot analyze orgenic for plubonium,)
OO Gy s 1257 L
3. Add &H£32%0ws of codmivm nitrate to K«

k. If 500 ) exmple indicates less than 2 gremm, con add &0 liters.
See tables '

5 '3 A
Foubron Coond litera to K9

-—

2
!
$i
on
B
(7]
&

(30 S
| IR |
fod

oy O3
g%
il
BB

Pt
(923
!
L
»
4
H
)
WY

-

i)

5. Uso vacwm 1ine (3/5-inch saran) from flocr to E-9 to Lramaler

oy e e B ey & $ & s $¥23 h N 7. e 23 o
7o Vasimmt sporrze BT Lws simolez ond fransfer to -2, Follow oo
5 ' L1% 2 ;. T CPNRApRY. S ; P
el trayafer with 10 2iters ccivm ool or 224, pribre S04,
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UNCLASSIFIED ;

ccs JJ Courtrey
IM Megker
AJd Low
: : . . IA Berry
PROCESS TEST . HH Hopkins
: ‘ : MJ Szulinski
’ ’ HW Crocker

TEST NO. $1~3-T VR Cocper
o E CW Nilsen .- 1E Bruns -
Building __ 234-5 Recuplex - E
' FRO Specialists
rea or Task _ Recuplex (Ammonium Bifluoride) File '

Description of Test:

A new process¥® has been developed for the recovery of high temperature,
(1000°C) plutonium dioxide (PuOZ). The process converts Pu0, to Pth.
NH,F in a molten salt of ammonifim bifluoride (NH,FHF) in one hour.

Thé fusion mass is then cooled and dissolved in & solution of 2luminum
nitratev(Al(NOB)B) with the conversion of the PuF),. NH;F to plutonium
nitrate (Pu(NO3) 5

It is recommended that the new process be tried in the existing dis-
solvers in Hood 42. A1l equipment changes thai are necessary for testing
‘the process have been completed by the previous addition of a water
off-gas scrubber., Additionzl equipment changes msy be necessary for a
production flowsheet.

The recommended procedure will be to approach the plutonium batch limit
in the dissolver by 100 gram increments.

% HW-68655, %Aimmonium Bifluoridz Fusion of Ignited Plutonium
Dioxide®, H. W. Crocker, February 24, 1961 (Confidential).

Objective: To reduce the run time cycle, and to reduce the rnumber of
clean-cut runs by increasing percent recovery.

Durstion of Test: 10 Runs

Sponsors C. W. Nilsen

Date Issued: April 3, 1961

. 0 42547
. ' ’ APPROVALS: Q/S'{J/;“":’%T’Qf BDzte A—/ -2 "’-4 /

kifiihg Manzger, FingShed Products
P st St : Date _%'/é/
Vifnager, Finished Products Chemical Tech.
Exhibit 3-D-(1)
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Jenuary 11, 1962

Mr. L. A. Berry

Recovery

Finished Products Operation
234~5 Building, 200-W Area

RECUPIEX FLCWSHERTS

Experience since the last flowsheet issuance, July 28, 1961, has led to
various additions and changes. The new X and Y flowsheets appear at the
end of this memorandum. The Z flowsheet, floor feed flowsheet, has been
eliminated in preference to processing the material through the EF column.

At present, the HF column is used for separating the phases when processing
SE floor material. Instead of HF being added, nitric acid end ANN are
being added as make-up for floor material and for extra salting strength.
When the HF outlet and inlet systems are repiped, the new plastic column
can then be used for ils prime purpose, organic clean-up (RB and SE floor -
material secondary), with HF as the organic washing additive. VWhen this
occurs, new flowsheets will be issued.

Only the Y flowsheet shows the presence of the HF column (dotted lines
show routing as an HF column), since the normal X flowsheet should be
able to handle the sump material in the "MA' feed system.

 The principal changes to the Y flowsheet are:

1. Reduction of sulphuric acid addition in the CCX to a minimum and
substitution of HN.(hydroxylamine nitrate) in the FS (ferrcus
sulfamate) soluticn (CTW) for sulphuric acid. This reduced the
overall sulphate in the system and should reduce the extraction
waste losses. t will reduce stripping efficiency and may reduc
organic batch waste efficiency. -

2. Addition of S & C material to the Y flowsheet blended with CIW?'s,
SN condensate, and synthetic feed.

3. Addition of varicus combinagtions of "B" feed whose retio may be
used as a quick guide for blends not shown in the flowshest.

- 4. Entry of aqueous floor material, nitric, and ANN between the H-1
' and H-2 columns. : :




UNCLASSFIED

Mr. L, A. Berry - RRCE ' Jamary 11, 1962

RECUPLEX FLO‘”L»""F"T'S (Continued)

5q -Addition of ﬁF célumn (though not yet used for its prime purpose).

6. Increase of "BY feed rates based on the past four months experlence
W1th recycle.

7. Various changes in additions and rates. Notes are changed to meet
the new conditions. -

The normal X flowsheet was chenged only in reduction of sulfa*e in the
CCX and FS, and minor rate and addition changes.

Finished Products Chemical Technology
Research and Engineering Operation

IE Bruns:cmb

cc: WJ CGartins———<cx
JJ Courtrey
IM Meeker
CJ Berglund
IE Bruns
BW Crocker
FH Hopkins
I Knights
MJ Szulinski
Extra - 6
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cawtd) ‘
—HNO#% 2-3 L/hr (12 on rota or
[0 s et

cara_(b) w10 | | L HNO4/batch
: AN | . CAX | g i 25 cc Antifoam/batch
Feed ANN NaNOp HNO; Mistron Feed Rate ;
S === J-2 J-3
MR 2L - - 3L 10L 30% ’
J-5 - - 5L 2L 20L 30% A1 HNO, 2.5 M O, 3k M
G54 - 5L 5L 2L 2L L0% v T v e .
J-9 = - - - 20L 60% - Le = Liters 24 Liters 12
I-2 - - 5L 2L 20L Lo% : ‘ |
SN's - 5L -~ 2L 2L 50% l
Flushes(¢) - 51 5L 2L 15L 30% ' Task
RB Floor - 5L - 5L 15L 308
SE Floor - - 5L 5L 15L 30% -2
2
J-7
N - l.!__ -
caFp (d) - ™
Feed ANN HNO; NgNO, Migt. ___ Feed Dﬂ(e)&te T
-1<———ﬁn-1o
S&C - - 5L 10L 300-400 L (f) 50%+ f—{_[
Powders - - 5L 0L 200-400 L - 50%+ ' ‘ . He
SCFP - - 5L 10L 200-400 L (f) 50%+ A
PuOxide - . - 10L 10L 200-400L - 50%+ ) :
CTw's 150 L 50L30L 10L 150 L - (g)50%+ CAx cex (1)
Synthtt')Lc 150L 50L10L 0L = 150 L™ 50%+ £AS
CAw's\R) 501 50L310L 5L 300 L -~ 508 05 L % TBP 18 - 23 HN 0.06 M
Sch 0L 20L 5L 10L 200 L - 50%+| | HNC, °2 Sp. Gr. 1.47 - 1.43 HNO 0.15 M
Water 17 L stah 0.09 M
Flow 10-20% Flow: Sp.Gr, M1/Min FAS 0.0008 M
L4 1100 Sulfamic Acid  0.0016 M
(See Notes on following page.) 1.43 900 Flow 40 - 60%
FPLOWSHEET X Exhibit 3-E(3)

UNCLASS]FIEp
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FLOWSHEET X (Contimued)
NOTES:

(a) Flowsheet H;gg;igh ta:

(v)

(e
(a)
(o)

(1)

(g)

1. CAFA about 20% CAFB flow.
2. CCP concentrated to about 200 g/1.
3. CAX gemicontimuously washed with FS.

4. If H-3 color line aifficult to maintain, carbonate
wash or crib organic.

5. If H-2 color line high, draw off product a.nd/or
increase salting strength.

6. HMaintain highest frequencies possible without
flooding.

CAFA rates can be increased if flooding is not a
problem and if CCP concentration system can handle
high Pu input.

