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An economic model of a low-power thermionic reactor was con
structed and various alternative designs were compared. This 
led to the selection of a water-cooled concept using molyb
denum emitters and bulk uranium dioxide fuel. In the final 
design studies, the thermionic fuel element and reactor phys
ics/thermal hydraulics were optimized. Both boiling and non-
boiling concepts were studied within the framework of natural 
convection cooling. Based on the parametric design, a low-
pressure natural circulation non-boiling concept was selected 
for a nominal 100 kWg reactor. 

INTRODUCTION 

Present low power nuclear systems within the Army are limited primarily to highly 
enriched pressurized water systems. These systems, while proven, impose severe 
economic restrictions for units of the size indicated as well as imposing opera
tional restrictions due to limited transportability, associated high pressures in 
large components, frequent refueling, and the large number of technical support 
personnel required. Because of these restrictions with the existing systems, there 
was a desire on the Army's part to investigate new and advanced nuclear system con
cepts which would show promise of generating economical electric power in the future 
and which might also eliminate or reduce present system restrictions. In response 
to these needs and requirements of the Army, this study was performed in which 
several nuclear thermionic reactor systems were explored at a nominal 100 kWg 
power level and a conceptual design developed of the most promising system. This 
paper presents the major results of the parametric design studies of the reactor 
core and in-core thermionic fuel element (TFE) systems which led to the selection 
of a conceptual design. An accompanying paper' 'presents a more detailed descrip
tion of the plant together with a description of the plant costs and key develop
ment areas. A complete report on this work has also been published( J. 

PRELIMINARY SELECTION OF MAJOR DESIGN PARAMETERS 

One of the fundamental study ground rules was to make the conceptual design as 
economic as possible. Therefore, at an early stage of this work, a simplified 
cost model of a reactor system was assembled and the relative costs and merits of 
various technical approaches were evaluated to determine the major requirements 
of the conceptual design. 

Consideration was restricted to two classes of systems; liquid-metal-cooled and 
water-cooled. Because of the high resonance and thermal neutron absorption cross 
section of tungsten, it was considered prudent to evaluate molybdenum as an alter
nate to tungsten for an emitter material for the water-cooled concepts. 

•This work was performed for the U. S. Army under Contract No. DAAE I5-67-C-OO27. 
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In the cost comparison study, consideration was also given to the use of a re
fractory metal UOg cermet or bulk UO2 fuel. Cermet fuel possesses certain 
advantages over the bulk form and includes better heat-transfer characteristics 
and a greater ability to contain fission gases. In the bulk form it would be 
necessary to vent these gases and provide a means for removing them from the 
thermionic diodes. 

Because of the time-at-temperature limit for the fuel, the thermionic output at 
a given emitter temperature was chosen as the maximum electric power which would 
not lead to central fuel melting should an open circuit condition occur. 

The relative costs of various liquid metal (NaK) and water systems are shown in 
Figure 1. 

A small diameter emitter is desirable for two reasons: the fuel fabrication 
costs relative to emitter area are higher the larger the emitter diameter, and 
the center melting criterion restricts the larger diameter emitter thermionic 
output. Because of the lessened criticality problem in a water plant, 1-cm-
diameter emitter is best. For fabrication reasons, smaller than 1-cm-diameter 
TFEs were not considered. Notice also that the use of cermet fuel economically 
penalizes the plant severely. 

For 1-cm emitters in a water plant, there is virtually a trade-off between the 
higher cost of fabricating tungsten TFEs with the increased performance of tung
sten because of the higher temperature capability. It is to be noted that the 
restriction to fully enriched UO2 unduly penalizes economically the Mo emitter-
water system for use at the 100 kWg level. The economic trade-off between fuel 
diameter and lower enrichment UOg was not considered within the scope of this 
work. Thus, the optimum water plant is indicated by the use of bulk UO2 and 1-
cm emitters (tungsten at 2030 K or molybdenum at I83O K). 

Calculations have indicated an approximate criticality limit of 50 kWg for molyb
denum emitter and 3OO to UOO kW for tungsten emitter TFEs in a water assembly 
with fully enriched bulk UOo. Based on this preliminary comparison, molybdenum 
was the obvious choice for a 100 kW design because of the criticality limits of 
tungsten. 

Water systems are about 30^ lower in cost than NaK systems due to lower fuel 
costs, (use of smaller diameter TFEs) and discussed plant costs. Amortizing 
plant costs over 15 years would reduce the difference to 20^. Thus, it was 
concluded, in the power range of interest (100 to 30O kW^), that the water 
systems would be more economical. A detailed cost analysis was also performed 
for the final design^ •'••'. 

