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MEMORANPUM FOR:.., BenB. Hayes, Director
Office of Investigations

FROM:'-• " iý.,-V ictor Stell o,,J..
:'Executive Director for Operations.

SUBJEC:T.::• i.":,I. INVESTIGATION INVOLVING KERR-MCGEE/SEQUOYAH
.'.-CORPORATION (4-86-005) ..

*s.- • 'F*

FUELS:?

This is in response to your memorandum dated August 12, 1986, in which you

asked several questions related to .the safety of heating cylinders of UF6 that

have been overfilled by varying amounts. ,Responses to the questions are enclosed.

.... .r*~*. Victor Ste11Q,-

-Victor Stello, Jr
Executive Director • .

: . " .. . "for Operations .

Enclo dýs : As stated ...
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MEMORANDUM FOR:, Ben B.ayes, Director.
-. .. Office of Investigation' s.,.,. "

FROM: Victor Stello, Jr.
Executive Director for Operations

SUBJECT: 01 INVESTIGATION INVOLVINGA KERR-MCGEE/SEQUOYAH FUELS
CORPORATION (4-86-005)

Ths i.s..in response .to your memorandum dated August 12, 1986, in which you
asked several question's related to the safety Of heating cylinders of UF6 that
.have .been. over.f.illed by va~rYing.ajpounts. Responses to the questions are
enclosed (Eh~closue.1.4

:Regard.ing .the relatIir,,ve safety of. heating cylinders containing UF , if one assumesithat the. hazard of- heating a cylinder of UF is hydraulic;,ruptur, then heating
any,..cylinder that. hais zero void..space may rgs ult in the'rupture of the cylinder.
.The Department of.riansportation.ldef.ines.an overfilled cylinder as a cylinder
of UF containing less than 5 percent free void space at 250°F. (See Enclosure 2,

,.memorn.ndum from W. .H. Lake to W. T. Crow dated..7/31/86.) Please note the state-
mert in the memorandum that "overheating and overfilling of UF6 cylinders can

,.:-.,-result t*in. hydraulic,. rupture."--. In responding' toi:-your..questions,-4the staff.assumes
that the cylinders contain only pure UF-•:and are heated using condensing steam
at"at6o'.sphheric," pr.essure (approximately"12F. ', . ". .... 7

.4. . .. . . . . . . . .. ... , *...'. ! ',..'- .... 4- , ,• : 4 .. ~ .. 4

Victor Stello, Jr.
Executive Director

for Operations.

Enclosures: As stated ,. . .. .
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MEMORANDUM FOR'- B\en B.',Hayes,: Di rector'
Off i e of .Invyestigations~i

FROM: Victor StellIo, Jr.
Executri e Director for 0 erations

SUBJECT: 01 IN IVESTYGATION INVOL ING-KRý-CGESQOA FUELS
CORPORATIOO' (4-85-005

T~hisi s.. ' in respopse. to your mem rand m dated August 12, 1986, in which you
asked several questions related he safety of heating cylinders of UF 6 that
.have., been. over~filled by varyingg.a. unts. Responses to the questions are
enclosed (E.nclosure. 1. , ... 1) ...

9,teel . ea*goii£n

Rgrin th reaive safety o heatng cyl~inders' tannUF, - if one assumes
tha. t th e.:hazarof hea~ting a cy in~der, f, UF ,ijs hyd r~aulic ruptUrg, than heating
an.clner tht.has'. zero voi .spaI4ce m r sulIt "i n the ru'tr fte yidr

.The., Department of .Tran.sportat on :defines an overfi~lled.cylinder as a cylinder
of UF containing less than 5 'percent fre void spac'eat 2500F. (See Enclosure 2,
memor~nduni from W. ;'H.'Lk '.T ro e /18. Please note the state-
ment:-in.."the memorandum•."•th6 " !- verheatin2 an overfillin.'U . !f. 6 cylinders can......
Sres : ut in' hydraulic .. r'.ptu- .•- n • responding to your ques.ior.s, the staff assume's

that-`th~ei'cy*1ihders_' t6 Afp1y p Ure'UF-&hd re-hb P-dihgcopd69igsem
~at atrnbsphe 1& pr e s suirr re -app0roxim~ately PI,2 F ). i u l

* ,• .. .- " . " • . ' I -*.; , ''• - • • -•"I " " ; ' •' •'V " , ,I -. • : '

-,. ..... i .. Ji. ..".,.f-of.n es i at o s.... . ..-. . • • " . ..

