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matters to be considered in order to mini&e ,pr' pre- e 
> > 
r r ! ! '. '. ;; $I ; ;' i / ,,' :!: ,, s. %  ,, , -, s, ,, j ', s, , .' s,,. :. :. elude similar elude similar incidents , and zg.';.i,.'-'.' ,,;,: ;! 'I ,::I!. ..',:'. : ', ,, :: I ,I : : (. . -/ ,' ,' <. ', -,rl, ',, i., ',. "..',,, / ,/ I ,:,: $ '( 1; ,,.'( .., ~ -I ; *,';, :,', .) 

d) prepare a d) prepare a report to ,the D irecfor"of., Regu$ation. .,.:;::,,:i:.;_,,..,~ i i '. ' .' !'.':::,' ,: e .,,. *~ r' , . .' f j: :' j: :' 'The.committee has been gi~en'~c~ess to"a~l".~nfo-tiori:'~~~_'..:' .z-;. '. [ , ,,; e * * : ,,:;,- : : ; / ; / .!. ; .I 'L;: ,.<',' :-f: I e* .; e* .; .;..,,: 1 
.: .: ,j,' ,j,' developed -in the course '.of the' invest,igations,. including ,,..',I.:., ;' .,. <. / ,'.: _, 
I, -- I, -- j,..'.' ' ' 1I ','. ,I.. : '. 1 ,t7 .., * * ; : ; : 

: : ; 'I ; 'I :. :. the official report of ,,the investigation conducted. by (he<',! ::':;."'~~.~: ' ' ' : .A, ,.'. ,. I. ::;. ::;. '.., (! : (! : : , <.l 'I :;, ', :y. ,! ; 'C< :t.., * ., ., 2.:'. ,,. ,,. . . . . : : We w ish tb express' our a~~~~~,,':',,:~...~~~. /I ., _. /I ., _. United Nuclear Corporation, ,,. .' '. '.i ,,. .' '. '.i t.3 ', .; :. 8: i, 8: i, 'I,! _,,,, 1“. I.,. I.,. 
I I I ciation for the complete cooperation'of all conc'erned.' :,,.:.,y,; !.,-;"..I',':' ciation for the complete cooperation'of all concerned.' i',..jy,; !.,!;"..I',':' .' .' 1 i. 1 i. ,;.: ,;...' ,' ,' : ..' f- ;: ,,*. . ', . : ..' f- ;: ,,*. . ', . .I .I : : .'," , ,, _ 2' .,:. 2' .,:. I I .,I. .,I. II. II. Plant Locatioy, " :; : : I -"'.:.~.::;~.~.:-r.,.: Plant Locatioy, " :; : : ; -"'.:.~.::;~.~.:-r.~: 

: c.,. ., .',.':. !- ,', ';, :; ,: 
.: .: .' .' f f . '- ;,,!; .';i, :'-;i; ,. ,- ;,,!; ,';i, :'-;i; : T.:> ,1. ,>[,,>, : : T.:> ,1. ,>[,,>, : 

.:Yz' ::',;:!.',:,, ,..'. ,! j;, .j;;i,;iY:t. _, 
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; ': ; ': ,.' /. ,.' /. T,he Wood R iver Junction Fuel ,,Recoveky 'Plant '<of ,the“.~'i'.!:ii :i: I .' 1. ,'-., The Wood R iver Junction Fuels ,,Recovery 'Plant '<of ,the“.~'i'.!ii :i: I .I 1. ,'-., j_,,. : ,, j,,,P : ,, L L ,,. :zi: '1 : ; ,,; . . ...:,:, & ,,. :zi: '1 : ; ,,; . . ...:,:, & I '. I '. i.,.' t.,.' I ,I ,;, 'V, I ,I ,;. "V, . ,' . ,' , , ,.((,, : '!1 I, , , ,.((,, : '!S I, i,. ,: i,. ,: 
! ;,,' ! ;,,' '. '. : : : : ; : ; : United Nuclear Corporation is located on a 12qo;,;aCre Site’~~~,‘.;~,~~; ’ ,-,. l.-‘;, United Nuclear Corporation is located & a l@O;,;acre site'~~.,'.l~,~~,~ ' ;,. l,-';, .. ., : ,,‘I ,’ : ,,'I ,' ; : ; : .‘.j.. .'.j.. . . . . ,!. ,!. !,,’ !,,' ,..” ,.." .:; ‘, .:; ', ‘i.’ 'i.' , /j’, , /j', I: j”. I: j". in southwestern Rhode Island.: in southwestern Rhode Island.: The nearest large.,populai, ,,.?;. ‘! ": "' ' The nearest large.,populai, ,,.i..;. ‘! ": "' r ,_,, ,_,, "~:;:: "~:;:: ! : ! : : I : I ( .: . . , ( .: . . , . , . , ,! ,! ', ', 

Rhode Island; and,Providence; * -1 ,I:: (: Rhode Island; and,Providence; * -1 ,':: (: ,' ,' j' !, j' !, tion centers are Westerly, tion centers are Westerly, 't " 
.;:;I. Y;:!. 

,. ,. j; .' ,. ,. .,i’ : .,i' : ,_ :‘. ‘_  ,_ :'. '_ _; ‘I _; 'I 
.I’ :., .I' :., 

I i : i : Rhode Island. Rhode Island. The immediate vicinity of the' plant iS "' ' : ,.' "',' ',' -'. The immediate vicinity of the' plant is "' ' : ,.' "',' ',' ,.'. ,I ,I : ; : ; .:, i, .:, i, . . . . 'i' 'i' .: : .\( .: : .\( .I .I 
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Wood River Junction Plant totaled 22, with duties :as genera+,. S. ! .‘i ; i, r! ).‘. : ,) ,!,,‘, 1. -’ rr, I :I I _ I i / described below. This number $$c<$ded the p.lant,s$perintendent, ,;. k;: .,, .i il. !: ; ,,, .' -, '-1': ,': ;; ;I ' ,. .-'., -. I*, 
' , : "&: health ph9sics technician;;';. 1' $ *: i: 3 shift supervisors, 9 qpyators?. ?,r, :. -: . . . .:; 1 s ! i i":: 2 secretaries'~,,and 3 securi.ty guards ;:i,z,{'. ,,, : 4 ; .a chemist, 2 mechanics,, ,; '. ,, . : ; .':?-. -: . ,. 'I: .. '. ." ,.q )1,;., y ,‘,.:'~,'. -: 
'i contracted from a protection' agency.' k 2 supp le.&itac kechn+Gafi *{l,,:i ‘. 

:. I,, ” 
= .!.I 6 

!. ,: ” , :. i:;’ : ‘. 5 ,. ‘. 1 .’ ..:;{.“. !‘,, ‘.. ,- :?: 
’ assistance in health physics and nuclear safety Was furnished ;T',', ,,':;,j i. : .,', I ,: i ,' j.. :.. ,t ,/.: .* , .- ,.;:..., : , .' __ ,'. 1 . 

,: I ,.' / : " and tie :_ 1 '. ';, 
'1 [ from UNC'sFuels Division, New Haven, connecti+; : :, 'L'.,.. ,I:' . '. ::- .* 

I /,::.:,;>' .I,.,:,, _ _. ,, ; 
I. , ;-I .: ; ,, ,' : i I Hematite Plant Facility, Hematite,,:~.Mls:souri. .::- '. i$. ,, ', ,, ,; ,;,, .-!i::.,:i‘::,-. ;' ,; 'ii , : " ,! .1 . . I I ;, I ,, ~,, ; 0, ~ , > ‘. :., 

;. The scrap plant was oper&e~dY'on s three-shift basis,,‘+.‘: :;i,a;y,,,.:‘. ; ,‘.., . (, ‘:;,y. I’) I \‘,,‘<“, ,, 1 ; 
. '. five days a week. The no&al fsF&& ‘brews we& c&posed ;o&.; ';!;li,'? i ,', .,: 

IIIIj , . .,' ,. ! ".l;,.' ., ,. :. I. : ." ': . ,, I '1. _' .,', ( t; ‘ ., : '. : .i .; :; ,I( ,I*. ;:, 
a shift'supervlsor, and .g se&&y guard. : !a:'..;? I'.:. ,,' 

;i . . ', I,.. ; I / I three operators, /. ,. ,' _' .'.. .- I : .i: ..',.,1.. ; .,:; 
: _'/.;l!'. .I 

: Six of the operators had started .employment,:with UNC "'!.":: "',; :. ., ,....I :' ; ,. * .' ,~' .'I, 2, ~. .,'. :. ,; 
! . . in February, 1964, 'ana' the othkrs,' joined- the staff in ': ~.~,~~I,... ,' .I ,,, .., ., . I. ',(_ ': : ._, il. '. 2 

'i964 I' 'Non&had previous experience ,:,' i.~~~.~ '; ! April, May, and June, ,,* i. . . 1 !, ,, \ 'A '. : : 1 j with nuclear material.' .In most part, the, operators were, ;j.~'T. : :'.,, c : '.,.,. ,' , 
. . ', ./, ,, I., 



years of experience, ten of which were with an AJXycontracted,.',. k': 
:?. ., . 

_. ;,; 
,,,.'.' ,. ., iii 

uranium processing plant. " He joined the UNC organization in .:,.'.' '. ii 
S.6 i .*: ., I '. 4,:. I I ;. ,': :.. /,. :A $2 

i-2 
October, 1963,'and was responsibl&?or':equipping 'kd staffing "":,, .'I, '_, s; ., :;__ 0, , 0. ., ') 'g. ,, ‘.I ,i ";'{ ', ; $ 
the plant prior to its initial ope&tion;,, He. also;assisted ' !,.L:: :...," j,, '.: k 5. I! d 

'/,. ., ,,.Gf... ,, i.: ',a: 1 .' ::.t ?',,I: f' ,. <, : ';g I,. , ,c),,:I .I ', 
in the preparation of testing,' startup'; and operating pro- ,,:~::~:f,;~-,:~; ;:: :,: I!, l:i 

;, 9 
..,, ., ,' /- 1 ,. ',' 1 '.; .;:;,::;'r,;i;.;: _ _(:i 6' 

cedures. The plant superintendent ;‘feported to-' the,'managey,-.. ;;'.$i;<% ,:" ::, .$ 
) .;,;: ; i . 7 .. ,', ; :;. .;, ,:;, .$ ,:;,: '.. ,.g 

'Chemical Operations, in New Haven;,'~'Connecticut.,' .( The' plant:, :,:,;,,:i'~!'-:;!. ., .f-,.: :' ! ,!$ ' .,'.. .r I. ,..:, ,. XI. ';' A,' ~ ['i Y" ,_ ,C'. (., !. / 9 1. 
superintendent was responsible for:productioti,- and.for con-z-'i:L:;,' ':' '. {I ;: ‘!u: ,, s -1; ,.. '. 3, ".( ,. .;, :, ', ,. .' . . . . I, , 
tinued safe and efficient plant operation, which ,includes :I::' $$a: I.: 

i: '. 
$ ; . . ; : 1f.i :. ,) 1. ,.,, ..: ,I. .': -,': ', ':., -1.'. : j ;. I .,, ..I): .' , ,_ I. :. ,','!.. .I ':..Z ,: .> . !" 

nuclear safety. : ; .: :' -:r,., ,( ,.' : : '.' :.' ,, : -,&. ;.. (', :.(I ,' '/ . I ,G, "i ,' ,jr .' i ,,', y::.,:: ;,, 
: : i, , '., .' ,',,_!' ;, ,, ; : 

The Health physibs Tech$.ci&( who hai been with & ,Gq :).~,~i:;f-~;.,'~,. " i 
.', .I,. .'. 1 : ,, '/,,, -; . .:.:,' ,., *: (. (8 : ( ; ‘, .:, 

'ii 
fnr ciu vc1,,7yc: hns hsd ‘s&w earli&’ contact ith’ c~it&ali&,:~:: , y-i.. .: :,‘: 8 LVL “A&. /U”̂ ‘, ---- ---- - -...- _-~~ ~~ _ ;. “1) ^,(! I, 

‘: . ,. _’ ‘:‘,,A 
.‘. 

