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This is in response to your memorandum dated August 12, 1986, in which you
asked several questions re]atéd to.thé'Safety of heating cylinders of UFg that

have been overf11]ed by vary1ng,amounts Responses to- the questions are enc]osed
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This_is..in response: to your memorandum dated August 12, 1986, in which you
asked several questions related to the safety of heat1ng cylinders of UF6 that
‘have. been. overf111ed by vary1ng“amounts Responses.to the questions are
enc]qsed (Enc]osure.l) : L ““j_ .

Regarding the re]at1ve safety of: heatlng cy11nders contaxnlng UF., 1f one assumes
that.the.hazard of: heat1ng a cy11nder of UF. is hydraulic: rupturg then heating
any,, cyl1nder that-has zero void space may rgsu1t in the rupture of the cylinder.
The Department of; Transportat1on defines an overfilled cylinder as a cylinder
of UF. containing less than 5 percent-free void space at 250°F. (See Enclosure 2,
) memorgndum from W, H. Lake to W. T. Crow dated -7/31/86.) Please note the state-
ment in the memorandum that ' 'overheating and overfilling of UF6 cylinders can
»result<in.hydraulic, rupture.".In respond1ng to-your-questions,;the. staff. assumes
"_ that the cy11nders contain only pure UFQ -and are heated us1ng condens1ng steam

at atmospher1c pressure (approx1mate1y 12°F)
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FROM: - '. ‘thoNteno Jr.
: Execut e Director for O erat1ons

SUBJECT:

Thisujsrjn;response.to your memyrandfim dated August 12, 1986, in which you -
asked several questions related he safety of heating cylinders of UF6 that
have;:been.overfilled by varylng a_ unts. Responses to the questiqns are
enc1osed (Enc]osure 1) 7\ . RN \ o

Regard:ng the re]atlve safety o ,heat’ng cy11nders conta1n1ng UF , if oné assumes
that the hazard of heat1ng a cy inder.Qf UFc jis hydrau11c rupturg than heating
gsu]t in_the rupture of the cy]1nder

of UF containing 1ess than 8 percent frek void space at 250°F. (See Enclosure 2,
memorgndum from W, /H." Lake ‘o W, T. Crow dated 7/31/86 ) Please note the state-
.ment -in..the. memorandum tha:
o resu]t 1n hydrau11c ruptur .
on]y pure. UF"'énd
at atmOSpher1c pressure approx1mately 912°F) ;‘_,
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The serles of questions posed by OI concerned the safety of heat1ng _
cy11nders containing UF. that had been overfilled by varying .amounts. The two
cylinders .involved at tRe Sequoyah Fuels Corporat1on are 1dent1fied in terms of
nominal. shipping we1ght of the UF contained wwthwn the cyllnders <~ either a
"10- ton cy11nder" or a 'l4- ton cy§1nder.»,i' :

In answering .the questions .it.has-been assumed (1) thatthe,cylinders. are-j
built, maintained, .and.tested in. accordance with applicable ASME .codes; (2) . .
that. "overf1111ng"fé- for. the purposes .of . the procedural, requ1rements of. the .
Sequoyah.:Fuels Corporation -- means an ‘amount’;in-excess of. 21,030 pounds . for
the 10-ton cylinder and 27, 560 pounds for the 14-ton cy11nder, (3) .the -hazard
associated with. heating of -an "overfilled".cylinder . of UF_. s hydraul1c rupture
resulting from expansion of the UF; resulting from the hegting, and, (4) the -
cylinders contain only pure UF 9 are heated us1ng conden51ng steam at
atmospher1c pressure approx1m§te1y 212 F)

In general. the . cylinders are des1gned so that .free void space exxsts when
filled to nominal shipping weight at 212°F. :According to drawings, the minimum
volume capacity of a "10-ton cylinder" is 108.9 ft3; the minimum volume of a
"14-ton cylinder".{s 142.7 ft3. Assuming these minimum cylinder volumes and a
UF6 density.of 212 .71b/ft3 at 212°F,, .the 'staff calculates the maxjmum amount
of UF. that.can.be placed into a 10- ton cy]inder 1s.23,163 pounds; into a 14-ton
cylinger is:30, 352 pounds. For the 10- ton cylinder th1s is 2,133 ‘pounds in
excess of the! "fiI] weight" specified in the SFC prO‘edures, for the 14-ton
cyllnder, this is 2,792 pounds in excess. -‘Any. amount greater thanthose
quantities could resu1t in the hydraulic rupture of the cylinder. ‘If the
temperature is in excess of 212°F amounts less than those quantities could
result in hydraulic rupture of the cy]inder.