Flushes include IFF*s, hood floor flushes, rag
flushes, etc.

Can either dilute high sp. gr. CAFB's or increase
CAS rate to 50% chart.

Dilution in preferred order: CIW!s, G-63 and 64,
CAW's, water.

Dilute to specific gravity less than 1.35. If excess
CTW's or G-63 and 64 available, all S & C's or SCFP's
above 1,30 can be diluted with up to 70 liters, all
above 1.25 with up to 30 liters.

G-63, 64, or water.

(h)
()

&)

(x)

(1)

Filter CAW!s before reworking {or drop 50 L bottoms to

High CAW's (above 0.013 g/1) should be contacted
with:

20 liters No.N02

15 liters HN03 + 10 L mistron
100 ~ 200 liters organic

30 mimates contact

15 minutes settling

CCP's can be concentrated by going directly to J-2
from H-3 and pumping J-2 to J-26 (if J-2 pump is
available). If no J-2 pump, J-2 can be dropped to

J-7 directly. Try to concentrate as much as possible
in J-26 (less impurities) and a minimum in J-7.

The CAX should be semicontinuously washed by adding
40 liters FS as a cap to each K-tank and agitating
organic contents with FS before sending organic to
columns. The organic should be carbonate washed

(3 consecutive batches) if the H-3 color line cannot
be maintained at specified rates.

CCX rates should be kept as low as possible. If
t(mable)to maintain low rates, carbonate wash organic
see k

crib).

Exhibit 3-E(4)
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x;.

3 L/Hr (HNO,)
| . __ H-11 _ CAW __ cep 2 e (1o, J3 —
a
A FEED MAKE-UP IN G-47, 48 ‘ H-10 CAX - % |, He1 N
Type Liters Addjtion (v) Rates i T é{
Foed  Foed ANV HNO, NaNO, Mistron MI/Min % Ghart WF Drop/20 Hin. HF Solution (J) 3= W
leed  XegC . ANN 0.3 M
MR 10 - - - 300 50 12 . HNO5 3,5 M H-3 20 liters
CDMR 10 - . - 250 40 10 ¥ T \‘,, % L liters _T_J
J-5 25 = - - - 300 50 12 - Sum bty | Antifoam 25 cc
J-9 25 . - - - 600 100 2l e | Pu 60-110 g/1
J-2 25 = = - 300 50 12 :
reR () 20 - - 5 ~ 300 50 12 i) ! 9‘3 Lis:
Flushes 15 - = 5 5 300 50 12 CAS H-11 (‘x E
Floors 10 - 5 5 5 250 1o 10 = ,i-10 Pu 80-200 g/1|
»,5_1 LE | i, J-3FHNOg 1-h H'—
-9 "H-1
CAX_ (m)
" FEED MAKE UP IN G-9 (%) G-10 Rates —10__ {H-2 4 TBP 18 - 23
9 —— Sp. Gr, 1e43 ~1.47
Type Dilution M1/Min € Ch WF Drop/tt
Feed Foed ANN HNOg Dilution NaNO, Mistron Material / & Chart = Flow
. Min. 1170 50 12 Sp.Gr. Mi/Min ZJEEL
CTW 150 150 70 - 30 10 - ‘Max. 1800 70 19 147 =900
Synthetic - 150 80 150 10 10 G-63,64, Hy0 143 >700 27
SCP or 200 _
5CCO0 to 400 - - (£) 10 20
SCF or 10 or CIW?s,6-63, H-1
scrp (8) 200 50 50 100 20(CTW) 20 6k, or Hg0 1 cox (k) Organic Pu Wash
CAW 300 50 40 - 20 10 = SR
SC & CAW 100SC 40 40 - 15 20 -CAS_ HN 0.06 M| | FS: Fas 0.1 M
(1) 200CAW HNO 0.16 ¥ Sulfamic 0.05 M
Fab.Oil 400 - - - - - pos o 0.5 liters| | b3 0.0008 ¥ HNO3 1.0 M
SCH 200 100 30 0 10 2 pater 20,0 1ters | | o ) famic 0.0016 M HN 0.2 M
low 10 - 20% - = Volume 40 liter
, . H,S0 0.09 M
(6 -~ 12 Div. WF/hr) = owﬁ 10 - 60%
HF: HF 1.0 M
HNO 1.0 M
Volume 20 liter

R
UNCLASSIF1ED
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FIOWSHEET Y (Continued)

NOTES:
(a) Use mostly MR's and CDMR's, others when necessary. G-48 (g) CAW's should not be used as diluent for Sp. Gr. will
should be used for rich MA"™ feed and G-47 for flushes, be too high in rich feed flowsheet.

sumps, ebtc. G-48 should always contain rich "A® feed.
(h) CAW's should be reworked only 1/3 of the time to avoid

(b) Use ANN if system is low in salt, 5 liters ANN/20 liters sulfate build-up and other impurity build~ups (one out
other. Use extra HN03 if organic is bad and frequent of every third batch could be reworked).
floods are occurring,”5 liters HNO./20 liters other.
Use extra mistron if S & C feed is giving flooding trouble, (i) Fab. oil is made up in L-tanks.
5 liters/20 liters other., Various blends ars also possible,
especially RCR with floor or flush materials. RCR!s con- (3) Presently using salt solution, since only floor material
tain high acid, hence a blend might be as follows: is being added to the HF column. This will be changed
to an HF solution when organic from H-3 routinely goes
10 liters RB floor through HF column, Dotted lines indicate eventual path
10 liters RCR of organic in and out of HF column.
5 liters NaNO
2 liters mistron (k) CCX rate must be kept as low as possible to realize

80 - 100 g/1 CCP,
(c) If SN's become a rate problem, draw off SN's at a lower

Sp. Gr. to prevent line from slowing down. (1) Control CCP concentration above 80 g/l by:
. a. Increasing or decreasing "A™ feed input, maintaining
(d) Strongly salted “B" feed, yet low in Sp. Gr., should organic at saturation; and
‘give sufficlient salt and capacity to system. If salting b. By increasing or decreasing constant CCP removal to
is weak (color line rise), increase M"B" feed rate, © J-2 or J-3.
¢. Anything over 100 g/l can be sent directly to
(e) Dilution material could be CAW, though it is not as ' Task I (if Task I can accept).
©  effective as water, G-63, or CIW's, e.g., synthetic '
plus CAW: {m) CAX should be decreased in rate with decreasing Sp. Gr.
If color rises in H-1l due to over-saturation, increase
75 liters ANN product draw-off despite CCP concentration rather th
80 liters HNO : increasing organic. :
50 liters watgr .

200 liters CAW
10 liters Na.NOz
10 liters mistron

(£) Can mix SCP or SCCO with CTW, synthetic, or CAW, but it
must be mixed in the ratio of chemicals specified, e.g.,
SCP plus CIWt's; 200 liters SCP plus 75 liters CIW, -
75 liters ANN, 35 liters HNOB, 15 liters Na.N02 (no extra

mistron required). N : Exhibit 3-E(6)
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CHEMICAL PROCESSING DEPARTMENT

o852 M. s1tar memiannmos, ORGAMIZATION AND POLICY GUIDE

SUBIECT CLASSIFICATION NO.

