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..m-wti.+rottkwti HIH IDW)LLTION OFmITIUM tlilw

%1.‘l’. Wilson, l’. S. Hhatia, F. W. (;uY, G. II. Neuschaefer, l’. P. Wangler, and l.. %1.Young.
MS-H81 1, Los Alamos National l.aboramry. IJJS Alamos, NM k17545

Abstract

A collaborative study by Los Alarnos and Brrrokhtiven
National Labura~ries, supported by the Westinghouse
Hanford Company, invmtigaLlng a fa~llity (AI prodUl”t?

LrltJum for the nation’s defense needs indicates Lhat a
1,&GeV. 250-MA prcrmn accelera~r is ,equired. A reference
design of Lhis acceleramr stana with two parallel 12S-keV
injectun feeding 350-MHz rndio-freq~ency quadruples
IW’Q) that funnel at 2.5 MeV into a 700-.MHz drift-tube
Iinac (DTL). The DTL injects at 100 kfe~.’ int.a a 1400 -.MHz
side-coupled iinac ISCL). The ncceleratar will cost about
$1.2 B &nd require 746 MW of electricity.

Background

Tritlum is an essential ingredient of modern nuclear
weapons, ILS 12.3 -yeur half-life requires the continuous
production of tritium w replenish Lhe inventory in the
weapuus stack pile,

Recent nation~l discussions concerning the viability uf
lhe histmic sources U( tritium have renewed inw t in
alternative production methods, In collaboration, a group
(rem Lhe Los Alamos IJatiunal I.ubora@ry and the
Il:uukhaven ?fa(,iunal L~bma~ry, suppurted hy the
W~sLinghuuse }Ianford Company (WHC), has studied the
..~,~)peU[ iin accele:atir-b~sed facility that would produce the
I)l)f-: K(IUI umuunt of Lritium. 1AM Alamos cmuwntrated on
Lhr ;wcvleramr, llruGkhavcn the Mrget lattice .msembly, nnd
Wrsun~h(juw I[%n[urd Lhe physicul plant.

Il. hns hmK been recognized thut high-energy purtwles
111Lt, rllCUIIK wit-h heavy nur!ei will liberate :wpiuus
IIU:III LI1lM ,If nvu Lrons Lhu L nmy be uli lized for nuchlt Ir

lr;lnsmu U.Liuns, Includinw Lhe production {If specinl nuc; cnr
Illiilcrluls. I,uwrcncc [,ivcrmorc ?J~tional l,rbmnhwy, Chulk
Itlvcr Smlcnr l.abwntorien, l?rookhaven National
I.;lh(lrnti)ry (lINI,), und l.(Is Alnmu~ Nntionai I.nbornlor-y
II AX1, I huve i)rr~} involvul in n vnriety ‘If studies,
!hxlwrlln~’nL\, IInd prl]h]!.vpe developments usswintcd wILh
lhr I15r I!f .Irrrl(’rnh)rs for ,wllmpe production.

l.lncnr nrrclcrotor tcchn{]low has rnmlr muylr
‘\ :1111,1%Wlli, ,.t)nLinulrl~ rUTl}l new tkVO]IlplllL’llh f[lr ~h~

,.,1!; AI: II IIIJS Mrs, )rr 1’6ys Ir.i FIIc IIIty [ l. AM!’FI :ll~m~lr.:lu)r

:11111 wIlh .IIhl II I(In, I1 \L-llrlurrs dIhVI’hJpmrIIl t’lln(ird I)v ItIIm

\,lll,!rrlli (’;lnrt,r [I I$LIIuLo, the l)rpnrtlnrnt III tinrrKv
I 1)()I; I, ,111(1l}] o Slrnm~lc l)r((.II+r [II ILIIILIVV ol~lot ~vllLr!l[

l’:ll’LI(.l(- t]lilll:l I Xl]ll) pro~riiin, I(qlllllly imprvwilvr

.IIlv:Inrrs II,IVI. IN*CI1 mndc III 1111(1:.r~tmrdinK thr physics IIf
IIIIIIIIIS:11111LhI. Iwhnv},, r ,If ;Irrvlvrnh)r ~trurturr~, I hI, IIl~IIIly

III I.iIir IIl:ILo ~]t~rti-rrll:lrl[”(’, lhr ~“rrnlllln ,11 hrnnl IllII~mI~.lr
III\lr II II III II III LIIIII, 111111 11111’Kll~ld (’l)llhlrl SV!4t4mlll wlfl Wllrl’ I)I:IL
I. II II I; II IIS II I(II klLs bI %ImII IIIV Ilppllt.nlll)rl!t proKrn!nmln~

