Reactor Boller and Auxiliaries - Course 133

REACTOR CONSTRUCTION

As was seen, in the previous lesson, there are many different
concepts for power reactors involving different combinatlons of
fuel arrangements, core arrangements, moderators and heat trans-
port flulds, Consequently there are many possible variations in
design and construction of power reactors, Some of the assoclated
problems may be common to more than one conecept. Other problems
may be specific to a particular type of reactor. The major pro-
blems will be dilscussed In this lesson, particularly those in-
volving the cholce of reactor structural materials,

Reactor Components

It has already been sald that the basic function of a reactor
is toreontain the required combination of fissile material. (or
fuel) and moderator to sustain a chain reactlion, A further -ebs...
jective is to obtaln the maximum burn-up possible from tie-fuel
and a third objective is to transport the heat from the fuel in
ag useful a form as possible, (1.e. at as high a temperature
as possible, }

The principal components that may be required to fuifill
these functions or obJjectlives are:-

a, Fuel which includes the fisslle material and fertile or
alloying materials that may cause dilution of the fissile

material,

b. TPFuel cladding or sheaths 1f the fuel is solld, the main
purposes of which are to prevent dispersion of fuel throughout
the heat transport system, to prevent release of fisslon
products which would contaminate the system and to prevent
a possible chemical reaction between the heat transport fluid

and the fuel materlal.

c. Heat transport fluld to transport the heat from the fuel.

d., Fuel channels or tubes to position the fuel in the reactor,
and so simplify fuel changing, and to direct the heat trans-
port fluid over the fuel,
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e. The mederator, in a thermal reactor, to thermalize the
fission neutron.

f. The reactor vessel to contaln or position any or all of the
above components.

g. Reactivity mechanisms used to vary the excess reactivity in
the reactor eifther for power regulation, to compensate
for reactivity changes or to shutdown the reactor,.

h. A reflector to reduce neutron leakage which may also be a
blanket used for breeding.

It may be necessary to provide some means of thermally
insulating the moderator from the heat transport fluld., The
reactor vessel may also contalin structural material to strenghthen
the vessel 1tselfl, to support the moderator and reflector or to
gulde the reactivity mechanism. A thermal shleld may be located
inside the reactor vessel to reduce heat generatlon in the vessel.

The components such as the fuel, fuel cladding, heat trans-
port fluld, moderator, reactivity mechanisms and reflector will
be dlscussed In later lessons, In this lesson the discusslons wlll
be confined to reactor and reactor vessel structural components,

Struetural Material Regulrements.

The requirements of a reactor structural material will vary
to some extent, wilth the type of reactor and with 1ts specifilc
purpcse in the reactor. In particular 1t wlll depend on whether
or not the material is Inside the reactor core, The reactor core
may be defined as the reglon, wlthin the reactor vessel which
contributes directly to the production of energy and the removal
of the energy from the fuel., It will, therefore, lnclude all
materials or components, such as fuel, cladding, heat transport
fluld, fuel channels and moderator, up to the outer boundaries
of the moderator or within the reflector, i.e. in the reglon
where neutron conservation or economy 1s a2 primary conslderation.

Structural material requilrements may, however, be stated
as follows:

(a) They must have small neutron capture cross-sections, parti-
cularly in the core region. This reduces neutron capture
in materials other than fuel and increases the thermal utlill-
zation factor, f. It also reduces the factor w and, thereby,
increases the conversion factor or breeding ratio. The fol-
lowing table lists the thermal neutron absorption cross-
sections, ¢, in structural materials or elements to be found
in structural materials,



133010—4

Material o, (barns) Material o, (barns)
Magnesium 0.069 Inconnel ~ 4.1
Zirconium 0.185 Monel ~ 4.2
Aluminum 0.24 Nickel 4.6
Aluminum (23) ~ 0.26 Vanadium 5.0
Aluminum {38) .. 0.36 | __ Titandum _ __ _ 5.8 ___

L Tin . _ 0,6 Manganese 13.2
Niobium 1.2 Tungsten 19.2
Molybdenum 2.7 Tantalum 21.3
Iron 2.6 Cobalt 37.0
Chromium 3.1 Hafnium 105
Stalnless Steel ~ 3.1
Copper 3.8

The materials above the [lrst dotted line have absorptlion
cross-sections below 1 barn and they, or their alloys, could be
considered for use in a thermal natural uranium reactor. The
group below the second dotted line have cross-sections 1n excess
of' 10 barns and could not, in general, be considered as core
structural materials in a thermal reactor. The materlials with
intermediate cross-sectlions might be used in a thermal reactor
using enriched fuel.