Victor Sitel o, Jr.
..Executive Di ector

for Operati ns

Enclosures: As s ated.
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ESPONSE 3To 0 QUESTIONS ..

....The.series of questions posed by 01.concerneId the safety of heating
cy]i.h.der~s containing UF that had been overf illed by varying amounts. The two
cyin.ders involvedat ;-tlie Sequoyah .Fuels Corporation are identified -in terms of
nominal .shipping.weight of. the.UF' contained within the .cyl~inders either a"'IO-!ton cyl-inder,k or .a ""14-ton cyIinder."

In, answering Athe questions it,.,has.7been assumed. (1) that:,the,.cylinders are. 4
built, ,Mai:ntained, .and .tested in.accordance,,with applicable ASME codes; (2)that.,.overfi..!ng,--.fo the purposes .of.the 6procedural *r'equ•irements of the
Se.quoyab.FuelsCorporatlon '-.means an.amount" in-excess.of.:21,030 pounds.for
the IQ-ton cylinder..and 27,560 pounds for the 14-ton .cylinder; (3),.the.hazard
a .ssocti.amedtyisth.heating` of -an 'overf'i• lIed" tcyl inderof I UF • ii hydraulic -rupture
resuilting from expansion of the UFý resultinfg from tie" hehtingi and, (4) the
cylinders contain only pure UF. ang are heated using condensing steam at
atmospheric ,p~ressupre.ýapproximgtely 212*F).

In general, the,,cylinders are designed -so that -free void space .exists.when
filled to nominal shipping weight at 212 ' F.- L.Accoriding to drawings ,2:`!the minimum
volume capacity of a "10-ton cylinder" is 108.9 ft 3 ; the minimum volume of a
"14-ton cylinder" is 142,7 ft 3 . Assuming-these.;minimum cylinder volumes and a
UF6 density..of"2127 0lb/ft 3 at 212 0F, ,,the' st'affcalculates the max.jmum amount
of UF that.can;.be pj],ced into a 10-ton cyifnder'is...23,163 pounds; .into a 14-ton
cylinter is 30,352 pounds. For the 10-ton'cylinder this is 2,133 pounds in
excess of the.'!fill weight" specified in the SFC pro&edures; for the 14-ton
cylinder; this iis .2,79?2 pounds in excess. .Any amoun.t greater than those
quantities could result in the hydraulic rupture0of the cylinder. 'If the
temperature is in excess of 212°F amounts less than those quantities could
result in hydraulic rupture of the cylinder.

In reply to the first three questions, progressive increasing of the amobfits
of "overfill" should not cause hydraulic rupture of the cylinders until, for the
10-ton cylinder, the overfill exceeds 2,133 pounds and for the 14 -ton cylinder,
the .overfill exceeds 2,792 pounds at 212'F. 'However, below those quantities,.
the margin of safety is progressively reduced as the amount of "overfill" is
progressively increased. The following table provides •inforrmation concerning
this:

Amount in cask Relation to overfill Free void space':" :":. : • ! •:. ... •:... , .. .. @ 2 12"F

21,030 pounds -.0 overfill 9%
21,130 pounds. .100 pound overfill 9%
21,530 pounds, 500 pound overfill 7%
22,030 pounds 1,00.0 pound overfill 5%
22,530 pounds 1,500 pound overfill 31'
23,163 pounds 2,133 pound overfill 0%
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For 14-ton cylinder
Amount in cask