‘_ ‘ ,-i 

: j 
:.,; .,. ,. 

2 

control procedures, .specifically for fuel storage:lat the ,+' ;:".'- ,, ~ ,, : t, .i,;:: 
. E 

At Wood River Junctioni.he reported to.':'-;!, -' : 
:l .,' ,..' 

New Haven Facility. ; I 
: 3 .I ij ':,,, ,. / 

: the plant superintendent but obtained his health physics 
,. .:,< ', . 

,.+' tq I- -:1 
'.I ., *.,,' ;;.I;:, (' !j ., Y. : _. 

i guidance from the Supervisor, Health Physics, ,in the New Haven; ii",' ,i 
.; 

.’ ,. 
, ,,’ b 

: ‘I 3 
: : !i plant.. 'The Health Physics Technician was responsible for ;. ": : ',, 1,; . .,,’ !: : ;I , .., .\ 
: I ..’ ., 0 
, i 1; monitoring the plant health physics and industrial safoty~~~:~~~;,:,, :, :.J 

11 i . . ".: ..,, !?.,. : .I, I ,., :.;:: 
ii programs. In nuclear safety; 

I,. .;I:,' 1 ." ,.‘:.:1:'.:~,.!,.,1,,:.1. 
his i,respbnsibility ',iyas" limited: ;! .; I:;.,,: : ;- , . _, '. ',(., .'.;. ,-'I: i: . . . , :i 

. . 
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The chemist, who has'the degree of B.S. in chemistry'- :, ( : . * ., ;i : ,, ?' :' . I ,. I 
performed analyses on the day shift.:' Cn the'other shifts, 21",.,~,.,,.. 

: 
1 I,' : ' (. a ', : : 

,.I" 
.,',j ,, ', 

chemical analyses needed immediately.were performed by the .-,I";#: .,:,I 
y, 

? ., : 
,.'g; 

,,. a.,'. ; '.,/,' 
.'. .,: -,;,, 

. 
shift supervisors. ,"':. f; ,a;,., _2'-. 1 ."' 1 .( Y,- ,, ., )'/ I I i '. ; ,: ,.. ,; ,,'i; 4'. ,_. .' 't:i,,';,' ‘., i, 
r, The Operations Coxkrol Manager at Hanatite,"'Missou~i'~,,-::~,, ._ . ,' ; ! ., \ .i< ( ). 1: i; \::* ".. 
had the responsibility for licensing documents and nuclear ~;;.~'~.~~;' ,, ,,' * ;, ,'-!, ,. ; i' . . . . ‘ 
safety at -the Wood River Jurktion.Plant... He had:the responsii,! ,',., [ 

:;4 ; ! :\ : ' _. *, 
bility for obtaining approval of ,tho ARC licens,ej,and its ," ',':i;:.:;:. 

f t 
5: .', 1 

./. , i' .- :, ;:< * .I ,.,/ k, ,' ,. i :, ., a. I i 
amendments, and for reviewing and approving equipment design' .;i, ,:. ! ! I, ,!. . . <. 
to meet the criticality requirements. 

:, :. 
The Operatiork~Cbntrol :I 

:i 
I : .I 

.; ,( ,.~ .,,. :I. ,. ',:; ,‘ -,L , ', 
Manager has a B.S. and M.S, , degr& ,in' mecha&cai:‘enginder& ::: !, . . j : 

'I ;.k:, , .' ;: .I,. ,lI.' t 
experience in uranium processing with an and nine years" :'I ;' '., 2; '8%: . ; ,, .~ / \, '/. " /Ii 

A&C contractor and with UNC. 
.: , 

He also attended the Nuclear:', , i -: 
..’ . 

‘. 
; j: Safety course at Oalc Ridge in 19.59. The Operations Control j : ..:* .I 
I Manager visited the Wood River Junction plant'on two occasions, : :,: 

.' ,' 
:* l! both in January, 1964, to review progress of construction : .; 
Ii r ;. 

: I ii ; *, ; : 
//j 

i,: / i[ 
and to familiarize himself with 'the site.' He,apparently did : , 

.: / '. .: ., u _, * ,. ;t ; ,: L ', /I_,! "4 1 " .., _I .';' it 

!T not-visit the Wood Riveti Junction plant between.,the time or ,:.. : ,’ j , 

.; 
I: 
:’ 

,.; I ‘/ ,. I,’ .,. . ...’ 
: ,‘., i (1 ,’ ,; ‘- 

‘; 
“. ,’ 

:.;: ‘,,, 
.‘,‘: i 

; 

ntnrkun and the time of the accident. 

'The ilant 'was designed to' recover'enrichedi,,uranium frm,,. ";; : '1. '. '. ,'.', ,. .,~,, ".I .i, ) :;,zy : ;'.:;, .+ ',.i I:' ;,j 
the wastes and scrap materials generated.in'fue.l fabricatiori" ::' .%;; ;:,- 

w. 
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preparation for solvent,extraction, 2) solvent extraction,. ' _-.,,, 
F , .; 
e!f f *: 

i .: ., 

operations for separation of the uranium  from  other materials : *; 
i;:, 

4; ['; .; :,. ; : .' a) 1. ., v,? /, ., I /., 
in the wastes and fuel scrap, and 3) finishing:o$erations to:, ' :' ! ._ .$ 

$1 
, ;; .I' .( * : .,. $4 

1; f+ 
convert the recovered uranium  to,iolid uranium  dioxide, which;: ' ,;f.::' $ 

::. 
1' .: ; .! f; ,; 

The process steps and typeiof equipment.', ',: ~~ 
i:,E  .' /I is the final product. '1 , j : / _e. I' .,' ; ,: I;' ;: p 

have been used extensively for sim ilar purposes 'at other ,-.":!!,;; . . '!I:, $ 
/ i : I i, / i ,, ,I. / ', ," 1 $ '. : I -,. I/ 1. No unusual process operations or equipment were '/',' ...' .$ 

,-:. 1.7 
/ : locaticns. '.I . ,'; 3 . II/ ;; .: / described in the license application.'., .: ~ :$ ;., :'.,\;:,. ': ,I, ., ;.;; 

,,: <;:: . ': . . I : .,',.;'. ..,, ./ ' ;i 
Only a short sum m ary of the process operations'is needed' :.., 

.' ':. 
I i I I;; ,,. ', *.' ; : ':,i i : .'* ,( ,; -2, 
: here. The feed preparation area"consists of mechanical!devices ," ,b : :' . '. ,I / '.. .I " -,.i;4 

:, for degreasing'solid scrap, removing portions '.of‘.-scrap that' :; 1 ,j, :.'$ ' .- ': : ."_ I/ ; do not contain uranium , and for drying and weighing the cleansed ',$ . .yr 
/ i ,,:I .' .x 1. solids. Solid scrap was to have-been dissolved & .th approl ',. ;z :+ ,: p - 

priate acids in one of the severai critically safe dissolvers, .;.:. ',.t 
'. 

/ 
1. ., $ 

and the solution was then,to be stored in critically safe ':,, ' ;; 
.i : , '. 

3. / 'I 
# storage tanks from  which. it could be pumped as feed to the.,:,,. 

.' : 
-. I ;;; 1 : " '. / 1 /: ..' 

solvent extraction operations. 

. ., 

'. 
3 / 1;. u pickle liquor, 

I: 
/: ., and other metals, ji I : ,' : 

'operations after 



1 

:‘, 
.: 

‘t : 
: 

.a 7 ‘_ <’ ,- .’ ‘,‘, i’.: 
,j 

.:’ I ,. 
‘. ‘I_, 

.,,r ,’ ,. 

Solvent extraction operations are conducted,in a battery ' . .. ,..' * 
of critically-safe pulse oolumns:..Uranium'nitrate in'the acidi- ..: 'I ,.,.' ., . . '. ? .', Is, ? 
fied feed solutions ispreferentially extracted into a solvent. . . 

, . i. ,i .' i : e :. . 
consisting of TBP (tributylphospha&e)dissolved in a purifikd:.:1 ;)I .:, .( .- . ..', ,, :;. I: ( 
kerosene. The uranium nitrate is'.'then stripped from the solvent' 

: t. 
into a low-acid aqueous product which is the& washed wfth TCE ' .' L :, 1 ., 
(trichloroethane) to remove trace$'iof entrained solvent; ,' The : I' . i I. .- '_"_ :fl . '* 
TCE-washed'solution is the feed material for the':finishing " '., _' ' ,-, ,, 
operation. In turn, the solvent is washed with ah,dilute sodium 

L,. 
carbonate solution prior to reuse...' The sodium carbonate solu-:,, . .. “ 
tion is made up in the small tank'in which the criticality'.in-' : : a .' . . " ! ,:.' ,. >, 
cident occurred. There appear to have been no'original specific "; .,, ,. : , /: . . ! , ,. " 
procedures for treatment of used,TCE, probably because the. I;~_'. 

. . . -'. ,, : .' 
amounts of TCE to be cleaned were expected to be minor: ..:_ ,),, ', 

'. '. ; ' '. , '.: 
As the first step ok the finishing operations, the aqueous 3. ' 

product from the solvent extraction operation (called O.K., ..,', I I : 
’ ’ ; ‘.,’ ,’ ; ‘.,’ ,’ 

Liquor) is concentrated in a critically safe evaporator to.',.;,;,' Liquor) is concentrated in a critically safe evaporator to.',.;,;,' .; .; .!I ,!I 
.' ,_',' .< .< / : / ; j j ,. .( ,( .( 

approximately approximately 100 g/l ,(at which point it is called concentrkted 100 g/ l,(at which point it is called,concentr&ed * ,_'. ,_'. ':', '.,'. . .: : ,' ':', '.,'. . .: : ,' I ,> I ,> :, :, : , ;.__ : , ;.__ . . . . : : ; : ,; :. 
O.K. Ljquor). O.K. Ljquor). This This ooncentration1i.s' required for producing'.: !i.'~I 8 : '. ooncentration1i.s' required for producing'.: !i.'~I 8 : '. 

.*' .*' .' .., .' .., : : ,': '. ,': '. ,, ,, I ,' I ,' /,. !.. /,. !.. ; ,, ; ,, 

. , 
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; crushed, blended, and packaged for shipment. . . '._ crushed, blended, and packaged for shipment. 
; .,.,, (.I,. 

v. Plant Procedures 
I: r 

4' '. . . :' , ,. I . . I ,'L, . I . ,: ,. ,; ,:. .,.',,. ; ,:. ( .:, 
Contained in the license'application is the""standard [.,.I:' .,, ,' a , - .i, ,; ' .'.,.: ' '. operating procedures.manual for the Wood River Junction Plant," : :: ;: 

. " , ',. ', .; ;. , ,' 
This manual, entitled "General Information and Procedur,es. ,-i .:.". 
'/- '. , :*, : 'I.. I, ,/ .* 
Applicable to the Handling ,of Special Nuclear Materials~';;is"!~'*: .'. : ., /AI, ,j,‘ .I '.'.' 

- an abstract of the technical procedures, contained.in,fFve- ,:;.'.:. .' 
.’ 

‘. ,‘:,,! ‘:I : :.,_;, j’ . . . . 

. volume sets of Standard Cperating"Procedures' uked,.by plant...~j~~~'i .,'I' " 
.' (, .; 

personnel. 
I' ',, ,<,:, r .,, -. 

