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A. ABSTRACT 

Babcock & ~ilcox (B&W) baa developed desiros for three ~-2 defuelina 

canisters - fuel, filter and Knockout. Tbe canisters will retain and . . . . , 
e~ea?s~latt :~ =e a~:=~• =ansin& i: s~:e :ro: ve=r s-~: !ines ~o pa=~~.: 

fuel assecblies. These canister designs are engineered to aaximize 

fabrication efficiency and to be <ompatible vitb all specified inter-

faces, ineludina handling. on-site atorage. · sbippina eask; and drainina 

operations. Dimensional studies, including tolerance stack-ups. have 

verified that the canister ·tooling and equipcent interfaces are 

(1) 

• 

acceptable at operating te=perature and conditions. Analyses and (4) 

qualitative judgcents indicate that the kef£ meets all criticality 

objectives for single and array conditions. All stress values. for the 

pressure conditions defined by the CPON technical •?tc1fieation1 are 

vitbin ASHE Code2 allovables. (1) 
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! • lh"TRODUCTIO~ 

• This report presents the designa of t;e three canisters to be used !n 

defueling of THI-2 developed uDder a tontract to CPUN by Bab t ock & 
~ilcox. Included are designs for the tvo types of filtering e•nisters 

(the Defueling ~ater Cleanup System (DWCS) or Fines /Debris Vacuum System 

(F/DVS) Filter Canister and the F/DVS lnockout canister) and the Fuel 

Canister. Changes from Revisiou 0 are den~ted by a bracketed number in {1)(2)( 

the right margin . This revision supercede• and replaces Revisions {4) 

0,1,2, and 3 of this report and Re~isions 0 and 1 of Reference 4. (4) 

Compatible vith the spent fuel pool environment, these canisters praride 

an effective containment for the long term storage of the TMI-2 core 

debris. In conjunttion vith the defueling system, the _canistera v1ll 

retain and encapsulate de~ris ranging in si&e fro: very small fines to 

partial fuel assemblies. In cocbination vith the shipping cask the (2) 

shipping patkage vill satisfy all the 10CFR71 cont• nment requireme:ts . 

Criticality considerations vera factored into the canister design to 

ensure that the canister contents vill recain subcritical under all 

TMl-2 site conditions. Quick discon:ect fittings located in the up~er (1) 

bead permit dewatering of the canister contents. Pressure relief valves (4) 

to limit the'internal pressure in the canisters can also be installed (4) 

on either of the quick disconnect fittings. (2) 

The fuel canister is a receptacle for large pieces of core debris tb.t 

can be picked up by the de~ueling grapple and placed in the caniste=. 

For this reason, the upper closure head is removable to permit easy 

access for debris loading. An internal shroud controls the size of the 

internal cavity and provides a ceans of encapsulating the neutron 

absorbing material used for criticality control. 

Aa part of the debris vacuum system, the knockout tanister separates the 

medium size debris from the vater by reducing the flov velocities, 
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thereby allovin& the particles to aettle out. AD internal screen help• 

retain all but the very s=all fines in tht caniater. AD array of four 

rode around a larger central rod. all containin& boron carbide (B4c) 

pellets. 1a i.Dcluded for criticality control. All flov connection• are 

located on the upper bead. 
• • 

To remove very am&ll fines. tbe filter canister utilize& filter elements 

fabricated from a stainless steel media. These elements are joined 

together to form a filter bundle permitting a flov rate up to 125 rpm 

while filtering out particles aa amall as 0.2 microns. A center rod 

containing B4C pellets ensures that the canister contents r~in 

sub-critical. Like the other tvo types of canisters. all the interface 

conn~:tions (piping and handling) ~re on the upper head. ~otb in the\ 

F/DVS an~ DWCS a system pressure relief valve maintained by CPDN is 

assumed ~~ keep the pressures within design values. 

All structural components &Zcept the fuel canister bplta are fabricated 

from 300 series lov carbon stainless steel that are videly used vitbin 

nuclear industry. The bolts are made from Incooel 625. These 

:aterials provide both e%celleot corroaion resistance in a vater 

environme~t and tough. resilient structural propertiea. !oren carbide 

ia uaed as the neutron absorbing material. This material bas been used 

extensively in spent fuel storage rack and control r~d designs in 

conjunction vitb stainlesa ateel for more than twenty years. 

The criteria for the design of the THI-2 Defueling canisters ia aiven in 

Section C of this report. Section D presents a description of the 

mechanical designs for three canisters. Results from structural analy

ses and criticality analyses are sucmari%ed in Sections E and F. A 

description of the operational procedures for the canisters vitb a 

(2)(4) 

(1) 

• (2) 

(4) 

(4) 

listing of required plant interfaces is given in Section C. (2) 

Attachcent l is the ASHE Code Section VIII Stress Report. The det&ils 

of the criticalit~ analyses are presented in Attachment 2. 
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C. DESIGN CRITERIA JJ.'D FUNCTIONAL llEQ'DIJliHEh'TS 

The canister desigu criteria and functional requir«menta are detailed 1D 

Appendix E of Reference 1 and are aummarized 1D Table 1. ,. 
• 

TA!LE 1~· 

CANISTER DESIGN CRITERIA/COh'DITIO~C 

General Design Criteria and Specifications: 

o Maximum loaded veight - Devatered: 2800 pounds 

o Envelope Max. Dimensions: Overall Length: 1SO.O inches (aax.) 

