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$arch 10, 1960

S & §. &atten, Supervisor
@rduslyie® BAgineering
@9::i) eRd InduBtgial Engiteetifg

._.\ DI, -.::;. ..“...

The #8%ashe® repot oh ¥ue? efement handing presermte in some detail Che
currep? status of an englueering study vhieh has been yndervey fop fome

®ime, 84 ghich {e corfinuin®. The otudy vag underdaken @& 8ePermine i¥ &
28 12 geonomicaldy feasible, and i% it %s Pratdicadle, %o Fevide e Sefhct
and elplpmep® €gpd for Puel eYement handling w1@h existing Sharging machine#.

e stccesst) developmen® of few and iMproved Tuel elemedf Va%dlind oyeSens
dequiges €he integrated efforts of personnet 4n IPD and in FFD. & Wni®
@imey 10 1s deemed advisable %o estab3ieh p formal informatio® exchange

on Qhe s8s®u® of the work. Current joir® e®fog®s in JFD en& TFD are dew
signed Qo deyeldh methodse and to tes® Ra¥dwage oW hatdling Puel Benctls
in @he ¥ye% c3i9s vhich are descrided in ¥he repor®.

The e@®ached FeBor® includes also statementsg concRusions and recommend®
astions £5¢ fylure action fog youwr consideg@ston. ghese Conctusion; and
recommenda®ions sre expected {0 focus at¥entiogp on all pagts of the me®

Qerisf han@ling, and fuel element chargin® sys@em §f humen and material
@esourcee. .

Ne <6 u.-a.‘.:ert
®ndustgial Enginec®ing

Slan? anl Tndustaliel Dnglreerlivg

RD 811bcoRgh® ¢
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FUEL ELEMENT HANDLING B':PCRE IRRRDIATION

IRTRCDUCTION

The method of feeding fuel elements into Eanford reactors influences
reactor productivity. The effectiveness of any handling wethod 1s infly-
enced by upstream and dovnstream conditions. UptTream conditions refe»
to siorage, original packaging, inter-area %resnsper®ation, and rehandling
githin the using area. Downstream conditiofis wefe@ to the fee-fald
characferistics of those fuel elements which e@e Qisplaced by negly-
charge? rlemegts.

The study of fuel element handling was inifiaCed as the Sirst ghase d» R
overall FY-1962 budget study and as the economic evaluafion of cur®ent
wmlte@natives ¥or immediate handling needs.

@ithin the upstres® and downsPreem Timits jfposed §y present sype oBi-
@eachoP charge Bachinec, this study attempts to meew &he fallcfing
objec¥ives:

1. WrSove ¥he utiliza@ion of EAPC @eaioP @lsoticep Lmiliey
Qecessary cutage time.

l-ll & ik

o
®, Redyce 8he ung® cost of BAPO prodyl?®.

Gce vos® 1mmef1a€e ogfort Goward these obfeslitves wfpess Tis o Jf:

& %m E?miltent @ates of machiSe oif SO

& &ssuring Fmely delivery of appropphrde Balelipag,.

il £y ek R S

®:®nin @nis Oramevork, the aQudy considers @he compars®iye ERPOQOIQ ot PY
@cconict IP Qactaing fuel elements as BF PPy &Y Tty 25 v
ammunjtion, <P 3._) sections of baxboo poles.

The folloving @iclures from the Decembe® ¢, 1959, @ssue of @ne RAPO

GE Newvs (Exhibits § and II) shov the type of $uel packaging and charging
eapipuent €ha® is currently in use.

UNCLASSIPIED
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ruel Element Bandling
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BACXSROUND

The concepts of handling fuel elements at EAPO bave progressed from "abso-
lute acccuntability” for a scarce, strategically classified, personally
handled type of waterial to the need for a lov unit cost, nom-injuriag

storage, and mechanized dslivery of & relatively valuable, internationally
common material

Original delivery of fuel elements was accouplished in s0lid wvood blocks,
approximately & x 8" x 6" with 8 drilled holes tc aupport fuel elements.
At the completion of their processing in fuel fabrication, these bdblocks
wvere loaded inte trucks and delivered with a patroi guard to the reactors.
The fuel elements were then {nserted one-at-a-time into & process tubdbe
vith & hand-crank fixture. As the capacity of fuel fadrication grev to
meet or excell the immediate rate of reactor demand, the 8-unit good blocks®
were replaced by stackable pallets having cepacity for 200 fuel elements.
Subsequently, hi-lift fork trucks tecawme more generally used throughout
AP0 for fuel handling, and repiacement pallets were desigied with a
capacity of 300 fael elements.