Three sets were available to the,operators. There!]': ., ' f 
! ! ..) ,. ; 

: i i .'; : .,' ;. ", c .:,, I ,.,X.“.'. 
'. ) was one master set. ., .' . I' ,,., .;', : : ? s .: :,z 
: i ,/; 's'- ,' :* ,; ', ,,'. :, j .,j. '!, " 

..- ." -, >( ; . 
. ', 1 . ,,>,.'. ,:f, j: :.;:. ,,:,.. 'I: 'L* ,.-.i.::.., .,..! .,,, .,i .:,' ,~ 

i:i /' Detailed procedures bas'ed on"those developedy,at the United ,__ ;;:Vi.:-,:l 
,',.'i ,. I !/ . ., .., : ,..,'. :, " ..I. ." : . . .,t, .., ,:.., j ..' ; : I / : 

: 
: Nuclear Corporation Plant at Hematite; Missouri.;',,were given for':') .-:::; 

.., : I 1. Y" 'zi. ;.- 
the forty-four processes in the.plant.' For two items of:,' :,"% : ' 

> 

i .; I, i ._.,', ,, 
_!' , equipment, .,. ', 
! ; I 

SOP's were posted in the appropriate' plant areas.:" '.:!.'. .- 
; 3, '.( ; Y a, A. Criticality Control Procedures. > ,::j, :, .',: ; 

; ;i .' j - 
! : i, : 

.a; Criticality control is based on lim'itation of one or more . ' 
i 

'. 
I t .,. :: 

/' 
of the variables: volume, geometry, mass, concentration. ':-':/" l:., 

i ,. . . ,' :. ' I 
,; ;j Nuclear safety aspects of processes,' proce&s,'eq&pment item;,. :"' 

" 
'.,:"-, 

i:. j, 1;s : : ,~ / " ,, .,.., r I ... 
! : !, and the storage area were'evaluated during the'pre~license.'~. : , :i 

,'. 1 ,, . 



. . 

i. 

: '. 
'-9; ,-' . 

'. , y , 
Process safety was based on such limits in conventional 

.," '... '. ! I 
, ways, and in general, the' technical aspects of,,criticality cony, , ,,:, '. i 

(:. . 
i 

I ., .: ,' 
I trol seem proper. i In some tariks, 'normal criticality control .::: “I-, '. -,. ..! a I .._ ,; ; ' .,'. : ', 
I methods are supplemented'by including Raschig rings of boro-"'1'1: 1.;" '.: .,' I : ,' ,, ,,:,-. , . 
1 silicate glass, where-solution concentrations are,Iexpected not'.:, .i _-- / 1 :.., 
: to exceed 5 g/liter of U235, but the nominally safe five; inch 

/ y ;:,' ';' , ,' 
I. diameter could not be met. Reasonable tests and frequency of ; "., ?.I ..'; .,' .! , ." . ...: : '# 
; inspections of Raschig ringswere specified in:th;? AEC'license';.> ' :. . -.... ,' .' ‘ : ., .i: : 

Interim product storage used:five-inch diameter plastic.! ;I 1 .: ~., . . ' 1. 1 :, , : I 0 
/ bottles of eleven-liter capacity; and four-liter 'plastic .-.'t, l',",. :. : ,: ~ . . '..I( 'I ..:.;,:. . i* ,. '7,. . .,: ,; 
/ bottles. The latter were used for cleanup .liquidi:and for -': ,i :,'1 ,. : 

I :. ., ..) , ,.:i , ,,!I ,, '; '. .,. '... ., . . .I 
temporary storage until transfer &as made to the.eleven-liter".: '. : : / ' I ,,: ‘ ,.. I I 

I bottles. The eleven-liter bottles were"normally ',stored in ,,,! ",ii,' ;' .: '. ;,iq .a,.: I . . , 
bi-- --~- t-d-cape carts nrovidine a minimu& of two feet surface- ..?'.. .-".., ' --- -- r - - --~---u - : .5 ,, ; :', .,; , 
t :o-surface between bottles, The four-liter bottles were spaced ,. > 8, : ;. : 1. 
by eye'in temporary storage area&delineated on the operating.:!., !., ; I ,I. 
floor, or stored at safe spacing in a permanent'shelf area.:;',;: :. 

: ! '.". '!., ,c.. 
Less attention was given to.dome other'aspec.ts of criti{',! ':a ;,:: ., ., . . . . ,i .. /; ,i .. /; L . . L . . 
:. :. :; . . :; . . ,'. ,'. -, ., -, ., ,, ,, c:, c:, 1. '3. 1. '3. tr .,', ,_ tr .,', ,_ '. '. ', ', 

cality control, cality control, as indic&ted by the follodhg ob&ega&ns ;;?I" 2 ':' 'z. .' '7 as indic&ted by the follodhg ob&ega&ns ;;?I" 2 ':' 'z. .' '7 .. ,. .. ,. .>. : .>. : , , ; 5 ,_ ; 5 ,_ ,I ,I , , ,I.. ,I.. ,.. A,,.) 6' : ,.. A,,.) 6' : 
;Ihere had been no audit by-the dperations Control Manager "":; ':. I.,:, ':I. il ;Ihere had been no audit by-the dperations Control Manager "":; ':. I.,:, ':I. il / ",. : / ",. : _b _b ,.:;; ,.:;; .,: ‘.:"‘; ,., ; .,: ‘.:"‘; ,., ; ,,“ ._. ,,“ ._. > > .' ', .' ', 1 1 ,' " : , ',_. ,.,C ,' " : , ',_. ,.,C 
since operations with U, since operations with U, 235'started on March 16,'1964 (sus-I,;:' :I : in j, 235'started on March 16,'1964 (sus-I,;:' :I : in j, Is1 : .". Is1 : .". i ; .;/ i ; .;/ '\ ;. " ,, '\ ;. " ,, ; ., :. ;L ; ., :. ;L ,, ,, : : .' , ',*,, ; .,i : .' , ',*,, ; .,i : 
tained receipts of U tained receipts of U 235 dih not scour untii t~e,'~~~k of ~May':~T)'.',Ij."~ i:,;,',li 235 dih not scour untii t~e,'~~~k of ~May':~T)'.',Ij."~ i:,;,',li 

:. :I. :. :I. : : ,:, ,:, ', ', : : /"_,, : q [ .' -;, ( __ .c-; : : /"_,, : q [ .' -;, ( __ .c-; ,:,, ‘x ., , :::;, J ,:,, ‘x ., , :::;, J . . .,, . . .,, 
f-7 f-7 

I: ,_I I: ,_I :.,~ ‘ -i. :.,~ ‘ -i. 1.: ,,:, ‘;. 1.: ,,:, ‘;. /. /. '. '. .li I .li I _/ ':.,,? _/ ':.,,? ,? ,? .: j:., ';;‘: I .: j:., ';;‘: I ,':. ,, ,':. ,, '-,' ",, '-,' ",, 
i<;'c..';.. . ';: i<;'c..';.. . ';: 

l-7 ' l-7 ' 
. (yy .', ,; / ,. :.' ') . (yy .', ,; / ,. :.' ') 

,, <.;;. _,,I i- ,, <.;;. _,,I i- (. '*:. r ,, I (. '*:. r ,, I :.. :.. ,' i,;, ,' i,;, . . ': .". ': .". . . ., :, (, \ . . ., :, (, \ .I .I _-. ,;y; 'I .:':.I : _-. ,;y; 'I .:':.I : ; .: /, y / ; .: /, y / .- .- ._: ._: .__- 22 ___... .__- 22 ___... , , ., ! '.'l ., ! '.'l :... :... .. ei . . . . -- . . .. ei . . . . -- . . -- -- __ . . . . ..__.__ __ . . . . ..__.__ ,.., ,.., ".... ".... --*..- --*..- -.-".A ,_*._. ___ "* -.-".A ,_*._. ___ "* 
. 

I  
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.. ‘/ ,’ ‘: ‘. ,‘, ‘i;, . .,, ,I _. .. ; ;:I 
235 Labeling practices for U containers had deteriorated as the ', ., $ 

-. ,;. .., '. 
result of difficulty with origin& methods of affixing labels', c F 

; I ;; 
I'. ‘,:: '_ ,: P : _. 

The plant superintendent was unaware of atlleast oneactive.:;,:.,!.' " 
t & 

.1. ' '. I _' ..,,.' 
operation with fissionable mate&i, 'namely ,the.,~reatment.'ci~."lr:,. ,',' 

F 
1 ./.: :,.' ,.I ,. . . . i 

TCE solution in the sodi&n'carbonate.makeup tank"' 
The&4 .' .: ",;y i 

__-- '. _. . ..J I !'<,, (, j ;.,.,, ': ;:I :': i 
items are mentioned in more detail' later in' this :,report{'j)i.: :-J 

,: j 
;. . . .: i :. ,., '. . . ,. ,s : / i. ', ,',. ,L );'-., ,, ., ;/ ., -'., . : 

B. Training Procedures I' .; ,,_ ,, ':," I Q.';' ,, ',‘> .' : ,.:.';, I ..:; : S I; .:;;,.;.Y;;;,' : :., ;,:!::~;:8,~.;1 ,,,... :) ,, . . ._,. " I ,":,:.,' '. 
Although vargous methods, of training have:'existed, 'there'il :' :' : 

~, . . '. .., _..,'. .* : ,., ; I .,..- ." 
.does not appear to have .been a general program'or.:procedure(:;:i'~~,j' ., ,.' 

: : : ,:. .' .' : ,. ,."' '.;i: :. ,, . _ : .' 
for ensuring the training of all'pe&onneL. 

',\$, ' j ". '. : 
.In:'specific areas;:;':: : . " 

.I ., _' .'. ,_' ,,:. :.: 
such as health physics'and nuclear:safety, 

: 
the Supemis&, -,!,‘[I. ; : “‘:).‘.~‘I 

.: : j ‘., I. .‘.; ) ‘r : : ,.-. I .I .'._: 
Health Physics, from New Haven, ' did hold discussions and ,, ,:;;.,;:;';: ':' ,':; : : 5 I ,':. . . , 1 
showed films several months before operation'& those personnel ', :..b .S.', .I, .,: " I 
employed at. that time. ,, Practices'provided for new employees _. '# : '1 

.,i .., : .,. ./ 
to spend a day in general safety indoct;&nation'with the Itealth., 

,I. 
':I'. ,.' _. :: ,*,'I :, . 

Physics Technician shoktly after 'ih.ei.r ar,rival,. 
.':. >: 

The major ,;. '. .'. " : : ,, I 
,'*, : 

responsibilitg for training was assigned to'direct, line super&:, !;'. 
.' 

., '. ', ,. ,'.,,.~ . . ,ti.' ,. ., 
vision :as on-the-job tra+ing, w;th cppies of, the'manua&'dein'g' : ,,I,' ,.; 

‘.~ 1, / ;. ., /. ,. 1 ..-..,, .- . ,' ,; " ,j.. ( " ,.I.. ,s 'X 
available for the operators to 'take home and read:' 

;':,b..-. .'.,I 
The manuali' : ; ;-' .; 

'. ., l'*' :'i. ., _,,'\(. i. ..< ,/ '; ;' 

: , ( ,’ ,. . % 

’ !. 
‘! 

“h.i I- ,. ‘1, 

indicates that a safety meeting was to be held each month,. ::. .'- ,, :_ ( ','Z, L '., '.~:,i 
8.. 

c. : Records 
., ;I : !' .c, - : ,. " : -: ,. ..' ; ,;;., ,;, -j ) 

and Logs. ; 1. .,:,;!.-j I : _" .,, :,..:".:;:, r'. .; ';;,, f': 
..,;.'! ,i, ,.'.i 

a1 '.. "-, : .I . . . . 1.1 ;,a :;,., 2: :_,, ,_ " .:: ./: 
i, ",-;;,.;,::i,';l,,~~,,:,,,' ;; ,: 

: 'i ?! ,. II ;. .i' 
.i / !jj '- The responsibility fpr,~acco~tabil'i~y'wog v$t'ed in' fhe::;~~j.::::*':, ,"!, ":' 

.'I, ;, (. '-;.:i,. I I ,I.*> .,I c .a ‘ .' 1:. I .,'. ,..~"'.: ., :. '... 

'-_-___I_"C -, 



provided for verification of the.shipper's value,'for received,. ; , . .,, ,,_,. .,' 
!. : material.by sampling the material '&s it enters the process.:,~,?;.~.~: "., ., : .(, .' ,' .I . ,.,~, '. -'i, ,' : / ,:.. * " f, Accountability is balanced by inventory of contents of the ;::, .;l+ .I,'.I ,' , l ‘.I 

., ‘- .. ’ / ..’ 

