
UC I D — 1 9 3 7 2 
DE82 015037 

DESIGN OF THE TARGET FABRICATION TRITIUM LABORATORY 

John W. Sherohman, Oavid H. Roberts 
and 

Barry H. Levine 

Lawrence Livermore National Laboratory 
P. 0. Box 5508 

Livermore, CA .94550 

ABSTRACT 

The design of the Target Fabrication Tritium Laboratory ror deuterium-
tritium fuel processing for laser fusion targets has been accomplished 
with the intent of providing redundant safeguard systems. The design of 
the tritium laboratory is based on a combination of tritium handling 
techniques that are .currently used by experienced laboratories. A 
description of the laboratory in terms of its interrelated processing 
systems is presented to provide an understanding of the design features 
for safe operation. 
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Introduction 

With the increased complexity of the Nova targets, Fusion Target 
faorication has been faced with developing unique processing and 
construction schemes to meet design specifications. One area Lnat is 
under investigation is the development of techniques for deuterium-
tritium (D-T) fuel processing. Procedures for target fill, target fuel 
containment, and target fuel solidification are processes that are Deiny 
studied to achieve a fabrication capability for Novette and Nova 
targets. A tritium laboratory (TL) has been designed and is currently 
being built for the new Fusion Target Development Facility (FTuF), 
Building i>98, to permit experimentation with D-T fuel processing. 

To acquire current technology on safeguards for handling tritium, a 
number of Laboratories were visited which have tritium facilities: Sandia 
(Liver-more), Mound Laboratory (Ohio), LANSL, ana LLNL. Common to each 
was the general approach of providing systems for tritium containment, 
recovery, gas purification, and monitoring and accountability. Alchougn 
these facilities have a common philosophy for Handling tritium, their 
techniques differ. In the case of tritium containment, glove boxes are 
used for most tritiated processes. Yet by using localized containment 
around critical pressurized areas, experiments with tritium have bton 
performed in laminar flow hoods.* Likewise, recovery and gas 

* LLNL, Tritium Facility, Building 331 has been using the approach of 
localized containment in a laminar flow hood to Df fill laser fusion 
targets. 
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purificdtion systems for cleaniny-up residue tritiated yas or reducing 
tritium concentration levels are generally accomplished by a replaceable 
nolcling tank arrangement or by a gettering. technique. However, 
•nonitoring and accountability procedures are basically the same for each 
facility. Tritium monitors are positioned in strategic locations to 
permit determination of both concentration levels and environmental 
release. 

in the design of the TL to supply fuel for laser fusion targets, a 
conciliation of approacnes have been utilized to maintain the basic con
siderations expressed by the above facilities in handling tritium. On 
October 23, 1980 a design review of the laboratory was presented to LLIML 
personnel involveu in the operation of the Tritium facility, building 
331. Tne consensus of the review was that the basic design met the safe
guard criteria for handling tritium. In addition, tne design of the 
TL was reviewed by SAN safety as part of the FTDF and was given a low 

2 risK category. A description of the TL is presented to provide an 
unuerstanding of the design features employed for safe operation. 

rrUiuiu laboratory Approach 

The confinement of tritium begins with a primary containment system 
utilizing certified high pressure stainless steel tubing, vessels, and 

Getieriny of tritium can be achieved by reacting tritiateu yas witn 
moisture ana trappinn tne vapor in a caLalyst-molecular sieve bed or by a 
triLiated gas-metal reaction forming a metal hydride. 
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valves. A stainless steel autoclave is used as the tritium source vessel 
in which the tritiated fuel is absorbed on granular vanadium metal 
forming vanadium hydride. The target fill section of the primary is 
composed of individual Deryllium pressure cells that contain the targets 
during the fuel fill process. Localized secondary containment is 
provided for ooth the autoclave and berylliuni pressure cells to insure, 
in the case of possible leaks, the entrapment of the tritiated gas. 

The primary containment system with its localized secondary contain
ment sections is redundantly contained by installing the system in a 
sealed stainless steel glove box. Any leak development from the primary 
due to a mechanical failure or operator error is thus enclosed within the 
box. The pressure inside the glove box is maintained slightly less than 
one atmosphere of argon and has an air lock chamber for accessibility. 

Recovery of the tritiated gas from the primary containment system is 
accomplished by both a gettering and a holding tank approach. Initial 
recovery is performed by gettering the primary gas back on the vanadium 
bed. The remaining gas residue in the primary system is then getterea on 
granular uranium metal in a secondary contained autoclave. In addition, 
a holding tank is used to collect primary flushing gas in the event tnac 
traces of tritium might still be present. The hold • ; tank and uranium 
bed are each designed to contain the total primary tritiated g as supply. 
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Tritiated gas in the holding tank, secondary containment vessels, and 
the glove box itself is purifiable by a titanium reactor gettering system 
housed inside the glove box. In this gas purification system (GPS), 
localized secondary containment is included for the titanium reactor, 
pumps, and blower. 

before the purified gas from the GPS leaves the glove box and enters 
the stack, it travels through a catalyst-molecular sieve unit. This 
redundant purification approach is to insure that the tritium concentra
tion level in the stack is below tne acceptable tritium concentration 
that can be released to the environment. 

