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Status of the Acceierator Production of Tritium (APT) Project 
J. C. Browne, J. L. Anderson, M. W. Cappiello, G. P. Lawrence, and P. W. Lisowski 

Los Alornos National Laboratory. P.O. Box 1663. b s  AIamos. NM, USA 87544 

Abstract. Tritium is a radioactive isotope of hydrogen used in all United States nuclear weapons. Because 
the half-life of tritium is short, 12.3 years, it must be periodically replaced. To provide a new source, the 
United States Department of Energy is sponsoring conceptual design and engineering development and 
demonstration activities for a plant that will use a high-power proton linear accelerator to produce tritium. 
This paper presents an overview of activities planned or underway to support that work. 

INTRODUCTION 

An adequate defense through both conventional and nuclear arms is an important 
component of the United States' strategy to deter major international war. A reliable supply 
of tritium is necessary to maintain the nuclear part of that defense structure. Because tritium 
decays to 3He at the rate of 5.5% per year, it must be continuously replenished. Since the 
shutdown of the last production reactor in 1988, tritium requirements have been met through 
reuse of tritium recovered from dismantled nuclear weapons. This will not be sufficient for 
future needs; therefore, the United States Department of Energy (USDOE), the government 
body responsible for supplying all materials necessary to maintain the weapons stockpile, Is 
preparing to bring a new a tritium production capability on h e  no later than 2007. 

Production of tritium in a quantity large enough to supply the needs of the stockpile can 
only be accomplished through neutron capture by a stable isotope such as 3He or 6Li. 
Presently only reactor or accelerator systems can make enough neutrons to produce h-itium in 
the quantities needed. In a reactor, nuclear fission supplies the neutrons. In Accelerator 
Production of Tritium (APT), neutrons are made by proton spallation of heavy metal nuclei, 
such as tungsten. The use of spallation to produce neutrons makes it possible to avoid the 
use of fissile material, which in turn makes the system design both simpler than that of a 
reactor and provides additional safety and environmental features. 

The design of an APT system was first considered by the DOE Energy Research 
Advisory Board ('EM) in late 1989 and by the JASONs, an independent scientific review 
panel, in 1992 and 1995. Reviews of AFT technology were positive, and endorsed the need 
for further design and for a technology development and demonstration (ED&D) program. 
As a result, from 1992 to 1994 the USDOE, sponsored an APT preconceptual design study 
using a multi-Laboratory and Industry team to support a USDOE Programmatic 
Environmental Impact Statement (PEIS) for Tritium Supply and Recycling. 

In December, 1995 the USDOE announced a decision to pursue a dual track approach to 
obtaining a new tritium supply. That strategy initiated action to purchase an existing 
commercial reactor (operating or partially complete) or irradiation services with an option to 
purchase the reactor for conversion to a defense facility; and authorized work to design, 
build, and test critical components of an accelerator system for tritium production. Within a 
three-year period, the DOE will select one of the tracks to serve as the primary source of 
tritium. In addition, the Savannah River Site was selected as the location for the APT 
accelerator. 

The APT plant will have a design production capacity of 2 kg upgradable to 3 kg. The 
plant will consist of a cw proton linear accelerator, beam transport, targetmlanket, and 
tritium-extraction systems. The balance of the plant equipment will include all of the 
structures, as well as all support systems themselves, including such systems as potable 
water, ultimate heat sink, electricity supplies, heating, air conditioning, ventilation and 
cooling systems. The technologies involved are all conventional, based on those developed 
for non-nuclear components of reactors and industrial applications and require no engineering 
development and demonstration. 
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DESCRIPTION OF APT SYSTEM 

Accelerator Design 

In order to produce 2 kg of tritium per year, the APT plant will have a nominal 
accelerator energy of 1300 MeV, and a beam current of 100 mA. The system will operate 
with an average availability of 75% and include about 10% production margin. In order to 
upgrade to 3 kg/yr, the beam current will be increased to 134 mA by adding a second iow- 
energy linac and more RF power stations in the high energy linac. The 67-mA beams from 
each of the two low-energy linacs are interleaved longitudinally by funneling. In other 
respects, the baseline design of the APT linac is similar to that presented in the last 
conference in this series. 

