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(54) Calandria 

(57) Acalandriafor use in conducting the hot coolant of a nuclear reactortransversely from the core area to the vessel 
outlets andfor guiding and protecting the control rod drive shafts wherein an upper plate (13) and a lower plate (15) are 
enclosed in a shell (31) which extends above the upper plate (13) and has a supporting flange (39). Tubes (17) extend 
between the upper and lower plates (13) and (15) forthe reception of control rod drive shafts. The lower plate (15) has 
flow holes (25)fortransmitting coolant into the region between the plates, and the shell has openings (46) in alignment 

. with the outlet nozzles ofthe reactor. 
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SPECIFICATION 

Calandria 

5 This invention relates to pressurized water nuclear 
reactors and has particular relationship to control rod 
drive shaft supports in the uppersection of nuclear 
reactors. Coolantflowing through the upper internals 
of a reactor is conducted to the outlet nozzles through 

10 such special guide and rod drive support structure 
(calandria) which isarranged atthe level ofthe coolant 
outlet nozzles. 

It is the principal object ofthe present invention to 
provide such calandrea which is easily installed and 

15 assures proper reactor operation while keeping con-
struction costs at reasonably low levels. 

With this object in view, the present invention 
resides in a calandria for supporting and guiding 
control rod drive shafts and conducting transverse 

20 flow of coolant in a pressurized water nuclear reactor, 
including an upper support plate, a lower support 
plate and, a plurality of hollow members supported 
between, and in openings of, said plates, wherein a 
shell is interposed between said plates enclosing said 

25 hollow members, said lower plate having openings 
between said hollow members permitting the inflow 
of coolanttothe region bounded by said plates and 
said shell, and said shell having openings forthe 
outflow of said coolant from the region bounded by 

30 said plates and said shell. 
Such calandria is a unit readily instal led in, and 

removable from, the nuclear reactor. The calandria 
preferably includes facilitiesforlocating and position-
ing the control-rod guides attheir upper ends radially 

35 with respectto the reactor. It provides guidance forthe 
drive shafts ofthe control rods between the top ofthe 
rod guidesand the head ofthe pressure vessel ofthe 
reactor and facilitates the insertion ofthe drive shafts 
into the guides. It protects the drive shafts from the 

40 transverse flow ofthe coolantand provides structural 
supportforthe drive line during a loss-of-coolant 
accident (LOCA) thereby insuring that the control rods 
will be capable of being inserted in the core during 
LOCA events. 

45 The hollow members are preferably composed of 
stainless steel and dimensioned so thatthey have a 
mass, stiffness and strength, not only to preclude their 
failure by reason of thetransverseflow ofthe coolant, 
but also on the occurrence of a LOCA eventto preclude 

50 failure of deformation ofthe drive shafts underthe 
high pressures ofthe resulting large steam and water 
flow.Theshell preferably has a mounting flange atthe 
top and openingsformed therein in alignment with 
the vessel outlet nozzels. 

55 The invention will become more readily apparent 
from the following description, of a preferred embodi-
mentthereofshown,bywayof exa mpleonly,inthe 
accompanying drawings, in which: 

Fig. 1 isa view in perspective of a calandria in 
60 accordance with this invention; 

Fig. 2 is a fragmental plan view of this calandria 
taken in the direction ll-ll of Fig. 1; 

Fig. 3 is afragmental plan view of this calandria 
taken in the direction Ill-Ill of Fig.1; 

65 Fig. 4 is a fragmental view in longitudinal section of 

this calandria and of a part of a pressure vessel to 
which it is joined; and 

Figs. 5and6 are fragmental views in longitudinal 
section showing modifications of this invention. 