One consequence of storing elements in 200 or 300-hole jallets is The need
for reloading each fuel elewent into & "charge box" before sending 19 onto
the gork elevator. Current methods require aa additiocoal handling of each

elemer® as 48 is 11%0ed by hand into the mechanical charge machine shown
én Exnidi® II, P

The enclosed picdure of & current charge machine (Exhébit II) reveads @n®
$ne matergad ¢oeding is sccomplished by ooe man. §his task can be seasured
#® approxivetely 1,100 £t lb/minute, disregsrding the energy required for

¢ body movenco@ 9 Ghe man end adding & pounds (88 the veight of Gne
man's forsara) .£0 @he 8-pound weight ¢f the fuel element. @o have coom
sistent charging rates vwith present equipment, this rate of work dy one
body mexmber wust te sustained regularly through @ oBi™t. SRODIXT EBCY-
NEERING (December 28y 1959, p. 10) cites that & good athlete has an
overall "cruising pover” of about 10,000 ft 1d/minute. Recen® experiments
at providing charge operators 50 percent rest during their shiff have
achieved higher-than-usual charging rates. Hovever, §ull utilization of ®
reactor outage time already requires a petak size overs@ing crev dufing
She charge-discharge operation.

The exis@ing charge wachines and other froat face hardware provide oppor@®
tunity @or a charging rate of 100 tubes every l.# hours. This rate has (]
Poen exceeded for a short pericd 1n 105-F wher 100 tubeg gere charged

within 1.3 hours. The aversge charging rates are closer 100 Qubes {n

2.1 hours. This 60 percent difference in rates of consistent performance

is due to vork practices snd to utilization of ejuipment. As wuch as a
quarter of this differerce /15 perrame ey’ mighe Yo gagfgned ac ‘azertive
for improved material handlirg equipmezt, ass:aizg tbat such equipment 1s
coapatible with exleting eacuiuery wad HAFU work praciices. The appareat
need for additional operating personnel during tas charge-discharge opera-

tion makes investment in f’xtures and lshor-sasing ejuipment appear more
attrartive
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8
SUMMARY , RECOMMENDATIOR, AND CORCLUSIONS

The analysis of fuel eleeent handling cost has been summarized on the
atisched %atle of urit cost comparisors. The post atiractive riesns for
storege, delivery, and feed to IFD charge machinea i¢ the “"clip® option
(No, bj. With either existing or proposed type charge machines, this
option provides high-density storage, charge-oriented loading, charge-size
transportation by overhead monorail, bulk transportation by hi-lift truck
and regular vens, linear-programed charging seguence, gravity-flow delivery
of fuel elements, and minimum dead weight ~n reactor elevalors. The iron
ciip is expected Lo bave a woraing 2ife equal 4L or goeater than tulle
the vorking life of fuel packages made from vood, Based on this assump-
tion, fuel clips can be used at 2i percent less unit cost than present
fuel pallets. (The unit of comparison ie 1,00C fuel elements.)

It i8 recoumended that discarded paliets be replaced with fuel clips.

The initial order of fuel clips should be adequate to service one reactor
completely. Presently used 300-hole pallets that are in gnod condition
should be retained for relative dead storage. This aseumes that FFD can
manage 1ts inventory of finished product on a modified isst-in, firet-out
basis. Puel inventory management can minimize the numder of fuel clips
@eonired  (This high ut:lizatiop can shorten the jJastificqtion period.)

Mechanicel equipmedt can be built for approximately $5,000 tc transfeS

fuel elemeats from pallet storage to clips. All HAPO charge machines can
be equipped with adapters -0 allow gravity feed from charge cligs to eithe®
existing or proposed cbarge machine feed wmecktaniswms.

