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( 7 1 ) W e , GENERAL ATOMIC COMPANY, a 
partnership organized under the laws of the 
State of California, United States of America, 
of 10955 John Jay Hopkins Drive, City of 
San Diego, County of San Diego, State of 
California, 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 to be performed to 
be particularly described in and by the fol-
lowing s t a t e m e n t : — 

This invention relates to a method for 
refuelling a nuclear reactor core 
reactor vessel. 
. M a n v t v - -

rod penetrations for refuelling, is therefore 
desirable. 

One advantageous form of core construc-
tion, for certain applications, is that in which 
core elements are in block form and the core 
is comprised of a plurality of adjacent 
columns of such blocks. Typically, the core, 
for refuelling, purposes is considered as being 
divided into a plurality of regeons of columns 
blocks, each region being sp<-«»-
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_, „vuie type of reactor vessel is 
,„.^viued for enclosing the core to contain 
radioactive products in the event of an acci-
dent and, if desired, to also provide a bio-
logical shield for personnel working about the 
reactor. A reactor vessel may also be con-

35 structed to contain a liquid or gas coolant for 
the core. 

When the reactor vessel is so designed as to 
completely enclose the core, a suitable 
penetration may be provided in the reactor 

40 vessel in order that the core elements can be 
placed in and removed from the reactor 
vessel. The provision of one or more pene-
trations for core elements handling, in ad-
dition to other penetrations in the reactor 

45 vessel for such things as instrumentation and 
control rods, may result in so many pene-
trations as to make it difficult or expensive to 
secure proper integrity for the reactor vessel. 
The use of some penetrations for more than 

50 one purpose, such as utilizing the control 
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^yvllt fuel 
- -^ i i i of the reactive core, 

- . j ^ s neretofore employed for refuelling 
this type of core configuration have involved 
the temporary placement of all reflector and 
fuel elements in the layers above the spent 
fuel elements into temporary storage in a fuel 
handling machine. The spent fuel elements are 
then removed from the core and transferred 
to a fuel storage area. The unspent elements 
previously removed are then replaced in the 
core but at elevations which are below their 
previous elevation by an amount corres-
ponding to the number of layers of spent fuel 
elements previously removed. The core is 
then completed in the active region by placing 
fresh unspent fuel elements in the top layer 
or layers and then replacing the reflector 
elements. 

The foregoing described refuelling tech-
nique requires sufficient storage in the 
temporary storage region o f t h e fuel handling 
machine to accommodate all of the upper 
reflector elements and the unspent fuel 
elements which are to be returned to the core. 
Moreover, the foregoing described technique 
requires removal f rom the reactor vessel of 
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( 7 1 ) W e , GENERAL ATOMIC COMPANY, a 
partnership organized under the laws of the 
State of California, United States of America, 
of 10955 John Jay Hopkins Drive, City of 

5 San Diego, County of San Diego, State of 
California, 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 to be performed to 

10 be particularly described in and by the fol-
lowing s t a t e m e n t : — 

This invention relates to a method for 
refuelling a nuclear reactor core inside a 
reactor vessel. 

15 Many types of nuclear reactors comprise a 
plurality of removable core elements forming 
a core. Such core elements may be comprised 
of fissile or fertile material, neutron moder-
ating material, neutron reflecting material, or 

20 combinations of some or all of these. Before 
starting reactor operation, the core is 
usually formed of the core elements and, 
after certain periods of operation, the core is 
usually refuelled by replacing some or all of 

25 the core elements containing fissile material. 
Periodic replacement of core elements con-
taining fertile, moderat ing or reflecting 
material may also be necessary. 

Frequently, some type of reactor vessel is 
30 provided for enclosing the core to contain 

radioactive products in the event of an acci-
dent and, if desired, to also provide a bio-
logical shield for personnel working about the 
reactor. A reactor vessel may also be con-

35 structed to contain a liquid or gas coolant for 
the core. 