70 The apparatus shown in the drawings is a calandria 
11 including an upper supporting plate 13 and a lower 
supporting plate 15.The plates 13 and 15support 
hollow members 17, typically hollow tubes, which 
extend between coaxial holes in the plates. Each hole 

75 is countersunk in the upper surface ofthe plate 13 at 19 
(Fig. 4) and each member 17 is joined by a weld 21 
along the inner rim ofthecountersunkgroove. The 
holes in the lower plate 15are threaded and the lower 
end 23 of each member 17 is screwed into a hole in the 

80 lower plates. The lower plate 15 hastwosetsof 
additional holes, large racetrack-shaped holes 25 and 
smaller circular holes 26. In its customary use the 
calandria 11 is mounted on the upper internals of a 
reactor 27 (Fig. 4), as disclosed in Veronesi et al and is 

85 aligned with the upper internals (not shown) and 
serves as upper supportforthe control-rod guides. 
The racetrack-shaped holes 25 serve to transmit the 
coolantfrom the upper internals into the calandria 11 
and the smaller holes 26 are engaged by alignment 

90 pins (not shown) to align the control-rod guides. 
The plates 13 and 15 and the hollow members 17 are 

enclosed in a shell 31. Atypical such shell 31, which is 
of composite structure, is shown in Fig. 4. This shell 31 
includes a narrow cylindrical strip 33 and a wider 

95 cylindrical strip 35. The narrow strip 33 is welded to 
the upper plate 13 at one end and to the wider strip 35 
at the opposite end. The wider strip is joined to the 
bottom ofthe lower plate 15 at its opposite end. Above 
the plate 13 the shell 31 includes a cylindrical strip 37 

100 and a flange 39 having a projecting ring 41. The strip 
37 is welded to the ring 41 at one end to the top ofthe 
plate 13 at the opposite end. The under strip 35 has 
holes 43forconducting coolant to theoutlet nozzles 45 
ofthe reactor 27 in which the calandria is installed. The 

105 boundaries 46 ofthe holes are formed to mate with the 
boundaries 48 ofthe holes in the inner barrel 47 which 
in turn are formed to mate with the runs 50 ofthe 
nozzles 45 so that by-pass leakage from the inlet 
nozzles directly through the outlet nozzles is mini-

110 mized. 
In the reactor the calandria 11 is mounted with its 

flange 39 seated on theflange 45 ofthe inner barrel 47 
ofthe reactor (Fig. 4). The flange 39 is provided with 
key ways 51 (Figs. 1,3) for keys (notshown) extending 

115 from the body 53 ofthe reactor 27. The flange 39 is also 
provided with rectangular slots 55 (Fig. 3). Keys (not 
shown) projecting fromflange45engagetheseslots. 
Sothatthecalandria maybe appropriately centered, 
shims (notshown) are bolted adjacenttheslots 55. 

120 The flange 39 is also provided with holes 57 around its 
periphery. Coolantfrom the downcomer58 which 
penetrates through openings in the inner barrel flange 
45 isconductedthrough these holes.This coolant 
circulates from the holes 57 onto plate 13 and thence 

125 through the spaces between the hollow members 17 
and the drive rods 59, which pass through these 
hollow members 17. 

The calandria 11 is mounted and centered on the 
reactor 27 as a separate unit. It is readily removable 

130 affording accessto the guides and clusters (not 
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shown) ofthe reactor. 
Typically each hollow member 17 has an outside 

diameter of 9 cm, an inside diameter of 5.7 cm and a 
length of 125 cm. The diameter of a drive rod 59 is 4.5 

5 cm. The pitch ofthe members 17 is 25 cm. Each hole 25 
has opposite parallel sides 5 cm long, spaced 10 cm 
apart, each setterminating attheir ends in a semi-
circular section having a radius of 5 cm. The overall 
dimension ofthe holes is 15 cm along thecenter line 

10 between the circumferences ofthe semi-circular 
sections by 10 cm wide. Each alignment hole 26 has a 
diameter of 2.85cm. 

The 125 cm long members 17 provide effective 
guidance forthe drive rods between the top ofthe 

15 control-rod guide and the head 61 ofthe vessel and 
theyfaciiitatetheinsertion ofthe drive rods into the 
guideswhere the control rods are moving downward-
ly. The drive rods 59are protected from transverse 
flow by the members 17.The calandria 11 and 

20 particularly the members 17 provide structural sup-
port for the drive rods which is especially important 
during a loss-of-coolant accident where there is a 
large breakin the piping. In this case steam and water 
of high velocity are projected outwardly towards the 

25 outlet nozzle 46 ofthe reactor 27 which would tend to 
deform the drive rods just when the RCC'sareto be 
inserted into the core. The drive rods are protected 
from deformation and rupture by the members 17. 

