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Los Alamos Neutron Science Center Contributions to the
Development of Future Nuclear Power Reactors

A. Gavron, T. Hill, E. Pitcher, and F. Tovesson
Las Alamos National Labaratory
Mail Stop H-B45, Los Alamos, NM 87545
Tel (1)505-667-5475, Fax (1)1505-667-9409, Email-gavron®lanl gov

Abstract - The Los Alamos Neutron Science Center (LANSCE] is a farge spallation neutron complex
centered around an 800 MeV high-current proton accelerator. Existing facilities include a highly-
moderated neutron facility (Lupon Center) where newtrons berween thermal and keV enerpies are
produced, and the Weapons Newtron Research Center (WNR), where a bare spallation rarget produces
newrrons berween 0.1 and several hundred MeV.

The LANSCE faciliry offers a unigue capabiliry to provide high precision nuclear data over a large
enerey region, including thar for fast reactor systems. In an ongoing experimental program the fission and
caplire cross sections are being measured for a number of minor actinides relevant for Generarion-iV
reactors and transmutation technology.

Fission experiments makes use of both the highly moderated spallation neutron spectrum at the Ligan
Center, and the unmoderated high energy spectrum at WNR. By combining measurements af these rwo
facilities the differential fisston crass section is measured relative o the “TUing) standard from sub-
thermal energies up to about 200 MeV. An elaborate dita acquisition svstem is designed to deal with all
the different nypes of background present when spamning 10 energy decades. The first isotope 10 be
measired was “"Np, and the results were used 1o improve the current ENDF/B-VI evaluation, Partial
results have alsa been obtained for “"Pu and ** Pu, and the final results are expected shortly.

Capture cross sections are measured at LANSCE using the Detector for Advanced Newtron Caprire
Experiments (DANCE), This unique instrument is highly efficient in detecting vadiative capture events, and
can thuy handle radioactive samples of half-lives as low as 100 vears. A numnber of capiure cross sections
anportant fo fast reaction apeltcations have been measwred with DANCE, The first measurentent was on
Npin, )oand the results have been submined for publication. Other caplure measurements in progress
include “**Pu and ™ Pu.

The United States recently annonmnced the Global Nuclear Energy Partership (GNEP), with the goal
of elosing the commercial nuclear fiel cycle while mininuzing profiferarion risk.  GNEP achieves these
goals wsing fust-spectvum nuclear veactors powered by new rransmugation fuels that contain significant
tiantities of adnor actinides. The proposed Materials Test Station (MTS) will provide the GNEP with a
cost-effective means of oblaining domesiic fasr-spectrum irradiarions of advanced transmutation fuel forms
and structural matervials, which (s an important step in the fuels qualification process. The MTS will be
located ot the LANSCE, and will be driverr by a LOS-MW proton beam. The peak newtron flux in the
teradiation region (s 1 E7x10 nieni'ss, and the energy spectrum s similar to that af a fast reactor, with the
additton af a high-energy til. The facility is expecied to operate ar least 4,400 hours per vear. Fuel burnup
rates will exceed 4% per year, and the radiation damage rate i sron will be 18 dpa (displacements per
atom) per year, The canstruction cost 5 estimated to be §73M (including 25% contingency), with annual
operating costs in the range of $6M ro S10M. Appropriately funded, the MTS could begin aperation in
2010,

1. Introduction

The Los Alamos Neutron Science Center
{(LANSCE, then known as LAMPF - Los
Alamos Meson Physics Facoility) completed s
construction the early 1970s, providing s first
beam in 1972, lis goal was 1o provide unique
opportunities . fundamental  research  of
medium-energy nuclear physics, by utilizing s
800 MeV proton beam to produce secondary
particles such as plons. Considering the need 1o

provide an intense source of neutrons, the
nccelerator was designed and constructed to be
capable of accelerating both posiive and
negative hydrogen ons and of delivering those
beamns  to multiple  experimental  areas
simultaneously.