!,; :” 

I :’ 

j i, 
'. 

<’ , various'in-process systems"and containers. 'The detailed method . ij ;I ,: ,, -' :: .:s. I. (. :,,' ,.i I. ',, ii' /. ; ; .,, ,I'. ,: 1 ::., I '.I, 
,.' ;' I of record keeping was not defined'in the manual:,':... -.,.1,',,"~~.;:;. ., P ;; ', ;'.i: ii ", '."i ,:. ', : ,j :,:.: 1, :- .- : * >- a'.,,., ,- ..' .,, . . . . :, ,,< ,: 7 _- ! .; ,.. ';I 

Although an operatorls log book.'was provided"for:passing~.:. .' 
'Y.., < i . .;, : ,,: j.;.", : ',(.I : -1 " : 

I' i ,' *_ : 
:. information from one shift to others, in actual, practice:. ;,;!lL,,,,i.:-'. : 9,; : -: ,, I) : : : (4 5. '. I-,. ",. ,,,;.,i (' : 

! the iog had not been used cons&tently and mostitems ‘a&e&k~~~“~. _’ I 
A -. .j’.<., ; .I’. :,, :_,j. ,’ ,: :e::’ ,,.J. , 

: / 
in cryptic form. Operators passed., most informatfbn verb&l9 '.'i: ;.j,.'; '.'> ,'_I : .,::. ., '_ ;,: . . 1' ;: j, I 

.’ 
1 1 

: 
to operators who succeeded them on the next shift. The..~~..,:'.;-i:ljl:.l:. “:I.,! ' \ 

.,,'. ! ,/; _ ~ : : .., -. 
I 

.., .' . '!' . . ;: . '( 
L 

I  

I  

/  

Shift Supewisor's log'tias used to: inform'and remind relieving -,,II.:':?; -'., ,': ", ', ,' 
supervisors of plans and~problem~~~for'the newishift. 

It,, .i, ;,r;:+ ; ", :: .AJ 
; '_ . . : '> . 

: (,': ..'( .' . . ', .:.*,-.:., -. ,_ : 
considered to be the best source of information on the s&e ':"". "';.' : : 

. 

:  
>‘, 

I  , ;  ‘. 

of processingg This log contains";0 mention of the new TCE-:':, ,. I' 
..< 3 ! ,', ,,: ' *. >.,.,. 1 

:I .'. . . ,. 
washing process. : ..' / : 

I,. a I,. a .‘: .': 
,, ,, ‘,, ',, >“., >"., . . . . ,:, . . ,:, 

In addition, there were Operating Report., Sheets for ,, ;'y(,.:'. :. '. were Operating Report., Sheets for ,, ;'y(,.:'. :. '. 
i '. i '. ;. .,) :", ,.:- ('. .,) :", ,.:- . . . . :, :, ' .*!';, ', ' .*!';, ', 

,recording the operating data for .'ea.ch major. operation,' and '.:;:;,:, i:,,' ,: data for .'ea.ch major. operation,' and '.:;:;,:, i:,,' ,: !.'. ,,. ., !.'. ,,. ., '.>' .,, '.>' .,, 
an analytical log of samples for-'chemical analyL5: an analytical log of samples for-'chemical analyL5.~ 

,, I%_ ,, I%_ 
i. ,' ?f. :,';I, -i:'. i. ,' ?f. :,';I, -i:'. : : . . ,.',, ..: ,.',, ..: :. .,' :. .,' ,.; :..: ,, __! ,.; :..: ,, __! , , .::.... .::.... ., _; ; ., _; ; . ..'.‘;.,“: , ,, . ..'.‘;.,“: , ,, . . ,:,v s . . ,:,v s '. ,' '. ,' j. j. ,. ; '.'~),> ,. ; '.'~),> 

" " D. D. .‘ .‘ 
.' .' 

Identification 'Procedures 0 ":. ' .i. ,, ,.;':.,'::,..,ir:,,-~~i,, 1:' 'jl, ':z:I:', .,'t:,: ::., -.i. '.:, ,, I ,:';i Identification 'Procedures 0 ":. ' .i. ,, ,.;':.,'::,..,ir:,,-~~i,, 1:' 'jl, ':z:I:', .,'t:,: ::., -.i. '.:, ,, I ,:';i : ,:I : ,:I .' :, .' :, ., ., 
The original plan of labeling was The original plan of labeling was 

.' g+;: ",i:~' :, .' g+;: ",i:~' :, ,. '/ ,. '/ ., ., .,,;,I':"‘ 1' .,,;,I':"‘ 1' 
. . : : based based on"use'of cOloL'-'~‘.',:,:~ '1.:: on"use'of cOloL'-'~‘.',:,:~ '1.:: .' ,,:a-... <. .' ,,:a-... <. ' ' .' .' 8: 'I ,; 8: 'I ,; 

"""S """S 
coded pressure-sensitive~'gummed:?abels,, coded pressure-sensitive~'gummed:?abels,, 

,,,'..,:: ,,,'..,:: I"".' :- I"".' :- :. ',.,i, :. ',.,i, .i .i '!. < -_ '!. < -_ ~ ,:; ~ ,:; 
attqched"'t6 the jotkl.6s.s . attqched"'t6 the jotkljs.‘ . ~ ~ i,! ', i,! ', *:, ',, ; *:, ',, ; ', . . ', . . 

,\ ; ,\ ; .: L .: L ,m ,m ; ; ,:; ,:; ,,'. a ,,'. a _ _ :!: :!: ',) . . ', 1 ',) . . ', 1 
These did not adhere'well, ,and 'new tagsheld o--with scotch:..! ::. ::'., ._:: These did not adhere'well, ,and 'new tagsheld o--with scotch:..! ::. ::'., ._:: ,. : ,. : a&: a&: ,, _.I. : ,, _.I. : . . . . :,, 'f ,j; !Li.~.-, :,, 'f ,j; !Li.~.-, I I 1. 1. I I '. '. ,,v:,;!" .: .'. ,t , ,,v:,;!" .: .'. ,t , ..(" ,,, I';,',. .i '. ..(" ,,, I';,',. .i '. ~' : .,' ; .;- ~' : .,' ; .;- ..'i.'. :, 2,';*: ..'i.'. :, 2,';*: ., ,r.; . ., ,r.; . s'! y,..z s'! y,..z 

' ' tape were .then, ;FLedO. tape were .then, ;FLedO. .These .These 
_ ,,:‘A I 8, ' ,, '- : _ ,,:‘A I 8, ' ,, '- : 



c : y,.’ .I I,) ,! 
‘. ‘,. -, 

‘. 
_ 12 ,;:; ; ‘,. ,’ ;, .. - ‘. .: ; 

” ‘. ., ; ‘. ..’ . : J ./ 
,:,I ‘, 1 !! 

of the presence of organic solvent on the outside'of the .'...j i 

;, ,- ;,, 
:. ,.. ; ,., )1 

: boikles. Finally, la$ge'&bber, b&&'wer~'used to hold the ! ':':.:: : ,,." b . .I?.' ..'. ,_ '-' ..i 4 : : : , ,' ;. :. 2 
. -l..Lrrlc' A, t-ha hn++l,s. Tk'mx'&dr~ that. jn some cases. the',..',.: '. 5 

~“L”L~*... UA”V A-- 7’ - --______ - -- .------- .I - 
..; 

,. . ‘.. ,. 
,- ‘.). 

.i ,,‘.,~‘~‘,’ .: ., : 
.) :.‘.I . 

$ 
1 ‘. I. 

'themselves did not always bear the information required1 ~~,":.':~~ ; ,,, e ', ,. _: :. .~ 
: for 

:. ” I .,(’ 

identifying the contents .&f bbttles, and sp&i.fied ,‘f&,:. ? :,, ‘i]~ ‘.. .I,’ 1; 
: b, I ” G 

,,‘. ‘. ,. ,’ j , , ..~ ;’ ,’ I. ,: d ,, : I ,,~ ..' ‘, 
Iicense. -,,'..: : :!:I :- '* ,,,j::,. : ,(..,'. ". .( 

r. :, 
; ,;I,,,,.~~. 

,' 
:.,Ij ;:;.;:,:..:-.(,,., .._, :, f 

.' 5 
Procedures specified that.'the bottle tag and'the sample';:‘:.::: Y : ; h 

;. ..:.;, ,,_.' :I. , i: 
, were to contain &formation 'as to the source'or~origin~;._;,.;'~~, '.'j.. ': $ 

.: 0 .,, , : , -,;,:y , 8. ' . . 3, 
the solution. This information was first recorded in ,.:-,':J'~~;~ ', ' ii of : 1.: :. \,y “, ,, ,e ,: ., ‘/ .: _’ .!‘. ‘. . . ( , -. ", 

th,n -mnlytical log and a number was 'assigned to the sample.,::;~(.,,~, .; .: .,'i.j LL‘G CL..‘ : _ ,, " .& .: ; .I ., 
the .number of the bottl'e a& '. : Y:;~;~!:~,~ i, :. 

-c 
When analysis was complete, . '-1': 

.-I : ', ', : : 1,' 'j' : ' i. ';. i I i t the tag were to be checked and the analysis recorded on the,':.‘(!-i. ., ', ': G : :; 
.I !: 

bottle tag. " “-:." ,' ,', ,. .' , ; , I' ', ,::‘ " < 
.'- ,y : li 

VI. Narrative of Incident and Subsequent Events' .' "T,;' 4; .:. ,. $:a 
From its study of-information available from the United;;.:. .: .I 

1; 
LL ). 

: Nuclear Corporation;',frm individuals, 'and fr& the team of :' 
: : p 

j 

: . ., the 
j 

tag 

‘. ‘,’ % 
< 

:: 

;i AEC,investigators, the Committee,has not been 'able'to con-. l:f'L,: 
i-. 
$ .' ',z_,!.;!_', , R ') ! i'.,... :' .,,,i' 9.. ' 

( :i struct: a completely factual, a&&t,'-'of some eve&s' involve'&':. I,. I'.' ;:, Ii f 
: ,; ," ,( .: ';; ; , ':, : '/". ! 8.. ,:a :.: ,. ' .,:, : t. 3 . . 

in the incident. 
t : : . . in the incident. ,I 

First, 
,I i 7.' 

.-found 

confus 
-. -. -I-.--- 



do not remember all details and occurrences clearly. Second; !;.! 
- ,: 

some technical data have been difficult tc reconstruct in !',,,; 
f': 
!,, 
[r- ,, I', ,'. 

). an unambiguous way. With the foregoing qualifications; the ,'f,;' /. I : ,,~,L: !; I. /, .',. : 
! ,,' ::- . .>'/(, 6 

.' Committee believes that the following narratcive is reasonably,. :X',,,_~I_ B 3. . ',.,h,'. ;' , /. ,: . *. .:I, 
.' ',I. , L' i : f! '* 

correct. : "_ ':. . ', .>,a : '. ,: ,.i ,'. 3 : ,. ., . . .I .) i: :. . . . ,( . .:' . 1. , 3. .: ' , g '. .',; ', ) ' '7, ,.' 
At the time of the incident'i' 

$ "Y‘, 4 ._ ,, the plant was'being operated '. ",:-$ , ;. /; ,c ., ;$ , : ,. rc I 
., by four employees comprising the 4 P'.M. to 12:P.M.. shift:: Ones ..:. :i ,' ',. , .,' " '7;. 