.2

Relation to overfill Fre oidsace

27,560
27,660
28,060
28,560
29,060
29,560
30,352

pounds
pounds
pounds
pounds
pounds
pounds
pounds

0 overfill
100 pound overfill
500 pound overfill

1,000 pound overfill
1,500 pound overfill
2,000 pound overfill
2,792 pound overfill

9%
9%
7%
6%
4%
3%
0%

The Department of Energy (DOE) specifies the maximum allowable weight of

UF6. allowed in each type of cylinder as 21,030 pounds for a 10-ton cylinder and

27,560 pounds for a 14-ton cylinder. These weights are based on a 5 percent

free volume at 250°F for cylinders of.a minimum volume. Sequoyah Fuels loads

cylinders to these maximum quantities. Also, the Department of Transportation
(DOT) has adopted DOE's philosophy in.developing a proposed rule ontransport

of UF '(See Enclosure, memorandum fr6m VW. H-.".ake toW..T. Crow dated

7/31/ ..

. . . . . . . .. .••:. . .1."'/

,Enclosure: •:Memo from W. H. Lake
to W. T. Crow'dtd
7/31/86



:.. .f. NUCLEAR UNITED STATES

NUCLEAR REGULATORY COMMISSION

. fr WASHINGTON. D.C.. 20555o.

.. ,..

Mf31.10PA!.DU;t .FOR:.-, ::-1ill1 am T.. Crow ,c t hC i f ,• :. .. ..
11 I IUranu T.Cow,,;.ctinng.Chief .- Fuel Licensing Branch,: FC, 4!4SS.

THRU: Charles E. MacDonald, ChiefA.,.A
. ...... .-... Transportation Certlflcatloh t-andh, FC, Wt!SS

FROM• - , William...H. Lake
Transportation Certification Branch, FC,.WSS

,. ,' . = ' . . . •

SUBJECT: REPAP.ATION1 OF LF. CYLI NDERS :FOR. TRA14SPOPT-.

This is in response to your request.for analysis. of the effects-of
heating a 500 lb overfil.led 10-ton or. 14-ton cyllinder..:(1!odels 40X and.
48Y). Heating wqould -be perform.ed in a steam-chest at..essentially atmospheric
pressure (212"F).

Discussion .

It should be noted that overheating and overfilling of Ur,6 cylinders can
result in hydraulic rupture.

The. proposed Depatrtment of Transportation cylinder specifications define
overfill for transportation as UF6 exceeding 95% of the cylinder volume
for the system at 2506F. That .is, a 50 margin as free space at 250"F.
The analyses for each cylinder considered is given below:

10-Ton Cylinder, M'odel 48X

The net wight of T6 is specified as 21,030.1b, and the minimum cylinder
volureis 108.9 ft . Wie will consider the effect on the free volunes at
the steam chest,.onditions (assume 212F) and the 5% free volume. csndition
(250"F). .T~e. densities .for.. LF6 at 250"F and 212"F are. 203.3.1b/ft .and.,,.,
212.7 lb/t * ~ I.

.i ); ,.-Free Volume (M) r
-!ii , ;(6F)•J.:!i No Overfill . 500 lb Overfill

, 212 9.2. 7.1...

250 5 2.7



W1 f. ' "'Crow

Wil i am T. Crowi

. . . . . . . . . . . . . . . ..... . .

-2-

14-Ton Cylinder, Model 48Y

The net weight of T6 is specified as 27,560 Ib, and the minimum cylinder
volume is 142.7 ft . A comparison table is again presented:

Free Volume (M)

) T(F) No Overfill 500 lb Overfill

212 •9.2 7.6

250 5 3.3

CONCLUSIONI

This analysis indicates that safety margins are reduced but hydraulic
rupture would not be expected. However, it is noted that the recommendations
of ORO-651 for removing UF from an overfilled cylinder is .to use an
evacuation system. This agalysis shou-ld not be construed as an endorsement
for heating overfilled UF6 cylinders..

