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(54) REMOTE N U C L E A R GREEN PELLET PROCESSING SYSTEM 

( 7 1 ) W e , WESTINGHOUSE ELECTRIC 
CORPORATION of Westinghouse Building, 
Gateway Center, Pittsburgh, Pennsylvania, 
United States of America, a company organ-

5 ised and existing under the laws of the Com-
monwealth of Pennsylvania, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 

10 to be performed, to be particularly described 
in and by the following statement: 

This invention relates to systems for man-
ufacturing nuclear fuel green pellets and par-
ticularly to such systems wherein the process 

15 is automated. 
In many designs of nuclear reactors, the 

reactor vessel has an inlet and outlet for cir-
culation of a coolant in heat transfer relation-
ship with a core contained therein that pro-

20 duces heat. The core comprises an array or 
arrays of fuel assemblies which contain fuel 
elements. The fuel element is generally a 
cylindrical metallic sheath sealed at both 
ends containing nuclear fuel. The nuclear 

25 fuel which may be, for example, ceramic fuel 
pellets of a uranium compound, is stacked 
within the metallic sheath. During reactor 
operation, the nuclear fuel pellets decom-
pose releasing fission products such as fission 

30 gas while generating heat in a manner well 
known in the art. 

There are. many known methods for man-
ufacturing the nuclear fuel pellets used in 
nuclear reactors. Most of these methods gen-

3 5 erally consist of cold pressing a powder which 
may be an oxide of fissionable material such 
as uranium dioxide to form dense compacts. 
These dense compacts are generally referred 
to as green pellets. The green pellets are then 

40 sintered in a non-oxidizing atmosphere to 
produce a sintered pellet which may have 
slight irregularities on its surface. The sin-
tered pellet may then be ground to remove 
those irregularities thereby forming a right 

45 cylindrical pellet. This finished pellet is then 
stacked within the metallic sheath to form 
the fuel element that may be used in a nuc-
lear reactor. 

A commonly known method for producing 
50 the nuclear fuel pellets is described in U.S. 

Patent No. 2,991,601 to J. Glatter et al, 
issued July 11, 1961. In this process, hyd-
rogen reduction of uranium trioxide is emp-
loyed to produce uranium dioxide powder. 
As received from commercial manufactur- 55 
ers, this uranium dioxide is not free flowing 
and is, therefore, not adaptable for use in 
automatic machinery for the production of 
the green pellets. In order to produce a free 
flowing powder, the uranium dioxide powder 60 
is mixed with a suitable binder such as 
aluminum stearate and water to form a wet 
granulate. The wet granulate is then forced 
through a screen and dried, after which it is 
dry-screened thereby separating the larger 65 
particles from the smaller particles. 'Hie 
water may be substantially removed in the 
later sintering process while the aluminum 
stearate will remain and act as a lubricant in 
the compacting process. Once the uranium 70 
dioxide powder has thus been converted into 
a free flowing granulate, the granulate is then 
compacted into green pellets in a cold pres-
sing operation. The compacting process 
comprises flowing the granulate into a die 75 
and cold pressing the granulate in the die into 
substantially cylindrical green pellets. The 
green pellets may then be heat treated, sin-
tered and ground to form the finished pellet 
for use in nuclear fuel elements. 80 

While the patent to Glatter and other 
known methods illustrate commonly under-
stood methods of manufacturing green pel-
lets, these methods all involve relatively 
small volume production. Because the prior 85 
art methods involved small volume produc-
tion, these processes were performed in a 
glove box environment. Each process was 
performed in a separate glove box type 
enclosure and then moved under secure con- 90 
ditions to the next glove gox where the suc-
ceeding step was performed. This glove box 
arrangement not only required long time 
intervals during bag-out transfer between 
glove boxes, but it also required a large 95 
amount of floor space to accommodate the 
glove boxes. Furthermore, the glove box 
enclosure did not provide adequate accessi-
bility to the apparatus therein due to the 
limited capability of the typical glove box 100 
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arrangements. With the demand for nuclear 
fuel increasing it became a commercial 
necessity to be able to mass produce the 
green pellets. Such mass production would 