Outer Diameter: 14.00 incbea (eoa.) 

o Material: 316L stainlesa ateel or equivalent 

0 Thirty year design life. 

o Empty canister vill be non-buoyant 

(1) 

o Capability for ventin&• dewatering (draining/gas inerting) aDd leak (1) 

teat in& 

o Chemical compatibility vith tMI-2 and INEL pools 

o Interface compatibility vith site handling equipment 

0 20 um nominal particle aize limit in effluent during devater~a 

o. Provisions for hydrogen/oxygen recombiner catalyst 

0 Removable pressure relief valve to limit internal pressure to 15 

prig in canister after loading. 
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o Conform to ALARA guidelinea 

o Jeutron absorbing material• are to be fully eneapaulated in 
ataiDlesa ateel 

• 
Cr1tiealit• ~r1ter1a : 

o ~alyses per 10CFR72.73 and ANSI 8.1, 8.17, 16.5 and 16.9 

0 nae optimal fuel size, volume fraction and enrichment 

o Criticality limite - keff :r•95; aingle or array, faulted or normal 

o Criticality lilllit vitbout poiaon - Xeff ~.95; aingle canister, 
ncr.al configuration 

qualit7 Assurance Progra=: 

o ..Jocn50 and vendor Q/ A procedure• 

Structural Requirecents/Loadinga: 

o ~~intain structural integrity for criticality control under all 

loadings due to normal handling and cask loadin& operation• 

o Analysia per ASHE Code ~ Section VIII Subsection UW (Lethal) 

0 

0 

I:ternal pressure - 150 pais deaisn pressure (180°F) 

- 225 psi& hydrostatic test pressure 

(room tecp) 

External pressure - 30 psig design pressure (180°F) 

(3) 

(3) 

o Design drop accident - 11 '7" in air or 6' 1 1/211 in air followed by (2) 
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0 

19'6" in water. !=pact at any orientation. Critical!ty control 

muat be maintained, but deformation and/or leakage ia acceptable. 

Cask packaaina interface. parametera 

~ 

Max. ~pact acceleration 

loada @ canister interface 
- 40 a'• axill .. 
- 100 s's lateral - ccctiauoua 

support (cylinder vithiD 

cylinder) with no acre than 

a 1/2 inch sap between 

canister and the au~rt 

cylinder 

Perforcance Reguirementa: 

Fuel Canister 

- Capability to be handled without .top closure inatalltd 

- Accept partial length full crou uctioo fuel assembly 

- Detercine maxt.um veight of debria that can be dropped 

full length of can (see Section F for discussion). 

Filter Canister 

- Accept particulate ranging in aize up to 800 micron 

- Effectively filter out all particulata creater than 
0.5 micron (noaioal) 

- Flov rate of up to 125 gpm 

Knockout Canister 

- Hydraulic perfor=ance criteria not in B&W'a acope of supply 
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D. HICHANICAL· DESICN 

• 
Tbe canisters consist of a circular pressure vessel encapsulat1n& one of 

three internals modules dependin& on the function of the canister. 

Except for the bolted upper closure bead on the fuel cani•ter, the basic 

pressure vessel (outer shell) ia the s.me for all three canister de- • 

signs . Similarly, the handling interfaces are identical to allov the 

sz=e handling tool to be used. Different functional requirements 

dictated differences in the piping interfaces and the design of the 

internals modules. Tolerance studies on the canisters and their 

internal components have been performed and are available for reviev at 

B,V. This section of the report preaenta a discussion of the canister'.• 

generic features followed by a detailed description of the thTea 

individual designs - fuel, filter, and knockout canisters. 

Ce~eric Canister Features 

Co==cn to all three canister designs, the outer shell aervea as a 

pressure veaael protecting asainst leakage of the canister's contents aa 

vell aa providing structural auppor~ for the neutron absorbin& mate

rials. It is sized to withstand the pressures associated with normal 

oreratins conditions and hydro teatins. To combine high structural 

efficiency with reasonable c~sta, the canister ia fabricated froa a 

section of velded pipe requirina only standard manufacturing techniques. 

Ale~ate marsins of safety for both external and internal design pres

sures have been demonstrated for the 14.00 inch O.D. pipe with a 0. 250 

inch vall . All joints in the outer shell ere full penetraticn velds 

vitb full' radiograpbic or ultrasonic inspection. · A reversed dished tank 

e~d ia used for the l over closure head for all the canisters vhile the 

( 1) 

Urr•r head desisn varies according to the canister's function. All (1} 

f i ttings are quick disconnect and are located in the upper head for easy 

access . A skirt is used on the upper bead to protect the fittings from 

s!de icpacts. All fittings are torqued in place uaing an approved 
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aealant •eetin& hi&b purity atandarda and capable of aaiDtaiuin& the 

aeal for the deai&n life of the caniater. (B&W bas identified that 

Nuclear Grade PST Pipe Sealant 1580 by Loctite Corp. of Revins:on. Cona. 

ia an acceptable aealerVhen the batch to be uaed •eeta ~ty (1)(2)(3) 

requireaenta #!ven in the canister assembly apecificatiDD~ it ia uae~ 

per the unufacturer 1 
• inatructiona . ~·ther aeala~ta aay ai.o be ,. 

acceptable.) A recesaed &rapple inte~!ace provides ain&le point _pickup 

vitb lov susceptibility to shipping damase . Water trapped by the akirt 

and bandlin& recess ia draiDed by a .. cbined bole tbroa&b the bulkhead 

f(filter and knockout) or cover (fuel). 

A recoabiner catalyat package ia incorporated into the~er and lover 

• bead of all the canistera. The catalyst recombines the bydroaen and 

oxygen sasea formed by radiolytic decocposition of the water entrapped 

1D the vet debria . Tbia reducea the buildup of internal preaaure 1D ~be 

canister and keepa the aasea belov their fla:=ability/ezplosive liaita. 

The redundant location• enaure that an ade~uate .. ouat of e&talyat 1a ~ 
S ,_o 

available vitb the eaniater in any orientation. The e&talyata have ~ 

been placed in location• consistent with .. intaiDiD& their function S(~.,. ~ . 
after a drop accident. · ;~)( .? ':7\r 

v:;>o c , .? ,;>' 
~~ \0 

The ace bade devaterin& ayatea ia uaad to rnove the aloab vater 1D ~j ', / 
all tbru typea of c:anbtera prior to abipaent . Inert (A.r&on or Nitro- IL-"' 

"' aen) &a• introduced into the top of the caniater drivea the free vater 

to the bottoa au.p. through the internal drain liDe and oat of the 

canister to a defueliD& va~e~ proceaains ayat••· The inert aaa ia later 

atabilized at 30 pail to aerve aa a cover &•• for lon& tara atorase. 