CHEMICAL FPROCESSING DEPARTMENT General 11.9
CRITICAL MASS CONIROL . :

I. PURPOSE

The purpose of this guide is to establish Chemical Processing Depaftment policy,
general practices and responsibility for control of criticel mass hazards as~
.sociated with the materials handled in the chemical processing plants. ,

Iz POLICY

It is the policy of the Chemical Processing Department thet, where practicable,
facilities end equipment will be designed to exclude criticel mass hazards. For
those instances vhere this cennot be done there will be in effect a critical “
mass control system based on written specificetions, implemented by written ad--

* ministrative procedures. Appropriate personnel training and enforcement will
characterize the use of the adminlstratiVe procedures.

The Mansgement of each facility handling fisslonable materials will be re-
sponsible for establishing training programs to fully acquaint all building
personnel, (end other ‘employees who work from time to time within or neer
the facility), with the control program including the incident detection-
slarm system, and bullding evacuation and re-entrance procedures.

III. ZROCEDURES

1. . Potentigl for critical mass incident will be examined '+t the time designs
are being developed for new facilities, or for revisione to existing
- facilities, and this potential will be minimized by appropriate design.
Critically saefe geometry will be the preferred design criterion.

2. In situations where safety cennot be assured by gecmetry, zdministrative
procedures for control of the process operation within safe limits will be -
established and enforced. Critical mass control under these procedures .
will be based on operational controls such as dilution, neutron poiscns,
end batch size limits. These procedures shall be in the form of written
specifications for the particular facility under consideration. Adherence

" to the written specifications will be implemented by incorporatior of
specific instructions in operating procedures, by posting of critical mass
control limits in appropriate locations, end through training of personnel.

3. .¥When process equipment is altered or is repleced by equipment not identical
with the originel in éesign, the effects of the changes on critical mass
control safety mergins must be evaluated. If the changes reduce the margins
-of safety provided by existing control procedures, these procedures shall be
revised to re-establish the required margins of safety prior to introducing
fissionable materials into the eguipment. On the other hand, wvhen the '
changes increase the mergins of safety, it may be desirable to revise pro~

- cedures in order to recognize the improved situstion.

A

Exhibit 2-F(1)
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‘ 2. The Operation Manager (Purex, Finished Products, or Special Separation Pro-
' cessing end Auxiliaries), is responsible for implementation of critical

" mass conbrol.

&
3

3. The Operation Manager (Purcx, Pinishcd Products, br Special Separation Pro-
- cessing and Auxiliaries), is responsible for the maintensnce of a eriticel
_ mass incident alarm system, building-personnel evacuation procedures and
post-incident, building re-entry procedures. The safety of building visitors
‘'will be factored into the procedures. It is, also, the responsibility’ of the
Manager to test these procedures at sufficient intervals to assure himself
that all building personnel are trained o respond satisfactorily to the

critical mass alarm.

k. The Operation-Mansger (Purex, Finished Products, or Special Separation Pro-

‘ cessing and Auxilieries), with essistence from the Manager, Technology (Purex,
Finished Products, Redox), is responsible for providing criticel mass control
training programs for employees assocleted with the facility.

5. The Manager, Research and Engineering Operation, or his delegated representative,
must approve, in writing prior to uge, all alterations of process or process
‘equipment which affect criticel mass control. -

6. It is the responsibility of the Operation Manager (Purex, Finished Products, or
Special Separation Processing and Auxilieries), to have all known incidents
involving compromise of critical mass control specifications investigated end
correctlive action tasken. Documentation of findings and recommendations is re-

. . cuired. Infractions of criticel mass control specifications which result in a

e criticel mass incident, or would have except for fortuitous cilrcumstences,

+ill be investigated by & group of indiwiduals appointed by the Department

Generel Menager.

7. The Operation Manager (Purex,; Finished Products, or Speciel Separation Pro-
cessing and Auxiliaries), with the cooperation of the Manager, Technology
(Puvex, Finished Products, Redox), is responsible for continued, day-to-day
follow~-up on quality of specifications, adequacy of control and level of
prerformance under the regulations established.

8. The Manager, Production Operation, is responsible for providing independent,
! ennmual audits of critical mass control performance in CPD production fac1li—

ties gnd laboratories.

9. The Department General Manager, at his discretion, will provide audits of De-
£ partment criticel mass control specifications and procedures by recognized ex-
e - perts not associated with the operation of Hanford Atomic Products Operation.

10. The Manager, Research and Engineering Operation, is responsible for providing

" . - the liaison with the Hanford Laboratories Operation, and off-site, required to
keep appropriate Department personnel abreast with the latest techrical knowledge
having bearing on critical mass control. He is responsible for recommending
specific critical mass problems, which in his Jjudgment deserve ettention, to-
the Hanford Laboratories Operatlon for experimental investigation.

. 11. The Senior Enginecr {Nuclear Safety), Advance Process Devel Ou..xe"lt Operation,
Rescarch and Engineering Operation, is responsible for producing en annual re-
view and technicol eppraisal of Department Criticel Msss Control activitles.

12. The Munoper, Facilitics Engirneering Operation, 1s responsible for implementing

the poliecy with refeoronce to _eaginecring design

paTe tstuep: H-165-60 SUPINSEDED 1SGUE DATED: WIW PaGe 2 or NO., 11.9
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STATUS OF CRITICAL MASS CONTROL SPECIFICATIONS AND WAIVERS (Continued)

SPRCITTCATTONS

Document
Humber

HW-6T7479

Revisecd

- HW-665T70

WATVERS
Egpbef

I-10
1-9
I-8

I-7

Storage Vault

UNCLASSIFIED o
I1X. FINAL TNSPECTION AND AVALYTICAL LABORATORY
Date
Title Issued Remarks
Critical Mass Control Specification for, 6-21-61
Product Inspection :
Critical Mass Control Specmfication for 2345 12-T=60
Analytical Lab.,
' Date
Title Issued Exvpiration Date Remarks
For Storing Plutonium Metal Semples in Rooms 9-20-61" 1-15-62
138 and 139, 234-5 Analytical’ Iaboratory
For Storing 50 Bird Cages, Each Containing Up 9-20-61 1-8-61 Supersedes I-6.
to 4.5 kgs of Plutonium Metal, in Room 172
n 4
For Making NeutroE Emissivity Checks on Buttons 8-28-61 11-30-61
for Assessing Puet0" ontent _ :
For Storing 150 Loaded Bird Cages in Room 194 8-25-61 12-31-61 (or until superseded by a

revision of HW-6TUT9 Rev.)

Sy

Fxhibit

3-G(3)
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STATUS OF CRITICAL MASS CONTROL SPECIFICATIONS AND WATVERS (Continued)

Iv.

RECOVERY LINE

SPECIFICATIONS

Document Date

_RNumber Title v . _Issued

HW-66456 Criticel Mass Control Specification for 8-22~60
Room 161, 234-5 Bldg.

HW-65204 Criticel Mass Control Specification for 5«8-60

: Hood 42 (Recuplex) _

HY-64491 Criﬁical‘Mass Confgol Specification~Recuplex hal}u660

. HW-63364 Critical Mass Control Specification for Storage 11-1-~60

and Handling of Cutting:0il Waste in Hood 41 and Room 227

WATVERS

e - .. Date

Moo Title . _Issued

R-18 For Dissolving Plutonium Oxide in Room 149 of 9-13-61
23h~5 Analyticel Laboratory

R-17 Tor Storing Z Plent Waste in T-103 Igloo - 8-21-61

R~16 For Storing Plutonium-Aluminum Alloy Fuel 8-11-61.
Elements in the Fmpty Gas Cylinder Storage
Area, 234-5 Building

R~15 For Flushing the 26-Inch Vacuum Vent Line in 8-11-61
2345 Bldg.