The absorptlion c¢ross-sections for fast neutrons are substan-
tially smaller than for thermal neutrons e,g. 95 = 0,006 for iron
at 1 Mev, Also the quantity of flsslle material, relative to
structural material, in a fast reactor ls much greater than in a
thermal reactor. Therefore, the neutron utllization factor tends
to be higher, As a result, structural materlal, which could not
be considered 1n a thermal system, can be used in a fast reactor.
Other material properties are then more important and stainlesas
steels, niobium, molybdenum, tantalum and tungsten would appear
attractive, the latter two because of their high melting points,

There is, of course, a much wider choice of materials for
structural components outside the reactor core, since neutron
absorption crogs-section 1is no longer important.

(v) They must be able to resist radiation damage effects,
Absorptlon of radlatlion and scattering of neutrons in mate-
rlals causes changes 1n the physleal propertles of the mate-
rial. Changes in strength, ductility and thermal conductlvity
occeur inmetals. Organic materials may have their essentlal
properties drastically changed.

This resistance to radlation damage 1s particularly
important in the reactor core because of the higher radiation
intensities but radlation damage, particularly decrease in
strength, may be serious in the reactor vessel itselfl,
Because of the adverse effects of intense nuclear radlation
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on most organic materilals, reactor structural components are
predominantly metallic in construction,

(¢) They should not become radicactive as & result of neutron
capture or, 1f they do become radlocactive, the radicactive
nucleus should have a short half-life and, preferably,
emlt no gammna radiation, Corroslion or erosion c¢auses small
guantitlies of structural material to be cireulated around
the moderator and heat transport systems, I these corrosion
products become radloactive as they circulate through the
reactor and gamma ray emitters result, then the equipment
assoclated with these systems will not be accesslible during
reactor operation, Shielding will be required to protect
personnel from the radiatlion emitted, The radloactive
corroaion products may well plate out on plpes, pumps and
other equipment and the presence of long half-life nuclei
would cause serious maintenance problems. The radloactive
nuclel that would present the most serlous problems are
those given in the followlng table:-

Nucleus |Cr-51| Mn-56 | Fe-59 [Co-60 | Zn-65| Zr-95| Mo-99| Ta-182

t3 284 2.6h | 454 5.3y | 2504 634 6Th 1224

(Mev)
¥ energy | 0.32} 2,1 1.3 1.3 1.1 0.75] 0.78] 1.1

(d) Their mechanical propertles, such as tensile strength, impact
strength and rupture stress, must be adequate for the opera-
ting condltions. The reactor vesgsel and its internal compo-
nents constitute a mechanical structure which must support
itself under elevated temperature and possibly under elevated
pressures,

(e) They must be able to maintain stability under severe thermal
streas. Conslderable internal heating of reactor components
may occur as a result of radiatlon absorption or slowing
down of fast neutrona. The removal of heat from the exterior
of such components results in high temperature gradients
wilthin the material. Thermal stresses may be particularly
severe during reactor startup, power changes or reactor shut-
down.

(f) They should have high thermal conductivity so that there 1is
efficient transfer of the heat generated in the components.

(g) They must have good corrosion resistance so that thef¥ are
not chemically atfacked by the moderator or heat transport
fluid.

(h) The coefficlent of thermal expansion must be low or well
matched to that of other materlals.
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(1) They should have good fabrication characteristics,

(J) They should be readlly avallable in pure form. Small
amounts of Impurities could cause large increases Iin the
neutron absorption cross-section and impailr the ductility.