All dewatering fittinsa are Hansen aelf-aealing typea tbat "can be capped 

or bold a removeable pr~aau:e relief valve. The fittin& and cap aeala (2) 

are aade of Ethylene Propylene (EP). (4) 

No pyropboric reaction of the ~11 zirconiuc (fue l rod clad .. terial) 

fines in the caniater ia expected. especially vith the "drip-dry" 

condition of the debria after devaterinc.5 

A su:=ary of the caniater i nterface par ameter• is present ed in Table 2. 
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Fuel Canister Desisp 

The fuel canister, Figures 1, 2 and 3, conaiata of a cylindrical 

preaaure vessel vitb flat upper cloaure bead. It utili&aa t~a •~• 

g~neric ·oute• shell aa the other cardatera except for ita removable 

cpper ciosure nead tnac 1a accacbed ~tb bolts. Within the aball, a 

full length square shroud forma tba internal cavity. Thia shroud ia 

supported at the top by a bulkhead that cates vith the up~er closure 

bead. The shroud and debris rest on a support plate that ia velded to 

the ahell. The support plate baa impact plat.ea attached to help abaorb 

ca~ister drop loada and payload drop loada. 

The canister'• aquare-vithin-a-circle configuration ia evid~nt in the 

design of the upper bulkhead (Figure 2). Tapped to accept the bolta 

attaching the upper closure bead, the bulkhead'• ~op aurfaca alao 

interfaces vith the aeal-ring in the closure bead to aeal the canister. 

A drain tube ia velded i~to a machined bole in the bulkhead. Two 

noo-syc=etrical locating pins on the upper aurface ensure the closure 

bead is installed in the correct orientation. Circular indentations 1D (1) 

the aides of the square opening provide an interface vith the canister 

lifcing tool vhen the closure bead ia not installed. 

The shroud asse=bly consists of a pair of concentric square stainless 

steel tubes seal velded co completely encapsulate four sheets of !oral, 

a neutron absorbing material. Acrosa the diagonal, the shroud is 

dimensionally only slightly smaller than the outer ahell'a inner 

~d!L=eter. The apace betveen .the shroud and the shell is filled vith a 

~ { lov density concrete mixture of c~ent, alaaa bubbles and demineralized 
4 vater (Figure 3). The ahroud has a slip fit vith ita mating surface CD 

"1- -6 3 f the bulkhead; thia allovs the projected 4 . 6 x 10 ft /day of Bydrocen 
~ , ..J ~Ar r generated by radiolysia from the concrete to be directed to the upper 

~-,;' ~\ recocbiner catalyst bed. The inner cavity of the sbr~ud, a 9.00 inch 
""-..: -.(" . .) 
~<J' I '(J square, e~co:pasu the fuel asse:bly'a square envelope of 8.54 inches. 

~ Based on ref~eling experience, B&~ expects tha: these cani1ter 
'N () ,n-: f ~1( ~~ di=ensions should ensure that partial uel assecbliel meeting the 

(2) 
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cross-aection dimenaions of normally irradiated !uel can be inaerted 

into the canister. 

The upper cloaure bead ia attached to tba bulkhead by ei&bt equally 

apaced 3/4 inch diameter bolts. Thaae bolta are ai&ed for tha preaaure (2) 

loada and postulated impact force due to ahitt~ot the caniater 
• content& dur1D& a abippin& accident. All the bclta are captured within 

the closure aaaecbly and handled as an aaaembly. Ali10=ent pin holea 
and the drain valve bole catcb tbe correapond1D& iteaa in the bulkhead. 

Croovea for the tvo metallic seal-rin&a - arou~ the aquare openin& and 

drain line - are .acbined into the botto. aide of the bead. Tbeae 

aeal-rin&a are attached to the upper bead ua1D& ..all acreva and aprin& 

clipa, alloviD& them to be remotely replaced vi~ aanipulatora if the 

cloture bead ia ever removed (i.e. , for debris ..-pl1D& at INEL). 

Filter Canister Deaigo 

A. part of either the Defuelin& Yater Cleanup Sf1tea or the Finea/Debris 

Vacuum Syat~. the filter caniater, Figure& 4, S aDd 6, &a desirned to .. 
remove very small debris particle• fro. the vat~. Externally. it ia 

very similar to the other caniater typea, espec1&lly the knockout 

canister. Tbe filter aaaembly module that fita inside the caniater 

ahell vas deaicned by the Pall Trinity Micro Cor?Oration and I•Y to 

remove particulate• in the ranae from O.S to 800 aicrona. Flov into and 

out of the filter caniater is throu&b 2 1/2" caa &Dd aroove quick 

disconnect fittin&•· After loadin&• tba fittiniJ are pluaaed uain& 

apecial expandina .andrel plus• (Fiaura 9) that !acorporata alaatomer 

(Ethylene Propylene Diene Monomer) aeal1. The ~andin& mandrel plu& 

will allov quick, repetitive accesa to the canis:er internala for 

reaaarcb. 

The inte~al filter assecbly codule conaista of a circular cluater of 

17 filter elementa, a drain line and a neutron a~sorber aaaembly (Figure 

S). tach filter element is made up of eleven fi:ter modules joined 

axially for:ins a continuous internal drain tube inside an annulua of 

filter aedia . The influent enters the upper ple:ua region, flova dovn 
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past the upper support plate~ throuah the filter •edia and dovo the 

element drain tub~ to the lover aump. The flov ia froa outside (a~ell 

aide) to inaide (internal drain tube aide) vith the filtered particulate 

remainin& around the outer pert.eter of the filter elementl. Tba 

f:ltered vat,· nita the canister "t'la the drain liDe. Tbe follovU& 

d1scuaa1on oescriDea the detail deli&D of the •••«ably atart1D& vitb the 

filter module followed by the lonaer filter eleaent and finally, tla 

filter bundle aue:hly itself. Test.in& of both prototype1.5 and (2) 
16 production modules have characterized their performance. • 

The 11.0 inch long filter ·module (Fiaure 6) is the basic buildin& \lock 

in the filter system. It is based on the concept of a pleated filter 

media for=in& an annulu1 around a central, perforated drain tube. 

Fabricated from a porous atainleae ateel .aterial, the •edia ia 

pre-coated vith a sintered metal povder to control ita pore size. Tbt 

media and the center support tube ara induction brazed to ~t,!Dle .. 

steel end plates. Tvo band• are placed around the ~er periaeter of 

the pleated filter media at inte~ediate positions alona the lenatk of 

each module. These banda restrict the unfoldiD& of the pleat• if a 

back-vasb (reversed flov) i1 used to clean the particulate off the 

filter media. 

