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(7) ABSTRACT

ABWR jet pump assembly has a wedge slidably mounted on
a jet pump that is movable under the force of gravity to seat
between a bracket and the jet pump in order to horizontally
support the jet pump against vibrations. The wedge or the
bracket is repaired in situ by: providing a spacer layer
between mating surfaces of the wedge and the bracket; and
then lowering the wedge until the spacer layer is between
and in contact with the wedge and the bracket.
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JET PUMP ASSEMBLY REPAIR METHOD

BACKGROUND OF THE INVENTION

[0001] The invention relates to a method for repairing jet
pump assemblies and more particularly to a method of
repairing jet pump assemblies of boiling water nuclear
reactors (“BWRs”) in situ.

[0002] BWRs are designed to generate steam in reactor
pressure vessels (“RPVs”) by heating the water surrounding
uranium-containing tubes of fuel assemblies located in the
RPV core regions. The RPVs have recirculation loops
designed to facilitate the circulation of water in the core
regions. The recirculation loops generally include large
centrifugal pumps that pump water out of the RPVs and
return the water to the inlets of jet pump assemblies located
in annular regions in the RPVs surrounding the core regions.
The jet pump assemblies are designed to entrain the sur-
rounding water in the annular regions and then discharge the
water in a manner that induces a desired flow pattern in the
core regions.

[0003] The jet pump assemblies are subject to vibrations
caused by hydraulic forces due to the flow of water and/or
by the rotation of the centrifugal pumps. Thus, in one BWR
design, the jet pump assemblies are horizontally supported
against vibration within brackets by a three point suspension
system. A three point system generally includes a wedge
movably mounted on a vertically oriented guide rod that is
attached to a jet pump assembly and extends through the
space between the bracket and the jet pump. The wedge,
which may weigh about seven pounds, is designed to slide
downwardly under the force of gravity into the space
between the bracket and the jet pump assembly and thereby
urge the jet pump against the adjustment screws.

[0004] 1t has been found that the mating (or seating)
surfaces of the wedges and/or the brackets of some com-
mercial BWRs have worn substantially after operation over
long periods of time. In some cases, the softer interior metal
underlying the hardened surfaces of the wedges have worn
extensively. It is believed that the wearing is caused by a
fretting type of action when the hydraulic forces and/or
pump vibrations induce the wedges to chatter or to rise
upwardly and then fall back against the bracket. In addition,
it is believed that the jet pump assemblies may move away
from the adjustment screws in extreme cases.

[0005] The jet pump assemblies may be repaired by
replacing the worn wedges and/or brackets. However, the jet
pump assemblies and/or brackets would need to be disas-
sembled, removed and reassembled and the old parts would
needed to be permanently stored if the parts were replaced.

SUMMARY OF THE INVENTION

[0006] Tt is an object of the present invention to provide a
method of repairing the BWR jet pump assemblies without
having to disassemble the jet pump assemblies and/or the
associated brackets. It is a further object to provide a method
that permits the continued use of the worn wedges and/or
brackets.

[0007] With these objects in view, the present invention
resides in a method of repairing a BWR jet pump assembly
in situ. The jet pump assembly extends vertically through a
hole in a bracket attached to a riser pipe and is supported
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against horizontal movement by a plurality of screws
extending from the bracket toward the jet pump assembly
and by a wedge extending into the hole. The wedge is
moveably mounted on a vertically extending guide rod
fastened to the jet pump assembly. The wedge has a verti-
cally extending inner surface designed to contact the jet
pump assembly and an outer surface inclined relative to the
vertically extending inner surface designed to contact the
bracket. The mating surfaces the wedge the bracket are the
surfaces that are susceptible to wear over time. In the repair
method (which may be a proactive repair before wear is
actually observed), and while the wedge remains on the
guide rod fastened to the jet pump assembly, a spacer layer
is provided between the outer surface of the wedge and the
bracket and then the wedge is lowered through the hole in
the bracket until the spacer layer is between and in contact
with the wedge and the bracket.

[0008] In preferred practices, one or more spacer layers
are attached to the wedges and/or to the brackets. In other
preferred practices, worn portions of the wedges from pre-
vious use are displaced vertically of the brackets by the
spacer layers. Advantageously, solid contact from the
bracket to the jet pump assemblies can be restored.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention as set forth in the claims will become
more apparent from the following detailed description of a
boiling water reactor (‘BWR”) and a preferred practice for
repairing the BWR and the accompanying drawings that
show, by way of example only, a worn BWR jet pump
assembly that has been repaired in accordance with a
preferred practice of the present invention, wherein:

[0010] FIG. 1 is a schematic representation of a BWR
characterized by a reactor pressure vessel (“RPV”) having
two recirculation loops;

[0011] FIG.?2 is a partial perspective schematic represen-
tation of a RPV taken along Line 2-2 of FIG. 1 which has
been cut-a-way to show a jet pump assembly arrangement;

[0012] FIG. 3 is a partial perspective elevation view of a
jet pump assembly horizontally supported by a bracket taken
along Line 3-3 of FIG. 2;

[0013] FIG. 4 is a partially fragmented elevation view of
a repaired jet pump assembly taken along Line 4-4 of FIG.
3; and

[0014] FIG. 5 is a plan view of the repaired jet pump
assembly and bracket taken along Line 5-5 of FIG. 4.