‘ I Ill wmlh .I,,!,m)llivlt,$ 1,,,” \l,,,,,, #, L.,,,, ),,, I I ,,l,,,l.tl,, t\ ,1,1,,111,11

,,, ,,,1, ,,,,,4 l,, ,1,,. I i 1),,,,,, ,1,,,,.,,1 ,,1 1 ,,,sl~, 1)11,,.,9 .,1 \>,,. 1#,,,,

\l,lll,l l.,, , l’1!” 1,,, 1,0,1,

The Concept

Lead was chosen m the primary sp~llatlon neumln
so’urce material as it avoids fission wFIste, IS Lncxpcns Ive,
:+bundant. nnd easy m fabricate, Xeutrlms fn~m iriirl :~re
absorbed by lithl~m, which spli~ m treute Lrltlum :Ind

helium. An aluminum-lithium alluy was seiecled fur lhe
lithium source because of iw well -chttract-crlzed performuncc
in the heavy-water reactam ut the Savunnuh River I’]:lnl.
Cooling water Lernperatures are kept low mnd Lhcre :s n!)
attempt to recover power (Torn the target lattice.

The study indicates Lhat 250 MA of 1,6 GPV pr,lt(~ns
Wl!i produce the desired quantity uf Lritium, if the h~:~nl 1-

utl!ized 75% (Jthe time,

Accelerator Componenm

The fundamental frequency of350 MI{z wns ~hi,scn ft,r
the Iinac because 1 MW cw RF tubes ~re L“OITMTICrU1/lllV

uvailable at Lhis frequency, permittln K uarly LcsLing (II’ lh~i
Iuw-energy accelerator structures. The Iintic starts with twu

pnrallel 125-keV proton injectom, each (ceding 350 MIIz
I{FQs that interlace or funnel RF hunched hunms tiL 2.5 Jle V
inta n single 71)t)-MHz DrL. The DTI, injects :It 100” MuV

intna 1400 -M Hz SCL,
A discrct.e-element. hw-emitLance ~rowt.h I’unnul is

used to combine beams from twu I{FQs su thul Lhc llIw -

tintr~ portiun of the system cnn ~rnernw ii high rurrrn L

heum wiLh reawmably IUW transverse cm] Ltuncc ilnd wlLk,lut

signlficnn L sprite-uhartie limita Lii]ns. Asslgrlin~ I)nly 11.illl’

Lhe final current w each iunwwrre~lthl~ conlhinn[lon” ;IIIIIWS
the SCU,WS und RII’Qs tAjbe desi Kned for hettrr prrl’(lrmilni.u
Ilnd cnhanmxi lung t.eml rcliubility. Attenhl)n ti~ I:II II LL:IHNS

nnd mntthinK belween sectiun~ pcrmik il smnllrr npcrLuru
in Lhc nccelvrhtur system und hrlps control h:IIII fllrn]:l[l~ln.
which cuuld lead tu excessive activation ilnot mlnlmlzcrl.

[)uuplhwnatron- (Jr plnmna-cusp-field typv ion SI)llrrwi

will be utilized. Ilnckup sources will he p(IIsrd tII 11111(.kly

rr pl ate the {)perutinK sourres fi]r l’llhilll(’(’(1 Iwlllll

;lvuiluhi[i Ly.
A fcw I{F~ dcsl Kn cuh”u[uli(ms wurr rI,IIIp!VL(hd wllll

lIw fIIlh IWIIIK oxnmple chosen l’rnhl Im II I\,r ,,y%t{.111
lllu*~rnLi(Jn p~lrptlscs. I;wh I{tI’Q WII1 hu powvrrd i)~ II:; ,IWII

I 31W (’w klvstr[)n

I’ho l’unncl c(lnwdrrvd In LhIs ,+lutiy w:Is 11:1lI,Ii 111)1111

~,xpcrlt,mx~ gtlilled prrpnrlnK f,)r lhII S1’1~ J’1111111’I
t,xpvrimrnLs IIL l,IIs AI NIIIIW, ‘I’hr I{FIJs Ilr(, :111~11111.II .’11 III

lhr tinnl lIrmII nxis 111111hnvr u 41) (III hVIIIII .,(,lJ:IriIIIIIII 111 (11(0

t{l:(~ IhXILS. ‘1’hr l’IInnel IIIIS YH 11,’rrn:llll’111 III:IJ:III’I
(Illll{lrup(jlrs IIml (llpItl LIs, (i III’ WIIII’11 nro :iIljllsl:ll)l I, ,lr(,ll,:ltl

IIllwlrllp(llv!l for Iinr lunin~ I.llr nln L4’tl141lllr’ illl~ \lll/ 1) 1’1.
II IpIIl, IIml Iitlf whlrh Ilrr II I(j II Nlnl)lo pI)NIII IIn 1111.111111111111,,. It II.