Eleven filter modules are stacked o~er a continuous 126" long 1/8" vall 

perforated tube and are then velded end-to-end to fora a filter eleaent. 

Only the ends of tbe module stack are velded to the continuous center 

drain tube. The drain tube. i~ pluaaed at the top forcina the vater flov 

dovnvard. This top plua mates vith a bola in the apper 1upport plate to 

restrain tbe lateral movement of the element . At it1 bottom end, the 

drain t ube is seal velded into a hole in the lover header. 

The filter bundle asaecbl y consists of an array of 17 filter eleme3ta, a 

drain line and an absorber assembly in a concentric circular patte=n 

(Figure 5). As previously described, tbe individual filter el~en:a are 

hel d in place by t be upper support plate and lover header. The el~ents 

a~e positi oned axially such that the module end caps are a~ianed for a 

mi nimum overlap of 1/4 inch. The bundle .is tightly encirled at fi~e 

11 
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axial locations by stainless steel banda, .020 thick x .375 vide, to (1) 

prevent element bovina and ease bundle aaacably into the canister ahell. 

The lover header is velded to the outer . ahell of tha canister to provide 

a boundary betveen the primary and aecODdary aida of tba filter systn. 

The upper bt~er is equipped vitb a aeriea of opeDinaa to allov for the 
. . 

passase of the influent alurry into t~ filter section of the canister 

a~d to protect the filter •edia from direct ispiD&ement of particles 

carried in the influent flov. Six tie rods podtioD the upper plate 

axially relative to the lover support plate. The upper plata is chocked 

into place vith blocks that are tack velded to the outer shall. 

· ,Criticaliey control is provided by an absorber .. seably located within 

, the filter alaent array to eaaure, that the C&D!.ster vill be sub-

; cdtical UDder all conditiODa. It 1a coapriaed of a 2.50 inch O.D. • (1) 

.125 inch vall outer protectiOD tube and a 2.125 iDch O.D. tnner poisOD 

rod filled vitb neutron absorbiD& material, 14c pellets. End caps are (4) 

veld ad to the top and bottoa of the rod to fully encapsulate the B 4 C 

material. Tbia ensurea that the canister v1l1 be sub-critical under all 

conditions. SectiOD F on criticality aummarizes the resul~• of the 

analyses. Details of the analysea are reported 1D Attachment 2. (2) 

~ockout Canister Design 

Duiantd to ~eparate debris ranain& 1D abe froa 140 aicTons up to whole (1) 

fuel pellets, the knockout canister, Piaures 7 and a. ia part of the 

Fines/Debris Vacuum System. The influent co.es directly from the 

defuelin& vacuua system inside the reactor While the outlet flov aoaa to 

a filter canister for ~urt~er treatment. Flow fittinas are 2" c .. and 

&Toove type and are capped or pluased after use siailar to the filter 

canister. Externally, the knockout canister is very similar to the other 

canisters utilizin& the same outer shell desi~. It also incorporates 

tbe same bandlina tool interface. The knockout canister internals 

desi&n are the result of a joint effoTt betveen J&• and Westin&house. 

J&W'• scope of supply is the structural desicn and the criticality 

analysis vhile Westin&house is responsible for the flov/debris separa-

12 



tioo performance. 

The ioternala aodule !or the knockout caoiater ia aupported from a lover 

header velded to the outer ahell a~d 1a poaitiooed by chock block& at 

~he upper ~_.der. AD array of four outer abaorber roda arouDd a central 

abaorber rod 1a located 1D the caoiater for criticality control. Tba 

four outer roda are 1.315" O.D. tubea filled vith oeutroo abaorbio& 

~terial. 14c pelleta. , Tbe central abaorber rod ia at.ilar ~ the ooe (4) 

fuaed 1D the filter caoiater. lt ia compriaed of a 2.875" O.D ••• 312" • -vall outer aheatb aurrOUDdioa a 2.125" O.D. rod filled vitb 14c pelleta. (4) 

Lateral aupport for the abaorber roda aod center aaae.bly 1a provided 

alooa their leoath by the ioteraediate aupport platea that bawe a ... 11 

radial clearance to the abell (Fisure 8). (2) 

The ioflueot flov is directed taozeotially alcoa the toner diaaeter of 

the shell aettioa up a ~rlioa action of the vater within th~ caoistar. 

As the flov velocitiea deere ... tha laraer particulate aettlea out abd 

the vater =ovea upvarda. exitin& the caniater tbrouah a ~cbioed outlat 
. . 

io the bead. A full flov screen (20 =••h) eoaurea that oo lara• parti- (1) 

clea escape from the caoiater. 

The aooulus betveeo t he 2. 25" l.D. outer abeatb and poisoo rod serves aa 

the draio tube for caoiat er devater~og. The abeatb ia velded to the 

bottom aupport plate aod baa ao outlet at the top velded to the upper 

head. The lover aupport plate baa draio boles covered by a "li&imeah" 20 

um (oamioal) filter vbich combine to fora a draio aump io the lover (1) 

bead. The cooceotric tube/Riai=eah concept haa been auccessfully tested 

at ai=u1ated debria hei&bts raoaing up to 96". 
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TABLE 2 

tk~ISTER DESIGN FEATURES 

, !zEe of Cauiat.er 

fuel Fil~r lnoclt.out 
e. 

Overall Length (max.) 150.0 in. 150.0 in. 150.0 in. 
Outer Diceter (nOID,) 14.00 i.D. 14.00 i.D. 14.00 in. 
Canister Contents Dp to Small Fines 140 microns 

Partial 0 • .5 to to Pellet (1) 
Fuel Ms- 800 microns Size 
embliu (.37.5" dia 

X .600") 
Total Inside Free Volu.e 6.75 ft3 

9.94 ft3 
10.73 ft3 (1) 

Duble Volume 6.4.5 ft3 6.89 ft3 
9.10 ft3 (1) 

Debris Density Range* 21.5-490 169-4~1 212-46~ (1) 
lb/ft lb/ft • lb/ft 

Loaded Canister Wt. (Max.) 
- Dcvatered in 2800 lba 2040 lbs** 2800 lbs (1) air 

- Wet in air 3074 lbs 2.513 lbs** 3204 lbs (1) (2) 
Empty Canister Wt. (Naa.) 