The accelerator is an RJ? linac operating at 100% duty factor, or continuous wave (cw). 
It is made up of different accelerating structures that are optimized for accelerating protons 
over different velocity ranges. 

In the low-energy (front-end) linac, a continuous stream of protons is generated by a 
microwave-driven ion source and injected at an energy of 75 keV into a radio-frequency 
quadrupole (WQ, where it is formed into bunches at a frequency of 350 MHz and 
accelerated to 7 MeV. The bunches are then accelerated to 100 MeV in a 700-MHz coupled- 
cavity drift-tube linac (CCDTL.) and finally to full energy (1300 MeV) in a 70O-MHz 
coupled-cavity linac (CCL). All the accelerating structures are powered by 1-MW cw RF 
amplifiers (klystrons). In the present version, the CCL has an averaGe accelerating gradient 
of 1.3 MV/m. The accelerator design and architecnue are sketched In Fig. 1. 

Upgraded 
(3 k9) 

CCL 

75 keV 7 MeV 20 MeV 100 MeV 

7 5  keV 7 MeV 20 MeV 

Proton 1300 1300 
C W b e a m  100 mA 134 mA 
BeamPower 130 MW 174 MW - Plant AC 426 M W  510 M-W 
Linac 7186 m 1186 rn 

Fig- 1. Schematic of 2 kg/yr Room-Temperature Accelerator and Upgrade 
Path to 3 kg/yr. 

The total FW power required to produce the 130-MW beam is 190 M W .  The power at 
700 Mfiz is 99% of the total. Because of the high beam current in the accelerator, the RF 
efficiency of the APT linac is h igh4 .68 ,  averaging over the entire accelerator. Assuming 
an average efficiency of 0.58 for converting dc power to RF power in the klystrons, 0.05 
losses in ac-to-dc power conversion, and 0.05 losses in RF transmission to the accelerating 
structures, the ac-to-beam efficiency is approximately 0.36, leading to a tot& ac power 
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requirement for the APT plant of about 426 M W  (including an allowance for focusing and 
transport magnet power, cavity coolant pumping, targerhlanket coolant pumping, and 
miscellaneous balance-of-plant demands). 

The accelerator design incorporates some novel features that are adaptations of the 
established linac technology base, including a funneled front end, a high-energy RFQ, and a 
hybrid accelerating structure-the CCDTL-to cover the 7-to-100-MeV energy regime. The 
funnel solves the problem of obtaining a high-current, high-quality beam at low energies. 
The CCDTL was evolved specifically for this machine to accelerate beam in an energy region 
where traditional structures (Mvarez DTL) would be impractical or inefficient. The high- 
energy RFQ eliminates engineering difficulties in the first section of the DTL and also 
provides a current-independent match to the CCDTL, greatly improving the ease of 
accelerator tum-on. 

The accelerator and high energy beam transport (HEBT) have a total length of about 1.4 
km. The HEBT delivers the 100-mA, 1300-MeV proton beam to one of two identical target 
assemblies where tritium production and extraction takes place, or to a 0" full-power 
beamstop for tuning the linac. Each transport line terminates in a nonlinear beam expander 
that converts a small-dimension, Gaussian-like intensity profile into a large-area, rectangular, 
nearly-uniform profile at the face of the targets. 

The accelerator is housed in a concrete, rectangular-section tunnel that is buried under 
about 12 meters of earth for radiation shielding. Depending on site conditions and 
construction costs for various options, the tunnel could be placed completely below grade or 
could be partly above ground with an earth berm over the top. A building housing the RF 
amplifiers, magnet power supplies, and controls runs the length of the acceIerator and is 
situated either over the top of the tunnel or beside the berm. This building can be occupied 
by operating personnel when the beam is on. A sketch of the site layout is shown in Fig. 3. 