A detailed discussion of the technical advantages and disadvantages of liquid 
metal and water systems is given in Reference 2. It was determined that liquid 
metal is at a distinct disadvantage for a field application because of its in
herent chemical and radiological properties. Also the liquid metal cannot gain 
back the advantage of high heat rejection teit̂ ierature economically because of the 
almost certain need to shield personnel and to provide for in-field refueling 
capability. These thoughts, together with the results of the preliminary cost 
analysis led to the choice of a water concept for further study. 

The probable requirement of molybdenum as an emitter material in a low-power 
water plant represents a technical difficulty in that molybdenum is less well 
established as an emitter material. In the cost studies above, it was presumed 
that molybdenum would provide the same thermionic performance as tungsten at the 
same emitter ten̂ ierature. This is a matter of some debate since tungsten has 
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undergone a significant improvement in performance in the past few years, whereas 
molybdenum has received hardly any attention at all. In I963, molybdenum was 
considered to out rank tungsten in thermionic capability'3). However, potential 
thermionic output has traditionally been correlated with the bare work function 
of the emitter material. In measurements of the various crystal faces of tung
sten and molybdenum about 0.5 volt difference.in the bare emitter work function 
exists between the best crystal plane of each^ •'. This difference could cast 
some doubt as to whether molybdenum could indeed attain the same output as tung
sten at the same emitter temperature. One point is clear: the use of a water 
system with molybdenum emitters indicates very strongly the need for an up-to-
date set of experiments on molybdenum as an emitter material. 

At this stage of the work there was felt to be little difference in cost, whether 
the system would be a bulk boiling water reactor or a nonbulk boiling reactor 
with natural circulation cooling, or whether it would be a pressurized-water 
reactor (low pressure) with pumps. Because of incentive to remove the primary 
coolant pumps was great, all efforts were directed toward obtaining a natural 
circulation, water-cooled system. The initial efforts were directed toward ob
taining this natural circulation by boiling because of the inherent pressure 
regulation of a boiling water reactor. 

In summary, the effort expended on the remainder of the study was primarily on 
the following general reactor design: 

Water cooled • ..' . Bulk UOp fuel ' A"» 
Molybdenum emitter A low diameter emitter TFE 

Natural circulation cooling 

SYSTEM ANALYSIS 

A. Thermionic Converter. Thermionic data used in this analysis were obtained 
by use of a converter program SIMC^^NwJ. Comparison of the current-voltage (l-V) 
surves generated by SIMC0N to experimental data indicates excellent agreement 
over the entire range of interest in this study, 

A second code was written to take the basic thermionic data available from SIMC0N 
and perform the analysis on the entire thermionic ell, taking into account all 
the heat and electrical power losses from the thermionic cell, and also compute 
the maximum emitter and maximum fuel temperature for the open circuit condition. 
These calculations involved varying the following parameters: 

1. Emitter temperature for normal operation (T ): 1750 to 1850°K; 
2. Emitter lateral thickness (tg): 0.03 to 0.05 inch; 
3. Collector thickness (t ): 0.02 to 0.04 inch: 
4. Fractional electrode power loss (f]_): 0.02 'bo 0.10; 
5. Maximum emitter temperature at open circuit (T™^^) 2500 to 2600°K 

A maximum emitter terr̂ jerature of l850°K was some;diat arbitrarily set on molyb
denum. Above this temperature, the vapor pressure of molybdenum yields a rapidly 
increasing loss rate of molybdenum from the emitter to the collector. Higher 
emitter temperatures may be possible but were not considered at this time. 

Parameters which were fixed for the thermionic study are as follows: 

Maximum allowable fuel temperature at open circuit 3000°K 
Collector temperature 1000°K 
Cesium temperature • • _ optimized 
Emitter-collector spacing • 0.007 inch 
TFE emitter diameter ' . • . • O.i+66 inch 

It was found in preliminary calculations that the maximum allowable fuel temper
ature criterion was never exceeded because of the highly nonuniform power distri
bution in highly enriched fuel, in which most of the power is generated in the 
region of fuel nearest the emitter surface. 
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As indicated above, there is considered to be a time-at-temperature lifetime re
striction on the TFEs. So long as the efficiency does not decrease too rapidly 
with increasing current (and power output) above the maximum efficiency point on 
the I-V curve, the economic incentive is to obtain the maximum power output from 
the TFE, rather than the maximum efficiency from the TFE. With this in mind, the 
parametric variations always sought the highest current which would not cause the 
maximum emitter temperature criterion to be exceeded during open circiilt operatlcn. 