When the reactor vessel is so designed as to 
completely enclose the core, a suitable 
penetration may be provided in the reactor 

40 vessel in order that the core elements can be 
placed in and removed from the reactor 
vessel. The provision of one or more pene-
trations for core elements handling, in ad-
dition to other penetrations in the reactor 

45 vessel for such things as instrumentation and 
control rods, may result in so many pene-
trations as to make it difficult or expensive to 
secure proper integrity for the reactor vessel. 
The use of some penetrations for more than 

50 one purpose, such as utilizing the control 

rod penetrations for refuelling, is therefore 
desirable. 

One advantageous form of core construc-
tion, for certain applications, is that in which 
core elements are in block form and the core 55 
is comprised of a plurality of adjacent 
columns of such blocks. Typically, the core, 
for refuelling, purposes is considered as being 
divided into a plurality of regeonsofcolumnsof 
blocks, each region being serviced through 60 
one of the control rod penetrations during 
the refuelling operations. For the purposes of 
reactivity control, coolant flow control and 
refuelling, a particularly advantageous num-
ber of columns in each region is seven, in 65 
which case a central column is employed 
surrounded by six peripheral columns. A 
core construction of this general type is 
shown and described in U.S. Patent No. 
3,383,286. 70 

A desirable refuelling technique for the 
foregoing described type of reactor core is to 
place fresh fuel elements at the top of the 
reactive core while removing spent fuel 
elements f rom the bot tom of the reactive core. 75 
Techniques heretofore employed for refuelling 
this type of core configuration have involved 
the temporary placement of all reflector and 
fuel elements in the layers above the spent 
fuel elements into temporary storage in a fuel 80 
handling machine. The spent fuel elements are 
then removed f rom the core and transferred 
to a fuel storage area. The unspent elements 
previously removed are then replaced in the 
core but at elevations which are below their 85 
previous elevation by an amount corres-
ponding to the number of layers of spent fuel 
elements previously removed. The core is 
then completed in the active region by placing 
fresh unspent fuel elements in the top layer 90 
or layers and then replacing the reflector 
elements. 

The foregoing described refuelling tech-
nique requires sufficient storage in the 
temporary storage region of the fuel handling 95 
machine to accommodate all of the upper 
reflector elements and the unspent fuel 
elements which are to be returned to the core. 
Moreover, the foregoing described technique 
requires removal f rom the reactor vessel of 100 
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all of the unspent fuel elements and their 
subsequent return thereto during the re-
fuelling process. Because refuelling operations 
involve a considerable amount of time, it is 

5 desirable that the number of required 
operations be reduced as much as possible. 

It is an object of the present invention to 
provide an improved method for refuelling 
a nuclear reactor core, permitting a sub-

10 stantial reduction in the refuelling time as 
compared with previously known techniques, 
and permitting fewer out of core operations 
and smaller temporary storage space. 

In accordance with the invention, a method 
15 is provided for refuelling a nuclear reactor 

core inside a reactor vessel, the core having a 
plurality of regions each comprised of a 
plurality of substantially horizontal layers, 
each layer being comprised of a plurality of 

20 individual fuel elements with the fuel elements 
in respective layers forming substantially 
vertical columns, and wherein the fuel 
elements in at least the lowermost layer there-
of are spent, the method comprising, re-

25 fuelling the regions in sequence by, for each 
region, removing f rom the vessel unspent 
fuel elements in at least one but not all of the 
columns to expose one or more of the spent 
fuel elements, removing f rom the vessel the 

30 exposed spent fuel elements, moving within 
the vessel unspent fuel elements to other 
locations including the former locations of at 
least some of the previously removed spent 
and unspent fuel elements to expose one or 

35 more additional spent fuel elements, re-
moving f rom the vessel the exposed additional 
spent fuel elements, placing the unspent fuel 
elements which were previously removed 
f rom the vessel at other locations in the core, 

40 and placing new unspent fuel elements in the 
vessel in at least the uppermost layer of fuel 
elements, and repeating this sequence for the 
other regions to complete refuelling the core. 

