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INTRODUCTION

On Saturday mornlng, April 7, 1962, at about 105%%,an accidental nuclear excur-
sion occurred in the plutonlum waste recovery facility (Recuplex) of the 23u4-5
Building., The facility, along with many other plarts 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 produciion facility at Hanford. This
excursion did not result in any mechanical damag: 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 observatlon 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 @n 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 mlnimize or preclude future incidents
of this magnitude. A study of operating practices and operating conditions
that appeared to exist prior to, durlng, and subsequent to the accident was
made by the committee.

The committee believes that this report provides sufficient informaticn %o 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, - Ity is believed that this evidence cannot be secured,

“Armed Forces time,




II, AUTHORIZATION AND SCOPE OF INVESTIGATION

On April 9, 1962, the Manager, H0O, by memorandum (see Exhibit 12-A) appointed
the following Investigaticn Committee:

Carl N, Zangar, Director, Health and Safety Division, HOO - Chairman

M, C. Leverett, Consulting Engineer, HLO, HAPO

C. C, Gamertsfelder, Technical Consultant, HLO, HAPOQ ‘

P. F. Gast, Manager, Physics and Instrument Research and Development, HLO, HAPO
0. H. Greager, Manager, Research and Engineering, IPD, HAPO

W. N, Mobley, Manager, Manufacturing, FPD, HAPO

M, J, Rasmussen, Nuclear Chemist, Production 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. Cause of and responsibility for the incident.
2, Nature and extent (including costs) of the incident,
3. Recommendations for corrective action, if indicated.

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

S, The effectiveness and appropriateness of actions taken to insure safety to
personnel and Government property, and to restore the Recuplex Operatian,
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‘BRIEF OF FINDINGS

The Investlgatlon Committee, after examining a large body of evidence and after
interviews with numerous persons finds as folIOWS'

A,

c.

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 approxlmately 1400-1500 grams of plutonium
contained in about 45-50:liters of dilute nitric acid containing other
cheriicals, ~The plutonium concentration of the solution was thus about 30
grams/liter,

The preferred explanation for the presence of this quantity of plutcnium in
K-9 is not completely consistent with all the technical evidence and all

the testimeony of witnesses. The preferred explanation is that about 48 liter:
of plutonium product sclution (45 grams/liter plutonium concentration) over-
flowed from product receiver tank J-1 to the floor. This overflcw 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 rethod

of observing a rise in the llquld level of J-5 was unknown to the im medlately
associated operating organization, and had not been taken into aczount in
the operating procedures,

The product solution flowed across the floor of the solvent extracticn (SE)
hood, and was from there later partly sucked up into K-8 through a temporary
line used in previous hood clean-up operations.  In order for the soluticn
to have entered K-9 via this temporary line, a valve (#344) in that lire had
to be opened and subsequently closed by human agency. The valve (#344) was
found closed upon examination after the accident.

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

That a significant overflow of plutonium solution occurred from J-) 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-9, J-1, and L-2 (the tank which was the -
source of the dilute aqueous plutonium solution), 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,

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 incensistency.

Tne 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 #3944 in any way during the period in
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question. Acceptance of this explanatien irplies that this testimony is
false or that recollection of the manipulation has, indeed, been obliterated,
perhaps by the shock of the event,

F, The tank in which criticality occurred is provided with essentially no shield-
ing to protect operatcrs of the equipment z.ud other occupants of the building
against escaping neutrons or gamma rays, Of the 22 persouns in the building
at the time, three were hospitalized for observation and treatment after the
accident, These three were estimated te have received 11C, 43, and 19 rem,
respectively, in the accident, No cther 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 dve to radiation,

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

7]

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

H, The total number of fissions occurring between the time of initial crivical-
ity and final subcriticality atout 37 hours later was about 8 x 1017, The
course of the reaction comprised 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 onset of a long ( -+ 36 hours) period of
ﬁ 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.

I. 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 cn 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 quickly
estimated, Contrcl of entry and exit of personnel to and from the accident
area was established early.

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

K. 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 elatorate precautions taken were justified in
view of the unknown state of the facility at the time,

‘ L. 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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Q.

In the chain of events leading directly to the accident, the Committee finds
no significant violation of a formal, written procedure. However, openin;
valve #3944 was contrary to oral instruction, and to instructions implied in
the supervisor's written communications to the operating crews,

The main events cr 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 sperators did not observe or did not properly interpret the weight
factor indication on J-1.

3. The temporary line from the sump to valve #944 had been allcwed to stay
in place after its usefulness was past. Secondarily, the prccedure
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 #3%44 was operated, contrary to oral instructions,

5. Valve #431 was open. This was a result of use by the operatcr on the
12-8 shift of a method of transfer from L-2 to K-2 not conte.p¢ated in
the design of the system, but not expressly forbidden by instruction,

6. K-9 was not geometrically favorable, and although the introduction into
it of fixed nuclear poison had been considered, no such poison was
present,

7. K-9 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 accidentv 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 hy
nature of varying and complex character. The organization and manning were
appropriate to a routine operation., Engineering coverage was normally
avdilable only during week- ~day operations,

Although the Recuplex facility had a '"three-faults-to-ciause-an-accident"

philosophy, conditions of operaticn and design at the time of the accident
were such that the opening of a single valve caused a nuclear excursion.
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DESCRIPTION OF PLANT AND PROCESS

The Recuplex facility is a multipurpose plutonium recovery operation that is
located in the 23u4-5 Building, 200-¥W Area, Chemical Processing Department,
Hanford Atomic Products Operation. See Fig., IV-1 for general lccation of 234-5
Building within the 290-W Area., The Recuplex waste recovery process is for the
purpose of recovery and purification of plutonium from waste streams ociginating
in the Plutonium Processing Plant and miscellanecus wastes from other facilities
both offsite and onsite.

The Recuplex complex contains dissolvers, feed preparation tanks, solvent extrac-
tion contactor, and miscellaneous auxiliary equipment. See Fig, IV-2 for arrange-
ment of Recuplex hoods (Room 221)., A process flow diagram covering the portion
of the process of immediate interest is shown -in Fig., IV-3. The solvent extrac-
tion process is performed in the -1 and H-2 columns. The feed solution is con-
tinuously fed to the intermediate feed point of the H~1l column. Th s 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 cof aqueous phase rises through the 20 per
cent tributyl phosphate (TBP) in carben tetrachloride (CCl,) in the column and
extracts the plutonium essentially quantitatively into the organic phase, but
leaves the ionic impurities essentially quantitatively in th2 aqueous phase., An
aqueous scrub stream (CAS) introduced at the bottom of the column further puri-
fies the plutonivm by washing icnic 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 &s
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 prcduct (CAIS) is used as the intermediate scrub in the
extraction column (H-=1 ard H-2). This recycling of product into the system is
continued until the corcentration is about 100 grams per liter, at which pcint
product is removed from the tocp 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 solvent treatment tanks (K-l and K-2) ., Essentially all
of the plutonium in the effluent organic forms a strongly organic-favoring
plutoni.m complex with dibutylphcsphate (DBP), a primary decomposition product
of tr.rutvlphosphate. This Yunstrippable" plutonium is removed from the organic
phase . the solvent treatmen%t 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-
traticn in this cap reaches about three grams/liter, as determined by sampling
in the K-l or K-2 tanks, it is transferred to the organic wash recelver tank
(G-58) via the transfer tank (K-9), Periodically, the DBP is removed from the
organic phase with a carbonate wasu.

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 °




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 K9 tank,
viz.,, from the J-1 tank via the J-1 overflow to the sump, and from the sump via
the 1" temporary plastic line to the K-9 tank.
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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, etc.). 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 respon51b111ty of interpreting the englneerlng specifications 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 tc 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 pelieves 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 chenge 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 fiims 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 Laboratcries 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 ccnsultation 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 Cperation 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 flpoor could be cleaned up and certain piping and struc-
tural members could be replaced. 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 aquecus 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 preccdures were prepared to cover this clean-up program and issued on
February 26, 1962 and March 8, 1862 (see Exhibit 3-C),

Operations according to the clean-out procedures proceeded during the month of
March and the solvent extraction hood floo. was reported as clean on 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 14, 1962 for

thls 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 aqueocus solutions,

During the above operations ccnsiderable difficulty was experienced with plugging
of lines; flooding of the organic extraction columns and system leaks, This
caused considerzble rework of bcth the crganic and aqueous streams, This clean-
out had proceeded up to the point that the auxiliary systems, i.e., organic
receiver tanks (K-1, X-2), organic transfer-decant tank (K-9), and waste tanks
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(L-2, L-3, L-B8) 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, 1962, 550 liters of contact organic, used several
times for contacting aquecus 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, = Apprcximately 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 to 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-9 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-9, It was reported by the operator on
the 12-8 shift that there was essentially no aqueous layer on the organic in
K~9, altheugh this could have been in error duz to the poor visibility in the
hood and the difficulty of seeing in the tank from the operating floor level,

The B8-4 shift continued the transfer of contact organic. from L-2 through K-9
to K-2 by opening valve 506, which is the normal route from L-2 to K-9, 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-
tanecusly; 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 ¥X-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-9 and notified
the regular operatcr; 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 crganic phase in K-2 with a total of 210 liters of organic

in K-2, '

The operator prcceeded tc decant the cap from X=2 back up to X-9 and was in
the process of getting ready to add wash chemicals (ferrcus sulfamate and water)
from X-8 (chemical addition tank) to K-2 when the incident occurred in K-9 tank,
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In adding these chemicais 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.

7.

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
aquecus 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-1 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 (431) in the line to the bottom of K-9 tank,
to which this line is attached, was found open,

The valve (433) between K=9 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 analysisi

X-9 Receiver

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

Pu = 34,8 grams/liter
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Fe

H+

Na

N03

N
+
NHu

Al

so

F

Cl

Pu valence

Am24l

Volum

Total Pu

e

u

1,118
0.052
1.23
0,018
1,96
0.11
0.24
1.4
0,45
0.14

4

¥

I= = =

=

grams/liter

grams/liter

‘grams/liter

grams/liter

2.53 x 10% d/m/m1

39 liters

1357 grams

p
(0,013 M)
(0,05 M)
(0,024 M)

(0,004 M)

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

Ryl03

ZrNb9
Ba1’40

S

2,20 % 1016 fissions/liter

2,0 x

1.6 x

l016

fissions/liter

1016 fissions/liter

47
Also found Mo%9, cel™3, Te1l32, 1131 yqt

Spectrographic analysis, ppm

Ag
Al
As
3

Be

<20

> 20,000

L0

40

Mg
Mn
Mo
Na

Ni

)

100

400

4,000

100

1,000
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cd = 20 ' Sb = -

cr = 100 si = 100

cu = 2,000 ; Sn = < 20

Fe = 70,000% ~ T = -

Ge = - A" = -

K = 400 Zn = 2,000
L= -

Distribution coefficients

0.22

n

K-9 solution vs. )5 percent Tbr in CCl, (equal volume) EJ

K-9 solution vs. 25 percent DBBP in CCly (equal volume) E§ = 5,0

Material from K-9 was transferred into PR cans S-124% and S$-134
after the incident,

S-124 (962-S, 963-S, 5-4-62)

Top Pu 35,6 grams/liter

Bottom Pu = 36.2 grams/liter

S-134 (964-S, 965-S, 5-4-62)

Top Pu 36.2 grams/liter

Bottom Pu 36,2 grams/liter

(") Estimated

{~) Not detected
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VII., DESCRIPTION OF ACCIDENT AND POSTACCIDENT EVENTS

The period from just before the accident up t. 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, T

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 234-5 Building and immediate envircns con-
tained 24 persors, disposed as indicated on the attached diagram (Fig.
VII-1), 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 -
— Mo, 'Jib_ _NO- 92'12-
1 Recuplex operator 13 Process operator
2 Patrolman 1y Chemical process operator
3 Engineer 15 . Process operator
u Engineer ~ 16 Engineer
5 Power operator 17 *Specialist in Recuplex
6 Accounting clerk 18 Procecss operator
7 Power operator 19 Patrolman (in 2701-2)
8 Chenical analyst 20 Patrolman (in 2701-Z)
-9 Technologist 21 Pipefitter
10 Laboratory Leader 22 Chemical analyst
11 Radiation monitor 23 Utility operator
12 Utility operator 24 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 persoa.
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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 operatcr (employee #1) stated that, "I had started to opzn my K-8 to K-2
chemical addition valve," when he saw a blue flash and heard a socund like
that made by the drawing of an electric arc. He was standing directly in
“front of and somewhat below K-9 (his head is estimated to have been three
feet south and fcur feet below the center of K-3). He reported that the
flash was above hin, 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, How-
ever, he also saw the flash and heard the sound reported by employee #1, and
generally <.:reed with employee #1 as to the location of the flash, Employee
#1 describe. 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 izbalance 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 irea. -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 23u4~5 badge house, Employee #7 was called on :
the telephone from the badge house and immediately left Building 234-5, He
had heard the alara 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 emplcyze #6, an accountability clerk, who paused to lock up her
safe, These two employees took about four and two minutes, respectively, to
reéach the gate house, All the others were at the gate house in a much
shorter time. All employees in 23u4-5 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 £ilm dosimeters. The excepticn 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 Gat~ 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 23u4-5
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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 evetuated the rest, Approximately five to ten minutces elapsed Letween
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 vccurred 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 105%, This is the time at which an
electric vlock, on the circuit cut off by the emergency switch, was stopped,
This time is approximately verified by the neutron count rate recorder av.
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 emergency 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 raaio 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 new= 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 Control Center

1, 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 tbz Emergency
Officer (1107),

Upon arrival at First Aid, all employees were given a "Quick Sort" check,
i.e., a Geiger-Yueller 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, were also
given immediate contamination surveys. In addition to the Quick Sort
procedure, bioassay samples were taken and dosimeters were exchanged.

UNGLAS S"F“EQ
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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

g from the 2717-WA (First Aid) Building. There was unanimous praise of the
Radiation Specialists in general and the selflessness of employee #2u
{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 radioactivity to warrant their being put
under immediate medical observation.

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

In the 200-W Areca, 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 radiatfon levels of about 50 mr/hr at the badge

Jb house, Tihey alerted Redox personnel and obtained spare instruments from
the UO3 Plant. They also checiked the laundry building for contamination
since all of its beta-gamma detector instruments responded at the time
of the excursion,

Employee #24 had arranged for barricade of Z Plant roadway upin evacuation,

The Manager, Control Operation, Finished Products, who had been notified
in Sunnyside of the emergency Ly phone by employee #2u4, arrived a few
momerts 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 bicassay 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. Fmployee #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 were 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 retcvieving the three radiation monitoring personnel from that
building.

These three radiation monitoring personnel had re-entered the 2345
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 § r/hr were measured by this team Iin 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 entrance 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 alipha 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
BF, instrument avajlable outside the 234-5 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 23u4-5 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 Aid and Laundry
operations were shut down, By this time a considerable number of cadia-
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.
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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 was activated to provide personnel dosimeter
‘ evaluation,

f., The 329 Building was activated to provide counting of the criticality
dos:.metersD blood samples, ard other actlvated materials which could
help in the d051metry evaluations,

g. Periodic reports from Meteorology - particularly 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 ncted above,
the Manager - Production,  PD, was dispatched from the ECC to be Field
Operations Manager during this period alsoy 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, variocus 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 Marager -
HOO arrived at the ECC at 1200, :

By 1240, Aoril 7, about one hour and 40 minutes after the accident,

the ECC had been activated, a Field Operations Manager had been
established and had gone iuto action. The situation thus entered a new
phase, in which it continued until it was established that the chain
reaction-had ceased.

C. 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 damage, 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 building, they also recovered the remaining dosi-
meters, and radiation levels in-the building were noted and mapped.

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 manifold,

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 point 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,

Ac¢ 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 hnspitalized men were put through the Hanford Whole
Body Counter. (All the o%.or 18 employees in the building at the time of
the accident were subsequer.-iy put through the Whole Body Counter,)

At aboutleOO, April 7, the General Manager - HAPO 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 Werking
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, Subsequent Period Prior to This Report

Termination of the chain reaction meant that the objective of 6perations
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=9 and enjoying some protection from
intervening walls, It was estimated that in the event of an excursion in
K~9 of 5 x 10%7 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 % x 1017 fissions.) Thus, operations with the TVRM could

be conducted in relative safety insofar as personnel exposure was con-
cerned.  Early entries were for the purpose of reconncitering 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 th=2

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-8 and
that the resulting fission products were still confined to K-8 and not
outside it, e.g., in the sump. '

Attention turnmed next to the problem of restoration of K-9 to atmospheric
pressure, - At the time of the accident, the vapor space in X-9 was con-
nected to a vacuum manifold (it is by this means that liquids are moved
into X-8 froam 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 K-9 or air in-leakage
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through connections to the bottom of K-9, In either case, the average
density 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 an~ther 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
valve handle was broken off, leaving
necessary to make a special tool for
handle was successfully turned, ‘The
at this time was the neutron flux as

which the TVRM had to work, the
only a short stub. It was then
the TVRM by which, on April 14, the
crucial parameter under observation
recorded by instruments previously
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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 frem the vacuum header into ¥-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-3, 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-3, or both,

The J-6 valve was shut off on April 16 afte> spending considerable effort
in evaluating the risks involved 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 favcrable
tank located in a room in the lzboratory 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-9 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 same 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 “n which there was
any significant probability of plutonium in critical quuntities. 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 one 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 hcod (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 ccil, It

is thought that this vessel (not in use at the time of the accident) had
no part in the accident or the events lcading 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,
Numerous 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,

Informaticn requested about the Recuplex facility, its operation near
the time of the accident by the Investigation Committee, includes the
following: .

Ca. A description of the Recuplex system including equipment numbers or

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

c.. 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,

h. Peanalysis of existing samples stil} in the laboratory,
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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, K-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 proéess 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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an individual may initiate a claim, and individuals or organizations,
if any, that may be sued by claimants,

aa, An estimate of the cost of the incident including shut-down time and
equipment damage if pertinent,

bb, Special tests on valve 9uh,
cc., Special tests on the valve and piping between H-3 and J-2,

dd., Disassembly of K-9 and inspection of its interior for accumulaticn of
solids, '

The large amount of written material requested was delivered at an ac-
ceptable rate, Some of the most desired records were inside the Room 221,
and, hence, could not be recovered without risk of exposure at first,
Records of this type were, hence, understandably delayed in being de-
livered to the Investigation Committee, In addition, the safetying
operations required reference to some of these records as soon as they
were available; the Investigation Committee willingly relinquished prior
claims to these records at such times.

E. Reports and Announcements

The foregoing narrative contains some statements of the times at which various
officials were notified of the accident., The following table summarizes such
key notifications and announcements:

Time of accident April 7 - 1059
First notification to affected GE April 7 - 1103
supervision away from 200-W

First notification to Emergency April 7 - 1107
Control Center in Richland

First notification to an AEC official April 7 - 1110
First notification of HAPO General April 7 ~ 1120
Manager

Signalling of HLO Crash Alarm April 7 - 1127
First notification of HOO Manager April 7 - 1130
First notification of AEC-Washington April 7 - 1L445
First release to news media April 7 - 1500
First release to employees April 9, morning

F. Handling of Potentially Injured Employees

The technical and medical aspects of the treatment of the four employees who
were hospitalized for precautionary observation are partly reported in other
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sections of this report an.! 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 oc-
curred. All were put through the Quick Sort procedure at the First Aid
Building (2719-WA), and three employees, #1, #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
radioactive contamiration, a GE physician arrived to take charge of the cases.
Employee #1, who had been closest to the scurce 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 calm; 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
#1, 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 or 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 employes 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 beern 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 4April 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,

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: insignificant and, in general, the plan functioned smoothly. 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 effliciently; the potentially
injured employees were quickly identified and placed under medical care
within an hour of their exposure. All employees involved in the evacuation
behaved in a calm, orderly way, The systems of norification to the Emer=-
gency Con trol 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 those plans, and for
investigation of the accident,

- The Investigation Committee had an excellent cpportunity to observe 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 meticulcus 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-9, and an additional three days to poison the significant
geometrically unfavorable tanks. The persoanel who planned, reviewed, and
executed the "quenching" cperaticns exhibited a high order of ingenuity

and rescurcefulness;

The releases of infermation 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 Wasnington-
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,

‘Explernation 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 perw
sonal testimony. An acceptable explanation hue, 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 extracticn
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 speciflcally 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 looking
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,

At some time within several minutes before 1059 and while suction was

on tank K-3, valve #3944 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-9 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 dccount. for the quantity and concentration of
the Pu solution found in K~9 after the accident.

t. 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,

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

d. Opportunity for opening and closing of valve #9%i o sted,

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

Various other 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 concentration 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

J-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 (~53 liters total) in the 0600~

@ 0300 interval, The rate of outflow from J-1 was 0,36 liter/minute

' for 30 minutes (v1) liters total). The weight factor indicator
showed J-1 full throughout the entire two-hour interval, so ail 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 0€00-0800 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 29 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-9 is accounted for by assuming dilution of the
floor solution with aqueous phase drawn from L-2, through K-9 and
thence into X-2, where it formed the 10-30 liter aqueous 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 ratio two parts J-1
overflow to one part L-2 aqueous phase would give 45 liters of 30
grams/liter solution in X-9, Such a calculation is obviously not

4 very accurate, since it does not take intc account possible dilution

% of the J-1 overflow while on the flccr; hewever, 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,

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, 7ue aquecus 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 cf 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 aqueous phase thus does not necessarily indicate that u5
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 crganic phase on the {loor and in the sump after the
accident.

