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_a_ _d Indu_t_al Engt_eeTl_

The flaehe_ relxtR c_ _e_ elemen_ Imna_ing_pr_,_enq_ in some detail _e
¢urre_ s_s oP an en_lneerin_ stud_, whioh has been _lnderway fo_ _ome

• tme_ _ _hicl i_ cor_inut-_. The study v_ underiaken qk_ _e_er_tne _

and e_j__ _lJ_fl_d_or _ue_ e_ement ha_d_5._K _llh exis%_ eha_Ein_ machine&.

_e s_lcces_ develol_en_ of _v an_ t_ove_ Tue_ e_eme_ lialldlln_ eye_e_
i_equl_es _ inte_a_ed efforts o_ personnel _n _ an_l iu _PD. t_ 4_hl_
Qlme_ _ is deemed advisable _ estab_1 _h U _ol_nal informati_l elchange
on 4he _e of the work. Current _oi_ e_c_s in _ an_ TPD are de_

si6ne_ _k_ deMe_ metho_s_ and 1;o te_ lia_d_a_ fo_ ha_dl_h_h_el e_eme_s
in _he _ c_l_s which are described in _he repo_.

The a4_ache_ I_e_ol_ includes also statemen_se conclusions an_ reconnen_
at_ona _j_ _1(hqre _ctlon fo_ yOU_ consi68ea_on. _'_ese gOnc_isions sr_l
reccmnenda_on_ are expected _o focu_ at_entiol_ on al_ l_ts of the

• eri_ han_in_ and fuel element chargin_ sy_em _ human and material

4e sources. ,____,

_ndus_lal En_i nee_lr_
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FUEL ELEME_ EA_DLIRG B_E IRR_IATIOW
_ i i is • _ i ii ,-

INTRODUCTION

The method of fec_Ing fuel eleuents into Eanford reactors Influences

reactor productlTity. The effectiwenees of any handllng method Is inf_
enced by upstream and downstream condltlons. Upstream conditions refe_
to storage, original packaging, inter-area transporTs%Ion, and rehandltng
_lthtn the using area. Downstream condttlo_ _efe6 to the fSee_al£
characteristics of _hose fuel elements which e4;e Ats_laced by neol_-

The study of fuel elemen_ handll_ was initiated as the Slrst _b_e o_ MI
oTerall 1_-1962 budget study and as the economLc evaluation sT cv_en_
_lte_nat£wes _or _anedtate handlln8 needs.

|
_ithin the upstreal and downs_re£m _[lmlts _£posed _Y present _ype sq_L-
_eaC%o_ charge _achtne©, this study attempts to meet _he fallc_r_

i ob_ec_t,eu :-

i. _o,e _he utlli_aQ1o_ Of' HAPO_ea_o_sot_ce_ |_
_eeessar_ outage tl_e.

• . _tedw:e _he un_ cost oi _ prod%|_.

_e e_ l_e_ta4_e e_ort _nmrd these observes _et_s _ _

_ormnc_. -

_,urln_ qlael,7 dellver_ o_ appr_ _a_

0

a_tt_t&on, oll 3) gectloM Of' _l,mbO0 poles. " "

The fol_ovtn8 _Ic_ures from tte Dece_be_ _ 1959, _sue _ Qhe _A_
GE Ne_s (Exhiblt_ _ and _I) sho_ the type o_ q)uel _ackagin_ sn_ ¢har_ing
e_al_ent qha_ ls currentl_ in use.