The AFT Project has recently been designing a superconducting RF high-energy linac 
that could replace the room-temperature CCL. The initial impetus for consideration of this 
option was to eliminate the Rl? wall losses that occur in the CCL cavities, thus reducing 
electric power demand (by about 100 MW) and plant operating costs. As the SC linac design 
progressed, it became evident that there were significant operational advantages as well. The 
SC cavities have significantly larger apertures than conventional copper cavities, thereby 
lowering the threat of structure activation from beam halo. In addition, since the SC linac is 
made up of very short accelerating cavities individually fed by separate RF drives, the 
velocity bandwith is very broad. This feature allows the accelerator to be retuned to continue 
operation in case of cavity or W station failure, and also leads to a simpler upgrade path, as 
described below. 

Figure 2 shows the baseline and upgrade path when a superconducting radiofrequency 
(SC) linac is used for the high-energy (HE) section of the accelerator. The upgrade achieves 
3 kg/yr production by accelerating the protons to the higher energy of 1700 MeV, instead of 
1300 MeV, eliminating the need for a funnel. This increase in energy is obtained without 
lengthening the linac by increasing the gradient in the highest energy section of the 
accelerator, and adding RF power stations in this section. 

SCRF linac conceptual design and cavity testing activities are underway to obtain the 
information necessary for the project to downselect between the two technologies by 
December, 1996. 

Although the baseline for APT is presently a room-temperature high-energy linac, 
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Nominal 
(2 k9) 

Upgraded 
(3 kg) 

SCC Rf'Q , CCDTL, I 
injector 
\ 

75 keV 7 MeV 20 MeV I 1300 MeV \, 
I 100 mA 

r5 keV 7 MeV 20 MeV l700MeV ' , 
100 mA 

Room Temperature Superconducting 
(same design as baseline) RF Cavities 

paJ Upgraded 
MeV 1700 MeV 

Nomii 
-Proton Energy 1300 I 
-CW beam current 100 mA 100 mA 
-Beam Power 130 MW 170 MW 
-Plant AC Power 308 MW 386 MW 

1168 m -Linac length 1168 m 

- 

Fig. 2. Schematic of 2 kg/yr Superconducting RF Linac and Upgrade Path to 
3 kg/yr. 

Accelerator Engineering Development and Demonstration Activities 

Demonstration of accelerator readiness is at the core of ED&D activities for the linac. In 
the following section, we discuss the major accelerator-related activities planned and ongoing 
in the engineering development and demonstration (ED&D) phase of the APT Project. 

Constructing and operating the low energy section of the linac will demonstrate the most 
technically challenging components of the plant accelerator at full power. This work will 
confirm the output beam parameters, system availability and component reliability, provide 
experimental determination of the beam halo distribution, develop a commissioning plan for a 
CW system, and prototype the entire low-energy (LE) plant accelerator. 

Alamos in five stages. Stages I through V will operate in continuous mode during their 
operating periods. 

The Low Energy Demonstration Accelerator (LEDA) activities will be conducted at Los 

. 

Stage I - installation and testing of a 75-keV, 110-mA proton injector. 
Stage II - addition of a 350-MHz RFQ accelerator to accelerate a 100-mA 
proton beam to 7 MeV. 
Stage III - addition of a 70-MHz CCDTL to further accelerate the 100-mA 
proton beam to 20 MeV. 
Stage IV - addition of CCDTL modules to raise the final energy of the 100- 
mA proton beam to 30-40 MeV. 
Optional Stage V - This optional phase would add a second parallel 
apparatus similar to that of Stage III and a beam combiner ("funnel"). The 
funnel would combine the two 350-MHz, 100-mA, 20-MeV proton beams 
into a single ~ O O - M H Z ,  200-mA, 20-MeV proton beam. This beam would 
then be accelerated with CCDTL modules to an energy as high as 30 MeV in 
continuous mode, or to an energy of 40 MeV in pulsed mode. If a 

. superconducting HE linac were chosen, this activity would not be needed. 