The invention will be explained further by 
45 way of example with reference to the ac-

companying drawings, wherein: 
Figure 1 is a partial schematic perspective 

view illustrating a portion of a reactor core 
and pressure vessel of the type in which the 

50 method of the invention is employed; 
Figures 2 through 9 are schematic com-

posite illustrations of successive steps in a 
preferred form o f t h e method of the invention. 

As shown in Figure 1, a nuclear reactor core 
55 11 is enclosed in a reactor vessel 12 of con-

crete or other suitable material. The inside of 
the reactor vessel 12 is provided with a metal 
liner 13 which is cooled by coolant circulated 
in ducts 14. 

60 The general shape of the core is that of a 
right circular cylinder having a diameter 
which is slightly greater than its height. The 
core is made up of a plurality of columns of 

' separate fuel elements or fuel blocks 21 of 
65 hexagonal cross section arranged on a uni-

form triangular pitch. The fuel blocks are 
preferably of extruded graphite construction 
in which a plurality of rods (not shown) of 
fissionable material are embedded. Each of 
the fuel blocks is provided with a plurality of 70 
openings which align to form the vertical 
passages 22 therein. The passages 22 extend 
completely through the fuel blocks and are 
located in the same position in each of the 
fuel blocks. Thus, the vertical passages 75 
extend completely through the length of each 
of the columns of fuel blocks. These vertical 
passages 22 are utilized to pass coolant gas 
through the reactor core. 

Alignment of the passages 22 may be 80 
maintained by a plurality of graphite dowel 
pins (not shown) extending f rom the top face 
of each fuel block. The dowel pins on each 
fuel fit into mating holes in the bot tom of the 
block immediately above. 85 

The fuel blocks 21 of the core fur ther con-
tain vertical holes 23 therein, extending 
through only part of the length of each block 
and permitting handling equipment, not 
shown, to be lowered into the block for 90 
raising and lowering same during fuelling and 
refuelling. 

The core also includes a reflector. The 
reflector consists of an outer wall of graphite 
blocks 25 identical in shape to the fuel blocks 95 
21. Additional reflector blocks or reflector 
elements 27 are disposed in the same colum-
nar arrangement as the fuel blocks, forming 
continuations of the fuel block columns in 
three layers above and two layers below. The 100 
reflector blocks include passages forming 
continuations of the passages 22 in the fuel 
blocks. 

The radially outer portion of the reflector 
consists of a plurality of graphite reflector 105 
blocks 29, also arranged in columns. The 
reflector blocks 29 are substantially larger 
than the reflector blocks 25 and are shaped 
with two opposite angularly diverging sides, 
an arcuate side and an irregularly shaped side 110 
opposite the arcuate side. The irregular side of 
each reflector block 29 forms a mating en-
gagement with adjacent columns of the 
reflector blocks 25, and the arcuate side 
forms part of an exterior cylindrical surface. 115 
The reflector configuration, of course, may 
be different f rom that shown, but the fore-
going described configuration has been 
found satisfactory. 

The reflector blocks (or caps) 27a in the top 120 
layer are partially hollow and form a hollow 
space or plenum 32 above the upper ends of 
the coolant passages 22 for the fuel block 
columns. A circular opening 33 communi-
cates with the plenum 32. An orificing ap- 125 
paratus, not shown, is placed over the 
openings 33 to control the flow rate of 
coolant gas to the plenum 32 over each fuel 
region. The outer columns of reflector 
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elements 29 are not hollow but extend as 
solid blocks all the way to the top. 

Each of the blocks 27 and 27a is provided 
with a central opening 34 therein to facilitate 

5 reception of a pick-up tool, not shown, for 
removing the capped reflector blocks during 
refuelling. The other blocks 21 also have 
openings 23 therein shaped to be engaged by 
the unillustrated pick-up tool. In some of the 

10 block columns, suitably spaced, the openings 
23 extend all the way through the blocks to 
form a control rod passage as shown at 36. 