-In air 1230 lbs 1440 lbs 104~ lbs (2) - In vater 400 lba 624 lbs 230 lba (2) 

Bottom Bead Design Reversed Reversed Reversed 
Dish Dbh Diab 

Top Bead Design Removable Flat Plate Flat Plate 
Flat Plate v/Sltirt v/Skirt 
(Bolted (Welded (Welded 
Closure) Closure) Closure) 

Valve Interfaces 2's" Inlet 2" Inlet 
2's" Outlet 2" Outlet 

3/8" Drain 3/8" Drain 3/8" Drain 
1/4" Fill 1/4" Fill 1/4" Fill 

*provided by CPUN (1) 
*~ased o~ 500 lbs paylcad a~d 100 lbs vate~ ~e:ai~~g a!:e= devaterin~ (1) 
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• 
~!RODUCTION 

E. STRUCTUIAL ANALYSIS 

As part of the core removal system, the canisters function as recepta

cles for the core debris durin& defuelin& and as lona term atorace 

containers afterwards. To acco:modate larce pieces of debris, the fuel 

canister ia placed into position vitb ita top closure removed. After it 

ia loaded, the closure bead ia installed vitb a 15 pai preasure relief 

valve. The filter and knockout canister are connected via the coupliD&s 

on the top head to either the vacuua (both canisters) or the vater 

cleanup systema (filter only), both of vbich pressurize the canistera. 

~ pressure relief in the ayatcm (the ovuer'a responaibility) ~~11 

prevent over pressurization. The desilu apecification limita the deaisu 

presaure to 150 psi&• After bein& loaded, the caniaters are removed 

from the reactor vork area for devateriu& and stJraae. A ainale point 

pickup interface for the banding tool ia located in the center of the 

upper bead. 

~e atructural evaluation addresses .both the loads icposed on the cani

ster during loadina and handlin& (noraal operation) as vell as postu

lated drops and shipping accident• (accident conditions). A combination 

of analytical methods and actual component testing ia used to verify the 

adequacy of the design for the load cases defined in the design apecifi

cation.1 Acceptance criteria for normal operation ia based on the ASHE 

Pressure Vessel Code. For the accident condition, specific criteria are 

presented in the design specification which includes the possibility of 

leakage of the debris from the canister. The debris within the canister 

is ~intained in a sub-critical condition aa discussed in Section F. 
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~0~~ OPERATION 

Normal operation of the canister aa part of the defueliD& ayatem impoaea 

very ~11 loada on the canister intercala (the caniater ahell bein& 

addressed ic ~e ASM! code analysis) . Tbe larres: loa~ oc the i~:ercals 
• 

. is the c01:bined vei&ht of the debria ;c:. ~ internala. 'l'ba configuration 

of the caniatera ia such that only the lover plata aascably that &up

porta both the debria and internal& experiences ·any aianificant loada. 

Results of the atreaa analyaia ahova a hi&h maraiD of aafaty for thia 

· plate and ita veld to the outer ahell for all eaniatar types. 

Common to all three canister designa, · the outer shell ia a preasura 

vessel protecting a&aiost leakage of the canister'• content& aa vell aa 

providing atructural aupport for the neutron abaorbin& aateriala. 

Ondervater storage results 1D external (crushiDa) pressure beiDa imposed 

on the caniater vbila an internal (burating) preaau~e 1a developed 

inside the canister (filter and knockout) vhen part of the oparatio& 

aystrm. Design pressure• of 150 psi& internal/30 pai& external are 

specified in Reference 1 to bound the actual iotervica coDditiooa. To 

ensure its structural integrity, the preasura retainin& boundary 

(Figure 11) consisting of the canister (outer shell, and upper and lover 

head) vert analyzed to the requirements of the ASHE Pressure Vesael 

Code, Section V11I. 2 Plutonium material contained vith~ the core (1) 

deb ria ia classified aa a toxic aubatance, therefore a "lethal" classi

fication is required for the caniatera. Tbe affect of this deaignation 

ia to restrict the type o( velds that can be used and establishes the 

level of veld inspection& required. Major shell velds, circumferential 

and longitudinal, are butt type velds vith 100% radiographic (or ultra

sonic in specific cases) inspection. ~ the pressure boundary ~ompo-

nents are fabricated from ASHE code approved materials, types 304L or 

316L stainless steel, they exhibit excellent structural properties and 

corrosion r~sistance properties. After final aasembly, ~he caDiater 

vill be hydrostatically tested to one and one•half times their maximum 

d~sign pressure as a final verification of both the design and aan-

i ufacturing pro: ess. Acceptance criteria for the hydro test ia specified 

in Reference 1. It exceeds the ASHE Code requirements of only a visual (1) 
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I. 
I 
I. 

inspection by requiring no visible leakage . Verification of the 

canister's atructural design to ~he ASHE requirements is presented !: 

the' code streaa analysis (Attachment 1). A conservative upper bount of (2) 

20 •ila for tha corrosion allovauce for the thirty year life of ~be 

c:.anister i1 ._ud in calculat1n1 the required thicknesses. Table 4 abcvs ( 1) 

a compariaon of the ASME criteria - 1D term. of a maxicum allovable 

preaaure or a mini=um required tbickDeaa - to the correapondiD& ac~ 

canister values. 

Loading of the fuel canister preaenta rvo unique scenarios for eval:a

tion . First ia the capability of the lover support plate aas~ly to 

absorb the impact of debria accidently dropped into the caniater. 

Results from tha dynacic impact cv~luation ahova that the auppo~ 

aaaecbly can accoc=odate loads up to 350 lba dropped the full canister 

length vithout experiencing a failure of the plate-to-ahell veld. 

Second ia the resistance of the shroud inner vall to puncture or t~ri=& (1) 

during placement of debria vithiD the canister. Examinations of the drcp 

teat shrouds (Reference 14) shoved no penetrations and indicate the (2) 

inner vall ia very reaiatant to debria !:pacta and acrapea. 

