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" Mr. Harold L. Price
" Director of Regulation

>Wash1ngton 25, D. C
'7Dear Mr. Prlce:

L Attaéhed is the final report of the Technical Keview

]
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UNITED STATES [_9‘/0 :
ATOMIC ENERGY COMMISSION
. WASHINGTON, D.C. 20545 -
: o ved
November 6 1964

" U. S. Atomic Energy CommlsSLOn g'.€~’ ey

Commlttee, which you appointed to consider the criti-
cality accident on July 24, 1964, at the Wood River::
Junction, Rhode Island plant ‘of the United Nuclear.
Corporatlon. ' T s TS
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*Commlttee app01nted to report on the crltlcallty incident ..
B of July 24, 1964, at the Wood River Junction, Rhode Island
, plant of the Unlted Nuclear Corporatlon. Member8°' : :
Dr. C. Wayne. 3111s R o S
Dr. Richard L. Doam <~ . =i #7. Tl
~ Dr. Herbert Kouts (Chalrman) R R
 Dr. Marvin M. Mann - i
' Dr., Hugh C.  Paxton
Dr.., iy
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1. - Introduction

i

On July 24, 1964 a crlticality 1ncident occurred at the s

FAEC-llcensed WOOd River Junction (Rhode Island) plant of the

Unlted Nuclear Corporatlon.: The incident caused fatal in-»

V.f Jurles to one Unlted Nuclear employee, and two other employees‘.~

o

In keeplng w1th establlshed procedures of the Atomlc

r

Energy Comm1531on, the Dlrector of Regulatlon app01nted a L

technlcal rev1ew commlttee to rev1ew the results of examl-t:’

v’natlons by the Comm1s51on s regulatory staff and by the United oo

Nuclear Corporatlon. The members of thls committee are.k_*.ih

,,( .

si 7 Dr. C Wayne BlllS ST
i Dr. Richard L. Doan - v
B! ‘ Dr. Herbert Kouts (Chalrman)ﬁ'
/.. Dr., Marvin M. Mann: -

S Dr. Hugh C. Paxton’
R ' Dr. Warren E,_W1nsche

a)f'reVLew the 1nformat10n gathered

clbj?iadV1se whether additlonal lnformatlon was-needed and if?*

fso in what partxculars,
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nature of the incident;rits cause or causes and_fj;“""
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»Fthe off1c1al report of the 1nvest1gatlon conducted by the
?;c1atlon for the complete cooperatlon of all concerned

“”TI; Plant Locatlon ”1<up

" in southwestern Rhode Island

:, The floor plan of the buildlng,NWLth 1nd1cated p031t10ns

e ! : - . L ..
[ . ’ 2 ot
o O it K . . [
S TT RIS RN
e a
e ! /
K Ve
oA /
R Ry ke
i »./’ /:, . . /
. e 47 ’
- - o S, ",/’". o
o T .

The commlttee has been glven access to all 1nformat10n

: R -1
s H

developed in the course of the lnvestlgatlons, includlng B

_,/. v ,.
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'
'

Unlted Nuclear Corporatlon° We w1sh to express our appre-

The nearest large popula-T

v (

tion centers are Westerly, Rhode Island and Prov1dence,?;~v.7'”"”:

Rhode_Island. The nmnedlate vicinlty of the plant is’

SpafSély populated.
The plant con51sts of a 31ngle bulldlng: With one .o

main operatlons floor and an lntegral three-story tower.ul_"

r

“Personnel Tséﬁgned faés.Z’

£




Wood River Junctlon Plant totaled 22 With duties as generally

fii described below. This number'lncluded the plant superintendent,_ ; B

3 shift supervrsors, 9 operators, a:health physics technician,

'a chemlst 2 mechanics, 2 secretaries and 3 security guards

\

i
A

,’»l;.
S contracted from a protectlon agency._

Supplemental technical

.31 ?la351stance in health physrcs and nuclear safety was furnished
SN from UNC's. Fuels DlVlSlon, New Haven, Connecticut, nd the )
. o

légé‘ Hematite Plant Fa0111ty, Hematite, Missouri.;5ﬁ

v?;"three operators, a shift superVLSor;“and a security guard
Six of the operators had started employment with UNC
in February, 1964 and the others 301ned the staff in

!;‘ Aprll ‘May, and June,»l964 None had prevrous experience :

17 with nuclear material In most part the operators were

also 1nexperienced in chemical operations.

The Shlft superVLSors have B S degrees in chemistry

.‘_,’ o o

’or chemical engineering, and two were experienced in @ﬁ.-fﬁ. ‘

. z:u_,

operatlons w1th nuclear maLerials,'one w1th the UNC s Hematite‘gVI.

3 plant. - One supervrsor had no experience with nuclear materials'

\

R before he began work at the Wood River Junction plant._jf*
L 3 o

Lo ‘0“-.«

The plant superintendent (also‘called the Scrap Recovery

Q"“ﬁr‘“*eﬂdeﬂt(ww}ha«cbamical eneineer witﬁ ahoutveighteen.:w@fﬂ7iég



pOctober, 1963 and was responsible for equipping and staffing
vhbthe plant prior ‘to its initial operation.- He also ass1sted
= in the preparation of testing, startup; and operatlng‘pro-
f_cedures. The plant superintendent reported to the manager,

.'Chemical Operations, in New Haven, Connecticut.{ The plant~

monitoring the plant health phy31cs and 1ndustria1 safeLy

i

I i

b

3
e

ycars of experience, ten of which were w1th an AEC-contracted

. uranium proceSSing plant.: He Joined the UNC organization in ;a%

. ,v
N
! R

— ‘4

—

:

superintendent was responSible for production, and for con-“

ot

tinued safe and efficient plant operation, which includesf?

nuclear safety.