Tricium concentration levels are determined by tritium monitors that 
are placed in various locations in the TL. Two monitors are positioned 
inside the glove box. One of them is set at a sensitive, low curie 
concentration range for the GPS while the other is at a higher range for 
detecting tritium levels in the secondary containment vessels and in the 
alove box. Others are strategically located outside the glove box to 
monitor the wording environment. In addition, monitors are placed in the 
stack to determine the amount of tritium being released outside the 
building. By knowing gas flow rates or volumes and tritium concentration 
levels, accountaDility of tritium for the TL can be obtained. 
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Primary Containment System 

The primary containment system as represented in Fig. 1 is basically 
composed of a high pressure gas manifold, a tritiated gas source auto^ 
clave, and beryllium pressure cells for fuel fill. The autoclave and 
pressure cells are each enclosed in a secondary stainless steel vessel. 
Tne nigh pressure manifold is constructed of 316 stainless steel tuDing 
rated at 30,000 pst> The mn}fo)a vaives and fittings are of the wfiJ/3 

type and are, likewise, rated at 30,U00 psi. The gas source autoclave is 
a 316 stainless steel vessel rated at 12,000 psi that is neated and 
temperature controlled to provide pressurized tritiated gas. Granular 
vanadium hydride is used as the source of tritiated gas because of its 
high equilibrium vapor pressure at low temperatures. The maximum amount 
of tritiated fuel that the vanadium source will store at any one time 
will be 2 grams of tritium (20 K Ci). The secondary vessel around the 
autoclave is a 304 stainless steel container enclosing a 5,000 psi 
pressure transducer, a redundant high pressure valve, ana an automatic 
actuated seismic valve. The vessel has a volume that will contain the 
total tritated gas fuel at a pressure less than two atmospheres. 

The seismic valve •>£. rigidly supported inside the autoclave secondary 
vessel. To meet the SAM safety analysis, the seismic valve is designed 
to operate in a closed position during a 0.03 g vertical and a 0.0b g 
horizontal disturbance. The enclosure of the seismic valve in the 
secondary vessel is to contain any gas leaks from the valve packing while 
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it is in the open mode, rtigid attacmnent of the valve to the secondary 
vessel is to prevent, during a seismic disturbance, possible shear forces 
from rupturing the connecting tube between it and the autoclave. The 
seismic valve is automatically activated by a pneumatic actuator attached 
outside the secondary vessel. The mounting of the seismic valve and 
actuator is shown in both Fig. 2 and Fig. 3. 

A deuterium or helium gas supply port is used to leak check the 
primary system before each fill and also to purge the system after each 
run. A gas sample bottle is also provided in the system for analysis of 
the tritiated gas mixture. 

Tne beryllium pressure cells are used for pressurized gas fills into 
target fuel containers. The use of beryllium is due to its low hydrogen 
permeation property and its ability to maintain strength at permeation 
fill temperatures. Each of six cells are able to be heated and tempera
ture controlled to provide a programable fuel fill process. The pressure 
cells are likewise enclosed in a 3J4 stainless steel secondary vessel to 
contain any gas leaks that may occur. The secondary containment vessel 
for the beryllium pressure cells is shrapnel designed having a volume 
chat could hold the total tritiated gas fuel at less than 100 psi. 
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Recovery System 

Recovery of tritiated gas From the primary system is initially begun 
by reabsorbing the gas on the granular vanadium material within the gas 
source autoclave. Que to the equilibrium vapor pressure of vanadium 
hydride at ambient temperature (approximately 2 atm at 25°C), not all of 
the aas can be absorbed. Consequently a granular uranium material is 
utilized to complete the recovery process. The equilibrium vapor 

_Q 

pressure of uranium hydride is very low (10 atm. at 2b°C) and is thus 
used as a getter material for recovering the uritiated gas. The uranium 
material is located inside a 316 stainless steel autoclave similar to 
that of the vanadium source as shown in Fig. 4. The uranium autoclave is 
also secondary contained in a 304 stainless steel vessel and is designed 
to have, by the use of a secondary contained metal bellows pump, a gas 
flow through the uranium material. This design prevents the build-up of 
helium (tritium decay product) that if allowed would hinder the getter 
process. In addition, the uranium hydride autocTave can be heated and 
temperature controlled to permit reuse of excessive absorbed fuel. The 
uranium bed system is shown in Fig. 5. 