The current LANSCE layout 15 shown in
Fig. 1. Tt was designated as a National User
Facility in 2001, and its research program’' has
ecxpanded substantially. In  the 20032004
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Faz. 1. Layout of the LANSCE user facility

uperating period. there were over 1100 user
visits during which over 130 experiments wers
vonducted during 200 days of wser facility
speration.  The core capabibity of the factlity is
an S00-MeV  linear accelerator sysiem rthat
accelerates both negative hwvdrogen jons and
protens, Ar present the accelérator supphes up 1o
135 uA of H- jons with pulsed beam tming
patterns  sunable for a  wide wvanery of
experimental programs. at thriee wser facihiy
areas, and wp to 250 A of proton beam (H+) ar
L0 MeV for isatape prodisction

I1. The curment LANSCE facility

Inere are three major experimental arcas
the Munuel Lujan Ir. Neutron Scattering Center
iLujan Center), the Weapons Newtron Research
IWNR) Facility and the Proton Radiography
Facility {pRad); these make up the user facility
In addition, there 1s an area for 100 MeV isotope
production and an ared for Uloa Cold Newtron
prodaction for fundamental physics,

The Lujan Center uses spallation neutrans
produced by the BOO-MeV H- beam, through
moderators, W produce  cold,  thermal  and
gpithermal newtrons in the meY lo keV range.
primarily  for peation soattering studies and
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nuclear science research. The H beam s injected
mio the Proen Storage Ring (PSR} that
compresses the 730 ms-long pulses from the
fincar accelerator, 0 125 m wide pulses
{FWHM) at a rate of 20 Hz. The protons beam, o
a current of up to 135 uA, then sirkes a light-
water cooted split-tungsten tareet with a flux-trap
and backscamering moderator sysiem In oive a
high peak newtron flux. The neutrons are
collimpted to form beams for up W seveniegn
flight paths.

Research at the Lujan Center 15 supported by
instrumentation on [2 Might paths thar allows
neutron scattenng measwements for  matenals
science and enowmecring,  polymer  scence,
chemistry, earth science and peolovy, structaral
biology, and condensed marier physics.  In
addivon,  there  are  three  fhehi paths
instrumented for neutron nuclear science and
[FANSMIssion speclioscopy.

I'he WNR Facility s primarily wsed for
basic and applied nuclear science and for westing
of semiconductor devices i neatron beams for
industry, For most experiments. WNR oses up to
5 pA of 1 beam tha is chopped and bunched
belore acceleratnn e give a  pulse-to-pulse
sepurdtion of typically 18 s (the pulse



separanen  can  be  adjusted based on the
requirements of experiments). The pulse width is
approximately 125 ps (FWHM). Neutron enerzy
i5 determined at using fight  paths between 10
and 90 meters  long. using time-of-tight
measuremenis. These pulses are selected out of
the individua! micropuolses that form the 750-ps
“macro-pulse”.

WHNR has two expenmental areas that use
the proton beam, “Targel 27" and “Target 47,

Target 2 is a low-hackground arca with
sevien flight puths that can be configured to
support  a  wide  array  of  experimental
mstrumentanon. A Tead Slowing Down
Rpeclrumerarz 15 currently utibzed in fission
cross-section measurements of actinide samples
as small as 10 ng. At the WNR “Target 47, the
becum  sirikes o tungsten  target  producing
neutrons with useful energies from aboot 10
keVoto zbove 600 MeV. Those neutrons are
collimated to form beams for six flight paths
viewing the nedtron source it angles o the left
(L} or right  (R) relative o the ineident beam
dirgetion ol 15 30 60and 90 degrees. Riesearch at
the WNR is supported by a suite of flight-path
instrumentation that allows  measurcments
providing nuelear data for radiochemistry and
astrophysics, cross-sections or neutron-induced
reactions on actimide 1solopes, Tission Cross-
sections, energy production, fragment mass and
neutron enerey distibutions, properties of nuclei
i excited  states  (“isomers™'),  few-body
inerachions such as n—D scarering, reaction
studies for theory and modeling, and electronics
companent and system performance in radiation
environments.

The Prowon Radiography Facility (pRad)
provides o unique capability for swdy  of
dynamic processes using the proton beam and a
magnenc lens imaging system. Because pratons
interact through both the strong nuclear {oree and
the electromagnenc  force,  1ransmission
measurements allow simultaneous imaging and
determination of material properties with very
high time resolution” . For pRad, 30 ns-wide H
beam pulses with approsimately 107 particles are
spaced 10 ume at intervals pre-determined by
experiment requircments. The beam is then
timed o strike test objecs during the dynamic
event. Transmitted and scattered prolons are
imaged by o magnetic lens system and recorded
by cameras, This rechmigue gives multi-frame
radiographs that spatially resolve features with

better than l-mm accuracy vstng samples of up
10 60 gmicm” thick.