In reply to the first three quest1ons, progressive increasing of the amounts
of "overf{ill" 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 quant1t1es,. _
the margin of safety 1s progressively reduced as the amount of "overfill" is
progress1ve1y increased The following table provides'informationjconcerning

Amount 1n cask

A B iy T RS Dl : i
Re]ation to overfill -Free void space

SN L @ 212°F
o2, 030 pounds ol ’_- - 0 overf111 . 9%
- h§sl 21,130 poundsi’ - T 100 pound overfill .. . 9%
: 21,530 pounds” ' 500 pound overfill 7%
22, 1030 pounds 1,000 pound overfill 5%
22,530 pounds . 1,500 pound overfill 37

23,163 pounds 2,133 pound overfill 0%



For 14-ton cylinder

Amount in cask Relation to overfill Free void space
@ 212°F
27,560 pounds 0 overfill 9%
27,660 pounds 100 pound overfill 9%
28,060 pounds : 500 pound overfilil 7%
28,560 pounds 1,000 pound overfill 6%
29,060 pounds 1,500 pound overfill - 4%
29,560 pounds : 2,000 pound overfill 3%
30,352 pounds 2,792 pound overf111 0%

The Department of Energy (DOE) specifles the maximum allowable weight of
UF. 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 quant1ties.. Also, the Department of Transportation
(DOT) has adopted DOE's ph11osophy in. deve]oping .a_proposed rule on transport
of Ung )(See Enc]osure memorandum from LN Lake to; W‘*Tj Crow dated o
7/31/ PRI _ s et L SRR
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This is in response to _your reguest- for ana1y51s of the effects.of .
heating a 50C 1b overfilled 10-ton or. 14-ton cylinder. (Hodels 43% and

48Y). Heating would be performed in:a stean chest at. essentiaHy atmcsphemc

pressure (212 F)

Discussion e

It should be noted that overheating and oi/erfi‘l]ing' of UF6 cylinders can
resul.. in hydraulic rupture.

,-_,___«_‘ -

The proposed Department of . Trans*ortation cylinder specifications define
overﬁll for transportation as UF'6 exceeding 95% of the cylinder volume
"for the system at 250°F. That-is, a 5% margin as free space at 250°F.
The analyses for each cy'linder considered is given below: :

10- Ton Cyhnder Mode'l 4nx

The nef ueiaht of
volume s 108. G ft~." We will consider. the effect on the free volumes at

the steam chest, condftions (assume 212°F) and the 5% free volume. cgndition
(250°F). Be densities for u—‘6 at 250°F and 212’F are 203 3 'Ib/ft and PRE

212. 7 ]b/ft

Free Volume (%) © r
Mo Overfill - 500 lb Overfi'll

0.2 1: 7.

T

5 ot 2.7

yFs is specified as 21 030 1b, and the minimum cvhnder't
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14-Ton Cylinder, Model 48Y

The net weight of HFG is specified as 27,560 1b and the minimum cy]under
volume is 142.7 ft~." A comparison table is again presented:

' Free Yolume (%)
J o T(°F) No Overfill 500 1b Overfill

212 9.2 7.6
250 5 3.3
CONCLUS IO

. This analysis indicates that safety margins are reduced but hydraulic

- rupture would not be expected. However, it is noted that the recommendations
of OR0-651 for removing UF. from an overfilled cylinder is to use an
evacuation system. This aga]y51s should not be construed as an endorsement
for heating overf1]1ed UF6 cy11nders., e

o 7/%\

William H. Lake




ff';l;H:; [ﬁ?&i_g.,;;; Spec1f1c Replies to Questions ;

1. 1fa UF6 cylinder is overfi11ed by 100 200 pounds and heated without
" without’first evacuating the overf111, is this a safety problem? To .
what degree?

RESPONSE

Any -overfilling decreases the void space and, therefore, .decreases .to an extent
the-.margin.of.- safety (see Mr. .Pryor's, DOE- ORO test1mony at -the,March 14, 1986,
Synar. hearing) - A.cylinder overfi]led by .100- 200 pounds and heated to 212 F
would-have approximate]y 9 percent- free void space .and wou]d -not.be; expected to
faii- due to hydraulic rupture. @;;, AR 3: ,,st,f ey e e
el St "“""‘.‘ ’”‘."E.n»": : [ OPCER D 'r, r, h geeo
2'“'clf a-UF.is overf1]]ed by 500 1000. pounds and heated w1thout f1rst
evacuat?ng the- overf111 1s -this a. safety prob]em? To what : degree7 :

RE s I"g"y ."';'-‘ "‘L“:'C.". ;. )g , ‘-.‘ ) _:,_,. ; .‘, .