R-1k Tor Storing ANL Pu Waste (SMD-1452-C Groups T-15-61
T, 8, 9) in the Amy Storage Igloos

R-13 For Dissolving Pu Oxide in Hood 42 (Recuplex) 6-22-61,

UNCLASSIFIED

Page ~l-

Remaxrks

[

Waivers R-11 and R~l3'

v

Expiration Date : ‘Remarks
12-31-61 Supersedes R-10
12~31-61

T-31-62

T-31~-62 . See “"General'
12-31-61 See "Genersl"
Open until Supersedes R-12

replaced by CMCS ‘ d

~

P bt 2.6000) |



STATUS OF CRITICAL MASS CONTROL SPECIFICATIONS AND WAIVERS (Continued)

VALVERS (Con't.)

ﬂ@ﬁber
R-11

R-9
R-6
R-3

V.  GENERAL

Presmp S

Title

Date

Isgued

For Loading PR Cans from Hoods 42 - L3 (Recuplex) 6-13-61

For Oxidizing Pu Skulls in Hood 227

- Tor Storing Pu Dry Recovery Products in the

Ay Storage Igloos

For Storing Pu Skulls end Oxides in Vaults 173

and 175

SEECTFICAT.IONS

Docunment
_Number

HW-69809

* HW-69730
HY-60T772
Revised
HW~68h52
HW-65616

Title

52961

5561

3-31-61

Tasued

Critical Mass Control Specification for Storing
Plutonium-Bearing Materials in the Army Ammu-

nition Storage Igloos

Critical Mass Control Specificetion for Storing

Plutonium Metal in Room 172, 234-5 Building

Critical Mass Control Specification for Vault 174

Nuclear Safety Specification = Redwood Car

Critical Mass Control Specificatioh for Vaste

Hutment

T7-6-61

6-1-61

5-8-61

" 2-10-61

6-20-60

UNCLASSIFIED

Page «5-

Ixpirvation Date Remaxks

Open until replaced by CMCS

Open until replaced Supersedes R-8 -
by CMCS

Supcrsedcd by HW-69809 except for "Shipment

by Truck" {see 1imitation nuber 6 in R~6),

Until HW-50437 is revlsed

Remarks

Limitation No. 6 of Vaiver R-6 still
valid.

.

Waiver dated 10-12-60 (PV Lid Storsge)

Txhibit 3-G(5)
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UNCLASSIFIED

APPENDIX %

- PRTIOR ACTIONS TO TINCREASE SAFETY

Criticality audits and safety reviews frequently initiated the studles and
actions which increased the safety of the operation. The annual CPD reviews
(see Appendix 2) provided a summary of all actlons teken during each year.
The audits by experts outside the CPD organization also led to direct action.
For example, the recommendation of the external committee in May 1960, (see
Exhibit 2-4) resulted in the assignment of a second CPD engineer to critical
mass safety. ;

The externsl audit of October 20, 1961 is given under Appendix 2, Exhibit 2-B.
The response to this audit is appended in Exhibit 4k-A.

In lieu of extensive exhibits on actions teken to increase nuclear safety,
the sctions are sumarized in four categories which follow:

I. Studies and Procedures

Engineering studies related to Recuplex have been continuous from the
beginning. Examples of those having critical mass significance are
as follows: : i

A. Removal of DBP from TBP-CCly

B. Precipitation and polymer formation in plutonium
nitrate sclutions.

Ce Designing a Recuplex vacuum trap.

D. Pu concentrations permissible in transferring to
critlcally unsafe tanks. .

E. Validity of peutron counting as a plutonium
nmeasurement. :

F. HF flushing of Recuplex equipment.

G. Operating aids for solvent extraction changes.

The results of such studies were applied by means of the Recuplex engineers
writing procedures for the operation. Thus, standard procedures, special
procedures, etc., were proposed to the operating supervision and revised
as necessary to achieve mutual objectives.

A policy was adopted to submit equipment plans and important process changes
to an engineer specializing in critical mass safety. His evaluation (aiged
as necessary by comsultants) and approval were necessary prior to effecting

" any change. In the course of time all phases of critical mass safety were
reviewed. It 1s appropriate to quote five cardinal rules which were evolved.

A. No process changes or eguipment changes will be made or put into
operation without (2) a nuclear safety review by Research and
Engineering persomnel, (b) proper batch limits being posted as
necessary, (c) properly approved procedures being issued for the
guidance of supervision and operatcrs,. end (d) all personnel in-
volved being properly trained and made aware of batch limits.




IT.

B. All procedures will be written +t0o conteirn built-in safety factors which
b

would require z minimum of thkree errcrs {eguipment or human) before
criticaliity would be reached under ideal cenditioms.

C. No violations of batch size control procedures will be tolerated on
the pert of anyone, exempt Or nonexempht. Prompt disciplinary action
will be taken for any viclation. '

D. In any gquestionsble situvation, the process or equipment will immediately

be shut down and the situation will be reviewed with proper authority
before proceeding.

E. Accountebility of plutonium will be made across each segment of the
brocess, and complete system cleanm~cubs will be m=de gt frequent
intervals as apparent shortages irndicate the pessibility of plutonium
build-up. All segments of the prccess system will be flushed and
inspected at least twice per year.

The results of epgineering studies and procedure ‘cha.nges became apparent
in subsequent annual nuclear safety reviews {Appendix 2) and in the
equipment changes and plens for chenges which are described later.

Training of Personnel

The training and retraining of 23k-5 Ruilding persomnel was pursued
with renewed vigor starting in 1958. There were two phases to the
training. One was concerned with emergency procedures in svent of

a criticality incident; the other phase was concerred with preventive
measures. The following commerts appiy O Recuplex specifically and
generally to the entire bullding.

A. Emergency Training

Following installation of the criticality alarms, all personnel
were traived i recognizing the aulible signal, in evacusting
promptly, in ths rouble Lo be followed, and whers to assemble
after exiting. Written instructions wers »osted and evacuation
directioral arrows painted ox the walls with appropriate wording.

Practlice alarms were scheduled twice a year for eackh shift work
schedule. For example, there wers four tests made on Jamuary 5
and 6, 1962, £0 cover all &hifts. Pricr £0 Shis, on Juze 16
and 17, 106, there were four grifticaliity slarm tests and all
shifts practiced the evecuabiom. '

A falsze alarm from ome of the detechtors during s mainbenance
check caused an additionsl practice evacustion in early February.
It occurred at lunch time in tbe arsa of tke lunck room., Every-
one departed immedistely. The thiee Fflights of stairs were
crowded momentarily but ne complizabions were experienced.

The people on duty April Tth when the criticslity irvcidens
occurred demonstrated their treinfing by their proupt and
correct response, perticulsariy in use of the "panic butiton"
Oor emergency shutdown switch. Not all Reevplex operators were
tralned in use of this switch,

b2 UNCGLASSIFIED
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The experience records of the chemical operators and shift specialists
in Recuplex imply a high degree of skill generally. The new men
among the utility operators did not have responsibilities exaeeding
the extent of their training.

B. Preventive Tralning

The records show nuclear safety training sessions were scheduled
for Recuplex and other personnel in June and July of 1961l. These
training classes were conducted by the engineers who had respon-
sibility for critical mass safety and were conversant with both
the process and with safety requirements.

Safety meetings were held monthly for all employees., Organlizational
policy required that part of each meeting be devoted tc nuclear
safety.

Mony of the persommel had viewed a British film on nuclear safety
and some had seen colored plctures of the unpleasant consequences
resulting from nuclear incidents occurring elsewhere.

Recent actions include additional safety meetings for supervisors
(including shift specialists) held by the Manager, FPO, and the
scheduling of similar meetings on emergency procedures to begin
in April. In addition, the log book of the Recuplex supervisor
contains numerous instructions to shift personnel which show
active interest and concern with nuclear safety.

In general terms, the tralning of all concerned had imparted an
understanding of "safe' and "unsafe" vessels, batch size importance,
package spacing and labeling, and of the requirement to sample and
anlayze before moving anything to an "unsafe" vessel.