The columns of fuel blocks and reflector 
blocks rest upon a layer of large graphite core 

15 support blocks 41. As shown in the drawings, 
each support block 41 supports seven columns 
of fuel and reflector blocks in a respective core 
region. The columns of fuel and reflector 
blocks are positioned on the support blocks 

20 41 by a plurality of graphite dowels (not 
shown) which provide lateral restraint and 
column alignment at the bot tom of the core. 

The lowermost layer of reflector blocks 27 
is designed such that the coolant passages 22 

25 in each block converge into a collection 
chamber 43 formed in each block. Each of 
the support blocks 41 has a plurality of in-
take passages 44, each passage communi-
cating with a respective one of the chambers 

30 43. The intake passages 44 converge to an 
outlet orifice 45 on the lower side of the 
support block. 

The layer of core support blocks 41 is 
radially surrounded and continued by a 

35 plurality of larger core support blocks 50, 
which are shaped to mate with the blocks 41 
and to form a cylindrical outer surface. The 
blocks 50 support the side columns of re-
flector blocks 25 and 29. A double-walled 

40 cylindrical metal shroud 51 surrounds the 
core and is spaced from the liner 13 by stud 
supports 47. A by-pass gas shield 49 is 
positioned between the blocks 50 and the 
shroud 51. 

45 The support blocks 41 and 50 are supported 
f rom a core support floor 55 by a plurality of 
vertical graphite posts 52. The graphite 
posts have spherical ends which seat in 
concave post seats 52a to permit the posts to 

50 rock slightly to accommodate differential 
expansion between the parts of the structure. 

Coolant gas collected f rom inlet ducts 53 
in the space above the top of the reactor core 
and its surrounding reflector passes into the 

55 plenums formed by the caps 27a. The gas 
then enters the passages 22 flowing there-
through and into the chambers 43. As the gas 
flows through the passages 22, it is heated by 
the reactor core due to the heat generated by 

60 the fission chain reaction in the core. The 
hot gas is collected in the chambers 43 and 
then passes through the support blocks 41, 
through the passages 44 therein, and is 
discharged f rom the orifices 45 into the space 

65 below the lower support blocks 41. From 

there, the coolant gas passes through ducts 
54 to steam generators or turbines. 

In refuelling the illustrated reactor, an 
entire core region of seven columns is re-
fuelled before refuelling another region. A 70 
suitable refuelling mechanism, not shown, 
extends into the reactor vessel through the 
unillustrated control rod penetration above 
each region. In the illustrated embodiment, 
each of the columns of elements is comprised 75 
of two bot tom reflector elements, eight fuel 
elements, and three top reflector elements. 
This may be more easily seen in the schematic 
drawings of Figures 2 through 9. A number-
ing system has been employed for the element 80 
locations in Figures 2 through 9 as shown and 
subsequently described. The number pre-
ceding the decimal denotes the layer location 
(elevation), numbered I to 12 from top to 
bot tom. The number following the decimal 85 
indicates column location in a particular fuel 
region, numbered f rom 1 to 7. The two 
bot tom layers of reflector elements have been 
indicated by a single layer location, i.e., 12. 

In practising the method of the invention 90 
in connection with the reactor core sche-
matically illustrated in Figures 2 through 9 
it is assumed that the two lowermost layers of 
fuel elements are spent. The first step is to 
remove f rom the reactor vessel all of the 95 
reflector elements in the top three layers of the 
fuel region and the fuel elements in column 1, 
elevations 4 through 9. This would correspond 
to levels 1, 2 and 3 of Figure 2, namely ele-
ments 01-01-0307, and to the elements 100 
0401-09-01. These are placed in tem-
porary storage, such as within a fuel handling 
machine. 