3’ *As noted elsewhere, criticality calculations suggest that the initial volume
was about S50 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 aqueous
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-l. Thus, the non-
plutonium analysis of H-7 should be the same as that of J-1l and may
be used in place of the J-l1 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-l1 overflow as would be necessary to
make the Pu content of K-3 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 c¢f 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
anaiysis 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, HY, S0,”7, and NH}
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

REB 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 REB hood and could transfer into the
SE hood conly 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
nigh enocugh to ru.e 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=7
ut 0.558
S0~ 0.16
+
NH“ 0,03
Fe 0.0019

J=1 L2
2,10 3.30
0.28 0.03¢
0.42 0.10
0,003 0,01

At time of Fri;gL-Z From*L;Q

accident®# and H-7 and J-1
1.07 1.47 2,50
0.085 .12 .20
0.011 054 31

0.0 004 005

%Assuming ratio of floor solution to L-2 solution is 2:l,

#%Assuming volume of 45 liter in K-9 at time of accident.
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TABLE VIII-2 AQUEOUS SOLUTIONS OF MORE THAN 30 GRAMS/LITER PU CONTENT

Vesscl — +
No. Pu g/l wt M §04" ¥ NHy M Fe M
G-59 71.4 4,01
G-66 32.4 6.68%
J-1 34,4 2,10 0.28 0,023 0,003
J-2% 22,4 7.984 2.14 0.0056 0.0057
J-3 86,4 9,60# 3.16# 0,01 0.007
J-7 o 111.2 6.87
K-9 30,0 1,07 0.095 0.011 0.04

Remarks

In REB hood.
214 grams Pu,

45,5 liter vessel, contained 34 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-8,

Volume solution 17 liters,
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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.

A physically feasible path existed from the sump to K-9 via valve
#944, 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 #3uy
and the sump., While the floor cleaning operations were going on,
floor flushes were drawn by suction into K-9 from the sump. To

guard against criticality in geometrically unfavorable K-8, a pro-
cedure of first putting cadmium nitrate solution in K-8 was followed.
Suction was applied to K-9 from the vacuum header; valves #431 and
#944 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 accldent). After the accident,
valve #431 was found open as shown on Fig, VIII-2, Valve #9344 was
found ¢losed, 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 shculd ke as a result of the
procedure used to render K-9 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 #944 were opened, liquid from the sump could enter K=9,

Opportunity for opening and closing the valve existed.

The handle of valve #944 is located inside the hood, approximately
as shown in Fig, VIII-3., The valve wcrks easily, but in order to
operate ity the operatcr must put his hand into glove B and reach
inside the hood, a distance of 1 - 1 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 tc 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 #3uu4 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. ‘
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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/sec. Had it been much larger
than this, the size of the initial pulse would have substantially
exceeded the » 1018 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 prams Pu-at a concentration greater than
30 grams/liter followed by dilutjon 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-9 following the dumping of the agueous
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 absorber 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 explanations have been examined and found less plaus-
ible 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% Ppu,
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 cbvious that neither leak could account for the quantity of Pu
which got into K-9.

The possibility that an accumulation of solids in K-7J 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 cf solids,
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The possibility that valve #34u4 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 #9uu

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 position

of the handle of valve #9344 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-9, 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 sclution, 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 wouid not have admitted sufficlently 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 cor
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-9 via
valve #9u4, 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 fer 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.
SRS Veh SRS v
SO,
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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 explanation 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 sclution 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 ~ome connection with the accident. No such connection has
been found, and these points remain minor and probably disconnected
anomalies,

Mearures Which Would Have Prevented the Accident

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

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

1. 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 *¥his and other recognized 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 cdunter (which would sense the spontaneous
fission neutrons from Pu240) for detection of too-large quantities of
Pu in K-9 had also been discusssd., However, no decisive action had
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been taken, it being indicated that a counter of the type desired would
be quite expensive 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 menticn the
line or its effect on operations.

The drawings of the equipment ir the SE hocd, available at the time of
the accident, do not show the direct overflow line from J-1l 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 cculd 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<u4 shifts, Thus, while
it would have been possible for the operator to have detected the over-
flow from J-1, it is not reasonable 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
REB hood) into K-9, One of these routes admits the liquid to the top
of K~9, through valve #506 (sea Fig, VIII-2), Tha 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-9, 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 #9u44 had been allowed to stay
in plece 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 sucking 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-fcr removal of the line had been written four days after
need of the line ceased., A<ter 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 adml*s to having operated valve #944, but no other
plausible explanaplon is available.
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431 433 437
® ® o

944
432 & 3
®
438 !
@——! Quarter Turn Ball Valve

(%) Stem Valve

6 Inches

A & B are Glove Ports, Dia. Approx. 9"

431 K-9 to Pump

432 K-8 to K-2

433 K-9 to K-8 Header
437 K-8 to K-8 Header
438 G-12 to K-2-

944 Sump to K-9

FIGURE VIII-3

Approximate Locations of Glove Ports and Valve Handles in Vicinity of
Valve 944. Note: All the Valves Shown are Operated Manually Through
the Glove Ports
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APPENDIX 1

EMERCENCY
“and
DISASTER PLAN

The HOO “"Procedures for Emergencies' are contained in AEC Manual - HA Supple-
ment HA O6H1-0l. Fertinent portions of the Manual are quoted below:

06H1-0L  Purpose

The purpose of this chepter is to establish procedures for providing
assistance in protection of heslth end safety of the general public
against (a) radioactive materials under license, (b) government-owned
radioactive or toxic meterials involved in acciderts off-site, and (c)

government-owned materials so involved. The portions of this Chapter which
relate to contractor personnel are not intended to alter the contractor's
internal emergency plens or to alter civil defense plans in effect to cope
with enemy action.

06H1-03 Emergency Flans

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

031 On-site Contractor Jncidents. The plan shown in Appendix 06H1-031
outlines the procedure to be followed in the event of en accident originating
at HCO which may result in the spreeding of radloactive ccntamination (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. Phone Home Address
F. J. McHale - Chairmen 6-5441 WH 4-5193 1317 Tunis
Richland
Alternate:
0. R. Simpson 6-54k1 WH 7-T475 1210 Gowen
Richland
V. R. Holmquist 6-4011 Wi 8-3195 1602 Johnston
Richland
Alternate
D. J. Keigher 6-4011 WH 5-7537 642 Crestnut

Richlan
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A. T. Gifford

Alternate:
H. E. Parker

J. L. Dickson

Alternate:
C. F. Goodner

Emergency Coamittee (Continued)

Office
Ext .No.

6-5291

6-5291

6-L46U6

6-4731

INFORMATION DIVISION, DIRECTCR

M. R. Cydell

Alternate:
L. D. Weir

Notification Call List for Emergency

6-4933

6-4822

Home
Phone

WH 3-3257

WH 6-6820

WH 3-1676

WH 3-1961

WH 6-6215

WH 7-2815

Home Address

1935 Harris
Richland

1706 Gaillard P1.
Richland

2126 Harris
Richland

509 Basswood
Richland

1918 Harris
Richland

1713 Hunt
Richland

Resulting from Rediation 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 034, the following individuals will be alerted:

1. tomic Energy Commission:

Nene

H. G. Hicks

K. L. Englund

Office
Ext .No.

6-5496

6-54%96

Home
Phone

Ju 2-8940

WH 7-5665

Home Address

1216 W. 27th Ave.
Kennewick

1409 Jadwin
Richland

2. General Electric Company (FAPO Radiation Protection Operation):

K. R. Beid
A, J. Stevens

A. R. Kzene

e
AN
tule

N

[ 4

HRGL

WH 5-1lh7

WH 3-3783

WH 4-0820

1513 Sanford
Richland

1920 Howell
Richland

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

Office Home
Name Ext .No. Phone Bome Address
Alternates: 7
G. E. Baclmnan 3153 WH 6-6443 1606 Davison
. Richland
‘L. A. Carter 3598 WH 7-2358 1028 Birch Avenue
Richland
E. C. Watson 3135 WH 4-9512 2104 Pullen
Richland
3. The Emergency Medical Team ‘
Dr. W. D. Norwood €-4010 WH 4-5155 1937 Harris
: Richland
Alternates:
Dr. Philip A. Fuqua 6-L4h41k WH 4-5180 1217 Gowen
: Richland
Dr. Bradford C. Scudder 6-hgk8 WH 7-7565 1816 Bunt
Richlend

06HL-OL4 - Emergency Action Orgenizations

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

The following officials will function es the permanent Coumittee:
(See call list Appendix O6H1-031).

Chairmen - Director, Security Division (or alternate)
Director, Safety Division (ar alternate)
Director, Production Division (cr alternate)
Caief, Transportation & Traffic Branch, Construction Engineering
ard Supply Division (or alternate)

ObH1L-05 Nctification

-

051 All published plans contemplate 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 individusl notify-
ing him of the accident (cr froz such cther gources as deemed necessary) the
location, time, zccess, veather conditions, personnel involved, egency,




individual reporting and phone number, habitation in the vicinity, and any
other information pertaining to the incldent. 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 FOO Division or Office, the minimum
instructions contained 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, Fmergency Committee, listed in Appendix 06H1-031
and request further instructions to be given the person reporting the incident.

054 The HOO Security Duty Officer will immediately notify other members
of the Emergency Committee listed in Apperdix 06H1-03l and request them to

report to the AEC Airport.

055 . If medicel advice or action is required, the Emergency Medical Teem
will be alerted by the HOO Security Duty Officer by use of the call list in

Appendix O6H1-042,

The GE-HAFO incident notification follows the order shown below:

*GE Patrol Emergency Officer notifies GE personnel only except for
_the AEC Security Duty Officer who is responsible for notifying

HOO personnel identified in Appendix 06H1-031.

BEANFORD ATOMIC PRCDUCTS OPERATION
Master Primary Emergency Call Iist

For
Plant Disaster and Evacustion

Source of Alarm

Supervisors - Manufacturing Areas
level 111 Managers

#GE Patrol Ewergency Officer
(ILocated in ERC - 703 Bldg.)

.Business

Phone ’ Home Phone
Area Petrol Notification
Crash Alarm
6-4122 WH 4-5197 W. E. Johnson
6-5441 AEC Security Duty Offier
(Notifies indivicduals
identified in Appendix
06H1-031)
6-4387 or 703 Reception Desk

6-4069 UN{JL&&S& ieD
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Business

Phone Bome Thone
6-4740 WE 6-6715 A. B. Greninger or
2-5156 YO 7-377h 0. C. Schroeder or
2.5484 WH 7-3295 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

387k WH 5-0772 H. E. Berg

3642 (8:00 AM to 4:30 PM H. M. Parker or

3740 ggﬁértgiz.FE;é i A. R. Keene or

H.L.O. Crash Alarm)

3738 R. F. Foster’
6-4055 WH 4-4770 R. J. Schier
6-4524 WH 4-6275 | L. L. German or
6-4022 JU 2-7693 C. W. Weeks
6-4002 North Gate House
2-7699 WH 4-0k452 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-Lh1k WE 4-5180 P. A. Fuqua, M. D.
6-4755 WH 7-7675 M. F. Rice or
6-4754 WH 7-T725 E. G. Jones
2-7321 Electrical Dispatcher
2-7716 -Meteorology Tower
6-4935 (8:00 AM to L4:00 PM) Trein Dispatcher
Direct
Line Telephone Operator




The General Electric Compeany 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 HOD for review and comment a new version of these plans.
They are contained in documents EW-70700, HW-72200, and HAN-81167. Since the
new plans have not been approved and issued in final form, the Coumittee hes
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 pection
Emergency Procedures I
Safety ix
Radiation Hazaxrd III
Property Accounting iv
Essential Material end Supply Procedure Vv
Process Control \'28
Standard Operating Procedure VII
Job Description and Responsibilities VIIL
234-5 Building Security Rules and ' 9.4
Regulations

Section I pertains to emergency plans. Part 10l pertains to the Z Plant
evacuetion plea, and Fert 102 deals directly with the Nucleer Excursion
Evacuation Plan, while Part 104k deals with emergency Procedures. FPertinent
portions of these parts are extracted below:

Part 101 - Finished Products Operation Evacuation Plan
Z-Plant Evacuation Plan

Purgose

It is established thaet an organized withdrawal of personnel from
the Plants in FPO is considered necessary to minimize the possidble loss of life
in case of an actual eremy action. Following en 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
regerded es the Z-Plant undergrourd shelter and the Electrical Gallery in
224.U is regarded as the U Plent underground shelter, In case of an Alert
signal, all personnel in FXO will evacuste to its staging area which is elready
pre-arranged by Security Patrol persounnel. Prior to an evacuation, each unit
in TPO areas will be expected to perform those functicus thet are required to
shut down a fecility.

Alarm Systems
234-5 Building

, The 234-5 Building is equipped with a klaxon that can be heard
throughout the building. The activation switch is located in the Buttcen Line
Specislist's offica, Poem 251-Z. The Processing Operation Supervisor is
responzible for seeing thet the alarm switch is activated. Areas unable to be
reached by the Alerm System such as outside grcund, 291-7, 2704-Z, end 241
Sump Area, will be coversd by dispatched personnel using a "shutdowa card”
system.
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Types of Evacuations
Evacuation Cless I

Local emergencies erising from rediation or industrial hezards which
warrant evacustion of a building, facility, or the area, are known as Class I
evacuations. The ranking Processing Supervisor, the Recovery Specialist in
his abserce, or principal occupsnt of & ron-processing operation is responsible
for meking the decision to evacuate, notifying Security Patrcl Radio Operation,
and initiating the All Cleer signsl.

Evacuation Class II

An emergency whici is of sufficient scope to involve another area is
known es a Class II evacuation. The decision to evacuate the area in which the
emergency occurs 1s thke responsibility of the Evacuation Director of that area.
The decision to evacuete other facilities or areas will be made by the Emergency
Relocation Certer or the Evacuation Director cf the area in question. The
persons making the decision will notify the Security Patrol Radio Operator and
initiate the All Clear Signel. ' : i

Practice Evacuations

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

"The Maneger, Proceegsing Operation, in each plant 1s responsible for
scheduling practice evacuations such that each shift will participate at least
once each calends:r yeer. The element of surprise should be meintained insofar
as is practical to effectively evaluate the practice. A report of the practice,
including participation, pertinent times, and other appropriate comments should
be gsent to the Specialist, Health, Safety ard Radiation within 2k hours."

Signais

5 minute steady blast from the Fower House and/cr building klaxons.
The 224-U, 234+5, and £31 Puildings ere equipped witi klaxon systems. The 2704-2
and 2705-Z Buildings and 222-0 Building must bYe notified by telephone or dis-
patched personnel.

Tn a fecility evacuation the only signals will be those located within
the buildings of the facilities.

Alarm Tests

Once per querter the evacuation alaxms in the 22%-U, 234-5, and 231
Buildirgs will be tested for thirty ceconds to insure their worksbility. All
persors in these two buildings must be alerted in advance that this is a "test”

in order to avoid the possibility of = penic.

Evecuetion Responsibility

The signel for an alert will e communicated by the Control Center
to Area Security Petzol who will initiete the evecuation by means of tke Crash

Alarm Sy'stem. 1 -7 ﬁﬁé‘éiﬁ?&"" o e




Wken the signal "Civil Defense Alert" is received by an area, normal
operetions will be discontinved, After facilities have been prepared for
evacuation, the area will be evacuated.

The decision to evacuate either nf the 200 Areas for causes rising
within it is the responsibility of the ranking Operations Supervisor who shall
be tre 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-Plant 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
to evacuate the U-Plant facility.

The line of command in FPO is as follows:

1. Operation Supervisor, Processing Operation.
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 ell evacuations for ceuses

arising within the facility. In order to initiate the alarm, he will rotify

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

1, Evacuation for (give fecility name).
2. Evacuating for (give reason).

The supervisor or specialist will prepare his facility for evacuation and
ccmplete the exit. '

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

1. "™'his is en (Evacuation - Class I; Evacuvation - Class II; A Civil Defense
Alert). Evacuate!"

2, "Thig is a Civil Defense Take Cover Signal. Seek Shelter!"
3. "This is e Practice Evecuation. Proceed according to plan.”

Each Crash Alarm station must rot heng up until the message is clearly under-
stood ard acknowledged by repeating the telephone number to the radio operator.
No station that has left the conference can be re-connected to the conference
excert 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 end take appropriate sction to insure rnotification.

UNCLASSFED L.,
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When a "Crash Alarm" is received, the following must be done by the ranking
Operations Supervisor or alternate:

234-5 Building

1. Activate the Evecuetion Klexon (switch ldcated in room 251).

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

3. Should audio alerm faii, notification of personnel at these locations
will be made by telephone or runners.

4, 1If an Evacuation Alarm is received during shift work, a runner must be
dispatched to inspect the 231 Building, 272-2, 2705-2, 2704-7, and clear
the area.

Evacuation Procedure Weekends

When a "Crash Alerm" is received on weekends and no Z plant supervisor 1is
present, the A, B, C, and D shift operator who i§.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
7-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 unable to be
reached by the buillding klaxon.

The A, B, C, and D operators will then check the 272-Z, 27047, and 2705-2
Buildings for personnel and proceed to the evacuetion bus.

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

The A, B, C, end D operato:é are approved evacuation drivers.
102 VINISEED PRODUCTS OPERATION NUCIEAR EXCURSION EVACUATION PLAN
102.1 EVACUAPION.PLAN - NUCLEAR EXCURSION, FINISHED PRODUCTS OFERATION
Introduction
Since the pctential for a nucleer excursion exists wherever nuclear
materials are hendled, it becomes necessary to provide a procedure for

evacuating personnel from the mremises. This procedure is separate and
distinct from the Plant Defense Plan Emergency Evacuation Procedure.

Digcussion
Ten radiation detection devices for nuclear excursicns are located throughout

the 23L.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 neerest exit. Arrews pointing to the nesrest
exit are peinted throuvghout the building. Once outside, a distence of 100
feet from the building should be sttained and maintained and everyone should
gather at the evac:ation busez., 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 nuclear excursion, time is
of the essence! Extremely high gamme ray fields will exist even though the
nuclear resction mey subside. Ietkal doses of radiation may be avoided if
not a second is lost in evacueticn. Do nct bether to lock files, change
clothes, or shut down the process, ucless you can hit the "shut-down button”
on the way out.

Practice evacuetions will be Lkeld et least four times a year. Everyone will

be notified in advence of a practice evactation so that they may leave immediately
when the alerm sounds witkout affecting the precess or violating security.
Visitors

Visitors will evacuate by the routes described above elong with the building
residents. A1l visitors should be made aware of an evacustion plan by the

hosts when they enter the zrea.

Re-Entry Procedure

Ranking menagement in {ile Processing, Fabrication, Control and Maintenance
Operetions shall set up headquarters with the Maneger of the Processing

Operation in cherge. The Coutrcl Cperatioen Menaeger will be responsible for
evaluating radiologicel hszards and persoanel dose rates. The Mainteneance
Operation Maneger shall be responsible for determining the safe condition of

the affected structure znd the elecirical and power equipment. No re-entry

to the plant exclusion area shall b= allowed witkout the concurrence of the
Control Operation Mansgzer and after radiaticn levels have been defined. Immediate
steps skall be taken by this gizcup to effect the following:

1. Completely define rediztion levels throughkout plant area, posting them
conspicuously at generzl approzches. (Obtain gamma and neutron measuring
inst uments from neighboring facilities.)

2. Consult with experts on oriticel mass prior to re-ertry of zones vhere
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. FEliminete all potentiazl fire hezards (e.g. Pu in moist air, electrical
hazards). Adjust vertilation to minimize spread of contamination. Secure
all claszified material and products. Place non-affected areas in safe
standby.

L. Set up a central office of communications, records of all subsequent
activities (including first-hand reports, radiaticn levels, equipment
loss, etc.) and surplies (SWP clothing, masks, deconteminating agents,
radiation survey instrumeats, replacement film badges, etc.).

.,.nj 1-10




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.

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

104 EMERGENCY PROCEDURES

104.2 CHEMICAL PROCESSING DEPARTMENT EMERGENCY RESCUE FROCEDURE

Purpose

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

Responsibility

Reletions Practices is responsible for personnel training arrangements, pro-
curement of equipment, maintenance of the rescue procedure and Iintegration
of the rescue progrean.

Personnel

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

A personnel roster will be posted on builetin 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.

E nt

One bus will be equipped with rescue equiprent as recommended by the Office of
Civil and Defense Mobilization. Deviations from these recommendations may be
made considering Department conditions and the availability 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 pavked near the 200-West
Area Fire Station. Mechanical maintenance of the rescue bug 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 prior
to making the test run. .

1-1




Procedure | UNEMS S s

JE
i)
A. Non-Evacuation Emergenices

Incidents such as fire, explosion, 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 nor-processing
facility will call the Area Patrol Radio Operator, 7702 West Area, 7302 East
Area, and request assistance of the rescue crew. The notification will be made
on the Crash Alarm System: "A non-evacuation emergency exists in the

Operation. Instruct ell 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 aveilable
transportation.

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

Practice

Practice non-evacuation emergencies will be scheduled as 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 bosrd the evacuation
buses or report to desigrated shelters with other personnel.

Mobilization

Upon arrival at the point of area exit or the designated staging aree,
rescue personnel will assemble at the rescue bus and await instructions of
the Evecuation Director. This information may be relayed to the Rescue Squad
Leader by a Security Patrol rzdio car.