DESCRIPTION OF THE PREFERRED
PRACTICE

[0015] Referring now to the drawings in detail and in
particular to FIG. 1 there is generally illustrated a commer-
cial boiling water nuclear reactor (“BWR”) 10 that generates
steam in a reactor pressure vessel (“RPV”) 12. Commercial
BWRs are designed to drive turbines (not shown), which in
turn generate electrical power. The RPV 12 has a main
feedwater inlet nozzle 14 for receiving condensate from a
condenser (not shown) and a main steam outlet nozzle 16 for
providing generated steam to a turbine. The RPV 12 sup-
ports a core shroud 18 containing a plurality of fuel assem-
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blies 20 that generate the steam in its core region and a steam
separator/drier assembly 22 located over the core shroud 18.

[0016] The RPV 12 illustrated by FIG. 1 has two recir-
culation loops 30 for facilitating the flow of water in its core
region. Each recirculation loop 30 has a large centrifugal
reactor coolant pump (“RCP”) 32 connected with a recir-
culation water outlet nozzle 33 of the RPV 12 by pump
suction piping 34 for pumping water out of the RPV 12 and
pump discharge piping 36 for pumping the water back into
the RPV 12. The pump discharge piping 36 generally
includes a header 38 and parallel branch piping, which is
illustrated by piping 40. Each of the piping branches 40 is
connected by a recirculation water inlet nozzle 42 to riser
piping 44, which extends to a pair of jet pump assemblies 46
operating in parallel (only one of which is illustrated by
FIG. 1).

[0017] As is best seen in FIG. 2, the riser piping 44
terminates at a manifold 48 sometimes referred to as a
“ramshead”. Each jet pump assembly 46 of the pair gener-
ally includes an inlet 50 adjacent the manifold 48 that is
open to an annular region defined by the wall of the RPV 12
and wall of the core shroud 18 for entraining the surrounding
water in the annular region, a mixing section 52 and a
diffuser section 54 supported on a crossplate 56. The jet
pump assembly 46 may have a boss 48 on its periphery
surface as shown in FIG. 3.

[0018] Each jet pump assembly 46 has an associated
wedge 60 that is movably mounted on a vertically extending
guide rod 62 fastened to the jet pump assembly 46. As shown
in FIG. 3, the guide rod 62 may have threaded ends engaged
with nuts 63 fastened to horizontal plates 64 extending
between vertical plates 65 that extend from the mixing
section 52 of the jet pump assembly 46. The wedge 60 is
designed to slide vertically through a hole 68 in a bracket 70,
which is attached to the riser piping 44 by welds 72 or other
suitable means. As shown by FIG. 3, the upper end of the
guide rod 62 is above the bracket 70 and the lower end of the
guide rod 62 is below the bracket 70. Also, the wedge 60 has
moved downwardly on the guide rod 62 under the force of
gravity to a location where a vertically extending inner
surface 74 of the wedge 60 contacts the jet pump assembly
46 (and preferably the boss 48) and an outer surface 76 of
the wedge 60 that is inclined relative to the inner surface 74
contacts an edge 78 of the bracket 70. The weight of the
wedge 60 provides a sufficient force urging the jet pump
assembly 46 against two (or more) adjustment screws 80 for
horizontally supporting the jet pump assembly 46 against
hydraulic forces and vibrations. The adjustment screws 80
may be fixed in place by welds (not shown). Preferably, the
outer surface 76 of the wedge 60 is inclined relative to the
edge surface 84 of the bracket 70. Advantageously, this three
point suspension system can accommodate substantial ther-
mal expansion differences.

[0019] FIGS. 4 and 5 illustrate a jet pump assembly 46
that was subjected to wear in the course of previous power
generation operations and later repaired in accordance with
a practice of the present invention. As illustrated by FIG. 4,
a portion 86 of the outer surface 76 of the wedge 60 has
worn and a portion 88 of the edge 78 of the bracket 70 has
worn. In other cases, either one of the mating surfaces of the
wedge 60 or the bracket 70 may have worn.