ED&D work for the HE accelerator includes high-power RF tests of a prototype CCDTL 
accelerating module (without beam), a SC accelerating-cavity technology program to support 
advancing the accelerator baseline to that technology and prototype the SC linac building 
blocks (cryomodules), and development of an improved RF power amplifier. 
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The growing success of superconducting RF accelerators around the world leads to the 
conclusion that no extensive cavity development is required, although a sound demonstration 
of the technology as it applies to the APT situation (high-current proton beam) is needed. 
The ED&D approach will demonstrate conceptual design and reduce risk. Specific areas of 
concern relate to field performance of modified cavity shapes (more compressed at medium 
beta values than the well-established elliptical cavities for el), RF power coupler 
limitations, and potential degradation of cavity performance from irradiation by stray beam. 
The ED&D plan calls for fabrication and testing of cavity prototypes, which rely heavily on 
previous work done at other laboratories, such as Cornell, CEBAF, CERN, and DESY. 
Experiments on proton beam interaction with niobium will be carried out to quantify radiation 
damage effects, which at sufficiently high dose levels could lower the cavity Q. 

The SC technology development program includes the following steps: 

The APT accelerator RF power system presently includes 3 5 0 - H ~  RF stations, 
providing power to the FSQ, and 700-MHz systems, providing power to the CCDTL and the 
CCL. There am three 1-MW, 350-MHz cw systems for each RFQ, and approximately 270 
1-MW, 7OeMHz cw systems that power the rest of the accelerator. The 350-MHz klystrons 
are available as catalog items from several electron-tube vendors. The 700-MHz klystron is 
within the standard design space, but is a new tube. The frrst units are being prototyped as 
part of the LEDA program. 

efficiency 700-MHZ 1-MW cw RF generator using a scheme based on the principles of the 
inductive output tube (IOT). If development of this tube is successhl, it would replace the 
conventional klystron in the baseline accelerator design, with an estimated improvement in 
overall electrical efficiency of about 2096, as well as technical and operational advantages. 
Other ED&D work for the RF power systems includes the testing of key system components, 
mainly high-power RF windows, and high-reIiability, high-efficiency, high-voltage dc 
power supplies. 

A prototype of the beam expander in the AP'T high-energy beam transport system will be 
designed, fabricated, and installed in an experimental area at the Los Alamos Neutron Science 
Center (LANSCE), and its performance evaluated. Planned tests will include demonstrating 
the beam control system and expanded beam distribution, as part of the targethlanket ED&D 
work discussed below. 

Fabrication and high-field testing of several single-cell Nb cavities designed 
for intermediate velocity (kO.48, 0.64,0.82) proton beams; 
Fabrication and testing of coaxial high-power RF couplers; 
Fabrication and high-field testing of four-cell SC cavities; 
Integrated tests of prototype cryomodules for the APT (multicell cavities, 
couplers, tuners, and SC quadrupoles inside a beam cryostat) 
Radiation damage evaluation of a prototype Nb cavity and Nb samples. 

A principal RF system ED&D activity is the development (with industry) of a new high- 

Targenlanket Design 

After acceleration, the proton beam is expanded and directed to one of two identical 
subterranean targethlanket (TB) chambers'. The targetmlanket assembly will consist of a 
tungsten neutron production target, surrounded by a blanket in which additional neutrons are 
produced in lead. The neutrons are slowed by collisions in the lead and water and captured in 
helium-3 (3He) to produce tritium. The targefilanket uses a replaceable module design, 
incorporating a beam-entrance window and a centrally located tungsten neutron source 
module surrounded by blanket and reflector modules. A1I targetmlanket components reside 
in a cavity maintained at a rough vacuum. An isometric drawing to the targetblanket 
assembly is shown in Fig. 3. 



Blanket Lig ht-Water 
Lead-% Module 

Blmket Heary- 
Waer Reflector -7 Module 

Tungsten 
Neutron 
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%e &coupler 

Beam Eniranrce Wndow 

Fig. 3. Target/Blanket Assembly, Isometric View. 

The beam-entrance window is a double-wall Jnconel structure that isolates the high 
vacuum system of the linac from the low-vacuum that will be maintained in the targethlanket 
region. The high-energy beam from the accelerator is expanded to a 16-crn wide by 160-cm 
high beam spot and passes through the window into the targetlblanket cavity. The heat 
deposited in the window structure is removed by a low-pressure light water coolant. 

