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(54) Improved reactor cavity 

(57) A reactor pressure vessel (1) dis-
posed in a cavity (4) has coolant inlet or 
outlet pipes (9) extending through pas-
sages in the cavity walls (2) and welded 
to pressure vessel nozzles at 8. The 
cavity wall has means (6,10,12) for 
directing fluid away from a break at a 
weld 8 away from the pressure vessel, 
and means 11 for inhibiting flow of fluid 
toward the vessel. 
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SPECIFICATION 

Improved reactor cavity 

5 This invention relates to the design of the structures 
and equipment supporting and surrounding the 
upper portion of water cooled nuclear reactors. The 
accident analysis required by the Nuclear Regulatory 
Commission (NRC)on nuclear plant designs includes 

10 the LOCA (Loss of Coolant Accident). The LOCA is 
defined as an instantaneous, circumferential, guillo-
tine serverance of the main coolant loop piping at 
selected locations. The primary loop equipment 
must be designed to survive the LOCA from the 

15 standpoint to core cooling. Specifically, those com-
ponents which contribute to safety injection, control 
rod tripping and maintaining the mechanical con-
figuration of the core may not exceed "Faulted Stress 
Limits" as defined by the NRC and the ASME Code. 

20 One of the main coolant loop piping locations 
requiring LOCA consideration is the weld joint 
between the reactor vessel nozzle and the nozzle 
safe end. The nozzle safe end is a stainless steel ring 
welded to the carbon steel nozzle in the vessel shop. 

25 Its purpose is to preclude the necessity of perform-
ing a bi-metallic weld in the field when joining the 
main coolant piping to the reactor vessel nozzles. 
Consideration of a LOCA at the nozzle safe end 
location predicts a pressurization of the space be-

30 tween the reactorvessel and the primary shield in 
the vicinity of the nozzle which is assumed to fail. 
This pressurization of the reactor cavity causes an 
asymmetric loading against the reactorvessel and 
its support systems. This condition results in stres-

35 ses in the reactor vessel support shoes which could 
exceed the faulted stress limits. 

Consequently it is the principal object of the 
present invention to provide a reactor cavity 
arrangement which will reduce pressurization 

40 effects and resulting asymmetric forces on the 
reactorvessel during an accidental break. 

With this object in view the present invention 
resides in a nuclear reactor comprising: a reactor 
vessel for containing hot, pressurized fluid, and 

45 having inlet and outlet nozzles with inlet and outlet 
pipes welded thereon, said vessel being disposed in 
a cavity formed by a shield wall surrounding said 
vessel in spaced relationship, in the area of said inlet 
and outlet nozzles and pipes, said shield wall 

50 includes means for directing flow of fluid from a 
break of said welded nozzle connections outward 
away from said vessel and means for inhibiting flow 
of fluid toward said vessel. This arrangement serves 
to reduce the asymmetric loading on the reactor 

55 vessel resulting from asymmetric reactor cavity 
pressurization which follows a LOCA at one nozzle. 
As a result, during a pipe break effluent is directed 
awayfrom the reactorvessel by orificing the pipe-
break effluent toward the reactor vessel and provid-

60 ing open passages away from the reactorvessel. 
The invention will become more readily apparent 

from the following descriptions of a preferred embo-
diment thereof shown, by way of example only, in 
the accompanying drawings, wherein: 

65 Figure 7 is a plan view schematic of a prior art 

reactor cavity design; 
Figure 2 is a profile view schematic of a prior art 

reactor cavity desig n; 
Figure 3 is a plan view schematic of a new reactor 

70 cavity; 
Figure 4 is a profile view schematic of a new 

reactor cavity at the region of an inlet nozzle; 
Figured is a detail from Figure 4; 
Figure 6 is a profile view schematic of a new 

75 reactor cavity at the region of an outlet nozzle; and 
Figure 7is a detail from Figure 6. 
The present, prior art reactor cavity 4 arrangement 

is shown in Figures 1 and 2. Reactor vessel 1 is 
surrounded by a concrete, primary shield wall 2, 

80 contoured to closely follow the shape of reactor 
vessel 1. Primary shield 2 is penetrated by eight pipe 
sleeves 3 through which the main coolant pipes 9 
and nozzles are installed. There is only 5 cm. of 
clearance between pipe sleeve 3 and the outside of 

85 the pipe insulation 5. Primary shield 2 is also 
penetrated by eight (one shown) inservice inspec-
tion ports 6, one above each nozzle to provide access 
for inservice inspection. Each of these ports 6 is 
covered with a removable concrete plug 7. In the 

90 event of a LOCA occurring at the nozzle safe-end 
weld 8, pipe sleeve 3, inservice inspection port 6, and 
reactor cavity 4 would become pressurized as a 
result of the high energy water and steam escaping 
from the severed pipe 9. The escape route for the 

95 steam-water mixture is out through pipe sleeve 3 
and into the cavity 4 between shield wall 2 and 
reactorvessel 1. Eventually, the pressure surge 
resulting from this transient reaches an equilibrium 
condition in cavity 4. In the first second of the 

100 transient, however, a peak pressure as high as 70 
kg/cm2 can build up in the reactor cavity 4 adjacent 
to the nozzle containing the assumed pipe break. 
This pressure peak results in an asymmetric loading 
on the vessel 1 which can reach values as high as 

105 4,000,000 kg. of force. 