• •
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BAC_ROUHD

The concepts of handling fuel elements at HAPO bays progressed £roa "abso-
lute accountability" for a scarce, strategically classifieds personally
handled type of waterial to the need for a lov unit cost, non-injuring
storage_ and mechanized d_llverT of a relatively valuable, Internationally

Original delivery of fuel elasents ras acco=plished in solid rood blocks,
approximately _" x 8" x 6" vith 8 drilled holes _o support f_Ael elements.
At the completion of their processln8 In fuel fabric.ration, these blocks
v_.re loaded Into trucks and delivered vtth a _atroi guard to the reactors.
The f uzl elements vera then lnJerted one-st-a-time _n_o a process _ube
vlth a band-crank fixture. As the capacity of l%el fabrication grey to
mee_ or excell the te:edlate rate of reactor demand, the 8-unit _ood blocksO
vere replaced by stackable pallets having cspaci_y tor 200 Fuel elements.
Subsequently, hl-llft fork trucks _ecame more generally used _hroughout

_ _AP0 for f_l _adllng, and replacement pallets were deeAg:ed with a
capacity of 30_ f_el eleuen_e_

One consequence of storin_ elements in 200 or 300-hole _llets ts _he nee_
for reloading each fuel element lnto s "cbarp box" _e_ore 8endtn_ l_ onto
the _ork elevator. Curren_ methods require au additional haudling of each
eleae:_ as _ i8 ll_q_e@ by hand into the mechanical charge mchlne shorn

Zxhlb_ XI. •

The enclosed picture of a current charge machlae (_xbAblt XI) revea_

e materd_t__oadlag is accoapllshad by one man. lhls task can be measure_
approxiuqely 1,100 ft lh/minute, d_sregarding the energy required for

_e _y _ove:eaQ _ _ne man and add_n8 _ po_mds _ss _n_ velg_; of _e

man,s forearm)_o _he 8-poured _el_h_ _ the fuel element. 80 have co_
8tstent chargln_ rates v_h present equi_ent, this rate o£ york by on_
bod_ :e=ber qr_st _e. sus_alnad regula_l_ tt_ro_lha _Li_t. _'_f _Pg_-

_DD_IN0 (December _8_ _9, P. i0) cites _.bat a good athlete has sn
overall "cruising pover" of about 10,000 ft Ab/aixute'. Recen_ experiments
at providing charge operators _0 percent rest during their shlf_ have

achieved hlgher-_han-_sual charging rates. Ro_ever, 4_tll utilization of_
reactor . _tage tim already requires a peak size o_er_in_ crev du_in_
qhe c_arge-dlschar_e operation.

The exls_Ing charge machines and other front face hardware provide oppor_
tunl_y _or a charging rate of I00 tubes every 1._ hours. TIlls rate has •

= vlthin I._ hours. The averap cbar_An_ rates are closer Qo 100 _bes in
- 2.1 hours. This 60 percent difference in rates of consistent performance_

- Is due to v_rk practices and to ut_lisatton of e_ulpaent. As much es a
_,._._ as n-e_'_'.v -.

for _eproved material handling equipment, asset:8 tMat such equi_ent Zs
_-_,,_,_ v_th exl_t_a8 .m_hAuer7 _nd EAP¢ v_rk _ractices. The sppsren_
need for additional o_era_la4 personnel durln_ the charge-discharge opera°
tlon makes tnvestuent in _"xtures and lsbor-ss_ag equl_ent appear more

-

,, ,'s_ ' , ,=' ' ' ' 'I' llr ''s "' ra1 li_
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The analTsls of fuel element handling cost ]mB been smmarlzed on the
at_che_ table of ._.It c=s+. c_arlsons. The most at+_ract!ve r_eansfor

storage, delivery, and feed to XPD charge machlnea ld the "cllp" option
(Ns. k). With either ezlatins or proposed type charge machines, this
option provides hi6h-denelty storage, charge-oriented loading, charge-size
transportation by overhead monorail, b_lk transportation by hi-lift truck
and regular vane, llnear._rogramed charging eeq'Aence, grevity-flov delivery
of fuel eles_nts, and adal_n dead eelght _n reactor elevators. The iron
cilp _b expec_e_ %O ha-_ea "_oZki_6 i:fe equal t_ _r _r_'._r ".h_ t_£_.
the vorking life of fuel packages made from wood. Basud on this assump-
tion, fuel clips can be used at 2_ percent less ,anltcost than present
fuel pallets. (The u_i_ of comparison is I,OOC feel ele_ent_.)

