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SPECIAL DESIGN PROBLEMS AND SOLUTIONS FOR HIGH POWERED
CONTINUOUS DUTY LINACS*

D. Liska, L. Carlisle, and G. McCauley

Los Alamos National Laboraiory

P.O. Box 1663, L.os Alamos, NM 87545 USA

S. Ellis , T. lg and P, Smith
Grumman Acrospace
Bethpage, New York 11714

Abstract

Scveral high powered linac designs are being
considered for various purposes including radioactive
waste treatment, tritium production, and ncutron factorics
for materials studies.  Since the tractional beam losses
must be in the 107 10 107 range and are clearly subject
to operational variables, the design engineers arc forced
to develop concepts which combine maintvinability under
radioactivity conditions, high availability, and very high
rehiability while dealing with the operating parameters
resulting from C'W operation. Several design solutions to
selected problems are »resenied.

1. INTRODUCTION

A common feature of the new class of high powered
linacs being considered for such future tasks as
radioacitve  waste  transmutation,  plutonium
neutralization, trittuin production , cte. is  the
unprecedented power carried in the beam. A typical
design for a 1 GeV proton linac at 200 mA - implies a
beam power of 200 megawatts CW! Animportant task in
designing such & hnac s to safegnard the boretube from
bearn impingment by configuring the machine with a
large aperture ratio (ratio of borctubxe diameter to rms
beam digneter). This involves the use of short focussing
lattices to tightly contain the beam, doublet focussing,
and minimizing the stractural varianons, sach as boretube
diameter or lattice lenpth changes. A second task in
designing this sort of linac s to provide a mechanical
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design - which  recognizes  the major  arcas  of
potential operational difficultics such as multipactoring,
RF and vacuum seal integrity, cooling channel durability
and corrosion resistance  as well as areas requiring
relatively high maintenance  so that accessibility and
speed of maintenance in radioactive environments can he
properly addressed.

H. THE APT POINT DESIGN AT 1.0S
ALLAMOS

Shown in Fig. 1 is a block diagram of the Los
Alamos design for a  high power linac, The same
machine, or one closely related o it can be used for waste
treatment (ATW) or conversion of plutonium (ABC). We
call machines of this type AXY linacs. The linac is
heavily beam loaded (79%) and will consume about 470

MV A 10 operate. It consists of two 100 mA H+ mjector
lines feeding a funnel at 20 MeV which combines the two
beamis. The frequency of operation of the RYFQ and D11y
i the injector lines 1s 350 MHz and downstream of the
funncel the 200 mA beam s accelerated by RE structures
operating, at 700 Mz, Beyond the funnel the aperture
ratio is graduatly increased through the Bridge Coupled
DTL (BCDTL), a new type of structure, and into the
Coupled Cavity Linac (CCL), The aperture ratio throuph
the CCL which comprises the buik of the machme
imcrcases from 13 o 2001 For companison, the apettne
rano ol LAMPE, the world's most powetlal linae today s
only 6:1.
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III. ENGINEERING SOLUTIONS
DEVELOPED IN THE APT DESIGN FOR
HIGH POWERED STRUCTURES:

A) Innovative Accelerating Structures

In order o0 be able to use EMQ's wn the DTLs, a high
energy RFQ was required. A design was developed for a
multi-scctioned RFQ 1o operate at 7 MeV (ref. 1), This 8
meier fong unit actually functions as four indcpendent 2
meter long RFQs thereby avoiding mode interference
problems.

The other new structure is the BCDTL which is a
multiple tank DTL. with quadrupole doublet focussing in
ihe intertank spaces much like a bridge coupled CCL.
The BCDTL has large apertures at high frequency ana
solves many Zabrication and operational problems
associated with CCLs at low energy (rets. 2 & 3).

B) Rudiation Hardening

Because of the potential for neutron damage to
maltcrials, essentially all the quadrupoles in the ATW
point design arc EMQ's with radiation resistant potiing of
the field coils. The technique proposed is shown in
Fig. 2a-c. The coils arc coated with a glass frit compound,
fired 10 produce a glass coated surface and then potied in
calcium aluminate cement (ref 4). In addition, quads are
designed with demountable vokes so the coils can be
removed if necessary.