It was found that the geometrical parameters (emitter and collector thickness) had 
a relatively small influence on the over-all output of the diode, so these vari-

i ables were fixed by other considerations; such as strength, over-all TFE geometry, 
j , '. and the availability of molybdenum cups in the desired thickness. As a result, 
j emitter lateral thickness was fixed at kO mils and the collector thickness at 20 
I •- ' mils. Similarly, because of a small variation in net electric power with a large 
IJ variation in the emitter length the basis for choosing the emitter length was 
Ij primarily a consideration of maintaining emitter-collector concentricity and a • 
!| consideration of the longest emitter length that could be reasonably achieved in 
j a drawing operation with molybdenum cups. As a resvilt of these considerations, 

the emitter length was fixed at 0.8 inch. , • . • . 

I I 

It was noted that for low values of Tg, the current density generally ran consid-
\ erably above 20 A/cm^, whereas the T^S^ criterion forced the current density to 
' be less than 20 A/cm^ for the higher values of Tg. While the general objective 
11 was to obtain the maximum possible electrical output irrespective of the diode 
! efficiency, it was not considered prudent to push this concept to where the volt

age output from each diode became too low since this would require Increasing the 
I amoiont of copper conductor to distribute the power output without undue loss. 
; Thus, a current density of 20 A/CTTF was selected. It was necessary to increase 

the radiation loss from emitter to collector in some cases to meet the î x̂ 
J criterion. This increase can be accomplished in principle by scoring the col-
I lector and achieving emissivities as high as 0.5. 
i Table 1 shows the variation of net electric output and over-all system efficiency 
I with Tg. 

TABLE 1. VARIATION OF THERMIONIC OUTPUT WITH EMITTER TEMPERATURE , • 

Over-all 
Efficiency, j 

7.8 
9.2 
10.8 

; Increasing the emitter temperature always improves the net electric output and 
j over-all diode efficiency. There is almost no variation of net electric output 
I with the maximum allowable open circuit emitter temperature because of the allc»«d 
; variation in collector emissivity (0.5^ to 0.33 for the maximum open circuit 
I • temperature range 2500 to 2600°K). 
I 

I It should be noted from Table 1 that a small decrease in emitter temperature can 
1 cause a relatively large decrease in the electric output of the diode. This 
I decrease in output forcefully demonstrates the need to have the reactor power 
I ' profile as flat as possible to allow the average diode to operate at as close to 
I l850°K as possible. Based on previous work^"^ on the effect of nonuniform power 
[ .-.;., distribution on the over-all power output of a set of thermionic diodes in a 
I thermionic reactor, and the knowledge that the power distribution cannot reason-
i ably be expected to be much flatter than 1.2 peak-to-miniraum power axially and 
j 1.2 peak-to-minimum power radially for the water reactors under study, the final 
I emitter temperature selected for the average diode to be used in computing the 
I power output of the thermionic reactor was l800°K. Final thermionic data calcu-
t<| lated are given below: 
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Emitter " v Net Electric 
Temperature K •> Power, watts/cm 

1750 • " ' 5.6 
• 1800 •. ' 7.0 
1850 ' 8.6 



Emitter temperature l800°K Net cell output 7.0 watts/cm 
Cell current density 20 A/cm? Net cell voltage 0.35 volt 

Over-all Cell efficiency 9-3^ 

B. Reactor Physics. The objective of the reactor physics study was to determine 
a range of values of key parameters which would yield acceptable thermionic water-
cooled reactors from a reactor criticality and control margin standpoint. 

These key parameters studied were: 

1. Water volume fraction in the core (70-92.3^) 
2. Core length-to-diameter ratio (0.6 - 2.0) 
3. Fuel enrichment (20-93?t) 
k. Reactor operating temperature (68-^50 F) 
5. Core radius (15-35 cni) 

In addition to criticality, several other nuclear charsfcteristics were needed to 
determine an acceptable reactor. These characteristics included: 

1'. The temperature defect of the reactor from room temperatiore to opera-
ing temperature; 

2. The void coefficient of the reactor at operating temperature; 
3. The xenon reactivity defect (both equilibrlimi xenon and maximum xenon); 
k. The bumup reactivity defect; 
5. The control margin available with reflector control. 