: . ..,, . *... : of the employees was designated as shift supervfsor.and' was ".;'.,I;: 
;') " .:. .,. i. ;',j 

'. ,'. / ,' _ 
* in charge of the plant. In addition to the operating &nployees',~;:. -\ :i ' . . '.' I 

one guard was on duty. ,The operaiors were assigned as follows!. ..; i 
: 1 

(., ,;. . . 
: ', ,. ,. '. .I., ; .', i :,_ , ., ,,, 1 I ;. /. i i one to the evaporator'and precipitator area, one'to the pulse : '. i .I 

i 
. : ” ,, ../ ,!i 

,..., ..>‘. (‘. I ., 
, 

column area, and one to'the dissolver area. .'.The:,dissolvers ;, .,the :j 
L' ,' : I,. I ;:: : : ; .,. ; 

precipitators, and the'extr&ztion columns were‘all in. oper&ibn : '- ,:,. : ';: .: .: I ""' .' ;' ': 
at the beginning of the shift,. 1.';. '.; 

,',; ' r, .' . . ., ). . :'-_. !:;. / :,i':.f i, : ,. -. ! ', .f,'_ 
_' At about 6:06 P.M., Mr. UPeabody, the operator who had,./:" -::, 

6. 
5. been assigned to the extractioncolumn area, poured the con-..i,' / ;, .i G I. '4 !, i tents of an ll-liter bottle.into:'the sodiumcarbonate makeup'.:‘.' ,' ., ', ,.,, iq : ! ' tank'& the third floor of the extraction column'(tower) arei,; ,. 
/, . . . . . . . 

, 
[I ’ 

'. 
:;I' This't&k had not been meant for['use'with fissionable material. ; :_., ,::, '_ . .;: ,: .' '-f ; ,, ', : 
:j' ' 

When he had almost emptied'the b'ottle, 
'2 

: .f' the nucl&r'chain reaction ., 
i ' .( 

._. : 
! 

,. ,.; " : 

i ! ,: 
i: i., *occurred. Mr..Peabody saw a bluish-white lightat the time of ', 

, 



c 
i ,. 

P 

caused some of the solution in the tank 

about:7:00 P.M. It started with Mr. Peabody for'the Westerly;,, '-. ', : 
'9 ; .,.' , ',_ .' : , : : 

,Rhcde Island Hospital, 
'f +: : ; but was diverted to the Rhode Island... :. i .....'!':>. ',; ,,., . . . '. ' .[ ', ; j 

i ; Y Hospital in Providence, Rhode Is&d, when it was established' ". 
: ,.. ', : 

- 14 -. 
. 

:. .’ 

to splash up to ‘the! 
I r.. 

/ ceiling of the room, which is approximately I.2 feet above; I; ,'.. ..' ;."' .i 
-_ ,. .' ,(' . . 1 

Mr. Peabody fell to the floor, dazed but not unconscl,ous, He, ', ; 1. i ,- i' .,. /, ! 
: ! immediately rose and ran down 3 frights of sfeps“to the' f+rst:..i: ' ' 

I 

.- ',. 
\ 

. . . .' "< t ;' ,;,. 
8 floor and out of the building;-leaving the immedigte plant :, :'r., ' ' : ,i 

,: . 1,. ',? .:,G ?‘;‘; ';'(' _ : i 
area through an escape gate in'the.fence on the s.outh.s-ideJ$,"‘; : '8 ..,I : ,I./ ,. '. . ., : 

! ; . 
of the plant and proceeding to the emergency shack some; 50011.“ ::i .' '.. :: ,', '. 
feet southwest of the 'plant. ,The'shift supervisor, 

: _< .j 
the :.:,:.. ':: . ._ :; 

', '. j'. . (. ',. -. ' , ': ., :, ,-. ,: 
remaining two operators, and the, guard also ,went .im.mediatelyi:':.. ' ,' ; .;" '. ,.. ,' / .,:.. i .:: ,,, ', 
to the emergency shack, having'been alerted by the sounding‘...,, : , .,- ., ,.,, j.' ,'. 
of the nuclear (radiation) 'alarm-. I' 

:: .A'. I ( ,, .. _ . * , :, / ::'. : J‘. : .Y' 
.' : 

After arrival at'the shack, the shift supetiisor notified ~_: '1 
.:. i ._ 

the plant superintendent and the 'other Company officials.of:' :.::.:'- . ~ 
the accident, and requested an 'ambulance and medical help for': 1. " ' 

Mr. Peabody. Neanwhile,, the other personnel were caring for.:; ~ .' ' :, ,' 
Mr, Peabo'dy, who had within a few.minutes begun to exhibit;,.,':;:':, 

: ,.;.. 
signs of discomfort and shock, The ambulance arrived at ,, I,,: ,,,:,. 

,. ’ ‘,, 

,;, . . :I . ; ;: by police radio,that tie faciljties for treating'radiation' ..,:,.!'L:- ,I >. '. . ..‘ ',.. 2. I. :, 
injury cases existed'.at 'the Westerly Hospital.' 

.,'~ . ., : ,. , , ; i: '_ .' : / . : .i 1 $)n& of the i. '$ '. ,, I ::I 
,' ' \.!.!j ;, 11. .::. ., ,Y!... ,;, /:,';.' '-,' '.. ,'. 13 'i;. /,,, I,: .:: ".. * : I pr. { plant operators accompanied Mr; ..,Peabody. ./ ..'-'I! '?.' :,,&::,, ;I.:'%:. 1 ~.;j~,L;~~~;; : ,, :' ,,_,' : 1 "WC-A i $,.. <W ...yi ,.,, ..‘ : .,,?:; 

&< ,I 7: /.,j', , f-i ,.-, : ',( t i (y ) ;;“, ,iC!,: ,;;.. .,$, -,:,, .', ,,,: 
;, '.. \' '. < l i, ,:.; .., ,. : ,i _,_, 1 - Lo --L-l.. ,i,. I.,,, :I:: !\::" '. ". I;'., :..,.*. ( 1 x.. ..-.. _.-.I -. ..I___--.. . .,s.4 ~. F-----"" ") -------- Fw . 

. , 
w. 



a 

‘. 

;-15- ,- . 
'< ~ ' : : 

The hospital had been notified that an .accident had ,,) ', ji 
:( I 

" occurred and that one injured employee was enroute in the i. I _' 
'1; ambulance. 

: ; 
Mr. Peabody was'brought into the hospital at " 

,I' j ',' 
:' about 7:45 P.M. Partial decontamination was performed) and :.' 
!. : 
! 

. 
; : he was then hlaced in the emergency 'Gard where medical care 

,, 
.' , 

!' and radiation control procedures were instituted, ., ,, : 
- .- 

1, ; I I 
i8 j 

The employee accompanying Mr. Peabody in the ambulance e: 
: ‘>. 

,, ! 

:j \$as found to have low-level contaminition on his hands and 
. t. s ;; 

I \I I i:',: 
i: / 
I( on his clothes. 

._ 5: 
:r; He was cleaned and'discharged from'the hospital. 'j 5;: a ,' I , :‘ ._ 'c .,'.'. ,; L'. !, 
1 5 In the;early morning of July< 25, personnel'experienced :;“' i:: 

*’ 
.i : 

i, in treatment of radiation'exposure'arrived at the hospital to 
L$’ * 

(; 
i / 1' S.-C " ; ,: L." 
j; 

t .+ ..' : .' ..,. ,.' 
# ' assist the hospital staff... Mr. Peabody's'conditiondeterior- ,l:;“'-:, .: $1, '. I 2 , ',J . _" $ : ', 
'1 ated through Saturday and Sunday, and he expired at:l7:20 P.M. ' ;$ ; ,, :!;/ 

: :- ,, 
/ on Sunday, 

i 
July 26, 1964.' An autopsy was performed.early :< 

;; " r : 
i in the momi'ng of July 27 by the hospital staff with the ;s. / 
I . . .< ., :. ' '/ 
;: assistance o;f medical experts from the Oak Ridge National, 

; . :i 
: ;I;: 

; ', 
: Laboratory. _ /'. :1 I, 

:: : .' . ,* 
Shortly after officials had been,notified of the acci- ',' '.,.' 

i' 
i/ ! ' : $1:; 
I: : ,I. .> .' :,. : .::, ,: 
!, dent,,the plant superintendent arrived at the emergency'shack.~.'l:' 

'.. Ti <; 
! ';, ,, ') .:: ::? : 
:',He used a portable radiation measurement instrument"taken from* ': 

::. :\I 
,: 

j i .I 1 . .! ':: 
j the emergency shack for two radiation:surveys separated in. 'z.,Y:,'i 

1. $ L ?a 
i, i . : ,, i 
I.; I 

; ,. : 
i ii time by about one hour. 

" .,' ./ :. ,;i . . j . . .' 
These showed .that radiatioil' levels .,. 1: 1;':' ,: 

;i -1,". : ;.“ . 
; 1 

.,,I' 
( - ,I'. . .,, ,'I : ;.:' ' '.'. i '~. .:, I .' :. .:,". , , ;'. :. ~ , ! .j ;. 

i,.. , ,, , i l>'- ..* 
.* ? 
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exceeded the meter limit of 100 mr/hour only near' the extract- : 

ion column tower in which the accident had taken place. *', . ,. l 
', ,' '; ., 

While the second survey was in progress;.state civil; ,/ .: :. 
h : 

; I ,. I _. ". . 
defense authorities arrived, equ&ed with high-range radiation ,,' < 

. 
*’ 

instruments. Upon learning of:the availability of these high- i 
: :. I 

; ,i 
t 

range instruments, the plant superintendent and the shift ., . i . . : '. I 
supervisor borrowed the instruments and made a third entryof',"' i 

z .' f. 5 
the plant, intending to transfer the contents of the sodium .'I, 

1 
i $ ':, 1 

carbonate makeup tank into containers of safe geometry,-;'so.;,~i': : V [ .,. .I : ; 
that no further chain reaction could take'place. ",This was 'to 

1 
: ‘_ i 

‘.,. ,‘( .i . . j 

be done via a flexible,hose draining into the sodium carbonate i 
I ,^ ‘ . i 

process column, which extends from' the first to the third' : sy '..., 1 . ': '. .' 
When the superintendent and the supenrisor,reachedd ' ' 

, 
floor. 

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

-.. ,, ,. 
in the sodium carbonate tank still running. The.superintendent _' .. 
turned off the power switch to the..stirrer, and the two‘men went : ., 
to the first floor to'drain the column of sodium carbonate solu- _,. , r' 
tion before draining the.tank. The solution was ,'drained into i 9 .' . . . . .',_. 
four-liter bottles. 

i':. , ; (,I :. . ,,i ,, 
It' was found -that the 'tank would not' ~::,A; _j':, 0 ' 4' '.. ,. .it / ! ), ;.. ,. :. , . . :', 

,drain,' 
.,, : .,._, ., ,.:f . . . 

'and the superintendent concluded.thatthe: drain was:.!:; !,, ',. ,.; . . : ., " . . I" .:. ., ,.. : '.. I.. '..I i'_,.' 
*plugged with precipitate, He. restarted the.stifrer, and the', ' ., : ,. 

: I :'/ 'I :,, '. (' \ I ;.,. ', " a:." ,, I_,' .' 
I supervisor, who had remained below,,drained the ,J.iquid from. the .,.; .‘, i. ,” it . . . . : ‘:, , : .:: ‘, : ! ,i ‘: ) 

j1, tank through the' extractior) :column,$to additional four-liter: '.I ,:,- 
I ., ,, 

r? 
t I *. ?.-A‘ /* ,“ I; )'I .' -. ._ (, 1 .,' - , 1 ,,,I.:' ,. < : 1. Y- 

\ : ,<f _',.:,;! a 4::' ; ::';' 5: , , 
!:. 
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T h e  p reced ing  ac tio n  c o n s u m e d  a n  es tim a te d  tw e n ty 

A n o the r  tw e n ty to  tw e n ty-five  m inu tes  w e r e  c o n s u m e d  ._  i .' .:.- .: :., 
: in  o the r  a reas  o f th e  p l an t.. : :.:: '. c .-,, '8  . i .,: '. ",Y  1 : .I .' : , j .' . . '.. ',, ': :_  i.i 

B e tw e e n  8 :4 5  a n d  9 :0 0  P .M ., $ e r s & n e l  & te red  the  p l ink’; c “i, -., ’ 
,. i  .‘. ,’ 

: ’ *, 
,’ ,, I' 
I ; i. .; th is  tim e  to  tu rn  o ff th e  rad ia tio n  a la rms  .a n d  to ' d e te rm ine  ,:.*:? '... ",. .i 

_ . :,; / . i ; L  , I' ._  
m o r e  accura te ly  th e  rad ia tio n  leve l  in  th e  co l umn  a r e a .i;It '.,:z';. 