It is recowmended that discarded pallets be replaced with fuel clips.
The initial order of fuel clips shoul_ be adequate to service one reactor
con_le_ely. Presentl_ ,reed 300-hole pa_le_s _hat are in _od condition
should be retained for relative dead storage. This assumes that FPD can
manage lte tnveutory of finished product on a modified last-in_ first-out
_aeis. Fuel inventory management can minimize the n".m_er of fuel c.._""
4Peo.,_lre_ f.T_l_ hl_h u_'Jl_loD can shorten _ne ja_l_ic_lon period.)

Mechanical equipme_ can be built for approxlna?.el_ $5,000 tc transfe_
fuel elements from pallet s+.orage to clips. All HAPO charge machine8 can
be equIFped vith adaptem _o allow gravity feed fro_ charge c!i_s to elt,ed}
existin_ or proposed charge machine feed mechanisms.

STA_ OF TEE PROBE_
,.

'_ov should fuel elements be packaged and handled 5e_veen _he la_ man_4p
facturln_ operation in FPD and the appropriaJ_e _lt_ponlng c_ 6n_lvldus_
f_Ael elements for their insertion into the :._ac_or." The specific su_,
pro_lem_ to this statement are: '"g_t As the least-cos_ manneT fc_
loading, storing, transporting, and unloading the fuel eleme_ packa_"
and "How should fuel elements be arranged to ._inia:ze the rea_o_ outage
_Ime needed to insert _uei eiemen_s _u_o appropriate _eac_or _u_s_

Presently used fuel pellets have proved satisfactory as a storage and
moss-_elJvery medium, ]_11y effective fuel elemen _. rehandl!ng during _he
charging operation requires more manpower than la currently available on
s eon,.,.!_z_t .._,...._,, _ !nf_.enc_ of per_o_a.1 fatigue 4_, _ reduce reac_oJ_
utilization. Initial cost and life expectancy of _uel element packaging
is expressed on the attached uni_ cost comparison cha_.

e
The u_atream processor _FPDe i_ avers of the reAatively short life (est.

effective diameter rill req=lre that pallets be overbored to accommodate
self-supported fuel elements.

, -- ,, ,,a_,a"ili_lHiilI|||--_ _ __..?..__.-...._, ,.. . ala i ,, ', ' , ,I ,, ', (N II r
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The high ln/_tial cost, the relatively loose arrangement of fuel ele:ents,
a_d the low storage density in K-type magazines have precluded their use
as storage and Inter-area transporta_.ic= containers. The criteria thus
evolved for least-coat fuel handling between producer and user includes
a minimum summation of the fellow',hZ cost factors.

1. Annual cost of adequate manr_ver to service any reactor which r?qulreo
charglng.

2. Annual cost for fabrication and malute_ance of fuel containeN.

3. Ann,ml co6t for space to s_ore cur_nt inventory of finished
material. The landlord cost cf 12_'aquare foot/month ie particularly
realistic when s new building must be const._acted for storage.

_. Annual cost of Inter-area highway _ranspor_atlon ts generally the
same for packages allowing ,_e of f_;J.1 _elgut capacity of the wan.

Q
5. _nnual cost of special _lp or flxt_res for mechanical transfer from

one t_e of haudiln6 pa_ag_ eO -""*_'_"

_LTERNATI_ SOLUTIONS - DESCRIPTION AND EVALL_TION •,i n i I n i JL iu. _ ,,,

The altegnatlve Qat_i handling solutions are d_ndent on the ma_e_
in which the fuel e_ement la held In its packa6e. The Oirst _o alqe_n_-
tires hol_ l_e fuel element on end like a peg. The ne_ Qvo alQerna_ves
1_4) the _ue_ clemens _le side by sl_ |urln_ transportation _ _elT,
varying measu_es_ on Qne _orce of gravity to unload q_he Package. The Q_l_d
set o_ soluttono o_1*.nte _he fuel elements Into _ end-to-end column of
fuel elements.