Duties of Pescue Fersonnel

Participate fully in trairing progrem; respond to emergency and practice
alarms; drive rescue bus; inventory rescue equipment; reguest replacement when
shift is changed. g
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Obtain dose rates and oral radiation work instruction before entering a

Radiation Zone.

Training Program

CE-& U0 Fire Prctection Operation will conduct the training program. New

rescue personnsl will receive 60 hours of instruction and field work; refresher
programs of 16 hcurs 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.

B.

Industrial Medical ~ Field First Aid, transport injured.
Security Patrol - Ro&dblock, control of persomnnel, radio communication.
CE & UO Line 'aintenance - De-energize, restore electricel lines.

Disester Crews from IPD and FFD - Additional rescue personnel and
equipment. '
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APPEKDIX 2 QU:FI[ED

PRIOR AUDITS OF SAFELVL

. The committee has investigated the organizational requirement for providing

" reviews and audits of criticality control procedures and finds that all formal
requirements have been met and that the requiremen's 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 4-15-60.

Paragraph 7 of Section III, Procedures states:

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

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

"8, The Manager, Production Operztion, is responsible for providing
independent annuzl sudits of criticel mass control performance
in CPD production facilities and laboratories. '

"9. The Department General Maneger, et his discretion, 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."

"11. The Senior Engineer (Nuclear Safety), Advence Process Operation,
Research and Zngineering Operation, is responsible for producing
an annual review and technical appraisal of Department Critical
Mass Ccntrol Activities.”

During the period from Ocicber 1960 through September 1961, & total of 42
visuel audits were conducted in the 234~5 Building by a supexrvisor in the
Radietion Monitoring Op=ration. In the period from October 1961 to February
1962 the frequency of zudits dropped slightly with a total of 12. These
visual audits are valuzble for comtrolling criticality hezards in most areas
within the 234-5 Rldg. but are incapable of determining the status in the
Recuplex Area.

A review of criticality procedures in the Chemical Pro-essing Department
was conducted on May 19 =nd 20, 1960, by A. D. Callihaa of ORNL, H. C.
Pextcn of LASL and P. P. Cast of HLO. The report cU this review in its
entirety is reproduced zzd appsnded as Exhibit -4,




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 Department. The members of the review committee were C. L. Brown,
W. S. Nechodom, C. R. Richey and P. F. Gast. The report of this committee is
appended as Exhibit 2-B. :

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

HW-580T7, issued November 4, 1958
HW-62632, issued November 12, 1959
HW-6T643, 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 maintaining adequate control of nuclear safety in the
Recuplex Facllity because of the presence of non-critically safe tanks, the
difficulties of direct observation in the hoods, and the deteriorated condi-
tion of the facility itself. Actions taken as the result of recommendations
of the external review committees are included in Appendix k.
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APPENDIX 3 UNCL@@S{HED

COPERATING. PROCEDURES AND -STANDARDS

The Committee has investigated the basis for operation of the Recuplex
facility, and finds that there are established operating procedures and
standards for carryirg on these cperstions. A basic document 1s the
"Manual of Standard Prectices" of the Finished Products Operation of CFD.
This manual contains, in eddition to sections on such matters as emergency
procedures, rediation hezerds and property accounting, rather complete
sections on Process Control and Standard Crerating Procedure for the 234-5

‘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 Exnhibit 3-A. The original process standards for verious
operations of 234-5 Building sre contained in HW-L0517, "Process Stendards
for Plutonium Isolation, Purification and Febrication."

Preparation of the Operatirg Procedures for Recuplex is a responcsibility of
the Research and Engineering Sectiocn of CPD, and this compeonent also provides
supplementary "Operating Aids™ conteining specific process information for
current application. An example is attached as Exhibit 3-B. Other process
suggestions and run plan information items ere provided in memorandum form to
the operating group by supporting techniecsl persoanel from Research and
Engineering - A February 26, 1962 memorandum, "Recuplex Hoocd Floor Clean-Up,"
and a March 8, 1962 memorandum, "SE Floor Preocessing Via K-9 and L-2," are
attached as Exhibit 3-C. '

Plant tests of new process features are carried out under provisicns of a
"Process Test," which must be approved by the responsible operating and
technical menagers, i.e., the Managexr, Finished Products Cperation, and the
Manager, Finished Products Chemicel Techrology. An exsmple is attached as
Exhibit 3-D. Flowsheet revisions are issued pericdically by Finished

Products Ckemical Technology; th2 most recent chenges are covered by

L. E. Bruns' leiter of Jaauery 11, 1962, to L. A. Berry, "Recuplex Flowsheets"
-~ see Exhibit 3-E.

In the important area of criticality contrcl, procedures and practices are
governed by CPD Crganization end Policy Guide No. 11.9 on Critical Mass
Control, with provisions regar-di-g operstional controls, process end equip-
ment reviews and eveluetions, internel end exteransl audits, and related
natters including the requirement for written criticsl mess control specifi-
cations. OFG 11.9 is reproduced rere as Exkibit 3-F, and the current status
of criticel mass control specificeticns and waivers for 234-5 Building is
attached es Exhibit 3-G. Twvo furtiher safegusrds egainst criticality incidents
are to be noted.:  Neutroa counters ere uzed oz a number of vessels in the
Recuplex system to essist ia rroduct acccunting and to protect against over-
batching. Aleq; there is zn irferlack systen deslgned to pravent creossmixing

between tre criticzlly szis - hlgh cozceniration plutonium
3. ~ - .
1Y -

3 <
-— J o o~
only low concentreticas of product. A complete dsseriytion of the interlock
safeguards is given in eecret document FW-644Q1, "Critical Mass Control
Specification - Recuplex,”" R, 3, Smith, Aprril 4, 196C.

&
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234-5-702,36-53

11.00 SCLVENT ADDITICH TO X-1 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 maks-np room,
337, Tenk X-13 in the SE hood is used as a measuring tank Jor these
reagents,

Periodically, additicn of CCL, to the orgenic is necessitaled Dy its
evaporation and relative solubLility in the aqueous phase,

Due to the formation of TBP hydrolysis products and other dezwadation
.impurities, the complete solvent inventory is renewed pericdically.

Specific graviiy rznge for the on-~line organic is 1.465 to ..495. If the
specific gravity is above 1.495, it is rich in CCLj end musi be butted
with TBP, If the specific gravity is below 1.465, it is rich in TBP and
must be butted with CCLy.

11.03 Buttine ¢f TRP-rich Solvent with 100% CCL4

a., Frem the specific gravity of the CAX analysis, compute the
volume of CCLA to adjust the specific gravity to 1.49.

Calculation:

Vs (1.49 ~ SpGr)
0.105

v cclA’

Where: V cely = liters of CCLy addition.
g = liters of CAX solution
SpGr. = Specific Gravity of CAX

b, Meke the eddition in accordance with Step 11.05.

11.02 - Butting of CCLé—rich Solvent with TEP

‘a, From the specific gravity of the CAX enalysis, calculate the
volune of TBP to edjust the specific gravity to 1.49.

. Calculaticn:
V tbp = vs (SpGro - 1049)
0.514
Wrers: Vo hq = liters of TBP edditicn
vy = liters of CAX solutien
SoCGr. = specific gravity of CAX

UNCLASSIFIED

Rev. 9-23-57 (WAC)




UNCLASSHE iED | 234-5-702. 3659

b, Make the addition in accordance with Step 11,05,

c, Treat the solvent with one-20 liter, 5% sodium carbcnate
wash in accordance with Procedure 12 00, Step 12.02, ,

11,03 New golvent Make--Up

a., Normal organic soluticn volume is 200 liters of 15% TBP,
Meke-up is 30 liters of 100% TEP end 170 1it. s of 100% CCL4,

b. Other total volume can bte adding one liter of 100% TBP
to 5,7 liters of 100% CCLy.
Makg ecdditions to the K-tank in eccordance with Step 11.05,

d. Treazt the organic with one-20 liter, 5% sodium cerbonate
wash in accordence with Procedure 12,00, Step 12,05,

11.04 XNew Solvert lMake-Up on Used Crgenic

a, ‘reat the used orgenic with twe-15 liter FS washes in
accordance with Procedure 12.00, Step 12.03.

b. Butt the used orgenic to 200 liters,

Calculzsticn:

Voe1, = 166 - (1.61)(Vs) (SpGr. - 0.976)
Vepg = 200 = (Vg £ Vc014)
Where: V’Ccl4 = liters of carbon tetrachloride to ke added
Vg = volume of used orgsnic in the K-l or K-2
tank before butting
SpGr. = Specific gravity of the K-1 or K-2 solvent

before butting., (Use lest CAX enalysis.)
Vfbp = liters of TBP to be added.
c. Meke the sdditicns in eccordance with step 11.05.

d. Trea® the butted solvent with two 2C liter caustic-carbonate
V°°“*~ (19 liters of 5% scdiurn carbonate, NzpC03, end cne
T QOAlLﬂ‘ﬂjdrOllde, laCH.) See Prccedure 12.00,

1ite

o
2.0

)-J

U\

?

N
(f'l

9-23-57 (Wic) Dxhibit 3-A-(2)




234~5-"7102,36-60

11.05 Addition to ¥-l and -2

" a, Obtain from the above calculations the‘proper volume of TBP
end/cr CCL, to be added to K-~13, ' i

b, Velve Check:

Tank G-23 (TBP)to K-13  Tamk K-3(CCL;)to K-13

Valve No., Position Valve Na. Position
504, Closed ’ 501 Closed
510 Closed 504 Closed
537 Closed 510 Closed

c. Open valve 537 and receive the proper volume of TBP or_ open
valve 501 and receive the proper volume of CCLy, into K-13,

CLUTICN: If the addition of T3P or CCL, exceeds
45 L, be careful not to overflow K-13,

ARSI B

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

e, Valve Check:

Transfer to K-1 Trensfer to K-2
ialve N Peosition Valve No. Position
o Closed 308 Closed
305 Closed . 310 Closed
425 Closed L27 Closed
429 Closed 429 Closed
432 Closed 432 Closed
433 Closed 433 Closed
434 Closed 437 Cliosed
437 Closed 428 Closcd
504 Closed. 504 - Closed
510 Closed 510 Closed

f. Check the liquid level in X-1 or K-2.

g. Open velves 510 and 429 (for K-1) or 432 (for ¥-2) end transfer
the organic solution by gravity, :

h. Clcse valves 510 and 429 or 432,

i, Turn on switdh SW-32 (for K-1) or SW-35 (for ¥-2) and agitate
the organic for at least. 5 mingtes°

+

j. Turn off switeh SW=34 or SW-35.

¥. Record the final liguid level in [-1 or -2.

accerdence
the colurms,

2d3iticns mist receive NapC03 ~ Nald wash in
v in

by & 3
th Procedure 12,00, Svep 12,05 prior to use

e AT 0 GRELASSIFIED
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CHEMICAL PROCESSING DEPARTMENT
7

GEHERAL @) ELECTRIS

RICHLANO, WASHINGTON

Fabruary 26, 1562

¥r. L. &. EorTy

Frecesaing (Re
Finished Pre¢

i 234-5 Bailding, 20Q-%W Area

Incrcased eceirzent faiivres have led to a floor swwp conditicn that
the sclvent exirsctica precess camnct h f « It has
roon deelded that the Rccuzlex R iz f1 vld be
clecnad, prececsing cnly floer i SuUCeITaLES,
: ol other wirgin fo2d necessary to maintein centirmicus g mary pilanb
- bl

flcor znd c¢iher

e The bost aroroach oy b2 1) rezove the zxisting floor zolutlons;
2} fiuch the flcers as ruch as poesible with sclutions thst can
diszalve seoe of the sludse (reference: perc frem G, V. Dscker,
doted Tekmuary &, 1262); ond 3) 2ctudly screping and ravcving the
£irsl zludzs thot commct be dissolved. The rezonmended precadurs
catline is {deteiled preceiuras will ba writien there ne=cessary) e

ha asivtizns that have £33led 211 precsess tanks (floor
el 2 T

fzed led Yo excesgive Tew

9

. 2. Ocrvers CC colizn frem B to

b. ASG vzeur= re-ovel 1inz from CO cclumn crgenic efflasnt to

Ce

DinTg.
- - oY - Ty EL g e O | - A rY o LYy
4. Froezezz £lscn soiniicns Lo cclumms by one Cn Lhng wiree
4 ad fyon
glternztiives:
Fal e M ae T P B i 3- .ty A Faln! = o —
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CHEMICAL PROCESSING DEPARTMENT

GERERAL () ELECTRIS

RICHLAND, WASHINGTON

“Earch 8, 1962
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Finished Produets oeration
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URCLASSIFIED R

JJ Courtrey
M M=zeker
AJ Low
IA Berry
PROCESS TEST . AdH Hopkins
' MJ Saulinski
v HW Crocker
TEST KO. 61-3-T VR Cocper
(W Nilsen .- LE Bruns -
Building _ . 234-5 : ' Recuplex - _
' FRO Specialists
rea or Task _ Recuplsx  (Arwonium Bifluoride) File

G
[¢]
%0

=

-

Description of Test

A new process® has been developed for the recovery of high temperature.
(1000°C) plutonium dioxide (PuO,). The process convsrts Pu0, to PuF, .
Y4, F in a molten salt of armoniiim bifluoride (NH,FHF) in one hour.
fusion rmass is hen cooled and dissolved in a solution of aluminunm
(A‘(ROB)Q) with the conversicn of the PuF,. NH;F to plutonium

Iz is recommended that the new process be tried in the existing dis-

ers in Heod 42. A1l equipment changes that are necessary for testing
cess have been completed by the previous additicn of a water
s scrubber. Additionzl equipment changes msy be necessary for a
on flowsheet.

t3 0 it in
H kY O

ecormended procediure will be to approach ths plutonium batch limit
the dissolver by 100 gram incremernts.

‘.I. -3

[
A"
o]

* H-£8655, “izronium Bifluorids Fusion of Ignited Plutcnium
Dioxide, H. W. Crocker, February 24, 1951 (C_ngidsntial).

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

~

Daration of Test: 10 Runs

Sponsor: ~ C. W. Nilse:
Date Issued:  April 3, 1961

i}c;u5 ¥enzger E;aa;hei ?rocacta

T2 //’/‘« S — Date _{/ /_/
Wnager, Finicshed Products Chnemical Tech.
' Tyaibit 3-D-(1)
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Mr. L. A. Berry

Recovery

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

RECUPIZX FLCWSHERIS

January 11, 1962

Experience since the last flowsheet issuance; July 28, 1661, has led to

various additions and-cnanges. The new X and Y flowsheets appear at the
end of this memorandum. The Z flowshest, floor feed flowsheet, has been

eliminated in preference to processing the material through the HF column.

At present, the HF column is used for separating the phases when processing

SE floor material. ZInstecad of EF being added, nitric acid and ANN are
being added as rake-up for floor material and for extra salting strength.
When the HF out.et and inlet systems are repiped, the new plastic colwmn

can then te used for iis prime purpcse, organic clean-up (iB and SE floor
material secondary), with HF as the crganic washing additive.

ocecurs, new flowsheets will bte issued.

vhen this

Crly the Y flowsheel shows the presence of the HF colurn (dotted lines

show routing as an KF column), since the normal X flowsheet should be

able to handle the suzp material in the "AM feed systen.

m
]

The principal changes to the Y flowsheet are:

1. Reduction of sulphuric acid addition in the CCX to a minimum and
sutstitution of Ki (hydroxylamine nitrate) in the FS (ferrcus
sulfamate) soluticn (CIW) for sulphuric acid.

verall swiphate in the sysiem and should reduce the extraction

waste losses. IT =211 reduce stripping efficlency and may reduce
£oLng 54

organic btaich waste efficiency.

This reduced the

2. Addition cf S & C material to the Y flcwsheeb blended with CTW's,

SH condensate, znud syanthetic feed.

3. Addition of varicus ccabinations cf B! feed whose raio

used as a Guick guide for tlends not showm in the flowshs

i aqusscus flcor material, ni

P
pous

2y be
t.
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¥r. L. A. Berry -2- Jarvary 11, 1962

RECUPIZX FLOWSHEE™S (Continued)

5. Addition of HF column (though not yst used for its prime purpose).

6. TIncrease of "3 feed rates tased on the: past four months experience
with recycle.

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

The normal X flowsheet was changed only in recduction of sulfate in the

CCX and FS, and minor rate and additicn changes.

D
<:;;§igi<>4ﬂ4~f’<~f. o
Finished Products Chemical Technolegy
. Research and Engineering Cperation

1= Bruns:coh

cc: W Cartins———mC2

JJ Courtirey

14 YMeeker

CJ Serzlvnd

1= Bruns

Ed Crocier

K Heokins

I} ¥nizghis

MJ Szulinski
Zxtra - 6

Zxniniy 3-{2)




2-5

HNO %
cepl ) | 20 1iters °

2-3

I/hr (12 on rota or
greater)

4 L HNC3/batch

I 25 cc Antifoam/batch

C (b)
AF4 : B-10 |
Feed ANN ﬂgﬁgz‘uﬁgj Mistron Feed Rate
M 2L - - 3L 10L 30%
coMR 2L « - 3L 10L 30%
J-5 - - 5L 2L 2L 30K .
G-54 - 5L 5L 2L 20L 0K X
J-9 - - . = 20 L 6o%
J-2 - - 5L 2L 2L 4o%
LT - 5L - 2L 2L 50%
Flushes(¢) - 5L 5L 2L 15L 30%
RB Floor - 5L - s L 15 L 30%
SE Floor - - 5L 5L 15L 30%
H-1
caFp (d) >
Feed_  _ANN HNO; NgNO, Mist. __ Feed p31{®)Rgte
S&C - - 5L 10L 300400 L (f) 50%+
Powders - - 5L 10 L 200-400L ~ 50%¢
SCFP - - 5L 10L 200-400 L ()  50%+
PuCxide - - 10L 10L 200-400L - 50%+
CTW's 150 L 50L30L L 1500L - (g)50%+
Synthft ¢150L 50 L10L 10L - 150 L~ 50%+ SAS
caW'sth) 50L s50L10L SL  300L - 50% e
Sch 1C0L 20L »L 10L 200 L - 50%+ s
Water
Flow
{See Notes on following page.)

J-1
_d=2 J-3_
Pu  80-110 g/1 Pu . 150-200 g/1
H-1 HNO 2.5 N HNO 3~4 M
T Antifoam 25 cc 3
w Litors . 2, Liters 12
Task .
- 2
ra
J-7
aax () cex ()
% TBP 18 - 23 HN 0.06 M
Sp. Gr. 1.47 ~ 1.43 NG 0.15 H
H,S0, 0.09 8
Flow: Sp.Gr, Mi/Min FAS 0.0008 ¥
'i‘j;‘ 1100 Sulfamic Acid  0.0016 ¥
l:hB %O FlOW bO - 60%

Fxhibit 3-2(3)




UNCLASSiFIED

FLOWSHEXT X (Contimued)

NOTES:

(a) Flowsheot Highlighta: (h) Filter CAW's boforo reworking (or drop 50 L “ottoms to crib).
1, CAFA about 20% CAFB iiow. {4) High CAK's (above 0.013 g/1) should be contacted

with;
2. CCP concentrated to about 200 g/l.
22 liters NANOZ
3. CAX gemicontinmuously washed with F3. 15 1itors HNO4 + 10 L mistron
100 ~ 200 liters organic
4o If H-3 color line difficult to maintain, carbonate 30 minutes contact
wash or cridb organic. 15 minutes settling
5. If H-2 color line high, draw off product and/or (J) CCP's can be concentrated by going directly to J-2
increase salting atrength. 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
6. Maintain highest frequencies possible without J-7 - directly. Try to concentrate as much as possible
flooding. in J-26 {less impurities) and a minimm in J-7.

(b) CAFA rates can be increased if flooding is not a (k) The CAX should be semicontinuously washed by adding
problem and if CCP corcentration system can handle 40 liters FS as a cap to each K-tank and agitating
high Pu input, organic contents with FS before sending organic to

columns. The organic should be carbonate washed

(c) Flushes include IFF's, hood floor flushes, rag (3 consecative batches) if the H-3 color line cannot
flushes, etc. bo maintained at specified rates.

(d) Can eiiher dilute high sp. gr. CAFB's or increase (1) CCX rates should be kept as low as possible. If
GiS rats to 508 chart. \(mable)to maintain low rates, carbonate wash organic

see k).

(o) Dilution in preferred order:; CTW's, G-63 and 64,
CAW's, water,

(£) Dilute to specific gravity less than 1.35. If excess
CIWis or G-63 and 64 available, all S & C's or SCFP's
above 1.30 can be diluted with vo to.70 liters, all
above 1.25 with up to 30 liters.