(k) The cost should be reasonable,

Properties of Possible Structural Materials

From a conslderation of absorptlon cross-section only
Magnesium, Aluminum, Tin and Zirconium are attractive as possible
materials 1n a thermal natural uranium reactor. Tin must be re-
Jeeted, as a structural material, because of other considerations,
Magnesium is too reactive chemically although its alloy, Magnox,
15 used as cladding material in reactors using CO, as heat
transport fluid,

If enrichment can be tolerated then the most attractive mate-
rials are the iron and steel alloys, malnly because of cost.
Many other materials can be considered for high temperatures
particularly in fast reactors.

The most common materlals, Aluminum, Zireconlum and steel,
will be conslidered in detalls and brief reference will be made
to some of the other possibilities,

(a) Aluminum and its Alloys

Aluminum has a low thermal neutron capture cross-~section.
In addition it 1s relatively cheap and easily produced and fa-
bricated., It 1s relatively easlily rivetted, welded, forged and
machined and cast shapes can be produced 1f proper care 1s taken
to prevent porosity. It hasg good corroslon resistance at low
temperatures but this resistance decreases even at moderately
elevated temperatures. It 1s particularly susceptible to galvanic
corrosion and pittingilf small particles of foreign materlial are
present., So care must be taken to keep aluminum surfaces free
from other metals, partlieularly copper.

The pH of water in contact with the metal must be carefully
controlled between 5.5 and 7.0, since 1t 1s subject to acidic and
basiec corroslon.

The thermal conductivity of aluminum is particularly good
(around 121 Bgu/hr-ft-OF). Its coefficient o? linear exgaﬁsion
is 14.8 x 107° per °F between 20°C and 400°C, It has moderate
mechanical strength (13000 psi with 30 - 35% elongation) and
iSZégFHOt subject to appreciable radiation damage. It melts at



133.10-4

Both the mechanlcal strength and the corrosion resilstance
can be substantially improved by alloying with sllicon, lron
manganese ete, The addition of copper, however, reduces the
corrosion resistance. Most aluminum alloys suffer severe reduc-
tion in tensile strength at temperatures as low as 400°F. There
is therefore a temperature limitation on the use of aluminum or
its alloys.

(b) Zirconium and its Alloys

Zirconium has a unigue combination of properties which
makes 1t a useful metal in reactor constructlion. In the pure
state it has a thermal neutron absorption cross-gection of only
0.185 barns which 1s even lower than that of aluminum, It
occurs with hafnlum in nature and 1t has similar properties to
hafnium. This makes the removal of the hafnlum difficult and
expensive and it is imperative that it be removed slnce it has
an absorptlon cross-section of 105 barns.

The melting point of Zirconium is 3355°F.its thermal conduc-
tivity is around 12 Btu/hr-ft<-°F (about one-tenth of that of
aluminum )} and 1ts coefficient of linear expansion about 3 x 10~
per °F. It has good structural properties compared with aluminum
(50,000 - 60,000 psi tensile strength with 24 - 30% elongation}).
As a pure metal it is ductile and easlly fabricated,

Annealed Zirconlum 1is significantly affected by neutron
irradiation the yield and tenslle strengths belng increased about
10,000 psi. Cold-worked zirconlum, however, 1s not signiflicantly
affected. The strength of zirconium decreases rapldly with tempera-
ture but it 1s still greater than that of aluminum,

Alloys of zirconlum are generally used in reactors but the
alloying elements have to be carefully chosen so as not to in-
erease the neutron absorption cross-gsection. Thus, fThe addltion
of nlckel, iron or chromium would greatly diminish the usefulness
of zirconlum as a reactor material, Tin, which has a small
absorption cross-section, could be used as an alloying element,
Alloys of zirconium, such as zircalloy-2, 3Z1 and zircalloy-4,
have better room-temperature and eilevated-temperature strength
than pure zirconium, These alloys are much superlor to aluminum
in the intermediate temperature range but do not have sufficient
strength for operatlon at high temperatures. For instance, at
900°F, the creep strength of zirconium alloys is only one-fifth
of that of stalnless steels,