The tungsten neutron source module is centrally located within the target/blanket cavity. 
In this module the high energy beam strikes the tungsten and provides a source of neutrons 
and high-energy particles through nuclear spallation. The neutron source consists of small 
tungsten rods contained in horizontal stainless steel tubes. The tubes are manifolded into 
inlet and outlet pipes which provide a coolant flow of heavy water at moderate pressure. The 
tubes and manifolds make up a subassembly called a “ladder”. Ten such ladders make up the 
neutron source. This design deploys the tungsten over a large volume, enhancing neutron 
Ieakage into the blanket. Mechanically attached to the neutron souke is a neutron de-coupler, 
consisting of a bank of co-axial aluminum tubes that increases the tritium production 
efficiency by reducing the amount of parasitic capture in the tungsten. The de-coupler central 
tube contains ’He gas, and the outer annulus contains light water coolant. 

Lead modules surround the tungsten neutron source and &-coupler. These modules 
provide a blanket of lead and ’He that is approximately 120 cm thick and 350 cm high. The 
lead in t h i s  region provides an additional source of neutrons from additional spallation and 
(n,xn) reactions. Light water coolant and ’He gas are continuously circulated through the 
modules. Neutrons are moderated to low energy by collisions in the lead and light water, 
and are captured in the 3He gas to produce tritium. The modules are constructed with 
aluminum KO minimize neutron parasitic capture. The witium is removed from the ’He gas 
continuously. 

These are similar in 
design to the blanket lead modules except that heavy water replaces the lead. Neutrons 
leaking into this region are reflected by the heavy water, providing an overall increase in 
tritium production. - 

Blanket reflector modules surround the blanket lead modules. 



Iron shields attached to the top of each module allows “hands on” connection and dis- 
connection of coolant and gas h e s  during module replacement operations. Each module can 
be removed and replaced separately. Based on radiation damage, the window and neutron 
source modules are expected to require replacement every 1 to 3 years. Similarly, the 
expected lifetime of the interior blanket lead modules is 1 to 5 years, the exterior blanket lead 
modules 10 - 20 years, and the outer blanket lead and reflector modules over 40 years. 

TargetlBlanket Engineering Development and Demonstration Activities 

The principal elements of the targethlanket engineering development and desip 
activities include a demonstration of the neutronics performance of a prototypical 
target/blanket assembly using a low-power 800 MeV beam, and determination of radiation 
damaged properties of materials as a function of proton and neutron fluence. 

TargevlBlanket Pelfannance Demonstration 

In the region from about 500 MeV to 2000 MeV tritium production increases linearly 
with proton energy. For that reason, achieving the required production is determined by the 
beam power on target, and can be changed either by increasing the beam current, or the beam 
energy. The present accelerator design choices were made based on extensive simulation of 
targethlanket performance. The accuracy of those results depends on several factors, 
including the nuclear model fidelity, the quality of nuclear data, and the engineering detail 
used in the simulation. We estimate that the tritium production could be in error by as much 
as 15% for those reasons. In order to confirm the plant design power, we plan to perform a 
targethlanket performance demonstration and characterization using a large-scale prototype 
of the target/blanket. 

The overall goals for the measurements through FY 1998 are the following: 
I. 

The requirements on the beam expander are such that the initial beam size has to be 
expanded as much as 200 times. To assure uniformity of the expanded beam, beam density 
and position fluctuations must be corrected within a millisecond. This requires good 
diagnostics and fast-acting correction systems, similar to those in use at other accelerator 
facilities, but adapted for the APT system. 

The beam expander demonstration will confirm and demonstrate the predicted 
performance of the plant expander design. This will be done by measuring the distribution of 
the expanded proton beam and its sensitivity to ali,ment in the beam optics. These 
demonstrations will thereby confirm the alignment tolerances required for the plant beam 
transport system. 

