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NUCLEAR ELECTRIC G.S. THCHNICAL TRAINING COURSE

5 = NPD Systems

3 - Reactor Boiler & Auxiliaries
1 - Reactor

N - General

INTRODUCTION

This lesson will deal with the physical components of the

reactor only. The theory of operation of the reactor will be
covered in other lessons.

INFORMATION
1,0 General

1.1,

The design of the NPD reactor in general embodles the
following features:

l. A horizontal cylindrical construction.

2. 4n unpressurized heavy water moderator.

3. A pressurized heavy water coolant.

4. Unpressurized, aluminum calandria tubes.

5. Pressurized, reactor coolant tube of zirconium
alloy.

6. On-power refuelling from opposite ends of fuel
channels.

There are a total of 132 fuel channels. Each fuel
channel constitutes a lattice positicn. The fuel channels
are spaced on a square lattice having a pitch of 10%+ inches,
that is the distance from the center of one channel to the
other,

The fully loaded reactor weighs approximately 200 tons.

Calandria

The calandria is a complex structure whose basic
functions are to contain the moderator and reflector liquids
and to serve as the structural form for the whole reactor.

The calandria is a horizontal cylindrical aluminum
alloy vessel with double side and end walls. It contains
the heavy water moderator and reflector within the inner
walls, and the light-water reflector and shield between the
inner and outer walls.
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The calandria is ypenetrated axially by 132 aluminum
calandria tubes. The pressurized coolant tubes are centrally
located within the calandria tubes.

The calandria is prov.ded with a dump port on its
lowver side which provides a minimum area of 20 square feet
for rapid removal of heavy water from the calandria. The
port orrangement also provides the gas lic¢rid interface
which supports the heavy water moderator.

The calandriz is located in the reactor vault, Room
203. It is positioned such that its axial centerline is in a
east-west direction.

The total weight of the full” loaded calandria is
supported by hanging the calandria structure from four 3%
inch diameter steel rods. The rods are 13 feet long. The
rods are carried from four steel columns anchored to the
walls and floor of the reactor vauvlt. The support rods
are fastened to the calandria in such a manner that the
North-East corner of the calandria is rigid but the other
three corners of the structure are free to move at the
support plates where the support rods are fastened. This
was done to allow thermal expansion of the reactor components
during operation.

The outside diameter of the calandria is 17 feet, but

including the dump assembly it is 19 feet.
The length from end fitting to end fitting is 15 feet.

1.1.1 Side Walls

The ouvter side wall of the calandria is made of ¥ inch
aluminum plate. It forms the outer wall of the light water
reflector annulus and forams the main structural component
of the reactor core assenbly. Heat is generated in the
outer side wall by radiation. This heat is removed by the
lizht water reflecctor and the vault ventilation systeil.

The inner side wall of the calandria is made 1" alumi-
num plate. It forms the boundary between the light water
reflector ancd the heavy water moderator. The vessel formed by

the inner side wall has & maximum diameter of aprproximately
15 feet tapering to a minimum diameter of 12 feet at each
end giving it & berrel-like shape. This was done to reduce
the volume of heavy water moderator-reflector recuired.
The inner side wall is cooled by contact with the moderator
and ligzht water reflector.
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A number of stififening rings are tsed between the
inner and ouvter walls to give rigidity to the calandria
structure. The rings have holes in them to perimit cross
circulation of reflector water.

l.1.2 Ind Walls

The outer end walls of the calandria are made of
2 inch thick aluminum plate. While the inner end walls
are of + inch aluminum plate. The end walls serve .as t.be
sheets into which the calandria tubes are rolled. The
outer end walls form the main radial structural components
of the calandria and also support the coolant tube assemblies.
There are 132 reflector end tubes which span the one foot
space between the outer and inner end walls. These end tubes
serve as a penetration through the end walls at each fuel
site; See Figure 1.
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Figure I

The ring boss shown on the section of reflector end
tube serves as a seat against which the calandria tube is
rolled in. The reflector end tubes, in this meanner, serve
as su worts for the thin inner end wvall, transferring
stresses back to tne heavy ouvter end wall,
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1.1.3 Calandria Tubes

Spanning the length of the calandria betveen the inner
end walls are one hundred and thirty two 4 inch aluminum
calandria tubes. The ends of the tubes are rolled into
the reflector end tubes. Rolled joints were chosen so that
they could be more easily removed and replaced by remote main-
tenance methods.,

The net result of the calandria and end reflector
stepped-tube installation 1s the provision of one hundred
and thirty-twvo horizontal holes commpletely through the
calandria. The coolant tubes are located within these
holes and are centralised within the calandria tubes by
internal annular spacers at the centre of each tube. An
air space is provided between the coolant tube and the calan=-
dria tube to insulate the moderator from the hot coolant.

1.1l.4% Coolant Tube asseubly

The purrose of the coolant tube assembly is:

(a) To support the fuel in the correct position within
the lattice arrangement.

(b) To contain the pressurized heavy-water coolant.

(¢) To provide access for fuel changing.

(d) To provide means of adjusting the coolant flow.

The main counonents of the coolant tube assembly are:

(a) The coolant tube of zircaloy, 13 feet 9 inches long
having an ID of 3+ inches.

(b) The stainless steel enc fitting.

(¢) The end fitting support and clamping block.

The end fitting supports are clamped to the reactor
ovter end wall with the claining blocks. The end fittings
are then mounted in the end fitting supports and the cool-
ant tubes rolled into the end fittings.

