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ABSTRACT

L.S. Congress and the President have determined that the
Yucca Mountain site in Nevada is to be characterized 1o determine its
~uitability for construction of the first U.S. high-level nuclear waste
cepositery. Work in connection with this site is carried out within
the Yucca Mountain Project (YMP). Lawrence Livermore National
Laboratory (LLNL) has the responsibility for designing,

g, and proji of the waste package for
the pecmanent smmge of high-level nuclear waste®. Babcock &
Wilcox (B&W) is involved with the YMP as a subcontractor to
LLNL. 8&W's role is to recommend and demonstrate a method for
“abricating the metallic waste container and a method for performing
the final closure of the container after it has been filled with waste.

Yarious fabrication and closure methods are under
vonsideranon for the production of containers, This paper presents
progress to date in identifying and evaluating the candidate
manutaciuring processes.

INTRODUCTION

Researchers ac the Lawrence Livermore National Laboratory
+L.LNL) are parucipatng in the Yucca Mounain Project (YMP) 10
design contatners for the long-term disposal of high-level radioacive
¢ at the Yucca \1cumaxn. Nevada site. The key waste packape
gn en ics of the Yucea M in sue.
which consists of sirara of welded-wff rock (valcanic in origin).
s telds the ol 2 major design p

" Work performed under the auspices of the U.S. Depanment of Energy by the
Lawrence Livermare Naviona) under contract number W-7305-ENG-
38,

Prepared by Yucea Mounam Project (Y MP) panicipants as part of the Civilian
Radicactive Waste Management Program. The YMP prosect ts managed by the
Wastz Management Project Office of the U.S. Depantmerg of Enzrgy, Nevada
Operauons Office. Y MP Project work is sponsored by the DOE Office of
Crvilian Radioscuve Waste Management.

1) The proposed repository horizon is located in an
unsaturated zone. several hundred feet abave the
wares table, in a reladvely suong rock that does not
exhioit significant creep properties; thus, there will
be no significant hydrostatic or lithostatic loading on
the conuainer.

2) The anticipated flux of waler migrating from the
surface toward the watr table is exmemely smalt
(less than | mm/year); thus. while aqueous corrosion
could occurdunng transient periods when water may
enter the
is not viewed as a hkely ar continuous oCCuTIENce.

3 The water i d o be
benign: an cnudxzmg, dlhllc sodinm bicarbonare
solution of neutral pH, containing 7 ppm C1- and 10
ppm NO 3~

1) The temperatre of the borehole wall will arain levels
of less than 210°C over the first 25 years, then fall 10
about the local boiling point of water (97°C) during
the subsequent 300 yzars: thus, any fluid will likely
be tn the form of stcam or humid air during this
~eriod.

Our plan is 10 use a corrosion-resisiant material for the
containers, 1n the form of a thin-walied. monolithic cytinder (10-30
mm thick), with overall length of about a4 7 m and diametsr of
roughly 0.7 m. The ials under for
include three austenitic alloys- A1S1 BNL stainless steet, AISI 6L
stainless steel, and Incoloy 825 (a high nickel, iron-base alloy); and
three copper-base alloys- CDA 102, CDA 613, and CDA 715, AISI
304L/316L stainless stccls will not be emphasized for the following
rsasons: (a) these metals are already well-understoed and
characterized, (b) relative to the other cmdldalc nlluys. A!SI
304Ls316L are highly 3ble to cenain
mechamsms. and thus are not likely to be chosen as the reference

iner metal. The for the and copper-
base alloys are given in the mbles below:




Augtenitic Alloy Compositions
C Mn P S Si Cr Ni Other
Aloy | (max) (max) (max) (max) (max) (mnge) {range) Elemens
AISI304L{ 0030 200 0.045 0.030 1.00 18.00- 8.00- N:0.10 max
20.00 12.00
A{)Sol 316 0030 200 0045 0030 1.00 1600- 10.00- Mo: 2.00-
3.
18.00 14.00 N:0.10 max
Incoloy "1 0.0s 1.0 Not 0.03 Q0.5 19.5- 38.00- Mo: 2.5-3.5
825 Spec. 235 16.0 1—1 06-1.2
u: 1.5-3.0
: 0.2 max
Copper-base Alloy Compositions
Alloy Cu Fe Pb Sn Al Mn Ni 2n
CDA 102 99.95 - - - - - - -
(min)
CDA 613 92.7 35 - 0.2- 6.0- n.s 0.5 -
(nom) fmax) 0. 8.0 (max)
CDA TS 69.5 0.4- 2.5 - - 1.0 29.0- 1.0
tnom) Q0.7 (max) (max) 330 (max)
i
Qur goals for the containers are to produce microstructural FABRICATION
uniformuy throughout each unit: 2 wrought- hke. homogeneous.
lo idual stress, mict with The overall goal of the rabncaucm effort xsh o define
wit

Any welds and/or heat affected Zones generated during fabnc:uon

ir
er rehablluy. and safelv for up (o ten-chousand years of

would be heat treated and/or lly worked to d
undesirable microstructural features. The €inal closure. on the oxhu
hand. is to be exccuted remotely in a highly radioactive
environment. and should produce the desired features without any
nost-weld heat meatment or mechanical work.

Babcock and WIICOK (B&W), as a subconmmactor to LLNL. is

h on the inet fabrication and final closure

-;rowss drvelopmzm B&W's role is to recommend and

dcmonsu—.:le feastble methods for fabrication and final closure of the

containers for cach of the candidate merals, consistant with

microstructural uniformity as was discussed above. The process

development acuvmcs are integral t¢ container alloy selection, as
well as the p Y design devel

service in the repository. The specific objective is fo assess various
mznufacturing ajternatives, relalive 1o the perjormance requirements,
and then demonstrate both a primary and a back-up manufacturing
method by making prototvpe containers. In the schemaric diagram
below. the contamer is divided into four major components: the
l:rnng pintle, lop head bodv and bortom head. A mimmum of two
. 1f the upper and lowee units are

uch ‘made ,megr.llly



Possible Container Components
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The acuvity 15 broken down into three phases. Phase | is an
ineenng study ion paper) to idenufy, assess. aiid rate candidate
rocesses. tor < of the six caadidate maierials based on the
.ppitcation requirements.  This invoived an assessment of the
-ertormance requirements for the contmner, the methodology
cevised 10 evaluate arious fabnesnon provesscs, the results ol
sveral vendor surveys 10 identfy manufactunng methods, and
“inally. the ranngs for each process (1).

Phase 2 invoives mals to produce sub-scale mock-ups of the
_ontamner hody and the top head for the candidate matenals by
.arious processes so that both a pnmary and an alternate
znutactunng metnod can be selected. The plaa for Phase 3 is w0
ncate tull-scale protorypes using the pnmary process sor the final
satenal selected by LLNL. B&W has completed Phase |, and
Phase 2 1s currently in progress.

wount survey was conducted. whiwh meluded an
re search with over 25 references. Paruculur
on possible eftects ot various tabncanan
: i intluence peromance or guality for each ot
~e wv endicate diiovs. The Copper Development Associanon
CDA) was used as a consultant to B&W for copper-base martenals.
DA provided access to their data base ror the lizerature search. ard
130 prepared <everal reports for B&W, which listed and descnbed
ntental copper-nase materials fabncators. B&W also reviewsd
srievant achivites :p European nuciear wasie contmnet fabricanon
.nd closure.