New Facility

The replé.cement of Recuplex had received extensive gttention. Early in
1959, there was an exchange of letters between the AEC and GE which
referenced a detailed study, "New Recuplex Facility - Z Flant."

The budget study of June 1959, lists a reguest for $5,300,000 for Recuplex
replacement, The schedule called for $1,000,000 in 1961, $3,500,000 in
1962, and $800,000 in 1963. These are fiscal years. Construction was to
end in the second querter of FY-63. -

This cost was unacceptable to the AEC, therefore the reguirements were

. minimized in subsequent actions.

The preliminary project proposal (Project CAC-880) asking for $150,000
for Title I services was delivered to EOO on November 1T, 1959. This
was gpproved for $100,000 on Jamuary 25, 1960, and Title I activity
was auwthorized following inquiries gbout sending scrap off-site.
Revision I, an ircrease from $100,000 to $250,000 for interim design
funds wes requested in fAugust 1960. Approval by ABC dated Sephember 20
1960, autkorized a total of $150,000.

k-3




Project Proposzl Rev. 2 was sent to HOO on October 31, 1960, followed
by "Design Scope of Z Plant - Plutonium Reclamation Facility"
November T, 1960. These requested (a) total project authorization of
$2,900,000 and (b) authority for General Electric to perform Title I,
II, and III services; related management services in the amount of
$1,706,000 were also requested.

A letter to the Division of Production, AEC Headquarters, from the
HOO Manager on November 28, 1960, glves the following pertinent
description: .

"The present Recuplex facility is inadequate for (1) con-
templated loads, (2) shielding of operations to the extent
that operators must be rotated to stay within exposure
tolerances, (3) critical mass considerations to the extent
that administrative controls must be applied.

The crowded conditions, resulting inaccessibility and
significent deterioration have doubled the required
maintenance in the past three years which resuits in a
corresponding decrease in operating efficiency.

The proposed facility will: (1) provide capacity to
handle forecasted loads, (2) reduce personnel exposure

to radistion under current and future Pu processing con-
ditions, (3) allow process work to be done in nuclesrly
safe equipment, (4) reduce loss of Pu to the ground, and
(5) allow future campaigned segregetion of Pu of different
exposure levels."

A letter of December 28, 1960, advised AEC that GE would be compelled
to discontinue design unless additional funds were authorized within
one week,

On Jamiary 5, 1961, GE was directed to discontinue design activity.
AEC expected additionzl information from which to reach a decision
which would permit resumpbion of project activit.,r in February 1961.

After further commnication the funds were increesed to $200,000 on
January 27, 1961, and Project CAC-880 was authorized for $2,900,000
on March 21, 1961.

During July 1961, and thereafter, there were letters on the possible
commercial processing and on possible off-site centralized processing
of plutonium scrap for the AEC complex. The commmnications include
recovery costs, Recuplex meintenasnce costs, storage and shipping
‘problems, design problems, and means of preventing preferential treat-
ment of an AEC contractor over a non-AEC contractor. The records show
concern by both GE and AEC over the progressive deteriorstion of Recup-
lex. No date could be given vhen permanent shutdown would be forced
by equipment failures or for plant safety.

On August 30, 1961, Phase I contract bidders on Project CAC-880 were
notified by wire that hid opening had been postponed. Active pro-

curenment was also stopped.
L=l URCLA SSiFi
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In the months that followed, GE developed means to deal with mounting
plutonium recovery problems. Some of the measures developed were not
wholly dependent upon Recuplex operability. Meanwhile, the AEC complex
wrestled wlth Commission~ ide aspects of the plutonium recovery problem.

Finally, by letter of March 29, 1962, seven months after- the bid delay,
GE was advised to proceed immediately on all phases of Project CAC-880.
The file shows cleerly that both HOO and HAPO recognized safety as one
of the important justifications for CAC-880, al’chough not the only
Justification.

Recuplex Alterstions

Recuplex was originally built under Project CG-496 as a semiworks.
The purpose of Project CGC-T23, proposed lste in 1956 and completed

- in 1959, was to convert Recuplex from a semiworks to a mamufacturing

facillty. Several improvements were made at that time to increase
nuclear safety. These included replacement of the bottom disengaging
section of the H-3 columm, provision of a critically safe filtrate
receiver and concentrator, and the replacement of surge tanks H-9
and H-10 and feed receiver tank G-50 with critically safe vessels.

In addition to the changes m=zde under the conversion project, there

are other alterations completed or contemplated which have a bearing
on muclear safety.

A. Changes Completed

Among those things accomplished which had improved the nuclear
safety of the Recuplex operation, we list the following:

Replacement of the bullding vacuum header which was 6-inch
diameter with one which is 4-inch dismeter.

Installation of criticality incident alarms (gamma activated)
throughout the buillding with additional audible signals added
later as necessary.

Posting of instructions and directional arrows fer evacuation.

Installation of additicnal neutron probes at vessels D-8 D-9,
G-10, =58, 1~-2,. D-l, end bottom of H-3 column.

Addition of an organic wash colum.

In April 195G, the J-1 tank overflow pipe was disconnected from the
common overflow header which leads to the J-5 overflow tank. A
plastic overflow line directly from J-1 to the hood floor was
instalied, thus by-passing J-5 and its liquid-level alarm. This
change agsured thst overflows of other tanks cou_"_d not counteaminate
the product solution in J-1.




Y

B.

Changes Incomplete

Changes in Recuplex equipment which have been contemplated but
have not been accomplished are as follows:

Conversion K-9 tank to a safe status by filling it with Pyrex
glass Raschig rings. These would occupy only sbout 15% of
the volume while the boron of the glass would serve as an
effective poison. >

Operation of an additional safe vessel between the organic
effluent of the H-3 column and tanks K-l and 2. For this
purpose the CO column was already in place but routine.
operstion had not been achieved.

Replacement of some Recuplex piping for which Teflon tubing
had been purchased.

Addition of new hoods 4l and 45, Hood 44 installation is
about 80% complete and fabrication of Hood 45 and equip-
ment is about 90% complete. These additions were to
provide dissolvers s feed tanks, and storage tanks which
are all critically safe. With use of these, some u.nsafe
tanks could be retired from use.

There was another small but very significant item. A main-
tenance work request (mmber 12169) was issued April 4, 1962,
by a shift speclalist to "Remove the polythene line from the
SE floor to-K-9 header and plug the valve." Date required
"A.8.A.P." This removal kad not been accomplished by April T,
the date of the incident.

UE“QQ LASSIFIED
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Hovenber 30, 1961

-

o

-k ®

Rein 131, eneral Mansger
sing Department . : '

P, R. McMurray and R. BE. Tomliunscn,
"Nuclear Safety Review", dated
Hovember 1, 1961.
2) ILetier, P. F. Gast to ?. E. Reinker
2 2

“CPD Criticality Review', dated

Octooer 20, 1951,

r Jetter of Novermber l (‘e erence 1), you requested our
on the recommendations made by P. F. Cast, et al, in

ent CPD Criticality Review (?e-e*ehcg,Q).‘ For con-

» eech recommendation is copied as sarized in the

ity Review, and is followed by our comments and/or
‘acticn.

N

. 2 1
No suggestions .

for improvement

Fo conment.

"a) Revise the method of handling off-stendard
blutcnium nitrate solution To eliminste
ransferring 60 g Ju/W solution to the EAF
w"“=a3 tenx at tqe head end of the building.
(m“a 1sfers of si- terial at Redox are )

46

Yr\d e a'l-

ati &
1nst ed.

ndently 1dqe TCCK d s0 thet reczint of
solution via This route without agitaticn would
reguire the simultencous failure of twdo sutoumztic
safety systems plus an operating err
eddition, a fixed poiscon grid is o be
in the B-cell sump; under theses cond
criticality would not result even
plutonium vere to leax into the summp. T 2
ingteliations should be complete by NMerch, 1G52.