I 
.., 

'. ._  1  .: *, ; I, ! f .,'.,; .,t 
., ., w a s  fo u n d  th a t th e  rad ia tion leve l . in  th e  first floo r  a k e ti o f -'- '*. 1  -.,'. 

:. ,C ' 
th e  co l umn  r o o m  w a s  a b o u t 5 0  r pe r  h o u r . l,., :/,.y; ,:, 3  ! :, ',' i,,:. .I 

) .':.. / 
T h e r e  w a s  a n o the r  e n tryo f th e  p l an t du r i ng ,th is  'pe r i od :":' I :I 

:' .: .;;a , 
"' o n  th e  n i gh t o f July  2 4  a n d  e a r l ~ ~ ,m o r n i n g  o f .kl$  2 5 .'~ ,'kh & ~ 'iy., -.'I : 1  1  ' ,' ,.~ ..1 _  ,', ., .'( : I. ! 

a fte r '4 :O O  A .M ., a  C o m p a n y  superv isor  w e n t in to  th e  ev .a p o r a to &  '. . . . : /,: ..' .\ 
/ i 

: a r e a  to ,sto p  th e  flo w  o f:u r a n i u m 'so lu tio n  fro m  tksto r a g e  'l',.:.;,i '.::..' i 
.' ., .I' : (  

Th is  pa r ticu la r  sq lu tio h , 
'._  .?  I 

tank  to  th e  e v a p o r a to r ,‘. h o w e v e r ; ,0 : :i', "  ." i 
1 . /, ' : 

w a s  n o t invo lved  in  th e  inc iden t.,, : 'I.',' 
., : .' 1  ,;. . _ . :. . I ., 

o n  th e - m o r n i n g  o f July: 2 5  a t 
: : 

O n e  m o r e  br ie f e n try, '. ,"y' ,' 
1  
1  

I ,y .' 
a b o u t 9 :O O  A .M ., 

t 
w a s  m a d e  fo r  a  r&d ia tio n  survey 'o f th e  p ro -  ;,I;, 

: ; '. I 
/. :! f 

cess a r e a . N o  a reas  in  w h ich rad ia tio n  leve ls 'exceeded '1 0 0  m r I ! 

1  
: $  : ',.. ' 

pe r  h o u r  w e r e  e n te r e d , 'I.' .I' 
:. '; 

: ' ,:: .. "' ,',,.,. ';" I ?  

j; / .:, .. , ,, I : 4 , : I 
; 

'.'L ,., .' ,, . 
!: ; 
'I ! 

.: ..'V T h e .o ffice  a n d  locker  r o o m  'a reas  o f th e  p l & $ ..w e r e  dec '& i '.. .':I: " i  I .' , ,, "' : '.'; 
ta m & te d  du r i ng  th e  m o r & n g ,o f July  2 5 .. ,, 

I . ,, I', .J ': ,,, ; "\ i 
! ; !. I ;. F o l l o w & g  th is .ac tio n , i, 

,I! j . . ..I, :"' . .' I, ;p ,. %  ' .:' ,, . ...). 
.: , w h ich w a s ,co m p le te d  ear ly  in  th e  a fte r n o o n  o f Ju ty 2 5 , $ t,w a s ,.: :r:. 9  
:! 1 , \ .' ,, ', :,,'.. 
,:/ - ._ _  : 1  c f .' "  !'I 1 . 1 ':. , : i j 

.I 
'I dec i ded  th a t th e  p rocess  ,! ', I; 

;. is !‘. spec i ffc: p lans  h a d  b & q  
;, ‘,_: .: ‘.,, (,, 

_ .__.  .._. ̂ _ .  ” . . .._ L;-.L .____.... . “1  y..““‘,.- -... .>  -_  .---. -..-.-.A .” _.. .._ . ._A_. ” -._,_ i 

, 
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On Monday, July 27, 1964, United Nuclear officials :‘ 

.; 

. . 

*’ 

L 

‘, ‘, I. I. '. '. 
,' I ,' I organized an investigating'committee. organized an investigating'committee. The committee, was " ,,,.. The committee, was " ,,,.. ;a' ;a' I I .i .i ,. ,. I, I, 'I 'I ',, ',, ' I ' I .A, .A, '_ '_ + + 

* instructed by the'company to examine and analyze,,all aspecta,l,'.,,I * instructed by the'company to examine and analyze,.all aspecta,;,'.,,: t t ::,- ::,- ,, ,, .,' .,' , ." >. , ." >. - - .' .' .).: .. .; .).: .. .; F F 
/ / of the incident. of the incident. This committee's efforts culminated. in .:.','. ,; ,L:~‘ '_ 4 

:, ; :I 1 This committee's efforts culminated, in ..(. 1,:: ,; ,l,:,a‘ '_ i: 
,., ,., s/ s/ 

:. 
,I,,,.’ ,I,,,.' 

the Company" s' report dated Augusk .'24, 1964. '; ',, ?;,,I ': the Company" s' report dated Augusi .'24, 1964. '; ',, ?;,,I ': 
1 ‘I I '/' , ;; ;; 

; 1 .I-, .I-, ‘I , ,I ‘I , ,I 
:' ' ,. 'k','. ';. f :' ' ,, '~':,,','. ';. f 

1 1 .) I',', ; .) I',', ; .' .' [ ; ::y-: y.:' i' [ ; ::y-: y.:' i' 
: : 
i i Beginning with an entry 'of 'the process area'! during ,: ,,,; :“'..;,';i., '. ., '. 'i Beginning with an entry 'of 'the process area'! during ,: ,,,; :“'..;,';i., '. ., '. 'i 

: ' : ' ; '. ; '. .I .I '. '. .: .: 
the afternoon of Juiy 27, all the afternoon of Juiy 27, all 

,,, .,:,.a ,,, .,:,.a , , actions actions 
/; :,, ~;;& -,.' ' ,y j /; :,, ~;;& -,.' ' ,y j 

,' ,' wi.thin"the 'plant .;. ':;!',I:< ,,',:i.!‘ :' wi.thin"the 'plant .;. ':;!',I:< ,,',:i.!‘ :' /. , ,..L..,( /. , ,..L..,( . . : : ;,> ;,> : : I'/<, + 8,';' i;“,: ,.I... I'/<, + 8,';' i;“,: ,.I... I' I' L L ., ., E E '> '> 
to to until August 13 were subject until August 13 were subject "' .-I "' .-I the direction' and approval:. .;"ri,;.:: ,', :,I ; the direction' and approval:. .;"ri,;.:: ,', :,I ; 

:. :. '.‘,Tf '.‘,Tf '4' '4' ,,,I ::: . I, ,,,I ::: . I, -: -: 1. ,, ., 1. ,, ., 1,. ,.,,, 1,. ,.,,, ( ( (, : of the Company's investigating committee. By this latter '$!:.':;:'.', :l ",, 1 'i of the Company's investigating committee. By this latter '$!:.':;:'.', :l ",, 1 'i 
: : ', ', :l :l ;-, .,I ;-, .,I 

,) ,) I I !.. ;*! !.. ;*! . . . . . . :I' ".. i :- :I' ".. i :- ,I‘ ,I‘ .' . :y, A,., ', .' . :y, A,., ', ( : ( : : : 
I ' : date, with the exception of a.'very few localized ,areas‘;*' the'.:!"?:" ",'k' i date, with the exception of a.'very few localize! ,areas‘;*' the'.:!"?:" ",'k' i 

. . . . .'. ,.: .'. ,.: Z! ; Z! ; ! ', ! ', ,;I./!,~ ,:' ,;I./!,~ ,:' : : .) >; .<' .) >; .<' i i _ . _ . plant had been decontaminated to the cleanliness;;.criteria ! .i,;,:,;;%: ,; ., ;\ plant had been decontaminated to the cleanliness;;.criteria ! .i,;,:,;;%: ,; ., ;\ ,I- ,I- ,.:.y., ,.:.y., , 'C. , 'C. :,:'(-, .; :,:'(-, .; ,. I ,. I : ; /(' :. ; /(' :. 
: : established by the Company committee,' established by the Company committee,' .:' : .:' : Since that, time, the .' I::.'... ,I :. 'i ;' Since that, time, the .' I::.'... ,I :. 'i ;' CI CI ., ::. ., ::. ,_.,;. ., ,_.,;. ., ,'. ,'I ,'. ,'I remaining are& have.been‘satisfactorily.decontaminated;" .":i. ' ',: ;-,,j remaining are& have.been‘satisfactorily.decontaminated;" .":i. ' ',: ;-,,j 'r: I- 'r: I- 

::. . ::. . .; .; :,; ..: :,; ..: .; .; ; ; ! ! While decontamination of 'the."plant was a maj-or object-.:,'.“ ". >' : i While decontamination of 'the."plant was a maj-or object-.:,'.“ ". >' : i 
,_/. ,_/. 

. . ., ., ,J ,J 

: : ive of the Company, ive of the Company, I I the controlling problem for the Company's' ., a' the controlling problem for the Company's' ., a' 
: : .' .' .' :;: .' :;: ' ' 

b. b. investigatrng committee was that of determining how and why -', ,/:'. investigatrng committee was that of determining how and why -', ,/:'. 
: : ,., ,., 

; 'the accident occurred.and'the characteristics of:the nuclear'.-., ', ; 'the accident occurred.and'the characteristics of:the nuclear'.-., ', ;I. ;I. ', ', ! ! s,.. s,.. .( 'I .( 'I 
,j ,j : ,',I : ,',I ~ ~ 
1; 1; /i /i excursion0 excursion0 With these purposes in mind, the Company committee .;,' With these purposes in mind, the Company committee .;,' 

1; iI, 1; iI, " ./ " ./ ,... ,, ,... ,, ,' ,' ;; .j: ;; .j: 
I / I / . . ,' ;: ,,, ,' ;: ,,, 

/. /. formulated a'detailed'plan for'sampling solutions residing :I$ ', ,.: formulated a'detailed'plan for'sampling solutions residing :I$ ', ,.: 
I I ,... ,... ', 'I- ', 'I- _: _: .'. .'. '5 '5 . . I . . I . . ; ; ; ; ,: ,: 

process equipment and-in bottles,:'and for'the careful mapping', process equipment and-in bottles,:'and for'the careful mapping', .5. .5. ,- I--. . ,- I--. . ;.. ,' ;.. ,' :., :., ,.' ,.' , : , : ,:. ,, 1,' ,:. ,, 1,' ,I ,I : : : : 
.I : .I : I ., I ., i ,'of the location of bottles and'other portable equi.pment;as':'[ ' ::, ' i ,'of the location of bottles and'other portable equi.pment;as':'[ ' ::, ' 

': ': , , ‘ ‘ ,. ,' ,. ,' / : / : . . :' . . :' 'ia,, 'ia,, 
I: I: they existed after the accident-i; they existed after the accident-i; 

,' s ,' s 
.!':.. .!':.. : : ,,?econtami&o~"in dabh . . I;",;:" '.: .;; :: ,,?econtami&o~"in dabh . . I;",;:" '.: .;; :: 

.i .i : : " , ; . . " , ; . . 
:, ,' :, ,' : : 

‘. 

i. 



. 

. ’ 

6 

materials necessary for the study were obtained." . 1' : : : 
',, 

It is clear that some conditions immediately'following : 
', 1: 

,' .: , .".I ',: ' ,; 
the accident were disturbed'as 'a.,result of t&several., i., .O* !'. ,:I', '* ' ,_ ..::. ._, . $ 
entries into the process area 'during the evening',&July 24‘;';:"" 2 

actions 
,,,.. . 

and the morning of July'25.' , !. 
These have. been taken.:" ':'I:' .:* j, i! 