The next step is illustrated in Figure 3, 
wherein the fuel elements at elevations 4 105 
through 9 in column 2, elevations 4 through 7 
in column 3 and elevations 4 and 5 in column 
4 are removed from the vessel. These elements 
are 04-02-04-04, 0 5 0 2 - 0 5 0 4 , 06-02-06-03, 
0702-07-03, 08-02 and 09 02. These fuel 110 
elements are all placed in temporary storage, 
such as within a fuel handling machine. The 
resulting configuration is shown schematically 
in Figure 3 with the shaded elements being 
those elements for which temporary storage 115 
is required. In the illustrated embodiment, 
this number is a total of thirty-nine elements. 
It should be noted that at the completion of 
this step, some but not all of the spent fuel 
elements in the lowermost two layers are 120 
exposed. These spent fuel elements are those 
in columns 1 and 2. The spent fuel elements 
in the lower two layers in columns 3 through 7 
are not exposed. 

The spent fuel elements, 10-01, 10-02, 11 01 125 
and 11-02, in the lowermost two fuel levels 
of columns 1 and 2 are then removed and 
placed in a suitable transfer mechanism for 
transport to a fuel storage area. The resulting 
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core configuration is as illustrated schemati-
cally in Figure 4. 

After removal of the exposed spent fuel 
elements previously described, the refuelling 

5 method continues by moving fuel elements 
within the reactor vessel directly f rom one 
location to another location within the core. 
As shown in Figure 5, one form which this 
may take is to move element 8 03 to location 

10 11 -02, element 9 03 to location 10-02, element 
10-02, element 6 04 to location 9-02, element 
7-04 to location 8-02, element 4 05 to location 
7.02 and element 5-05 to location 6-02. This is 
illustrated in Figure 5 and the result is that 

15 spent fuel elements 10 03 and 11-03 are 
exposed. These may now be removed f rom 
the core and the reactor vessel and placed in a 
suitable transfer means for removal to a 
spent fuel element storage area. The re-

20 suiting core configuration is now illustrated 
schematically in Figure 6. 

By comparing Figures 4 and 6, the last 
eight element movements above described 
have created a new column No . 2 with ele-

25 ments that have moved on the average of two 
elevations lower than their previous lo-
cations. The result of the steps leading to the 
configuration of Figure 6 is that a stair step 
configuration for the core exists which is 

30 similar to that shown in Figure 4. This allows 
for proceeding in a similar manner with 
internal transfer of other fuel elements to 
expose additional spent fuel elements for 
removal. Such a procedure is shown in 

35 Figure 7 wherein six additional incore trans-
fers have been accomplished as well as two 
removals of spent fuel elements. To achieve 
the configuration of Figure 7, the element at 
08-04 is moved to 11 03, 09 04 to 10-03, 06-05 

40 to 09-03, 07-05 to 08-03, 04-06 to 07-03 and 
05-06 to 06-03. The spent fuel elements at 
10-04 and 11-04 may then be moved to 
storage. 

Referring to Figure 8, the schematic 
45 illustration therein indicates the condition of 

the core after twelve additional element 
relocations and six removals of spent fuel 
elements f rom the condition illustrated in 
Figure 7. This proceeds as follows: 08-05 to 

50 11 -04, 09-05 to 10-04, 06-06 to 09 04, 07-06 to 
08-04, 04-07 to 07-04, 05-07 to 06-04, 10-05 and 
11-05 to storage, 08-06 to 11-05, 09 06 to 
10-05, 06-07 to 09-05, 07-07 to 08-05, 10-06 
and 11-06 to storage, 08-07 to 11-06, 09-07 to 

55 10-06, and 10 07 and 11-07 to storage. 
In the condition illustrated in Figure 8, all 

of the spent fuel elements in the lower two 
layers have been removed and the reactor 
vessel shuffling o f t h e unspent fuel elements is 

60 completed. The eighteen unspent fuel elements 
previously removed to temporary storage are 
then returned to the interior of the vessel and 
placed into the core in the locations 07-05, 
06-05, 09 06, 08-06, 07-06, 06-06, 11-07, 10-07, 

65 09-07, 08-07, 07-07, 06-07, 11-01, 10-01, 

09-01, 08-01, 07-01 and 06-01. The resulting 
configuration is shown in Figure 9 wherein 
the core is complete except for the top two 
layers of fuel elements and the top three 
layers of the reflector elements. Fourteen 70 
fresh fuel elements are then brought into the 
vessel and placed in the upper two elevations 
for the fuel elements. The previously with-
drawn twenty-one reflector elements are then 
replaced within the vessel in the top three 75 
levels of the core. The complete fuel handling 
for this particular region is then completed. 