The Health Phy81cs Iechnician, who has been Wlth UNC

\'

for six years, has had some earlier contact w1th criticality

control prOCedures, spec1fically for fuel storage at the'¢;

t

New Haven Facility. At Wood River Junction, he reported to :

the plant superintendent but obtained hlS health phy31cs_‘.ﬁhl”
"‘guidance from the SuperVisor, Health PhySics, in the New Haven'-

plant., The Health PhySlCS Technician was responsmble for -}ffr?f

programs. In nuclear safety, hlS respon31bility was limited
to the observation of operators"activities and the spacings

between containers of nuclear materials. The major health

LW : 1*:,'

ation

.....

thSLCS concern in a cold scrap plant is alpha contamin
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. The chemist, who has the degree of B.S. in chemistry,*v~b . ¢
'ﬁ'jv performed analyses on the day Shlft.u On the other ShlftS, i?%ggf;;. ¥
i1 1+ chemical analyses needed 1mmed1ately ‘were performed by the -

jf:?f shift supervisors.' E oL

A The Operatlons Control Manager at Hematite, Mlssouri

Eﬁiv had the responSLblllty for llcen51ng documents and nuclearf

:x‘ ' N ’ . ;.‘

_i;io safety at the Wood River Junctlon Plant.. He had the responsi-ﬁfff‘

blllty for obtalnlng approval of the AEC llcense~and ltS

3

- amendments, and for rev1ew1ng and approv1ng equlpment de51gn f%f;

B e IS L

{
}f;l to meet the crltlcallty requlrements. The Operations Control ;_j
| o

o Manager has a B. S and M S degree ln mechanical englneering
o : . FE ST
bl . o
P and nine years experlence in uranlum proceSSLng w1th an

AEC contractor and’with UNC.. He also attended the Nuclear

Safety course at Oak Rldge in 1959 The Operatlons Control

éfé; . Manager v151ted the.Wood Rlver Junctlon plant on two occaSLOns,}_f=3;
ééié ,‘both 1n January, 1964 to revrew progress of constructlon B

R S

gié;zr and to famlllarlze hlmself w1th the 31te.: He apparently did ‘

géf;_' not v131t the Wood Rryer Junctlon plant between the time of L

iiﬁl startup and the tlme of the accldent.-;f”" Ll i
_? W, ‘Process Chemlstry S f

The plant was de81gned to recover enrlched uranium frmn f'f‘g

N T r ”:]
 Alanta. Thp nwu;gsq equlpment can be grouP as l) feed..




prlate ac1ds in one of the several crltlcally safe dlssolvers,‘ﬂiQ Lk

-6 - - : : B

preparation for solvent extractlon, 2) solvent extraction :
operatlons for separatlon of the uranium from other materlals f:\“tlb

in the wastes and fuel scrap, and 3) flnlshlng operatlons to

ST
.,(.

convert the recovered uranlum to solld uranlum d10x1de, whlch

is the flnal product. The process steps and type of equlpment

have been used exten31vely for 51m11ar purposes at other : .

locatlons. No unusual process operatlons or eqnlpment were

described in the llcense appllcatlon.Jpj 'L‘

Only a short summary of the process operatlonsﬂrs‘needed"Tpf'
- here. The feed preparatlon area con31sts of mechanlcal dev1ces?i
for degreasxng SOlld scrap, remov1ngoportlons of scrap that
do’ not contain uranlum, and for drylng and welghlng the cleansed

solids. Solid scrap was to have: been d1ssolved w1th apprOw

and the solution was then to be stored in crltlcally safe '7;j‘- _;.é
storage tanks from whlch it could be pumped as feed to. the'fff;

solvent extractlon operatlons,. No SOlld scrap had yet been ﬁi;r‘

A processed ~ The plant had been operatlng on aqueous wastes

from cleanlng fuel materlals, known as plckle llquor. Thisgz

. plckle llquor, wh1ch contalns low concentrations of uranlum




.l smmonium diuranate in the crltlcally safe preC1pitators that

RN
Solvent extractlon operations are conducted in a battery
of crltlcallynsafe pulse columns.z Uranlum nltrate in the ac1d1~
fied feed solutlons is preferentlally extracted 1nto a solvent

consisting of TBP. (trlbutylphosphate) dlssolved 1n a purlfled
kerosene. The uranlum nltrate 1s then strlpped f;da the solventb
into a lOW-aCld aqueous product which 1s then washed w1th TCE |
_'(trlchloroethane) to remove traces‘of entralned solvent:: The
TCE-washed' solution is the feed materlal for the flnlshlng -
voperatlon. In turn, the solvent 1s washed w1th a dllute sodlumjsf

carbonate solution prlor to reuse. The sodlum carbonate solu~~f

tion is made up in the small tank 1n whlch the critlcality 1n~”l

i

cident occurred. There appear to have been no origrnal spec1fic A?Tl;

5 procedures for treatment of used,TCE probably because the h
amounts of TCE to be cleaned were expected to be mlnor.-
As the first step of the flnlshlng operatlons the aqueous

- product from the solvent extractlon operatlon (called 0. K

Liquor) is concentrated in a crltically safe evaporator to f;j{l._fl

lapprox1mately 100 g/1 (at whlch p01nt 1t is called concentrated ;

" 0.K. quuor) ' ThlS concentratlon 1s requlred for produc1ng

follow. The ammoni.um dluranate prec1p1tate 1s filtered and

dried, and then reacted in a furnace to produce U02 whlch is
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crushed, blended and packaged for shipment

V. Plant Procedures

Contained in the 11cense application is the standard

operating procedures manual for the Wood River Junction Plant.'f

' | This manual, entltled "General Information and Procedures

::;T'Applicable to the Handling of Special Nuclear Materlals"
Lo e .;-.

. an abstract of the technical procedures contained in five-‘f“*

,.y,v,.