To identify and 1z¢ the did ing
processes. B&W conducted several vendor surveys. A general
survey was sent out to seek inf on vendor's capabilities to
make various iner sizes and fig from the candi
ailoys, and to obtain an expression of interest in the product. A
sufvey of hear weamment facilities was conducted because it was
anticipated that the size of the contuner might be a problem for
existing vacuum or amnosphenc furnaces, In addition to the above
surveys, 1wo units of B&W (Nuclear Equipment Division, and
MeDermeott's CCC [ ional Trading Company) who routinet
purchase commercial products similar to the container, solicited
Sud iner com-_aents. These vendors

¥ 4 or
d the following p

. Roll and Welding

. Extrusion (both forwand and backward)
. Roll Extrusion
. Spinning

. Forging

. Deep Drawng

. Cenwifugal Casung
. Heat Treagng

All processes chosen for evaluauon have been used to make
container like components - simular in shape but, 1 some cascs,
smatler in size. E ples of the p with related i
vomponents are listed below:

. Roll and Welding
- Welded Body - 1 The "body 15 an open-ended
c¥linder mace with a leagituainal weld).
-+ Welded Body Preform - heavy waii and shon
length “body * that 1s subsequently thinned and
clongated 1o full length by roll extrusion.

. Extrusion

- [megrai Lower Unit - onc end closed cylinder
{ie. see schemuuc diagram above of possible
<onwiner COMpotenis),

-~ Integml Lower Lnit Preform - one end. heavy-
wall. closed-cylinder tha. 1 thinned and
clongated by roll extrusion.

-- Seamless Body - 10pen-ended cylinder).

-~ Seamless Body, heavy.wall Prefarm - 10 be
thinned and elongated by roll extrusion.

. Spinning
= Integral Lower Unit Preform - heavy-wall.
vlosed-end cyvinder for q roll
exmrusion.
- Heads

. Deep Drawing

- inwgraf Lower Unic

-~ lIntegral Lower Unu Pretorm - heavy wall,
closeg-end cyhinder for subsequent roll
¢xtruston.

-- Two-piece Lower Unat - (2 half lengh, closed-
end cylinders deep drawn: lower umt is made
by cumng-off one end 10 make an upper head,
and subsequenty guth-welding the remaining
open cylinder to the other closed-end cylinder.

- Heads.

- Cenmifugal Casting
-~ Scamjess Body.
-- Seamless Body Preform - heavy-wall cylinder
for subsequent roli extrusicn.
-~ Heads.

These processes can be used alone or in combination.
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Crace 2

In Phase 2. fabricauor. mals will be conducted 1o produce sub-
~vale containers for severai highly ranked processes. Evaluanons of .12zed container.
“he 1nals will address process feasibility. hmianon:
ovesstag on matendd propemes. e more ditt

Q . f Evaluation Methodal

B&W selecied 3 major or primary cwteria o rate various manufacturing routines: 1)

- bow will a container made by the process pertorm in service? The primary concern

for long term storage is localized corrosion: 2) Eabricability - what is the consistency and

reliability of the process in making a good product in terms of dimens:ons. surface finish, etc.: and
B Cost.

Results of the Phase | evaluaton methodology are given in the tables below:
Ranking of Fabrication Processes for HLW Containers for the Tuff Repository

2 H E L3 2
BRI TN,
T ———
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producing container pars will be identified. The size of the sub-
scale mock-ups will depend on readily available materinls and
tooling, but every effort is being made to assuie relevance 1o the full
I For both the fabncation and closure activines,
nd the effects v.ophasis will be placed on the three copper-hase alloys (CDA 122,
ultapects of CDA 613, CDA 715). and on the migh-mickel. tron-base alloy,

Incoloy %15,
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Lower unit mock-ups will be produced by several candidate processes according to the

mamx below:
l' Maerials
Fabrication Process IN825 | CDAID2 | CDANIS CDA6I3
A, Roll & Welding X X X
B. Roll & Welding plus Roll Extrusion X X X
C. Extusion plus Roll Exmrusion X
D. Cenrrifugal Castng plus Roll X
Exuusion
Testing of the mock-ups will evaluate microstructural effects . In Phase 3, the optimum closure process will be
of fabnieation processes. particularly in regions of geometric S on mack-up i of the matertal
transition and jotnts. where i ites or iformites are of choice (made using the fabrication process of
most prabable. Mock-ups of the upper head wiil be produced by choice). This will be p o ]
re y ©o it 3| the

one process, to have a closure joint geomelry consisient with the
most current container desizn. Potental problems from and effects
o full annealing wall be assessed by hea. weating wials. Preliminary
srocess speciticauons will be generated. The evaluation critena
“ram Phase | will be updated and 2n attempt will be made to make
:he fabneation-process seiecion methodotogy very simmiar to that
ased by the LLNL Matenals Selection activity. Input from the
apove rasks will then be used to rank the processes against the
cvaluauon cntena.