111,11111 slrrrlI)K. “Ilrrv :ll-V IIImI Ith’ ,nv[tl,,:~. lIIIlr ,1111 \l114’

lvllurlrllvr~, tour “;(1!) %1117 ,,rll~lllrhrrw I’l,r :1111):1 tll,llll,ll

!“u11:4111M ,111(1 lllllh’hlll~ (1) [h!’ 1) ’[’[,. :11111 {Ill,. I ,11 \! Il.’ t~l”

ll~,llt,~.lor 1“111lllvr~ln~ 11111lWII ;I’11) \lll/ 111,:1111. 111,111‘1)1, Iii. (/ ,

1111,, 1,11(, ;{111 \!l!J 1)1,11111 I’i, r 1111(,,,11, )11 1111,1 1111, 1)1 I 1, ,, 1,

tlllllll,l I(F Iilvlly v. I:lulllrlll’v 111111,11 ~)Y ,1,11’1 ,, :11: ,’



~oullng water ccmpcl:l L’urc. -ind each has .M own ‘~~ K~

s~Jiid-sLaLe power >UPIIIV, Heamline (.[jmpon?:iLs .lr~

mounted on a basepl:ite ~nd enclosed In ~ vacuum “ank. ~he

funnel is 1.5 m lung. Ci, nsLder:Ible diagnustits Lind ,wmpuler
feedback conr.rols :’re required tu permit .LtL.LLriit~

adjuslmwnt ,J( RF L“Ump!Jn~nb, beam pusiliun, :Ind beam
mriwh tu the DT1. l’ransve~e emlttance growth In the
funnel should be Icss than 2u’1.

TABLE [, RFQ Physics I)esig-n

Frequency
[njector energy
Proton current inm RFQ
Protan emlttance in~ RFQ
Vane length
~umber of 350-MHz wavelen@hs
Benin t.ransmisaion
output energy
PrGw-i currentuut of RFQ
Trmnsvems tmlwurwe (n.rms)
Longitudinal emictanre (n,rms)

I%wer nbsorbed in structure wall

I’ower M beam

fhtal RF po.ier required
Beurn krading
Muximum peak surface electric field
RIJQ Iongrtudinal current Iimlt
RFQ transverse current limit

350 MHz
1251te V
165A
(),0!20 ,1-cm-mrad
348.6 cm
4,07
92.5%
2.5 MeV
152.6rnA
0. L)261 ~1-cm-mrad
0.1)54 mcm-rnrad
0,2137 /i- Me V.deg
445 kW
384 kW
ti29 kW
46%
1,131 Kilpnt.rick
290 MA
290 MA

A D’P. design (Toble 11) was chosen thut lust no
pilrticles in simulations involving 1000 superparticles. “rh;s
dt’sl~n htid sutliciently rigorous input heum quality
requirements that wnrrnnkd the inclusion offunneled KF@
IS lhc most prudent protan input beam,

I%e Iinric transitions from the [)TI. structure w n
l,l~lll)lud t.uvity structure IIL 100” Mek. ThcI SC[. pioneered ml
I.AMI’F WLLSused In Lhls study (’I’able 1[1) in the cw
,,,nti~urntlon rlcvch]ped for the Nrttlonnl I}ureuu uf
St:inri:lrds IX13S) n~]rrotrl)ni hy I,{NJAlnnms. A sertilln Iilt.kt*
X IIS [i}i L.r(JtrOn SCL lu-crlur:l~r WWJ successfully upcrntcd
f,,r IIIIIIIY hljum 1111*LSptlwcr levels Lhat produced slruclure
w;~ll huot I(,nds hl~hcr thun will be experienced in most ,]f
thrAlpI’ W-l.,

