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ABSTRACT 

Helium-3 (3He) gas is circulated throughout the 
accelerator production of tritium targethlanket (TB) 
assembly to capture neutrons and convert 3He to tritium. 
Because 3He is very expensive, it is important to know 
the tritium-producing effectiveness of 3He at all points 
throughout the T/B. The purpose of this paper is to 
present estimates of the spatial distributions of tritium 
production, 'He inventory, and the 3He FOM. 

I .  INTRODUCTION 

The United States uses tritium to boost the yield of 
the weapons in its nuclear stockpile. However, because 
tritium decays at -5.5% per year (12.3-yr half-life), the 
weapons have to be periodically replenished with tritium 
to remain an effective deterrent. 

In the past, reactors have provided the required 
tritium for the large stockpile. The Department of 
Energy (DOE) is now considering using a linear 
accelerator system to produce tritium for the r e d u c e d  
weapons stockpile. The main reasons for this interest are 
that accelerator production of tritium (APT) is: (1) 
environmentally cleaner because it does not produce 
troublesome spent nuclear fuel; (2) safer because 
criticality is not a concern, and fast shutdown and low 
residual heat prevendmitigate accidents; (3) costs about 
the same as a reactor; and (4) would be a valuable 

. stepping stone to future projects like accelerator 
transmutation of waste, energy production from 
subcritical thorium cycle, and very-high-energy-proton 
radiography. 

In the APT concept, a powerful linear accelerator 
produces a high-intensity, high-energy proton beam that 
strikes a tungsten target, which in turn produces many 

spallation neutrons. Through a proper arrangement of 
materials, the neutrons are slowed (with minimal 
parasitic capture) to thermal energies where they are 
captured by helium-3 (3He) gas that is circulated in tubes 
throughout the targethlanket (T/B). The large, thermal, 
cross-section reaction 3He(n,p)T provides the goal 
tritium. 

As the APT design evolves, numerous questions 
related to the use of 3He naturally arise. For example, 
how much 3He is required, where is it located, where is 
the tritium produced, how is tritium production affected if 
various components are changed or removed? In addition, 
the amount of 3He should be minimized because: it is 
very expensive, it can reduce the size of the APT, it can 
reduce the size of the tritium extraction facility, and it 
can mitigate the consequences of potential accidents. 

For these reasons, one should know the tritium- 
producing effectiveness of 3He at all points throughout 
the T/B. The purpose of this study is to calculate the 
spatial distributions of tritium production, 3He inventory, 
and 3He figure of merit (FOM). Before the results are 
presented, the calculational method and model a~ 
described briefly. 

11. METHOD 

Calculations are performed with the Los Alamos 
High Energy Transport (LAHET) Code System (LCS).' 
A detailed model of the T/B is entered into the LAHETI 
Monte Carlo code that performs the high-energy transport 
of the proton beam and seconday particles and creates a 
large source file of 20 MeV neutrons. The same T/B 
model is entered into the HMCNP' code, which reads the 
20 MeV neutron source file and performs the low-energy 
transport of the neutrons until they are captured or escape 
the system. The tally options in HMCNP allow one to 



compute the tritium production from the ’He(n,p)T 
reaction throughout the cells of the T/B. To obtain 
reasonably small uncertainties for the tritium production 
in small andor far-away cells, one-million source proton 
case histones were followed. 

For the reasons mentioned in the introduction, it is 
important to know how wisely 3He is being used 
(distributed) in the T/B. One measure of this judgement 
could be the amount of tritium produced per gram of 3He. 
This calculation has also been performed for the cells of 
the T/B, and the numbers are presented in the results 
section under the columns headed “FOM.” The FOM 
results have been normalized, with the highest cdl 
having a value of 100. 

1II.MODEL 

A simplified schematic of the T/B model used in this 
study is shown in Figs. 1 (end view) and 2 (top view). 
This model is based on the modular target system of 
Ref. 2. However, some of the more important 
differences between this model and Ref. 2 are as follows: 
(1) a 1-m-thick shield has been added on all sides of the 
T/B; (2) the plena have been moved up into a cavity in 
the top shield; (3) the front shield has a rectangular 
tunnel running through it for the proton beam; (4) the 
thickness of the 3He “decoupling” region has been 
increased to simulate three rows of ’He tubes; (5 )  the 
aluminum wall that previously enclosed the decoupling 
region has been relocated between the decoupling region 
and the lead blanket; (6) the decoupling, high-power-lead, 
and low-power-lead regions have been “wrappd” around 
the bottom of the T/B; and (7) low-power lead has 
replaced the void region that previously existed above the 
tungsten target. The material compositions are shown in 
Table 1. 

1V.RESULTS 

The long LCS run was able to produce fairly precise 
estimates of the tritium production throughout the APT 
T/B. If it is assumed that the AFT runs at 100 mA with 
1300 MeV protons (or 130 MW) for 75% of the year, 
then this model generates 2.45 kg (M.05%) of tritium 
per year. This total has not been diminished for margins 
(safety, production, and uncertainty), implantation losses, 
heterogeneity effects, or engineering realities. 

The cell-by-cell tritium production, relative 
uncertainty, ’He mass, and FOM results are presented in 
the following tables according to regions having the 
same ’He density: (1) decoupling region in Table 2, (2) 
high-power-lead region in Table 3, (3) very-high-power- 

lead region in Table 4, (4) reflector region in Table 5, and 
(5) low-power-lead region in Table 6. Table 7 is for the 
entire T/B and is a summary of Tables 2 to 6. In these 
tables, the columns headed “% T/P” show the percent of 
the total tritium production occumng in the various cells 
and regions (100% --2.45 kg/yr). The columns headed 
“% Un” show the statistical Monte Carlo percent relative 
error associated with each cell or region estimate of 
tritium production. (For example, in row 1 of Table 2: 
0.0059 x 2.45 = 0.014455 kg/yr of tritium is produced in 
cell 533, and the Monte Carlo standard deviation is 
0.0051 x 0.0059 x 2.45 = O.ooOo74 kglyr.) The 
columns headed “3He (g)” contain the ’He masses. The 
columns headed “FOM’ present the ’He FOM 
calculations described in the Method section. 