Pure zirconium has outstanding corrosion resistance to high
temperature water and steam. Zirconlum suffers less attack in wa-
ter at LOO°F than stainless steel. It also has good resistance
to liquid sodium up to 1100°F. Small amounts of Impurities can
seriously impair its corrosion resistance to hlgh temperature water,
nitrogen, oxygen and carbon being partlcularly harmful, Fortunate-
1y, alloying elements such as tantalum, nloblum and tin, offset
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the detrimental effects of nitrogen, carbon and oxygen and im-
prove the corrosion resistance.

Although Zircalloy-2, has excellent corrosion resistance,
one problem, associated with it, occurs as a vesult of its re-
tention of hydrogen. The hydrogen forms a brittle hydride which
precipitates, during cooling from O600°F, in the form of thin
plates, The plates cause brittleness and the whole eflect is
known as hydrogen embrittlement. Thus the effect of the hydro-
gen absorption is not noticed except at lower temperatures,
Consequently there are restrictions on fuel changing at low
temperatures. Another alloy, Zircalloy-4, has been developed
in which nickel has been eliminated in an attempt to prevent
hydrogen embrittlement,

Another problem recently encountered with the zircalloys
is the accelerated creep rate velieved to occur in high fast
neutron fluxes. A new zirconium-niobium alloy has now been
developed which, it is hoped, will not be subject to this accel-
erated creep. The pressure tubes of the Gentilly reactor will
be made of this material.

The main disadvantages of using zirconium alloys are the

high costs involved and the temperature limitations. These
materials cannot be used above 750°F (4L00°C).

(¢} Carbon Steels

Carbon steel is an lmportant reactor material for use in
pressure vessels and other components where corroslon resistance
and low neutron absorption are not important, but where an abllity
to withstand thermal stresses l1s deslrable, Where some corrosion
resistance may be required, the vessel may be clad on the inside with
a protective layer such ag of stalnless steel,

Steels for thick-walled pressure vessels could be more accu-
rately described as high strength, low-alloy steels rather than
as carbon steels. Small amounts of alloylng materials, such as
manganese, silicon or molybdenum, may be present to improve mecha-
nical propertles. Tenslle strengths up to 100,000 psi and yield
strengths up to 50,000 psi, with 20% or so elongation, may then
be obtained.

Prolonged exposure of low-alloy steels to high fast neutron
fluxes (the equivalent of 1 year's exposure to a flux of 1013
neutrons/eme/sec) can cause an appreciable increase in the tensile
strength and an appreciable decrease in the ductllity. What 1is,
perhaps, more important is the Iincrease in the brittle-~to-ductille
transition temperature, Although loss of ductility reduces the
ablllity of the steel toaccommodate thermal stresses, the lncrease in
the transition temperature could be much more serious. After
prolonged exposure to fast neutron Iirradiation, a drop in tempera-
ture might cause the vessel to suffer brittle fracture because of

-7 -
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this increase in the transition temperature. The effects of
radiation damage may be annealed out at higher temperatures but
too little is really known about this to rule out a brittle
fracture possibility.

(d) Stainless Steels

Stalnless steels are a famlliar group of materlals, being
known for thelr excellent corroslion resistance and their strength
retention at high temperatures. Since the thermal efficlency
of the system lncreases with heat transport temperature, the use
of stainless steel 1s an attractive possibllity. However, a
neutron absorption cross-section of 3 barns, limits the use of
stainless steel in thermal reactors to reactors using enriched
uranlum fuel, They are particularly suited for use in fast reactors.