‘1’hc AI WI’S(’1. hn~ Wi41i ncccleratin~ cavitien in 91W m
;IS timlpnrrd (AII.A!dl)F, which hns 4276 cHvitie~ in 732 m.
l’hv /\IPI’ S(U1. uscs 451) klystrons. which iu u hit less than
IwIrr SLunftlrd I.incnr At’rulurnb)r Center’s 244 klys~ons.
I“iil> Intiiriltcs Lhnt :1 %Ilrrcssful fnhricnhl]n IInd {]pernll(~ll
lI;Ihc IIIIS lwcn In plurc ~i,r ,Ivrr lb vcur* within lh~w! l)OE
I,ill)or(tti)rltqti, [n 1}](* pll%l, Ltlr Injrrhm iImIM Ill i]~[,, [.1![,.
~ 1(1{’d[ lilt), :Ind I’H}{N hnvc hccn ,Ipcrnlcd ‘with nlt)rc
ltr,,[,, IS Iwr .,ln,.h dlnn rvt~~llrml in Alrl’,

( ‘(lrrrut IIIIVI,lII~II:IC. IIL3 :Irv llr~lvidin~ IIIIIIIIIl(Srr~,}JllIl~
111.11111!lill~no~llm r: IIInlI III III Ilcmrnt.r IInd rnl)l{l Iwnlll

,,t)llr:l{,[i,rl)lllloll (’c]lltn)l ,;y, ilrm!i urr lwlllvlll~ 111111
ll-;lllil~ortllllil. lmcknKm 111111 ;IISII prllvllh. l~IIdkI(x f!~r PIISV

.l[)l~lll’!!lllln~ ~)ro~rlilllllllIIM AI ILIIIIIIILII, 1,1PIIIr IIt (.t)rrl.t IIIIn
lI:IiI,Il 1111 11)11.rl)rl.(llll!)ll III”(! I, IMII{ISLII- dIIIII WIII 111-IILIIIZI, IIIII
(.1)1)1111,.(,I’,.ll,lllllltv ;11111 l,.,lli,,l .:1,.llvlltlllll

~.\}l LE 11, L)TI. l’hyslcs l,)csl~n

Frequency

l’ruu)n ener~y inw m.
I’rotun current lntu DTL
overall Iengh
Number ofdrlft tubes

Quadrupo!e fladitnt

~uddrupole length
beam bore radius
[.atlice
~\ccelernting ~adient {constant)
Energy gain
Sync phase @’2.5 MeV
Sync phmse ~ 20 Me V
Radius IJf 10(.)% of beam
I’ower absorbed on structure wall
Power LJJbeam
Tutal RF power required
Beam loading
I{lystrnn (werdrive
KlysUon cw pnwer
Klystron efflcienry
nc w dc umversiun efficiency

m pGwtI: required
Number of kly~truns required
Average spacin~ between klyst.mns
Beam I,r,anaznission
output ener~
Prot.an current uuLof DrL
l)TL Lun~tudinnl currenl limit
[YI’L ‘hnnsveme current limit

‘~ABLK 111. SCL Physics De.siKn

140!) Jill.z
!1)[) II(.V
::)(! InA
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“1’:) 111111

‘: ‘*1Y Ill

I ,,]:1 \lc L’ 1!1

.)2 Jlw

:1’;5 \lw

4:’; }Iw’

Sn’1

1) :)!, Jlw ,,:,,11

Ii:, “;

‘!:)’:

1;!11; \l”k\

1.)11

“ “ Ill.
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,,llrOIU[lv r{)nlrt)llrd CIIIIIIIIK t.lrrlll h+, I , );li \l\~ \ll

,111(1111,111111 ;!:)[) \lw I)f {.llllrw, l!l,lllll~ ;Irt, 11,1111111, !l 1,!1 1111,

klv%Lrr)llM, I’ilv IIt’ In)wvr IIISW{IVI,[II [IIIIvl I!t, ItI, h !,IIIIIIIIII

l/I”; Ii VW III IIF I),,wrr. ILI“illi MW 1’1}!.,1,111:1,11111.1‘1 !!1,,
1111111(rl,llllll’v% :IIMIII( ;!!) \lW. l’IIr :1 1111111 Lt,.l ill., :11111 II



:70 \lW’ Fl)r fi ~~’1 iILIl, LA LIIIrI iaccur .ind a J2 ml>kiV h
rule< the es~muced cie~,Lr)(.til L.I)SU ire $162 31YT
~lecLrirlty aval!abiliLy ~nd \Llw rate. can be itiund wlLhin Lhc
large hydropower <rlrls of :he Fh)nneville I’{)w~lr

Ad.crunls~auon or tie ~ennussee L’:]lley Authority,
Th< CapIUl ,.(ISL0[ H ,.(,mplete APT facI\ILy as developed

in kus study wa., obou L $2 3 B und IS comparable with Lhu L

quoted fOr a new prdUCLl!)n reachr. ‘rhe uperating Lost uf

the NV \S27LI !Wyr~ with IE aornlnant electrical bill ,s
balanced by Lhe cost of supporting the Infrastructure of a
new producuon regrcor WIdI IM fiss]le. fuel reprocessing
plant.