11 volume sets of Standard Operating Procedures used by plant

alé;. personnel. Three sets were available to the operators.; lhere?

was one master set

Detailed procedures based on those developed at the United *”#;il

Nuclear Corporation Plant at Hematlte, Missouri were given for

the forty-four processes in the plant.‘ For two 1tems of

jf equipment SOP's were posted in the appropriate plant areas.b_,:¥173"

A. Criticallty Control Procedures. »."fff}[}* )

Criticality control is based-on limitation of one or more

of the variables: volume, geonetry, mass 'concentration;f;ffl'

Nuclear safety aspects of processes process equlpment 1tems, f‘
e and the storage area were evaluated during the pre-license
a period . The detailed operating procedures included the spe01al

':,'nuclear safety requirements of the individual processes, such




‘ways, and in general, the technlcal aspects of critlcallty conflh.gu

bottles of elevenwllter capaclty, and four-liter plastlc‘,;

temporary storage untll transfer was made to the eleven-llter‘

"callty control as 1nd1cated by the follow1ng observations.

- There had been no audlt by the Operatlons Control Manager’f

'_'tarned receipts of 0235 dld not occur untll the week of May ll)

4

LR

9=

Process safety was based on such llmits in conventlonal "

T sl o e e LS T 3 e s

trol seem proper. In some tanks,'normal cr1t1cality control

methods are supplemented by 1ncluding Raschlg rlngs of boro-&f A

's1llcate glass, where- solution concentratlons are expected not flfw"“

to exceed 5 g/llter ot U235, but the nomlnally safe flve lnch

- diameter could not be met., Reasonable tests and frequency of

lnSpeCtionS of RaSChlg rlngs were SPecxfied in the AEC llcense.f,u":;T

Interim product storage used flve-lnch dlameter plastlc

i

bottles. The latter were used for cleanup llquid and for

R

bottles. The elevenmllter bottles were normally stored in ff577

bird-cage carts prov1d1ng a mlnlmum of two feet Surface- N

R R
‘*,; R

‘to=-surface between bottles° The fourmllter bottles were spaced

by eye in temporary storage areas dellneated on the operating
floor, or stored at safe spacrng in a permanent shelf area°1f31fif'

”; Less attentlon was glven to SOme other aspects of critlw”

since operations w1th U235 started on March l6 1964 (SuS‘_




t"such as health physmcs and nuclear safety, the SuperVLSor,

D 'fOperatlons Contq‘ 7Panager at Hematite,

Labeling practices for U

_does not appear to have been a general program or procedure

T:responSWblllty for tralnlng was. a331gned to. dlrect llne super‘=

'jlndlcates that a safety meeting was to be held each month

s N 0
), - EE
M S e . . . [T

- 10.51:
235 s . _
contalners had deterlorated as the

result of dlfflculty with orlglnal methods of afflxing labels,4'

The plant superlntendent was unaware of at least one actlve

,’h‘

operatlon with flSSlOnable materlal namely the treatment oflfﬂ

TCE solutlon in the sodlum carbonate makeup tank ‘ These j;x;

S

items are mentioned in more detall later Ln thlS report,:i

B. Training Procedures '_-Hﬁl>”;f{fff”

Although various methods of tralnlng have ex1sted there:?;j?

for ensurlng the tralnlng of all personnel In speclflc areas

Health Physics, from New Haven, dld hold dlscu551ons and "

showed films several months before operatlon to those personnel

employed at that tlme.‘ Practlces provrded for new employees:ffff 3

to spend a day in general safety lndoctrlnatlon w1th the Health

Physrcs Technician shorLly after thelr arrlval The maJor ﬁyﬁy

5_v131on as. on=the_30b tralnlng, w1th coples of the manual belng‘ o

‘S

i'avallable for the operators to take home and read The manual'j 'AL

. \cv- N : “"

C. Records and Logs.»l””"

Missourl.
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prov1ded for verlflcatlon of the shlpper s value for received
material by sampllng the materlal as 1t enters the process.

: AAccountablllty is balanced by 1nventory of contents of the

various 1n~process systems and contalners.u The detalled method

of record keeplng was not deflned in the manual

. x, :‘v
T

in cryptic form Operators passcd most 1nformation verbally
to operators who succeeded them on the next shlft.”lTheﬁ‘

- Shift Superv1sor s log’ was used to 1nform and remlnd relleVLng

" supervisors of plans and problems for the new shlft,_ Itrisq

considered to be the best source of 1nformat10n on the state 'o o

of processing. ThlS log contalns no mention of the new TCE

washing process.

In addition, there were Operating Report*Sheets‘for35'

lrecordlng the operatlng data for each maJor operatlon, and

an analytlcal log of samples for chemlcal analysis;fQil

Identlflcatlon Procedures.f,.f+

S The orlglnal plan of labeling was based on use{

coded pressureusen31t1ve gummed labels, attached to

MThese dld not adhere well

vtape,were_thenggxmed. These alsoffalled to adhere,“becausef
A R P : : ¥ :

e

RO el s o v, ey "’m"-ﬂ . m! " v



;"themselves did not always bear the 1nformat10n requlredi

i", L i ,
D - ‘ 1 ] .
e 1
ST R SR
of the presence of organlc solvent on the outside of the ';;i SR ¢

bottles. Flnally, large rubber bands were used to hold the

,..(

':labels on the bottles.; It appears that ‘in some cases,’thef

R PRI DRI 0 K G R

x'fsolvent also led to deterloratlon of the rubber.g The tags S

:f.for 1dent1fy1ng the contents of bottles, and spec1f1ed in'

the-llccnse.

B T S KN T

Procedures spec1f1ed that the bottle tag and the sample‘

LR
£

tag were to contaln information as to the source or orlgln

Lt

of the solutlon._ ThlS 1nformat10n was first recorded 1n
the analytlcal log and a number was aSSLgned to the sample

~When analysis was complete the number of the bottle and

the tag were to be checked and the analy31s recorded on the

[

bottle tag. v‘hm': ;:t;i"::!};;

VI. Narrative of Inc1dent andeubsequent Euents '§
From its study of 1nformatlon avallable from the United?g‘*” ';g

Nuclear Corporatlon, from 1nd1viduals, and from the team of}?;’}dt f§

.