During nor=al bandlin& operations, the atatic plus dynamic loadin& (1) 

considered in the design of the canister ia 1. 15 timea the static l!!tcd 

veight (Appendix D of (1)). AI specified in h~06126 and ANSI 

Nl4.67, stress design factora of 3 tiaea the static plus dynamic loa! 

for comparisons to the yield atreogth of the material and 5 for the 

ultimate stren&th compariao~s vere uaed. Results from the structural 

evaluation ahov acceptable marstn. of safety for these loadings. 

~en a canister ia being seated or levered onto its aide, a 2 & (7000 (1) 

lba) limit ia reco:=ended aa a reasonable level based on B&W experie:cc 

vith fuel handling equipment to prevent damage vhich could affect 

component performance. This translates to a hoist speed of 

approxi=ately 6 FPM at impact. 

A.devaterin& system ia used to r~e the alosh vater from all cauis:e=s 

prior to shipcent . Inert Argon or Nitrogen gas is introduced into t~e 

\~ 
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canister via the purse fittin& in the upper head. Thi1 1lovly force• 

the vater in the canister cavity into the lover plenum, up the drain 

tube and to exit the canister. Durin& thi1 procedure. a •mall prea1ure 

differential i1 developed aero•• the debri1 •creeD (and loVer 1upport 

plate) and ~.,.in tube. Larse :ar~inP of safet~ vere calculated for 
• the drain tube using ASHE code method~ of analysil of a tube loaded 

by external pressure. 

During shipping, the canister experiences various ·aiDor acceleration 

loads . Consiatent vith senerally accepted industry 1tandarda (10 CFR (2) 

71.45. etc. ) and to preclude possibly troublesoae deformation• aucb aa (2) 

local bendin& of the akirt. the canister/cask interface loada •hould be 

li=ited to 10& in axial and lateral directiona. 

ON-SITE ACCIDENT CASES 

Aa described in the desizu apeeification1, a caniater can be •ubjected 

to any oDe of a aeries of poatulated aecidenta. For theae ca•••• the 

desiJD criteria ia that for the predicted deformed aeometry. criticality 

control (structural integrity of poi1on components) must be maintained 

and the cani1ter must be •ubcritieal. Deformation of and/or leakage 

from the cauiater i1 acceptable. Structural analy•i• method• vera u1ed 

to determine the extent of the deforaation of the 1bell and cani1ter 

internals. Impact veloeitie•• Table 3. vere calculated for the canister 

dropa listed in the specification. !ased on these velocities, atrain 

enersy methods vere used to _eacpute the impact load• associated vith the 

variou• posrulated drop1. le1ult1 of the•• analysea •• vell a• the 

shipping loading are shovn in Table 5. Vector cacbinations of the 

horizontal and vertical (ax~cl and lateral) component• vere u1ed to 

deter:ine the effects of a drop at any orientation. The vertical drop 

casea reflect the stiffness of the caniater'• outer shell without any 

interaction vith the internala. 

In the vertical drop casea, the same deformation vill occur irrespective 

(2) 

of the canister type . Thia ia in contra1t to the side drop icpaet loads (1) 

that differ significantly as a function of the st~ctural stiffness of 
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ll ~~e ::nTster internall (see Table S). For the bott01:1 impact. all the 

. ·J shell defor=atioo occur• belov the lover aupport plate in the lover head 

J 
l reston. 7ut r .. ulu froa lbzulat.ecl fuel canister drop• (hfereuce 14) (1) (2) 

I :0, 

' < have 'Verified tbil •• veU aa •hov1D& that the 1upport-to-1hell wld " . . 

.• 

. 
, f' 

( 

"'; 
dDu not fa~. An upper bound OD the •hell defon:ation vu cocoutec! 

ueina the ANSYS6 computer code and the results are presented 1D Fi,ure 

12 along vitb the actual teat reault1. ~e predicted aeoaetr,r 

conservatively assumed failure of the •upport plate veld • . Thi1 deformed 

shape also bound• the 1hell behavior for a bead (uplide-dovn cani&ter) 

drop by conservatively assumiD& the canister skirt and fitting do not 

absorb a significant amount of enerCY by bucklin&• 

(1) 

To study the consequences of filte~ and knockout canister 'Vertieal &nd (1) 

horizontal drop1 1 their internal• vere analyzed by finite element 

cethods usin& the ANSlS coaputer program. Tbb analylia 1Dcorporated 

the actual nonlinear propertiea of the material. C.ometric constra1Dta 

imposed by the ahell vere accounted for by limitin&.the di~place.ent of 

supporu. 

, 
In the'tilter canister criti~lity cOD~rol ia provided by the C&Dtral (1) 

~4c poi1on rod coupled vitb the =-•• of steel vitbin the 17 filter 

el ~ment drain tube• and six tie roda. Osin& the eod caps of the filter 

modules a• deflection limiter• (they are required to have . 250 .. a1Dimum 

axial overlap). the entire tube array deflection i1 limited to 1.6• 

under all po1tulated accident&. Thia analysis is conservative a1 it (1) 

doe• not take into account tha S circumferential band• around the array 

at variou• elevation• or the. 'ViiCOiity of the filter cake bed 1 both of 

vhich vould tend to maintaiD the ltandard 1pacina. Olin& the resultant 

deforced geometry. vhicb vould be a "freeze frame" before the array 

bounced back closer to the ori&inal position. the criticality criteria 

vere met (see Section F). 
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•·. Criticality control in ~he lt.nocltout canister U provided by the untral 

B4c poison rod coupled vith feur outer ~oda. le~lta from the analysis 

sbov that the criticality co=poneota remain ess~tially elastic durin& 

all postulated accidents and max~ inatantaneoaa displace~entl are 

(1) (2) 

less than .8~~nch. Aa in the case of the filter canister, the resultant (2) 

"freeze frue" defenDed seametey succuafully .et•tbe criticality .. 
criteria (see Section F). 