V .  DISCUSSION 

The small uncertainties accompanying the tritium 
production results begin to confer some confidence in the 
tritium production distribution. By studying the cell-by- 
cell tritium production, 3He mass, and FOM, one can 
begin to understand how to optimize ths use of 3He. For 
example, the 3He in the fourth row of the I&O-3He 
bundles along the beam path is 500 times less effective 
than the ’He in the second very-high-power lead hex 
downstream from the tungsten target. Thus, removing 
many of these beam path bundles could simplify the 
AFT with an insignificant effect on the tritium 
production. 

The relatively high FOM in the very-high-power- 
lead region, just downstream of the tungsten ladders, 
indicates that the proton beam is insufficiently attenuated 
and that more ladders may be required. 

As another example, the regional results in Tables 
2-6 may help determine if the tritium extraction facility 
(TEF) should consist of several modules where each is 
optimized to treat the gas from a specific region, or if the 
TEF should be one module designed to accommodate the 
range of tritium concentrations from the various regions. 

The spatial distributions of this study (tritium 
production, ’He inventory, and ’He FOM) provide a 
convenient resource to help answer questions related to 
tritium production and 3He use. As the AFT evolves, 
these results will need to be updated; however, they will 
provide a record of past models and show how design 
changes affect the tritium production distribution. 
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Fig. 1. Cross-sectional end view of the T/B model used to calculate the tritium production throughout the 
TA. 
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Fig. 2. Cross-sectional top view of the T/B model used to calculate the tritium production throughout the 
T/B. This figure has left-right symmetry. Unlabeled cells contain the same material as the labeled cell 
below. VHP = Very High Power Lead. 0 = Vacuum (see Fig. 1.) 
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TABLE 1 
MATERIAL COMPOSITIONS (~01%)  

F e  P b  

Very-High-Power Lead, VHP 1 15.73 I 21.54 I I 8.97 I I 53.76 I 

Heavy Water, HW I I I 100.00 I I I I I 

_I 

11 Heavy Water Hex; HWH I 8.46 I I 81.54 I 10.00 I I It 
Low-Power Lead, LP I 9.58 4.00 I I 11.83 I I 74.59 

High-Power Lead, HP I 10.15 I 7.68 I I 4.68 I I 77.49 

Decoupling Zone, DZ I 47.46 I 13.65 1 I 16.27 I I J 
a At 100 psia and 305 K. 
99.985 at.% H20, 0.015 at.% D2O. 

99.75 at.% D20, 0.25 at.% H20. C 



. .  
TABLE 2 

(3He density = 7.765045e-5 atomsham-centimeter) 
TRITIUM PRODUCTION IN THE 'He DECOUPLING REGION 

Below, 
Front to Back 

Lateral Hexes, 
Front to Back 



. .  
TABLE 3 

(3He density = 1.66064e-5 atomsham-centimeter) 
TRITIUM PRODUCTION IN THE HIGH-POWER LEAD REGION 

Front to Back: 

tigh-Power Lead I Total I 26.05 I 0.08 I 413.90 I 41.94 
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TABLE 4 

(3He density = 2.57358e-5 atomsham-centimeter) 
TRITIUM PRODUCTION IN THE VERY -HIGH-POWER LEAD REGION 

Region Description I Cell ID I 9% TP I 9% Un I 3He (g) I FOM 

I Second Lead back of W 614 1 3.80 I 0.26 I 25.30 I 100.00 

Very-High-Power Lead I Total I 4.81 I 0.25 I 34.69 I 92.28 

TABLE 5 
TRITIUM PRODUCTION IN THE D z O - ~ H ~  REGION 

(3He density = 1.38414e-5 atomsham-centimeter) 

1 Region Description I Cell ID I 9% TP I 9% Un I 'He (P) I FOM 

1st Row along Beam I 589-594 1 1.06 I 0.38 I 170.00 I 4.16 

Below Beam Path I 922 I 0.18 I 0.97 I 36.74 I 3.22 

Above Beam Path I 925 I 0.16 I 1.02 I 36.74 I 2.83 

D z O - ~ H ~  Region Total I Total I 3.65 I 0.27 I 1910.42 I 1.27 

The "Back" includes cells 603-604,619,662-663,710-711, and 756-757. a 



TABLE 6 

(3He density = 1.56738e-5 atomsham-centimeter) 
TRITIUM PRODUCTION IN THE LOW-POWER-LEAD REGION 

Description of Region 

TABLE 7 
SUMMARY OF TRITIUM PRODUCTION IN THE APT T/B 

9% of Total Relative 3He Mass (g) FOM 
Tritium Uncertainty - Production 

3He Decoupling Zone I 39.00 I 0.09 1 2130.87 I 12.18 I 
(9%) 

Low-Power Lead I 26.49 I 0.10 I 2145.66 I 8.22 I 11 High-Power Lead I 26.05 I 0.08 I 413.90 I 41.94 

Very-High-Power Lead I 4.8 1 I 0.25 I 34.69 I 92.28 I 
D20-3He Bundles I 3.65 I 0.27 I 1910.42 I 1.27 I 
APT T/B Total I 100.00 I 0.05 I 6635.54 I 10.03 
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