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Abstract which (after moderation) are used bthe scattering
instruments, exit through 18 neutron beam tubes
The technologies that are being utilized to design amojecting from the sides. The majority of the 62 m x 83
build a state-of-the-artneutron spallation source, them building is reservedfor the scattering instruments
National Spallation Neutron Source (NSNS), aréocated onthe neutron beam linediowever, remote
discussed. Emphasis is given to the technology issues thahdling hot cells projecting from théack of the
present the greatest scientific challenges. Phesent shieldingare providedfor handling theactivated target,
facility configuration, ongoing analysiand the planned moderatorand reflector components. This region also
hardware research andevelopment programare also contains utilitiesused for the target. Another cell for

described. utility systems is located beneath the main floor level.
The referencedesign for the NSNS incorporates
1.0 INTRODUCTION mercury as its target material. A hediguid metal target

was selectedover awater-cooledsolid targetbecause (1)

In many areas of physics, materialsand nuclear increasedpower handling capability is possible with a
engineering, it is extremely valuable to havevery liquid target, (2) the liquid target material lasts trgire
intense source of neutrons so that the structure difétime of the facility, and (3) the radiationdamage
function of materials can be studied. One facifitpposed lifetime of a liquid target system, includingts solid
for this purpose is the National Spallation Neutron Sourceaterial container, should be considerably longer.

(NSNS). This facility will consist of two parts: 1) A Mercury was also selected as the reference liquid target
high-energy (1GeV) and high powered (1 MW)proton materialbecauset: (1) is a liquid atroom temperature,
accelerator (60 Hertz, qis/pulse), and 2) A target station(2) has good heat transport propertiasd (3) has high
which converts the protons through nuclear interactions &omic number and mass density resulting in high neutron

|Ow-energy 62 eV) neutronsand deliversthem to the yleld and sourcebrightness. One Significant resudibm
neutron scattering instruments. recent neutronic analysis studies has been that the neutron

This paper deals with the second pad,, thedesign Ux from a short-pulse (~1yis) neutron source is
and development ofthe NSNS target statiomnd the substantiallygreater for a mercury targétan for either

scientifically challenging issues. Many scientific andvater-cooledtungsten or tantalum targets especially at

technical disciplinesare required toproduce asuccessful POWer levels greater than 1 MW. _ _
target station. These include engineering, remote handling, 1he Mercury target desigronfiguration, shown in
neutronics, materials, thermal  hydraulics, anff'9- 2, has a width of 400 mm, a height of 100 mm, and
instrumentation. Some of theseeaswill be discussed 2 !ength of 650 mm. Theercury is containedvithin a
below. structure made from 316-type stainless steel. ekury
enters from the back sidside outermost from the proton
2 0 TARGET STATION CONFIGURATION beamwindow) of the target, flows along the twside
AND MAINTENANCE walls to the frontsurface (proton beam window), and
returns through a 224 mm x 80 mmctangular passage
The target for the NSNS idocated in asingle in t_he middle of the target. The tar_get window,e.,
building. As shown in Fig. 1, thearget is positioned Portion of the target structure in tiirect path of the
within an iron and concrete shielding monolith Proton beam iooled by mercurywhich flows through
approximately 12 m irdiameter.The proton beanenters 1€ passageformed betweentwo walls of a duplex
horizontally in the mercury targand produceheutrons, structure. In this way, thevindow cooling and transport
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Fig. 1: Target System Configuration