William H. Lake

-ti..r. .. :

'j

r

j,~ f.



:. .- .F .,Specific Replies to Questions

1. I~f a .UF, cyl:inder is overfill.ed by 100-200 pounds and heated without
wi-thoUt'.first evacuating the overfill, is this a safety problem? To
.what .degree?

RESPONSE

Any ooverf.i.lling decreases the, void space and, therefore, .decreases -to an extent
t .he..4argin -ofsafety (see Mr..:,..Pryor,' s,. DOE-ORO, .testimonyat -the,,March 14, 1986,

Synar.-,.hear.ing), i. A..cylinder overfilled. by.100-200.pounds and heated-to .2121F
wqul.d-hav6 approximately .9 percent.jfr~ee void :space and would ,notrbe :expected to
fail-due,.to hydraulic Trupture. ,. ,, .. ,, .' -.

2' . 1 f -a, . .... w r . • t !.

2,,f~a UF. -s overfilled.by-500-1000 pounds •and,,heated without :irst
;::•,,-,-evacuat ng theroyerfill,, .is .this .a.safety.-problem? To.what degree?

.., .. 9...9-,,; ,,*, 9 .....• ,2 . "< ., * ' }, £,. :"" . .. '. ,

RESPONSE.I; "5.. ... ' , .:,. .,."
.. :.... .

With the .assumption .noted above, al. cylinder overfilled-by up.to 1000 lbs. of
UF toi:212?F., wbul d: ;have.-approximately-ý5-.percent, 'void .space for, a 10-toncy inder.!and..approximate]y 6 percent.: .void-spacefor a 14-toncYlinder. 4The

cylinders'.would not' be expected tojfail- due to hydraul ic .rupture.-,, .The margin
of safetywould..have been reduced to less than that ofo Question.1 "

:.'9.9 .9 , 9. - .. .,9 .., .

3. If a UF6 cylinder is overfilled in excess of 1000 pounds and heated
without first evacuating the overfill, is this a safety problem? To what
degree?

RESPONSE

Heating any cylinder that has zero void space at 212°F could result in the
hydraulic rupture and the release of its contents to the environment. Assuming
minimum cylinder volumes of 108.9 ft3 (10-ton) and 142.7 ft3 (14-ton) and a UF6

.density of 212.7 lb/ft3 at 212 0F, the staff calculates that the maximum amount 6

of UF that can be placed into eachcylinder is 23,163 pounds (10-ton) and
30,35•ipounds (14-ton). This is an overfill of 2,133 pounds for.a 10-ton and
2,792*'opunds *for a 14-ton cylinder. Anything in excess of those quantities
could.result in hydraulic rupture of the cylinder. Lesser quantities would not
be expected to cause failure due to hydraulic rupture. However, the margin of
Ssafety, would, ,e progressively lowered ,as the quantity of overfill is

* . gP r eog s ive.y increased. , . . . -. . " . . .

4 quoyah Fuels Facility Procedure , - eces that

c ylinder filling 'must be stopped'when6 it rieaches 100 pounds above the
maximum allowable for the cylinder being filled. Further, that the
overfill should then be evacuated without heating'until the maximum net
weight is attained. If the management of Sequoyah Fuels Facility either

• .9. "
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probelem eaiv ot competency an/r~nert d he iicensee
maflagenl~qnt .K.

RES. ONSE . ; . . . . . .'!.-.

Cylinders . over-f.iIl.ed~lby nomo~re -than 100 pounds ,of UF would..not be .expected
to.r .upture- when heated A o .212'F.bec Iause, they wii. tiKav fr~ee void's pace
of.t.pproximartelyn ypercentd. Accordingly, :the practie 1of'in to :no more
than 100 pounds above' the maximum allowable in Procedure N-.80-1 for thy ; -
cylindersand evacuation after heating does not constitute a threat of hydraulic
rupture of the vessel and is not a safety problem from a scientific or technical
perspective. However, the heating ofan overfi.lled cylinder is specifically
prohibited by the operating procedure. 'Therefore', .this is a violation of the
license.