Owver the past 20 wears, LANSCE has
supported the Los Alamos Radioisotope Program
by irradiating (arget matenals, originally at 800
hMeV and now at 100 MeV. The Isotope
Production Facility (IPF) project was completed
i the fall of 2003 and is now fully operatuonal
The facility has a new beam line and the
equipment required 1o deliver 100 MeV proton
beam from the existing LANSCE accelerator to a
new target station designed specifically for the
production  of radioisetopes. The 1PF was
designed o operate without  influcncing
scheduled beam delivery of proton beam w other
experimental areas ar LANSCE; I[n the IPF,
production targers are segmented into different
production regions and  marertals 10 allow
optimized producton of vanous radioisolopes.
The new facility thereby produces a wide range
of  radioiscwopes  for medical  diagnosis,
treatment, and scientific research.

[IL Plans for sustaiming the user factliy

The LANSCE accelerator provided the first
BO0 MeV proton beam i June of 1972, Since
that  time, s mission  has  evolved, but
improvements to the physical infrastiructure have
not kept pace with evolving requirements for
operauon ar an acceptoble level of rebbiliny.
Cwver the past several years, work has been done
to define rhe elements of a project necessary to
sustain tehable operation for the next several
decades, Specifically, o LANSCE
Refurbishment (1LANSCE-R) Project 1s planned
that will improve factlity operations. The goals
are o replace or refurhish systems that (1) have
an impact of 153% or greater on reliability, (2) to
increase operational efficiency by eliminating
sources of single-point failure that have long
estimated times to repair, and (3) replace
equipment that 15 beyond s predicted end-of-life
and difficult to maintain,

Achieving tlus requires replacing  radio-
frequency equipment (o achieve high relinbility
and providing  adequate spare components;
replacing  hardware and  software in  the
accelerator controls, data acquisition, and timing
systems  that  have become  virwally  non-
maintainable;  refurbishing  and  replacing
vacunm, cooling, and magnet power supplics for
the accelerator and  beam-transfer lines; and
refurbishing and improving the beam-diagnostics



svstems. Along with eplacement of injeclin
components we plan W increase the H heam
intensily by a factor of e

LANSCLE-R will cost roughly $200M and
vcuur over a period of seven years, beginning m
2008. Dunng this nme LANSCE facihty will
continue user operations by insmlhing equipment
during scheduled vutnpes. When completed, the
mvestment at L ANSCE wall have been preserved
und enhanced fir the next decade and beyond.

1V. Fission Cross-Section Measurements

Ihe fission cross sechion measurements ol
LANSCE are camried out at two  different
experimental locations in order o span 10
decades of incident neutron  epcrzy. By

Ihe c106s seciiias o masured relalive 1o
“U. which is a standard at 0.0253 eV and from
150 keV w 200 MeV The tme-ol-theh
methad (TOF) is used to determune the mcident
neutron encrey. Fach channel on the PPIC s has
an wentical and nearly independent  data
acguisimion system in order to avind dead-time
comrelation issues. Each data scquisition system
15 mgeered by a sizoal from the PPIC channel
above a sai threshold, The raw PPIC signals are
driven 1o the dala acquisiion system (DAQ) by
fasl current-sensitive preamplifiers mounted on
the chamber. A beam pick-off for the acceleralor
provides  the start signal  for the TOF
measurement. The relative arrival time of the
PPIC puise s recorded and uscd w determine the
ncutron time-of-flicht. The PPIC pulse hetght is
also recorded for each event and used 1o
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Fig 2. The measured fission cruss section of 7 Np from compared to the ENDF/B-V1 and JENDI-3 3

evaluanons

combining measurentents at the Lujan Center
and the WNR [acility it is possible Lo oblain
fisslon cross sections from 0.01 eV 1o 200 MeV,
wiath an overlap in the 100 200 ke region