STATEMENT OF THE PROBLEX

"How should fuel elements be packaged and handled te®ween The 1las® manw®

facturing operation in FD and the appropriaée positioning of ¢ndlvidusg
fuel elements for their ipsertion into the :¥actor." The spec@fic subw

protlexs to this statement are: 'What ls the least-cost manne? ro@
loading, storing, transporting, and unloading tue fuel elemepd packagel"
and "How should fuel elements be arranged to minimize the read®o® outage
&ime needed to imsurt @usi eiements into approprisie meacior Qu’oeaf

Presently used fuel pallets have proved satisfactory as & storage and
mass-delivery medium. Pully effective fuel element rehandling during 1be
charging operation requires more manpower thar is currently availabdle on
@ conmiatent heais  The inflnence of versovs]l fatigue 1a @0 reduce reactos
utilization. Initial cost and life expectancy of fuel element packaging

ie expressed on the attached unit cost comparison char®.

The upstream processor {(FPD) is avare of the relatively short life (est.
5 years, oo trips/yeas) o wood contalners. The farthoczizg change o

effective dismeter will require that pallets be overbored to accommodate
self-supported fuel elezents.

K

a — m—— ,-Wp-——llppqgﬂlﬁ’



Paae LNCIASSFLED Hw-6L164

The high initial cost, the relatively loose arrangsment of fuel elewents,
and the lov storege density in K-type magazines have precluded their use
as storage and inter-area transportaticz containera. The criteria thus
evolved for least-coast fuel handling between producer and user includes
a minimum summation of the following cost factors.

1. Annual cost of adequate manpover to service aay reactor vhich roquires
charging.

2. Annual cost for faorication and mainterance of fuel contasiness.

3. Ampual cost for space to store curngnt {nventory of finished
waterial. The landlord cost cf mésqunre foot/month 1s particularly
Tealistic vken a nev building must te constricted for storage.

k. Annual cost of inter-area highway iransportation is generally the

same for packages alloviag "use of tull weight capacity of the van.
@

5. @nnusl cost of special Jigs or fixtures for mechanical transfer frow
oue type of huaudifng paciage €c ansther.

2LTERRATIVE SOLUTIONS - DESCRIPTION AND EVALUATION )

The alte®native ®ate®Pial handling solutions are de’endent on the mamfey

in vhich the fuel edewent ia held in its package. The ®irst Wyo al¥eSng-
tives holj tRe fuel element on end like a peg. The nex® ®wo al®ernatgves
1e® the fued vlemed®s Jile side by sid= Surin® transportation ggd mely, $n
varying measufesg on @ne §orce of gravity to unload ®he package. The @hgrd

set of solutions ofients the fuel elements into &K end-to-end column of
fuel elements.

Or:ion § 15 e gresect 3C0-Role pallet ®mat is shgm in toe pdsture on
paie 1 @ @his repor® (Bxhibit I). One merit is ite acceptance within FFD.
It bas g lowv initial cost, ¢t can be repaired vith carpenter toolsg ané

1t cqap be sRacked high enough tc achieve fgoor loadivgs of $FOO0 pounds
per square foot. The minimum requirement for bang lavor in dcading and
unloading brings ¢he unit cost per 1,000 fuel elements to a Tourth mos®
attractive position vithin the comparison. The expected labor cost
agsociated witn tnis handling medis is &Gpproximiively eyusta LO Lne dwOBL
expensive position within the comparison.

Opticn 2 is an adaption of the exlisting type pallet which alloys the
individual rovs of the pallet to be separadle into "charge boxes™ of
approximately half a standard charge. PMuel elewects in such a horizontal
and parallel configuration can be lifted to existing type charge machine
trays with relatively simple mechanization. The additional cost of modi-

fying short-life wooden pallets left this opticn as the second most-
attractive.

INCIASS TFIFD
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Option 3 1s a multiple-layer tray to fit into the K-type charging machines,
The all-aluminum magazine 1s expenaive to manufacture and its low compressive
itrength tas precluded stacking full K magazines, @

Optisa & 1s an angle iron frame or “"clip" in ghich fuel elements are packed
icv a zigzag formation which assures pure rolling contact as they floy out
Tae wottom of the "cilp.” 4 slopping cam at the totlom of Lhe <2ip L3
designed to allov shut-off between any twc fuel elements. The nesoprene-
coated vertical sides assure a positive flow, even for non-round unhts.

The zigzag conPiguration of fuel elements and the cam-type door alloy a
vide range of sizes to be accommodated in the ssme type clip.

Clips can te handled dy wmonorail, roller conveyor, or fork-lift trucks.