SELHLIR T

lAEC 1nvest1gators, the Committee has not been able to con-‘

.

struct a completely factual account of SOme events lnvolved

in the 1ncident. his dlfflculty arlses from two sources.

. u. i

o T

N Flrst as is always the case in aCCLdentS persons lnvolved'

et

: 'ufound themselves under stress, and a certaln amount of LUk
_‘confusion seeme’*“f occur.; Under such conr’slons, persons 1&%



.13 -,

B T R
B T

do not remember all details and occurrences cl early Secondf

some technlcal data have bcen difficult to reconstruct in

an unambiguous way. With the foregoxng qualiflcations, rhgfdiiff‘ g
Committee believes that the follow1ng narrative is reasonablp' :'g
' correct. . SRR e ig
_ At the tlmebof the 1nc1dent“the plant was belng operatedf_,‘“té
by four employees comprlslng the 4 P M ‘to 12 P M Shlft. 7§~é~.;gh;§
of the emPlOYeeS was deSLgnated as Shlft supervisor and wasi ok ig

" in charge of the plant.i In addltion to the operatlng employees,\*a

- one guard was on duty.. The operators were assrgned as followsf

e

ot s P8 e A Ty e

one to the evaporator and precipitator area, one to the pulse .577

column area, and one to the dlssolver area,‘ The dlssolvers; the o

1

prec1p1tators, and the extractlon columns were all in operatlon

: at the beginning of the shift,_[fiif“

At about 6 06 P. M., Mr. Peabody, the operator who had

been a531gned to the extractlon column area, poured the con~';7
tents of an ll-liter bottle. 1nto the sodium carbonate makeupﬁn

-tank on the thlrd floor of the ertractlon column (tower) area..u
li ThlS tank had not been meant for use with flssionable materlal

When he had almost emptled the bottle, the nuclear charn reactlon ffi

'occurred Mr Peabody saw a bluishawhite llght at the time of

-;%;ﬂ"i the nuclear excursion and observed that ‘some of the tank'

(lquId) contents were eJected at that time.: The excurslon




_ceiling of the room, Whlch is approximately 12 feet above. jp;fﬂ)g

- 14 ,}
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caused some of the solution in the tank'tO»splash_up to the®

o 9N N AR AN W L

Mr. Peabody fell to the floor, dazed but not unconscious. ’Héfw“

1mmed1ately rose and ran down 3 fllghts of steps to the flrst

floor and out of the bulldlng, leav1ng the 1mmed1ate planti”'m"

|

area through an escape gate in the fence on the south S}de
of the plant and proceedlng to the emergency shack someESOO

feet southwest of the plant The Shlft supervxsor, the

remaining two operators,,and the guard also went immedlately

}

to the emergency shack having been alerted by the soundrng !

of the nuclear (radlatlon) alarm° ' _“" )

After arrival at the shack the Shlft superylsor notlfled:ya;.ff
the plant superlntendent and the other Company off1c1als of :
the accident, and requested an ambulance and med1ca1 help for‘f"
Mr, Peabody, Meanwhile,_the_other personnelvwere caring forﬁf

Mr. Peabody, who had within a few minutes beguniéo exhibi;;Lﬁ;ﬁ

sxgns of d1scomfort and shock The ambulance arriVed at .

about 7 00 P.M. It started w1th Mr. Peabody for ‘the Westerlyyy'f;;

AE;Rhode Island Hosp1tal but was alverted to the Rhode Islandif,fgffafﬂ

Hospltal ln PrOV1dence, Rhode Island when it was establlshed ?:Llw'

by pollce radio that no facllitles for treatlng radlatron

-'\
anury cases ex1sted at the Westerly Hospltal,

,i_‘

One of the




I Y

hlassxstance of medlcal experts from the Oak Ridge Natlonal i;i' »'.: e

L Laboratory.

-.{tlme by about one hour. These showed that radlatlon levels

.occurrcd and that one 1nJured enployee was enroute in the - [xd?l.hgf‘ ¥,
i ambulance. Mr. Peabody was brought 1nto the hospltal at
t'aboutr7:h5 ?.M. Partlal decontamlnatlon was performed and
-.he was then placed in the emergency ward where medlcal care:f

: and radlatlon control procedures were 1nst1tuted

: }c
ﬁ was found to have low-level contamlnatlon on’ hlS hands and
; on his clothes. He was cleaned and dlscharged from the hospltal,
R
in treatment of radlatlon exposure arrlved at the hospltal to

| aSSlSt the hospltal staff.. Mr. Peabody s COndlthH deterlor-:@jﬁﬂ

§ ated through Saturday and Sunday, and he explred at 7 20 P.M.

f dent the plant superlntendent arrlved at the emergency shack
- He used a portable radlatlon measurement 1nstrument taken from ﬁ”

_the emergency shack for two radlatlon surveys separated ln R

- 15 -

1

The hospltal had been notlfled that an acc1dent had

&l
T

The employee accompanylng Mr. Peabody 1n the ambulance

)

Ln the early morning of July 25 personnel experlenced '

i

on Sunday, July 26, 1964.- An autopsy was performed early '

in the mornlng of July 27 by the hospltal staff w1th the =

Shortly after offlclals had been notlfied of the acc1-




' four-liter bottles. It was found that the tank would not

”';tank through the extraction column into additional four-liter

. ‘
4w Sk . I3 1
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cxceeded the meter limit of lOO mr/hour only near the extract-

ion column tower in which the accident had taken place.