The fission events are detected using gus-
led  paralielplate  donmizetion  chambers
PPIC's), These chambers are routinely uséd as
flux. monitors at different Dight paths ol WNR,
and are déscribed in detail in Ret’ | The PPIC's
are rehiable, casy 1o GpernLe, resistan ruchutin
damnge and lghly elhicient for lsson detection
\nolther bmportont  feanare s the ability Lo
discriminme between c-particles (lrom notural
decay and (noosreactions) and Hasion ragments.
A high level of separation hetween the two
particle types can be achieved by optimizing the
plute spaving and gas pressure in the ¢hamber.

discriminnte between fission fragments and other
charped particles.

Since the measuremenis cover 2 larpe
energy  reglon  there are omuny  Lypes  of
corréctions o consider in the analysis. There has
been much effort in reducing the sysiematic
uncertginties  mboduced by the  differem
cormections in order o approach a 1% level of
uneertainty Improvements:  in the  data
acousition  system (DAQ)  and  onalysis
procedure have been made to nchieve this level
of precision. One such raprovenent was b
modifieation to the DAG in oider o medisure o
type of background called wrap-around events,

These events are caused by slow newtrops from

one proton pulse overlapping with fast peations
from o lwier pulse, By using &n innovative
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modification to the DAQ 1L is possible 10
accorately measure and fit this background.
shown in Fig. 2, together with the ENDF/B-VI®
and JENDL-3.3" evaluations. The measurement
clearly favors the JENDL-3.3 evaluation in the
unresolved resonance region. However, above
fission threshold the data agrees better with the
ENDEB-VI evaluarion. The measurement daia
have been submitted to the ENDE/B-VII project,
and a pew evaluanon which is in beiter
agreement with the measurement will appear in
the official release.

The preliminary results obtained for *“Pu
and "™Pu are shown in Figs, 3 and 4,
respectively. The data stll needs 10 be corrected
for a 0.01% contaminaton of ““Pu in the
samples. The ™'Pu(n.f) cross scction was
recently measured and the result will be used for
the cormrections. The comection will strongly
affect the result in thermal region, but will only
change the result in the unresolved resonance
region with a few percent. The ENDF evaluation
of the *Pu(n.f) cross section is a typical
example of the problem observed for many non-
fissile munor actinides. The evaluation exhibits
an un-physical “step” in the evaluated fission
cross section @i 10 keV, probably caused by
inconsistencies between measurements
performed n the sub-threshold and above-
threshold regrons. Since the experimental data
set reported here goes right through the 10 keV
region it clearly resolves this inconsistency,

V. Materials Test Station

In January 2006, the US Department of
Energy amnounced plans for its Global Nuclear
Energy Partnership, which seeks 1o reduce the
risks  of  puclear  proliferation  while
simultanesusly expanding the uwse of nuclear
power woridwide. Central 1o achieving these
goals is the development of a closed nuclear fuel
cycle where spent fuel from nuclear reactors 15
recycled, resulting in more effective utilization
of the world's limited uranium resources and a
sigmificant reduction in the volume of high-level
radioactive waste.

Recycling spent fuel involves transmuting
minor actinides (Np, Am and Cm) in fast-
spectrum nuciear reactors. While soch reactors
have existed for over half o century, they have
not traditionally  been designed 1o fransmule
munor actinides (MA's). This function requires
the development of new fuel forms containing

significant quantities of minor actinides thar can
survive higgl fast-spectrum  neutron  fluence
(=107 wem’). Qualification of new fuel forms
will require testing in prototypic  spectra,
Unforiunately, only a few fast-spectrum
imadiation facilities exist around the world.
There are no fast reactors currently operating in
the USA, and the carlicst a new reactor could
reasonably be expected to begin operation would
be towards the end of the next decade.

Recognizing the need to establish a domestic
fast-spectrum mrradiation capability, in 2005 the
US Congress appropriated funds to design the
Materials Test Station (MTS) at the Los Alamaos
Newtron Science Center (LANSCE) wathin Los
Alamos National Laboratory (LANL). The
primary purpose of this facility will be o
imadiate candidate MA-bearing  fuels and
claddinz beinzg developed under the Global
Nuclear Energy Parmmershup. The MTS will
differ from all other fast-spectrum irradiation
facilities in that 5 is not a npuclear reactor. Rather,
the primary source of neutrons is spallation
reactions induced by directing 800-MeV protons
onio a mnesten farget.