RESPONSE’

with the assumpt1on noted above a cy11nder overf11]ed by up to 1000 1bs. of
UF. t0i212%F would. have: approx1mate1y .5:percent: ‘void:space;for,a-10=ton .-
cy§1nder and approximately 6 percent:void:space:for;a 14- ton.cy11nder. -The
cylinders.would notibe expected. to‘fail. due-to hydrauIic,rupture . The marg1n
of safety wou1d have been reduced to. 1ess than that of Quest1on 1 :
e -

3. If a UF6 cy]inder is overft]]ed 1n excess of 1000 pounds and heated

githout first evacuating the overf111 is this a safety problem? To what

egree

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. Assum1ng
minimum cylinder volumes of 108.9 ft3 (10-ton) and 142.7 ft3 (14-ton) and a UF
.density of 212.7 1b/ft3 at 212°F, the staff calculates that the maximum amount
of UF. that can be placed into each cylinder is 23,163 pounds (10-ton) and

30, 359 ,pounds (14-ton). This is an overfill of 2, 133 pounds for.a 10-ton and
2'792 pounds 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
~;-safe¢y would be progressivel Iowered,as the quantity of overfill is

. .progre , T

,equoyah Fue]s Fac111ty Procedure N 280&1;}Rev1s1on 6 1nd1cates that
cylinder filling must be stopped when it réaches 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

S
- b s ¥
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prob]em.re1at1ve to the competency and/orwintegr1ty of the 11censee f.f;},
management° e : ' wil . : s '.h“‘..

e

fri
RESPONSE" ;

Cylinders overf111ed.by ino_more. :than :100 pounds of .UF would .not .be. expected
to .rupture .when heated .to. 212 F..because -they. WI]J‘Stl?l ‘have .a free .void ‘'space
of. approx1mate1y 9 percent According]y,vthe practice of, f1111ng to no more
than -100- pounds above the maximum allowable in Procedure N-280-1 for the
cylinder ‘and 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.of. an overfilled cy11nder is specifically
$¥0h1bited by the operat1ng procedure.”>Therefore, th1s is a v1o]at10n of the
cense, N P

In addition;'any wi]]ful violation of réQuired procedureé by 11censee employees
is a safety problem that could raise questions about the competency and/or
integrity of the i1icensee's management. The degree of significance of the ---
problem depends, in pari, 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 knowledge 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 O determines that williful violations of required procedures. by employees
were routtne]y occurring with management knowledge or involvement, such a
finding ra1ses questions about the 1ntegr1ty of the management 1nd1v1dua1s
'1nv°1ved . L :

Tl T
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MEMORANDUM FOR'U»V{ctor szm&f p, AR SEE R
& Executivc Dircctor for Opcrations
FROM: | ooi Ben B, Hayes; Director—. . CiTL 3 P
"@fOffico of. Invo:tigations TR IR
SUBJECT:

V.01 .INVESTIGATION xuvowms KERR- ncees/ssouom rust |
: ‘_"-coammxon (4-86-005)" " i

At your rcquest.,tho ‘0ffice. of. Xnvostigat1ons (01);1: curront1g conductin?
1nvast1?|t10n 1nvolving Kerr-Hchc Corporation -and_.the Sequoyah, Fuels-Facility,
The field work’ has: cssentially bacn conplctcd and ‘the Report. of Investigation
is presently being written.. In order to’compiéte this report.and to assist in
arriving at a. noaningfu1 conclusion. 1t ‘bag’ become’ a:parent that sovcra1 ques-
tions of a; tcchnica] nlturc noad to be addrtsxed. These 'questions ‘are as

follows:

"”f;” If‘l UFS’éilindcr 13’ overfillcd by'lOO -‘§20 'ounds and helted ,
' “without #irst evacuating ‘the qugf 115 18:¢his“a safety prob-* K
- lem?” To-what'degree? RS
it 2, “’If ‘2 UF6 ‘cylinder is overfilled by 500 - 1000 pounds and heated
: 7, wswithoutifirst evacuating the overf{ll, is this a safety prob- ;
5.+ lcm?: To’ whlt .degree? B i BN TAR

5: "1 2 UF6 cylinder 1s overfilled in excess of 1000 pounds and
heated without first evacuating the overfill. 1: this a safety
problem? To what dogrco? s

4. chuoyah Fuels Fac111t{ Procodurt N- 280 1, Rcvision 6, indi= .=

- cates that cylinder filling must be stop cd when it reachcs 100
"~ pounds above the maximum allowable for the cylinder being - :
PO ";fi]]ld. "Further, that the overf{ll. should t en . be. cvacuatcd
i ) - without hclting unti] the maxirum net weight 1s‘atta1ncd. If
the managemant, of. Sequoyah..Fuels.Facility either tacitly or
- knowingly ‘condoned of otherwise allowed the routine violatfon’
of this portion of Procedure N-280-1, Revision 6, is this a -
safety problem relative to the cowpetency and/or integrity of
the licanscc management? To what dcgree? .

¢; ‘In view of thc 1mportancc expressed by your staff of OI compl.ting this 1nvcs-
:; tigltion ‘expeditiously, it {s requested that the responses from your, staff be
forwarded to this office at the earliest convenience,

Je Davis. NNMSS
_ ;pR. Martin, Regfon IV . B T e
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