A prototypic beam expander and Th3 assembly will be fabricated and tested in Area C, 
an experimental hall adjacent to the LANSCE accelerator at LANL. Most demonstration tests 
will be performed using the 800 MeV beam from the LANSCE linac. Tests here will be 
performed using beam currents from 0.1 to O.lpA, which is equivalent to 80 to 800-W of 
beam power. 

In this performance demonstration, the beam window will be constructed from Inconei 
with a light-water coolant channel. The neutron source assembly will be an optimized 800- 
MeV design that can be scaled using energy-dependent total neutron production data to 

Confirm the ability of the beam expander to produce an expanded beam of 
correct size, shape and uniformity, 
C o n f m  the design of the beam diagnostic system, 
Confm the tritium production efficiency in the prototype T/B assembly, 
Confirm the energy deposition in the neutron source assembly and the blanket, 
Verify neutron spectra and distribution in the prototype T/B assembly, 
Demonstrate fabrication of critical TB components, 
C o n f m  the level of residual radioactivity of T/B components, 
Confirm the design of the beam diagnostics system, 
Provide data for code verification and validation. 
Venfy neutron leakage from target assembIy and identify neutron and 
gamma streaming paths. 



determine the perfon-nance of a higher-energy plant design. The tungsten neutron source 
region will contain heavy water. For the blanket region, one side and the back of the T/B 
will be prototypic modules of lead, light water and 3He. The remainder of the T/B will 
consist of low-fidelity lead, light water, and aluminum modules. Because the tests will be 
conducted at low beam power, none of the coolant will need to be circulated. 

The information on n/p needed to scale to energies other than 800 MeV at higher and 
lower energies, in addition to the tests at LANSCE, will be obtained at the SA- 
faciIity in Saclay, France. Measurements at the Saturne accelerator will determine the integral 
neutron production in range-thick targets of lead and tungsten over the range of incident 
proton energies fiom 400 to ZOO0 MeV. These measurements will be accomplished using a 
large, light-water moderator containing a solution of manganese sulfate. The large moderator 
trrps essentially all the neutrons produced in the target and assay of the activation product 
, Mk, allows determination of the total number of neutrons produced. The work will be 
completed in FY 96. Since the APT plant will utilize proton energies below ZOO0 MeV, these 
measurements are important for dependable extrapolation of the 800-MeV hitiurn production 
efficiency test of the APT plant prototype. 

Targemlanket Materials Studies 

The APT targethlanket components may be exposed to particles with energies up to 1.7 
GeV, an environment for which there is only a limited data base. Experience at accelerators 
such as LANSCE has generated phenomenological evidence that demonstrates material 
performance of a limited number of structural materials and target materials for adequate 
operating lifetimes. However, characterization of material behavior under normal and off- 
normal conditions has been limited to very low dose experiments. High dose data are 
available from fission reactor experience, but the fission reactor environment is significantly 
different from that in the APT neutron source and decoupler regions. 

As particle energy increases beyond approximately 200 MeV, the production of 
spallation products becomes important. An abundance of transmutation products are 
generated within the metal alloy system as impurities. The development of radiation-resistant 
and radiation-tolerant materials for use in fission reactors has received substantial attention 
over the past 50 years. More recently, the fusion reactor initiatives have led to further 
materials radiation damage effects studies because for fusion reactors, the neutron energy is 
higher, 14 MeV, as opposed to approximately 1 MeV for a power reactor. Reactor 
experience has shown that helium atom are produced in metals in (n,a) reactions which leads 
to embrittlement of the structures. In APT, 200 - 1300 MeV protons will produce up to 200 
times more helium per particle through spallation reactions. Although lifetimes of one year or 
greater are achievable, it is important to understand material changes under the AFT radiation 
environment in order to adequately engineer the assembly for such aspects as dimensional 
changes and embrittlement. 