Stainless steel melting polnts are 1In the range 2500 - 2750°F.
Thelr thermal conductivities vary from about 7 to about 21 Btu/hr
t2-°F and are generally rather low. Thils poor heat conductivity
tends to give rise to high thermal stresses and indicates the
unsultablility of stalnless steels for thick structural components.
They have excellent mechanlcal properties at hlgh temperatures,
the tensile strength of 1200°F being 50,000 psl., Thus, they are
far superior in this respect to aluminum and zirconium and their
alloys. They show substantial Increase 1ln hardness due to fast
neutron irradiation. ' '

Stainless steels are readlly fabricated into a varlety of
shapes and they can also be cast, As has been said they are very
corrosion resistant at room temperature and will maintain this
resistance to 1600°F or 1800°F depending on the chromium content,
They are not generally desirable for containing liguld metals but
they are particularly resistant to liquld sodium or Sodium-potas-
sium alloy.

The nickel used in stainliess steel manufacture should have a
low cobalt content because of the high absorption crosgs-section
of cobalt and the formation of radloactive Co-60. This, however,
tends to increase the price of the resulting steel.

Chlorine causes stress-corrosion cracking of stalnless steel,
particularly under stagnant conditions. 'The corrosion resistance
of the steel 1s adversely affected. It 1s, therefore, imperative
that stalnless steel be kept free of any chlorine. It should be
noted that chlorine can be introduced from chlorides In solvents
sponges, organic gaskets and packings and insome types of insulations.

(e) High-temperature Materials

Prom the standpoint of neutron economy, most hlgh-temperature
materials would find use malnly in fast reactors. Titanium,
vanadium, inconnel and the Hastelloys (nickel-molybdenum alloys)



133.10-4

are examples of such materials. There is a special interest in
titanium because of its high strength-to-weight ratio up to 842CF,
It makes it attractive for use where weight-saving is important.
Many of the alloys in this group, such as vitallium (chromium-
cobalt - nickel - molybdenum), are much superior to stainless
steel at high temperature. However, they are generally expen-
sive and may also present fabrication proolems.

Desirgn and Construction Considerations

The design and constructional considerations required and
the choice of materials for a reactor will be largely determined
by the type of reactor being built. Such considerations will,
therefore, be discussed as they pertain to each general type of
reactor,

(a) Fast Reactors

No moderator is used in fast reactors and the only neutron
slowing down process is the inelastic scattering in fuel, struc-
tural material and heat transport fluid, Highly enriched fuel
is required and the core is basically fuel subassemblies with
heat transport fluid flowing between them, The structural
material in the core forms a relatively small percentage of the
total core material, eg, a typical core composition would be
25% fuel, 50% heat transport fluid and 25% structural material
and cladding. Neutron losses, in a fast reactor, are rather
insensitive to the amount of heat transport fluid and structural
material used, For instance in the Enrico-Fermi reactor less than
0.1% of the neutrons are absorbed in the sodium and only about
1% are absorbed in structural material. So choice of core
material is limited more by their neutron slowing down capabil-
ities than by neutron absorption considerations,

Because of the absence of moderator the core is small and
the power density in the core is high. To permit operation at
high temperatures without high pressures, and also in order to
avoid slowing down of neutrons, liquid metals appear to be the
most practical heat transport fluids. The amount of fuel sub-
division and the size of heat transport passages involved is
illustrated in Fig., 1. The heat transport passage may well be
as small as 1/8 inch in diameter or less and plugging of these
passages could easily occur by material deposition, Such plug-
ging does not seem to be a problem with liquid metal heat trans-
port fluid, since any dissolved metal from structural components
deposits preferentially on cold rather than hot surfaces, This
is another factor in favour of liquid metals.

The structural material used must have corrosion resistance
to liquid metals. With sodium, many materials have good corro-
sion resistance at the temperature involved, provided the oxygen
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content is low. Low-carbon
iron, chromium iron, stain-
less steel, nickel and In-
‘connel and zirconium are all
compatible with sodium and
the final choice would be
made on the basis of cost
and mechanical properties

at elevated temperatures.