The accelerator and RF syswms tire made from H large
number of similtu parw Lhat cm be mast-produced ID many
fccmries and shops LtcroughouL the counvy and brought to
ceucralized locations for assembly Inm clusters and tesung,
Installation will be very rapid as the componen~ will have
been designed for ease of replacement and tie len@ of the
accelerator facility provides ample room For many
installation activities m occur simultaneously, Facility
conswuction will be rupid in that the long tunnel and surface
buildings may advance in numerous secticms indc ~ndendy.
The lattice (beam stofl-production volume) building is
smaller and lighter than a reactm con~inm.cnt buildin~ as

no flstule materi Gls or stored energy are present. The riectty
bent of Lhe APT lattice is about 0,4% of Lhat of a new-
producticm reactor (NPR) core producing a comparable

Jmount of Lritiun. The inventary of radioactive ma Url L!s in
ths lattice Is only 0.4% (grew Ing ta 2% at 1000 yenm) of those
in an NPR. There free, it iq Lwlieved tiat the cunstructirrn

time and the licensing requiremen~ should be less for an
An than for an NPR,

Accelerator parnmetem should he optimi~d to
mln[mlze Iile-rycle costs, which we dominated by power
t,tl(lsum~,tion :~nd elec~ical equipment c~pit.ml COUL, A
~lgnlficant cost ririver is Lhe efficiency of elec~ical power
u~~nversion from uc b) [W, one percentqe paint change in
(Lfliclcncy rqtlntes to mn CIUCUICR1umt change uf $1.7 W’yr
iil)ri ii $4 V (han~e In ‘.hc umu~nt of elecLricri[ cquipmen L
rrq[llred.

L’onLrol (II’ bertm lIms IY essential, Activation tlf Lhe
Ilcculurator [jr hcarn trnnspurt clcmenta would se~er{ly

I)limper malntrnunce. ‘[’he ~rnwtb of lwam hulos or ON
~,:lcrHy tuIIs [nust I)c supprcsaed or wrnped, IIIId u hrtuli

l~n,nkup rosl+tun Lstructure ~hould he utrllzcd.
lll~h n,~rrilnhilit.y rcq~llrrs u well lntcgru~d fntllity,

,1 (l{,sl~n phll!)w)phy lhnl qLrrsavn r!~llHhllilv 1111(1

IIliIll lUllllllbllll V, :Illli ~lNnl I~llllllly ll~surtince Ill lnl)ri(,li[.]ot]

1111] II IS LJIIIIILII)II (’(IIIIJMIIIr IIt ov{,r (n~)nrity JInd rr(lllll(in[l(.y

111(1,!1 I)(J ,l,lllhln,(l With ,, II II VU II I(. IIL Illl)dulnr :y!itrlll

1(. PiIIcr II Irnl,

P’uturo Work

.~cw p[odiicti~,n rrti(h)rS trre p]tinned i,)r l.tl L. S, IV, II II,, !II

River Pllint :\nd the [rin!lo ~fl Llonii[ !-r~.~:n~,rrlng

l.dborau~rv. ,llt:rna~ve sources, such :IS Alyl’ ,h,, uld hc
L)VfllUMWd li)r Lhelr vliihlllLy as .I c’onung~ncy III ,r:iw LiIe

rea(,um encoun Ler !iC~LISlng, (ieslgn, or ~,,nhtru,uon
Lilt-llculties. Such a sLudy for A}yr >huuld II~L.lude Lhe
L.l]nst.ru~~cIn Of an cn~neerlng demon swatlon LO ~,llldOM
performance.

An engineering demonstration would Include Lne 10w-
energy potion of the promn ~ccelerator and H represenmtlwe

secuon ~)f the high-ener~ portlt)n. ‘l’he il]Jecu)r, RFQ,

funnel, and a pcruon of the WL should be (,perated us u

system. The high-energy SCL sLrUCLUre could he l’ons Lru~*Lc(i

as an electron machine to test the proper benro Iuudinti, NS
adequa~ proton curren~ witi sufllcient energy .Ire nc.)t
available.
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