5 entail larger apparatus and faster throughput 
both of which were not compatible with con-
ventional glove box arrangements. In addi-
tion, the recent use of plutonium dioxide in a 
mixed oxide pellet increased the safeguards 

10 which must be employed to assure accounta-
bility of the plutonium. The necessity of mov-
ing the plutonium from one glove box to the 
next in a large volume process would create 
serious accountability problems that result in 

15 substantial time delays during such transfer 
between glove boxes. All of these problems 
together render impractical a large volume 
production of a mixed oxide green pellet in a 
typical glove box arrangement. 

20 It is the principal object of this invention to 
provide an arrangement for manufacturing 
nuclear fuel green pellets in which the 
machine components are so arranged within 
an enclosure so that the products of the pro-

25 cess may flow from one component to the 
next by the force of gravity but that, 
nevertheless vertical access is possible to 
each component. 

With this object in view the present inven-
30 tion resides in an arrangement for manufac-

turing nuclear fuel pel lets including 
apparatus for compacting, granulating, clas-
sifying, lubricating and pelletizing ceramic 
nuclear fuel materials, wherein the required 

35 components of apparatus are arranged below 
one another in a shielded area so that the 
nuclear fuel material flows by gravity 
through the apparatus from compacting to 
pelletizing, the components of apparatus 

40 required for each stage being offset from the 
position immediately beneath the apparatus 
components of the preceding stage so that 
overhead access is provided to components 
of apparatus in any stage without interfer-

45 ence from apparatus components of other 
stages. 

The invention will become more readily 
apparent from the following description of a 
preferred embodiment thereof shown, by 

50 way of example only, in the accompanying 
drawings, wherein: 

Figure 1 is a partial cross-sectional view in 
elevation of the enclosure; 

Figure 2 is a plan view of Figure 1; 
55 Figure 3 is a partial cross-sectional view in 

e levation of the enclosure including 
apparatus; and 

Figure 4 is a view along line IV-IV of Fig-
ure 3. 

60 Referring to Figure 1, a horizontal first 
floor 10 is supported by a vertical first wall 
12. First wall 12 is supported from second 
floor 14 with first floor 10, first wall 12, and a 
portion of second floor 14 defining a first 

65 chamber 16. A second wall 18 extends from 

second floor 14 down to third floor 20. A first 
partition 22, second partition 24, third parti-
tion 26, fourth partition 28, and fifth parti-
tion 30 together with second wall 18 and 
second floor 14 define second chamber 32 70 
and third chamber 34. A third wall 36 
extends downwardly from third floor 20 and 
encloses fourth chamber 38. A fourth wall 40 
that is parallel to second wall 18 and third 
wall 36 extends from second floor 14 to 75 
fourth floor 42. The entire structure defined 
above is contained within a single building 
the inner walls of which along with first wall 
12 and second floor 14 define a first area 44. 
A second area 46 is defined below first area 80 
44 by second wall 18, third floor 20, and 
fourth wall 40. In addition, a third area 48 is 
defined below second area 46 by fourth wall 
40 and third wall 36. A tunnel 50 which is 
used for maintenance access is supported 85 
through second area 46 and third area 48 
while a sixth partition 52 defines a fifth 
chamber 54 thereunder. 

Referring now to Figure 4, first area 44 is 
further defined by a fifth wall 56 which is 90 
perpendicular to first wall 12. Similarly, sec-
ond area 46 is bounded on two sides by sixth 
wall 58 and seventh wall 60 which are per-
pendicular to second wall 18. Likewise, 
eighth wall 62 and ninth wall 64 further 95 
define third area 48. First area 44, second 
area 46, and third area 48 together with their 
surrounding structure establish areas such 
that fuel processing equipment may be verti-
cally arranged therein. The vertical 100 
arrangement allows for gravity flow of the 
material from one subprocess to another. 
This arrangement also allows for vertical 
access to the equipment along with side 
access from behind radiation protective 105 
walls. 