0!'.":Ion % ,., '_=e e,e=;e-,, 3CO.-l:.:,..e pq_:.¢,. 4),_.=..:is sh:_:=, in r."_.e 7re_"-',:-7¢on
ps_.e 1 di _his repoz_ (Exhibit I). One merlt ls lts _cceptence within FPD.

It has I)low lnltlal ¢ost_ _ can be repslred vlth carpenter tools O an&
!t c_n be s_cke4 bJl[b enough tc _cbJ*v_...... f_r loedt_ms, of _:)0 _ounds
per square foo_. The minlmm requirement for han_ labor in &oedln8 and
unloading brings _he unit cost per 1,000 f_el elements to a Tourth mos_B
attractive position w£thln the toe,arisen. The expected labor cost
assocla_ed vt%n _nis _an_iln_ med_u iu approx%m_ei3 _ _o _ne _Oeb

expensive posltlon within the com_orlson.

Opticn 2 is an adaptlon of the existing type pallet which allots the

individual ro_s of the pallet to be separable into "charge boxes" of
approximately half a standard charge, l_-el elements in such a horizontal
and parallel conflKuratlon can be llf_ed to ezlstlnx type charge machine
trays with relatively almple mechanization. The additional cost of modi-
fying shore-life wooden pellets left %hls opttcn ss the second most-
attractive.



Opt'._n 3 is a aultiple-layer tray to fit into the K-type charging machines.
T'ne all-alumln_ aagastne Is expensive to manufacture and its lov compressive
itrength has precluded stacklng full K :apzlnes. •

0_tlon _ is an angle Iron frame or "clip" in shich fuel elewen'_s are packed
l: a zigsa 6 formation which assures pure rolling contact as they flov out

designed to alloy shut-off between any two fuel elements. The ueoprene-
coate_ vertical sides assure a positive flc_, even for non-round un_ts.
The zi6zag conP£_ratlon of fuel elements and the cam-type door aLtoV a
v_de range of sizes to be acco_odated in the ea:e type clip.

Clips can _e handled by monoral_ roller conveyor_ or for_-li_ _ruck_.
d_able fl_ge vheel at the top of each clip _v£_ suppor_ It and alloys

• ransp¢_ alon_ a monorail. The double _an_e wheel, such as that used
to support sides o._ bee_ in meat peckir_ p_ant_, al_oXs eap_y cllps to be
lifted o_ the bar type monorail vtth easy human effor_ (_ 25-pound llf_b).
Tron @ode c_n be fed through holes at the corners o_ the clSp_ %0 _llov_de
a r_d coupling of up (Do 8 cl£ps. Tale 8elq_-sul_or_ing b_ock cern _e moved

._eg _ roller conveyor or picked up on one fine of _ hi-_tf_ _ork _k." "fine space" _or each clip ts l_ediately beneath the c_ip's _q_
hortzo_kl bar. )

_th these features, Qhe fuel c£_ meets crt_erla of:

1. Either han_ or mechanica_ _oe_n_.

2. E_.Qher :a_o_br or li_-_uck :ove:en_ _ _ _tlk area.

__. E14her flo_ or _bonoral£ (oB _n) su_pensAon _or sn.rage.

_. Either co_rolled _ auto=nile feed qP. exis%lnK _rpe chs_ge _ines.

_. Provision for pre-planning 4he _es of _uel char_es _o _e de_tvere6
to the reactlor.

6. L_ unit cost o_ a neoprene-pr.tacked angle iron f_ame.

This minl:u_ unit toss and o_.po_nity for _reater reactor ut£_zation,
vhen added to the flexibility described 8bo_e, leave no doubt as 0o _he
attracgivenees of the fuel charge clip for u_ti:ate fuel handling.

i for flexibility in their storage capacity, a $5,000 =echanlcal-loading mch$ne may be developed for transferring fuel from
exlst_ng type pallets to fuel eleaen_ clips.

