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This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
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makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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2. 
PROBLEM OF GAS RECOMBINATION CAUSED BY 
INITIAL OPERATION AT REDUCED TEMPERATURE 

Introduction 

The plan of operating the HRT at appreciable power first at low temper
ature and pressure followed by operation at.higher temperature presents pro
blems related to gas recombination. The problems arise because of the strong 
temperature dependence of the copper catalyst activity. The amount of copper ••■ 
required for full operation at an average core temperature of 250°C and any 
pressure under 2000 psia is several times that required at 2000 psia and a 
core average of 28o°C. 

Discussion 

Although exact calculations have not yet been carried out to determine 
the.amount of copper required,.at various pressures and. powers at 250°Caverage, 
sufficient work has been done, by Aven so that good estimates can be made. 
Table I shows copper concentrations required under a number of different 
operating conditions. The maximum capacity of the lowpressure recombination 
system is about 15 scfm of D2, this limit being set by the capacity of the 
evaporators which supply steam to dilute the gas and hold down catalyst bed 
temperatures. 

TABLE I 

Gas Recombination Under Various Conditions 
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°C 

278 
278 
250 

• 250 

250 
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278 
250 
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Pressure 
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2000 

2000 

2000 
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1400 
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5 
5 
5 
5 
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mol/liter 

0.0019 

0.0026 
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3. 
The first line in Table I shows design conditions. For a letdown of 

7.5 scfm of D2 (equivalent to 1 Mw gas production) the required copper is 
0.0019 mol/liter. If more than 0.0026 mol/liter is present, internal 
recombination will be essentially complete at 5 Mw, 278°C (average) and 
2000 psia. At the same power and total pressure but at 250°C average, 
0.007 mol/liter is required for complete internal recombination. By letting 
down the maximum amount of gas which the low-pressure system can handle, 
the copper could be reduced to 0.004 mol/liter. 

The above figures show the effect of temperature at a constant total 
pressure. However, if the temperature is reduced, it is desirable to reduce 
the total pressure also. The reason for this is the explosion hazard in the 
event of a dump* High overpressure means a high concentration of dissolved 
xsdLblytic gases and a long waiting time after stopping power removal before 
internal recombination has reduced the concentrations to the point that 
explosive mixtures will not occur during the dump. A rule-of-thumb which 
has been used as a guide is to keep the ratio of overpressure to vapor pres
sure fixed while varying temperatures and pressures. At 2000 psia and a 
core exit temperature of 300°C, the overpressure at the core exit is 0.6 of 
the vapor pressure; At 5 Mw with an average temperature of 250°C, the 
temperature and vapor pressure at the cere exit will be about 275°C and 
860 psia. An overpressure of 0o6 of the vepor pressure gives a total pres
sure of approximately 1400 psia. 

At 1400 psia and 250°C average, 0.014 mol/liter of copper would be 
required for complete internal recombination at a power level of 5 Mw. If 
gas is let down at the maximum rate of 15 scfm of D2, the reactor could 
operate with a copper concentration of 0.008 mol/liter. 

If the reactor ds operated at 278°C average and 2000 psia with 0.008 
mol/liter of copper, there will be complete internal recombination at 5 Mw. 
If there is noui gas letdown there is essentially no stripping of the gaseous. 
fission products, so it is desirable to have some gas forming bubbles. Under 
design conditions the gas'separator removes 0.46 cfm of wet gas. In order 
to achieve this rate with 0.008 mol/liter of copper, 5 Mw and 278°C average, 
it would be necessary to lower the total pressure to 1460 psia. The over
pressure at the core exit under these conditions is only 210 psi, which is 
undesirably low. 

If just the copper required for high-temperature operation (0.002 mol/liter) 
were put in, the power could be raised only to 2.7 Mw at 250°C and 1400 psia 
without exceeding 15 scfm of Do letdown. Increasing the total pressure to 
2000 psia would about double the rate of internal recombination, but the power 
would still be limited to 3.4 Mw. 

Conclusions 

It may be seen from the foregoing that a number of plans of operation 
could be followed. These includes 

(a) Put in only the copper required for high-temperature operation (280°C 
and 1700-2000 psia), and limit the. power during 250°C operation to 2.5-3.0 Mw. 
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4. 
(b) Put in sufficient copper for full power at 250°C.. Leave the 

copper "in the"reactor and have complete internal recombination in subsequent 
high-temperature operation. 

(c) Put in sufficient copper for full power at 250°C. Before operation 
at 280°C remove part of the copper from the reactor so there will be some gas 
letdown at the higher temperature. 

Course . (c) is the most desirable in that it achieves the goal of full 
power during the early operation of the reactor and also permits efficient 
stripping of gase:b.us fission products during later high-temperature operation. 
It"requires, however, that either some means of removing copper from the fuel 
solution be devised or part of the fuel charge be withdrawn from the reactor 
and replaced with fresh fuel containing no copper.* 

\4MJC yj ■ ft/ eULZ-^l^uyUj^ 
Paul N. Haubenreich 
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The normal chemical processing cycle is a very slow way of reducing the 
copper concentration. At the normal rate of withdrawal of 2.5 gal/week, about 
42 weeks would be required to reduce the copper concentration by a factor of 
two. 
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