The majbr tools applied to reactor physics analysis included CR0SS1, a multigrot?) 
cross section processor code, DTF-II, a multidimensional least-squares fitting 
program. Details of each of these codes are described elsewhere^"'''"). 

The basic cross sections used in this analysis were obtained from Bondarenko et 
J9). al''-''. In the resonance energy region self-shielding corrections, including 

heterogeneity and Dancoff effects were applied. The neutron temperature used 
the thermal group was determined from the Deutsch relation^ '. 

The use of a one-dimensional reactor code to study a cylindrical situation with 
different height-to-diameter ratios involves a multitude of axial and radial 
traverse calculations. To overcome this difficulty only spherical reactors were 
studied with DTF-II. Translation of the spheres to the cylindfers desired for a 
given reactor configuration was accomplished by preservation of geometric buck
ling. Reflected reactors were considered to be reflected by 6 inches of water at 
the mean temperature of the water in the core. To obtain the reflector savings, 
additional cases were run with no reflector. 

Enough cases were run to cover the range of interest in these parameters and a 
least-squares analysis was applied by the code DPLS to the data generated by using 
a set of equations obtained from a modified one-groiip analysis of the reactor 
physic ŝ -̂*-'. 

The xenon and bumup reactivity defects were not subjected to a generalized sta
tistical analysis because it was felt that they were only weakly correlated with 
most of the major parameters and also because of the disproportionate amount of 
effort involved in & single calculation of these defects compared to the effort 
involved in calculating the other reactor physics characteristics. These defects 
were determined in a special series of rvins. 

A bias of 3-5^ Ak (about $5) was added in the criticality calculations to accoint 
for errors in cross sections and methods used. Since a target of 125 kWg gross 
was set as a desired reactor output, the highest enrichments indicated a certain 
amount of excess k would need to be poisoned out. Similarly, the lowest enrich
ment reactors, in general, could not go critical at 125 kWg and required a some
what higher output to satisfy criticality conditions. 
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Finally, before discussing results of the calculations it should be mentioned 
that there is an interaction between the core thermal hydraulics and the nucle
onics of a water system for bulk boiling reactors. Tnis interaction term is 
through the average core void. The procedure for obtaining a solution to the joint 
reactor thermal hydraiilic-reactor physics problem was obtained as follows. The 
analytic reactor physics description of the reactor was used in the determination 
of minimum critical reactor power level (or excess reactivity available at 125 kWg 
whichever is appropriate) assuming an average core void of 5^- Once the reactor 
geometry was known the thermal hydraulic problem was solved (see below) and the 
average core void computed. An adjustment in the minimum critical reactor size 
(or excess reactivity available) was then made, the reactor resized, if necessary, 
and the whole procedirre repeated until convergence was obtained. 

A summary of the physics results is given in Table 2. To keep the thermal hydrau
lics, for the moment, out of the discussion the results are presented for an aver
age core void of 5^ for all cases shown. Several features of Table 2 are worth 
mentioning at this time. First, it shoiild be noted that as the lattice is opened, 
there is an increasing tendency toward a positive temperature coefficient. Above 
about 7 5 ^ volume fraction of water, the teraperatizre coefficient is positive for 
temperatures near room temperature before finally turning negative. At the most 
open lattices, the temperature coefficient does not begin to decrease until the 
system temperature approaches operating temperature. This aspect of the reactor 
physics virtually eliminates consideration of any lattices with water volume 
fractions greater than 80^. 

TABLE 2. SUMMARY OF REACTOR PHYSICS CALCULATIONS 

VF HpO 

0.7 
0.75 
0 .8 
0.923 
0.75 
0.75 
0.75 
0.75 
0.75 

0.932 
0.932 
0.932 
0.932 
0.932 
0.932 
0.500 
O.J+00 
0.200 

gross 
kW, e— 
123 
123 
128 
126 
127 
123 
127 
127 
288 

Ak(68 to 
200°F) 

-0.003 
-0.002 
+0.00lf 
+0.033 
-0.0003 
-0.0006 
-0.002 
-0.003 
-0.003 

Ak(68 to 
ii50°F) 