[0020] As shown in FIG. 4, a repaired wedge 60 has a
spacer layer 90 disposed over its outer surface 76. The
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surface layer 90 may be configured to fit over the wedge 60
with ends 92 having recesses 94 that accept the guide rod 62.
The spacer layer 90 may be tack welded to the wedge 60 at
one or more convenient locations. In addition, the bracket 70
may have a second spacer layer 96 over the edge 78 if worn.
Preferably, the second spacer layer 96 is retained in place by
apin 98 welded to the ends of the spacer layer 96. The spacer
layers 90, 96 may be metal strips or plates fabricated of
stainless steel or other suitable metal and may have hardened
surfaces. Advantageously, the spacer layers 90 and 96 later
may be replaced by other spacer layers if they become
excessively worn. In addition, the thickness of the spacer
layer(s) 90,96 is preferably sufficient to displace the worn
portion 86 of the wedge 60 upwardly of the bracket 70 when
the wedge 60 is seated. Also, the additional weight of the
spacer layer 90 increases the total weight of the wedge 60 so
that the wedge 60 tends to better resist hydraulic forces and
vibrations.

[0021] In the practice of the present invention, the BWR
10 may be repaired as shown in FIGS. 4 and 5 while the jet
pump assembly 46 remains in place. The wedge 60 may be
raised on the guide rod 62 by any suitable remotely con-
trolled, long handled tool (not shown). A spacer layer 90
and/or spacer layer 96 may then be fit over the worn surface
76 and/or edge 78. The spacer layer 90 and/or spacer layer
96 may then be attached to wedge 60 or bracket 70,
respectively. The wedge 60 may then lowered on the guide
rod 62 through the hole 68 in the bracket 70 until the spacer
layer 90 and/or 96 is between and in contact with the wedge
60 and the bracket 70. The weight of the wedge 60 will then
urge the jet pump assembly 46 against the adjustment pins
80.

[0022] While a present preferred embodiment of the
present invention has been shown and described, it is to be
understood that the invention may be otherwise variously
embodied within the scope of the following claims of
invention.

What is claimed is:

1. A method of repairing a BWR jet pump assembly in
situ,

the jet pump assembly extending vertically through a hole
in a bracket attached to a riser pipe,

the jet pump assembly supported against horizontal move-
ment by a plurality of screws extending from the
bracket toward the jet pump assembly and by a wedge
extending into the hole, the wedge moveably mounted
on a vertically extending guide rod fastened to the jet
pump assembly for urging the jet pump assembly
toward the screws,

the wedge having a vertically extending inner surface for
contacting the jet pump assembly and an outer surface
inclined relative to the vertically extending inner sur-
face for contacting the bracket,

comprising the steps of:

while the wedge remains on the guide rod fastened to the
jet pump assembly in the BWR, providing a spacer
layer between the outer surface of the wedge and the
bracket; and then
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lowering the wedge on the guide rod through the hole in
the bracket until the spacer layer is between and in
contact with the wedge and the bracket.

2. The method of claim 1, including the step of: attaching
the spacer layer to the wedge.

3. The method of claim 1, including the step of: attaching
the spacer layer to the bracket.

4. The method of claim 1, including the steps of: provid-
ing a second spacer layer between the outer surface of the
wedge and the bracket in addition to the spacer layer of
claim 1; and attaching the spacer layer of claim 1 to the
wedge and attaching the second spacer layer to the bracket.

5. The method of claim 1, wherein the inclined outer
surface of the wedge for contacting the bracket has a worn
portion displaced vertically of the bracket when the spacer
member is in contact with the wedge and the bracket.

6. ABWR jet pump assembly repaired by the method of
claim 1.

7. A BWR jet pump assembly vertically extending
through a hole defined by a bracket, the bracket having
adjustment screws extending into the hole and toward the jet
pump assembly, the jet pump assembly having a vertically
extending rod fastened thereto and extending through the
hole in the bracket, and a wedge movably mounted on the
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vertically extending guide rod, the wedge having a vertically
extending inner surface for contacting the jet pump assem-
bly and an outer surface inclined relative to the vertically
extending inner surface for contacting the bracket and
thereby urging the jet pump toward adjustment screws when
the wedge is disposed in the bracket hole; wherein a spacer
layer is between and in contact with the bracket and the
inclined surface of the wedge when the wedge is in contact
with the jet pump assembly.

8. The BWR jet pump assembly of claim 7, wherein the
inclined outer surface of the wedge has a worn portion
disposed above the edge of the bracket when the spacer layer
is in contact with the bracket and the inclined surface of the
wedge and the wedge is in contact with the jet pump
assembly.

9. The BWR jet pump assembly of claim 7 including a
second spacer layer, wherein the spacer layer of claim 7 is
attached to the wedge and the second spacer is attached to
the bracket.

10. The BWR jet pump assembly of claim 7 wherein the
spacer layer has ends with recesses that receive the guide
rod.



