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NATURAL CONVECTION raEACTOR 

IN9XODUCTION 

Report DPW-55-487 describes the conceptual design 
of a plutoniexm.paPoducing v3eaetop tha t  may be characterized 
a8 follows: 

1) 

2 )  

Power outpuk - 2000 M V S ~  

Cooling - natwa1 convection of light water through 
the reactor, up through a draft tube to an evapo- 
rative cooling pond, then back t o  the reactor, 

3)  Fuel - 400 to 500 tons 09" uranium enr5ched to lee$ U-235. 

Because this reactor would 'be cooled by the natwal 
convection of Eight mater, it is believed that the construction 
costs would be significantly less than for a Savannah or Wanford 
type reactor. Such expensive items as water treatment and mater 
pumping facilities would be eliminated entirely, The inventory 
of 500 tone of slightly enriched uranium, however, is an un- 
attractive feature. It represents not only a large dollar in- 
vestment but also makes the reactor less attractive f o r  con- 
struetfon during periods of national emepgency because of the 
almost certain scarcity of even slightly enriched wanium at 
that time, The Atomic Energy Commission asked that the design 
be reviewed with the objective of reducing the inventory of 
uranium, The results of this review are gfven in thfs report. 

The conceptual design of the plutonium ppoducing re- 
actor described in DPW-55-487 has been modified so that the 
inventory of slightly enriched uranium has been seduced from 
500 tons to approximately 140 tons, This reductfon fw uranium 
inventory has been brought about by allowl?lag the coolant water 
that flows through the reactor to be heated to llQo instead of 
90°C, as in the earlier design. As the hot water rises in the 
draft tube above the reactor it eventually reaches an elevation 
at which a portion of the water flashes t o  steam, thereby ma- 
terially reducing the average density of the water in the upper 
portion of the draft tube, The velocity of the coolant through 
the water passages of the reactor can approach POa/sec whereas 
only 6'/sec was consfdered possible when the waterp in the draft 
tube remained in the Liquid phase. The higher available 
pressure drop across the reactor core allows a more efficient 
utilization of the fuel. 

Production of steam in the draft tube creates problems 
when starting and stopping the neutron reaction that were not 
present in the earlier conceptual design. Only CIXPSQ~~ examination 
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has been given to the difficulties that will be encountered 
dwing these periods, Therefore, it is not known whether 
a successful % o h t i o n  t o  these pmblems can be found o r  not, 
norP is ft known whether the reactor can be operated so that 
the "chugging" that was experienced dwing the B o m x  tests 
can be avoided, 

In spite of the questions that have been raised 
concerning the operabilfty of a natural convection reactor 
that produces steam in the draft tube the potential gain,if 
these problems can be solved, appears to be great enough to 
justify further study and development ~ork, 

The possibility of a nuclear runaway of a natural 
convection reactor that vapopfzes par% of the cooling water 
should not be sfgnificantly weatela than that of a reactor 
operating only on hot water, On the other hand, %he possi- 
bility of melting the fuel elements and subsequently con- 
taminating the lake will be increased if steam is produced, 

Other designs have been considered in which only 
50 tons of uranium metal are required for the reactor oper- 
ation, Reactors having this small amount of uranium as a 
fuel may be operable, but their smaller margin of 8afety and 
unfavorable core geometry make them less attractive for 
fwther consideration at this time, 

DISCUSSION 

In general, the arrangement of the reactor and 
auxiliaries is similar to that shown in Figwe 1 of DPW-55-487, 
However, the coolant velocity is higher f o r  the present concept 
because of the flashing of the water fn the draft tube, Also, 
the fuel elements axe made thinner and are spaced more closely 
to take advantage of the increased allowable pressure drop, 

When water is allowed to %la,sh in the chimney (draft 
tube) above the reactor, less chimney height is requfred to 
drive the coolant through the fuel passages, The velocity of 
the flashing mixture in the draft tube is quite high, and the 
steam and froth may be pojected above the free water level at 
the top, In orderp t o  take full advantage of the draft tube, 
the chimney should extend from the top of the reactor t o  the 
free water level, 
ble, the atomization of water above the free water levelg it 