.’ :: ; i %‘.. ’ ‘.’ 

into account insofar as .is possible, 
‘. ,,,’ ;.,; :, k 

but it canndt be s&d 'i,:?,-: ,' -> ,' j 
_ " /. 

+-hat the facts are fully known. :I-, ,. ' ,'. 1 ! .I. .,.._ i ;,. F 
j' ; .:i' ; ;', j .),:,':!1'..' : " :,'i 

. : ,:y ; ,, ,' J.' ,,'. :I' 
VII. Discussion.and Comment .'. b '..i I ~../ ,._.' k ,,. ., ,!: ,' :: B, ,., ' '. ,.*. .,,-. .. 1 a.'. 

'I " ; : I' $ , _ : : .: t :.!, , ,:<! .'.'. 
This accident occurred in. a new plant, in &e&i& fOlj'-.ii;, ;. 

$ i ;:: Ia 1, .i',.- ' ..' .,_. ': ,, ': +: 
only a few months. 

j ..' *. .. ',' ,. i' Zi *_. ;- ., ( : ',I> I 
: ,.,: , 1. : ,. ', fi : I: ,;, Y .! I. ,.. ,', !', :: ~ ; ..' 

While neither the process nor the equipmenti..are,wholly I-'.:::~: "' " ): p f 
( ., (9 j 

new in themselves, 
./, ." 

it is not uncommon that unforeseen problems', .-'.) 
:~.:' .' ' 

arise in the operation of any 'new plant. 
'. '..' 

Furthermore: with ,:,c. -. ;. 
'. . . $ 

,J. I' ? 

the exception of the plant superintendent and two supervisori;' 
f 
; ;1 
: 

the operating organization in this instance was not experienced :' (i 
:, ', 

in the kind of operations performed, 
'; , !; 

With these'considerations 
. . . 

in mind, and'upon detailed reviewlof the facts and circumLV;--. 

:1 b 

' '1. :i 
stances, in this case; ..,: 

the Committee feels that some discussion ' 
.'! & 

.I ', . . .,. 8 i: 
:, z .I _' '; .:y:. . '. k 

of four points peculiar to this incident,is in order.' :The& ., ','.- ,g :. i 

'-19- 1. 

5 . c. 
location was effected only after samples of equipment and ,: ' 

.  

:  

il. 

; ,  
.  .  

t .  

i! 

I  I~ . i : . :  I  1 

! :  
i; 

: :  

: :  ( !  ; ,  .’ 

,.’ ‘. 
( ::- 

C .  .?*.  . :  

1’ 

:  & ’ 

4 
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. 

: : 
- 20 - - 20 - ) ) . . ', . . ', 

bearing solvent were carried through to the TCE. ' The TCE thus bearing solvent were carried through to the TCE. ' The TCE thus 
i. i. I ! I ! had to be treated to remove uranium more often than had been:' had to be treated to remove uranium more often than had been:' 

'"8 '"8 : : ',' ',' *, *, ', ,,',: ', ,,',: ,,' ,,' ;. ., ;. ., 
j planned. j planned. , . . : : , . . : : : : ., ., /. ; /. ; 'L.'.. 'L.'.. . . . . .., '. .., '. .) ; .) ; ; . . ; . . :: :: -. -. 

'. '. / / 2) Difficulties were experienced with the evaporator,," :,' 2) Difficulties were experienced with the evaporator,," :,' 
!. !. I' . I' . ;: ,.I ;: ,.I . . : : j j ,. : ,. : : starting with the 12 P.M. : starting with the 12 P.M. 

; 1 ; 1 , , - 8 A,$ .'shift on 'July 23, the" day,,;.,':. - 8 A,$ .'shift on 'July 23, the" day,,;.,':. 
.! : .! : 

' before the accident. ' before the accident. 
,. : ,. : ,,:, ,,:, 

/./ /./ This'led to.,the generation &several ,I',- This'led to.,the generation &several ,I',- 
: : I ..I.,: ,. I ..I.,:,. .:k/ .:k/ 
,. ,. bottles of high-uranium-concentration solutfon"and.slurry;',' :, bottles of high-uranium-concentration solutfon"and.slurry;',' :, 

,' ,' ! ! '.. '.. I : , I : , ,' ,' !' !' ,. ,. I'_ _I I'_ _I : j : j 
3) kcertainties'had beencreated by the.methods 'used ,* 3) kcertainties'had beencreated by the.methods 'used ,* 

i i ~ : .,.,' ~ : .,.,' 1. ',,, : 1. ',,, : 0 0 ,. S‘~,.. ,. S‘~,.. j. j. 
to tag the geometrically safe storage containers 'and to identify to tag the geometrically safe storage containers 'and to identify 

! ! .' . . .' . . 8 8 : : . . . . :' :' ' .,. ;, ', ",: ' .,. ;, ', ",: :. :. 
their contents. ,..I. their contents. ,'.I. ,I ,I ,.'.:I. ,.'.:I. i.'. 1 : .:,' ,;; .,._ i.'. 1 : .:,' ,;; .,._ ,,. :,. ‘ ,,. :,. ‘ .' .' 3,. .. 3,. .. : ' : ' . . . . ,:..: 1 ,~ ,' ,:..: 1 ,~ ,' "1. .', "1. .', '.:. ,./, ;, ,." '.:. ,./, ;, ,." :. : 'r :. : 'r 

. . ;, ,<. 5 .i ;, ,v 5 .i .. .. ,, ,, I I : : 4) Procedural methods and controls had not beenupdated y-.', 4) Procedural methods and controls had not beenupdated y-.', 
'. '. .'.,,. .'.,,. Ij Ij ,.I, '1 ,.I, '1 .: .: .__ / ), .li' : .__ / ), .li' : 

; ; t': ,: t': ,: 
.' I .' I to accommodate process and'equipment pr&lems arising from"': ,::‘ to accommodate process and'equipment pr&lems arising from"': ,::‘ 

.' .' I I '. '. ., ., _. _. 
initial operations. initial operations. I' I' '. . . , '. . . , 

.I: ., .I: ., '8. '8. ,: ,: 
. . 2' _ : : 

A* A* Problems Caused by Contaminated TCE ) \ :, "Iii : Problems Caused by Contaminated TCE ) \ :, "Iii : : 1:':~ : 1:':~ 
.:. .:. ,.f. : ,.f. : , , ' _, ' _, 

Difficulties with the stripping columns'began in March '..'.:I . . Difficulties with the stripping columns'began in March '..'.:I . . 
: : : : ! ! I I I I 

/ / / / and April, and April, and the uranium-bearing 'TCE,which '&as -generated l.,::,i,. and the uranium-bearing 'TCE,which '&as -generated l.,::,i,. 
, , ~. .t /.., /.. 
j(. j(. had to be treated to remove the uranium. No detail.ed pro- ...'. had to be treated to remove the uranium. No detail.ed pro- ...'. 

1 1 , ..;: , ..;: ~..' ~..' '. '. ; ,; ; ,; 
/ ” i~ cedure / :, ;j j,: for this removal had been written; and a method was. t. i'! _. 

,! ii‘i:. '* , ,; 
i devised which involved mixing the 'contaminated T&with a 

: I' .'. 

i ! l If.. 
/ , :, .: ', .,.. .", ,.. ..,.,,: ; i sodi& carbonate solution in an eleve&liter bottig, and (' "" .,". ', '. '. '. ,' I 



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

laborious. _ ,. '. , . : .:- , : 
During May and June, the rate'.of generation of contami- A':' 

" 
nated TCE 'was reduced considerably,, possibly 'because of. ;/'j 

.; 
'[ 5 ,..; ..- 

'. /',' . 
greater experience in control of the column operating vari- I /': I 

‘, 
‘; : 

ables. Starting in July, solution'resulting from,,,dissolving., :' ? 
. .( (. :I'\, .,:?; ;;.,:,.i 

off-specification U02 was being fed to the extractlion operiltion.,;,i 'x' ,,, .,.I :: / ,: ._: 
This appea.red to cause.a resumption'of the high, entrainment . . ;'! 

. . . ,,' I 
from the stripping column, with the requirement for frequent,, .I '.:; 

: ;,; ., _,‘ ~. ‘ !> ., .I .' .-, ,',a, changes .of the TCE wash! _.', ::, (. . . .2 b . _.' '. : . .,j .I ,;‘!. .I.. .- .,: ,.,'.. ',:i ,I _: ; '_ .;': 
On July 17, one operator proposed. to his sup&visor ,)&at ,, ) : i :: .i, 

the cleaning of contaminated TCE cuuld.be done m&h more ef<iiT,,t'j '. x :, ': . ./ , '. ','. .' -, 3 I .A. 8 
iently in the stirrer-equipped sod&n-carbonate preparation'..:: :;;I ,: : .(. 
tank l-D-11 on the third floor 'of the extraction tower. The' ,:., 

‘. :, I 

, 

proposal if the uranium concenq .I :., .' 
waskept below 800 ppm ( a safe .,'.. .' 

tried the process;'found that lit,: 
I 

supervisor concurred with the 

tration.of the TCE so treated 

concentration) e 

was indeed more 

The operator 

‘. 

the next shift, 

his supewisor, 

efficient, and informed, his replacement on :::lj:,I 
'9 ,. '. k.,. I, ./, . x ; C' : ;I r,, 

who was Mr, Peabody. With the., concurrence of.:j.f$ :I( ',, . :.; ,;, .':' , .I ,',', 
Peabody'began'to use'the new method to 

il. : 
r,m&e '. ;' ',i ,'.. ,* ." ., '.'_ " .(. ,' 

-the uranium from large amounts of,TCE,' The.use'of the sodi?, :, .'? \,' :; ,.. " ,', :' G,. ,. : 1. .8. ,' 
carbonate tank to wash TCE was:me;n$oped by the' first operaEor,:; 

: ' .' .: . . . .' ',& :,' ‘1,. 
in the operator's log at"the 

.I ;, -.*t, 
close'of:th+e shifk.&ring which he' ; I ( ; %' 

f---f 
. ,' ,.', ., " 1,. 4 :: ,,,, -,i* : ,,' i,lf. -:t, ;. .' ,'( .. -: i 1 : ,' : ;: I :_'+ ;",, : '. , -. y I...-----. .* ,. **..'--:** - ._-...-e- ml- .<: / 



I ! 

’ 1 

‘i 
; . 

,-22- .' : 

devised it, It was not noted in the supervisors* log. 

Apparently, hit was not communicated to the other supervisor' 
: . . :. 

or to the plant superintendent, I.!: 
. I .:' ', : 

. ., .. 
'1,. 2 ,. ' ., 

New equipment for decontaminating'the TCE, ,which.had been: . ., " " .,, 
designed on safe geometry principles by the.third supervisor,. :.. 

. 1, ,, 
was on hand, but was not yet installed: : : ..:'."i. '. 

.I. 
'r_ 1: 

J .' : I', ' :I,:.; : : 
B. Problems Caused by Evaporator Plugging,,:I- ,: ,2 ,,I ,r; .'i /. 
The evaporator is normally used tb koncent&te the uranium. ', ':> ' "; 

solution prior to uranium precipitation. Flow into the evapora-, ., ', 
tor stopped during the 12 P.M. - 8 A,K""shift on.;July"23,. and ,' I.. : i \'. 
it was found that the inlet was plugged with uranyl nitrate 

crystals. Clearing the inlet leg required most {f.this shift, :y, " i ', 
and the following one. The uranyl nitrate, which was ,removed .' 

: '. .' . . 
as solution and slurry through the use of steam,'was placed 

in several bottles. Two of these were,cl(.:vcll-!.it-er bottles .. 
: 

labeled "Bottle X, Concentrated Liquor from the Evaporator" ,' 

and "Bottle Y, Concentrated Liquor from the Evaporator". It', 

has not been established how a third eleven-liter bottle was .I ., * a. :: 
.' labeled, and some concentrated materiaLmay have'been stored 'in .' )'. ., " ,. ; ':), 

four-liter bottles,. The confusion exists becaus'e'kost if not ', I :, , .," '. '.,; : 
l all of'the concentrated material except ,that'in'bottles X and ;. 