For nearly three decades, the LANSCE
accelerator reliably delivered 1 mA of 800-MeV
protons 10 pion production targels in supporl
fundamental nuclear physics expenments. While
the LANSCE accelerator has continued 1o
deliver 300-MeV H™ beam 1o other targets, the
I-mA proton beam has not been utilized since
2000. The DOE is planning 10 refurbish the
LANSCE accelerator o that it can continue 10
reliably deliver beam for another two decades or
more. This refurbishment consists primarily of
replacing antiquated power supplies that deliver
radiofrequency power 1o the accelerator
structure. Once refirbished, the LANSCE
accelerator will be capable of delivering 1.35
mA of 800-MeV protons, or 1L.OE MW of proton
beam, to the MTS.

The basic configuration of the MTS tareer
system, depicted im Figure 5, consists of two
spallation target regions separated by a fuel
irradiation region. The spatlation targets are tail,
narrow blocks of wungsten cooled by liguid lead-
bismuth cuiectic (PbBi). The fuel irradiation
region 15 2 cm wide and can hold up to 40 fuel
pins, each with an active fuel peiler stack height
of 12 cm. The pulsed nature of the proton beam
allows alternate beam pulses o be directed onto
first ong, then the ather, spallation target in a
strmghtforward and direct manner,



Figure 5. Basic configuration of the MTS target
assembly.

The resson for using two spallanon rargel
sections and aliernating the beam pulses beiween
them is 10 achieve nearfy umiform tme-averaged
neutren Nox in the fuel madiation region, which
1 located between the two spallation targels, ure
6 shows the spanal dismbution of the oeutron
flux from a horzontal cut & target md-plane. It
shows the flus gradient scross the 2-cm gap
between spallstion targets o be guite low. The
penk flux occurs directly in the spallation largets
where most of the neutrons are created. The peak
!luxl i the iradistion region is 1 67x10" nem

K

The neutron spectrum at the peak 1lux
position in the uradiation region 15 compared 10
the spectrum of a fast reactor in Figure 7. The
fast reactor chosen tor companson s the
propased Advanced Burner Test Rector (ABTR),
which s currently undergoing pre-conceplual
design. The MTS spectnum s quie sinular 1o
that of a fast reactor, with the addmon of a high-
encrgy tail above 10 MeV that reaches up 1o the
incident  B00-MeV  beam  energy. The only
sigmficant impact of this high-encrgy 1l i high
helium production in steels. The peak Nux
pasinon has abour 60 nimes greater helium
production rute in ion than that in a fast reactor

st an eguivalest flux  level. For  the
femtic/manensitic steels that are curmendly under
comsideranon as fuel clad material for fast
reactiws, high concentrations (=700 appm) of
betium can lead to embrutdement. The impact of
higher-than-prototypic  fast  reacior  helwm
production in the MTS must be given careful
consideration when uradhations wre performed

The spallation 1argets consist of tall (18 ¢m),
narmow (2.1 cm) mngsien plares stacked along
the direction of proton beam propagation. The
plates start out thin (4.4 mm) at the froar end of
the target, and grow progressively thicker loward
the back Separating the plates are |-mun-thick
cooling channels. The plate thicknesses are
adjusted in this manncr so that the heat flux at
the cooling surface is hmited 1o 600 Wicm'
which does not challenge the thermal hydrankc
capability of the PbBi coolam.

A  cnocal pammeler for  oblaming
meammeful imadiation data is the temperature 2
which the irradiations are performed. In order
achicve condinons similar 1o that of a fast
reactor, the fuel clad temperature must be
controfled within a specified 1olerance, and
imadiation lemperatures up to 550 °C must be
anainable in the MTS. This reguircment is very
difficult to achieve using water as the fuel pin
coolant. After considering a number of coolam
opuions, PhBi has been selected as the coolant
for the test fuel pins. This coolant does not react
exothermacally with water or air, has a high heat
transfer coefficient, and is hgusd over a larpe
temperatore range It has the disadvamages of
noi being a iquid 2l room iemperature (requinng
trace heabng on loop piping and components).
requinng  active oxygen comtrol 0 reduce
corrosion, and producing *“Po as an acuvation
product. Polonium-210 is an alpha emirer with a
138-d half-life. and lumting ns release during
off-normal events will reguire special attention
i the design of safety systems.