In this type of core the
problem of mechanical
strength is more important
for the core-supporting
components, In the Enrico- 4 i
Fermi reactor core the _ f{%_.
structural materials are W
either zirconium or, where
greater strength is re-

UPPER AXIAL
BLANKET ROD

4
N

quired, stainless steel. CORE RO
The reactor vessel, which . B
is only pressurized to e g
110 psig, is made from . EL
stainless steel. Thermal g&éﬁgﬁ _ R
stresses in the vessel A ! -y
are prevented by surround- —corE Pummts E—L—
ing the core with a stain- SECTION [s3533355588st
less steel thermal shield. B-D | Megosagiety W

Fig, 1

{(b) Homogeneous Reactors

In thermal homogeneous reactors, the reactor is essentially a
large pot which is just an enlargement in the circulating system.
There are no fuel elements and, consequently, no superfluous
structural materials are required. If the reactor is a one region
system, with a reactor core but no blanket, then choice of material
is only required for the reactor vessel, which is entirely outside
the neutron conservation region. 2000 psig pressurization is
required and the most suitable material for the vessel would be
a low=-alloy steel particularly in view of the thermal stresses
involved. However, the major problem involved is corrosion.

If a uranyl sulphate solution in heavy water is used, the reactor
vessel would have to be lined with stainless steel. Where phos-
phoric acid is used, as the solvent, gold or platinum lining
would be required.

If the core is surrounded by a blanket which is also pressu-
rized, the core and blanket would be separated by the core vessel.
Since both regions are more or less edqually pressurized, the core
vessel would not be required to withstand a pressure differential
of any siigificance and corrosion resistance and thermal neutron
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econony would be the major considerations. Under such circum-
stances an alloy of zirconlum such as Zircalloy-2 would be the
most sultable material., For highly corrosive fuel and blanket,
such as solutions in phosphoric acid, gold or platinum cladding
or lining would be required. The blanket would be contained in
an outer pressure vessel the material for which would be chosen
on the same basls as for a one reglon system.

(¢} Thermal Hetercgeneous Reactors

Heterogeneous reactors can be divided, struecturally, into
two main types, the pressure vessel type and the pressure tube

type.

In the pressure vessel arrangement, lllustrated In Figure 2,
the reactor core and associated equipment are enclosed in a large

vessel, The heat transport fluild enters the vessel, passes through

the core to remove the heat produced In the fuel and then passes
out of the vessel to a boller or directly to the turbine.

If the heat fransport fluld is light water, as in the
pressurized or bolling light water reactors in Figures 5 and 6
of the previous lesson, light water 1s also the moderator. Fuel
enrichment 1s required and 1if
uranlum oxide 1s used as fuel, T
the enrichment will be higher, 0 ‘\

The fuel channels are only

required to guide the heat
transport fluld over the
fuel and do not have to
wlthstand any pressuriza-
tion. The tubes can, there-
fore, be thin and this helps
to conserve neutrons. Since
the operating temperatures
are not excessive, the core
struectural materlal can be
made of a Zirconium alloy
for further neutron

economy. Many reactors

of' this type have stain-
less steel structural
components, The thickness-
es required are then smal-
ler but the enrichment

required increases, \
If the reactor has a '*\E?riﬁﬁf;y

nuclear superheat sectlon,

like the Pathfinder reactor,

the structural material in Flg, 2
the superheat region

of the core would be made of stainless gteel,
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In the Swedish R-3/ADAM reactor which 1is a pressure vessel
type using heavy water, all core structural components are made
of zirconlum alloys. Stalnless steel could be used but fuel
enrlichment would then be required., Thilis would negate the main
advantage of using heavy water ,ie, that of conserving neutrons
and being able to use natural uranium and in the oxide form.

In graphite moderated reactors, using gas as the heat trans-
port fluld, the graphite forms its own core structure and little
other structural components are required except to support the
core. Where such components are requlred, they would be made
of magnesium or aluminum alloys. If higher temperatures are
attalned as in the Advanced Gas-~Cooled Reactor or in the ENPF
reactor, which uses sodlum as the heat {transfer fluld, stalnless
steel structural components are used for more reliable high
temperature strength.

In all cases the best materlal for the pressure vesselis
low-alloy steel. In some cases the inside wall of the wvessel
1s lined with stalnless steel to reduce corrosion., The core
may also be surrounded by a thermal shield to reduce thermal
stresses in the vessel., The thermal shileld may be of carbon
steel, stalnless steel clad carbon steel, or stainless steel de-
pending on the amount of corroslion to be expected.