But in order t o  eliminate, a8 much as possi- 

may"be wise to arrange the chimney as 

Fuel Assembly 

' Plates of slightly enriched 
apart (measured outside the claddings 

shown in Figure 1, 

uranium are spaced 0,24 in. 
of adjacent plates). The 



fuel plates are O,18 ino thick,  he cladding and structural 
materfals An the cope occupy abs&t 16% of the reactor vofme, 
while the fuel occupies 36% The speciffc 
fuel area is approximately sg) f t Z / f t 3  of reactor volume, 

and the water 48$, 

The mechanical design of" such a fuel assembly has 
not yet been carried out, but there appears to be no reason 
why it cannot be done, The close spacing of the plates may 
produce localized. hot spots that'vill limit the powes output 
t o  values lo we^ than gfven herein, 

Coolant Flow 

Above the 
long, in whfeh part 
the average densflty 

fuel %may is a draft tube 40 t o  50 ft, 
of the coclant vaporizes as it rises, Since 
of the flashing mixture is lowzo considerable 

driving head is developed and the aelocity of the kow-density 
steam-water mixture is high, 

In order t o  prevent vaporization of the coolant in the 
fuel passages, a pressure drop is taken. across an orifice plate 
at the t op  of each fuel assembly, 
e f fec t  of stabilizing t h e  flow, so tha t  the flashing mixture 
is always confined t o  that part of the drafk tube above the 
oriffces, Vaporization caEnot take place ir, the fuel passages. 

This pressure drop has the 

Despite the stabilizing effect of %his pressure drop, 
it has not yet been established that %he flow xi11 be entirely 
stable when the Peactor power is allowed to vary somewhat, It 
is safe t o  say that no flashing will occur fn the fuel passages, 
but the flashing process in the draft tube may lead to oscil- 
lations in flow and temperature, This is a problem that warrants 
further study before the concept can be considered feasible, 
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Power 
Coolant Temperatwe into the Reactor 
Coolant Tempepature out of the Reactor 
Coolant Temperature out of maft Tube 
Draft Tube Length 
Average Sheath TernperatGe D ~ o p  
Maximum Sheath Tempera.t;we Drop 
Maximum Sheath Temperatwe 
Coolant Density into the ReaetoP 
Specific Fuel Hea% Tpansfer Area 
Fractional Volume of Coolant in %he Core 
Fractional Volume of PweL 
Fractional Volume of Cladding and Structwe 
Mass Flow Rate of CoolanG in the Draft Tube 
Density of the Coolant out of the Draft Tube 
Velocity of the Flashing Coolant out of the Draft Tube 
Coolant Flow 
Coolant Velocity in the Fuel Passages 
Draft Tube Area 
Pressure Drop Across Fuel Orifices 
Reactor Diameter 
Reac tor Length 
Weight of me1 in Reactor 

2QQQ Mw 
25°C 
1lQ"C 
100°C 
42 ft. 
50°C 
l0O0C 
168°C 

0.480 
8 360 
0,160 

182 lb/f tzsec 
1088 lb/ft3 

4,46xlQ 97 ftPec /lb/hr 
9,2 ft/sec. 
68 5,6 ft2 lb/in2 

7 0 8  ft. 
13-7 ft. 
138 Tons 

Lattice Constants and Productfvfty 

Much work has been done on the nuclear physics parame- 
ters of lattices employing fuel rods and light water, We assume 
that only minor changes will occur in the multiplfcation of the 
lattice when plates are substituted f o r  rods, The major change 
is in the resonance escape probability, which will be lower in 
the case of thin platesb This is counteracted without decreasing 
the plutonium production 5y increasing the uranium-235 concen- 
tration in the fuel to obtain a reasonable multiplication. 

The actual concentration of uranim-235 needed, and i t s  
spacial variation in the reactor cope, should be determined by 
detailed calculation, It fa assumed that the flux shape is 
arranged to achieve a ratio of max5mum to average flux of about 
2, Perhaps this fs a bit optimistic. 

Control Rods 

The control rods are vimalized as being similar t o  
those descrlbed fn DPW-55-487, However, in the present study, 
in which the draft tube is full of flashing water, it would seem 
prudent to drive the rods and the movable fuel assemblies from 
a machinery room located below the reactor, 
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Induce& K?h&fi%y:& the Coolant Water 

The remarks made in DPW-55-487 apply here, with the 
additional comment that some of the slightly radioactive water 
may be thrown up into the atmosphere, because of the flashing 
coolant, Since the velocity of the flashing mixture at the 
top of the tube is calculated to be 9" ft/sec., there may be 
some atomization of the water fnto.the atmosphepe, The slightly 
radioactive water droplets %.ail1 drift downwind, and while the 
hazard is not grdeat, the matter requires attention, 
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