Option 5 Is a conglomeration of tubs8 from vhich f_ael ale:ants may be pushed
_n_.O a re_r process tube a: approxtwa_ely do_.-e _he preach-, maximum
charge rate. A heav}'_ l_ng, horizontal colum_ of fuel elements requires

,, |, i,_. ,, , _ ,



a unique bending strength If lt ts to be lifted from one point. ,1:1' _he
tube assemblies are the sole means of handling fuel elements, the manufac-
turing cos+. of the tubes would be great and storage density would be low.
T_ls type of _uel handling assembly and 1ts charge machine offers a gross
lr.centlve of up to $260/14,000 fUel elements In _erm of reactor utilization.
The optimum material handliug systeu appears to require mechanical rehandlJng
from an inexpensive transportation "package" to an effec_Ive "column charging"
assembly.

Option 6 is as conTisuratton of fuel elements suspended on a cable through
their centers. These sub-assemblies could be used in the _PD autoclave
operaTion_ and in the same container assembly could _e deltvere_t_o the
jeac_or areas. Each sub-assembly of fuel elements could be turned _o a
hortzonta_ position on a roller conveyor. £fter its cen_e_ core is remove_
the fuel elements lould be ready for cha_glng into _n _tion 5 type tube
cha_ge or a single 9oller conveyor long enoush to hold a _1 tube charge.
_hia "bea&" option ts _epende_t or.. ma,Joi'; changes in the layout of _,1_e
_ocess in P_e stud at first estimate, |ai only the t_lpd _ost-_ctlve
_l:_na_ive from st unit cost comparison.

&SSUM_ZO_

_e ass_io_s included t_ia _his s_ud_ inci_e:

_ode_ _a_ have _ average life o_ _ 4_e_s _ a_b_e?_g_m
o_ _b_ deL_v_q_ cycles _e_ year.

_t_uel containers _s_ee& ce alu_in__l _ave a_ _ew4_ do.le
_the b4u_ling life of wood; use, _0 cycles.

3, SQorsge coe_ _or _intshed produc_ 4_ 12_/square foc_/month in the
i 300 Area. _lntshed product storage averages one q_on_h. Reducl_

I 41he sQorage space _/£4_ed for _inishe_ produ_ vl_ benefLt FF_

_. _h_erlal handling labor nov _equlred durin8 4rne cha_ge operation
cq_ _e _v_te_, usefully to other tasks, suc_ _ he_tn _ v_tch
must be done slm_Ltaneoue_.

5. _anpover required during charge operation only has a peak de_and,
mu_tip_lng _luence on costs when addLqionai _,npove_ mus_ be
committed within :lH) to perform only durtn_ _he charging acttvtty_
Tns _u whose us_u_ _er_ormance Is _mt_ed _ ,,she pt-rko6s o_
char61n_ li only 25 percent t_ef_al. His average unit costs for
performing work become _ times as great as his average hourly
overall costs.

_e Pre_ent fuel handling system within reactor buildings ts influenced
by the "bottleneck _ at the fuel l_adlng elevator. Existing methods

VRtl_q' _ O0 y_Iy_l'Yt
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and equil_bent alloy a mazL_ua of 8_ tu_e charges per hour tc
delivered to the york elevator vhen i_ is near the delivery top

of qhe reactor. (This capacity approaches the sustained charging

QaCe of 76 qubea _ee hour vhich has been accomplished fo_ _ short

_eOlod in F Seacto_.)

_. _ SZsvAty flow fuel handling system in the _ reactors demonstlaees
• he cons_stenc_ and hiKher rstes of m_ch_ne opers_ion _hen the _uel
_s supplied by a magazine, movever, it is possible to Induce deAays

i_rin 6 ma6azine connection vhlch equal _ offset the improve_
4bac_pineper£ormance.