[hase } Plang

the
aciual closures. The quality of these closures will be
mvestigared by testing. Once an acceprable closure
process has been demonstrated and approved.
detailed process specifications will be g ©
be incorporaied in the closure hot cell designs of the
repository surface facilites.

Phase 1 Results

A state-of-the-ant survey, similar to that described above for
the co acuvaty, was conducted o identify and rank
closure far each of the candidate materials. It

Fallowtng a reveew of the Fhase 2 results, detailed
srovess specitications and drawings will be prepared. A
_omprenensive design review involving LLNL wall be conducted
»70r 10 1abncanon of the prototypes. Up to tive tull-sized container
«cts tupper and lower umits) will then be produced - vne fer
_haracterizauon tzsnag by B&W., and the ramainder for delivery o
LLLNL.

{'LOSURE

The nbjectives ot the Closure effort are to assess the vanous
.andidate processes, tor final closure of the contaners, select a
nrocess and demonstrate closure for the materials of choice. and to
provide dezailed design information to aid in the implementation of
the selected process. lmportant ancillary objectives are 10 provide
to the Fabricanon acuvity and Inspection and Mate:als
Neleenon acuvines.

“The Closure Project 1s also divided into three phases. The
L.vities 10 these phases are us follows:

. in Phase ). tcompleteds. the vanous candidate
closure processes were assessed (on paper) and
ranked with respect to therr ability to produce
acceptable closures for cach of the candidate

3
matenals.~

. In Phase 2 (in progsess). closures will be
manufactured using the highest ranked candidate
closure processes determined in Phase 1. and tested
to demonstrate their propesuies,  Thic phase will
provide samples and data as mput to the Maierial
Selecuon and [nspecunon acavities.

was mtended that all reasonable closure processes be considered:
thus, 2 wide ficld of candidate p yses had to be il

Jef

To address the nced for a decision-making method which is
dable. the operations research ique of defining a “decision
wee” was adopted. This technique allows one to consider all of the
vanous issues impacting the decision making process and 1o provide
. “figure of merit” to each issue which retlects its relatve importance
10 candidate process selection.

In making the candidate process sefection, we developed a
three-level decision tree with (wo branches: “materials” and
“process.” We provided figure-of-merit input to the tree based on
the results of an 1ndustry-wide survey of matenals and process
<xperts, an extensive literiure review. and our owr in-house
expenence. When the d free was compieled, we d
the necessary candidale process rankings, and then subjected the
rankings (and the decision making process uself) to external
echnical review:.

At the general process-screening level, mere than 30 poiential
closure processes were considered 10 yield the following potential
processes for funther consideration: Gas Tungsten Arc Welding,
Gas Metal Arc Welding, Flux Cored Arc Welding, Explosion
Welding. Electrogas Welding, Electroslag Welding, Submerged Arc
Welding, Plasma Arc Welding, Electron Beam Welding, Laser
Beam Welding, Brazing, Soldenng, Friction/Inectia Welding, Upset
Weluing, Flash Welding, Diffusion Welding, Adherive Bonding,
Mechanical Seal. Adhesive/Mechonical Seal. Mechanical/Braze Seal.
Mecl..nical/Weld Scal.



Final P Ranki

“The final process ranking for each material was by
comparing the outputs of the two branches of the decision mee. In
nost cases the processes which ranked well in 12rms of materials
considerations also ranked well in terms of process implementation
conniderations. In cases where they differed. the materials

were given precedeace because they more disectly
influenced the quality of the closure. In all cases. common
cngincering sensc was also apphed at thrs point to confirma that the
decision uee output was valid. The table below provides a liss of the
most highly ranked candidate closure processes along with their

relative advantages and disadvantages.