The fuel canisters, vith their square-vithiD-a c!rcle &eomet ey, exhibit (1) 
a different behavior pattern than the other ~tera • . For both the 

r vertical and aide drops, the fuel canister internals vill not experience 

any si&Uiiicant deformation& other than the b&&d deformations discuaaed 

pnviously. ti&htvei&ht concrete fiWna the voii betvun the a quare . . . 
inner shroud and circular outer abell providu CODtis:luoua lateral 

a~pport to both the outer shell and the ahroucl. tbh ruulta iD a 

·.!ibtributed loadin& function for borbontal drops and allova only is:l

dsuificant defonDationa iD 'the shroud abapa. Prrrif'u• tutiD& 
(Reference 14) baa demonstrated that the lower .apport plate re=Ainl in (2) 

place for design drops, even vbile suppo~iD& a aaas equal to tbe 

abroud, the payload and the concrete • . The ~eaultant lack of deformation 

for the fuel canister drop eases sake the criticality analysis for the 

standard design applicable aa vell as for the faulted deaisu (aee 

• Section F). 

In addition, the hydraulic response of a loaded, but not devatered, 

canister dropped from the desira hei&bta baa been analyzed. This (1) 

scenario vould result in • 'pressure pulse of approximAtely 1700 pai at 

the non-contact end of the ca~ister. The pressure relief valve vould be 

comentarily choked, but the fitting plus• and caps are desisned to stay 

iD place at that pressure and no debris leaka&e vould occur from this 

cauae. Any amount of devaterin& vould provide an air pocket shock (2) 

absorber vhicb vould make the pressure pulse negli&ible. 
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TABLE 3 

CA.--:tsl'Ell LOAD CASES 

• 
Normal Operation 

1) Desiro Pressure f 180°F + 150 psi (Inter:&!) 
- 30 psi (External) 

2) ASHE Hydro Teat + 225 pai (Inter:&!) 
@ Room Temperature 

3) Handlin& 2 1 Impact Load 

1. 1 S 1 Dynamic: Led 

4) Sbippin& - Axial and Lateral 10 1 Impact Load 

Accident Condition• 

1-a) 

b) 

c:) 

Vertical Drop vitb Impact Velocity of 34.9 fpa 
(6' 1 1/2" 1D air folloved by 19'6" in vater) 

Bori~ontal Drop vith Impact Velocity of 27.3 fta 
(11' 7" iD ai.r) 

Any Orientation Drop - A Combination of vertical and 
horizontal drops through the diatanc:es listed ~OYe 

2) Shipp in& Load - 40 1' a Axially 

3) 

I 

Shippin& Load - 100 &'• Lateral Impact at the 
interface vitb the ahippinz c:aak (includinl 112• 
c.ax. aap) 

30 

(3) 

(1) 

(1) 

(1) 

(1) 

(2) 

(2) 

(1) 

(1) 

• 
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TABLE 4 

SUMMARY OP ASH! CODE ANALYSIS 

C:OHrOHENT ACTUAL 
- ·- _(f.AtUSTER~ LOADING DESIGN CRITERIA VALUE HARCIH 

Bottle Shell Internal ClrcUIIIferential Allowable Deeign 1.10 (l) 
(All) Preaaure & Streaa Preaaure Preesure 

llandllng 325 pal 155 pal , (l} 

Internal Longitudinal Allowable Deaign + High 
Preeaure Stresa Preaaure Preaaur., 

655 pal 155 pal 
External Stability Allowable Deeign + 1.43 
Preaaure Preaaure Preaaurr. 

13 pal 30 pal 
Lnvcr llead lnternl'l Stability Allowable Deai&n + 1. 42 

(All) Preaaure Preaaure Preaaurrt 
37.5 pal 155 pal 

External Streaa Allowable Dutr.,r + lllgh 
Pre11ure Pre11ure ri.IIII ' Jfl' 

964 pat 30 pal (l) 

Ua•rtor llead Differential C011bined Required Actual + 1.88 
( ..- lltcr & Preeaure ' Streaa Thickne11 Thicknene 

J(u,ckout) Handling 1.16 inch 3. 34 inrh 
• CJu'lure llead Differential Coablned Required Actual + 1.09 

{fuel) Presaure & Streaa Thicknesa Thickneu 
II and ling 1.60 inch 3.34 inc:h 
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C:OHPOHENT 
(Canillter) 

nutkhcad Flange 
(Fuel) 

Clnanra Rolta 
<~c» 

LOADIHC 

Bolt 
Torque 

Praaaura 6 
llandllna 

Preuure 6 
H•ndUns 

TABLE 4 

SUHHARY OF ASH! COD! ANALYSIS 
(Cont1d) 

Flange 
HOtHnt 

Tana!on 
Ar .. 

Thrud 
Ensasnent 

DESlCK CRITERIA 

32 

Required 
Th1cknese 
1.21 inch 

Jtequhad 
Area 
.88 1nc:h2 

Required 
Lensth 
1.00 inch 

• 

AcnJAL 
VAI.UE 

Actual 
Thlc:knee·•• 
1.42 in• h 

Actual 
Area 
2.48 inrh2 

Actual 
Length 
1.13 inC'h 

HARCIN 

+ .17 

+ 1.82 

. + .12 
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TABLE S 

DESIGN IMPACT LOADS 

• 
JCNOCJCOtrr FILTn 

NO~~ OPERATION - HANDLING 

Vertical & Horizontal 2g 2g 2a (f) 

NO~~ OPERATION - SHIPPING 

Axial & Lateral lOg lOa 10, 

ON-SITE DROP CASES 

Vertical (Bottom Impact) 102& 1021 1021 (Top l111pact) 131& 1Jla lJla 
Horizontal 36Sg 

(locally on in-
(Ten) 1S7a (2) 

ternala) 

SHIPPING ACCIDENT 

Axial 40& 40g 40a Lateral lOOg 1001 1001 
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. , . . nctTRE 11 

PRESSURE .RETAININC BOUh~AXt 

150" MAX. 
OVDALL 
LENCTR 

34 

t7PPI1 BEAD 

...,._..._ 1/4" VALL TRIOJ.-tSS 
IOMINAL 

0\TIElt SBELL 

• 



. . . 
FICORE 12 

SHELL DEFO~~TIOSS - VERTICAL DROP (ALL CANISTERS) 

• 
• 

..._ ________ . ..... . --

SHAPE IEFOU TEST 

. 2 ACTUAL 

• 6 PUDICTD) 
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C. OPtRATIO~AL DtSCRIPTION/P~\7 th1ERFACES 

The se~ceDcr ~! operations detail•~ !~ :~is aeet1~ das::ib~ :aj er ateps 
• 

in the loadin&, devaterin& and prepar~~: of the ean1ater for shipment. 