As indicated in Fig. 4, a 40 liter 316 stainless steel gas holding 
tank is employed in the system as a redundant recovery process. The 
function of the tank is to contain the gettered gas effluent from tne 
primary containment system. Initially the tank is evacuated. It is then 
used after each fuel fill to collect the gettered primary effiuent. This 
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process continues until the gas pressure in the tank approaches an 

atmosphere. When this occurs the effluent gas is pumped from the holding 

tanK to trie gas purification system. Tfce tank is evacuated and again 

able to proceed to collect primary effluent. The volume of tne tan< is 

designed to contain the total tritiated gas source at a pressure less 

than one atmosphere. This provides an option for storing the fuel in the 

event that a need arises to deplete both the vanadium and uranium nydride 

from the autoclaves. An additional function of the tank is to collect 

any tritiated gas due to leaks in the vessels providing secondary 

containment including gas circulating vacuum pumps and blower. In this 

capacity, the recovery holding tank also acts as a vacuum effluent 

recovery system. 

bas Purification System 

The gas purification system is designed to purify the atmosphere in 

tne glove box and in the recovery holding tank. The operation of the 

purification system is based on a titanium reactor using a solid state 

gettering principle. Two titanium disposable cannisters are each held at 

different temperatures whereby the gettering of oxygen and the isotopes 

of hydrogen is therniodynamically favored. A 4 cfm secondary contained 

olower provides the gas circulation necessary for continuous processing. 

Fig. 6 indicates the flow diagram of the gas purification system in 

relation to the primary and recovery systems. The figure also shows two 

gas analyzers that are used along with a secondary contained metal 
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bellow? pump to monitor the concentration level of oxygen and moisture in 
the circulated purified gas. 

A secondary contained Alcatel vacuum pump is utilized in the system 
to perform the evacuation of the recovery holding tank. Both the input 
and output of the Alcatel pump has a molecular sieve trap to prevent any 

double metal bellows pump, is employed in the system to assist in cir
culating the gas effluent. 

TwP-way directional valves are used to control the purification flow 
process- Normally the titanium reactor is continuously purifying trie 
glove pox atmosphere. However, when the recovery holding tank approacne$ 
a pressure near an atmosphere of primary effluent or indicates a signifi' 
cant tr'itium concentration, the directional valves are positioned to 
purify the recovery system. In any cast, purification of the recovery 
system continues until ttie tritium concentration reaches an acceptable 
release level. At this time the er'fluert is again redundantly purified 
by yet another purification system, a Citalyst-molecular sieve. The 
catalyst-molecular sieve system is located outside tne glove box enclosed 
in its own laminar flow hood. The effluent gas from the tritium 
laboratory travels through this redundant purification system before ic 
is allowed to enter the stack and thus released to the outside environ
ment. 
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i-m'ii torj^nj ariti Accountability 

One of tne most important aspects of operating a tritium laooratory 

is the responsibility of institutiny a tritium monitoring ana account-

aoility system. A system for tnis purpose is provided for tne TL Qy 

employing a nuinDer of Betatec 1UCJ critiUI«I monitors. These monitors are 

strategically located inside the glove box, in the stacK, and in the 

laboratory working area. 

Two tritium monitors, shown in Fig. 4, e,rs used to determine tritium 

concentration levels in the glove box. One monitor is low concentration 
3 3 level sensitive, in the range of 1 pCi/m to 20 Ci/m . The other 

operates in the range of 1 mci/m"' to 20 KCi/m . These laonitors an: 

u-jed to indicate the tritium concentration levels in the various systems 

or the laooratory and are thus used to determine the initiation and 

completion process for effluent purification. Likewise, two tritium 

monitors are used to determine the concentration level of tritium that is 

released to tne environment via the stack. Tiiese monitors are set to 
3 ' cu.er tne range, in one case, from 1 pCi/in to 20 Ci/m" ana in the 

3 3 

other, train 100 pCi/m to 2 KCi/m . AccountaOi 1 ity of how inucn 

tritium is released through the stack can be determined Qy tne effluent 

flow rate. Otner monitors will also be usea in the TL area to provioe a 

.•/arning system if the tritium concentration in the working environment 

Begins to approach an unacceptable level. 
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Summary 

The design of the Tritium Laboratory has taken in consideration the 
necessary safeguards for handling tritium. These safeguards are a 
composite of handling techniques acquired by comnunicating with various 
experts in the field. A 'Jesign review for the TL approach has indicated 
that system redundancy in containment, recovery, purification, and 
monitoring adequately meets the SA.N Safety Analysis tc permit a "low" 
risk category. 
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r'IGURE CAPTIONS 

rigure 1. The primary D-T containment system has secondary containment 
for the vanadium fuel source and beryllium pressure cells. 

Figure 2. A photograph showing the mounting of the seismic valve and 
actuator to the vanadium bed secondary containment vessel lid. 

Figure 3. A photograph of the complete vanadium bed system. 

rigure 4. Residual D-T recovery is accomplished by either a uranium 
getter or by a recovery tank. 

Figure 5. A photograph of the complete uranium bed system mounted to the 
secondary containment vessel lid. 

Figure 6. The gas purification system is based on a titanium reactor 
along with redundant purification using a catalyst-molecular 
sieve. 
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