(g) G-63, 64, or water,

Exhibit 3-E(4)



ge-r

L-r

3 L/Hr (1INO,)
H-ll __ CAW o~ cce N -3
A" FEED MAKE-UP 1N G-47, 48 (8) CAX L ‘}] 4wt
Type  __.___Litors Addition (¥ — Raves — o
Foed Foud ANN JINO; NoNO, Mistron Mi/Min Z Chart WF Drop/30 Min. L_______*Fuiolutiog RO
A .3 N _

- - - - 12 HNO .5 M| H=3 20 liters
ggm }8 %28 t.sg 10 0 N T Flok 150 217 HNO, 4 liters
Je5 25 - - - - 300 50 12 - N ~ | sum i r_"‘---]—-ﬁ Antifoam 25 cc
J-9 25 e e - 600 100 24 e P Pu 60-110 g/1
J=2 o, B - - - - 300 50 12 o L;
rem Ve 20 - 5 “ 300 50 12 J=1 ' o,

Flushos 15 - 5 b 300 50 12 CAS H-11
Floors 10 5 5 5 250 o 10 == éix , : -13 gu 535202 i/;
4 h - n 1-
T L-I:___L_ ' 3 -
ll =9 T u-1 4 T
WpY FEED MAKE UP_IN G-g (4) =10 Matos “HJJO‘ijH~2 ng e . i? _12?7
. » » i X103
Typo Dilution (¢ Mi/Min Z Chart WF BropMrn ——
Foed Food ANN _I_l_kiQB Dilution NaNO, Mistron Material Hi/Min ) Flow '
Mir. 1170 50 12 SIE.GI‘_._ E{M]_n E Chart
CTW 150 150 - 70 - 30 10 - Max, 1800 70 19 47 2900 32
Synuaetic -~ 150 80 150 10 10 G-63,64, H,0 143 >700 27
SCP or 200
SUCO to 400 - - (£) 10 20
SCF or 10 or CTW'3,G-63, H-1
scrp (8) 200 50 50 100 20(CTW) 20 6k, or Hpd 1 cox (K) Organic Pu Wash
CAW 300 50 40 - 22 10 S
SC & CAW 100SC 40 40 - 15 20 CAS e 0.06 M| | FS: gn.sf 8.1 r_;;
W Y] ulfamic 0.0
I v - - HNO 0.5 liters | | N0s 0.16 ¥ ol 9-05 4
Feb.Oll 4 ~ an - Wat.gr 20,0 liters FAS 0.0008 M 3 DA
LCH 200 100 30 70 Jo 20 o o Sulfamic 0.0016 M HN 0.2 ¥
Flow 10 - 20% H.50 0.09 ¥ Volume 40 liter
(6 = 12 Div. WF/nr) Fgfma o ik
HF: HF 1.0 ¥
HNO 1.0 ¥
Volume 20 liter

FLOWSHERT Y

Exhibit 3-£(5)



FLOWSIEET Y (Continued)

- NOTES:

(a)

(b)

(e)

(@)

(e)

(£

Use moatly MR's and CDME's, othors when necasaary. G-i8
should bo used for rich "A" feed and G~47 for flushes,
sumpa, etc. G-48 should always contain rich "A™ feed.

Uoe ANN if oystem is low in salt, 5 liters ANN/20 litoers
othur. Uso extra HNO, 1f organic is bad and froquent
floods aro occurring,”5 liters HN03/20 liters other.

Une oxtra mistron if S & C feed is

capacially RCR with floor or flush materials. KCR's con-
tain high acid, henco a blend might be as follows:

10 1liters R8 floor
10 1iters RCR

5 liters NaNO

2 liters mistron

If 3N's become a rate problem, draw off SN's at a lower
Sp. Gr. to prevent line from slowing down.

Strongly salted "B feed, yet low in Sp., Gr., should
give sufficient salt and capacity to system. II saliing
is weak (coler line riao), increass "B feed rate.

Dilution material could be CAW, though it is not as
effective as water, G-43, or CTW's, e.g., synthetic
plus CAW:

75 liters ANN

80 liters HNO

50 liters watgr
200 liters CAW

10 liters NaNO2
10 liters mistron

Can mix SCP or SCCO with CTW, synthetic, or CAW, but it

must ba mixed in the rativ of chemlicals specified, e.g.,
SCP plus CTW!s; 200 liters SCP plus 75 liters CIW,

75 liters ANN, 35 liters HNOB, 15 liters NaNO, (no extra
mistron required).

giving flooding trouble,
5 litors/20 litors othor. Various hlonds aro also possible,

(g)

(h)

(1)

(3)

(k)

(1)

(m)

UNCLASSIFIED

CAW's should not be uced as diluent for Sp. Gr. will
be too high in rich feod [loxsheet,

CAW's ohould be roworked only 1/3 of the time to avoid
sulfate build-up and other impurity build-ups {one out
of ovory third batch could be reworked).

Fab. oil is made up in l~tanks,

Presontly using salt aolution, since only flcor material
is boing added to the HF column. This will boe changed
to an HF solution when organic from H-3 routinely goos
through HF column. Dotted lines indicato eventual path
of organic in and out of HF column,

CCX rate must be kept as low as possible to realize
80 - 100 g/1 CCP,

Control CCP concentration abovo 80 g/l by:

a. Incroasing or decreasing MA™ feed input, maintaining
organic at saturation; and

b. By increasing or decreasing conatant CCP removal to
J-2 or J-3.

c. Anything over 100 g/l can be sent directly to
Task I (if Task I can sccept).

CAX siould be decreased in rate with decreasing Sp. Gr.
If color rises in H-1 duw to cver-saturation, increase
product draw-off despite CCP concentration rather than
incroasing organic.

Exhibit 3-E(6)
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CHEMICAL PROCESSING DEPANTMENT

Coi53mt seers meeners o ORGANIZATION AMD PFOLICY GUIRE

SuUBJECT CLASSIFICATION HO.

CHEMICAL PROCEZSING DEPARTMENT General 1.9
CRITICAL MASS COXTROL :

I. PURPOSE

The purpose of this guide 1s to establish Chemical Processing Dcpaftnent policy,
genereal practices and responsibility for ccntrol of critical mass hazards as-
.societed with the mater .als handled in the chemlcal processing plents. ,

1I. POLICY

It is the policy of the C hemica1 Pr ocesoing Devartment thes, vhere pra cticable,
facilities end eguipment will be designed to exclude critical uwess hazards. TFor
those instances vwhere this cennot be done there will be in effect a critical
mas8 conircol sysien tased on written specificaticns, implemented by wriitten ed-
ministrative procecdures.  Apprevriete personnel tralning and enforcement will

characterize the use of the administrative procedures.

IJnagesent of each fecility hendling flssicnable materials will be re-
cible for esizblishing treining programs to fully escquaint all building

sonnal (e=d otner ernloyees who work from time to tine thin or neer

€ fagility), with the control program including the incicent detection-

larm system, s2d bullding evacuvation and re-entrance procedures.

M ekl 0 F;
H O [

—' o IRV A

IIT. ZROCEZDURES

1.  Potentiel for critical mass incident will be exmmined .5 the time designs
are being ceveloped for new facilities, or for revisiona to exdsting ‘
facilities, esnd this vnotential will be minimized by eppropriate design.
Critically safe geometry will be the preferred design criterion.

2. In situsticns vwhere safety cennot be assured by gecmetry, cdministrative
procedures ior control of the process operation within safe limits will be -
esteblished snd enforced. Critical mass control under these procedures
will be based on operetional controls such s3 dilution, neutron voiscns,
&rd batch size 1imits. These procedures shall be in the form of written
specificatlcns for the particular fecility under considerstion. Adherence
to the written specifications will be implemented by incorporatiorn of
specific Iirstructions in operating procedures; by vosting of critical mass
control 1imits in epproprizte locations, end through training of personnel.

3. .¥kcen process aquipment is altered or is repleced By equipment rot identical
with the o*iginul in éesign, the effects of the changes cn critical mass
control safely margins must be evaluated. If the changes reduce the rargins
of safcty provided by existing control procedures, these procedures shall be’
revised to re-establish the reguired margins of safety prior to 1nuroduc1ng
Tissionabla msterials into the equipment. OCn the other hend, whea the
changes incressse the rmergins of sefety, it may be desireble to revige pro—

- cedures in order to recognize the improved cit ico

A

ISSUED BY THE | oaATE 1SSUED | suPERSZOES 1SSUE DATED | PAcGE



10.

12.

CHEMICAL PROCESSING DEPARTMENT

The Cperation Manager (Purcx, Finlshed Products, or Special Separaticn Pro-
cegaing ond Auxiliaries), 1s respousible for implementotion of critical
mass conlrol.

The Operation Manager (Purex, Finished Procducts, or Special Scparation Pro-
cessing end Auxiliaories), is responuible for tho mointenence of a critizal
mags incident alarm system, building-persconnel evacuation prccedures and
post-incideat, building re-entry procedures. The safety of tuilding visitors
will be factored into the procedures. It 1s, also, the responsibility’ of the
Manager to test these procedures at sufficient intervals to sssure himself
that a1l building personnel are trained o respond satisfactorily to the
criticel mass alorm.

The Operation Manager (Purex, Finished Products, or Speciaml Seperation Pro-
cessing end Auxilieries), with essistance from the Maneger, Technology (Purex,
Finished Products, Redox), is responsible for providing criticel mass control
training progrems for emplcoyecs assoclated with the facility.

The Manager, Research and Engineering Overation, or his delegated representative,
pust approve, in writing prior to use, ell alteraticns of process or process
equiprent which affect criticel mass control. -

%t is the responsibility of the Operaticn Manager (Purex, Finished Products, or
pecial Seperaticn Processing and Auxilieries), to have all known incidents

‘nvolving compromise of critical mass control specificutions investigated mnd

s

b CN o

corrective action teken. Docuzentation of findings and recommendations is re-

cuired. Infrecticns of criticel mass control specifications which result in a
criticel) mass incident, or would heve except for fortuiltous circumstances,
-111 bte investigated by e group of individuels appointed by the Department
Zeperal Msneger.

ne QOgeration Maneger {Purex, Finished Products, or Speciel Seperaticn Pro-
ceesing and Auxilisries), with the cooperaticn of the Manager, Technology
(Purex, Finished Products, Redox), is responsible for contirued, day-to-dey
follcw-up cn quelity of specifications, edequacy of ceontrol and level of
performence under the regulations established.

The Mznager, Production Operation, is responsible for providing independent,
ennuel audits of critical mass control performence in CPD production fecili-
tiles egnd leboretories. -

The Depertment General Menzger, at his discretion, will provide sudits of Pe-
partzent eriticel mass control specifications and procedures by recognized ex-
perts not associzted with the operation of Henford Atomic Products Operaticn.

The Manager, Research and Engineering Operation, is responsible for prcviding
the liaison with the Hanford Laboratories Operation, and off-site, required to
keep apprcpriate Department personnel abreast with the latest technical kinowledge

‘having bearing cn critical mass control. He is responsivle for recomrending

gpecific criticel mass problems, which in his judgnent deserve ettention, to.

the Hanfcrd Lcboratories Operaticn for experimental investigation.

The Senlcr Engineer (iluclzcr Safety), Advance Process Developzent Cperation,
Fesecarch and Enpirncering Operation, is responsible for producing am annual re-
vicw cnd technical appreisal of Department Critical Mess Control activities.

The Morneper, b

cilitics Eagireering Cperation, ic responsible for implementing
i 4 "

a2
the: palicy with reforeree to enginecsing decdon
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STAIUS OF CRITICAT MASS CONYTOL SPRCTFICATIOUS AND WATVERS

TIEION 1 |
SLLGITICATIONS

Documnent , Date

Mmoo Title . _JIosued Demarks

HW-697 31, Critical Mass Control Spucifilcation for the Plutonium Fcedu

Stovage Facility: (liC-6) 6-1-61
HY-66936 Critical Mass Control Specification lloods TC end 9B 1.-23-61
HW-G3h 32 Criticol Mess Control Spceification for Task III - KMA Line 1-8-60
HH=404531 Pronsportation and Storsge Limits for Louded Purex PR Cans 12-30-55 Other references: HW-IC

V-3
HALVERS -
Date Expiration

Fumber Title Issued Date Remarks

B-2 Interim Critical Mass Specification for the RMC Dutton Line 11-2-60 Open unti)
v superseded
by CHCS

URCLASSIFIED

Exnibiv 3-G




STATUS OF CRITICAL MASS CONTROL SPECIITCATIONS AND WALVERS (Continucd)

II.

Poge -2~
TABRICATION TINE
SPECTIFTCATIONS .
Docunent Date
Number T™tle Isnued Remarks
HW-C5513 Critical Mass Control Specification for RMC 6-15-60
' Fabrication Line i
1W-563651 Critical Mass Control Specification for Storage 2-1-60
.. of Culting 0il Waste in the Hydraulilc Oil
Disposal llocd -~ RMC Line
HW-54388 Nucléar'Safety - Shipment of Pit 65 Model 2-7-58
HVATVERS
Date
_Thumbex Title TIssued Expiration Dute ._Remarks
F-16 Mochining Hoods 41-M-1 and hl-M-2 9-6-61 10-23-61
F-15 For Test Casting, Machining, and Handling up to 8-21.-6). 10~15-61
3.5 kgs Model MC-1251 Shells, RMC Line
-1 For llot and Cold Treating Shells in the Dry T-24=61. 10-24-61 Superscdes I-13
Atmospherc Hood, RMA Line
r-8 F¥or Triple Nest Storage of Plutonlum Shecll 5-12-61 Open until revised CMCS is written
Cagtings in Storage Hoods -22-SR and M-SR
-3 TFor Operating the New Casting and Break-Out L~12-61 Open until superseded by revision of

Hood (IliC-27C and B) on RMC Line

URGLASSF

ED

RMC Linc CMCS

Exhibit 3-6(2)



STATIS OF CRITICAL MASS CONTROL SPECIFICATIONS AND WATVERS (Continued)

III. FINAL TINSTE

STRCITTCAUTONS

Document
Jharher,

HH-67HT79
Roviscd

- 1IH-66570

WATVIRS
Number,

I-10

I-9

1-8

I-7T

Storage Vault

revision of HV-

UNCLASSEF\ED e
TRCITON AND ANALYTT.CAL TLABORATORY
Date
Title Tasued Remarks
Critical Mass Control Specificatlon for, 6~21-61
Product Inapcction
Criticul Mass Control Specificotion for 2345 12~T7-60
Analytical ILab.
Date i
Title Issued Typiration Date Remarks
!
For Storing Plutonium Metal Somplec in Rooms 9-20-61 1-15-62
133 end 139, 23&-5 Analytical’ Laboratory
For Storing 50 Bird Cages, Each Containing Up 9-20-01 1-8-61 Supersedes I-6.
to 4.5 kgs of Plutonium Metal, in Room 172
For Making Neutrop Tmissivity Checiks on Buttons 8-28-61 11-30-61
for Assessing Pu ConLcnt
For Storing 150 Loaded Bird Coges in Room 194 8..25-61 12-31-61 (or until superseded by a

GTHT9 Rev.)

Exhibit

3-G(3)



JOATUS OF CRTTTCAL MASS COWTROL SPECTFTCATIONS AND WATVERS (Continucd)

V.

\NCLASSIFIED Page -l

RECOVERY TI.TiM
SPECIFTICATLONS
Document Date
Shanher Title . Tsoued Remarks
IM-66U56 Criticol Moss Control Specification for 8-22-60 '
Room 161, 234=5 Bldg.
HW~-65201 Criticel Mass Control Specification for 5-8-60 Vaivers R-11 and R-13
lood 42 (Recuplex)
H=-GhhoL Critical Moso Conﬁ;ol Speeification-Recuplex - halie60
- HW-8336k Critical Moss Control Speeification for Storage 11-1-60
and londling of Cutting:0il.VWactc in Hood 41 and Room 227
WATVIRS
m———— . Date .
Suaber Title . Tuoucd Fxpiration Date Remorlks
R-18 For Dissolving Plutonium Oxide in Room 149 of 9-13-6L 12~31~61 Superscdes R-10
234~5 Anolyticel Laboratory : ‘
R-17 For Storing Z Plant Waste in T-103 Igloo 8-21-61 12~31-0L
R-16 For Storing Plutonium-Aluminum Alloy Fucl 8-11-61. T-31~62
Elements in the Rmpty Gas Cylindexr Storage ’
Area, 234%-5 Building
R-15 For Flushing the 26-Inch Vacuum Vent Line in 8-11-61 T~31~62 : See "General"
2345 Bldg. _
R-14 Tor Storing AVL Du Waste (SMD-1452-C Groups 7~15-61 12-31-61 ' See "General"
7, 8, 9) in the Amy Storage Igloos -
1-13 Tor Dissolving Pu Oxide in Hood 42 (Recuplex) 6~22-61 Open until Supersedes R-12

replaced by CMCS

L N ) (1/):\




STATUS OF CRITICAT, MASS CONTROL SPECIFTCATIONS AND WATVERS (Continucd)

VALVERS (Con't.)

Page ~5-

Iutnent

UNCLASSIFIED

. Date

Nuither Title Tssund, Txpiration Dote Remaiks

R-11 For Ioading PR Cons from Hoods h2 - 43 (Recuplex) 6-13-61 Open wntil replaced by CHMCOS

R-9 For Oxidizing Pu Skulls in lood 227 | '5.29-61 Open until replaced Supersedes R-8

: hy CHCS

R-6 Tor Storing Pu Dry Recovery Products in the 5~5-61 Superseded by HV-69£09 cxcept for "Shipacnt
Ay Storege Igloos by Truck” (sce limitation number 6 in R-6).

R-3 Tor Storing Pu Skulls and Oxides in Voaults 173 3-31-61 Until HW-59437 is revised
and 175

STRCTILCATILONS

Document

Nunbor Title JTasued Remarks

Hy-69809 Critical Mass Control Specification for Storing — 7-6-61 Limitation No. 6 of Woiver R-6 still
Plutonium~-Bearing Materials in the Army Ammu- valid.
nition Storage Igloos

I-69730 Critical Maso Control Specification for Storing — 6-1-61

' Plutonium Metal in Room 172, 234-5 Building :

HW-60772. Critical Mass Control Specification for Vault 1Th 5-8-61

Revised '

HW-68452 Nuclear Safety Specification = Redwood Car " 2-10-61

HW-65616 Criticel Mass Control Specificavion for Waste 6-20-60 Waiver dated 10-12~60 {FV Lid Storsge)

5

Trhibit 3-G(9)
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STATUS OF CRTTTCAL MASS CONTROL SFECIFICATIONS AND WATVERS (Continued) Page ~6-

SEECTFICATIONS (Con't.) ,

Document ' ‘Date :
Jmbeyr Title Issned - Remarks

H-04293 Critical Moss Control Specification for Ivunc- 3~16-60
ferring Pu letal Lrom Task III to Vawt 175

M-637h2  Criticol Mass Comtrol Specification - Vault 225  2-12-60

1MM-62196 Critical Mass. Control Specification for Storage 10~12-59
of Cuttlng 01l Waste in Room 3 of Tunnel &

m1-61626 Critical Mass Control Speccification for Storage 9-1~59
of Cutting 0il VWaste in Room 221 (Recuplex)

1W-61033 Critical Muss Control Specification - Z Plont (=13~59 Weiver dated 10-12-60 (PV Lid Storege)
Woste Storage in 213 Arca (Gable Mountaln) and
221-B Duilding .

©IH-5943T Revised Criticel Mass Control Specification - 3-23-59" See VWaiver R-3
Voull 173 and 175
WATVTERS l
. Date .
Nuwber Title Tssued Expiration Date Remarks
G-6 For Temporary Storage of Plutonium Metal and 9~-20~61 1-22-62 ~ Supersedes G-S
Dry Recovery Products in the 234-5 Bldg., Room 166 ‘
R~15 Yor Flushing the 26-Inch Vacuum Vent Line in 8-11-01 T-31-62 See "Recovery Line”
234-5 Dldg.
L-14 For Storing ANL Pu Woste (SHD-11452-C Groups T~5-61 12-31-61 See "Recovery Line"
E 7, 8, 9) in the Army Storage Igloos
———— Temporary Walver to Permit Storape of Doxes  10-12-60 Open
Containing PV Lids in Areas Covercd by
Docwiient No. HW-61033 ,
- Temporaxy Waiver for Storing Plutonium-Bearing 8-18-60 Open

C3 Filters in the Wuste»Hutmcnt, 231 Area or Exhibit 3-¢(%)

221-B8 Blag.




STATUS OF CRITICAT, MASS CONTROL SPRCIFICATIONS AND WATVERS (Con't.)

Distribution:

CL Brown
LB Bruns
JJ Courtney
k), Dickemen
Yo Ironk

VIT Gaatin

T Cosct

Ri Junkins
AR Keene (2)
W Kinney (3)

111 Mecker Extro (20)

M Parker (2) Investigation Committee (1)
FII Reinker

I’ Shev

JH Vloxren

UNCLASSIFIED

Page ~T-

Exnibit 3-G(7)
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APFENDIX 4

PRIOR ACTIONS TO INCREASE SATETY

Criticality audits and safety reviews frequexntly initiated the studles and
actions which increased the safety of the operation. The annual CPD reviews
(see Appendix 2) provided a summary of all actions taken 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-A) resulted in the assignment of a second CPD engineer to critical
mass safety.

The external audlt of October 20, 1961 is given under Appendix 2, Exhibit 2-B.
The response to this audit 1s appended in FExbhibit bL-A.

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

I. Studies and Procedures

Epngineering studies related to Recuplex have been continuous from the
beginning. Examples of those baving -ritical mass significance are
as follows: ’

A. Removal of DBP from TBF-CCLlh

B. Precipitstion end polymer formation in plutonium
nitrate solutions.

C. Designing a Recuplex vacuum trap.

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

E. Valldity of reutron counting as a plutonium
measuren=nt.

F. HF flushing of Recuplex equipment.

G. Opcrating aids for solvent extraction chenges.

The results of such studies were appllied by means of the Recuplex engineers
writing procecdures for the operation. Thus, standard procedures, speclal
procedures, etc., were provcsed to the operating supervision and revised
es necessary to achieve mutuel objectives.