In the pressure tube design only the heat transport fluid
is pressurized, the moderator being separated from it, The
reactor vessel, or calandria, is then merely a low pressure con-
talner for the moderator, as shown in Figure 3.

TI> - - le——Reactor Vessel
SRR | or Calandria

T L=t e Pressure
o= o= oo ) Tube

' ijﬁr;“\ Reactor of
Calandria Tube

The fuel 1s contained in channels which run horilzontally or ver-
tically through the vessel. These channels, which contain the
heat transport fluld under pressure, are known as pressure tubes,
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Heat 1s generated in the moderator by radiatlon absorption
and neutron scattering but, because the moderator i1s not pressu-
rized, 1if must be kept cool., The moderator can also recelve heat,
by convection, radlation and conductlon, from the heat transport
fluld and thils increases the moderator cooling requirements,
Transfer of heat from the pressure tubes is minimized by placing
the pressure tubes inside calandrla or reactor tubes. The space
between them is either insulated or cooled by flow of gas,

The arrangement 1s shown enlarged in Figure 4§,

IRTERANE I N

Fuel Fuel . '} " 1) Heat ' ﬁéactoffﬁeactor
Sheath  Element ' v Transport || ! Channel Tube  Vessel
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----- NoH 72 - = F

L_._._l'.___,ﬂ low _ b

Fig. 4

The thickness of the fuel channels must now be sufficient
to wilthatand the heat transport pressure and this Introduces addi-
tional neutron absorbing material into the core. Still more such
material is to be found in the reactor tubes. The cholce of
material for these tubes 1is, therefore, even more important than
in the pressure vessel design, This 1s particularly so in the
cage of the reactors of this type which have been or are being
deslgned at the present time, since they all use the natural
uranium~heavy water concept in which neutron economy is of prime
importance, '

- 13 -
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The reactor tube material will depend on the material used for
the calandrla since they are welded or rolled to the calandria wall.
In a small power reactor, such as NPD, the core is surrounded by
a light water reflector, which is separated from the moderator by
the Inner wall of a double-walled calandria. The inner wall is,
therefore, part of the core and is made of aluminum alloy rather
than the more expensive zlrconium. Thus, the whole calandria is
made of aluminum and so are the reactor tubes, The pressure
tubes, beling at a much higher temperature and pressurized, must
be made out of zircalloy. All other core penetrations, required
for reactivity control etc, are made of aluminum,

The Douglas Point and Pickering reactors are bigger and use
only the outer region of the D,0 moderator as a reflector,
The calandria then becomes a slngle-walled structure entirely
ocutslde the core, It can, therefore be made of stalnless steel
for added strength and corrosion resistance, The reactor tubes
then have to be made of zirecalloy but they would not be required
to be as thick as the pressure tubes.. Aluminum and stainless
steel are not compatible, - All core penetration must also be of
zircalloy.

ASSIGNMENT

1., Why may material requirements for core structural components
differ from those for structural components external to the
core?

2. (a) On the basis of neutron capture cross-sections, what
structural materials are suitable for a thermal reactor?

(b) What other common material could be considered if the
fuel was enriched?

(c) Why is there a wider choice of structural material for
a fast reactor?

3. State two nuclear requirements, other than low neutron cap-
ture, for reactor structural materials, and, briefly, explain
their signifigance.

4, Explain why aluminum appears, initially, to be attractive as
a structural material and why it is not, in fact, that attrac-
tive.

5. Enumerate the factors that make zirconium, or its alloys,
useful as reactor materials, What disadvantage does it have?

6. (a) What material would be used for a reactor pressure
vessel and why?
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6. (b) Whg would the same material not be used for pressure
tube

7.

87

What is the most likely material to be used for core struc-

tural components in a fast reactor and what factors would
decide this?

Briefly compare the core structural material requirement for
a pressure vessel and a pressure tube type of reactor.

A, Williams
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