
CcfJi^' ^oo/a 

DESIGN AND OPERATION OF AN INERT GAS FACILITY 
FOR THERMOELECTRIC GENERATOR STORAGE tj 

EG&G Mound Applied Technologies/ Inc. 
Post Office Box 3000 MLM—3623-OP 

Miamisburg, Ohio 45343-0987 
Telephone: (513) 865-4438 DE90 007146 

C. J. Goebel 

INTRODUCTION 
The Challenger accident in January of 1986 forced delays of the 

Galileo and Ulysses Missions and thereby necessitated additional 
and prolonged pre-launch storage of the spacecraft and their var
ious components. While the flight hardware is protected by design 
from the harsh environments of space, its in-air storage often re
quires special protection from contzuninants such as dust/ mois
ture and other gases. One of these components, the radioisotope 
thermoelectric generator (RTG) which powers the missions, was 
deemed particularly vulnerable to pre-launch aging because the 
generators remain operational at core temperatures in excess of 
1000 degrees Centigrade throughout the storage period. Any oxy
gen permitted to enter the devices will react with thermally hot 
components, preferentially with molybdenum in the insulating 
foilS/ and with graphites to form CO/COg gases which are corro
sive to the thermopile. It was important therefore to minimize 
the amount of oxygen which could enter, by either limiting the 
effective in-leakage areas on the generators themselves, or by 
reducing the relative amount of oxygen within the environment 
around the generators, or both. With the generators already 
assembled and procedures in place to assure minimal in-lealcage in 
handling, the approach of choice was to provide a storage environ
ment which contains significantly less oxygen than nonnal air. A 
detailed description of the processes for RTG assembly and test- , 
ing were described by Amos et al (1989). The RTG performance 
data were documented by Bennett et al (1986). 

Obvious constraints to designing an RTG Inert storage System 
were: 

1. Operational reliability of generators must be assured, 
2. Generators must be safeguarded (security concerns), and 
3. Personnel safety cannot be compromised. 

OPERATIONAL RELIABILITY 
With the objective to better preserve RTG integrity during the 

prolonged pre-launch storage, it was important to assure that the 
design of an improved storage facility would not include elements 
which might degrade the reliability of generators, especially in 
areas not specifically considered. An exzunple of this might be 
to place the RTGs into vacuum thereby excluding all oxygen, but 
this would accelerate thermoelectric degradation more than stor
age in a cooler, convective heat transfer environment. Concerns 
specifically addressed were: 
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1. Degree of accessibility of the RTGs during normal operations 
and in case of support system failure. 

2. Influence of the storage medium on performance and electrical 
stability of the generators. 

3. Reliability of supporting systems, pertinent to RTG protection. 

Initial concepts considered individual and group storage con
tainers which could be thermally conditioned, such as glove boxes, 
vacuum chambers, or a walk-in autoclave. These containers were 
made to be leak-tight, and they could be backfilled with oxygen-
free gases. RTGs within the containers may be cooled by convec
tion, conduction, and radiation. The problems with these systems 
were the high cost to establish them within limited space in time 
to be useful, and in a manner that would not place the RTGs at 
risk from equipment unreliability. Another disadvantage of con
tainer storage is the requirement for RTG insertion and removal 
which increases radiological exposure to operating personnel, 
especially if multiple generators occupy the szune facility. One 
option, to store the devices in their shipping bases attached to 
quick disconnects within a roll-in vault, was attractive for assur
ing good accessibility while minimizing exposures to personnel be
cause of streeunlined, simple operations. To achieve a low oxygen 
atmosphere, the vault would be sealed and a purge established with 
nitrogen gas. This concept was further evaluated. 

The specific task was to maintain four flight-qualified RTGs for 
several years and to continue a life test in thermal vacuum on the 
first-built qualification RTG. The storage cell (which had been 
used for short term storage of RTGs prior to their shipment to the 
launch site) was refurbished to enable remote monitoring and pro
cess controls for the RTGs. The cell also contained the vacuvim 
cheunber for the qualification RTG. Various equipment failure sce
narios had been analyzed for the air-filled, vented storage case. 
Assuring cooling continuity was the greatest challenge; this cri
terion was met by placing two separate cooling backup systems in 
service. In addition, trained operators were notified by 
out-of-tolerance alarms to monitor conditions and to institute re
solutions as required. With the storage environment judged safe 
for the RTGs, design changes to add an inerting system had to be 
screened carefully for impact on accessibility and any subsequent 
effort to minimize storage risk. Results from these reviews found 
it desirable to locate an alarmed humidity sensor in the cell to 
detect inerting system failures or water leakages. A moisture sen
sor in the floor drain was installed to signal water on the cell 
floor from any source. Tests were conducted to confirm that the 
cell could be made sufficiently tight to limit oxygen and to main
tain a slightly negative pressure relative to surrounding spaces 
for radiological safety reasons. While these changes significant
ly decreased RTG storage risks, it was still necessary to install 
a special gas-sealing door. The gas seal door had to open readi
ly;. and it could not restrict passage of the RTGs in case rapid 
evacuations were required. These objectives were achieved in fa
cility qualification tests. 



