
DRAFT:5-4-73

MATERIALS PROBLEMS FROM THE REACTOR OPERATOR'S POINT OF VIEW

J. A. Cox
Superintendent of the Operations Division

Oak Ridge National Laboratory*
Oak Ridge, Tennessee

And

F. T* Binford
Superintendent of the Development Department

Operations Division, Oak Ridge National Laboratory*
Oak Ridge, Tennessee

Reactor operators' experience with materials problems extend-

ing over the past 27 years is reviewed. Some radiation damage

problems and their effects on operacions are discussed along with

other materials problems which are exacerbated by radioactivity ox

contamination problems. These include corrosion, in-service

inspection and surveillance, and maintenance.

-NOTICE-
This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United States Atomic Energy
Commission, nor any ot their employees, :ior any of
their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use
would not infringe privately owned rights.

•Operated by the Union Carbide Corporation for the U. S.

Atomic Energy Commission.

OrSTRlBUTlON OF THIS DOCUMENT IS UNLIMITED



Introduct ion

Nuclear plants suffer from a number of materials problems

which are caused by radiation and by the presence of radioactive

contamination. They suffer also from all of the conventional prob-

lems with materials found in other plants. In addition, these

conventional problems are frequently accentuated by the effects of

radiation and contamination. Maintenance procedures in nuclear

plants are often more difficult and complex than in other plants,

and the consequences of failure may be much more significant in

terms of cost and time. It follows that higher reliability is

demanded of nuclear plants, thus placing & correspondingly higher

premium on the proper selection and control of materials, design,

and fabrication procedures.

It is necessary to recognize that accidents or problems occur-

ring in a nuclear system may indeed be more serious than similar

problems in a nonnuclear system and that, in any case, failures

occurring in a nuclear plant cause a great deal of commotion

whether they are serious or not. Thus it is necessary to apply

rigorous standards to the design and operation of nuclear plants in

order to make them as reliable as possible.

We believe the best design criterion to apply is the proposi-

tion that "if anything can possibly happen, it probably will." We

believe that the choice of materials should be approached from this

standpoint. Cases in which failure might cause serious trouble

should be anticipated and efforts made to produce a design which

minimizes the consequences. When any doubt exists concerning the

performance of a material in a specific environment, provision



should be made for surveillance tests. Frequently, it is diffi-

cult or impossible to predict the exact environment to which the

materials will be exposed. For example, reactor cooling water

often contains peroxide, component vibration may be induced by

water flow and result in high stresses, areas of extreme tempera-

ture may exist, and other factors not foreseen may be present. In

short, the basis upon which a particular material is chosen may

not be truly representative of the operating conditions because

the designer had no way of accurately predicting these conditions.

Long-term test data obtained under actual operating condition pro-

vides the ideal basis for design and material selection; however,

such data are not always available. The need for data on the per-

formance of material under actual operating conditions is reflec-

ted by the latest standards which provide for extensive in-

service surveillance for the detection of incipient failures.

As a result of our experience, we believe it important that

when specifying materials the designers recognize the operators'

problems, asjwell as their own. First, the designer should real-

ize chat the data upon which he relies as a basis for his choice

of materials may be incomplete, and he should allow for reasonable

variations in the environment. Second, the problems of operation,

such as ease of maintenance, methods of inspection, and surveil-

lance, and consequence of failure must be considered. Major

design modifications are justified in order to satisfactorily

resolve these problems.

In this paper we shall focus our attention priaavily upon the

problems specifically associated with the nuclear character of our



systems and not dwell upon those which we have in common with

other industrial plants. This does not imply that nonnuclear

problems are rare in nuclear plants. On the contrary, most of our

problems are "nonnuclear" in character.

Although the problems associated with the nuclear part of the

plant in and near the reactor are usually those which individually

cause the most trouble, and surely attract the most attention, the

"nonnuclear" problems are also likely to cause a great deal of

trouble because they are more numerous, because they occur in a

"nuclear" plant, and because of the large amount of regulatory

attention and accompanying reporting requirements associated with

plane malfunction. As a result, there exists a need - achieve

great reliability, to foresee problems, and to provide adequate

means of poping with nonnuclear problems as well as those asso-

ciated with the nuclear portion of a system.

Effects of Radiation on Materials

Although we are not metallurgists, we have over the past

quarter of a century made a number of observations on radiation

effects and we welcome the opportunity to present them at a

meeting of materials experts. Our observations are mainly con-

cerned with the practical aspects of radiation damage; we shall

leave the more technical aspects of the subject to the black-

smiths, metallurgists, and solid state physicists.