Referring now to Figures 3 and 4, a com-
pactor feed hopper 66 is disposed in first area 
44 near first wall 12. A sejected mixture of 
plutonium dioxide (PuCk) and uranium diox- 110 
ide (UO2) known as mixed oxide fuel powder 
is introduced into compactor feed hopper 66 
through pneumatic line 68. Compactor feed 
hopper 66 which is used to store the mixed 
oxide powder has level sensors (not shown) 115 
that indicate the level of the mixed oxide 
powder in the hopper. A star feeder 70 is 
connected between compactor feed hopper 
66 and roll compactor 72 so as to control the 
flow rate of mixed oxide powder from com- 120 
pactor feed hopper 66 to roll compactor 72. 
Roll compactor 72 is located on second floor 
14 at an elevation lower than star feeder 70 
which allows the mixed oxide powder to flow 
into roll compactor 72 under the influence of 125 
gravity. Star feeder 70 has a first drive 
mechanism 74 and roll compactor 72 has a 
second drive mechanism 76 that are both 
located in first chamber 16 behind first wall 
12. The driving arm of both drive mechan- 130 
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isms extend through sealing mechanisms in 
first wall 12 to their respective machinery. 
Because the mixed oxide powder in the 
apparatus such as compactor feed hopper 66 

5 and roll compactor 72 may produce radiation 
levels that are unacceptable for a long-term 
working environment, first wall 12 is con-
structed by common methods so as to limit 
such radiation in first chamber 16. First wall 

10 12, therefore, allows working personnel to 
operate and repair the apparatus in first 
chamber 16 such as drive mechanisms 74 and 
76 without exposing such personnel to exces-
sive radiation. In addition, the location of 

15 such equipment behind a shielding wall 
decreases repair time because such equip-
ment is not contaminated. In addition, glove 
holes are provided at various locations along 
the walls so that access may be had to the 

20 equipment in the enclosures. For example, 
glove holes are provided at locations referred 
to generally by 78. It should be noted that the 
equipment is placed near the walls such as 12 
and 56 so that access may be had to the 

25 equipment when necessary. A s shown in 
Figure 4, a person standing on second floor 
14 could reach through glove holes 78 to 
reach star feeder 70 or roll compactor 72. 
Should this apparatus malfunction, minor 

30 repairs could be made in this manner or the 
non-functioning equipment could be discon-
nected by hand and then removed by 
mechanical apparatus such as a crane 80. 

Roll compactor 72 comprises two oppos-
35 ing drums that roll the powder into ribbon-

like strips of various lengths. These ribbon-
like strips fall by gravity into a granulator 82 
that granulates the strips into fine particles. 
Granulator 82 is disposed in second area 46 

40 and below roll compactor 72 so that gravity 
may be employed to move the ribbon-like 
strips. However, granulator 82 is not located 
directly under roll compactor 72, rather it is 
located laterally from roll compactor 72 as 

45 shown in Figure 3. Granulator 82 is not 
located directly below roll compactor 72 so 
that should it need to be replaced it could be 
disconnected by hand through glove holes 78 
and then be lifted upwardly onto first floor 

50 10 without having to remove roll compactor 
72. This arrangement provides for an auto-
mated gravity flow without having the vari-
ous components interfere with each other 
during insertion or removal of a particular 

55 component. As with roll compactor 72, 
granulator 82 has a granulator drive mechan-
ism 84 located in second chamber 32 behind 
second wall 18. 