.I ! ” ,. 
1; ; 

,* 
‘, .,I,.. 

,,: 

! 
I :. , !i i !i I Y had been reprocessed by the:time the accident'took pbace,l,a';;, I ,% ; ..' ,,I 

,, ,. : ', _ '. " ,~ :.; ',,/'. jI. ,',I.. I<.* !, i' ‘ i .; '. i.',~','.. j ,' ',, , .-,' , - '. Y.,': - ‘b.,! . .', 'X ,. i,.,,,: 
;, 13 : I: :. ; I * 

. . _,_-- .- _,,: ., ,, ..--. _ _._.._- _. - . ..G 



> I .: 
': This was the first concentrated material stored in the .' 

; plant in such bottles. The next evening, Mc.,Peabody produced 
i : I : 1 the nuclear incident by pouring the contents of bottle Y into ,)',j , ' ,' _' : 

S the sodium carbonate wash tank. :.. ; ,' ,V' - ', ,:, 
. ,: 

: ~ ,.I ,1 
/ ? :_ : * '_ ,, " ,,(,. -1 ', I c. 1 Labeling Problems ,:: ;.'.'. ,. _ ,, ,... .,,.I ; 

8 .'I ., : i '. . .i / ' 'I , 
0: ----- The deterioration of labeling practices has baen'mentioned 'i 

:, : .1 1 : .i : earlier. : : Although the use of labe~l designation s&h as "Bottle ,,! .I .,', 
,: . , ', '- Y, Concentrated Liquor from the Ev&porator" was a:violation of :; 

'. : 
,' .; ,1 . ,.- ; the established plant procedures, ,the role, if any, that ,:e .,,;;, . 4 : 'b : .I/ ; : i labeling practices played in contributing to'the,'accident'is '!1, '. - 1 '. ., :- 

not clear. :::: '- -: 
: , , ~", '> ,. . .,*I . I 

Peabody had mentioned &his supervisor shortly b'efore the :'I . 1 : : ' :. " .r ! ,. : t 1, 1 : accident that some eleven-liter bottles were mislabeled.~ He -'I: 
'< :. : / 'i ..," 
.I '. '. later said that before the accident he had been looking for. :' 1: 

.:. .' I an empty eleven-liter bottle, ,. ,, and had gone to the storage area 

;, ., i / ,: and found none. He said that he then decided to'empty a bottle' 
i ,, .; ,' . : " / 

._ I, ; by washing contaminated TCE as he had done before and that he 
./ '~. .; / / 1:., ,! ; : ' selected a bottle which he believed to contain TCE. In fact, " .' j " I,' . : \ ,. .' '.-, ! !.-, . 
:. I> /: I 1 ,.."_ it is known that he took bottle Y.' ' ;~ 

It seems tiell~established";:"\,: 
..j ., : 'ii. ,, .' .,. ,;., : 

,:? :' j 
..:*' j ,' i that bottle Y was isolated on a safe Fart by ropes and stanchions / :c.,,t ., ',' I , ,,.- 1, :. 
i$:;i ' 1 j 
.;', ,' .' ; 

2nd that it was, labeled as described previously. (To get at. .; ,,y, ,. .I 
v'( i ; .. ,. .. ,: : " 'I 
.y" .I ! 5.;“ ): ' this bott;k; he would have had to 'move the.ropes a.nd stenchions.;; ', 
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‘. . . 
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p : 
:, 

The Committee ,has found no way to resolve the contra- ; . ;"t 
c.; 

, diction posed by these statements and facts, : ?  ; t I Y' 

D . Methods Used in Abnormal Situations ,~ 
i: 
~. 

! : 
i p, ,' ,' .::,,,I 

W h ile the written procedures in existence, when followed,, ; $  
j 2  : . ,'. . -6: ‘ .\'.., ,'i I,. , 
” ! may have been adequate for routine operations,"it would appear,-, ,:-t 

:; .’ I .>I, ,f _,. ,\ fl i : ‘_ :. 
, a  from the nreceding discussion ofthe TCE and evaiorator p&b<:.: ] ., $  

. . , , , I  
; I  /  

:  1-s thnt mpreencv urocedures for use in non-routine 'SitUatiQnS '.I '-T: f ,I/ i L u...... - *..- - ----- o-----I ‘ -- - : v :- ; 
j ;. 

I,, ,, ” ‘, . ,,’ ,+. .:’ ,;.>: 2 i 

I -1 i I : '. : 
had not been provided prior to'plant startup,",nbr had,fuch"-'-t,' j .:i 

'. ' :; , ',. (%.<. ., 1  h  .: : I ,. -. ', .(, ,‘ ., i' .I~.: > 
been adopted before the accident,' ': .,., ., .I ,;.,:I“:.', 

,;. .,., .a 
I .,' ",::, // ::,, :.;::; ',.I: _  , t 

.',. ! ,, ./ , r.1.. ,' ; '; !. i I,, (I,, :‘ '-.Y .,\ 
,. ,:".: , !: %  i ,, ,,!' '. 

Tt rngv he surmised that <audits o f .urocedural iiracticeslf:,.'::.:'j j : .'. i 

skii criticality control bv aualiffed personnel w&Ld have, l~ed”,:.~‘~ 

! to improvement o f safety practices and the development; o f4'~~‘:~j~, 8 ;: i ,. I,. _ , " .,r.." .- , :. 'I ; c :: .I,," '>, ._ (..", 
” i : : procedures for the non-routine'situations that existed,,.'but: ,:. E ',; '. :'.. ,,I. 

: 3  ; .".:.,:~.:. ,1 ',^',.; i' .I ',. I ' ,. . ..'7 !. .,'_ ,, , 
.s 1 , 'there had been no audit by the Operations Control Manager: or ;'I . .; I,,, '. 

i, : I '. .J , I* : .‘ ,' '; ,i, : , ; o ther technically qualified personnel a fter plant startu@ .:(.;::, :'. . . .,“. , .', 1  t ,t : . ,.',. , :. ..t; 
In a few instznces, changes such as in equipment: or in,bat&h,:', 

. . I' 1' 
sizes had been cleared by teletype communication'between".;.' ;j; ' 

/i, : I : 
i j 
Yi ; 

Wood  River Junction and Hematite ,' M issour&, ;':,' 1 ; : .' ",::~::.'..,~,:',.~,; ' ,, .':, . ;, '.i ;., '. I.' / ,, ., ) , .!'2 . !,\ : , i ,. 
Quantitative Aspects of' t&i Accident j:.'i.: :")1: " , _ ,.'z .:< "..' ,:.:':'-' ../, 

" : : '( 1 ;;; Y.:'. I ii ' .!. I., 
the ‘criticality ' in&dent occ&&d in ,.'iig",.,L ,. ' ,'I.'.' 

8 : ,, 2, ;:, l/8-inchlthick stainless steel, " 'The 
I! , . 



.I 

, 

15 inches., An agitator was mounted in the tank, ,Evidence ;. .* 
: : 

I 
leads to the following picture o f.the incident. ', : ; '. , 7 , 

I , 7 , ,' ,: i ; According to the most plausible'reconstruction o f events, i.,; 
! ,. 

,I i' / : *.- ,/ I . 
two excursions occurred, wh ichawe$ separated by a  period o f ' _“' i .,ii,: 

i /, 
//I 
,; : : i.,.+ 

j. l-3/4 hours. The first took p&ce'while about 2.k kg U235 .!': i. "; 
i‘ 

' : : ..I , I ; . ._,' : s !; y ; : 
as about 11 liters o f uranyl-nit&e solution was'lbeing poured, ;, '5 .L,./ 

I j Y '. I' (' 
\ 

L  , . 1  i . . . ,,. '(. ; 
Q lr,/ in the tank that already contained approximately,&1 I.fters'of: j .' :I; 

;: 

/'- 
J: 1 . I '. a',. : : ,. _ .." ; ,' 

0.54 molar sodium-carbonate solution. The agitator was'& ', -, : ',i:r: ~ 
'. 

i ; 
j' i .j, ;k . . .._  .L ! ./. ' a t the time. Th is excursion, wh ich is bel ieved to have' y ', 

,'I .' : - 
j j' ': '; " .i 
1 : ! / occurred when about 10 liters o f the solution hadl 'been added;, ..: ,,;iC  ' 

I ,?r 
j' I splashed about one-fifth'of the liquid out o f t&"&k. The l', ,. !. $1' ! I L  ;': ., ,, : i . , .,'. >,',> ' 
j: i victim, who ran out o f the building a fter having fallen to "::.." ', $  

. 
,, : ii i ..' ;. .: ; ', ,,: _  

:: I 4  
:: the floor, ,received an estimafed'exposure o f about 8000' &m',..~ .' r+) 

!> ;.-, _* I : 1.1 ,' : ., 1, ..' : 18 ! Lt appears that the loss o f fluid (not necessari ly o f II ]. 'i'i 
:.< . 

!, '.' ,, : t: 
i the average composit ion o f the contents o f the tank) was ',:' i.1  

; 
I: ; 
: : .- , I 

such thati the vortex and small bubbles from a.gitati,on were .:'I., ..! . ::' .' ,' 
! ! sufficient to ma intain a  subcritical state, Although, the I' , .* , r 
,' ; 

> final content o f the tank, 41-42 liters containing 2.1 kg ?'3sY,', 4  i: 
/ * : 
' is known better than conditions before the first'excursion,.'. I I: 
I 1 , .1. ?  ,' \' : 1  .‘ 

: ,I. ', ii' a  criticality evaluati:on is comp&ated by the quick. for-.'~"~:'..,‘ 
$  
;i'. 

/; I, .," I 
I.'( * ,. : :: 
t/ ' mation o f's uranium precipit&e; (supposed to be ' ia4UOz(C03)3 i r..t I 

.- , i.: : 
1  i ‘ZH2,0), A>, an abnormal proportion'$ &is precipiiate.majr.+ve, ;z' 

," 
*: 
< ! :,: -. ; .;' 

.' ' _ , ; ,. : settled into a' Tygon &be that ~'co&nected'to the.,bo'tt&':.: "11. 
I., 

I 1  > .: 
i, : / i. -... " ..: * ; i r '. . f.-, ! ?  0 :. ': :,, ,.1  ‘. * , : ,. 'h i , ,. i; ', ; I .' : .(: /': j ':. I '. : _- :. . . .,,.' ,_,, ::, '.' ,; 
,,'I., 
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is uncertain. b . .; ": ,' :, * . . : ,I .. ' !, r. 
. I ,- 
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at that time, i .,,',, : ', ,..!&' .' _, : Lj; 
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'i;L : after the first event. '; ,+ j ' 
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Actions &nmediatel.y before drainage,'; ;,.; ._ '; ,,t 
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\r ! .: : we&to turn the agitator-off, then on .&gain wheti- it b'ecame"' '. ;, $ .' ; ' i!, : I 
apparent that the line' from the tank was plugged9:, 'It is most" 

5;' 
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I ', ,. ,, .' *:.; i / I' : ! , likely that the second excursion occurred after the agitator~~:. :;, {; ‘. 1 :'. i ! ;... , 

,;; I was turned off, while the vortex and bubbles disappeared'buc :'j, ' 1,~: ! .., . ,' : ,: ,.y. : :! 1 : ..: 
before gross settling of the uranium'precipitatejoccurred, *: , 1 I .; ,. : 

;':; :'I.' i;: . .-,. :: j i;: i i; / This interpretation is supported by criticality '~alcularions..'I" . 5 
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, ! turned off the agitator to have left the immediate.a.rea, &d ,, .;, '. .: :+ ,: ,,: '. E ' '.,I - ! ! could account for the observattonthat his neutron dose seems L :i ',I: /: ./, " I~' L, . . : :( 1, 
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