A policy was adonted to submit equipment pians and important process changes
to an engineer specializing in criticzl mass safety. His evaluation (aided
as necessary by consultznts) znd approval were necessary prior to effecting
any change. In the course of time a1l phases of critical mass safety were
reviewed. It 1s appropricte to quote five cardinal rules which were evolvegd.

A. No process chenges or equipmert changes will be made or put into
operation without (2) a nucleer safety review by Research and
Engineering personnel, (b) proper batch limlts being posted as
necessary, (c) proverly approved procedures belng issued for the
guldance of supervision anrd operaters, and (&) all personnel in-
volved belng properly trained and made aware of batch limits.




1I.

A1l procedurss will be written Lo centsein built-in safety factors which
would require a mipimum of thkree errirs {equipment or buman) before
eriticality would be reach=d under iceal coniitions.

No violesions of batch size contrel rroceiures will be tolerated on
the part of anyone, exempt or nonexempt. Prompt éisciplinary action
will be taken for any viclation. '

In any questionsble sitvabtion, the process or equipment will immediately
be shut down and the situation vill be —sviewed with proper authority
before proceeding.

Accountebility of plutonium will be male across each segment of the
process, and complete syshtem cleen-cubs will be mzde at frequent
intervals as apparent shortzges irdicate the possibility of plutonium
build-up. All segments of the rrccess sysSem will be flushed and
inspected et least tvice per yecer.

The results of ergineerizg studiss ané procsdure charges became apparent
in subsequent annual nuclear safety reviews (Appendix 2) ard in the

equipment chaunges and plens for changes wilch are described later.

Training of Personnel

The training and retraining of 23L-5 Ruilding persoanel was pursued
with renewed vigor stavting ia 1958. There were two phases to the
training. One was concerned with emergency rocedures in event of

a criticality incident; the other Dhase was concerred with preventive
measures. The folloving comments apdiy %0 Recuplex specifically and
generally to the eatire bullding.

A.

Emergency Trainirzg

Follcwing installation of %ih2 criticality alarms, ell persoanel
were traived iz reczcgrnizing 52 audible sigral, in evacusting
promotly, 1n $22 roube 53 e fellowed, and whkers §0 assemble
alter exiting. Written instrucilons were sted ard evacustion
directicrsl grrows painted oz ths walls with appropriaie wording.

Practice alarms were scheduled trice a year for cach shift work
schedule., Fer example, thers werz four tests made on Jamuary 5
and 6, 1952, $o cover all 221753, Prlcr S0 Skis. on Juze 16
and 17, 1961, Lthere were o erifi-oaiisty 2larm tests and all
shifss practlicsd Lthe evearcuesix

2 ~n

°

A falze alzrm from ¢z2 of the de
check cauced an zdiitionsl rracs
It occurzed at lunckh time 13 the ax
one denarsed irmediefely. The thoe

crowded momeniarily tub re compli-zati

a o tke luxch rodom. Every-
fligris ¢f stalrs were

cns wers exrariencad.

The peodle 2n Zuty Ap-il Tih wken vy ircident
occurred cdexaanshrated Their treizizg br ¢ oo 2und
correct rmesponse, perdicuisriy in use of the "panic bubton”
or ermergency shufdowa switch., Not &ll Recoplex Opexators vere
traipzd in use of this swiszh.

v -2 URGLASSIFIED
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UNCLASSFiED

B., Preventive Training

The experiencz records of the chemical operators and shift speclalists
in Recuplex imply a high degree of skill generally. The new men
among the utility operators did not have responsibillities exceeding
the extent of their training.

The records show nuclear safety training sessions were scheduled
for Recuplex and obther personnel in June and July of 1961, These
training classes were conducted by the englneers who had respon-
sib1lity for critical mass safety and were conversant with both
the process end with safety requirements.

Safety meetings wexe held monthly for all employees. Organizationsal
policy reguired that part of each meeting be devoted to nuclear
safety.

Meny of the persoanel had viewed a British film on nuclear safety
aud some had seen colored plctures of the unpleasaent consequences
resulting from miclear incidents occurring elsewhere.

Recent actions include additionsal safety meetings for supervisors
(including shift specislists) held by the Manager, FPO, and the
scheduling of similar meetings on emergency procedures to begin
in April. 1In eddition, the log book of the Recuplex supervisor
conteins numerous irstructions to shift personnel which show
active interest and concern with nuclear safety.

In general terms, the training of all concerned had impsrted an
understanding of "safe” and 'unsafe' vessels, batch size lmportance,
package spacing and lebeling, and of the requiremsnt to sample and
enlayze before moving anything to an "unsafe" vessel.

ITI. Rew Facility

The replacement of Recuplex had received extensive ettention. EFarly in
1959, there was an exckange of letters between the AEC and GE which
referenced a detailed study, "New Recuplex Facility - Z Plaant.”

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

This cost was unaccepizble to the AEC, therefore the requirements were
minimized in subseguent actions.

The prelimfnary project proposal (Project CAC-880) asking for $150,000
for Title I services was delivered to EOO on IMovember 17, 1959. This
was epproved for $10C,C00 cn Jemiary 25, 1960, and Title I activity
was althorized follovlrg incuiries about sending scrap off-site.
Fevision ¥, an irzcrzase Prom $100,000 to $250,000 for interim design
funds was recuested in fugust 1960,  Approval by ABC deted September 20
1960, autrorized 2 toital of $150,000.

b -3




Project Froposel Rev. 2 wes sent to HOO oa October 31, 1960, followed
by "Design Scope of Z Plant - Plutcenium Reclamation Facility" on
November T, 1960. These requested (a) total project authorization of
$2,900,000 and (b) authority for General Electric to perform Title I,
IT, and III services; related manageuent services in the asmount of
$1,706,000 were also rejuested.

A letter to the Division of Produccion, AEC Feedquarters, from the
BOO Manager on lNovember 28, 1040, g:ves the followlng pertinent
description:

"The present Recuplex facility is inadequate for (l) con-
templeted loads, (2) shielding of operations to the extent
thet cperators mmst be roteted to stay within exposure
tolerances, (3) critical mass considerations to the extent
that administrative controls mst be applied.

The crowded conditions, resulling inaccessibility and
significant deterioration nave doubled the required
maintenance in the past three years which results in a
correspondicg decrease in operating efficiency.

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

to radiztion under current and future Pu processing con-
ditions, (3) ellow process work to be done in nuclearly
safz equipment, (4) reduce loss of Pu to the ground,. and
(5) ellow future cempaigned segregation of Pu of different
exposure levels."

A letier of December 28, 1965, advised AEC that GE would be compelled
to discontinue desigr unless additional funds were authorized within
one week. .

On Jamuery 5, 1961, GE was directed to discontinue design activivy.
ASC expected additiora2l information from which to reach a decision
which would permii resumption of project activity in February 1961.

After further communication the funds were increessed to $200,000 on
January 27, 1961, and Projz2ct CAC-880 was authorized for 42,900,000
on Merch 21, 1961.

During July 1961, and thereaifter, there were letters on the possible
comercial rrocessing and on possible off-site centralized processing
¢f plutonium serap for the ARC complex. The commnrications include
recovery costs, Recuplex mzintensnce costs, storage and shipping
problenms, design problems, and means of preventing preferential treat-
pent of en AEC contractor over a non-AEC contractor. The records show
concern by both CZ and AEC over the progressive deteriorstion of Recup-
lex. Io date could be given vhen permanent shutdown would be forced
by equizment failures or for plant safety.

On August 30, 1961, Pnzse I contract bidders on Project CAC-880 were
notifisd by wire that bid cpening had been postponed. Active pro-

curement was also stopped.
b b PRECLASS.
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UNCLASSIFIED

In the mo-ths that followed, GE developed means to deal with mounting
plutonium recovery problems. Some of the measures developed were nct
wholly dependea’ upon Recuplex operabllity. Meanwhile, the AEC complex
wrestled with Commission- ide aspects of the piutonium 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 recognlzed safety as one
of the impcrtant justifications for CAC-880, altho not the only
Justification.

Recuplex Alterstions

Recuplex wes originelly buils under Project CG-496 as a semiworks.
The purpose of Project CGC-T23, proposed lase in 1956 and completed
in 1959, was to convert Recuplex from a semiworks to a manufacturing
facility. - Several improvements were made at that time to increese
uaclear safety. These included rerlacement of the bottom disengaging
section of the H-3 column, provision of a critically safe filtrate
recelver and concentrator, and the replacement of surge tanks H-O
and H-10 and feed receiver tank (G-50 with critically safe vessels.

In addition to the changes mzde under the conversion project, there
are other alterations completed or contemplated which have a bearing
on nuclear safety.

A. Chenges Completed

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

Replacement of the bulldirg vacuum header which was 6-inch
dlemeter with one which is L-inch dismeter.

Installstion of criticality incident alarms (gamma activated)
throughout the building with additional audible signals added
later as n=scessary.

Posting of instructions and directional errows feor evacuation.

Installetion of additioral neutron probes at vessels D-8, D-9,
G-10, G~58, 1~2, D~1, znd bottom of H-3 columm.

Addition of an organic wash column.

In April 195G, the J-1 tank overflow pipe was dlsconnected from the
common overflov header which leads to the J-5 overflow tenk. A
plastic overflow line directly from J-1 to the hood floor was
installed, thus hy-passing J-5 and its liquid-level alarm. Thais
change assured thzt overflows of other tanks could not contaminate
the product soluticn in -1,




B.

Chenges Inccmplete

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 1t with Pyrex
gless Raschig rings. These would occupy only ebout 15% of
the volume while the boron of the glass would serve as an
effective poison. .
Operstion of an additional safe vessel between the organic
effluent of the E-3 columm and tanks K-l and 2. For this
purpose the CO column wes already in place but routine
operation had not been achieved.

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

4ddition of new hoods U4k 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, feed tanks, and storage tanks which
are all critically safe, With use of these, some unsafe
tanks could be retired from use.

There was another small but very significant item. A main-
tenance work request (muber 12169) was issued April 4, 1962,
by a shift speclalist to "Remove the polythene line from the
SE floer to-K-9 header and plug the valve." Date required
"A.S.A.P." This removal kad not been accomplished by April 7,
the date of the incident.

g
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ir. P. H. Reinker -3- Kovezber 30, 1651

Comment: This reccmeandation is essentially a re-
stetement of the basic gquestion posed by ¥W. J. Gartin
in his letier of Juna 12, 1981 to V. R. Cooper re~
cussting a criticality audit.  The basic reguest for
essurence that no nuclear hezard is extant beceause of
the B-PID in Recunle: was answered in a letter fronm
R. E. Tozlirscn to W. J. Gartin, dated Noverber 6, 1961

: in which he pointed out that independent reasurements
of nsutron flux corfirm the absence of hzzardous
eccusmulations of plutonium in the eguipnent. A broad
Drogran to improve the B-2ID situaticn is in progress
as cutlired telow. '

A progren wes initizted Cctover 4, 1601, to i

ate Recuvlex waste, to determine if undetected exounts

T plutonium nay be in tha waste strean; and to estimate
1

[

lutcniua conternt in the waste crib..
n

~
grougs, Redox apd Firished Products Operation
1

on moniloring surveys are g
etect Dlutconium eccuzulacion in
mesz2zren end Exginzering persconel rave
- surverys; rinisked Froducts Coeration will
consinility for these routine surveys. This Ty

2
survey dces rot give a cuaznitiiteavive result, tut doss

< cr 3o

indicate when axd wrere cleaz-outs should ba z=de.
Fouiine eguispment cleaxn-outs, Dius additional ci .

2g indicetsd by survey, should e relzful in mzing ety
=)

conirol of

> raN A~ i 5 b} e T o et ey

invertory. Iv is rrown tozl som
o E- ¥ o~y .oy e PR

outside the ecuizient as &

comtizuorsly cocur:

=

Torhithis hoa (2)
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Mr. P. H. Reinker . e Koverber 30, 1651

Z Plent -

Action yet to be initiated includes investigation
of szrmles to determine the velidity of sempling
znd analysis.

Tne use of ‘poison" Reschig rinzgs to D-1, X-9
ard K-10 tanks is 2lso being considered as an
zdded safety factor. AT tre present it eppears
that it may be easier to install new tanXs thea
to nmodify present tanks to accommocdate rings.

%) In Task I, install edditiouel devices on the
czleiner hopper to warn c¢f a vlutonium oxelate
buildup. )

This reco——endzticn is teing investigated.
I+ sunears thet it ey be Teasible to devise a count
rata reter such tha: the garra Tronm the plutcnium
oxelste in the hoprer could be read. Such a systen
could pcssibly be alaxmed.

o

end the cxalate snﬂ r. Currently,
wa are relyinz cn the 'm:’;t n line onerators to skut
the nrccess dowa if this ever reppens

g
.

e} In Recunlex, irprove '1 ZSeutron “ﬂon:.tvr*.::;
<

2iity control.’

ezd ¥-I (orgenic receiver) tanis, c.’ﬂq the CAI

. Y . —— g - -]
(zicste) overflow lirna. This s Jr:" shcld te mesly
for imsielletion by Fetrasyy, igé2.
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7 Plent - "d) Review the Recuvlex process pariodically to
assure that Pulp particles in significant
zmounts ere not working their way through
the Recuvplex process and settling ous in

. geometrically unsafe vessels."

Cor=ent: UNeutrcn rmonitoring and routine flushes
(= - ﬂLO3) are being perforred periodically to
clear out geometricelly unsafe vessels. Reduced
reutron counts after flushing are indicaticns
thet plutoniunm build-ups have been removed.

)

fjaw

nood exhaust filters are the prirmary berrier
D*eventing Puls from entering the B4 systen.

eys of the sysiez should irdicate if plutonium K
terials were eatering znd accumuleating in tke
systen. These surveys are ccrducted by Finiche
Products Oseration. The burning hood is cleaned
frecuently to preventi oxide zccumuletion.

1y

fo
cl

'J

: "e) Check the D-6 sump to be ceriain plutoniun
solids ars not building up."

Comrernt: This tank is surveyed vericdiczlly by
neutrcn counter. Ko solids ware noted in this

tank on a vi.-al ingpecticn rzde about a year azo,
end recent r..%Srca surveys indicate no accumulaticn.
In August, lih’ this tznX wves cleazzned outl comzletely
with a total oF 2.2 grexs of plutcnium being

meastred in tre bvual clezn-out solution. Clezn-
outs will centinue to be mzde azmrueally cr ofterer

if indicated by anzlysis cr neutron co

|.4.

YT) Review the plutoniux nitrete handliing prccedure
in Roon 129."

Cor—=nt;. A raview of the 1izits 223 %
irdicated that toe criticel zess ceatr
rzz2omerdaticns ¢ C2C 11.G. e

i—mroved bhowever after the visiT by

-
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to include treining cn the cxiticality
hazerds associated with each job description
or operation. Atiermt to devise a more
forrel rethod of personnel selection to f£ill
thosza positiozs vkhere criticzlity hazards
exist.”

Cc—ent: We have & progran czlling For some
sczcizlized educaticnal training in the Tield
cf criticality end 1 a

c ts control, as well as
veli-througn excursion érill at least every
I ;! 1 nigted with

ezagial werik permils, an

in mind. All perscanel are recuired to ztiend
safety reetings &t least once 2 menil end one
thzse of this reeting is directed (oward reéiation
(erd criticelily) sefet t 3 ini hat
riticelity training o 3 wle

“horouzh instrucuion nescuences
thzt wvould resuli it ed.

ile éo notT Dropose to z
treining required To imits.
Gzerators are nct gllcired iizits.

L 1thoush we exercise scre selectivily

~

b

rerns of verscarel to the Z Plarnt, i
conirzet dces rot gllow complete Ir:

cecice ¢f coerctors.

wori . 7 Plant.

n)  Incluée
¢ Czavelos
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Teasitle, ecninistrativy
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mant ef eriziczll
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") Clecrly post nucleer safety linits
at a1 work locaticns end storage
areas. (There were posted limits

at most, but not all locntions. )"

Cormment: A1l locetioas are now clearly

pcsted.
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APPENDIX 5

CLADMS °

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 initlate a claim, and condltions, if
any, under which a claiment 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 perty or to receive only Workmen's Compensation. If he elects
Workmen's Compensation, the suit for regligence 1is assigned to the state. -If
he elects to sue for negligence, he still receives verious 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 Lsbor and Industries. The
Reports constitute applications for compensation. They were accompanied by a
supplemental letter from the HATO 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 Committee has no evidence that the three employees will institute a claim
for injuries sustained. :
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e ATOMIC
Cau Aty
PRCDUCTS
RICHLAND, WASHINGTON . . . TELEPHONE WHitehall 21111 CPERATION
Ext. 6-5486 703 Bldg., 700 Area

April 30, 1962

U. S. Atomic Energy Commissgion
Hanf ord Operations Oifice

+
Richland, Washington

, (/J

Attention: Jr. Czrl N. Zangar, Chairman
Investigation Committiee

Gentlemens:

@ INVESTIGATION OF RECUPLEX CRITICALITY INCIDENT

This is in response to your request of April 1§, 1¢ 69, for informa-
tion regarding workmen's compensation laws and claims for use in
connection with yecur investigation of the Recuplex Crn ality Inci-
dent. The qusstions are covered in the order presenie

;?

Pl

ca
eaG:

1. e's labor compenszatiion laws relaiive io radiation

Washington law compensation is available to

o . . . injured in the course of . . . employ-
(31.32,010%). Injury is defined by statuteas a . . .
sudden and ian e hapvening, of a traumatic nature, producing
zn immediaie or prompt result, and occurrmcr from without, and
suca physiczal conditions as result therefrom' (51.08.160). An
cccupaiicnzal cisezse is defined as ''. . . such dicease or 1.A1ecL cn
zs arises nzaturally and proximately cut of employment . . .
(31.08.140}." The Washingion Workmen's Comyek saiicn Act under
which workmen’s comapensation beneiits are paid applies to ail
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Carl N. Zangar -2 - : April 30, 1962

Hanford Atomic Products Operation employees under the pro-
visicns of Coniract W-7412-Eng-25, between the Department .
of Labor and Incustries, State of Washington, the Atomic Energy
Commission and General Electric Company.

A claim based upon an "injury' must be filed within one year afier

the injury occurred or the rights of dependents or beneficiaries

have accrued (31.28.030). A claim for an 'occupational disezse"

must be filed within one year zfter a physician's notice to the work-

man of the exisiznce ¢f his "occupational disease' {51.28.055).

The Act coes not describe specific types of injuries or name specific

diseases which are covered. Instead, the terms "injury' and "occu-

paticnzal disease", as defined, are applied to the pertinent facts in

each case. he statutory definiticns by virtue of their broadness

clearly cover raciztion hazards. The line between traumatic injury

and occupaticneal disease may not always be clear. Claims for radia-

tion injury are easier to establish because of the element of a sudden

traumatic happering. Whether a particular disease is an "occupational
o ’ disease' and covered under the Act depends upon whether it is found

to have zrizen 'naturally and proximately' cut of the employment,

It is clearly the intent of the Act to cover any disease which is in

fact caused by rzdiation in the course of emplcyment..

nce a claim is established on the basis of "injury" or "occupational

disease'’ z2llowzbie benefits are idenitical. The workman, in case of
"injury' or "occupational disease', or, in the event of his death,
the workman's fzmily or dependenis are entitled to compenszaiion
under the Aci. The amounis payable in the event ¢f death or perma-
nent toial diszbility are based upcen marital status and the number
of dependents. Compensation for permanent partial disabilily is
based upon imeairment of bodily function or amputation of the mem-
ber involved. ‘Washingion is one of the siates witn no limitaticn on
the ccst or cdurzticn of ireztment or compensation for loss of time
irom work. TEligible workmen are iree to chcese any physicia:

B

a
the duty of the zitending physicizn to irform the workman of
+ 5 -
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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 benefiis {Pate v. General Electric,
43 Washington 2nd, 183).

Where death resulis from injury the parties entitled to compensa-
tion or someone on their behalf must apply to the Department {or
such compensziion (31.28.030).

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 tne Act.  If injury or death results
from such deliberzte and intentional act of the employer, the work-
man or his dependerts may receive the workmen's compensaiion

znd also nave a cause of action against the employer for any additional
dameges over the amount received or receivable under the Act
(31.24.020).

If injury or death is due to the negligence or other wrongful act of

a third party rot 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 mzay have against a third party is assigned to the state. If

he makes the lziter election he receives the compensation to which
he is entiiled under the compensation law and the state is entitled
by way of subrogation to reimbursment out of his ultimate recovery,
if 2ny, from such third party.

e} f Accident forms have been completed and forwarded {o the
Dzpariment of Labor and Indusiries cn behzali of Megsrs. farczl,
I.ch c Y¥illiamson. The report constitutes applicaticn for
r v were accompznied by a supplementzal letier irom
ine atiending physician which pointed out that although exiensive iestis
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had been made, ihey revealed no evidence of harmful effects. It was
recorrmended that the matter be kept open as the long-range possibil i,
of harmiul eifects could not now be ruled out.

Sincerely,

Counsel

Clzyton H. Crandall:beh
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-e Silae =

a worlmzan who is wnchle to work for more than three days is entitled

10 tenmporary Aiscbility comvenscticn,.

d. e worimon must meke a2 tinely filing of his clain.

case of z trawzaiic injury, the workman nust
o}

=
iritiste a clain within one year of the accident.