It should be noted that the term "spen t" as 
used in relation to fuel elements is intended 
to refer to the replacement time for the fuel 80 
element in the designed fuel cycle for the 
particular reactor. Thus, the term is used not 
necessarily in the sense of the amoun t a 
particular fuel element has decayed, but 
rather as an operational criterion. Typically, 85 
the fuel elements in the described reactor are 
changed every four years. Layer 12 of the 
bot tom reflectors and layer 3 of the top re-
flectors are replaced, typically, every twelve 
years by removal when exposed. 90 

The method of the invention allows for 
smaller temporary storage space requirements 
within fuel handling apparatus and also 
reduces the total number of handling op-
erations for refuelling the core. Temporary 95 
storage requirements are reduced roughly 
30% or more f rom that of known techniques. 
Moreover, the number of out of core handling 
operations required is reduced by approxi-
mately the same amount . The invention 100 
therefore provides an improved method for 
refuelling a reactor core of the described type 
which represents a significant reduction in the 
refuelling time and in the temporary storage 
space requirements. 105 

W H A T W E C L A I M IS:— 
1. A method for refuelling a nuclear 

reactor core inside a reactor vessel, the core 
having a plurality of regions each comprised 110 
of a plurality of substantially horizontal 
layers, each layer being comprised of a 
plurality of individual fuel elements with the 
fuel elements in respective layers forming 
substantially vertical columns, and wherein 115 
the fuel elements in at least the lowermost 
layer thereof are spent, the method com-
prising refuelling the regions in sequence by, 
for each region, removing f rom the vessel 
unspent fuel elements in at least one but not 120 
all of the columns to expose one or more of 
the spent fuel elements, removing f rom the 
vessel the exposed spent fuel elements, 
moving within the vessel unspent fuel ele-
ments to other locations including the former 125 
locations of at least some of the previously 
removed spent and unspent fuel elements 
to expose one or more additional spent fuel 
elements, removing f rom the vessel the 
exposed additional spent fuel elements, 130 
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placing the unspent fuel elements which were 
previously removed f rom the vessel at other 
locations in the core, and placing new un-
spent fuel elements in the vessel in a t least the 

5 uppermost layer of fuel elements, and re-
peating this sequence for the other regions to 
complete refuelling the core. 

2. A method according to claim 1, 
wherein, after removal of the exposed 

10 addit ional fuel elements, unspent fuel ele-
ments are again moved within the vessel to 
other locations including the former locations 
of at least some of the previously removed 
spent and unspent fuel elements. 

15 3. A method according to claim 1, 
wherein removal and placement of the 
elements f rom and in the reactor core are 
performed f rom a location above the core. 

4. A method according to claim 1, where-
20 in the unspent fuel elements are removed 

f rom the vessel f rom locations such that 
port ions of at least two of the layers are 
exposed. 

5. A method according to claim 1, 
25 wherein the unspent fuel elements are moved 

within the vessel f rom locations such that 
portions of at least two of the layers are 
exposed. 

6. A method according to claim 1, where-
in each layer is comprised of seven fuel ele- 30 
ments. 

7. A method according to claim 1, 
wherein the core region includes one or more 
upper layers of reflector elements which are 
removed f rom the vessel prior to removal of 35 
the spent fuel elements. 

8. A method according to claim 1, where-
in the core region includes three upper layers 
of reflector elements, eight layers of fuel 
elements, and a lower layer of reflector 40 
elements. 

9. A method according to claim 8, where-
in the lower two layers of fuel elements are 
removed as spent fuel elements. 

R.C. Rogers, 
Chartered Patent Agent. 

Shell Centre, 
London. SE1 7NA 

Agent for the Applicants. 
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