‘ double flagge wheel at the top of each clip wiili support it and allovs
transpc?® along & monorail. The double fiange wheel, such as that used

to support sides of beef in meat packing plants, alloys espty clips to be
lifted of® tae bar type monorail vith easy human effort (g 25-pound lifw).
Tron @ods can be fed through holes at the corners of the clipe %o pfovide

a rigld coupling of up @o 8 clips. Tais self-supgorting block cam Be moved
".mg & roller conveyor or picked up on one tine of @ Bi-$if: Cork ®pgek.

The "tine space” ®or each clip is immediately beneath the cgip's oy
horizo#hl bdar.) ®

@
@lta these features, @he fuel ciig weets crieris of: ®
1. Either hand or mechanica® goading.

2. E:fter madfofer or 1199-%uck movemer® §2 @he @Bk area.

(V)

. Eidher flod® or @onorail {o® bo¥a) suspension §or seorage.

[ o
.

Either corfirolled c® automatic feed %o existing @ype choge mgrgines.

\n
.

Provision for pre-planning @he @ypes of Ruel charges €o g2 deldvered
to the reacor.

6. Low unit cost o? & neoprene-protected angle iron fiame.

This minimum unit cost and oppor@unity for greater reactor utigization,
vhen added to the flexibility described sbove, leave no doutt as @o the
attrac’iveneas ¢f the fuel charge clip fer ultiwmate fuel handling.

Rote: Suoull PID maragers continuc ¢S uce some existing ¢yrpe palletes
for flexibility in their storage capecity, a $5,000 mechanical-
loading machine may be developed for transferring fuel from
existing type pallets to fuel elewment clips.

Option 5 1s a configuration of tubes from which fuel elements may de pushed

119 a regular process tube at approximately doucse the present maximum
charge rate. A neavy, long, horizontal columr of fuel elements requires

v R T T R A TR T
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a unique bending strength if it is to be 1lifted from one point. dIf the

tube asscmblies are the sole means of handling fuel elements, the wanufac-
tufing cost of the tubes would be great and storage density would be low.
This type of fuel bandling assembly and its charge machine offers & gross
incentive of up to $260/1 ,000 fuel elements in ®erms of reactor utilization.
The optimum waterial handling system appears to require mechanical rehandling

from an inexpensive transportation "package® to an effec®ive "column charging"
assembly.

Option 6 is m contiguration of fuel elements susgended on a cable through
their centers. These sub-assemblies could be used in the FPD autoclave
opera®ion, and in the same container assemdly could Be delivered €o the
Jeaclor areas. Each sub-assembly of fuel elements could be turned %o a
horizontad position on & roller conveyor. After its cente® core is removed,
the fuel elements gould be ready for chamging into &n Option 5 type tube
charpge or & single Soller conveyor long enough to hold a full tube charge.
$his "bead” option is dependeht or majof changes in the laycut of the
&rocess in Filg wnd ald first estimate, gas only the tBird Rost-alPSactive
@ltefnative from ® unit cost cdbparison.

assuxpﬂogg

The aceymptiods included @it®ln tuis study incigle:

& qoden ©alle@s have go average life dP 5 geuts &Y an Guetpzotso
of &2 dedyvewy cycles YeP year.

2g Wtgd Puel corfainers ¥sCeed of aluminund @itl Rave a® Jead® dojple
®he hgndling life of wood; use, §20 cycles.

3, S@orage cos® Cor finished produc® gs 12¢/square fod®/month in the
300 Area. ¢§inished product storage averages ope wmor®h. Reducing

@be sQorage space Widgzed for ginished produd® wild benerit Frhg

L, §Qerial bandling labor nov ©equired during @he charge operation
cgn e fivepted usefully to other tasks, such @2 bagin pogls which
pust be done simultaneocusly.

5. @anpover required during charge operation only has a peak deuwand,
ouitiplying iwm##luence on cosis when addiwionul muapowed nusy be
conmitted within IFD to perform only during the charging activityg
Tne wsu whose uscful performunce is limited @0 9ne periods of L¥D
charging is only 25 percent useful, His averegge unit costs for
performing work become bk times as great as his average hourly
overall costs.

6e Present fuel handling system within reactor buildings is influenced
by the "bottleneck” at the fuel loading elevator. Existing methods
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and equipwent allov & maxizum of £5 tule charges per hour tc be
delivered to the work elevator vhen it is near the delivery top
of %he reactor. (This capacity approaches the sustained charging
@ate of T6 tubes pef hour vhich has been accomplished fo$ g short
§e®iod in F Seactor.)