2. In the case of za cccusaticnel disease ox infection,
tze worizmon must initlate his clain within one year of notice
ohveician that he is suffering frem an occupsticonal
In <t the court, in the cose of Simpson’
sor & Tndustries (19%¢), 32 Wa. (2d)
Mo disecse can be held not o
ase as a matter of low, vhere it is
n cf an exira hazardcus euployment
er y produced the disease, znd but for
tha e_-:pusure 1 1 disions the dissase would nct have

2, O That Iy be Sued (IT ‘ny) by the
@ .
Tme onliy inforzaticon wa can give reledting to this cuestion is
set fomth in 2T 53,252,010 warich w2 hove parathrased and seb Torth as

soragrazh 1.9.2., supra. I t’:.e irzd o_cnu w2s proxinately coused by the

rnezligenca ¢ a2 rariy cother thcn G2 cor its emplcyces, Lie lthree G5 eo-

p‘- oyses czm cue the naglisgent vearties under the aforementicred RCY
¥ D -
24,0 O If the iancident was xipotely czused by the “a"‘hgence

e LTO:x
oyses, the threa GZ erdlicyees! only remedy is under

s Co—pensztion laws of the State of ¥Weshingion,




APPENDIX 6

DOSIVETRY *

TWTRODUCTION 7
At 10:59 AM (PST), Saturday, April 7, 1952, a criticality accident oc-

curred in a plutonium weste chemical recovery facility at the Hanford Atomic

Products Operation, operated for tke Atomic Energy Commission by the General

Electric Company. Four men were hospitalized but were released after medical

observation and after estimates of the radlation doses received were available.

This report describes the dosimetry investigation trat was made following

the accident. This investigation wﬁs facilitated by the fact that all employees

aff-cted had personnel dosimeters in their possession when the incident occurred.

Tre interpretation of the data supplied by these dosimeters was supplemented

by informaticn gathered by techniques that were developed in connection with

other accidents. Below, trte aveilable information is first presented and

then applied in a discussicn of the dosimetry of the iJecple involved in the

accident.

DESCRIPTIOH OF TmE ACCIDENT

The accident occurred in a facility known as Recuplex within a building
¥rowa as the 23%-5 Building. Wren the zccident occurred, there were twenty-
two persons in the 23%-5 Building. The criticality alarm siren started
almost at once (several reople reported that air-proportional elpka contemi-

raticn monitcrs broke down slightly tefcre the siren scunded). All persons

¥ fnis report was prepared by e comzittee consisting of C. C. Gamertsfelder,
H. V. ILarson, J. M. Nielsen, W. C. Roesch (Chairmen), ard E. C. Vatson. It
reports the werk of a nurber of people at Hanford. ’

A-1 ',ﬁ,n' Bt




in the 234-5 Building evecuated to a gate house (2701-Z) about a hundred yards
from 23h-5 and then took shelter behind another buiiding (2704-2) when the
former area was found to have an exposure rate of about 200 mr/hour. Within
five to ten minutes they had evacuated these arees in the evacuation bus or b?
private cer. Two petrolmen, stationed in the gate house at the time of the

excursion, increased the total number of evacuees to twenty-four.

The evacuees went to the fifst aid building for the area (éxcept for cne
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 had seen the Cererkov
radiation flesh were knowWn; however, all employees were given a "Quick Sort"
exemination to determine who had been exposed to significant fast neutron

1)

doses™’. The counting rate of a Geiger counter held et their abdomen was
observed while the person bent over ercund the counter. Only those employees

who had been in the Recuplex area geve significant readings.

Cdntamination surveys éf the evacuees were also made while they weré
at the first aié tuilding. No contamination wes found. Their personnel
dosimeters were collected for examination. DPersonal effects were examined
for radicactivity and then sent in for ieboratory study. The first blood

end hair samples and excreta collections were made.

After examination and treatment at Kadlec Hospital, four persons,
including the three most highly exposed, were sent to the Hanford Whole Body
Counter for examiration. The next dey all but one of the remaining evacuees
were also exemined at the Counter; the last wman was exemined the follbwing
dey. Wrole tody counts &nd blood and excrete collection were repeated on
the most highly exposed persons until no radiocactivity of interest was

detectable.




Informetion was obtained immediately from each employee to establish
where he~had been when the criticalityvﬁlafm sounded and hqw he left’the
building. Detailed personal interviews were made during the follovwing
week. All but five people in the 234-5 Building evacuated immédiately upon
hearing the siren; all but one had left within about two minutes; the last
man was out within four minutes. The routes each one followed in leaving

the building ere shown in Figures'l and 2.

Informetion for the three most highly exposed persons was made as
detailed as their recollections would allow. Figure 3 shows where these -
people were staﬁding at the éime tney saw the Cerenkov radiation flash.
Erployee #1 was stending irmediately below the critical vessel, the K-9

o Tank, manipulating a valve at the face of the hood containing the tank.
His body was very close to the hood wall. His eyes were about 5 feet from
the center of the K-9 Tank; the parts of the trunk of his body were.between 6
end 8 feet away. Employee #17 vwas standing about 2 feet to the side and
about 5 feet behind Employee #1. There was a movable jead shield tehind
#1, but £17 was in full view of #1 and of the K-9 Tank. #17's ey~s ‘ere
about 10 feet from the center of K-9 and the trunk of his body »as 1o to
11 feet away. The’K-9 Tank is cylindrical with a capacity of 69 liters;
it contained about 45 liters when the excursion occurred. The tank has a
Pyrex wall about 3/8 inch thick and a steel bottom plate about one inch thick.
#1 and #17T were exposed to radiations coming through both the wall and the
bottom. - The only other materials betweén them and the tank were the half
’inch thick lucite hcod walls and some plumbing inside the hood. Employee
' #03 was sterding in front of enother hood about 26 feet from the cénter of
K-9.- Most of the redietion reaching him probably came through the sides of

the tank. The only materials between him and K-9 were the lucite walls of
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Positions of En.ployces in the Recuplex Area at the Time of the Accident. The Position
of the Threshold Dosimeter is Also Shown,



the hood containing K-9 and the hood he was facing and the thin metal back of

the latter.

Of the next two most highly exposed people, Employee #5 was about 30
feet from K-9 with one concrete wall about 4 inches thick and one metal
pértition wall in between. This employee delayed to lock up some classified
documents but was outside the building in about 25 seconds. Employee #21 was

about 40 feet away and was shielded by an 8 inch thick concrete wall.

Before considering the measurements made for each indiviéual, informa-
tion of general interest can be obtained from instruments that were neer the
scene of the accident. Two recording BF3 counters (one for high levels, one
for low) were operating at the time of the accident in an incinerator room
in the 23k-5 Building. The data from the chart recorders are plotted in
Pigure b. They indicate an initial excursion the exact magnitude of which
cannot be determined tecause the flux level is recorded only every 30 seconds
and it may be expected to vary by orders of magnitude within such a time
period. Following this initial pulse which presumably activated the criti-
cality alarm there was a contimiing nuclear reaction of a magnitude sgffi-
cient to keep the recorder off-scale for a period of about 30 minutes. After
the recorder returned to on-scale readings the fissioning continued at a
generally reduced rate till 36 hours after the incident began. It appears

"that those in a position to te rost seriously exposed to the critical vessel
evacuated in tize to limit tkeir exposure to only e part of the initial

excursion.

2) was loceted gbout 26 feet from the critical

A {breshkold detecter
vessel. Its pcsition is shown in Figure 3. At least one of the steel beams

of the stazirwey shown in tke figure was on the line-of-sight between the
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vessel and the dosimeter. The metal grid floor of the mezzanine level, the
stairway, and another hood at the head of the stairs provided masses of
materigl in which radiaﬁion from K-9 could scatter and then reach the de-
tector. These certainly influenced the relative spectra of the neutrons
reaching the detector as compared to those reaching the men. For lack of
‘other information, however, the spectrum received bty the detector was used

in enalyzing other pertinent data. The detectcr was removed about 96 minutes

after the accidental excursions started so it was present during the large

excursion shown in Figure 4 as well as during the time the pecple vere present.

‘kThe results obtained from analysis of the threshold detector are given
in Table I. The results relative to the neutrons/cm2 measured with the
plutonium foil sre also given. The latter is assumed to include all the
neutrons above 1 Kev.

TABLE I

Threshold Detector Results

Neutron o Relatige* Relative¥*
Ernergy Band n/cm n[cm Dose
Thermal 1.17 x 1010 0.39 0.005
1--750 Kev 1.26 x 10%° 0.k2 0.25
0.75--1.5 Mev | 1.05 x 10%° 0.35 0.40
1.5--2.5 Mev 0.3% x 10%° 0.11 0.15
>2.5 Mev 0.35 x 10%° 0.12 0.20

*Reletive to n/cm2 or to dose for neutrons above 1 Kev.

The number spectrum is presented in Figure 5. For comparison several other

3)4)5)

spectra obtained with threshold detectors and normalized in the sene
way are shown in Figure 6. Figure T shows histograms prepared frc.: calculated

)
spectra6’; since informaticn is lost in going from the calculated spectra to
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FIGURE 5

Spectrum Measured with Threshold Detector During Recuplex Accident.
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the histograms, the original normalized spectra are given in Figure 8. There

is not close agreement between the present spectrum and any of the others, but
the general features are the same and the différences are of the sort to be

' expected if the present results include the effects of a significant number of
scattered, and hence lower ernergy, neutrons. Table I also contains the dose

spectrum normalized to unit dose for the neutrons above 1 Kev.

The threshold detector was calitrated and interpreted in a slightly 4if-
7)

ferent manrer from that described in the original referencez). The cali-
tration constant prﬁvidéd for the sﬁlfur disk in reference 7 was increased by
e facter 1.5 = 0.34/2,23. The O.3h is the cross section in barns of the
S(n,p) reaction at hFE Mav, the energy useé in the calibration. The 0.23 is

the effective cross section in barns for neutrcns above 2.5 Mev for spectre

similar in shape to fission spectra above this energy. The intermediate

neutron energy spectfum was estimated from the activation in the gold and
cedmiun-covered gold foils in the detector. If @, was the thermal neutrons/cm®
and if 05200 is tke activation cross section of gold for neutrons whose velocity
is 2200 m/sec, then the difference in activity of the two foils is proportional
to %y?ﬁisgéoo ¢th' If the intermediste neutron flux is essumed to be given by
k¢pu/E, where B is the neutron energy, k is a congtant, and ¢Pu the flux meas-
ured by the shielded plutonium foil, then the activation of the cadmium cqvered

foil is propcrtiozsl to

k $o, /‘{ét (dE/E)

where tre integral is over the activaticn ¢ross section of gold. Measured

v 8
f0il activities of 1.€ and 1.0 x 106 disintegrations/min, Hughes' ) values

of the crcss secticns, and flux ratios from Table I give k ~ 0.Ch2. This is

shown as a dashed line in Figure 5 end is in good egreement with the spectrum

determined with trkhz threshold foils.
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PZRSOXNEL DOSIMETERS

Each of the persons near the criticsl vessel¥* at the time of the accident
vas wearing his Hanford Film Badge Dcsimeter9), The dosimeters had last been
exchanged 15 deys before the accident; therefore,; particularly for the smaller

doses, a significant part of the darkening of the film mey have been pro-

duced during emnvloyment pricr to the accident.

Tre exposures of Exployees #1, #17, and #23 were so great that the
developed sensitive (508) fiim from their dosimeters was too dark to permit
optical density measuremenis. The insensitive (1£90) film from their dosi-~
meters wes used to obtain their doses. Because of slow neutron activetion
of the esluminum and silver absorbers in the dosimeters, there was additional
darkening of tke ereas of the dcsimeter covered by them so the usual interp-
retation methcds could not be used. The doses were determined from the
densities of the urshielded porticn of the dosimeter (the open window).

10
Trhere is an uncertz2inty in dcing this ) beceuse during both exposure and

[

calibration the filnm is affected by secorndary electrons produced by the photons

e

n the envircnzent of the dosimeter es well es in the material of the dosi-
meter itself. In the present case the dose determined from the open.window
could have been as tmch as 15 percent too low because of this effect. The
dcsirceter contzins a lead sirip in which the payroll number and other infor-
mztion is punched. For the films in question there was enough unused area
under the lead tepe "o take a densitometer reading. These readings were
compered with similer reeé.ngs on the calibration films; they gave dose

estimates that cenfirmad those from the open window reedings. In making

this compariscn it is assumed that thkere is no appreciable slow neutron

*Two patrolren statiozed in the gate house received negligible doses and ere
not considered further in this report.
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activation of the lead tapes and no effect due to different photon spectra.

‘Some of the darkening of these films must have been due to neutron

activation of the materials in the emulsion. It has been reportedll) that

0.13 rad of thermal neutrons or about 40 rads of fast neutrons (first col-

1ision dose) would produce the same darkening of 1290 film as 1 r of Co-60

gamma rays. For example, if the exposure of Employee #l was 25 rads of

fast neutrons plus 0.5 rad of thermal neutrons, the darkening predicted

would be equivalent to 4.5 r of garma radiation.

dose measured as described above.

This is 7 per cent of the

The dosimeters of the other people in the 234-5 Building were, where

" pecessary, reed by these same methods but with the 508 £film. The results of

all the film badge dosimeter measurements are given in Teble II. No cor-

rections have been made for the neutron darkening just mentioned.

TABLE IXI

Dersonnel Decsimeter Results

(A11 Fxposures in Roentgens)

508 - 1290
loyee Film Film
£ 1 63
2 0.03
3 0.12
b 0.15
5 0.02
6 0.98
7 0.04
8 0.10
9 0.05
10 0.06
11 0.07
12 0.20
13 0.13
1L 0.70
15 0.20
16 0.1
17 23
18 0.40
21 1.0
22 0.05
23 : 13

n
&=
o
8

Neutron
Film

10

Finger

Ring

8o

5.7




Employees #21 and #23 were wearing neutron film badge dosimeterslz).
In each case the nuclear track plate was so darkened by the photon exposure
that recoil tracks could noct be identified. 1In the case of #23, approxi-
mate readings of the 508 f£ilm in the dosimeter could be made. They indicate
a gemma ray dose of about -10 r, in agreement with his regular dosimeter, and

about 3.5 x 10° neutrons/cm2 of thermal neutrons.

Employees #1 and #23 were wearing film ring dosimeters. These indi-

cated doses of 80 and 5.7 r, respectively.

Two additional studies were made with the personnel dosimeters of
Employees #1, #17, and #23. The very dark 503 films were exposed to slow
neutrons and measurements of the activation of thg developed silver used

13)14)
as a measurexment of the garma ray dose received . The activation of
the films was done in the large noderator used for producing slow neutron

fluxes with the Van de Greaff acceleratorls). The radicactivity was easily

16)

measurable » ﬁut it was found that the three films were at or very near
the first maximum of the curve of activity versus dose for the calibration
filml7). It was not possible to get accurate dose estimates. The same slow
neutron facility was used to estimate the neutron flux that had produced the
excess darkening on the 1290 film behind the silver shields. Fresh films
were exposed to garma ray doses in the range of those to which the people
were exposed and then exposed to slow neutrons until the total flux produc-
ing the same density pattern as on the personnel film was found. The
neutron fluxes found in this way were decreased by a factor 0.79 to allow
for the fact that part of the activetion during the accident was due to

intermediate energy neutrons. The factor was calculated from the gold foil

activities in the threshold detector and the thermal neutron crosc secticns
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8
and resonance integrals of gold and silver ). The thermal neutron fields

estimated by this method are given in Table I1I.

TABLE III

Thermal Neutron Estimates
From Film Badges

Thermal Bstirmated
Employee Neutrons/cm Uncertainty
41 2.3 x 1070 10%
17 6.5 x 109 50%
#23 3.1 x 10° 200%

WHOLE BODY COURTING

The occupanfs of the 234-5 Building at the time of tihe accident were
counted in tke Hanford Whole Body Counterls). The measured values of
Na-2k activity, corrected for decay since the time of the accident, and
the individual's weights are given in Table IV. No correction was made for
Na-24 that might nave been eliminated before the counting took place; it is
estimated that only a few percent was missed in this way for those counted
jrmediately. The quotient of the number of microcuries by the body weight

in kilogrers was multiplied by 215 rad-kg/pc to obtein the first collision

dose to the person.

The factor 215 fad—kg/pc wes obtained by averaging the following two
experimentel values. Mbasurementslg) with & burro at the mock-up of the
Cak Ridge criticality accident gave 20h rad—kg/pc. An experiment with
solutions of sodium salts in btottles at the Godiva II reactor gave 226

~
raﬁ-kg/pc‘o).
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‘Recently the dosizetry investigation of the Vinca critical accident
was reportedS) for which an average factcr of 81 rad-kg/peAwas.used (peg-
lecting corrections for the weights of the individual persons). The dif-
ference betveén this figure and those above is due to the presence of a
very large precportion of thermal neutrons near the Vinca reactor. If the
threshold detector ceasurements reported fcr that reéctor and those reported
sbove for the present criticality accident are used to estimate the neutron

21)

first collisicn dose per unit Na-24 activeticn , the rad—kg/pc factor for
the Hanford sccident is esbout 2.3 times that for the Vinca, i.e., abqut

160 rad-kg/yc. This is satisfactorily close to the value used above.
Although, as remarked above) the threshcld detector measurements for the
Henford accident procably represent a different spectrum than that to. which
the employees were extosed because of attenuation and scattering, the com-

verison of the Vinca erd Hanford spectra to estimate the above factor is not

much affected by the differerce.

it is estimated that the Na-2L burdens were determined to an accuracy
of sbout 5 percent where counting data were not limited by statistics.
Counting statistics becerme impcrtant for burdens of about 0.001 ne (vefore
correction fcr decay). Tnose employees in whom less than 0.00L pec was

detected were assigned a dose of less tkan 0.01 rad.
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TABLE IV

VWhole Body Counting Results

Neutron
Weight First Collision
Employee pc Ha-24 kg Dose--rads
#1 7.55 70.4 23

2 0.001 85.3 < 0.01

3 0.01LL 71.8 0.04

L 0.022 95.4 0.05

5 0.001 93.4 <0,01

6 0.083 55.3 0.3h4

7 0.002 68.5 < 0.01

8 0.004 TL.2 0.01

9 0.001 61.2 <0.01
10 0.006 1.7 , 0.02
11 0.001 13.5 <0.01
12 0.008 75.9 0.02
13 0.001 70.8 «<0.01
1k 0.034 70.3 0.10
15 0.003 67.1 £.0.,0L
16 0.010 £4.8 0.02
17 ;.20 g8.1 9.2

18 0.019 85 0.05
21 0.055 T2.7 0.16
22 0.001 56.7 «<0,01
23 1.12 82.b 2.9
2L C.001 78.9 <0.01

The presence of K-L2 wes noticed in those people who had large Na-2L
burdens. The erounts present were consistent with estimates from abundance
and cross-secticn deta which indicate that there should be ebout one seventh
as many microcuries cf K-42 as of Na-24. Employees #1, #17, and #23 were
counted several more times at the whole body counter. The Na-2L was observed
to disappear with the expected 15 hour half-life. Each of these three men
was found to have had soze Au-198 produced in fillings in his teeth. In the
case qf #17 the gold was in bridge-work that coulé be removed, This made it
possivle to coint him with the P-32 counterzg). After the original report

on the counter, the detector was rmoved to a counting position over the head

rather than over the chest in crder to reduce interference by other isotopes;
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the presence of redicactive gold fillings would have prevented such measure-
cents. The first ccunt for P-32 was made on #17 ten days after the accident.
The P-32 was easily detected. The counting_rate due to thé P-32 decreased ex-
ponentially with a 14.5 day half-life (i.e., the radiocactive decay half-life)
rather then t?e 8 to 10 day half-life observed for subjects who receive P-32
intrevenously. This indicéteﬂ that most of the P-32 bveing observed was

formed in the relatively “ightly bound phosphorous, probably that in the
skull, rather %han ih2t riore mcbile porticn in which the intraverocusly in-

jected P-22 appears.. Trus the calitration of the counter, which wes donc

7

{th intravencusly injeécted subjects, was not appliceble; if applied anyway,

the calitraticn would nave indicated two to three times as much P-32 as pre-

Ie-2L 1IN BLCCD

Two 2 cn3 blcod serples each for Zmpleoyees £1, 717, end 22 were
ccurted for Na-24., Tre first sarples were counted cn 2 three inch vell
crystal scintillaticn counter. They had coagulated tefore they could te
counted. The secornd set of semples was treated with heparin to prevent
coaguleticn. They were counted for 30 minutes on a total absorption garme-

2‘4).

ray spectroceter - Tre results of the two counts, corrected for decay
from the tirce of tre accident, ere given in Table V. The agreement is con-

sidered reascrably good.