While the second survey was 1n progress state civ11

defense authorities arrived equipped Wlth high-range radiation‘

" instruments. Upon learning of" the availability of these high—

|
range instruments, the plant superintendent and the shift

supervisor borrowed the 1nstruments and made a third entry of

the plant, intending to transfer the contents of the sodium ”’“;':

carbonate makeup tank 1nto contalners of safe geometry, so

that no further chain reaction could take place. This was to .j
be done via a flex1b1e hose draining 1nto the sodium carbonate
process column, which extends from the first to: the third

' floor. When the superintendent and the superv1sor reached

the third floor of the extraction tower,.they found the stirrer.

in the sodium carbonate tank still running. The superintendent

turned off the power sw1tch to the stirrer, and the two men went

to the first floor to drain the column of sodium carbonate solu-

B3

tion before draining the tank The solution was drained into f‘

drain and the superintendent concluded that the drain was

plugged w1th precipitate.: He restarted the stirrer, and the

\

':Lé superVLSor, who had remained below, drained the liquid from the .

Q i f

SR R
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bottles. The preceding action consumed an estimated twenty
minutes. Another twenty to twenty-five minutes were consumed.

’E;'in Other'areas of the plant.”

Between 8: 45 and 9: 00 P M., personnel entered the plant 5

’,;: thlS time to turn off the radlatlon alarms and to determlne,
more accurately the radlatlon level in the column area.< It

the column room was about 50 r per hour.ﬂh; ‘

There was another entry of the plant durlng thls perlod
"~ on the nlght of July 24 and early mornlng of July 25 Shortly
\ :;ﬂ_ after 4:00 A M,, a Company superv1sor went 1nto the evaporator

P ‘ :,-.

area to stop the flow of uranium solutlon from the storage.f

tank to the evaporator.f This partlcular solutlon, however,“ﬁf[f“

was not 1nvolved in the 1nc1dent
One more brief entry, on the mornlng of July 25 at
about 9:00 A. M., was made for a radlatlon survey of the pro- Sg'“

cess area. No areas in whlch radiatlon levels exceeded lOO mr |

per hour were entered

The offlce and locker room areas of the plant were decon-F

;fg : tamlnated durlng the mornlng of July 25 , Followrng thlS action,

_i}'x__c . . 4«
it

Whlch was completed early in the afternoon of July 25 it was

\

decrded that the process area would not be* reentered untll

;gffﬂ specrfic plans had been formulated'q;”7‘.“"“w

%\-\“ TR S SO VDS SR R L e e
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On Monday, July 27 1964' United Nuclear officials
organized an lnvestlgatlng commlttee.t The committee was“""

‘ 1nstructed by the Company to examine and analyze all aspects

BT e I T

. of the 1nc1dent ThlS commlttee s efforts culminated 1n o

the Company s report dated August 24 1964

- Beglnnlng with an entry of the process area durlng

the afternoon of JU1Y 27 all actions w1thin the plant F;

}.

E R i R e T =

: untll August 13 were subJect to the directlon and approval

of the Company's 1nvest1gat1ng committee.; By this latte

e ) AT g, T

date w1th the exceptlon of a very few 1ocallzed areas,\the

‘e'

m—_ ar

plant had been decontamlnated to the cleanllness criterla
" established by the Company commlttee." Slnce that tlme, the

rcmalnlng areas have been satlsfactorlly decontamlnated

T (it o VR L e SO

While decontamlnatlon of the.plant was a maJor ObJeCt'oifififfﬂg:
“ive of the Company, . the ContrOlllng problem for the Company s
1nvest1gating committee was that of determlnlng how and why _E_blf::t*

E: the acc1dent Occurred and the characterlstlcs of . the nuclear,? o

excurs:.on° Wlth these purposes 1n mlnd the Company committeei

formulated a detalled plan for sampllng solutlons residing 1n
| process equlpment and in bottles, and for the careful mapplng

L

 of the location of bottles and other portable equlpment as .;Weﬂ}bfk

\

LA on St e e e oy S 4 e A e e Ae

- they exrsted after the accident Decontaminatlon 1n each
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- location was effected only after samples of equipment and

materlals necessary for the study were obtalned

It is clear that some condltlons 1mmedlately follow1ng

I

the acc1dent were dlsturbed as a result of the several

entries into the process area durlng the evenlng of July 24

‘i i

,and the morning of July 25 These actlons have. been taken.

into account insofar as is p0331b1e, but it cannot be saldzb

that the facts are fully known

VII. Discussion: and Comment

~only a few months, = . . p" ?3 1>‘_;' ' -;4fﬁlif;

While neither the process nor the equlpment are wholly

' new in themselves, it is not uncommon that unforeseen problems

arise in the operatlon of any new plant _ Furthermore, thh 53'

the exceptlon of the plant superlntendent and two SupeerSOIS,
the operatlng organlzatlon in thls instance was not experlenced‘T
in the kind of operatlons performed ‘ W1th these con31deratlons _

;o in mlnd and upon detalled rev1ew of the facts and c1rcum-f‘

» 'bstances in thlS case, the Commlttee feels that some dlscus510n'

of four poxnts pecullar to thlS 1nc1dent 1s ln order. These

-ares’

. 1»
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:?éd planned

v:; ~ starting With the 12 P. M - 8 A, M shift on July 23 the day

,before the acc1dent. This led to the generation of several

initial operations.

. 1
i R A 0 .

) s':.xw:u-m:x"“ ST
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bearing solvent were carried through to the TCE. The TCE thus_

had to be treated to remove uranium more often than had been

2) Difficulties were experienced With the evaporator,

_»\E R
bottles of highnuranium=concentration solution and slurry

3) Uncertainties had been created by the methods used

to tag the geometrically safe storage containers and to identify

their contents.’

4) Procedural methods and controls had not been updated
to accommodate process and’ equipment problems ariSing from'"

'Ao Problems Caused by Contaminated TCE | e
Difficulties With the stripping columns began in March
and April, and the uranium-bearing TCE which was generated

had to be treated to remove the uranium,, No detailed pro~ ,jlif

;vcedure for this removal had been written, and a method was

deVised which involved mixing the contaminated TCE With a g;;g;

- sodium carbonate solution in an eleven«liter bottlé and

manually agitating the mixture.. Because of the weight an ook

operator usually placed the bottle across his shoulders,t'




'Z;V the cleanlng of contamlnated TCE cuuld be done much more eff1c°'5

. was indeed more eff1c1ent and 1nformed hlS replacement on =

’tthe next Shlft who was Mro Peabody.‘ Wlth the concurrence of

'7 carbonate tank to wash TCE was mentloned by the first operatorﬂg

‘e R
b
kit tenliag e

e 21 0=

and rocked it back and forth. The practice was slow and

laborious.