Target Service Cell
Shutt
utter Target Cart Assemlyl

Moderator Plg Bridge Mounted Tooling
. L
<

Personnel Corridor

Activated Component Storage Wells
and Mercuy Dump Tank

T o

Target Shield Plug

)i Mercury Tamget v — ) o
¥ - Water Process Equipment Shielglin

Personnel Acces

of heatdeposited inthe bulk mercury are achievedvith  the remainder of the system. The tank is passivetjed
separate flow streams. by natural convection to remove tmeiclear afterheat in
A shroud (safety container) iprovided around the the mercury.
mercury target to guide the mercury to a dump tank in thégure 2 shows the two light-water moderators planned for
event of a failure of the target container structure. Thee NSNS. Theyare located inving geometry below the
shroud is a water-cooled duplestructure made from mercury targetand water-coolecshroud. The upstream
austenitic, 316-type, stainless steel. moderatorhas a thickness of 50 mm, relative to the
Detailed thermal hydraulic and stress calculations hapeoton beamand is decoupled ambisoned to givénigh
been carried out fathe mercury targesystemand a large temporal resolution of the neutron flux. Theecond
fraction of our R&D programdealswith thermal shock moderator is100 mm thickand is coupled to produce
and hydraulic tests and analysis, radiation damage, and higher neutron intensity but with lestemporal
erosion/corrosion test and analysis. resolution. Bothmoderators ar@pproximately 120 mm
The mercury targetand the water cooled shroud, wide and 150 mm high. Two cryogenic moderators, cooled
which aresubject to intense interactions with the protomvith supercritical hydrogen, are located above the target as
beam, must beeplaced on aegular basis. Forthis shown in Fig. 2. This configuration improves the cooling
reason, all major liquid target system componeetsept and warming characteristics of the moderators.
the dump tankare located on anobile cart, which is Mechanically circulated supercritical hydrogegas at a
retractednto thetarget maintenance cell for maintenanc@ressure ofl.5 MPa was chosen for thmoderators
activities. Themercury contained ithe target system is because itimproves the cooling operation, eliminates
drained tothe dump tank prior to retracting thtarget boiling and adddlexibility in operation. Thehydrogen is
assembly. maintained at supercritical pressures in all parts of the
The heat deposited in the mercury targetdaasported loop during normal operation. Thecalculated neutron
away in the flowing mercury loop to a primaryheat current energydistribution per proton from thefront
exchangerthat is located onthe target cartassembly, cryogenic moderator is shown in Fig. 3.
outside the target region shielding. &udition to this The neutron beam tube systems provide the paths for
primary heat exchanger, thmercury flow loop also moderated neutrons to travel through the bulk shielding to
includes piping, valves, fittings, pumps, expansion tankthe scattering instruments. The configuratessumed at
and mercuryprocessing equipment. Tisecondary (water) present consists of 18 beam lines looking at fie
loop transports the heat to secondaryheat exchanger moderators ashown in Figs. land 2. Each moderator
located in the floor below the target hot cell. Tediary face which is viewed illuminates three beaniines, one
flow stream utilizes process water. normal to theface andtwo at plus or minus 13.75
The mercury dumgank is locatedbelow all other degrees. The upper and lower forward moderators have two
components in themercury system thus ensuring thatfaces viewed anthe two rear moderators eadimave one
most of the mercury can be drained to the dump &uek face viewed for a total of 6 viewed faces. Taisangement
in a passive situation(failure of the electric power allows a 70 degreearc for the proton beanentrance
system). Thecapacity of the dump tank greaterthan 1 region and a similar 70 degreearc for the remote
m?, which is slightly larger than the mercury inventory imaintenance systems at the rear of the target.
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Fig. 2: NSNS Mercury Target shielding stack as identified in Fig. 1.
Fig. 3: Neutron energy distribution from the
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A neutron beam shutter concept similar to the ISIS ) ) ]
vertical shutter design is planned. The shutsgesin the _A general mamtenange ce_II is located be_hmq the target
form of stepped rectangulalabs. In the open position amaintenance  cell  primarily  to  maintain  the
hole in the shutter aligns with the neutron beam fligfederator/refiectoplug, proton beam window, neutron
path and cross section. The shutter idowered guide tubesand shutters.Generallyall operations W|II_ be
approximately 500 mm to close. This puts approximateffMote; however, personnel may erttez cell following
2 m of shielding in the neutron flight path. Tteve for €Xt€nsive cleanup. _ _
the shutters will be from the tofEach shutter will be The enclosed, unshieldeigh-bay above thearget
made from several sectionsrerucethe heightabove the SYyStemand maintenance cellsvill provide the primary
top of the bulk shielding required for remowaidthe size Means of handling components in the target system.
of the shieldedflask requiredfor transport. All shutters
will be the same,except for thedifference in beam
elevationrequiredbetween bearfines viewing theupper 3.0 CONCLUSIONS

or lower moderators. The weight of one shutter assembly . . L
is approximately 25 tonnes. Preliminary designand analysisindicate that avery

Optimization of both the operating availability angattractive short-pulse neutron source operating at 1 MW of

predictability, while protecting personnel, is themary Proton beampower can be constructed fthe NSNS
goal of the maintenancesystems for NSNS.Several USingliquid mercury ashe target materiaResearch and
techniques proven in successful facilities throughout tfi¢velopmentactivities have been identified to validate
world are applied tcassist the operators in meeting th&l€Sign conceptand to allow future upgrades to higher
operating goals. These include designing equiprfrent  POWer levels. Re_asonable design conflgu_ranons baea
the earliest stages teducethe needfor remote handling. ProPosed for rjor component assemblieand remote
Operating equipmerdre packaged imodular assemblies N@ndling concepts have beedeveloped. A detailed
designed to be replacedth on-site spares. Thisnables descriptions of the NSNS project can be found in Ref. 1.
operations to continue while time-consuming repairs are
performed in off-line facilities.

The As Low As Reasonablpchievable (ALARA)
principle is used as guidancdor all personnel and 1.
contamination control operations IMNSNS. Thus,
activatedand contaminated equipmerdre shielded for
transport around the facilitgnd tothe permanent storage
site. Areas of potential contamination are isolated by seals
andvalves. Repaiandreplacement of active components
are accomplished inthe hot cell adjoining thetarget

REFERENCES

"The National Spallation Neutron Source Conceptual
Design Report," ORNL, in press, June, 1997.

88