The ectivity dersity of the I'a-24 in the whole blood was converted

. - i s p)
to meutron Tirst collisicn dose by maltiplyirg by the Tactor 1.65 x 10
. .2 — e s s s
r::-c:*[yc. This is the retio of first ccllisicn dose to blood activity
1
fourd in the QOzk Rifgzs Turro exgerizen ’9).
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If the sodium in the whole body and in the blood are equally irradi-
ated by slow neutrons or if there is rapid equilibration of the sodium
throughout all compartments in the body, then this factor should be re-
lated to the factor used above with fie ﬁhole body counter data. The ratio
of pc/kg of Na-24 in the body to pc/cm3 in the blood should equal the ratio

2h))

-3 el ) -
to thet in tke blood (1.91 x 10 ~° g/en” 25)): (L.M x 10 3x 70)/105 = 1.27

of the density of sodium in the body (105 g/70 kg for the standard man

- -3 .
x 10 3. 1.65 x lO5 v 1.27 x 10 © = 210 voi -y, Lo pood czreement with the

figure chosen estove for the whole body countiig. %hi: cenvvetison is sipgnifi-

cant because the blood end whole btody activities of the burre were determined

in different ways. A similar comparison can be rede using the data obtained

after the critical accident et Los Alamosf The fatally exposed employeé

wes Tound to have 0.00531 pc/cm3 of Na-2h in whole blood and 293 pc in his

whole body, which weigned T1l.5 kge6). (0.00531 x 71.5)/293 = 1.30 x 10_3

in good agreerent with the above value. This latter value is particularly

significant because the neutron dose distribution in the man's body was

very non-uniforn. The agreement between the two results indicates that

the sodium had been eble to effectively equilibrate throughout the body.
TABLE V

Na-24 in Blood
(Two Semples From Each Employee)

Heutron First

I'a-2L Collision Dose
irplovee Bc{cn3 blood rads

i b -4

£ 1 1.5 x 107, 25 2.5

1.8 x 107" 30 3.0

217 8.8 x 1072 15 2.2

7.3 x 1077 12 1.2

2 23 2.0 x 10’? .0 £ 1.2

2,1 x 1077 .4 £ 0.8
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Ne-2L IN EXCRETA

The first urine samples from Employees #1, #17, and #23 were counted
on & three inch well crystal scintillation counter. These measurements
were repeated and ell later samples were measured on a five inch well
crystel scirntillatica counter27). Semple size varied frcm 2 to 500 cm3
and cognting time frea 5 to 30 minutes depending on the activity of the
semple. TLe results, corrected for decey fronm the time of the accident,

are given in Tetle VI. Tre La-2h activity fourd in feces was negligible.

TAELE VI

Na-24 in Urine

Average Total
Erployvee Date Dis./min-ml Total wl Dis./min
# 1 L/7/62 17h.1 1685 2.93 x 10°
n/6/62 210.9 2800 8.01 x 102
/9/62 229.7 43L0 9.97 x 10°
v/10/62 112.6 2500 3.55 x 102
n/11-12/62 71.8 4900 3.81 x 102
L/i2-13/62 135.0 1280 5.78 x 10°
£ 17 L/7/62 339.5 580 1.97 x 10
/&/62 310.7 3020 9.38 x 102
L/s/62 165.5 3200 5.94 x 10°
1/10/62 120.0 3300 3.96 x 102
L/11-12/62 136.8 3225 k.41 x 102
L/12-13/62 135.0 1950 2.63 x 107
£ 23 L/7/€2 €6.7 1L15 0.9% x 102
L/2/€2 k.3 3935 1.7% % 102
n/5/62 27.8 2850 1.07 x 102
L/12-13/62 0.5 3050 1.24 x 107

P-32 IN EAIR

Sezples of hair were teken from Ewmployees #1, #17, and #23 from several

28)

locetions on their todies. The P-32 was seperated from the hair and

counted in & icw beckzground properticnal counter.  The sulfur content was

1 szzples ty a spectrometric methed arnd found to agree

deternined Icxr severs
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29)

with the results of Peterson, et.al. so their value, L47.7 mg sulfur per

gran of hair? was then assumed for all calculations. The results are listed
{n Table VII. The time integral of the flux density of neutrons_having
evergies)greater than 2.5 Mev end the first collision dcse dre to these
neutrons were calculated using the fermula given by Peterson, et; 2l, Their

¢} 2
forrula gives factors of 6.4k x 10 neutrons/em” per dis./min-g sulfur and

0.02L6 reds per dis./min-g sulfur.
TABLE VII
P-32 in Hair

Neutrons Above

Hair Sample : 2.5 Mev
cm frem ' 5 First
Zcployee Tyoe Top of Head dis/minjg Neutrons/cm~ Collision Dose
#£ 1 Hesad, 0 2.4 x 107 9.3
Pcsterior 9
Chest 33-77 2,9 x 10 11
Punic 87 1.8 x 107 6.9
leg 135-161 1.5 x 107 5.6
(Firgerrail
left Zi
Rignt) 37
{Tcereils) 11
# 17 Crest 43-73 1.4 x 107 5.2
8
Proic 9’4 7.7 x 10 2'9
Back 3L 9.1 x 108 3.5
# 23 Ee=d 0 4.3 x 108 1.6
Pubic 93 3.8 x 108 1.
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RADIOQACTIVITY OF OTEER OBJECTS

A variety c?f other>objects was collected from the three principals and
measured for radicactivity in a five inch well crystal scintillation counter27)
Iater these sare objects were activated with slow neutrons in the large mod-G
e;gtor in the same way as in the study of the film badges described abovels).
The neutron fluxes in the large moderator that produced the same activity as
in the accident were corrected tb allow for the intermediate energy neutron
activation during the accident. The effective resonance integral for the
gold in the eye frazes of Employee #17'5 glasses was found to be 581 barns
(co:pared‘to 1300 for thin foilsa)) by the cedrmium ratio. Ctherwise, the

thin foil values were used. The thermal neutron fluxes estimated in this

way are listed in Table VIII.

RBE DOSE

RBE dose (in rem) is the product of the absorbed dose in rads by an
agreed RBE multipliér. its function is to provide a common, additive
reasurerent of all rediations that expresses the radietion protection
hazard involved in exposures to the rediations. NBS Handbook 5930) recom-~

rends RBE values which are dependent upon the linear energy transfer to

tissue by the charged particles.generated by the radiation.. These values

. of RBE are to te used in assessing hazards due to long continued low level

irrediation. Tha velue usually accepted for neutron irradiation is 10,

tut this is not applicable for the acute exposures described in this report.
Indeed, one cf ihe reasons for the careful analysis of the data provided by
such sccidents is-to provide RBE’s that might be suiteble. For this reeson

rore of the doses given in this repcrt hes been converted to an RBE dose.
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TABLE VIII

Radioactivity of Other Objects

Location em Radioisotope Large Moderajor Thermal

limployee Ttem from Top of Head Measured Neutrons/cm Neutronﬂ/cm2

f 1 Silver shicld from ~ 10 Cu~64 1.49 x lOlo 1.3h x 10lo
Ball point pen, minus L5 Cu-6h4 1.37 x 10 1.23 x 10
tip 10 10
Tip of ball point pen 5 Cu-64 0.99 x 10 0.89 x 10

# 17 Silver shield from ~ ko0 Cu-64 ‘ 0.73 x lolo 0.66 x lolo
£4lm badge 10 10
Nickel 100 Mn-56 0.48 x 10 0.h2 x 1010
Belt buokle 173 Cu-6h 0.42 x 1010 0.38 x 10
Lens of cye glasses 12 Na-2h 0.63 x 10%0 10
Frame of cyc glasses 12 Au-198 1.07 x 10%° 0.59 x 10

# 23 Silver shield from ~ U7 Cu-6h4 0.22 x lOlO 0.22 x 10*0
film badge 10 . 10
Pencll clip W7 Mn-56 0.18 x lOlo 0.10 x 10‘0
Button 34 Cu-64 0.19 x 10 0.17 x 10*0
Watch band (86) Mn-56 0.16 x 10%0 0.14 x 10t




of the employees involved an RBE factor of 2 for acute neutron exposure was

assuned. This is largely based on extrapolation from experimental animal

19)

expcsures and deta from previous accidental exposures of humans . The

31)

dcses to the eyes were recorded with an assumed RBE of 10 .

CONCLUSIONS AND SUMMARY

Cur prirary sources of information concerning the exposure of individuals
during tke Qccident are their personnel dcsirceters for the gamma rays and the
whole body counts and blood activation for the neutrons. The dosimeters con-
stitute practically pecint detectors. The backscattering for gamma rays 1is
szall so the dosimeters indicate the first collision photon dose where they
were worn. ‘Tre activaticn of Na-23 takes place throughout the body. The
experirents performed to relste Na-23 acﬁivation to neutron dose, however,

have related the activation to the first collision dose. Consequently,

these primary sources give us irnformation on the first collision dose. It
has been customary to report first collision doses in accidents such as the
present one in the bvelief that greater complexity would hinder rather than
help correlation cf‘observed ticlogicel effects with physicel dose measure-

—ents.

Peoloyees #1 and #17 were close encugh to the critical vessel that thg
actual ebsorbed cose must have been fairly non-uniform within their vodies.
Tre reletion of Ka-23 activation to first collision dose may not, fherefore,
te guite the same as in the calitratiou experiments. The relastionship is
even mcre complicated by the Zact that we do not know the exact course of
events following the first critical excursion. During this period the men

were moving repidly and their pesition aud orientetion relative to the

criticzl wvessel we We do nct know if there wvere
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eny other critical excursions during this period or vhether they received
practically all their dose during the first one. The only indication we
have that these subsequent motions weie not very impcortant is the value of
the ratio of the garme ray to the neutron dose. This ratio was between 2
and 3 for thé two mer close to the critical vessel. This i3 in good agree-
ment with values observed in similer circumstances . Their motions and the
pessible later excursions would affect their personnel deosimeter readings
‘even nore than the Ha-?3 activation because of the changing shielding of the
dosimeters'by the body. The fact that they do not appear to have had a
substantial effect on the ratio suggests that most of the dose came during

cne critical excurzicn while they were nearly stationary.

The doses determined from sulfur activation in hair were about one half
those Ubtained froz Ka-23 activation. They should, of course, be lower he-
cause they ere the doses for only those neutrons above 2.5 Mev. The thres-
hold detecter, Table I, would indicate that only 20 percent of the dose
should come from such neutrons. The application of the latter data are
suspect because, as already discussed, the detector may not have been
exposed to exactly the same spectrum as the people., On the other hand,
some of the difference may be due to a difference in the relation between
first‘édliiéion dose and lNa-23 activation in the calibration experiments
and in the present accident because of greatef non-uniformity of the dose
distribution during the accident. The neutrons/cm2 éetected by sulfur
ectivation can elso e compared with the number of thermal neutrons. There
are several measurements of the two on exposed people that are for nearly
the same paris of tke tedy. A ratio of neutrons/cm2 above the sulfur

2
tkreshoid to therral neutrons/em of sbout 0.2 wes obtained where such
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ceasurements were made. The threshold detector gave 0.3. Probably this is
as close egreement as we can expect. The scattering and absorbing materials
;n a human body are enough different! from those near the detéctéf to pro-
duce this ruch difference in the thermal flux density. (It will be noted
that these retios differ by Jjust the factor of 1.5 by which the calibration
of the threshold detector was changed to allow for the energy at which the

celibraticn was made. Some of the diffetvence may‘be due to error in this

ry

actor. Tre calibretion was perforrced at k.2 Mev. The S(n,p) cross_section
nas a sharp omaximum at this energy. A small error in energy would have

resulted in decreasing the factor.)

It eppears that there may be some uhcertainty in‘the doses determined frcm
Na-23 activation, but that it is probably not very great. Employee #1
received the highest exposure. Tne first collision doses were 23-30 rads
from fast neutrons and 63 roentgens in the centrael region of his body.

The dose due to thermal neutrons wes negligible in comparison. The P-32
reasurerents in hair suggest a variation by a factor of at least two for

the doses in differént parts of the body. This is compatible with variation
es the inverse square of the distance from the center of the critical vessel.
The neutron dose to the eyes is considered to be of importance in an exposure
such as this because of the possibility of cataract formation. Inverse

squere varietion suggests a dose of 42-54 rads of neutrons for his eyes.

Ermplcyee #17 received the nex® highest exposure. They were 9-12 rads
from neutrcns and 23 roerntgens in the central region of the body. These
dcses are releted to those received by #1 by the inverse square of the
distance frcm the center of the critical vessel, By the inverse squere

lzw the neutron dose to his eyes must have been 11-1h rads.
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Employee #23 received about 3 rads from neutrons‘ end 13 roentgens
end these rust have been pretty uniform over his ‘pody. Employees #6 and
#21 each received about 1 roentgen and 0.34 and 0.16 rads from neutrons,
respectively. Tne rest of the people in the 234-5 Building at the time
of the accident receivel considerebly less exposure. The doses they did
receive can be taken to be those given by their personnel dosimeters,

Table II, and their whole body counts, Teble IV,
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APPENDIX T UNCLASSIFIED

MEDICAL REFORT

As a result of the criticality incident st the Recuplex Operation of 234-5
on April 7, 1962, four men involved in the operation were hospitalized at
approximstely noon. Cese summaries are glven below:

EMPIOYEE NO. 1 (Age 40)

1. Estimsted ecute whole body radiation exposure gemma 63r, neutron 24 rads,
total (REE=2) 110 rem.

2. He believed he had recelved a fetal exposure.

3. He described feeling an instant sensation of heat over his upper body
and a dry sensation of his mouth which persisted for several hours.

‘4., His fluid inteke wes sbove normal for several deys.

5. He wes aple to eai nis evening meal at about 6:00 PM, or approximatel&
T hours after the incident.

6. He had a temperature in the vicinity of 100°F developing the next morn-
ing after the incident and persisting for about 24 hours.

7. He experienced greet rellef following notification of his doszge
estimate. This was approximately 5 hours after the incident.

8. There was no rausea Or erythema at any time.

9. Deily blood counts were done. Blood and urine samples were collected
for detailled chemical studies and bone marrow aspireation blopsies were
maede on the first end seventh days. :

10. The fluctuation in the absolute lymphocyte have not been below or above
the usual normal range but are interpreted as minor varistions result-
ing from the exposure. s,

11, The maximn estimated dose to the eye crystaline lens could be es
high as 790 ren.

12. A slit-lemp examination of both eyes was done and will be repeeted at
eppropriate intervels.

13. The goned dose is presently estimated at 60r gemme, and 30 rads neutron.
On the 5th day a testiculer biopsy was performed and follow-up studies
are planned et three-week intervals into July, end at appropriate

tervels thereafter zs indiceted.

1%, Fe was dischzrged froa the hospital on the ninth dey which was
fpril 16, 1G62.

15. Ee vozited once efter breskfast on the seventh day.
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EMPLOYEE NO. 17 (Age 50)

% " Estimated scute whole body radiation exposure gamma 23r, neutron 10 rads,
total (REE=2) 43 rem.

2. There vas no nsusea or vomiting at any tm.

3. On the second day Jjust before lunch he experienced a very mild shock-
like reaction which he described as a sudden feeling of weakness.
There was no pain end he recovered rather quickly.

4. Daily blood counts were done. Blood and urine samples for detailed
studies were collected, and on the first and seventh days bone marrow
asplrations were made. The clinlcal and lsboratory findings to date
have been compatible with the estimated dosege and essentlally within
normal ranges.

5. The maximm dose to the lens of the eye is estimated at 230 rem.

6. Ee was discharged from the hospital on the 9th day, April 16, 1962.

7. On the 5th day an attempt was made to obtaln a testicular blopsy,
however, due to a hypotensive reaction, no biopsy was obtained.

8. The clinical and laborstory findings to date have been compatible with
the estirated dose and essentislly within normal ranges.

g EMPIOYEE RO. 23 (Age 27)

Estimated acute whole body radiation exposure gemma 13r, neutron 3 rads,
total (RES=2) 19 rem.

2.  He experienced n. nausea or vomiting.

3. Deily blood counts were done. Blood and urine samples were collected
for detailed chemical studies and on the first and seventh days bone
marrow asplrations were made.

4. On the fifth day a testicular blopsy was performed.

5. There hes been no physical or laboretory findings to date which might
be attributable to radiation exposure.

N

. BHe was released from the hospital on the ninth day.

EMPLOYES NO. 21 (Age 43)

1. Estimated dose 1.k rem.
2. B2 was zdrmitted to tha hospital beczuse of uncertainty of exposure.

3. Ee hzd no complelints and there were no significent findings.

4. Upon confirmation of his estimated dosege, he wes discharged from the
hospital at sbouis 5:00 Fif on April 8, 1962, one day following his

adri!ssion. ug E:E_E:\SSiF ED
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LHCLASSIFIED

Two cansultants were employed by the contractor to evaluate his procedures
and methods of treating the patients and to assist in examining the
patients. The two consultents were: G. A. Andrews, M.D., and C. C.
Iushbaugh, M.D. Both consultants thought that the General Electric
Medicel Staff was doing an excellent job and were impressed by thelr
thoroughness and scope.

A medicel report comtaining clinical and laboratory data is attached
as Exhibit T-A.

A complete, comprehensive, medical report is being prepared by the
Industrial Medical Staff of the contractor. This report cannot be
completed until certain tests (such as sperm count ) have been repeated
for several more months. The final medical report will be issued
separately as soon s 1% becomes avallable.
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PEYSICAL ANALYSIS OF THE EXCURSION

Reconstruction of the Rower History of the Excursion
No cozplste record of the power level history of the excursion has been
discaveradi. Tre hest availsble informaticon comes from recordings of two
?EE coiuncers locetel in e waste incinerstor building at a distance of
abGut 350 feet froz the X-9 tark. A perbion of this chart is shewn in
EFth’“ R-A. The less sansitive of the two counters remained off scele
for a period of about 28 minutes Tollowing the initiation of the exceur-
sion. Prior %o zcing off scale, the receorder which prints a data point
every 30 saconds recorded three on-scale points which are suggestive thet
the initial excur-isn censistied of a pulse, following which the power
drogped to a very low level tefore it agzin rose end carried the reccrder
0ff scale. PFollcwirg trhe rewurn of the reccrder on scale 28 nminutes later,
the powar level drcgped exponentislly with a period of about 18 minutes
until approxicmately noon oa Asril 7 (Exhibit 8-B). Some pulse-type varie-
ticns wars supsrimposed upon tke genersl exponential decay.
The excursion then continusd f£or a pericd of zbout 36 hours. The later
porticn of the reccrder trace can be matched to neulr on flux measurements
taken initially cazside of the entrance to the 23L4~5 Buildirg et a loca-
tion designated as checkpoint 3 and lster to neutren flux neasurements
ottainad with & modsrated EF3 caunter placed in ccrridor 2 of the building
sdjacent to Room 231, Tre neuiron flwe droprped reridly after 10 P.M. on
Lpril 8 azrd reachsd backgroimd levels by midnight of April @. Subsequent
analysis of the da2line of n=utron level suggests that the zaterlal in th
tams wens suzberitical at ebout midnight of April 3 and that the neutron
Plme levels after this tima were the resiult of suberiticel rmdtiplication
of the raturally cofurrizg sourse neatrcns in the plutaniua soluticn.
Sazpl ertiy okiained c¢f the meterial in the K-9 tank were anelyzed
te ot azsira Qf ctal fissions whnich occurred during the course
af i} n. In tnis reccastruction we have used the velues obtained
from 34 Zr-%e23, rejecting the value froa :al“c hecause of possible
los T2 o 2CUTSILS, xelkQ, from tre reecting solutica In

b4
sions was cbtained for =k .o:alrexcursion
- 1

T x 16T 3o2es or €.1 x 109 gram
r

0
)
3]

ﬁ
o
4
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cal . 5 figire vzs used T al ate the recorder chart, inciluding
tha ssirg portion rezcnsirictel by the ewpcrentisl extrapolation to the
tima of inisfaticn ¢ tze ex~irsion. Tois extrapolation is believed {o be

e fzir rzaresents irg this early periol although
tke actial nowver t this mean value

It 13 also te reprezents cnly 20%
¢t here contribute cor-




The recoastrusted power history is shown in Exhibit 8-c.