Exhibit L-A

(1)
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The second mixing sys t =t 1s planned a5 a supplemenital
control measure beczuse of i1 Z

(1) Tre dilution of plutonium solution from €0 o
grams per liter would have to be done in a
gecmetrically fevorasble vessel. o space 1s
‘availeble for such a vessel within existing
confinement ereas. '

on of such transfers, such s

(2) Automatic diluti £
v jets motiveted by dilute nitric acid, might
e accepteble for transfer of product solution
or rework althcugh process control would be
fected by such & procedure. The

sfer of dilute meterials, such as plent
iushes and non-routine recycle solutions

¥

wring plant shutdown and branGy recovery
perations, is process convtro olled at present,
‘nd the séditional dilution resulting Ifrom

m OO oyt m Fy o' O

s;'
’3

a jet would be almost proh 1bitive.

") Install an sudible criticality alarm in the canyon
sresd to warn the crazne operaticr Or DEYr onnel that
4l

morﬂlnﬁ cn the cenyon deck in the event of

the present
n.will e installed

v
o
l._.l
o .
o
P

Sed b" ﬁy of
on skhould be

1ca;vuy detectors.
cw@&woyk@r&myl%&

7 Plent - =) Concerning the Z-Flent B-PI
accountability study med
21l or part cf the -27
not due to uneccounted
cert of the process. The review coum

reasonably certein that the -23 Kg EB-PI
is not a criticality problewm, bubt the
o not have the sama assurence aboutb Rec
because criticalivy control in Recup;-“
+re secountability of plutonium transiers, vessel
cizancuts, ete., and not on visual it ool e

UNELASSIFIED
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¥r. P. H. Reinker -3- . Kovember 30, 1961

Comment: This recommendation is essentially e re-
stetement of the basic question posed by W. J. Gartin
in his letter of Jure 12, 1981 to V. R. Cooper re-
questing a criticality audit.  The basic reguest for .=
‘assurance that no nuclear hazard is extant because of
the B-PID in Recuplex was aunswered in a letter from
R. E. Tomlinscn to W. J. Gartin, dated November 6, 1961
in which he pointed out that independent measurements
of neutron flux confirm the absence of hazardous
accumulations of plutonium in the equipment. A broad
program to irmrove the B-PID situation is in progress
as outlined below. . .

A progrem was initiated October 4, 1961, to investi-
gate Recuplex waste, to determine if undetected amounts
of plutonium may be in the waste stream; and to estimate
the piutonium convent in the waste crib. Finished
Products Operation is taking the samwmles; leboratory
' groups, Redox and Finished Products Operation, will
’ anglyze the semples; and Finished Products Chemical
) ech_olooy 7111 evaluate the resulis.

Routine neutron monitoring surveys are teing teken in
Recuplex to detect plutonium eccumulation in the hoods.
Research and Engineering personnel have taken three
- surveys; Finished Products Operation will assuze res-
ponsibility for these routine surveys. This type of
_survey dces not give a guantitative result, tut does
indicate when and where clean-outs should be made.
Routine equipment clean-outs, plus additional clean—outs
2 indicated by survey, should be helpful in maintaining
control of the in-line inventory. Iu is knovm that come
‘plutonium is deposited outside the equipment as =z -
result of process leaks {conmtizvcusly cccurring as iz
0ld eguipment is badly detericrated, fails frecuently,
end regquirses continual meintenance to meintsin
opera 10gs) Pinished Productes Cperation hes

atte*b ed clean-up programs 1o remove "sludge-like"
materiel from hood floors.  The larze nuzber of lseks
meXes this a continuous jcb. The recently instellied ¥
column may prove very helnful to speed upn processing of
— ficor mateérial and 'clmr‘"° Ecwever it is expectzd
tkat the saxe geb»r’W cc:::tic:s will persist wntil the -
new recoveyxy facility 1s coxpleted.

Exhibit 4-4 (3)
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Action yet to be initiated includes investigation
of sermples to determine the validity of sampling
znd analysis. ‘ : » ‘

The .use of '"poison" Reschig rings to D-1, X~9
arnd K~10 tanks is also being considered as an
‘edded safety Tactor. A%t the present it sppears
that it may be easier to install new tanks than
to modify present Tanks to sccommodate rings.

Z Plant - "o) In Task I, install additionel devices on the
calciner hopper to warn of a plutonium oxelate
buildup." :

Corment: This recommendation is being investigated.
It appears that it mey be feasible to devise a count |
rate meter such that the garmma from the plutonium
oxalate 1n the hopper could be read.. Such a systen
could pcssibly be alarmed. ;

The hcepper in use is believed to incorporate the
nmost nearly foolproof design that is practical. _
The hopper and chute ars geozstricelly favorable.
Of course, if the calciner plugs, the hopper fills
and the oxalate spills onto the floor. Currently,
we are relying on the button line operators to shubt
the process dowa if tThis ever heppens. '

“e) In Recuplex, improve the neutron monitoring
systen used for criticality control.™

Comment: A continuous neutron ronitoring recording
is Teing obtained to wonitor the gecmetrically
unsafe D-1 (batch 85 & C dissolver), G-1C (B feed),
end K-& (orgenic receiver) tanks, ard the CAW A
(weste) overflow line. This system shculd be rezdy
by Fevrusry, 1962.

" for instzlletion

Flans have been n
interiock systens
shut off the Teed
Gete 1s August, 1
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Mr. P. H. Reinker -5- : Noverber 30, 1961

7 Plent - "4) Review the Recuplex process periodically to
' assure that Pulp particles in significant

amounts are not working their way through
the Recuplex process and settl:mg out ‘in

geomne urlcally unsafe vessels.

Co._.m_ Neutron monitoring and routine flushes

(EF - }W’O3) are being performed peri

odically to

clean out geometricelly unsafe vessels. Reduced
neutron counts after flushing are indications
that plutonium build-ups have been removed.

The hood exheust filters are +the prix

mary bearrier

for preventing PuOp from entering the E- L system. -

Surveys of the syster should indicat

e if plutonium

materials were entering and accumulating in the
system. -These surveys are conducted by Finiched
Products Operation. The burning hood is cleaned
frequently to prevent oxide eccuxuiation.

"e) Check the D-6 sump to be certai
solids are not building up."

Comment: This tank is surveyed peri
neutron counter. No solids were not

n plutonium

cdicelly by
ed in this

tank on a visual inspection made about a year ago g
end recent neutron surveys indicate no accumulatiocn.

In August, 1961, this tenk wes clea

zned out completely

with a total of 2.2 graxrs of plutconium being

z:easured in the totzl clean-out sols

uwtion. (leen-

outs will continue to be made arnually, or oftener
if indicated by analysis or neutron counting

) ?ev:.ew the plutoniux nitr e hand_::.ng prceedure

~in Roon 1kg. ™

Ccmment;. A review of the

’!
indicated that the criticzl mess ccatrcls
.Oo H

recormendations ¢ CPG 11

irproved hewever after the visit by the &
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Reinker - -6- Hoverber 30, 1951

to include trelning on the criticality v o
hazards associated with each job description e
or operation. Attempt to devise a more

formwal method of personnel selection to £ill

those p051t¢o_s wnere criticelity hazards

exist :

Corment: We have a program calling for some
specialized educaticnal training in the field

of criticality and its control, as well &s a
walk-through excursion drill at least every

six months. New ermloyees are orientated with

&2 progrem to meke them aware of safety rules,
special work permits, and job hazard breakdowms
gll of vnlch are prepared with criticality control
in mind. All perscmnel are required to attend
sefety meetings at least once a2 ronth and

rhase of this meeting is directed toward rasdistion
(ard criticality) safety. It is our opinicn that
eriticality training for operators should include
thorough instruction of the rules and the conssguences
that would result if the rules vere not cbserve

We do not propose to give cperators the kind of

training required to determine criticel zass limits.
werators are not allored tc modify rules and limits.