A classifier 86 is located below granulator 
60 82 in second area 46. Classifier 86 consists of 

three chambers arranged vertically within a 
single housing with two vibrating screens 
separating the three chambers. Granules 
from granulator 82 flow by gravity into the 

65 first chamber and onto the first screen of 

classifier 86. Oversized granules are caught 
on the first vibrating screen and carried off by 
the vibrating action into a scrap transfer can. 
The remaining granules fall through the first 
screen onto the second vibrating screen. The 70 
proper size granules are carried by the sec-
ond vibrating screen to a bulk density check 
station 89 that monitors the density of the 
granules. Granules having the proper density 
are permitted to flow to rolling drum 90. The 75 
smaller granules fall through both the first 
and second screens into the bottom of the 
classifer 86 from where they are pneumati-
cally transferred through recycle line 92 back 
into compactor feed hopper 66. 80 

Rolling drum 90 is located on third floor 
20 and disposed laterally from classifier 86 so 
that the proper size granules may flow from 
the second vibrating screen to rolling drum 
90 under the influence of gravity while being 85 
able to be lifted vertically by crane 80 with-
out interfering with the other components. 
As is well understood in the art, the granules 
that are formed as previously described do 
not readily compact. In order to promote 90 
compaction of the granules into pellets a 
lubricant is added. A typical lubricant so 
used is aluminum stearate. A stearate feed 
hopper 94 is disposed on fifth wall 56 with a 
stearate line 96 attached to the underside 95 
thereof. Stearate line 96 is also attached to 
the top portion of stearate feeder 98 so that 
the stearate may flow from stearate feed 
hopper 94 through stearate line 96 into 
stearate feeder 98 under the force of gravity. 100 
Stearate feeder 98 serves to accumulate 
stearate therein to insure a constant flow to 
rolling drum 90. Rolling drum 90 is a drum 
which mechanically rotates about its lon-
gitudinal axis to thereby mix the granules 105 
with the stearate. A s with the other compo-
nents in the system, the stearate feeder 98 is 
intended to be located near the enclosing 
walls such as seventh wall 60 so that mainte-
nance and operational access may be had 110 
through glove holes 78. Furthermore, stear-
ate feeder 98 is located so that gravity flow 
may be utilized while crane 80 may be emp-
loyed to manipulate the component. 

From rolling drum 90, the mixture of 115 
stearate and granules flows by gravity into 
pellet press feed hopper 100. Pellet press 
feed hopper 100 is disposed below rolling 
drum 90 to facilitate gravity flow but not 
directly thereunder so as to facilitate removal 120 
by crane 80. From pellet press feed hopper 
100, the mixture flows through dual powder 
lines 102 into pellet press 104. Pellet press 
104 consists of an upper punch 106, lower 
punch 108, and die 110 as is commonly 125 
known in the art. Pellet press 104 is disposed 
in third area 48 so that gravity may be util-
ized to flow the mixture from pellet press 
feed hopper 100 to pellet press 104. 

Upper punch 106 is mounted in tunnel 50 130 
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and extends downwardly through a sealing 
mechanism into third area 48. Similarly, 
lower punch 108 is mounted in sixth chamber 
54 and extends upwardly into opposition 

5 with upper punch 106. The arrangement of 
upper punch 106 in tunnel 50 and lower 
punch 108 in sixth chamber 54 provides for 
an automated operation while allowing 
access to the machinery from an enclosure to 

10 avoid exposure to radiation. For example, 
repairs may be made to upper punch 106 
from within tunnel 50 without exposing the 
personnel to radiation. Furthermore, since 
tunnel 50 extends through second area 46 

15 and third area 48, personnel in tunnel 50 may 
access other equipment through glove holes 
78. 

When one of the dual powder lines 102 is 
alternately placed over die 110, a predeter-

20 mined amount of the mixture in pellet press 
feed hopper 100 is allowed to flow into die 
110. Upper punch 106 and lower punch 108 
are then advanced into opposite ends of die 
110 which compresses the mixture into nuc-

25 lear fuel pellets conforming to the shape of 
die 110. Such pellets are referred to as green 
pellets. The punches are then withdrawn and 
pellet loader 112 or duel powder lines 102 
pushes the green pellet onto conveyor 114 

30 which moves the green pellet to the next 
operation which may be a sintering opera-
tion. 