The most significantfunction which the calandria 11 
30 performs when itis integrated into a reactoras 

described isthat it directs the core outlet f lowfrom the 
rod-guide region to the outlet 45 with a minimum of 
pressure loss. The pitch-to-cross sectional dimension 
ofthe members 17 (pitch to outer diameters where the 

35 members 17 are tubes) is high, typically 10/3.5 or2.85, 
and this high ratio contributesto maintenance of low 
pressure drop. The size ofthe racetrack holes 25 is 
selected so as to produce nearly uniform core outlet 
flow into the calandria 11. The calandria performs a 

40 flow-control function and thus prevents major core-
flow maldistribution and excessive transverse flow. 
The calandria also aids in maintaining the tempera-
ture ofthe region ofthe head 61 ofthe reactorator 
nearthetemperature ofthe inflowing cold coolant. 

45 The'calandria 11 isolates the main core outlet flow 
from the region ofthe head. This, combined with the 
small head-coolingflowfromthedowncomer which 
enters through the holes 57 in theflange 39, maintains 
the head region at core inlet temperature. This 

50 head-coolingflowexitsthroughtheannulus passages 
in the members 17 between the drive rods 59 and the 
innersurfacesofthehollowmembers.Thecalandria 
then provides a controlled outlet flow path for the 
head-cooling flow. 

55 While preferred embodiments of this invention 
have been disclosed herein, many modifications 
thereof are feasible. For example, the flange ofthe 
calandria may be formed to be bolted to theflange 45 
ofthe inner barrel 47 and the members 17 may be 

60 weldedtothe!owerplate15aswellastotheupper 
plate 13. Also a calandria 71 (Fig. 5) may be provided in 
which theflange 73 extends from the upper support-
ing plate 75. This calandria 71 may be of lower cost 
than the calandria 11 shown in Fig. 4. A calandria 81 

65 may also be provided in which there are funnels 83 

above the upper plate 85 to aid the insertion of the 
drive rods 59. In this case the funnels 83 are separate 
units. The hollow members 87 are welded to the top of 
the plate 85. Then the funnels 83 are wilded to the joint 

70 89 ofthe hollow member and the plate. The joining of 
thehollowmembers87totheplate85isthus 
facilitated. This invention is not to be restricted except 
insofar as is necessitated by the spirit ofthe prior art. 
CLAIMS 

75 1. Acalandriaforsupportingandguidingcontrol 
rod drive shafts and conducting transverse flow of 
coolant in a pressurized water nuclear reactor, includ-
ing an upper support plate (13), a lower support plate 
(15) and a plurality of hollow members (17) supported 

80 between, and in openings of, said plates (13,15), 
characterized in that a shell (31) is interposed between 
said plates (13,15) enclosing said hollow members 
(17), said lower plate(15) having openings (25) 
between said hollow members (17) permitting the 

85 inflow of coolantto the region bounded by said plates 
(13,15) and said shell (31), and said shell (31) has 
openings (46) for the outflow of said coolant from the 
region bounded by said plates (13,15) and said shell 
(31). 

90 2. A calandria according to claim ^characterized 
inthatthesheli (31) extends above the upper plate (13) 
and includes a mounting flange (39) said mounting 
flange (39) having circumferentially spacedflow holes 
(57)to permitflowof coolanttherethrough. 

95 3. A calandria according to claim 2, characterized 
in that theflange (39) has the key ways (51) for 
receiving keys for locating the calandria relative to the 
vessel of the reactor. 

4. Acalandriaaccordingtoc!aims1,2or3, 
100 characterized in thatthe openings (46) in the shell (31) 

for the outflow of coolant are in alignment with the 
reactor vessel outlet nozzles. 

5. A calandria according to any of claims 1 to 4, 
characterized in thatthe mass, the stiffness and the 

105 strength ofthe hollow members are so selected that 
they are not subject to vibration under the transverse 
flow ofthe coolant at a high velocity. 

6. Acalandria accordingto any of claims 1 to 5, 
characterized in thatthe spacing ofthe hollow 

110 members (23) relative to their cross sectional area is 
such as to permit transverseflow ofthe coolant 
withoutsubstantial pressure losses. 

7. Acalandria accordingto any of claims 1to6, 
characterized in that said openings (25) in the lower 

115 plate (15) are oblong and arranged in alignment 
between adjacent rows of tubes with circular holes 
being disposed atthe intersections of rows of oblong 
holes. 
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