)
®
m
0

A
B

Although we exercise scme selectivity in

.y

th sig
ment of personnel to the Z Plant, the existing union
contract does not allow complete freedom in the
cheice of operators. The company would heve to
esteblish that 2 man was not coxpetent to pericrn
Jjcob before he could te denied an opportunilty to
work in the Z Plart. XNew operstor candidstes are

tested by employment before being hired.

i 3 - 7 - Ao e e L= e~ oot
"h) Include in OPG's &nd vigorously Tux & progren

=

£ developing instrumentetic: to rznlace, vhere

¢ea51ole, edministretive procefures in th

monitoring of eguirment to prevent the develon-

ment of eriticslly uncafe comditions.™
Comment: Instrumentation reg edizie use has
been coversd in pravious sect exr inciudad in
the (PG's or not, cur long ravge nelude developing
"Pail safe" devices to replace & istrative procedures
¥ e zl. Socme of 2 devices moy te dsvelopad
i { ing end use ' Recuplex line, bul more
3 & Yo Ry 1vn e REAN S -
&b e reely Uun CT GOV IS ; o
I n the »nozsibn
c r criticelily
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/3ep

cc:

"$) Cleerly post nucleer safeity limits
at all work locations and storage
areas. (There were posted limits
at most, but not all locations.)"

Comment: All locations are now clearly
posted. :

Acting Marager .
~Research and Engineering

3

| ‘ s, M
WJ Gartin. zﬂ/’f/ et on

PF Gast Manafer

CT Groswith Finished Products
MC Leverett

PR Mclurrey - ' . '
FE Tomlinson (2 N :
@ /%/a ] e ,

(i H ey

lenager -~ -

SOEClal Sepearation Pro'*esm_g
end Lwriliaries

U%Ciﬁ SiFIED
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CLAIMS.:

The Investigation Committee, through the AEC and General Electric Counsels, has

" explored Washington State's lsbor compensation laws relative to radiation incidents,
the conditions under which an individual may initiate a claim, and conditions, if
any, under which a claimant may initiate a suit. Answers to these questions are
contained in some detail in the attached Exhibits 5-A and 5-B.

Briefly, it can be stated that the sole remedy for a workman suffering a
disability through a traumatic injury is under the Workmen's Compensation = .- .. -
statutes, regardless of fault. However, if the workman's injury was caused

by the negligence of another not in the same employ, he has the right to sue

the negligent party or to receive only Workmen's Compensation. If he elects
Workmen's Compensation, the suit for negligence is assigned to the state. If

he elects to sue for negligence, he still receives various Workmen's Compensa-
tion benefits but the state recovers the cost of furnishing the benefits from

the recovery in the suit for negligence.

On April 24, 1962, three employees, No. 1, No. 17, and No. 23, filed a Report
of Accident with the Washington State Department of Labor and Industries. The
Reports constitute applications for compensation. They were accompanied by a
supplemental letter from the BAPO attending physician which pointed out that
although extensive tests had been made, they revealed no evidence of harmful
. effects. The physician's letter also recommended that the matter be kept
open as the long-range possibility of harmful effects cannot now be ruled out.

The Commlttee has no evidence that the three employees will institute a claim
for injuries sustained.
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Ext. 6~-5486 703 Bldg., 700 Area

April 30, 1962

U. 5. Atomic Energy Commission
Hanford Operations Office
Richland, Washington

ttention: Mr. Carl N. Zangar, Chairman
Investigation Committee

Genilemen:

. INVESTIGATION OF RECUPLEX CRITICALITY INCIDENT

This is in response to your request of April 18, 1562, for informa-
tion regarding workmen's compensation laws and claims for use in
connection with your investigation of the Recuplex Criticality Inci-
dent. The questions are covered in the order presented:

1. Washington State's labor compensation laws relative to radiation
incidents. ‘

’ In general under Washington law compensation is available to .
workmen who are "', . . injured in the course of . . . employ-
ment . . . (51.32,010%). Injury is defined by statute as a . . .
sudden and tangible happening, of a traumatic nature, procducing
an immediate or prompt result, and occurring from without, and
such physical conditions as result therefrom'' (51.08.100). An
occupational disezse is defined as ''. . . such disease or infection
as arises naturaily and proximately out of employment . . ."
(51.08.140). The Washington Workmen's Compensation Act under
which workmen's compensation benefits are pzid applies to ail

. " References are to sections of The Revised Code of Washingion

UNCLASSIEIED
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Carl N. Zangar -2 - . April 30, 1962

Hanford Atomic Products Operation employees under the pro-
visions of Contract W-7412-Eng-25, between the Department
of Labor and Industries, State of Washington, the Atomic Energy
Commission and General Electric Company. '

A claim based upon an "injury' must be filed within one year after
the injury occurred or the rights of dependents or beneficiaries

have accrued (51.28.050). A claim for an "occupational disease'
must be filed within one year after a physician's notice to the work-
man of the existence of his "occupational disease' {51.28.055).

The Act does not describe specific types of injuries or name specific
diseases which are covered. Instead, the terms "injury'’ and "occu-
pational disease', as defined, are applied to the pertinent facts in
each case. The statutory definiticns by virtue of their broadness
clearly cover radiztion hazards. The line between traumatic injury
and occupational disease may not always be clear. Claims for radia-
tion injury are easier to establish because of the element of a sudden
traumatic happening. Whether a particular disease is an ""occupational
disease'' and covered under the Act depends upon whether it is found
to have arisen "naturally and proximately' out of the employment.

It is clearly the intent of the Act to cover any disease which is in

fact caused by radiation in the course of employment.

Once a claim is established on the basis of "injury" or "occupational
disease' allowable benefits are identical. The workman, in case of
“injury" or "occupational disease', or, in the event of his death,
the workman's family or dependents are entitled to compensation
under the Act. The amounts payable in the event of death cr perma-
nent total disability are based upon marital status and the number

of dependents. Compensation for permanent partial disability is
based upon impairment of bodily function or amputation of the mem-
ber involved. Washington is one of the states with no limifaticn on
the cost or duration of treatment or compensation for loss of time
from work. Eligible workmen are free to choose any physician
qualified to treat their condition.

Conditions, if any, under which an individuzal may initiate a claim.

Where a2 workmean is entitled to compenseaiion he must file his applica-
tion together with the certificate of the physician who atiended him.

i
It is the duty of the attencing physician to inform the workman of his

righits and to lend all necessary assistance in making application for

Tninit 5.4 (2
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Carl N. Zangar = g = , April 30, 1962

compensation without charge to the workman (51. 28, 020). While
the physician must inform the workman of his rights and assist

in making application for compensation, the burden is on the
workman to file his claims for benefits (Pate v. General Electric,
43 Washington 2nd, 185).

Where death results from injury the parties entitled to compensa-
tion or someone on their behalf must apply to the Department for
such compensation (51.28.030).

3. Organizations or individuals that may be sued, if any, by claimant.

Unless injury or death results from the deliberate intention of the
employer to produce such injury or death, claimant's recovery is
limited to that provided under the Act. If injury or death resulis
from such deliberate and intentional act of the employer, the work-
man or his dependerts may receive the workmen's compensation

and also have a cause of action against the employer for any additional
damages over the amount received or receivable under the Act

(51. 24. 020).

