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ACCELERATOR FOR THE PRODUCTION OF TRITILM (AI"T)*

M.l Wilson, I, 8. Bhatia, F. W, Guy, G. 1. Neuschaefer, I'. I’. Wangler,and |.. M. Youny.
MS-HBI11, l.os Alamos National l.aboratory, l.os Alamos. NM 87545

Abstract

A collaborative study by Lus Alamos and Brookhaven
National Laboratories, supported by the Westinghouse
Hanford Company, investigating a facility w produce
tritium for the nation's defense needs indicates that a
1.6-GeV, 250-mA proton accelerawr is required. A reference
design of this accelerator starts with two parallel 125-keV
injectors feeding 350-MHz radio-frequency quadrupoles
1HFQ) that funnel at 2.5 MeV into a 700-MHz drift-tube
linac (DTL). The DTL injects at 100 Me'' into a 1400-MHz
side-coupled iinac tSCL). The accelerator will vost about
$1.2 B and require 746 MW of electricity.

Background

I'rittum is an essential ingredient of modern nuclear
weapons, lts 12.3-year half-life requires the continuous
production of tritium w replenish the inventory in the
weapons stockpile,

Recent nationel discussions concerning the viability of
the historic sources ol tritium have renewed intr it in
aliernative production methods. In collaboration, a group
fram the Lues Alamos vational Laboratory and the
Broukhaven National Laboratory, supported by the
Westinghuuse Hanford Company (WHC), has studied the
senpe of an accelesator-based facility that would produce the
DOF gnal amount, of tritiwn. Lus Alamos cancentrated un
the accelerator, Bruckhaven the terget lattice ussembly, and
Westinghause Hanfurd the physical plant.

1¢ hns lung been recognized that high-energy particles
mterncung  with heavy nuclei will liberate vopious
quantdes of neutrons thnt inay be utilized fur nuclear
transimutitions, including the production of special nucienr
matermls. lawrence Livermare National Lebaratory, Chalk
luver Nuclenr l.aburatories, Brookhaven National
Laburntary (BN1), nnd lns Alamos National Labaratory
‘I ANLI hinve heen invalved in a variety of studies,
expernments, nnd protnvpe develupments nssocinted with
the use wlaceelermtars for satope production.

Limenr accelermtor  technnlogy  hag made majur

viers with comtinmng recent new develnpments for the
i Alkunog Mesan hysies Faeility tLAMUF) neeelecatar
aml with nldiianal struetores alevelopmem hovded hy the
Nationnl Canerr lestitute, the Depnrunent ol Knergy
DO, and th -+ Stratee Delense lmtinuve Olfice Neutral
Parviele Thaun AN prograin. Fapnlly  impressive

alvanees have heen mnde i onderstanding the physics ol

hemmy and the behnvior ol amvelerntor steneturees, the nlnhty
w o enlenlate perfeemanee, the crentinn al bemn hgnsace
mstrmmentntnm, nnd pckngeil nmtogd sysuon saltware that
cortis il ks wesimphly npphentnns progrmnimy

" werk s ted By Las Maise s N sl y ondet
o camt dy e b s Dl vl Faergy 00 Neelean
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I'he Concept

Lead was chosen as the primary spallatiun nentrin-
source material as it avoids fission waste, 1S 1NCXPCNsSIVE,
abundant, and easy w fabricate. Neutrnns Irom jead are
absorbed by lithium, which splits to create tritium and
helium. An aluminum-lithium alloy was selected fur the
lithium source because of its well-characterized perlurmance
in the heavy-water reactors at the Savannah River Pant.
Cooling water temperatures are kept low und there s nu
atteinpt Lo recover power 1tom the target lattice.

The study indicates that 250 mA of 1.6 GeV pratans
will produce the desired quantity of tritium, il the beam 1
utitized 75% uf the time.

Accelerator Components

‘I'he fundamental frequency of 350 Mz was chisen lir
the linac because 1 MW cw RF tubes are commercially
available at this frequency, permitting carly testing ol the
low-energy accelerator structures. The linac starts with two
parallel 125-keV proton injectors. cach leeding 350 Mllz
I1FQs that interlace or funnel RF bunched beams at .5 MeV
into a single 700-MHz DTL. 'T'he DT injects at 100 MeV
into a 1400-MHz SCL.

A discrete-element, low-emittance grawth innel s
used to combine beams from two RFQs sa that the luw-
cnergy portion uf the system can generate a high enrrent
beam with reasonably luw transverse emittance and withaut
significant space-charge limitations. Assigning anly lall
the final current to each ion suurce: RFQ combinntion allnws
the scurces and RFQs W be designed fur better performaner
nnd enhanced long term reliability. Attentinn ta rnuttances
nnd matching between sections permits a snmller aperture
in the accelerawr system nnd helps cnntral haln finnaton,
which could lead to excessive activation il noLimmnzed.