The new reactor cavity arrangement designed to 
solve the reactor cavity pressure problem is shown 
in Figures 3-7. This new reactor cavity arrangement 
differs from the present reactor cavity arrangement 

110 as follows: 
1. A 94 cm. wide annular service inspection space 

10 circumscribes the reactor vessel atthe nozzle 
elevation. 

2. The eight large inservice inspection ports 6 
115 above each nozzle are replaced by.eight 75 cm. 

diameter ports 6 located between each set of 
nozzles. No plugs 7 are provided to cover these ports 
6. 

3. The main coolant pipe sleeve 3 in primary shield 
120 2 is enlarged and changed in shape from a circle to 

an oblong cross-sectional shape. 
4. A 35 cm. thick radial shield wall 11 circums-

cribes reactorvessel 1 to protect inspection person-
nel during inservice inspection of the nozzle to 

125 safe-end welds inthe annular inspection space 10. 
5. Non-crushable insulation 5 replaces the stan-

dard insulation 5 atthe reactorvessel 1 nozzle 
location and over that portion of the main coolant 
pipe 9 which passes through pipe sleeve 3. 

130 6. Pipe restraints in the form of motion limiting 
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keys 12 are located in each enlarged pipe sleeve 3. 
In the event of a LOCA at the nozzle to safe-end 

weld 8, the broken end ofthe main coolant pipe 9 
will begin to displace from its normal position 

5 opening an area through which the high energy 70 
steam-water mixture will escape. After moving 
through the clearance provided in the pipe restraint, 
the pipe end will be stopped by the motion limiting 
restraints 12 minimizing the pipe opening area. The 

10 steam-water mixture will then escape into the inser- 75 
vice inspection space 10 and flow circumferentially 
around space 10 and upward through the open 
inservice inspection ports 6, and outward through 
the enlarged pipe sleeves 3. Flow in toward the 

15 vessel 1 is hampered by virtue ofthetightfitting gap 
between the radial 35 cm. shield wall 11 and the 
non-crushable nozzle insulation 5. 

The combination of limiting pipe break area, 
enhancing flow away from the vessel and inhibiting 

20 flow toward the vessel can reduce reactor cavity 4 
pressure by as much as a factor of 3 to 4 and 
subsequently reduce the asymmetric force on reac-
tor vessel 1 by a factor of 10. 

Several otherfeatures of this design are also 
25 noteworthy. (1) In orderto limit pipe break area, and 

limit effluent flow toward the vessel 1, special 
insulation is required in the pipe restraint and on the 
reactor vessel nozzle. A material with good thermal 
conductivity and superior crush strength is used for 

30 this application. (2) Leaving the inservice inspection 
ports 6 open to enhance effluent flow away from the 
pipe break increases radiation streaming during 
plant operation. Reducing the size of these ports to 
75 cm. and locating them between nozzles rather 

35 than just above them serves to suitably reduce these 
radiation streaming effects. (3) The enlarged oblong 
pipe sleeve 3 also provides an additional radiation 
streaming path. Locating the main coolant pipe 9 
toward the bottom ofthe sleeve 3 provides addition-

40 al shielding in the form ofthe water filled pipe 9 to 
alleviate this additional streaming problem. 

CLAIMS 

45 1. A nuclear reactor comprising a reactor vessel 
(1) for containing hot, pressurized fluid, said vessel 
having inlet and outlet nozzles with inlet and outlet 
pipes (9) welded thereon, said vessel (1) being 
disposed in a cavity (4) formed by a shield wail (2) 

50 surrounding said vessel (Din spaced relationship, 
characterized in that, in the area of said inlet and 
outlet nozzles and pipes (9), said shield wall (2) 
includes means (10,6) for directing flow of fluid from 
a break of said welded nozzle connections outward 

55 away from said vessel (1) and means (11) for 
inhibiting flow of fluid toward said vessel (1). 

2. A nuclear reactor according to claim 1, char-
acterized in that a pipe sleeve (3), vertically oblong in 
cross section, surrounds each of said inlet and outlet 

60 pipes (9) in said shield wall (2), said pipes (9) being 
disposed adjacent the lower area of said pipe sleeve 
(3). 

3. A nuclear reactor as claimed in claim 2, 
characterized in that said pipes (9) have restraints in 

65 the form of axial motion limiting keys (12) located 

within said oblong pipe sleeve (3). 
4. A nuclear reactor of claim 1,2 or 3, characterized 

in that a non-crushable type insulation is disposed 
around said pipes (9) in the sections of said pipes (9) 
within said sleeve (3). 

5. A reactor according to any of claims 1-4, 
characterized in that said means for directing flow 
away from said vessel comprises a wide annular 
space (10) surrounding said vessel (1) within said 
shield wall (2) at the elevation of said inletand outlet 
pipes (9) with open inspection ports (6) extending 
through the shield wail (2) to said annular space (1)). 

6. A reactor according to any of claims 1-5, 
characterized in that said means for directing flow of 
fluid away from said vessel comprises a wide space, 
between said pipe (9) and said pipe sleeve (3). 

7. A reactor according to claim 5 or 6, characte-
rized in that, said means for inhibiting flow toward 
said vessel (1) comprises a shield wall (11) having 
sections closely surrounding said vessel (1) and 
particularly said pipes (9) and nozzles between said 
vessel (1) and said annular space (10) so as to 
provide a narrow gap for limiting flow from said 
annular space (10) to said reactor cavity (4). 
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