It represe:ta a conceptual aerie& of event& used to identif7 the plant 

intcrf&cea. 

A listiD& of the major plant aervices required to aupport the varioua (1) 

caniater operations ia &lao aiven 1D thia aectiou. 

Operation Sequence -Fuel Caniater · 

1. ED9t7 caniater vith cloaura bead ia hydroteated and code atamped 

after final fabrication ia completed. Caniater and cloaure beacl 

. are a .. tcbed pair aubaequent to thia operatiof vith identical . -
( aerial uumbera. (Bolta .. 7 ba replaced or iDtarebanaed) . 

2. ~ty caniater ahipped to tHl-2 aite. 

3. Tbe canister ia loaded uain& a protective bead to prevent 

·da.aae to the aul aurface on the bulkhead. 

4. Wbrn loadin& is completed, the caniater 1a ready for installin& the 

top closure. ~e bul~~ad aeal aurface and bolt holes are cleaned 

. &M i.Dspectad to enaure they are free of &DJ deb ria. Tbe aeal 

~ace of eloaure bead is inspected to ensure it ia clean, aeala 

are acceptable and-all .bol ta are in place . 4t is important that 

theae areas and surfacea are clean to ensure a proper aeal can be 

established. ·serial numbers are verified to ~dic~te a correctly 

.. tched pair. The temporary preaaure relief valve is inatall ed on 

tbe closure bead before the head is placed in the vork area . The 

uprer closure head is inatalled on the canister and the bolts are 

to:qued in a star pattern to .S-10 ft-lbs &Dd then to 4o-50 ft-lbs . 

Fi:&l verification of the bolt torques -.y be done befor e or (1) 
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after the can ia .oved. 

S. Caniater vith cloaure head ia tranaported to the atoraae rackl or (1) 

devatarin& etation • 

• 
6. final .varification of cloaura head bolt torque, if not accocpliahed (1) 

before the caniater 1a raaovad from the loadina atation, vill be at 

tbe devaterina atation prior to devaterina. 

1. The drain and fill linea are attached to quick diaconnect f1ttiD&a 

on the cau1ater'• top cloaura head. Araon or M1troien 1a 

introduced into tha upper can1atar reston, dr1v1na tba .. tar out (1) 

~ throuab the drain tube 1D the . lover pleuua: Thb drain lilla vill 

be couoected to a defueliDa vater proceaa1n& eyatea. 

8. The cauiater 1a back filled to 25-30 pda vith Araon or Jitroaen. 

9. Cauiater 1a tranaferred to atoraaa rack. 

10. Caniater 11 removed from atoraae rack, placed in the devateriD& 

atation, preaaura relief •alva ia removed, cauiater 1a preaaure 

checked, Banaen f1tt1Daa are capped, and then the caniatar ia (1) 

loaded into the ahippina caak • . Exceaeiva apace batvaen e&Dieter 

and shippina caak internal aupporta vill be filled vitb impact 

abaorbin& material. 

Operation Sequence - Filter Caniater/~ockout Caniatar 

1. Empty caniater is hydrotested and code atamped. 

2. Empty caniater abippe~ to THl-2 aite. 

3. Ecpty caniater is installed into ita aystem and fluid ltlaa 

are connected. 

4. ~en loadin& ia cocpleted. the caniater ia diaconnected, the flov 



. ~ . 

-· 

fittin&• are plu&sed, the temporary pressure relief valve 1a 

installed aod the caniater ia .oved to the atoraa• racka or 

devaterin& atation. Fill and draiD liDes are attached to ~uick 

diaconnect fittings on the canister'• top closure head. Nitroaeo 

or Arac:~!a introducet into th~ ~;pe= ca~ict:; re,io~, triv!n£ th~ 

vater out throuah the drain tube~~ the lover plenua. Tbia draiD 

line vill be connected to a defue: iDa vater procesain& ayataa. 

5. The canister is back filled to 25-30 psia .vith Araon or Nitroaen. 

6. Canister ia transferred to storaa• rack. 

7. Cani1ter is removed from atoraae rack, placed in tba devaterin& 

(1) 

( .. .. 

(1) 

station, the prea1aure relief ~al~e 1a raa~ed, canister ia (1) 

pressure checked, the Hansen f1tt1Das art capped and caniste~ is 

loaded into the shippin& cask. Ezceaaive apace between c&Dilter 
• aod 1bippina caak internal aupporta will be filled vitb iapact 

ab1orbina material. 

Major Plant Services/Interface 

Pre-poat loadin& operation1 : Video aod li&htin& to view top of cani1tar (1) 

(aa required by CPUN) 

Top closure .installation: 

(fuel canister only) 

Storaae rack for Fuel Cani1ter top 

cloaurea {by CPUN) 

Sandlin& Tools (by 16~) 

Toolin& to connect/disconnect the inlet 

and outlet 11Dea and prea1ure relief 

~•lve (by 16~ or W•atin&house). 

toolin& to 1D1tall flov fittin& plugs, (1) 

temporary or permaoent (by 16~) . 

Video and li&htin& to viev top of cani1ter 

and to inspect top clo1ure plate 1eal1 

and bolta. 

TooliD& to clean aealin& aurface1 of fuel 

canister (by CPUN) 



... , .. . 

. Devaterin& i Leak teatina: 

• 

toolin& to inatall eloaure and torque 

bolta (b7 ••w and CPUN) • 

Devaterin& atation. (by CPOW) 

Source auppl~ c! A:r~ o: W!:ro••= ,., a: 

30 pai& aiD (b7 CPUN). 

Drain line to dafuelio& vater procaaain& 

ayat .. for vatar expalla4 fro. caniatar 
(by CiPUN). 

Toolina to conoect/diaeODDe~t tbe filL and 

drain linea, preaaura relief •alva and 
Banun fit tina eapa Cb7 ,.W). 
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