Duoplasinatran. or plasma-.cusp-field type i simrnees
will be utilized. Backup sources will he mused th quickly
replace  the apernting  sources  fur  enhanced  eam
avnilability.

A Tew RFQ design enleulatinns were rampleted with
the fullowing vxnmple chusen 'able Dotfar wystem
mtegratian purpuses. Fnch RFQ will be powerrd iy 1l vwn
I MW ew klystrim.

The funnel vansidered e tus study was il apn
rxperience gnined  prepanng  Tor the NI fannel
experiments nt Los Almmns, The RFQs nre anglal at 1
the linnl henm nxis nnd have a 40 em henm separation at the
RI'Q wats. The Tunnel hng YR permanent o
gundrupales nad dipales, 6 ol which nre adpustablbe strengith
quadrupmlen Tor line tining the mnteh tethee m MLz DL
it und Goaf whieh nee mjjusinble st e pole e
henm steermy, There are nine F envaties, e L M e
rehunrehers, fnre 7o Mz cehunchers T bangatiehimal
anany aond mntelungg to the DEL, ol v Jbav ML RE
director o neegangg thoe twosat MUz e brean e REQ
i e S MUz b b ipeetion it thee BEE e
lonnel RE cavity v regneney ool by comer i



woling water temperiature. and each has .ts awn U5 kW
sulid-state power supply. Beamline companetts are
mounted un a baseplate and enciused in a vacuuim wank, I'he
funnelis 1.5 m lung. Cimsiderable diagnostics and computer
feedback controls ure required W permit accurate
adjustment o RF components, beam position, and beam
match w the DTl I'ransverse emittance gruwth in the
funnel should be less than 20'%.

TABLE [. RFQ Physics Design

Frequency 150 MHz
Injector energy 125 keV

Praton current inw RFQ 165 mA

Proton emittance intw RFQG 0.020 v-¢m-mrad
\ane length 3486 cm
Number of 350-MHz wavelengths 4.07

Beam transmission 92.5%

Output energy 2.5 MeV

’roton current out of RFQ 152.6 mA

1.0261 u-¢m-mrad
0.054 »-cm-mrad
1.2137 n-MeV.-deg

Transverse emitance (n,rms)
Lungitudinal emittance (n,rms)

Power absorbed in structure wall 445 kW
PPawer to beam 384 kW
Tutal RF po.ser required 629 kW

Beam loading 16%

Muximum peak surface electric field 1.81 Kilpatrick
RFQ longitudinal current limit 290 mA

RFQ transverse current limit 290 mA

A D1 design t'Table 1) was chosen that lost no
particles in simulations invalving 1000 superparticles. This
design  had  sulficiently rigornus input heam iquality
requirements that warranted the inclusion ol funneled RFQs
a3 the maust prudent proton input beam,

I'he linac transitions frum the DTL structure to n
conpled cavity structure nt 100 MeV. The SCL pioneered at
LAMI'F was used in this study (Table III) in the ¢w
eonligurntmn  developed fur the Nauanal Bureau of
Standards INBS) micratran® by Las Alamng, A section al'the
NUS nucratrun SCL neeelerator wag successfully opernted
fie mny hnurs nt ew puwer levels that praduced structure
wall heat linds higher than will be experienced in most of
the AI™1I'SCl..

The A" SCL. hns 4646 necelerating cavities in 98 m
as ampnred W LAMDPEF, which has 4276 cavities in 732 .
I'he A1 SCLL uses 400 klystrons, which is a bit less than
twire Stunlard lanenr Accelerntor Center's 244 klystrans.,
I'ins imiientes thint a soceesslol fabrication nnd nperation
hase has heen i pliee Tore aver 15 yeary within these DOR
Lalmratarnes, In the past, the injectar linnes nt BN, L1BL,
FIEIUML Lab, and CEHRN hnve heen nperated with mare
Proteas per sanch than rapired in AIPT

Contrul and Dlagnostics

Current developeients are prmviding mmntercepting
e alingnnstes capable ol necarnte nnd eapid lisnm
chnrmrtenmtion Contrnl wystems are evnlving nta
transportnhle pmekages that alsn provole tmlkats T eosy
apphentims progriommimg Antmmtie element corpecion
levanl oo imterpretntian al dhagnastn dnin wall he utihzel
enlumee relndnbity aml riabeee acGvation