During May and J-re,'the ratelof eneration of contami~

nated TCE was reduced conSLderably, p0581b1y‘because of

greatey experlence in control of the column operatlng varlmhj; L

ables. Starting in July, solutlon resultlng from dlssolv1ng
{

off-spec1f1catlon U0, was. belng fed to the extractlon operatloneﬁ

LA

This appeared to cause.a resumptlon of the hlgh entralnment

from the strlpplng column, with the requlrement for frequent i

changes of the TCE wash

On July 17, one operator proposed to hlS superVLSor that :
. J

1ently in the stlrrer-equlpped sod1um~carbonate preparatlon )
tank 1-D~1l on the third floor of the extractlon tower. »Ihe ?;1
supervisor concurred w1th the proposal if the uranlum concennE‘d
tration of the TCE so treated was kept below 800 ppm ( a safe }“

concentration). The operator trled the process, found that . lt

hlS supervmsor, Peabody began to use the new method to 1emove ';

A (_ EE

'the uranlum from large amounts of TCE,_ The use of the sodrun

'\

‘rn the operator s 1og at the close of the shift durlng which he
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devised it. It was not noted in the supervisors' log.

~ Apparently, it was not communicated to the other»supervisorlr

or to the plant superlntendent.lﬁjp
New equipment. foxr decontamlnatlng the TCE whlch had been
deS1gned on safe geometry pr1nc1p1es by the third Supervlsor,‘:i

was on hand but was not yet 1nstalled aﬁ{:fﬁw;fﬁ‘

—

B. Problems Caused by Evaporator Plugglngf

The evaporator is normally used to concentrate theruranrun
solution prior to uranium. prec1p1tatlon.‘ Flow 1nto the evapora~
tor stopped durlng the 12 P M, = 8 A,M Shlft on'July 23 and |
it was found that the 1nlet was plugged w1th uranyl nltrate df
crystals. Clearing the lnlet leg requlred most of thlS shlft
and the follow1ng one, The uranyl nltrate whlch‘was removed f
as solution and slurry through the use of steam;:was placed‘
in several bottles,_ Twokof these wercicicvcn-liter bottles
labeled "Bottle X, Concentrated quuor from the Evaporator

and "Bottle Y, Concentrated quuor from the Fvaporator ' Itlf

has not been established how a thlrd eleven~11ter bottle was

labeled, and some concentrated materlal may have been stored 1n

‘fourmllter bottles. The confu81on ex13ts because most if not

all of the concentrated materlal except that in bottles X and

Y had been reprocessed by the time the accldent took place.‘ :
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This was the flrst concentrated material stored in the
plant in such bottles, The ‘next evenlng, Mn.:Peabody produced
;E%' the nuclear incident by pourlng the contents of bottle Y lnto ,f“
the sodium carbonate wash tank _ ﬂvfpf,jifc;‘b‘:: .
o o Cc. Labellng Problems
_ The deterioration of labellng‘practlces haslbaen‘mentloned f
earlier. Although the use of label de31gnatlon such as "Bottle;
?=¢1 Y, Concentrated quuor from the Evaporator" was a v1olatlon of
: the established plant procedures, the role, rf any, that ;}jtjia
labeling practices played in contributlng to the acc1dent is pfﬁé

.4’
R

not clear.

Peabody had.mentloned to-hls”supervlsor shortly before thelé
iii accident that some eleven-llter bottles were mlslabeled He?ﬁxi
) later said that before the accmdent he had been looklng ft)r~.3/_."‘~".b'm'i:z
an empty eleven-liter bottle, andlhad gone to the storage area_
é;f and found none. He sald that/he then decided to'empty a bottled

by washing contamlnated TCE as he had done before and that he L

5‘4; selected a bottle whlch he belleved to contaln TCE In fact

gh;lt is known that he took bottle Y It seems wellnestabllshed

that bottle Y was 1solated on a safe cart by ropes and stanchrons

. o ot
Gt R

i wand that it was labeled as descrlbed prev1ously To get at

I this bottle, he would have had to move the ropes and stanchions;z
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The Committee has found no way to resolve the contra=-.
diction posed by these statements and facts,

D, Metheds Used in Abnormal Sltuatlons,

While the wrltten procedures in ex18tence, when followed-pgi'

K

i may have been adequate for routine operatlons, 1t would appear

from the preceding d1scussron of the TCE and evaporator prob»‘mt7

W

PR

had not been provrded prlor to plant startup,.nor had such
.. . ! )

been adopted before the acc1dent.3

(:’there had been no. audlt by the Operatlons Control Manager’or

l

other technlcally quallfled personnel after plant startup,

In a few 1nstances, changes such as 1n equlpment or in batch SR

]

sizes had been cleared by teletype communlcatlon between

Wood River Junction and Hematite, 'Missourz,sfp~ﬁﬂvvaf-

VIII Quantltatlve Aspects of the Acc1dent

1/8 lnchathlck stalnless steel The tank stood above a

RAT
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lems that emergency procedures for use in nonmroutlne 31tuatlons’fﬁf
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f_ 15 inches, An agitator was mounted in the-tank,_ﬂEvidence
i leads toﬂthe following picture‘ofﬁthe.incident : U
g‘ Accordlng to the most plau81ble reconstructlon of events,
f,‘two excur31ons occurred whlchfwete separated by a perlod of
E, 1= 3/4 hours. The flrst took place whlle about 2 6 kg U235