Radiation hardening of the vacuune seals and kmfe-
cdge style RE scals are cssential in an ATW type
machine. We used the Hehicotlex seal for most vacuum
closures. Most of the Helicoflex beamline seals are used
in conjunction with Helicoflex Quick Flanges which can
b relfeased and scaled from the aisle side of the machine
with a single air drive screw. Te assure high RE iy,
the RE joints throughout most of the machine are kot
edges using a modilicd Conflat concept backed up by an
independent Hebicolflex seal enclosed in the same tHange
pair (Fig, 3).
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Fig. 3. Flange Design,

C) Modularization

ATW is modularized as illustrated 1o Fig. 4. The
point design contains 403 modules of both. BCDTL. and
CCL types requiring 366 1 MW klystrons,
Modularization breaks the linac into manageable lengths
for vacuum checkout and instrumentation. The modules
are preassembled in the lab, aligned and checked out for
vacuum, cooling and RV mtegrity. Fhey are then
transported W the wnnel and mstalled on 3-point suppon
mounts and aligned  to the tunnel alignment system., 1.0
beamline height is 1.47 metess which makes the modules
convenient o work on, Most essential components are
accessible from the aisle side, including the items most
likely to need maintenance, i the on pumps and
beamline components such as diagnostic devices located
in the intertank spaces. Fig S shows a typical doublet
pair mounted as a module on two preasion lincar ratls in
the intertank paps. Bhapgoostics, bellows, beamlme
vacuum valves and Hanges are part of this moduln
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Fig. 4. Modular Linac Design,
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Fig. 5. Modular Doublet

assembly. The doublet paur is critnically abgned refative
to the lincar rinds so that when the unit requires servicing,
tcan be removed casily and mounted on o sumlar set ol
vails m the lab and then prealigned poor o e mstallanon
on the beamline without the need tor tinal alignment on
hne.
) Component Considerations

In the ATW pomn design the dintt tubes were
designed tor changeout under potentially  acnvated
condiions by instathing them on garders as shown i by,
6. The doft tube s "hard mounted”, (sealed) by a smple
pomnt RE kade edpe and backed up by a sibver plated
Hehicotlex vacunm seal Aligoment s cntically set by
meany oioa owaicr cooded, heavy pan, e copper flex
membrane which oo stressed, yielded and work hadened
o the process: This method of hard socketimg s
necessaty o withseand CW RE heatig 1 e Kinfe edye
o vacumn seal wone to Gl the pieder could be removed
tror the tunnel and work done oncthe Loded daofi tebwe

The AT CCE s i 700 M cavity system which s
sized to it anta exasting. hvdrogen brazmg tacihnies. A
tgor concern 1s the carctul selection of braze allays 1o
avord palvame corroson aiong the coolimy Canae! ot
The external nuntlolding that supphies the coobmp s alan
el stnce o will canty padioac tive water whinch cain not
leak wnto the tannel Ty the APT despeo we used Inph
vitcn (VORY water tiimyps everywhere
) Tunnel Considerations

Uhe Binal monor cotsaderation tor the desapners of
ANY style tinaces o the besandine tannck el Bven
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Fig. 6. Girder Mounted Drft Tubes.

though any given design wall always assumie hands-on
maimtenance as the design goal and the physics will
always maximize such parameters as “"aperture ratio”, one
must always consider future changes in personnel
exposure limits, abrormal operation of the machine or
degradation. . For these reasons 1ts wise to allow for the
possibility of remote martenance. ‘Fwo major features
are incorporated inour ATW point design. One is the use
of radio contmlied bridge cranes in the tuanel w carry
survedlance booms as an adyjunct to the  normal
workhorse tunction. The other feature 18 a tunnel
spacious cnough to allow a lgh performance remote
maintenance master-slave seevo manipulator system o
work. One such system s MANTIS, used at CERN.,

V. CONCLUSICGNS

The pomnt design for the Los Alamos ATW hinae has
been concieved o be radution hardened i spite ol its
careful desyin for extremely low beam loss, The use of
modulirization, selt adygrang quadrapole doublets and
casy aslesside mamtenae.ce adaptable o remaote seevicing,
has been promoted an antcpation ot most of  the
nantenance problans we can togsee
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