If injury or death is due to the negligence or other wrongful act of
a third party not in the same employ, claimant may elect to proceed
under the compensation law or to seek a remedy against such a
third party. If he makes the former election, such right of action
as he may have against a third party is assigned to the state. If

" he makes the latter election he receives the compensation to which
he is entitled under the compensation law and the state is entitled
by way of subrogation to reimbursment out of his ultimate recovery,
if any, from such third party.

Report of Accident forms have been completed and forwarded to the
Department of Labor and Industries cn behalf of Messrs. Aardal,
Lohdefinck, and Williamson. The report constitutes application for
compensation. They were accompanied by a supplemental letter from
the atiending physician which pointed out that although extensive iests

Wﬁéﬁ. S? EB |
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had been made, they revealed no evidence of harmful effects. It was
recommended that the matter be kept open as the long-range possibiilly

of harmiful effects could not now be ruled out.
Sincerely, /-, /

, .(-—4\4-4» .wf
4~ '}f t/

COU."IS el

Clayton H. Crandall:beh
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Co

elects, IT €ces asa , T

negligence is assigned ‘co tz-e sta ue. If he elects to sue

for negligence, he still receives varicus “iorimen's Com~
pensaticn benefits but the state recovers the cost of furnish-
ing the benefits from the recovery in the suit for negligence.

Gives the worknen the right to recelve compensation for a
disebility caused by traumatic injury.

L, RC¥ 51.36.010

Gives the worimar the right Yo receive ‘..calcaW care for a .
disabiiity caused by traumatic injury.
5. RCY 51.32.180

and

Gives the workman the right to recelve medical care
compensation for an occupational disease.

2,050-080-07C-CE0-030

6., RCY 51

.
)

Sets forth standerds for determining amcunt of coxpens ation
due. The stendards provide for varying amounts of compens
ue‘oe*.*’wg, on whether the Gisebility is permanent or temporary,
partizl or total, and various other Tactors such as number of

dependents.

+12.060

\J1
e

Te RCH

rimen, other than federal employees, WoOrs

o}
P
4
)

3
(o]
3
® G

Laids

Provides that Yorkmen's Compensetion applies to all United Sw.ves
lands or premises to extent permitited by Lo Usca § 260, 40 USCA
g 290 2llicws sbates to zpply thelr worimmen's comvpensation lavws

t rxing cn federal p
gs)

rtye

8. RCY 51.0k.040

2]
N

dence of witnesses and
e

or Court has power tc enforce atte @
ti i department.

on of Ttooks and recoxrds before Il

treated clziments mey be recuired
frcm testifying by reason of

. 5 o P wr e Mt T 7 2 emmi :
Then seoident occurs workman must notily employer il CHDLOyes
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iTo aprlication valid unless filed within one year after day
upon which injury occurred or rights of dependents accrued.
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Occupabticnel disease claims must be filed within one year of
date workman had notice from rhysician of existence of occupe-
ticnal discase withoubt reference to date of origin.
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2. The workmen must be employed in an extrz hazardcous occupaiticn
as defired by the Workmen's Compensation laws. ‘l‘he three GE enployees
occupations were so considared.

b. The worlman must suffer &
matic injury or because of an OCCup
course of his employurent The thr

EX) ~

L
Risb] L g e :
within the course C.. CNSLY EnTiOYNICNG.

. (! e o a@cs e P kb < AL = N
¢. The workmen rmust be gble o show 2 disabiiity. In




UNCL&SSFFEED

L _ . My 2, 1962

a workmen vwho is unchle to work for more then three days is entitled
: isgbility compensaticn,.

d. The workmen must meke g timely filing of his claim,
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2. 1In the case of an occupaticnal disease or infection,
the woriman nust initizte his claim within one year of notilce
from a DhV°lCl that he is suffering from an occuvztional

S

disease, uh_o regard the court, in the case of Simpson’
Logzing Co. v. Dept. Labor & Tndustries (1949), 32 Wn.(2d)

72, 202 P.(2d) i3 said: ilo disease can be held not to
be an ccc pa tional disease as a matter of law, where it is
rroven that The condition of an extra hazerdous employment
naturally and proximately produced the disease, and but for
the exnosure to such conditions the disease would nct have

been contracted.

3. Orzenizetion or Individuals That May be Sued (If iny) by the
o

The only informaetion we cen give relating to this cquestion is
set forth in BCY 51.2‘.010 MllCJ we have parephrased and set forth as
Taragrarh 1.0'2., supra. If the incident was proximetely ceused dy Ik
negligence of a parby other than GE or its employees, the three GE enm-

rlo oyees can sue the negligent prariies under the aforementicned RCH
,1.2&9010 If the incident was proximately czused by the negligence
of GE cor its employees, the three GE employees' only remely ils under

the Workmen's Cozpensation laws of the °*at° of Washington.
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APPENDIX 6

DOSIMETRY ¥

INTRODUCTION

At 10:59 AM (PST), Saturday, April T, 1962, a criticality accident oc-
curred in a plutonium waste chemicai recoﬁery facility at the Hanford Afomic
Products Operation, operated for the Atomic Energy Commission by the General
Electric Compary. Four men were hospitalized but vere released after medical
observation and after estimates of the radiation doses received were available.
This report describes the dosimetry investigation that was made following
the accident. This investigation wﬁé facilitated by the fact that all employees
affected had personnel dosimeters in their possession when the incident occurred.
The interpretation of the data supplied by these dosimeters was supplemented
by information gathered by techniques that were developed in connection wiﬁh
other accidents. Below, the available information is first presented énd
then applied in a discussion of the dosimetry of the pecple involved in the

accident.

DESCRIPTION OF THE ACCIDENT

The accident occurred in a facility known as Recuplex within a building
known as the 234-5 Building. When the accident occurred, there were twenty-
two persons in the 234-5 Building. The eriticality alarm siren started
almost at once (several people reported that air-proportional elpha contami-

nation monitcrs broke down slightly tefcre the siren scunded). All persons

* This report was prepared by a committee consisting of C. C. Gamertsfelder,
H. V. Larson, J. M. Nielsen, W. C. Roesch (Chairmen), ard E. C. Watson. It
reports the work of a number of people at Hanford. ’
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in the 234-5 Building evecuated tb a gate house (2701-Z) about a hundred yardé
from 23k-5 and then took shelter behind another building'(270h-z) vhen the
former area was foundAto have an exposure rate of about 200 mr/hour.:>Within :
five to ten minutes they had evacuated these arees in the evacuation bﬁs'br b?
private car. Two patfolmen, stationed in the gate house ét the time of the

excursion, incressed the total number of evacuees to twenty-four.

The evacuees went to the fifst aid building for the area (éxcept for one
who went to the area badge house and was directed to firét aid). By this time
the employees who had been in the Recuplex area and héd seen the Cerenkov
radiation flash vere knoim; however, all emﬁloyees vere given a "Quick Sort"
examination to determine who had been exposed to significant fast neutron
dosesl).i The counting rate of a Geiger counter-held at their abdomen was

observed while the person bent over around the counter. Only those employees

who had been in the Recuplex area gave significant readings.

Contamination surveys of the evacueeé were also made while they were
at the first aié building. No contamination was found. Their personnel
dosimeters were collected for examination. Personal effects were examined
for radicactivity and then sent in for laboratory study. The first blood

and hair sampies and excreta collections were made.

After examination and treatment at Kadlec Hospital, four persons,
including the three mostbhighly exposed,'were sent to the Hanford Whole Body
Counter for -examination. The next day all but one of the remsining evacuees
were also examined at the Counter; the last man was examined the followiné
day. Whole body counts and blood and excreta collection were repeated én
the most highly exposed persons until no radicactivity of interest wes

detectable.
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Information was obtained immediately from each employee to establish
Yhere he.had been when the criticality alarm soundéd and hqw>he 1éft'the
buil@ing. Detailed persoﬁal interviews were made<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>