One additions} piece of evidence indicates that this calibration is reason-
ably correct. A collection of threshold foil detectors (Hurst dosimeter)
was lacataed about 25 feet from the K-9 tank in the same roon, and these
foils were retrieved at 12:35 P.M. onAprilT. Analysis of the foll activa-
i tions to determine the ru=her of Tissicns occurring up until the time of
foil remavel is subject to considerasble uncertainty. There ere indications
that e significant muzter of neutrous, especially of lower energles, were
scattered to the dosimeter by other tanks and structures in the room so
that the fluxes do nobt decrease with the inverse square of the distance,
fn estimate of the nrmber of fissions based on this law 1s therefore higher
than the correct value. Such an estinate gives L.l x 1017 fissions up until
T a value calculated from the curve calibration process

few oF the uncertainties, this is regarded as reasonable

One furtber piece of information has been used in reconstructing the inci-
dent. The neutraon dose to exployee #1 indicates that 8 x 1015 fissions
occurred tefore he left the room. The averege initial fission rate of

2 x 1038 fissioas/cinute implied by the reconstruction presented here is
nat inconsistent with this magnitude of exposure. This ratber low initiel

fissicn rate will be used again teélow to throw some light on possible

from I Situ Neubrenm Maltiplicetion Meesurements

personnel set up three ccaplete neutron monitor-
%-5 Building. The electrunics and associated
n e

oositioned the first two counters on the floor be-
at atout 8 feet from vessel K-9 (the criticality
13 Trese counters were gerntzps the only units in

e S £ the sazme time strategically located,
£03 information on vessel K-O while in the suberiticel

Trhese twa units wera the constituent elexents of channels No. 1 end
No. 3 from the safety circuits st the Critical Mass Leboratory. These
are law level stzrtuy channels for use in the critical experizents with
pluteniu nitrese solutians. One detsctor was a fission cherter, and
the other a meuirox sensitive scintillaticn crystel (sensitive to both
rextrons and gzm—a rays). Tae detectors were mounted in paraffin
moderatcrs simita=I zs used in criticality experizents et the Critical
Mzs3 Iatoratory.

g-2
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As used in criticalizy experimerts, the fission chamber was ncrmally
positicned atout one foot froa the surfece of the vessel; the scin-
tillation detector, being rmore sensitive, was positioned about 15 to
18 feat from the vessel. Thous, the fission chamber was -~ T feet
farther away while tha scintillation counter was actually about T to
10 feet closer in compariscn te K-%.

criz o]
From the inverse miltiplication curve. Since the draining process was
not copbinuous, —=what intermittent, it was difficult to obtain
- of +he observed flux values with solution voluze
;a5 some question concerning the holdp in the line

53, weight nmeesurezents were nmade of the solu-
Y. From these rpeasurements; end a correle-
w¢ measurenents, it was possible to asscclate
with solution volume remaining in vessel K-9

£i¢ measurements during the draining process, the

3 is =stimated to be ~— Ll = 1 liters. The
curve is shown in BExnibit 8-D. This would then
for solution of the sazme ccmuoositiol as existed

i-a of draining--for a solution containing
~itrste.

tical mass in K-9 wo2ld be ~ 1.54 Kg Pu--or
3 ~ GC% of the criticel mass.

gines the total axmcint of plutoniun in soluticn in K-9 (39 liters et
> z . - . e -

~3% g P/2) 4 Kz, the vessel was obviously criticas at a

leszer c2nc2 It could 2lsa heve teen critical with 1.%36 Kg

sf Pu at 23
rich soluti

Delwesn an

caleulates Valves of Criticelizy From M:lti-Group Difrusion Theory

Tea caloilesad values for criticality in K-9 were determined from

trhe 9-Zom and the M codes. Tke critical rad cf bare spheres

were calczlated for P2  sel o acid molerities

of cpe =ni two in order +3 cover possitle cases of intersst; the ecid
anlerizy of the scizsion in K-9 was ~ 2.0 ard the totel nitrate concen-
crabion was -- 127 £ NOz/g. Tre =ffect of Puet0 wes elso accounted

for in thasa czlonlazicis.

(93]
[}

il




» the solu ion coace'xtratlon. These values
n torn used to compute the criticel solution height as a
~entraticn in vessel K-9, through use of the folloew-

o 1.' ’ 2 o
Material Suckling = (2.kCL8) 5+ = .

(Ro + Ap) (Be + Mg + \y)°
with R, = 22.07 ca

X = 3.0 cz
A = 2.2 ¢

Ao, = 3.0 ¢

Tr.e e:ctr:.;ola.ticn length was assumed to be 2.2 ez + the thickness of
11 (0.8 cm). The results of the constant buckling con-
showa graphically in Exhibits 8-E.

riticality were aisc mads on the basis c¢f an aqueous
b}

eri
top of the plutonfum sclution (for this cese i45 = cz).
2 be obtained for a solution reflector of 3-%

smraflected on top and for & Pu concentration of 35
g/2 with one zclar nitric solution. the cr iticel voluze is calculated
’ : his value is in sgreezent with the measured value..

Pourlazed criznicael volum

a e {~145 liters) agrees with the
ara some apparent discr
1 - 3
—

epancies elsewhere. The
with one molar nitric
than the 1.36 %g

e fourd es solids oun the
line lezding to the

Oy A
O "
+ cF

ottt . of +ional materisl msey have been

SUsSE olztion at the time of criticality. The calculated
crit ~r mipnim rmess) would be -~ 55 liters of solutiocn.
The lightly on the over concentrated side of the minimun
in ti et the beginning of criticality, if the concentration
were

Zecause af tre unesrtaizty in the azount of plutonium, further ettemptis
teo ghtain hattar agreszent between the cocputed and measured value would
not produse sigmificzoi results.
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On th2 hasis of tre calculetions the system would have been delayed
critical at = voluma of .~ 50 liters with a Pu concentration of
less than 30 g P2/f. and supercritical throughout the volume range
L9 ~~55 liters,

tions with a top reflectcr (layer of soluticn 3-4 inches

s) indicate thet criticelity could be obtained with a volume
cr *he cconceatration of 35 g Pu/f. In other words, the
a vessel st tha time of draining could have been made
dirg a hydrogernous reflector to the top of the solution

AL culations are subject to some uncerisinties it is
< niun in K-9 was only slightly Iin excess
of e criticality and that txhe excess

T tine. The size of the initisl pulse
i conelusicn.

frnalwsis of Initisel Pulse

P
Tre small size ol T tial pulse ("A’»lOlD fissions) as indicated by the
rneutron doses ©o perscnnel nearhy was an unusuel feature of the excursion.
In an effort %o explere possible mechenisms for initiating the excursion,
calcenlations were made of the burst size to be expected ir solution were
added to the vessel st a wniform rate. Fissions up to the peek of the

burst ard up to 10 seconds beyond the peak were calculated as e function

£ wate of adiizion. I% was expected that these two values would allow
assessment of the exposure of hypothetical persomnel who lert the scene
procotly.

P
An eddition rate Ccf L cc[se: wazld produce & burst having 3 x 1010 fissions
up to 10 seccnds efter its peaX. Cutting the addition rate to 0.1 ce/sec
weuld reduce tha burst size by eonly a factor of the order nf two. At

L cc/sec, gdiizinrn of 3Q liters to the tenk would require 1k hours; at

G.L cefsac, 150 ncurs would be needed, a quite improbable course of events.
Tha §inal adii=<sn of reastivity rmst have been at a much lovwer rate then
trhat st which hulkx of tke plutcnium was added to the tank. A pleusible
coarsa of & would ke the addition of =~ 1k30 grems of Pu at a concen-
tration gre tran 30 g=/liter. This materiel occupies less then the
erivical vo grd wold remain siberitical. Subsequent addition of
diluafe nitr i3 wold lesd to criticaiity. Increase ¢f reactivivy
wrld ot © =ciz.ly rapid and the total amsunt available would bte
I.mitad Lo ei azmourt by ths plutopiuz present. A 1loW concentration
of ol e zdded 1iguii would nct materially change this situa-
ticz. irze of evants could laad to a szmail ani slowly dsvelop-
irg I e rsarnel to escepe after being expesed To

ool z c? events lescribed in Section VI

L




1% is likely that repested pulses were generated afler the first. Each
rilse was terninated by gas butble formation due primarily to radiolytic
decomposition of the liquid. The temperature of the solution rose through
absorption of the bulk of the energy released and efter apout 20 minutes
of operation reached d‘e boiling point (~60°C unier the vacuum in the
Tank vity absorbed by voids in the tank and the temperature
r on ratched the excess reactivity availeble. As boiling
o) ice the solution volume the excess reactivity declined

T n voids and consequently & drop in povwer. Such a

o2 bl be expected to be exponential and 1t was this phase of the
exenrsion that was observed as tha neutron chart recorders came back on
scal Tra wvolima at the beginning of this process wes 50 to 55 liters
ard

7

Tuma reduction sppears tQ have produced a reactivity decline through
t of this period. That is, the sclution concentratlon was nost probebly
’}“ e

=33

greater than that correspondirg to minimun criticel mass throughout the
eatire pericd.

After boiling off two or thiee liters the declining reactivity couald no
longer suppers voids and bulk boiling ceased. This occurred sbout noon.
After the stop of boiling, evaporative ccoling and heéat losses to the
envircnament reduced the temperaSure of the scolution supplying a slight
excess of reactl

v which allowed the power to rise again and go through
a transient c¢sc stion before settling down to & new quasi-equilibriua

in which the remsining ekcess reactivity was balanced oy the temperature
coefficient of reactivity and where the non-boiling evaporation rate was
Seterninad by the= solution temperature. Tnis produced the long siow

decline in power extending over scme 30 hours. At the end of this period
tre temperafure approached that of the environment end no further reactivity
-ains through cooling were possible to balance the continuing losses through
veporatica ard the systen went subcritical. During this phase several
iters were evapcrated. Evaporation contimzed until the vacuun on the teank
was shut off 142 hours later. Durirng this time scme 10 additional liters

- -

E'«
b

ev po"a‘&i 'Fpan.ng the tank in tze condition in which it was found

4}
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POWER HISTORY

K-9 EXCURSION
Total Energy 27x107 Joules

APRIL 9

l
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APRIL 8B
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APRIL 7

14

12

1000 t-
100 |-
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Estimate of Criticality in Vessel K-9
(35 grams Pu/liter, 120 grams NOj/liter)
Exhibit 8-D
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4000
A - One Molar Nitric Acid
B - Two Molar Nitric Acid
2000 ——
2000 +——
1000 p——o
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Pu Conc. (grams/liter)
FIGURE 8-E«1)
Calculated Critical Mass vs. Pu Concentration in Vessel K-9
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APPENDIX 9

5” ’ PERSONS INTERVIEWED OR SUBMITTING REPORTS

’ . The record shows that the following pereons huve been interviewed at leest

' once each: SR  ,“_ ',;vf' G
’Recuﬁiex Operator oﬁ duty at time of‘acéiiant-(zmﬁioyée No. l), GE
Supervisor in Recuplex on éubty &t time of accident (Employee Lo. 1), GE
Utility Operator on Guty &b time of accident (Employee No. 23), GE
Supervisor in Recupiex on duty during shift prior to accident, GE

Supervisor in Recuplex on duty during lest shift of day prior to
accldent, GE

Operator in Recuplex on duty during last shifc of day prior to
accldent, GE

Relief Operator in Recuplex on duty during accident (Employee No. 18), GE

Recuplex Operator working days, following nuirtenence actlvities, GE
(not present at time of accicent)

Engineer, Finished Product Chemical Technology Cparation, GE (The
senior technical person close to the process)

Engineer, Finished Froduct Chemicel Technology Operation, GE (A
less experienced technicel person close to the process

Control Laboratory Supervisor (no% on duty at time of accldent), GE
Manager, Fecilities Engineering Cperation, CPD, GE
Engineer, Facilities Engineering Operation, CPD, GE
Engineer, Fecilities Enginesring Operation, CPD, GE
Mansger, Finiehed Products Operation (FPO) CPD, GE

Manager, Production Operation, CPD, CE
(Served as Field Director during emergency)

Manager, Processing, FPC, CPD, GH
Supervisor, Processirg (Reccvery) FPO, CPD, GE
Speclalist,- Planning &ad Scheduling (Maintenance) FPO, CPD, GE

Manager, Firished Procducts Chamical Technology, CID, G2

g -1
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Supervisor, Radietion Monitoring, F0, CFD,
Radistion Monitor, FPO, CPD, GE
Manager,k Resea.rch and Enginecring, CPD, CP
‘:chemist, FPO, (,PD, GE
’ General Msnager, CPD, GE ' .
Written reports have been received from:
Manager, Hanford Operations Office, AKC
Assistent Manager for Technical Operations, HOO-AEC
Engineer, Radiations Sciences BEranch, EOO~ AEC
Director, Information Division, HOC-AEC
Chief, Communications, Shipmert & Digester Planning, H00-AEC
Safety Engineer, HOO?AEC 7
Security Ingpector, HOC-AEC
General Manager, HAPO, GE
General Manager, CPD, GE
Manager, Finished Products Operation, CFD, GE
Mhnager,»Production, CPD, GE
Maneger, Relatioas, GE
Captain, Security Petrol, GE .
Manager, Radistion Protection Operation, HLO, GE
Manager, Occupational Medicine Cperation, GE
200-W Redio Operator, X
Maneger, Finished Products, Chemical Technology, CFD, GE
Director, Production Division, HOC-AEC
Deputy Director, Production Division, HOO- AEC
Manager, Finished Froduets, Control Cperation, CPD, CGE

Mareger, Faciiitiles Paginscring Oneraticn, COFD, CGE
) =S ey & ) J

UNGLASSIFIED
o
Superviscr, Prccessing (Recovery), CPD, GE

Wanager, Research and [nagineering, CFD, CL

Sidbtn

SR R DX AR

9 -2
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APPENDIX 10
CLOSSARY

(Including Recuplex Vernacular Terms)

| B??ID ~ - ’,‘ " Book - Physical Inventory Difference.

CAP o An aqueous layer on top of organic solution.

ccly, Carbon tetrachloride, the solvent which is the
principal component of organic solutions in
Recuplex.

COIITACT ORGANIC A CCly solution of a strong extractant. The

extractent being Tributyl phosphate - Dibutyl-
phosphate, or Dibutyl--butylphosphonate, cr a
combination of both used to remove plutonium
from aqueous vaste soluticns in tanks L-2,

L-3, L-8.

CFD Chemical Processing Department

CRIB Open-work box buried in the ground fron which 1iquid
wvaste can percolate into the soil.

DBBP Dibutyl--butylphosphonate

DEP Dibutyl phosphate

DEMISTER A trap in the vacuum line.

DUCT LEVEL The floor abo#e Recuplex where air ducts are located.

ES Distribution coefficient. An equilibrium number

expressing in ratio form the concentration of Pu
in the organic phase to the concentration in the
acueous phase.

#AB OIL A machining lubricant of lard oil and carbon
tetrachloride originating in the fabrication
operations.

FPCTO Finished Products Chemical Technology Operation

FFO  Finished Products Operation

FS A nixture of ferrous ammonium sulfate, sulfamic acid,

and nitric ncid, often referred to as a ferrous
suifamate soluticn.

GEOMETRICALLY A gectetry-centrolled vessel wilch is critically safe

FAVORASLE VESSEL for solutions up to 450 grams plutenium per liter and

up to at least 5500 grams plutoniwa total.

10-1




GEOMETRICALLY
UNFAVORABLY VESSEL

HLO

HOO
MEZZANINE
MISTRON
ORGANIC

POPPY

PRO
R&E

R&B 100D

RECUPLEX

S&C

SE HOOD

SKULL

SLUDGE

SP. G.

A vessel of geometric design which may permit
miclear excursions except for operational

controls such as batch size limits, sclution
concentration limits, nuclear poisoning, etc.

Hanford Atomic Pfoducté Qperation 6vaeneral &
Electric Company : ; EE

Hydrofluoric acid solutica

Hanford Laboratories Operation

Henford Operaticns Office of the AEC

A gallery level (ebout ten feet above floor level)
for convenient access to the upper levels of

equipment.

A trade name for a magnesium sillcate used as a
de-emulsification agent.

TPEB in carbon tetrachloride

Ain instrument used to detect =lpka contamination.
Alpha radistion causes tle poppy to emit statte-
like sounds.

Plutonium Recovery Operation
Research and Engineering of CPD

A lurge glove box containing reception and blending
tanks.

A mlti-purpose recovery facility located in
Room 221, 23%4-5 Bullding. A name derived from
the words 'recovery", "couple" (to connect

+h products of other facilities), and "extract"
(solvent extraction).

Sleg and crucible

The large glove box containing the solvent extracticn
columns and other Recuplex equipment.

Residual metal, metallic oxide, slag, etc., left
in the crucible after the molten metal has been
poured.

vt solids which cestle end accumilate in the bottom
of a vsssel.

Specific gravity
URGLASSIFIED
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UKCLASSIFIED

SUCK LEG A dip tube used to withdraw the top laeyer of
e : liquid from a vessel. These exist in tanks
K-1, K-2, K-9, for example.

7 SUMP. . . Toe trough in the bottom of the SE ‘nood is
: : " sometimes referred to as the hood sump. A
~ sump such as D-6 is a large catch tank for ‘
low-level waste solution. If analyses show
normal low plutonium content, the solution
is discarded to the Z~9 crib.

TBY Tributyl phosphate

WEIGHT FACTOR A measure of the hydrostatic pressure in a
dip tube used to indicate the liquid level in
a vessel., It is used with the vessel calibration
and Sp. G. values to determine the liquid volume.
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APPENDIX 11
CC3T

The cost of the incident as booked through June 30, 1962, is $891,000,00.
These costs, shown in Exh'bit 1l-4, ineclude (a) expenditures unique '
to the incident problems, and (b) all regular costs associated with
.~ the 200 West Area servicing and production facilities for the period
. each plant or process line was vacatad.

Tt is not expected that additional costs will be charged to this in-
cident with the possible exception of a contingent liability of
$66,000.00 which existed on June 30, 1962, for the salaries of men
placed on furlough as a result of the incident. The General Electric
Company and the labor union are presently discussing this issue.

The experditures "unique to the incident problems” are too numerous

+to 1list independently; however a tabulation of the major work orders
for special services is presented in Exhibit 11-B. Regular operating
costs incurred fcr processing, technical, maintenance, pover, bus ser-
vices, etc. plus overheads were accunmulated and charged to the incident
for the period each particular process facility was vacated. The de~
preciation expense was treated in a similar menner. All costs were
inciuded in the production inventory accounts for pricing plutonium.

Costs recorded here do not teke into consideration potential expendi-
tures which may be directly related or perhaps relative to the in-
cident. For example, additional handling and storage costs applicable
to plutonium scrap generated that can not be recovered until comple-
tion of the new Recovery Facility (Project 830) or the additional
incremental expenditures incurred while hendling plutonium that will

be returned to the primary plants for recovery. Also, costs applicable
to the "Putton Lire Filtrate Handling Facility" (Project 978) or the
increased emphasis for technical analysis of all Hanford operating
facets.

UNCLASSIFIED

11 -1




RECUPLEX OPERATION RADIATION INDIDENT

Costs Through June 30, 1962

Directly Power & General &
to Finished Products Operation General Production
Incident Buttons Shapes Recuplex U0 Other Maintenance Operation Redox  Purex Total
Salaries
" Salaries 9,836 24,902 28,010 2,627 68,676 4,008 3,888 24,433 166,380

Buployce Benefits 836 2,116 2,380 223 5,834 27 330 2,076 14,066
oOther Direct Cost

Travel & Living Lo6 406

Shop & Office Supplies 5,588 38 5,626

Electricity 2,423 866 3,283

B & 0 Tax 2,142 2,142

Misccllancous Incident Coats 19,857 264 20,121
Other Indirect Cost ’

Maintenance Services 65,600 120,468 2,993 582 5,809 195,452

Engineering & Technical 116,462 1,032 117,k5h

Laundry & Utilities . 856 28 1,921 6,644 1,981 6,260 17,690

Patrol 2,500 2,50

Telephone 532 532

Inspection 1,105 1,105

Bus & Vehicle Services 154 ko2 T13 632 116 2,569 137 1,638 6,421

Miscellanecus 5,234 28 k3 18 15 277 110 179 5,904

Recovery 10,000 10,000
TOTAL 216,783 11,102 27,834 11,068 4,002 86,425 126,728 12,45 36,034 5,809 569,128
Overhead 190,000
Total Operation Costs 759,128
Depreciation I-:xpcnsea) 37,000 36,000 12,000 47,000 132,000
TOTAL COST 891,128

e) Represents a final allocation of depreciation expense accumilated

from ell sources including Recuplex and other supporting facilities.

S9E-08 PXBLINS, DeIA.

UNCLASSIFIED

Exhibit 11-A (1)



RECUPLEX TNCTIDENT COSTS -~ Fy-1942

WCRK ORDER SERVICES3

UNCLASSIFIED

Cost to
Work Order Descripticn Date Estimate
‘A=bhoor Febricate and erect mock-up of o $ 8,306 $ 16,500
T Recuplex area : ; R R
B-20625 Provide constmiction engineering
, persorrel services 1,185 5,000
B-37527 Paint the floors in 9A room 227 312
B-41258 Provide emergency cormunication, kgg 500
equipment and labor
B-44800 Provide transportation and main-
tenance effort 1,102 1,102
B-44975 Provide elecirical substation
operator coverage 2,200 2,200
B-44976 Provide standby lineman coverage 3,259 3,259
B-59234 Assist installation of 44O volt
generator 212 334
B-59237 Provide miscellanecus hauling (file
cabinet to 703, instruments, etc.) 235 350
B-59241 Febricate special card holder for
badges 265 270
B-592L45 Haul mock-up hoed to 200 Area from
_ 300 Ar=sa 375 622
B-59247 Set sparger & furnish air compressor Los 522
B-59251 Install hasp on Recuplex door 28 30
B-59256 Fabricate wooden box to contain ball
valve frcm Recuplex 36 37
B-60309 Install two spots to illuminate PR can
unloading pad 163 188
B-63240 Furnish a jumper hetween tanks 859 954
B-63330 Febricete special fitter frame 257 356
B-64916 Mock-up vacuum transfer from K-9 tank
and remote mechanism for draining
and addition 1,184 1,050
B-6T7845 Fabricate 235 PR cans 139,292 186,400
B-67980 Reelign hoods TA & TC to support SNT
- transfers in recovery facility 6,383 7,184
B-68192 Instrument vork on BF-3 neutron counter 223 244
B-68199 Provide maintenance :nd electrical work
on lab. dissolver 1,437 2,446
B-68292 Analyze contents of tanks and sump in
Recuplex 6,952 6,500
B-68701 To provide medium of costing interrup- '
~tion of work on Project 912 "Waste
Treatment Facility - Z Plant" per AEC 2,221 4,000
B-69620 Fabricate sample tottle 31 31
B-82001 Provide technical services from labora- -
) tories 18,462 18,500
K-06910 Provide CFD Facilities engineering
services 41,829 50,000
R-65511 Provide reactor enginsering remote
manipulator and technical services $ 13,473 13,000
$251,200 $321,891

Exhibit 11-B (1)
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