-O.Oî O 
-0.031 
-0.018 
+O.O8U 
-0.031 
-0.032 
-0.032 
-0.032 
-0.019 

Ak(0-
lO^void 

-0.033 
-0.031 
-0.028 
-0.003 
-0.030 
-0.030 
-0.028 
-0.027 
-0.021 

control 

0.li+ 
0.12 
0.10 
O.Oi)-
0.16 
0.19 
0.16 
0.15 
0.09 

excess 

0.084 
0.109 
0.126 
0.012 
0.095 
0.067 
0.03i)-
0.002 
0.000 

C. Reactor Core Thermal Hydraulic Analysis. In the analysis of this reactor, t-vo 
separate types of calculations were made. In the first set, water at saturation 
temperature cooling the reactor core was permitted to boil. A chimney located 
on top of the reactor core was used to drive the cooling water through the reactoB 
In this calculation, numerous parameters, including the core exit voids required 
to drive the cooling water throi;igh the reactor core for the selected chimney hei^jt 
were evaluated. In the second set, only subcooled water was permitted to cool the 
core. In this concept, a core cooling water temperature rise of a certain magni
tude is needed to provide a water density difference sufficient to drive the cool
ing water throvigh the core. 

a. Two-Phase Thermal Hydraxilic Analysis. A water level of a certain height 
above the chimney is needed to drive the water coming from the core through the 
rods into the downcomer and back down the outside of the core on the inside of the 
reactor presstire vessel. This water level will not be flat but will have a dome-
shaped appearance because additional pressure is needed to force the water 
from the inside of the core to the outside of the core. This water level also 
serves as a separation surface between the steam, which leaves through the steam 
nozzle at the side of the reactor vessel, and the water that is returned down the 
downcomer. 
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The correlation for void fraction versus exit quality pressure was taken from Von 
Glahn'-̂  ', which is conservative for water pressures of 1000 psla or less. In 
this analysis, certain pressure loss factors were also assumed in various locations 
of the reactor. In determining the pressure loss for friction and for two-phase 
flow in the reactor core in the chimney, the method of Martinelli and Nelson*' •̂•' 
was used. Whenever flow was turned 90 degrees, the pressure loss of one velocity 
head was assumed, where the velocity head was due to the velocity just previous to 
the turning. For cross flow of water between the TFEs, a pressure loss factor of 
2.8 velocity heads was assumed. This loss factor is equivalent to flow through an 
orifice from one very large plenum to another very large plenum and is conservative 
for this calculation. This pressure loss is important because it is primarily 
responsible for determining the height of water needed at the top of the reactor 
above the chimney and for determining the size of the pressure loss at the bottom 
of the reactor in turning the flow from the downcomer into the reactor core. 

Key parameters which were varied in this analysis included: 

1. Core length to diameter ratio. 
2. Water volume fraction in the core 
3- Core average pressure. 
k. Cold water height above the core (related to desired shielding 

properties). 

The effect of a number of input parameters on the core exit void and chimney 
height are shown in Table 3-

TABLE 3. SUMMARY OF TWO-PHASE THERMAL HYDRAULIC CALCULATIONS 

Core 
L/D 

0.6 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Water 
VF 

.75 

.75 

. 8 
• 75 
•75 
•75 
• 75 

Eqi nival snt 
Cold Water 
He_ Lght, 

6 
6 
6 
2 
1+ 
k 
k 

f t . 

Chimney 
Height, 

inch 

n i l 
116 
105 

31.5 
73 
70 .5 
80 .5 

Water 
Temp. 

OF 

1+50 
ij-50 
i+50 
k50 
k-50 
i+OO 
850 

Water 
Pressure 

p s i a 

i^23 
1+23 
423 
ij-23 
423 
24-7 

1054 

Core Exi t 
Void 

.107 

.125 

.112 

.142 

.13^^ 

.162 

.086 

Varying core length to diameter from 0.6 to 1 causes the core exit void to increase 
while increasing volume fraction water in the core causes the core exit void to 
decrease. For the conditions given in Table 3̂  the cold-water height has very 
little influence on core exit voids for water heights of 3 ft or more. The effect 
of water temperature and pressure on core exit voids is quite significant. In
creasing water temperature from 400 to 550°F causes the core exit void to decrease 
by 2 to 1. 

b. Single-Phase Thermal Hydraulic Analysis. The calculation for this 
system proceeds in a manner very similar to the boiling-water-cooled core calcu
lation, except that exit voids are not involved. However, the reactor core and 
its losses may not be separated from the rest of the system. Here the pressure 
losses associated in the water risers and in the water cooler* as well as the water 
return line are all intimately linked with the pressure losses in the reactor core. 

The results from a calculation of a single-phase core are given in Table 4 assum
ing a water temperature rise in the reactor core of 100°F. 