P. _he conversio_ of _ charge machines to allcO feed f_om m cl_l and
qbonorail a_rsngemen_ or to index 8 fuhl masazine Otthout dela_ is

expected _o lml_ove utilization of K _eactcre by approximately
_50 _pe_ 1,000 elezen_s.

qk. _o_ rue& elements can @oll from a _uel c_tp o_4_o 4_he 4_uele_ce4vi_
q_r_y or existing charge m.-hlne.-. 4lh "-_y clip c_ _e q_e_ove_ fro_

_he monorail ohile _he machine is belag fed _o_ i_s _uel-_ece_vin_
Oray. The _ray can carr_ 3 or _ "dummies" _o_ Immediate c_in_
af_e_Ithe machine has been positlone_ i_ _ron% c_ the _e_q_be _d
co/_ected _o i_s charge clip.

"gatlin_ gun" _4be assembly or into qhe f_el o_ienqs_koa de_ice
other type charge machines.

•yacuge _ another can _ es:a_a_e_ qqeom wne _AA_n_ COSW elements:

From qN_e_ S_p 4)0 rolle_ conveyc_ _ 500

From fue_)clip eo 4babe loader ,_Grom e_InS pallets _o latera& convellor q_,v_v 0_,000 l_,.C.

_rom latar_ conveyor to fue_ ci_ Sk,O00 q)$_000 inaq.

incentive of approximatel_ $260 per _000 elements greater than

individually charged elements.

_3. The '_ead" assembly of f_el elements Includes potential benefits

vi_hln _he FPD process if _hetr sequence of _roduc_s _s chan6ed ,

supported.

1_. Eventual use of rater soluble _zlnctlate" as a fuel element surface

contact.

UNCLASS IPI_X)
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Presen_ handll_g coat/_,OOO 9uel elements - $10.56 to 18.71: qse _._

l_'oposed hand1_u_ cea/l,000 f_el elements " O 7._8 _ : : Use

a,i: _: u_,.e:o,_/_,ooo_7 :o_v,_t_:_ ._ 2.58to lo.72.- .,. _

ConcZumlon.-- _ela_c_::tl_t_ty_:71aC_$n_JnK_n-f_::_teleP_me:ttmcl_ip:? Qsc_eme
E

_J_er c_ cycZes requlree to _ua%l£y ccapZetes _ediate conversLos
_k) _uel e_enent clips, Ot4_nout exhawsti:lD relalntnE life of _>oie_ _al_:

' _' ' ' w ,ep _* ..... w_,-._w-_m-

7_ = _ _s or 1 bl_/eeee lo, 2.5 _es_

&sume th_ a _ _r_._d_ ch_rge _ _ro_emenl_ d_: @ achieves _e_
_.

_eum%_ m_ iese_ one cycle/faodJl_, 4_',xei c_Fe _ _asttf_ gl_e_l;e_es
_thtn _bt/3 _ear_ even dlerelisrdlql_4Pne sunk _:)st (_)oden ps_ets.

From a critical mns e_andpol_ iron q_scks are s__ to vooden _alleta
r _uel otorsKe. Wood Is a _e)4kt_ve uoderd_or, an_ _ voo__e es a_
• l_atton 4)0 additional rater moderzeor. The neutron _beor_.tom _nd

deceleration vi_hln Iron _elps 4_sure a_atns_ 8 crlticalt_y incident.
Iron s_o_8 a .more dense conc.em4kn_.nn c_.._,,e..l., el..-.me__._.. .(.w...-__s_! o_
a_andsrde nlgh_ 811ov elighl;)JJ_e_lPtcbed _ll_el @o be nixed vltb resuls9 f_el
vlthln the same _be to _:prove conversion e4_c41e_c_. )

FACIL=T_ES E_GI._ZER_K_ OFERATIOB
L"."._DIATIO_PROCES5_ DEPARTMEF_
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