The coolant tube assemblies are fired at the East end
of the reactor but are allowed to expand towvard the West as
the temperature is increased. The coolant tube is supported
centrally within the calandria tube by means of the end
fittings at -ach end and at its centrepoint by means of
a garter sming spacer that fills the gap between the cool-
ant and calandria tubes. An air s ace is thus provided
between the coolant tube and the calandria tube.
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Interchangeable flow orifices are inserted in each
end fitting providing means of adjusting the coolant flows.

1.1.5 Dump arrangement

The dump arrangemment provides tihe heavy-water to
Helium interface to support the moderator within the calan-
dria. It also provides a large onening, 20 scuare feet,
for rapid dumping of the moderator to the dump tank in the
event of a reactor trip.

The dump slot assembly is contained within the dis-
tension along the lower side of the calandria. The configu-
ration was designed to minimize as much as possible, the
amount of heavy water fold-up.

The duvmp assembly consists of an inner section which
is built up of a number of ribs covered with a wrapper of
3/8" aluminum,

The inner section is surrounded by an outer wrapper which
is spaced out from it by a number of outer ribs.

Figure 2 represents the dump assembly.
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1.1.6 Vessel Penetrations

A number of calandria vessel penetrations are made to
facilitate reactor control.

Plcase refer to Figures 3 (a), 3 (b), and 4 at the end
of the lesson.
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1.1.6.3,
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Light Water Connections

Light water enters the reflector vessel through
three horizontal inlet headers which run the full
length of the calandria. The 1light water reflector
leaves the reflector volume through two horizontal
outlet headers which run along the top of the
calandria for its full length.

Heavy Water Connections

Heavy water is admitted to the moderator
vessel through two inlet pipes in the bottom of the
calandria. Heavy water beyond the requirements of
moderator level is spilled over the dump slot weir
and returned to the dump tank,

Heavy water 1s also admitted at the top of
the calandria by six pipe headers called spray
headers. They are shaped to conform to the barrel
shape of the inner side wall. The spray headers
provide spray cooling to the calandria tubes when
they are not immersed in moderator water.

The booster rod tube enters the side of the
calandria mid-way up on the circumference and
extends through to the opposite inner side wall.
Heavy water enters the calandria continually through
this tube.

Miscellanecous Connections

A 16 inch helium gas balance line is located
on the vertical center line of the calandria. This
pipe extends into the inner moderator vessel, pass-
ing through the reflector. It enters at the top
of the calandrie.

During startup experiients a vertical access
tube was provided. The tube is a long thimble
inserted on the vertical centerline of the calan-
dria near its center, and extends down the full
diameter of the calandria.
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This tube allowed an ilon chamber to be inserted direct-
ly into the reactor core. The residual neutron flux is
now adecuate and the access tube has been capped.

Neutron windows are required to allow thermal
neutrons to e_cape from the core for power measurement
purposes. The neutron windows consists of three
reentrant cans pecnetrating the outer and inner side
walls at three points below the horizontal centerline
of the calandria.

Two instrument connections are reguired to measure
the height of heavy water moderator-reflector in the
inner vessel. Both instrument connections go through the
inner and outer side walls.

July 1963 (R-1) -7 -



T.T. 4-5.310

(q) € *3t4 (e) € °314
1IN HOLvy3OON $3did dwng L3N MO17343Y
HIIVM LHO)
+ é ﬁ « » - 3did dWNa
. — = iz ¥0123143y / Ly0d
H3lVM LHO - dWno
HOLOTSIY T
- > HILVM AAVIH =3 R,
I ~ e e ® AN — 3QV4YIIN|
o T — T Aawassy \\o ce e o o, Sv9-ainon
I e 5 , 38NL LNVI1000 , \
I : : TEREE oo 0
> _ : EEE X LICIC I
? : : TR EE oo .
T ee o000 s0 e !
i ﬂ o 1 3
= . = O ) oo o N
L : : EEEX oo 38nL
T : _ N s3any EEERX oo e / ¥315008
A ealmm— VISONYIVO o000 0 XX
1 { [} W N /
L _ _ I} Tvm 30iS H3NNI e 600 2o HOLYY3IOOW
, L TIvM 30IS ¥ILN0 Lo e e o "/ / uilum aAvau
o1 v VIHANYVIVY ~3 i
NN
s =5 A
s v 1\\\ -—— TIVM ON3 N3NNI
’ = 1 lym ON3 N3INO 378VIHVA
a ) VINANY VO 13A37
: HOLVHIAON
e, J
HO193143Y
73A37 HOLVHICON ¥31VM LHOIT
13110
3NIT 3ONVIVE TRERPED
VO N3N HAIVM LHOI



TcTo l&-5 -310

7 Sdnd1d

AVRY-10D YOLIVIY Z-0dN

L

P / 7 e
/ ! N
/ N
:
p

o oL awe

e
N0 008 HiLsoes s

UWR e
o SO0 =

s ey

7S
9

7
T

S

08 WS~ e

N

wame T~ P

e
AN
/ ‘ .
2 .
//. N

IBUS 00 Wi —

I
'
-
B
g
g

=
/.“/

i/l

\
o7
4

Y
hY
3
‘t\\
-
<
2

o .
7
/ @ N
EN AL
i W
5 Y4

Ly
3

7

t%.

|

N IMVIVE AR WS fiNman 0OGH Buse