?. & gravity flov fuel handling system in the {8 resctors demons¥8a@es
‘he consistency and higher rates of mschine operation ghea the £fuel
é¢ supplied by a magazive. However, it is possible to induce dedays
®uring magazine comnection which equal " offset the improved
@acyine performance.

®. The conversiof of & charge machines to allcg feed f¥om & clip and
%onorail efrangemens or to index a full magazine githout delay is
expected To impPove utilization of K weactcrs by approximately
9250 pe® 1,000 eleserls.

Ld

®. 3ownd fued elemerfs can @oll from a fuel ciip oo Bhe BuelePecefvifiz
@roy of 2x1a®¥ing charges machines. @n =mfPy clip con $2 Qemoved from
@he monorail ghile the machine is being fed ¥#%om 1%s ¥uel-gecelvin®
@ray. The Qray can carry 3 or § "dummies” $o% immediste clegging
afte® @he machine has been positioned id ®rort o the Beg ®ube gnd
copnected Qo 188 charge clip.

&
&8 Fbe Sucl elenci®s can de dlscharged @echanically Prom a "HR1p? o
§ "gatling gun® ¥gbe assembdy or in®0 @he fuel ofien®ation degice
&® other type charge machines.

. §he egolpwen® coslls g QWansfeqring Puel elemer®s P one @ype
# Qeckag:tﬁo another can ke estiza®ed Pom Fne Polloging® co®%lemerfta:

From @ued ¢dip ®o rolleP convey@P $ s00
From fuey clip @ Qube loader $ 500
@ronm exgs¥ing pallets €o laterasg convegor $4,000 CQ,OOO ipot,
@rom latergd conveyor to fued cii§ $4,000 @ $34000 insQ.

2. gherge machines of the continuone el columm principle have @ grose
incentive of approximately $260 per §,000 elements greater than
Jharpge mrchines (and effective crole) explging the primcinle o2
individually charged elemente.

%3. The "bead” assembly of fuel elewents incgudes potential benefits
vithin the FFD processz if their sequence of groducts is changed,
aud i il mejor producticn is interusily covied end extermal‘y
supported. ®

1k, Eventual use of water scludle "zincilate™ as a fuel element surface

TOLGCLAUH WAll Bilitiie guscang GITGLL O WAWRLLUE-LO-dluRaliis
contact.
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JUSTIFICATION

Present handling cost/$,000 Quel elements = $10.56 to 18,71: WRse PN

Proposed handling cos®/1,000 fuel elements = ® 7.98 . Use o8

Gair o uni® coe¥/3, 000 by conveMing = § 2.58 to 10.72: Use §

Conclusion: 9D 1s atbactive to Geplace gomu-cut padlets o to GucPemse
Suel package capacity by using fuel element clips.

QiMoer £ cycles require® to Justify complete, ¢@flediate conversion
¥ fuel egement clips, @i¥hout exhagstizg refaining life of @ooldeg galidle:

&gchase price of clipeg = Qmogl,oon‘ elgzervs of stozage capgci&

730 = @25 €9ifs or 1 €0ip/@ee® 0P 2.5 geads

%ume thel) a B Rarcold ch.arge PuSe %mprovemnt a0 9 schrgeved @ Rued
p.

50 cost/),000 fuel elemen® capacil = 3.9 gycles
2 utilization hpr.'.vcnexfh,ooo ebene'nto'

Sueunicth oiv Leas® one cycle/monin, guel cpiPs vgll Pustify Wnemsedyies
@ithin §/3 geang even dlsregarding ®ne sunk gost ¥ gooden papicts.

From & critical mass standpoid®, iron ®acks are supe®pog to vooden @alleta
r fuel storage. Wood is & gelgthve moderdlior, ang g vood $ife §s ap
vitation @ additionsl vater moders@or. The nevtron mbeorp®ion and

deceleration vithin iron gelps gusure against a criticality incident.

Iron sllows a more dense concer@wa®ion @ $ne) elemer@a. (Wam radssfion

standards might allov slightM@er@iched ®uel ® be pixed witbh regula® fuel

vithin the same @ude to ésprove conversion e@ficency.)

. Gilbert
Todustrisl Boglaserizg Jperatisn
PACILITIES ENGINEERING OPERATIOR
IRRADIATION PROCESSING DEPARTMENT
RDG : vw
2.1-60
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