Data on materials performance in prototypical particle radiation environments are needed 
for the APT target and blanket design and optimization as well for the effects of radiation on 
accelerator components. Extensive materials tests on stressed and unstressed test samples 
will be conducted at LANSCE in a particle flux and spectrum that closely resembles that of 
APT. Models of the tungsten neutron source rod bundles will be irradiated with 800 MeV 
protons at prototypic average power levels. Models of blanket modules will be irradiated in 
a near-prototypic neutron environment. Capsules containing 'He gas will be included to 
determine tritium retention Characteristics under irradiation. A closed loop water system will 
be used to determine water chemistry, corrosion rates of candidate materials and tungsten, 
corrosion product transport, deposition and re-entrainment, instrumentation capabilities, and 
corrosion-mitigation methods. Samples of weldments and samples used to study stress 
corrosion cracking susceptibility will be irradiated and studied. 

Fabrication and joining developments are of importance for building leak-tight structures 
and joining different materials (such as bi-metallic welds). While these issues are of 
particular importance during the final design stage, benefits are expected from addressing 
these topics early in the program. 
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Corrosion-related phenomena have been studied at fission reactors and the underlying 
corrosion processes for metals in contact with water are well understood both qualitatively 
and quantitatively, including the effects of a fission reactor radiation environment on water 
chemistry. No experimental data exist on the water chemistry in or near a high energy 
particle beam where a variety of transient chemical species may be formed (such as H,O,, 
HO,, OH and 0,) that could control corrosion. 

The materials selected will be exposed to high fluences of high-energy protons, mixed 
protons and neutrons, thermal neutrons and high energy gamma. The specific particle type 
and energy spectrum the materials are exposed to depends on their location throughout the 
TO3 assembly. Accelerator structure and beam transport lines materials will also be exposed 
to particle radiation due to small losses in beam transport, but at Ievels far below those in the 
target and blanket. 

Candidate structural materials, including Inconel 718, 304L stainless steel, HT-9 steel, 
aluminum alloys, lead, zircaloy and tungsten, will be irradiated in the high power proton 
beam at Area A at LANSCE. Irradiation of all candidate makrial will be performed in 
instrumented proton and neutron inserts at the LANSCE beamstop. Achieved fluence will be 
7-9 x 10" protons/cm2, which corresponds to about 1 full-power APT year. Included with 
the materials irradiation samples will be a corrosion study to detemhe on-line and in-situ 
water chemistry in which an instrumented closed loop coolant system exposes candidate 
materials to a prototypic proton flux. 

Targemlanket Code Development 

Although an arsenal of computer codes is available for APT physics, thermal hydraulics, 
mechanical, safety and transient analysis, some of those codes need to be adapted for AFT 
use and verified, and all analysis methods need to be validated. We are planning to conduct 
the following code development activities: 

1. Further develop and benchmark the Los Alamos High Energy Transport 
(LAHET)code system 

2. hprove high- and medium-energy particle interaction models in LAHET; 
3. Provide a unified code by merging LAHET with the Monte Carlo Neutron Photon 

(MCNP) code; 
4. DeveIop nuclear data libraries for primary materials up to 150 MeV for neutrons and 

protons; 
5. Improve the discrete ordinates shielding analysis codes; 
6.  Improve the CINDER transmutation code and data libraries; 
7. Adapt thermal hydrauhcs codes for APT applications; 
8. Adapt mechanical analysis codes for APT applications; 
9. Adapt systems and transient codes for APT applications; 
10. Perform uncertainty propagation analysis; 
1 1.  Perform uncertainty assessment based on existing data; 
12. Develop standard analysis methods (i.e-, modeling guidelines and the sequential use 

13. Develop code verification and methods validation plans in accordance with software 

14. Use experimental data obtained from LANSCE and other sources for the validation 

of different computer codes) for normal operating and accident conditions; 

quality assurance guidelines and identify specific data needs for validation; and 

of estimated accuracies. 

Tritium Extraction 

The tritium extraction system (E) extracts tritium (3H) from the T/B system to recover 
hydrogen isotopes (QJ In APT, a hydrogen (H) atom is produced for each tritium atom. 
The 3He may contain up to 1% hydrogen and 1% tritium and some impurities such as water, 
methane, ammonia and various spallation products. The Q, must be separated from the 'He 
and sent to an isotope separation system (ISS) where the hitiurn is separated from the 
hydrogen. The 3He is recycled to the T B  assembly. Figure 4 shows a schematic of the TE 
system. 