Design of the nitrogen gas supply system considered the geometry 
of the storage cell to obtain an even distribution. A punctured 
25 mm tubing manifold was routed high along cell walls. This ef
fectively minimized thermal stratification, assuring a low veloci
ty, near isothermal environment for the generators. 

The RTG support systems and equipment had been selected for de
monstrated reliability and designed, in the event of failure, to 
enter a safe mode. Exsunples are the installation of drain tubing 
from convector drip pans to the floor drain (terminating below the 
floor drain moisture sensor), providing flash shielding for water 
lines which could otherwise spray water on the generators, and 
connecting control, instrvimentation, and alarm systems to backup 
power. To assure reliable heat removal from the cell (20,000 
J/sec) a total of seven hotel-type cooling convectors were mounted 
along the cell walls. This included two spares. The power to all 
units was controlled from the outside of the cell. The fan motors 
of these convectors were on the area emergency power system. The 
primary coolant loop, pumping 6 1/sec, was not carried on emer
gency power. It was shut down on 'no flow or 'high temperature' 
signals and - barring a restart within 10 seconds - would initiate 
switching of motor driven valves to introduce and discharge city 
water through the cell cooling lines. A second cell cooling sys
tem was activated by a temperature rise in the storage cell. This 
was a ducted fan which introduced cool air from the aisle to con-
vectively cool the generators. Discharge of the room gases was 
through a radiological filter bank. Either of the systems would 
maintain the generators at safe temperatures, although the RTG in 
the thermal vacuum chzu&ber and the cheunber had to be backfilled. 
The backfill was part of the automatic logic, powered by an UPS 
(uninterruptible power supply) system. 

FACILITY CONFIGURATION AND FUNCTION 
Major support systems and the layout of equipment in the RTG 

storage cell are shown in Figures 1 and 2. Feasibility testing 
had shown that careful sealing of room penetrations would permit 
economical operation of the facility with an oxygen content of 3 % 
or less. The size of the room (void volume) was 200 m^, and 
steady state nitrogen supply needed was approximately 
0.010 m^/sec. Of that 0.007 nr/aec was being used to cool the 
vacuvim chamber baffle with a trickle flow of liquid nitrogen. The 
remainder was piped in at a rate of 0.005 m /sec through a valve 
which was opened by a oxygen sensor within the cell whenever O2 
levels approached the 3% limit. A butterfly valve was installed 
into cell exhaust ducting, and a penetration was made to cell 
walls for a valved fresh air supply duct. These systems were man
ually controlled to clear the cell of excess nitrogen for entry. 
The valves were interlocked to oxygen sensors located in work 
spaces around the cell to initiate safety purges. 

Considerations for the safety of operators was a major concern 
during the design phases of the inert facility. Emphasis was on 
systems which annunciate, record, and correct malfunction situa
tions and on the development of procedures which can minimize 



occurrences of malfunctions and their impact. The key component 
here was the deployment of several fail-safe oxygen sensors and 
their connecting logic. 

The fail-safe configuration of 15 oxygen sensors resulted in an 
indication of oxygen depletion during any system malfunction or 
disturbance. A UPS power system assured that signals were dis
patched and records generated even if primary and emergency power 
systems were to go down. The sensor logic module produced re
sponses to three different sets of sensor failures: 

1. single Sensor Failure - Annunciation -I- Notice to 
Replace/Repair 

2. Multiple Sensor Failure, - Local Alarms and Operator 
No Pairs Notification 

3. Sensor Pair Failure - Building Evacuation + 
Operator and Fire Department 
Notification 

In addition, a multiple sensor failure indication causes the 
nitrogen flow to the cell to be suspended - if cell temperature 
was increasing - the cell was purged with air. This process was 
performed concurrent with operator travel to the site. System 
status was annunciated at the entrance of the building. Proce
durally, each sensor was checked daily, and system status was 
logged. All personnel authorized to enter the building were 
trained in the response to conceivable emergencies. Operations 
such as planned purges or backfills were performed strictly to 
procedures, and there were keyed controls to prevent unauthorized 
activities which involve personnel or hardware risk. 

CONCLUSION 
The inert processing facility has been in constant use since . 

the return of the Galileo RTGs from Kennedy Space Center in July 
of 1986. Service interruptions, including maintenance shutdowns 
during this period zunounted to less than 4%. Design and construc
tion of this facility is thought to be unique for its approach to 
function and for the many features which contribute to a safe 
operation for personnel and storage media alike. The less than 
3% average oxygen content in the RTG environment represents a 
factor of seven reduction in O2 in-leakage during the period, 
thereby contributing to the confidence of achieving successful 
RTG performance. 
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Figure 2 
Inerting System Layout 
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