as about 11 llters of uranyl-nltrate solutlon was bemng poured
4 in the tank that already contalned approx1mately 41 llters ot
5.'0 54 molar sod1um~carbonate solutn.ono The agltator was on‘ V
é“at the time, ThlS excur31on, whlch is belleved to have |
ée occurxed when about 10 llters of the solutlon had been added
E splashed about onenflfth of the llquld out of the tank vTheif;
§v v1ct1m, who ran out of the bulldlng after havxng fallen.toa%jiadf
2 kthe fluot, received an estlmated exposure of about 8000 renoglgfif
?i | It appears that the loss of fluld (not necessarlly of :
éivthe average comp081t10n of the contents of the tank) was .
| such thao the vortex and small bubbles from agltatlon were‘”i_;'
f suffxcxent to maintain a subcrltlcal state. Although.the e
; flnal content of the tank, 4l=42 llters contalnlng 2. l kg U2 5'
i is known better than condltlons before the flrst excur51on fdji
'§7 a crltlcallty evaluatlon 1s complicated by the quick foralbfﬁ'
i ‘mation of a uranium prec1p1tate (supposed to be Na4U02§CO3)3

\

ZHZO) As an abnormal proportlon of thlS precipltatebmay have

settled into a Tygon tube that was connected to the bottom '

-

,7 ""Y"‘“‘!’ ~(.",' ERE
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of the tank, the actual quantlty and dlstrlbutlon”of uranlum
within the vessel is uncerta:.n° The overall uncertalnry.of
»conditions during agltatron masks any calculated conclusrons
.about;criticaiity at that time. . ﬁfff ” ] | |
A The ev1dence for a second excurSLOn comes from neutron

"exposures of the two persons who emptled the tank 1 3/4 hoursﬂ~;

o after the first event. Actlons 1mmedlate1y before draxnage 1@",'f ﬁ

’were to turn the agltator off then on - agaln when 1t became

C TR

‘apparent that the llne from the tank was plugged : lt lS mostr7

I
ﬂ§~ llkely that the second excur31on occurred after the agltator'ﬁ
i

. % ‘was turned off, while the vortex and bubbles dlsappeared but' -

|
c}-‘before gross settllng of the uranxum precxpltate occurred

5 ThlS lnterpretatlon 1s supported by'crltrcalrty calculatlonsa,gff"

' No v151ble evidence of the later excursxon is reported " The -

few seconds required for the vortex to sub31de, and the chalnf

i < . . -'A\’
! L i

f . reactlon ito be reestabllshed in the absence of a neutron Jf}uf o i
. source, nould be ~ufflclent tlme for the super1ntendent who d g
- turntd off the agitator to have left the 1mmed1ate area, and | -;
:fcould account for the observatlon that hlS neutron dose seems:.- ;%

}f‘fwlro have been smaller than that of the supervisor with him, wh- , E
TR dld not approach the tank as closely ‘ The report of these %
2 people that the solutlon dld not feel warm whlle beLng dralned ?
g

: .

e
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g~§ supports ‘this secondmexcursion hypothe81s 1nstead of a recurrlng
iﬁ{ reaction while the agltator was active.
Accordlng to radlochemlcal analyses of the materlal from -

the tank the total number of fiSSlonS was l 2 l 3 X 1017 ‘:.‘: ;

A less rellable subd1v1S1on based on exposures, is that the ff'v S

e yleld of the flrst excur31on was about 10l7 flSSlons.‘uThe :
b : : f o
R v1olence of this event suggests a sxngle flsslon splke, where»‘ i
Pl
,iﬂ" as the second excurSLOn may have been a sequence of small f.b:;; &
. bursts. g 1'& . ‘~’V;31 f'_ub".7-{' - '= qﬂvf‘ﬂf
P The Committee consxders it to be 1mportant that aCtlonség:CMm 5
. taken after the flrst excurSLOn could well have caused a,‘” ﬁ
L * U &
SR second excurSLOn, even though the ev1dence for thlS as the f

partlcular cause of the neutron 1rradiat10n of the two persons

Uy

B eV N )

- involved is'notvdefin_itive° ;
%E 5 IX,p Conclu31ons |
! The accident that took place at the Unlted Nuclear Corpotao fh’
N ! e
;; t tion plant at Wood River Junctlon, Rhode Island posed no 1?: ; ;
;Eéi threat to the surroundlng populatlon,‘ Vlewed 1n thlS llght | i
Z;Ei’ alone, there would be no reason to con31der thlS partlcular ba; i
| acc1dent 1n any dlfferent way from other 1ndustr1al acc1dentss’3 ' %
FEERNY . o
Hiiﬁi-.However, the Rev1ew Commlttee believes that lt has been approe» g
P
i{:f: prlate to\conSLder thlS acc1dent 1n some detall to ald 1n 'bfi %
4w«lawﬁmﬂ4wﬁﬂ%rf -mﬁ,gwt-nluaeuli
i o . (R i L



5contr1butlons are as follows*f7”7’"

'f;;}if'A{u Technlcal Factors Contrlbutlng Lo the Acc1dent

‘melcmentlng the high standardc needed in the nuclear industty;

:‘for protecting employees as well as the publlc.

;t does not appcar that any 31ngle factor was solely respon-

5351b1e for the acc1dent The Commlttee s condiusmons on prlnclpal

v vy

3

My

f;i;v’Early in the operatlon of the plant unfore;Z:‘

FQQ f; ~ seen pxoceso dlfflcultlcs arose. Some of these
.hlled to generatlon of a 1arge amount4of utanlum_*f?