Our experience tells us that all materials are affected by

radiation to some degree. It was a number of years before radia-

tion effects on metals were recognized. In fact, the effects in

such an important material as stainless steel have been sorted out
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only in the last few years. It is frequently the fate of the

reactor operator to find troubles as we and NRTS did with beryl-
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Hum and aluminum. This is probably not the most rewarding way

to discover such problems and emphasizes the desirability of

obtaining this sort of information during the design period. Of

course, it is understandable that we should find these effects

because we had one of the few high-flux reactors operating at the

time and the materials in question had never been exposed to such

high radiation fields before. Nowadays there is plenty of oppor-

tunity for metallurgists to obtain high neutron fluences on sam-

ples, but we fear that many materials are not being investigated

to the extent necessary and reactor operators will continue to

find new problems the hard way. There <*re many reasons for this,

among them is the fact that budgets tend to confine research to

certain fields and many metallurgists prefer to study simpler,

more "baste" processes IT

Effects of Neutron Irradiation

In general the neutron population present in a nuclear reac-

tor can be characterized in terms of two quantifier the neutron

flux, expressed in neutrons crossing exact area in exact time, and

the neutron energy spectrum which specifies the energy (or veloc-

ity) distribution of the neutrons. Both the neutron flux and the

neutron spectrum will vary with position in the reactor. Our

experience has been primarily with light-water-moderated and

graphite-moderated thermal reactors in which most of the neutrons

are in thermal equilibrium with the moderator. Although only a



relatively small fraction of the neutrons present have high ener-

gies, in some materials these fast neutrons are known to cause

most of the damage.

In addition to neutrons, incense fields of electromagnetic

(gamma) and charged particle (beta) radiation exist in and near

the reactor cores. In some cases these, too, contribute to mate-

rial damage.

Organic Compounds

&
Organic materials' are especially susceptible to damage by

neutron irradiation, and these were probably the first examples of

radiation-damage effects. The chemical bonds may be broken and

some of the hydrogen is knocked out of the compounds. Eventually,

the material becomes brittle, darkens, cracks appear, and, if

irradiation is continued long enough, the material begins to

resemble charcoal and may even crumble. Gamma irradiation will

also affect organic materials. In hot cells, for example, where

only gamma is present, the insulation on electrical wiring becomes

brittle and eventually fails.

Wood makes an excellent neutron shield because it contains a

great deal of hydrogen and carbon, and in the early days we some-

times used it instead of more resistant material because of its

cheapness and easy working characteristics. However, while it was

8 10
reasonably satisfactory for years of service at fluxes of 10 -10

2 13 2
neutrons/cm /sec, when exposed to fluxes of 10 neutrons/cm /sec

v
for a few months the wood blackened, shrank, cracked, and crumbled.



Gaskets of neoprene or other material are examples of common

materials which must be used with care in radiation fields. It is

undesirable that such materials be used in fields of high radia- .

tion; if their use is necessary, it should be possible to monitor

and replace them if necessary.

Following are some typical examples of radiation effects

which we have encountered over the past quarter-century.

Beryllium, and Aluminum

Metals are probably the materials of most interest to reactor

engineers. For a number of years we assumed that metals were not

affected by radiation, but a few people began noticing effects in

various capsules and components being removed from reactors. At

the Oak Ridge Research Reactor (ORR) we observed that after sev-

eral years of operation some of the core components no longer fit

properly. This was especially evident in beryllium reflector

pieces. These are about 3 in. square by 2 1/2 ft long and are

clustered around the fuel inside a rectangular core box. Closer

inspection of these beryllium pieces revealed that they were no

longer straight but had become curved. Measurements taken in a

hot cell indicated as much as 0.070-in. bow over an approximately

2 1/2-ft length, as shown in Figure 1. This aroused considerable

interest and the problem was soon discovered to be helium forma-

f9 6 \
Be(n,7) He). Since the

fast neutron flux was greater on one side than on the other, the

side nearest the high flux swelled more than the opposite side and



caused the piece to bow. After this problem was understood,

improvement in the use of the beryllium pieces was made by moving

them about on a schedule which permitted the swelling to be equal-

ized, thus controlling the bowing to some degree. Similar effects

were noted in beryllium shim-control rods in the ORR which are

approximately 10 ft long and also about 3 in. square in cross sec-

tion . The section of these rods which was in the core was com-

posed of beryllium and this also was bowed, causing the rods to be

deformed sufficiently so that they would not fit properly.

A few years following the discovery of the beryllium problem,

similar effects began to be noticed in aluminum shim ro<is (Figure 1). Fig-

ures 2 and 3 show the arrangement of the lattice in the ORR. The

reasons for swelling of aluminum were somewhat different than

those in beryllium. It was found that voids caused by fast neu-

trons in aluminum were a part, but only a part, of the problem.