The high heat transfer coefficient of PhBi
means the film drop is relanvely low (=305
and predictable within 30%. Thus by measuning
the inler and cutlet temperatures of the PhBy, the
fuel clad temperature at any point along the fucl
pin height should be known o within 10 °C. The
fuel clad tcmperature can be controlled by
adjusting the PbBi inlet temperature.
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Figure 7. Neutron energy spectrum al the peak
Nux position in the ieadiation zone of the MTS
compared o that of & [ast reactor (ABRTR ).

The beam spot on ¢ach spallation targat 15
15 cm wide by 6 cm tall A nearly umiorm
curtent density over the beam spot 5 achieved by
rastering o smull beambet (nominally 3 mm wide
by 6 mm lhigh, FWHM) over the beam spul
dimensions. Thus resilts in a peak current densily
o target ol 75 uA/cm®. Over a calendar vear, the
MTS s expecied w operate 400 hours at a beam
current of 1.35 mA. The annual mdiation damage
in TO alloy, a fernuc/martensitic steel that is the
cading candidate material f{or the fuel pin
howsing and spallation target housing, al this
durcent  density  Is caleulnted 10 be 31
displacerments per wom {dpaj. For relerence, o
tungsten target ae the 1S15  facility ar the
Hutherford Appleton Labowatory o the United
Kingidom was reploced ar o dose of 13 dpa due 1o

the fallure of thermocouples used 10 moniton
plate femperatures, Al the tme of replpcement,
the target was performing satisfactorily, Thas the
paticipated  minimum life ol the nrget s
expected to be 6 months, but the expectation is
that it wall pot requite  more  than  anoual
replacement

[ocated luterally outhoard of the spallation
targers are addimnooal iradistion positions where
materials samples may be pluced. The neutran
flux gradient in the lateral dicection is ruther lagh
region, about 47 per mm, yet this is scceptable
il the samples are sulficiently thin in one
dimension (no move than 250 wm, 85 15 typucally
the case with modern test specimens. The peak
flux in this regron is about 205 less than in the
flux trap.

The highly activated targer assembly will be
serviced ina hot cell localed downstream of the
targel operating position, The target assembly is
heing desiened 1o be remotely serviceable. Spent
activated components will be loaded mto transter
casks and transpinted o appropriate facilities for
dispusal. Reasonably rapid retrieval of irvadiated
fuel pins is accomplished Whrough the use of a
susketed cover plate on top ol the fuel module
Omnce removed from the fuel module and louded
intey transfer casks, the iradiated pins can be
shupped o0 hiw cells ot LANL or other
labaratones for post-irradiation examnabon

Uise of the existing LANSCE accelerator and
the Area A expennmental hall results m
sigmificant cost savings aver a green Neld sie for
the MTS. A botoms-up cost eshimate completed
withun the last year yielded a total project cost



fur the MIS of 3$73M. including 25%
contingency. This esnmate includes the cost of
prepanne Agea A for siting the MTS, which is
approxmate!y  313M. Orher major  cosl
componenis are the accelerator beam transport
iS12M), hot cell and exiermnal shiclding {811M),
terzet assembly services (58M), and targel
assembly fabnicaton (3TM). Anpual operating
costs for the MTS are cstimated 1o be between
$6M and $10UM.

The MIS project schedule is subject
nmely approvals of DOE coucal decisions. I
this process proceeds smoothly, construction
could commence in FYOR, with commissioning
taking place in FY1L

The MTS will provide a critical domestic
uradiatson capability 1o the DOE, allowing fast-
spectrum iradiations of new MA-beanng Tuels
to commence well before a new fast reactor can
be expected 10 start operation in the USA. The
neutron spectrum in the fuel uradiation region is
similar 1o that of a fast reactor, and fast flux
levels wn the inadmoon reguon are abo one-
third that of the peak fast fux m the Phénix
reactor, which cwrently produces the maost
iniense fast fux in the world.
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