;bearxng trlchloroethane/stored in eleven-llter

o ,bottles,‘ No wrxtten operatlng procedure forl

";f}ﬁ,remov1ng the uranlum from thlS materlal @W

L?had been prepared

Q.f'A manual wash methoc to tweat the contaml-; '

1nated TCE was dcve}oped on an ad h0c basms.’

his method was cumbersome and anxted modl-

tlcatJou.

g[A new wash method dEVLSed by an Opcrator made’ﬁl'

use of stlrrermequ1pped tank tbat was never%

-vlmeant tor use w1th flSSlonable materlal.s” héa

i

jtank was . of crltlcally unsafe 51ze and shape.“

' Wlth the concurrence of two Shlft supervxsors,_

g
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this new method was used 1n placc of the

| :,,

fmanual method prevrously mentloned

a,:iFA.; Because of other proceSs dlfflcultles

e

'~'several bottles contalnlng large anounts of

. x

'ffuranrum were generated Wlthln less than CWQQ;

P

Tﬁldays, the content of one of these bottles

~'found its way 1nto the new TCE wash method

causrng the acc1dento-ﬁ

.After the 1n1t1al accrdent two superVLSory

L e vemployees reentered the bulldlng and took

plet ]

BRI : . N
‘ T R PRI )
R R excur51on.;-

}if' B. Procedural Matters

’lL’ There appear to have been gaps 1n communlcatlon

%,g _,flr;rf ;,'among plant operatlng personnel and between

5§§~a:hh5ff3‘f the plant and company management and technlcal hklf .

personnel The plant manager apparently was -

“'jnot made aware of 1mportant changes ln procew o

dures, and no ev1dence"has appeared that thorough E

hrevrew of logs and problems occurred
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3 Other Conc1u31ons-

1

. erx,A S
Wit

apformulatlon of approved changes ‘in procedure

to cope wrth such dlfflcultles, dld not occur

‘fat tlmes, although procedures for such revrew .
~¥and audlt exlsted Such practlces permltted

"the 1nformal resolutlon of the "TCE problem"’

'v‘The Commlttee belleves that the lndoctrlnatlon S

n

of plant personnel ln operatlng procedures and

safety practlces deserved more empha31s than

seems to have been gn.veno

In the oplnion of’ the Commlttee, the;control‘

of and access to flSSlonable materlal was not[f;ﬂ?f

commensurate w1th the hazards 1nvolved

The 1dent1f1catlon of flssronable materlal
stored in the elevenwllter bottles was rendered

dlfflcult by the methods employed in labellng

- the bottles, and the fact that the labels were

PR

" not always sultably descrlptlve of the contentsa;

fWhlle labellng practlces may not have contrlbuted

i e
+
i ~‘A..a
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ST for survey followzng a nuclear 1nc1dent,"

"reasonably frequent contact W1th operations.; Daywto-day

et

[ Ve . { .
S T TP - | koL TR e t ]

2. EEvacuatlon of the facxllty after the acc1dent
was prompt and adequate._ Notiflcatlon of

company and medlcal personnel was efflclently,;/_f

performed

“fj3; 'Instrumentatlon on hand was not approprlate

’1 o

4, The bulldlng ‘was reentered without 1nformed

assessment of the 31tuatlon that exlsted andip,f

~without spec1al clothlng and other equlpment.foxjff

Information on the presence of p0351ble neutron G

e » flux would have been particularly approprlate

follow1ng an acc1dent of thlS type.

X. - Observatlons

The Commlttee belleves 1t approprlate to conclude w1th a few

observatlons of a general nature,A lt belleves that these can
| :
be helpful 1n reduc1ng the probablllty of 1nc1dents in nuclear -

fuel processing plants, and in minlmlzlng the consequences lf

?

1nc1dents do oceur, = i if: ;f_g.; {f3.L? ",.fﬁ?AE?W

'l;j Control and review of crltlcallty by non-resident

[

Y1
i

personnel are likely to be 1neffect1ve unless supplemented by“

V
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: de31rable for new plants and new processes.'fl
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rules, addcd to perlodlc thoughtful audit by competent obser~

'vers lndependent of the llne operatlng organlzatlon, has been o

recognlzed as good practlce in most organlzatlonsa

s

?’2.} Plant startup perlods are partlcularly sen51t1ve,g_f

nand thlS and other acczdents suggest that the vulnerablllty
'_>extends to any period in whlch act1v1t1es are unuSual Startnv
tg;_ups should be recognlzed as a shakedown of organlzatlon,
equlpment, processes, - and procedures.v For thlS reason, operaaf,ﬁf

»Llonal checkout with unenrlched uranlum is often consxdered

-3,} Tralnlng and procedures should prov1de for coplng

[
Lo ..-,a

w1th process abnormalltles, and the ablllty to modlfy wrltten

I

'»v_procedures afLer approprlate rev1ew sh0uld be malntalned

4.§ Crltlcallty 1nc1dents are usually caused by comblmﬂl

naLions of c1rcumstances, each of whlch may seem to be minor.
o | : .
Slmllarly, comblnatlons of 1nexpensxve alds can go far toward

l

preventlng such acc1dents,' Examples are smgns that act as

; K

remlnders, and alds that make the proper procedurea easy and

the improper ones dlfflcult to follow.

'5:; Tralnlng in nuqlear plants should be recognized as_

43_

belng needed on a continuous basis, because severe emergency

srtuatlons will ‘exist so infrequently as to require memory

i
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freshenlng Thexe should be means of establlshlng how well

the personnel remember aspects of crltlcallty and health

}””phy31cs practlces. The tralnlng should contlnue to emphasxze o

| the need for adherence to approved procedures, and the practlcal

s

non—theoretlcal aspects of the subJect matter.k,a

5 i,{‘*i'.6 In plants wbere several forms of concentrations o ;

B

fflSSlonable material ex13t there 1s always a danger of con-ﬁ

i

fusion of material. Identlflcatlon practlces should be clear,

unambiguous,'and reliable. Those lots of flSSlonable materlal

that requlre spec1al geometry or s:mllar treatment to avoxd

'c t callty should be’ spec1ally 1dent1f1ed stored and conwp" fg
| :
Aotrolled &n ways commensurate with thelr greater potentlal .i
h hazardy,lffl‘ RN Gt lg
‘}‘2. A system wh1ch has undergoneka Crltlcallty accxdent %
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