As can be seen from the foregoing descrip-
tion, first area 44, second area 46 and third 

35 area 48 define a restricted access area that is 
exposed to radiation and other contamin-
ants. Because of the nature of the radiation 
and contamination due primarily to 
plutonium in the restricted access area, it is 

40 recommended that personnel not be present 
therein for extended lengths of time. It is, 
therefore, recommended that the working 
personnel remain behind radiation protec-
tion such as first wall 12, second wall 18, 

45 third wall 36, and fourth wall 40. The areas 
behind such protective walls including but 
not limited to first chamber 16, second 
chamber 32 and third chamber 34 define a 
limited access area wherein working person-

50 nel may be present for controlled periods of 
time. As described above, parts of the 
equipment extend through the protective 
walls into the limited access area so that per-
sonnel may have access to them without 

55 being unnecessarily exposed to radiation. 
The gloves holes 78 provide access from the 
limited access area to the restricted access 
area while a higher pressure is maintained in 
the limited access area so that the flow of air 

60 and particles will be into the restricted access 
area thereby preventing outward flow. The 
equipment in the restricted access area is, 
therefore, arranged close to at least one of 
three protective walls so as to increase this 

65 access. In addition, to this three-sided acces-

sibility the equipment is arranged vertically 
but not directly under each other so that 
removal and replacement of the equipment 
may be facilitated by means such as crane 80 
without interfering with the remaining 70 
equipment. Moreover, the vertical arrange-
ment provides for gravity flow of the pro-
ducts while minimizing the required floor 
space. The gravity flow feature is particularly 
important because it provides for rapid pro- 75 
duct throughput with minimal hold-up 
periods and allows for efficient material 
clean-out, more commonly known as run-
out. Efficient material run-out assures that 
no material remains in the components after 80 
each batch is completed. The importance of 
this lies in the fact that strict accountability of 
the plutonium is necessitated by governmen-
tal and industry standards and that a previous 
batch will not contaminate a subsequent 85 
batch with a different material composition. 
WHAT WE CLAIM IS: 

1. Arrangement for producing nuclear 
fuel pellets including apparatus for compact-
ing, granulating, classifying, lubricating and 90 
pelletizing ceramic nuclear fuel materials, 
wherein the required components of 
apparatus are arranged below one another in 
a shielded area so that the nuclear fuel mater-
ial flows by gravity through the apparatus 95 
from compacting to pelletizing, the compo-
nents of apparatus required for each stage 
being offset from the position immediately 
beneath the apparatus components of the 
preceding stage so that overhead access is 100 
provided to components of apparatus in any 
stage without interference from apparatus 
components of other stages. 

2. An arrangement as recited in claim 1, 
wherein said apparatus components include 105 
a compactor feed hopper for receiving the 
nuclear fuel material to be made into nuclear 
fuel pellets, a star feeder valve connected to 
said compactor feed hopper for controlling 
the flow from said compactor feed hopper, a 110 
roll compactor connected to said star feeder 
valve for rolling said fuel material into 
ribbon-like strips of various lengths, a 
granulator connected to said roll compactor 
for granulating said ribbon-like strips into 115 
granules, a classifier connected to said 
granulator for separating said granules 
according to size and allowing properly sized 
granules to remain in the process stream, a 
bulk density check station connected to said 120 
classifier for checking the density of said 
granules, a stearate feed hopper for collect-
ing stearate material, a rolling drum con-
nected to said stearate feed hopper and said 
bulk density check station for mixing said 125 
granules with said stearate, a pellet press 
feed hopper connected to said rolling drum 
for collecting said mixture of said granules 
and said stearate, and a pellet press con-
nected to said pellet press feed hopper for 130 
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forming said mixture into nuclear fuel pel-
lets. 

3. An arrangement as claimed in claim 2, 
wherein said components are disposed in 

5 close proximity of vertical walls of said 
shielded area and wherein said vertical walls 
have glove holes therein for providing access 

to said components from a limited access 
area adjacent said shielded area. 

4. An arrangement for manufacturing 10 
nuclear fuel pellets substantially as hereinbe-
fore described with reference to, and as 
shown in, the accompanying drawings. 
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