FABLE Il DTL Physics Design

Frequency

Prown energy inw DTL

I’raton currentinto DTL

Overall length

Number of dnit tubes
Quadrupole gradient
Quddrupole length

beam bore radius

[.attice

Accelerating gradient {constant)
Energy yain

Sync phase ' 2.5 MeV

Sync phase >10 MeV

Radius of 100% uf heam

I’ower absorbed on structure wall
Puwer o beam

Total RF power required

Beam loading

I[{lystron nverdrive

Klystron cw puwer

Rlystron efficiency

nc wdceconversion efficiency

ac powet required

Number of klystrons required
Avcrage spacing between klystrons
Beam transmission

QOutput energy

Proton current out of DTL

DTL Longitudinpl current limit
DTL Transverse current lirnt

TABLE 111. SCL Physics Design

I'requency

Protin energy in

I’roton currentin

l.ength

Number uf necelerating celly
Bure radius

Avceierating grndient

Average energy gmin

"'wer nbsurbed in structure wail
I'"awer to heam

Tutnl RF puwr, required

Benm lnading

Klystran ew puwer

Kiystrnai elliciency

we ta de ranversinn elTicieney
Tutnl a¢ pmwer

Number nl klystring

Aveenge spncing between klystrons
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Accelerator Facillty

The AP Linne length tatals Tohh e e power bt i
the wreelernting structures, wlich mmst he sgemoved i
enrclully contenlliad vahing cinmnta, a0 070 MW \n
awldivoal 20 MW ol rneses vanhng e veqnned Baahe
klystenns,  Phe ae power aredal, te provide she ool
l-:l'l. n \lw ul' l“'" l|-|WI'r_ " .ll-“i \lW |.lll' |'l'lll:||l|-ll'l d ol
plant reganres about Uh MW Lo a0 el Leeriose el o



TTOMW Far a4 TA% atlization tactor and a Jd mils kW h
rate, the esumated eiectrical costs are 3ol Myr
Electricity availability and luw rate: ran be (uund within the
large hydropower grids of the Bannewville ['ower
Administration or the 'ennessee Valley Authonty.

The capital costal'a ceomplete APT Tacihity as develuped
in this study wa. about $2.3 B and 1s comparable with that
quoted for a new production reacwr. The operating cust of
the APT ($270 M yr1 with 1ts dominant electrical bill 's
balanced by the cost of supporting the infrastructure of a
new production reactwr with its fissile-fuel reprocessing
plant.

The accelerator and RF systems are made from a large
numboer of similar parts that can be mass-produced in many
fecwries and shops throughout the country and brought to
rentralized locations for assembly into clusters and testing.
Installation will be very rapid as the components will have
been designed for ease of replacement and the length of the
accelerator facility provides ample room Jor many
installation activities w occur simultaneously. Favility
construction will be rupid in that the long tunnel and surface
buildings may advance in numersus sections inde pendently.
The latuce (beam stop/T-production volume) building is
smaller and lighter than a reactor containrrent building as
no fissile materials or stored energy are present. The decay
beat of the APT lattice iy about %.4% of that of a new
production reactor (NPR) rcore producing a comparable
amount of titium. The inventory of radioactive materia!sin
the lattice isonly 0.4% (growing to 2% at 1000 years) of those
in an NPR. Therefore, it is believed that the cunstruction
time and the licensing requirements should be less for an
APT than for an NPR.

Deslgn Conelderations

Acceerator parnmeters should be uptimized w
mnimize lile-cycle custs, which are dominated by power
ransumption and electrical equipment capital cost. A
sigmificant cost driver is the elficiency of electrical power
runversion from ac to RF. One percentage point chanyge in
rtfiriency rquantes W an electrical cost change of $1.7 M/yr
and n 34 M change in the mnount of electrical cquinment
rmjuired.

Contral ol beam loss 13 cssential.  Aitivation ol the
weeeleratar ar beam transpoit elements would severdly
himper mairtenance. The growth of beam halos ar olf
raergky tnns must be suppressed ar scraped, nnd a beam
hrnkup resistant stracture snould be utalized.

lligh nvailnhility requires o well integrated fucility,
adesign phalusaphy  that  stresses  reaability and
mmntmnnbihity, ul good gqonlity nssurance i fhoention
ad mstllntion Companent aver enmceity nl eedindnney
mant. he vcombimed  with comvement madular system
teplacement,

Future Work

New productivn reactors are plannel for the Savaam.and
River Phant and the Idaho Nauwonal Engincenng
Laboratrv.  Alt.rnative sources, such as APT shauld be
evaluated fur their viabmlity as o rontingency i
reactors encounter heensing, design, or  constracton
dificulues.  Such a study for APT should include the
construction ol an engineering demonstration ta valnlate
performance.

An engineering demunstration would include the low-
energy portion ol the proton accelerator and a representative
sectuon of the high-energy portnn.  The mjecwr, RFQ,
funnel, and a pcrtion of the DTL should be vperated ns a
system. The high-energy SCL structure cauld be comstracted
as an electron machine to test the proper beam loading, as
adequate prowrn currents with sufficient encrgy are nut
available.

vise e
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