For this temperature rise and a 21-foot vertical distance between the core and 
cooler vertical centerlines, a 59"psf pressure head is available to drive the cool-

•**-In this study the heat rejection was presumed to be to air at 70°F. 
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ing water flow throughout the system. Table 4 shows the largest pressure loss 
(4.5 psf) is in the cooler. The total pressure loss in the system is 5.2 psf. If 
no other pressure losses occur in the system, a temperature rise of less than 100°F 
In the reactor will result. However, there may be economic advantages to keeping 
this temperature rise at 100°F,and decreasing the size of the riser pipes or the 
number of headers, header size, or the tube size in the cooler. A coolant tempera
ture rise of 100°F is adequate to drive the cooling water flow through the core. 
The precise optimum economic operating core temperature rise was not determined in 
this work. 

D. Reactor Physics and Core Thermal Hydraulics Discussion. As may be seen from 
the thermal hydraulic calculations for saturated boiling water (Table 3)> it is 
barely possible by raising the system pressure to very high values to achieve an 
average core void((one-half core exit void) of less than 5%• It is not possible 
to achieve a lower core average void by opening a lattice because of the adverse 
effect that this has on the reactor temperature coefficient. Thus, the 
control system for the most reasonable saturated boiling core would have to con
trol the following amotmts of reactivity: 

Shutdown 2^ Ak Xenon 1.55̂  Ak 
void ~3^ Ak Temp. Coefficient ~35t Ak 

Burnup ^1.5ll> Ak 

The total swing is In the order of 105̂  Ak. The control studies which were per
formed (Table 2) calculated the change of reactivity when the radial reflector is 
replaced by a void. This change represents the upper limit of reflector worth. 
In practice, this amount of change cannot be accomplished; the actual amoxint of 
control is perhaps only one-half the values given. It can then be seen that the 
reactivity swing for a saturated boiling water reactor, even with fully enriched 
material, probably exceeds the amount which can be controlled by a radial reflect
or. The reactivity swing would thus require an in-core control system, and, woxild 
require solving a more difficult technical problem to achieve an axially flattened 
power profile. 

TABLE 4. SINGLE PHASE CALCULATION RESULTS 

Core Inlet Water Temperature, °F 
Core Water Temperature Rise, °F 
Average.Core Fluid Velocity, fps 
Total Core Pressure Loss, psf 
Total Cooler Pressiure Loss, psf 
Total Pipe Pressure Loss, psf 
Total System Pressure Loss, psf 
Driving Head Available, psf 

200 
100 
0.22 
0.1 
i^.5 
0.6 
5.2 
59 

The void swing of $2 to $3 poses a significant loss-of-void-accident safety prob
lem for the satvurated boiling water system. Further, some void fluctuations must 
be anticipated because of the random nature of the boiling process. Even a modest 
fluctuation can produce significant reactivity changes in the system. 

In the subcooled water system, the control system would have to control the fol
lowing amo\ints of reactivity: 

Shutdown 25̂  Ak Xenon 1.5^ ^k 
Temperature ~0.2^ Ak Bumup ^1.5?^ ^k 

The total swing in this system is the order of 3% Ak, one-half that of the satu
rated boiling water system. It was felt that with core length-to-diameter ratios 
greater than 1.0, it will be possible to lower the enrichment of the fuel while 
using radial reflector control. 

Based on the above considerations, it became necessary to choose a subcooled water 
core for the conceptual design. A core length-to-diameter ratio of 1.5 was chosen 
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which allowed sufficient control margin at lower fuel enrichment. The fuel enrich
ment was lowered luitil the reactor coiiLd no longer meet hot, xenon, end-of-life 
criticality. This condition occxirred in the neightborhood of 50^ enrichment. This 
lower enrichment is beneficial in at least two ways. First, the fuel cost is 
approximately one-half that of the fully enriched cost. Second, the power produced 
in the fuel is much more uniform at lower enrichments. A water volume fraction of 
755̂  was selected to minimize the temperature coefficient without causing a positive 
reactivity coefficient at any temperature and to allow the most open lattice for 
natural circulation. 

A water temperature of 300°F at the reactor core outlet was selected. This 
selection was made because the pressurization in the pressxire vessel required to 
achieve this temperatiure level without boiling does not increase the pressure ves
sel wall thickness over the minimum thickness needed for fabrication and handling. 
A temperature level higher than 300°F would reduce cooler size and cost, but would 
increase pressure vessel size and cost. The precise reactor core outlet tempera
ture providing optimum cost has not been identified in this study. A core coolant 
temperature rise of 100°F was selected for this study. The precise coolant 
temperature rise providing optimum cost has not been determined. 
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