In addition, any willful violation of required procedures by licensee employees
is a safety problem that could raise questions about the competency and/or
integrity of the licensee's management. The degree of significance of the -
problem depends, in part, upon the degree of knowledge of the management
involved and the level of management involved. If a willful violation routinely
occurred without management knowledge or involvement., it could raise questions
regarding managements competence because. of the lack of. attention to the details
of plant operations or. perhaps a lack of..appropriate khowledge by licensee
management of required procedures or recognition of the importance of confor-
mance with required procedures. A serious lack of management attention to the
details of plant operations at Sequoyah Fuels has already been identified by
the staff as a contributing factor to the accident.

If 01 determines that willful violations of required procedures.by employees
were routinely occurring with manaqement knowledge or involvement, such a
finding raises questions about the integrity of the management individuals
involved. '- ''

" .: • 'i. ' : . .• '~ ~~~~~:Fill 'y • . :'. .. ; :
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Io . . NUCLEAF REGULATORYOM.MISION.- ,
"ASHINGTOM. D. Cý 2 M

4,. . . .. . . ... ... . , .. . . ., . .. . . . . . . .

: , ;A ugus f.12, '196 ' 98."

ME•O•IANDL*IMOR: -4Victor Stollo,. r.'
Executlvi Director for Operations " .

F R- .. .. . . ... . .. .. ". . . . . . . . ..
FROM:, ( Bien .fi Haye Directorn " *.. " .".

SUBJECT: l.. INVESTIGATION INVOLVING KERR-MCGE/$SEQUOYAH FUELS

. .. L--CORPORATIO9I1 (4, 86-" 5', . r -- ...- , -

At your request,, the'Offtce, of;, Inveitigati.ons,.: ()s1rent y conducting 't

investigationstFaciloty
The field work' his'e!uerietitly •beencooimleteid and thi Report of.Inytitgation
is presently "beingi 6 n. •n orde.tocomp1it..thls~hipOr and to assist In
arriving atfa :ianingful :soncluio it ca ''.• apprent at sv ques-ng :cThesioseit quionioations of a:'tc•nI•cinut. • oe"14ue ,6s i a
follows: inturdtb.adesd'

01 0 1 .... .. e..........11 .thi. . .afitý. . prob. .

Slm?' To-what degree? . . . .. .

-:• 2.

3.

_:-•Ifa UF67cylinder is overfilled by 500 - 1000 pounds and heated
•i•.*tthoutiflrst evacuattng the overfill, Is this a safety prob-
-. Ica? : lTo "Whatdegree? . .

If.aUF6 cylinder Is overfilled in excess of 1000 pounds and
heated without first evacuating the overfill, Is this a safety
problem? To what degree?

"4. Sequoyah Fuels Facility-Procedure N-280-1, Revision 6,-indi-
cates that cyltnder ft11lng must be stopped when it reaches 100
pounds above the maximun allowable for the cylinder being:.

l :, f.lled.& F, rther,',sthat, the overfill .. should then be evacuated.-!t '- thout heatinhg :until the 'maxi•um net weight is attaIned; .:1
-,, .' . the aanammen• of.. Seoyih".Fue Is.-Flcity eithertaejtly.or

.knowigly ;cndoned oi othi-iise all1w'd the tO'"tine"•olation.
of this portion of Procedure N-280-1, Revision 6, is this a
safety problem relative to the competency and/or Integrity of
the license. management? To what degree? • I'

"4yor 0! o stng t'hi4 ýivs

In .view of.'the importmnce expressed by urstff of 1, mpletinghs invs
Jtgation 'eexpeditiously, it is requested that the responses from your, staff be

forwirded to this office at the earliest convenience.

cc; 3. Davis, NNSS
R, Martin, Region IV
D. Driskill, 0I:RIV
6609180211 860904
CF ADOCK 04008027

.DO -- 002051
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