Ranking of Closure Processes for HLW Containers for the Tuff Repository

Closure Processes

Advanuges

Disadvantages

Fncuon Welding
(FRW)

Elecron Beam Welding

‘EBW}

Plasmz Arc Welding
(PAWY

Laser Beamn Welding
{LBW)

Cus Tungsten Arc Welding
GTAW)

Small HAZ, theat affected zone).
small fusion zone, minimum sk
for second phases, fow residual
swress, low distonion, good ins-
peciability, ease of in-cel} imain-
tenance, low frequency of main-
tenance, fast weld speed, few
welding variables ta monitor.

Low heat input, relatively smatl
fusion zone and HAZ. relatively
low residual stresses and distort-
ion, good inspectability, fast
weld speeds. chance tor repair
welding without machining,

no filler metal.

Low to medium heat input. no
filler meaal with keyhole. rela-
nvelv low cost equipment, much
previous closure expenence.
versatle equipment, possible
repair weilding with same
process, are iength more
forgiving than GTAW.

Same as EBW

Medium heat input, low cost
cquipment, Tewer vanables than
PAW, much previous in-cell ex-
penence, possible repair welding
with same equipment, easier in-
cell mamenance. and less
expensive than the pmcess
Jbove.

Inside diameter tID) and out-
side diameter (OD) scarf
trequires OD machining) mas-
sive CYUIPIMENL, €XPensIve
cquipment, repair difficult
(fuli reweid or second process
repawr). May impace container
design. additional safety
considerations.

P’vor crown surtace conditon
and detects i “spike” area,
ingh-vacuem requirements.
cepenyIve equpment. m-celt
mamtenance expensive.
saiety considerations.

Many weld variables to momitor,
in-ceil monsiors (guidnnce and
reni-tme controls) could be
required. Fairly complex torch.
poss:bility for porosity in
keyhole mode, medium mspect-
.xbl]u_v higher possibility tor
second phases if filler metal 15
used. machining for repair weld-
ing possibly required.

Pyshing current technology
with mitenal thicknesses,
expensive equipment, beam
must penemrate cell wail at some
main eaunce could be
ve. not applicaale tor

A greater volume ot matenat
attected by high residual
stresses and greater distorions
than the processes above, tiiler
metals required, repairs require
re-machining. larger fusion zone
and HAZ, lower tnspecubiiity,
higher possibility for second
phases. in-cell gindance
oncluding seam-tracking) and
reai-t:me controls may be
neryed.
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Phase 2

In Phase 2, weld test statons will be set-up to prepare for
closure weld manufactuning trials of the most promising processes

tds determined 1 Phase 1) for each of the candidate metals as
1oljows,

Container Material

Closure Process CDA 122

——

(DA 613

CDAT15] Alloy 825

Elecaon Beam
Welding (EBW) X
Fricion Welding
(FRW)

Plasma Arc Welding
(PAW)

[a—

The quaiines of viosures produced in sub-scaie  vhadess will
« demonstrated for 1he mammix shown above. Once reasonable
«elding parameters have been established, welding procedures will
cated, und tolerance testing will be performed to verify the
wnttanon~ ' difficulties in- wcld:xblluv are cncounlcred‘

re ncczs»an tor the particular candxdam matcnial. Testing will
nclude metailography, residual stress determenation, and mechanical
«eynng. Preliminary system specificadons for each closure process
EBW. FRW. PAW1 will be written to allow opumum set-up of the
~rocess Cnosen 10f prototvpe demonsaranon.

Ohage 3 PNy

¢ an accepiable conuniner matenaid is chosen. the opumum
g ess Tar conuuners of that matenal wili be selected based
nntormation gathered i Phase 2 Then (hc upumum closure
~rocess wiil be demons by pe closure
¢ontainer lower untts and heads Je\eluped m the fabrication
pnase w1l culmnate wath ceneration of finai closute
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