At fluences below threshhold for void formation in a given alloy

at the operating temperature, swelling is primarily due to thermal

neutrons which react with aluminum to form silicon. Thus, the

ratio of thermal-to-fast neutrons becomes important in estimating

such effects. In some parts of a given reactor the ratio is apt

to be considerably different than in the fuel region and different

types of reactors have different ratios of fast-to-thermal neu-

trons through most of the core and surrounding region, A cora,-

parison of radiation effects on different types of aluminum alloys

at 50°C reveals that commercially pure aluminum (1100) swells much



more than other aluminum alloys, such as the 6061 and 5052 alloys.

Whereas 1100 aluminum begins swelling appreciably at fluences over

2 1 2 8

10 neutrons/cm , 6061 swells very little at such a fluence.

Capsule jackets for transuranium target material used to pro-

duce higher transuranium isotopes in the HFIR were fabricated of

8001 aluminum. A number of failures of the jackets occurred due

to internal pressures caused by the fission-produced gas pressure

and brittleness of the jackets. Figure 4 shows a failure of such

a jacket with a brittle fracture. The ecbritt lenient was found to

be due to void formation • caused by fast neutrons and to other

effects, such as the formation of silicon from Al(n,7) Al—>

Embrittlement is a factor in some materials. Beryllium, for

example, becomes quite brittle if irradiated long enough, although

(provided the geometry is uniform) swelling is appreciable before

cracks appear. In cases in which the geometry is notiuniform, the

effects of irradiation are heightened: a thick section adjacent

to a thin section in the same piece of material will put high

stresses on the thin section since the thicker section tends to

bow more than the thinner one.

Diamonds

Although diamonds are not a very important material in reac-

tors, they have some interesting radiation effects. About 25

years ago an enterprising diamond merchant sent us some yellow

diamonds to irradiate. At low neutron dosages these turned green

and at larger dosages they turned black. The diamond merchant

probably had some hopes of making move valuable green diamonds



out of the yellow ones, but as far as we know he never exploited

the technique. This optical effect is marked and a very sensitive

function of neutron dose when compared to most irradiation-induced

changes in materials.

Graphite

Although chemically the same as diamonds, graphite is quite re-

sistant to radiation. Graphite was the moderator used to build

the first pile, CP-1, at the University of Chicago in 1942, and it

has served admirably as a moderator and structural core material

up to the present day. Along the way, however, there were many

things learned about its behavior under radiation and some of

these were learned by the reactor operators. It was learned, for

example, that after large doses of radiation graphite grew or

expanded. It was also learned that energy was stored in the

graphite and that this energy could be released if the graphite

were heated to a temperature slightly above that at which the .-

II 12
energy was stored. ' Later it was learned how to handle these

problems for high-temperature reactors, but for some years there

were regular "energy releases" or "annealings" of many graphite

reactors when upwards of 500 tons of graphite would be deliber-

ately heated gradually to that temperature at which the release

began. This then carried the temperature even higher as the ener-

gy was released. Had the stored energy been allowed to accumulate

sufficiently and had it been inadvertently released, high temper-

atures could have occurred as the energy was released.
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Effects of Nuclear Heating

Most of the energy absorbed by the various reactor materials

eventually appears in the form of heat. The largest fraction of

this absorbed energy derives from the ambient gamma radiation in

the core, although some is as a result of neutron and beta-particle

absorption. One of the central problems of reactor design is that

of providing adequate cooling for the reactor fuel elements. Of

almost equal importance is the design of heat-removal capability for

the other structural components of the reactor.

Structural members exposed to the active core components on only

one side will experience uneven heating and consequent thermal stresses,

hence attention to the heat-transfer problem is quite important.. More-

over, in many cases the gamma-absorption characteristics of the materials

are noc well known nor is the exact gssma spectrum available. Lack of

this information com licates the role of the designer and necessitates

the use of a conservative approach in the estimation of stresses.

An interesting and unusual example of the result of self-heating o£

a material by its own disintegration energy release occurred during

the irradiation of rhenium in one of our reactors. Published data indicated that

no corrosion of this material was to be expected. This was confirmed

by tests in boiling water. Nevertheless, when the rhenium was irradiated

in the reactor, considerable amounts of radioactivity were given off from

it. This may have been due to accelerated corrosion caused by H-O- in

the reactor and because small amounts of rhenium produce a very large

disintegration rate. The sample was transferred to a hot cell for examina-

tion and was observed to emit large amounts of radioactive vapor, apparently

due to self-heating which raised its temperature to a point at which

material—probably an oxide—sublimed from the surface.
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Remote Handling Problems

It should always be remembered that the reactor operator can-

not examine radioactive components very readily. A reactor is

shut down for inspection only infrequently, and even then close

inspection is usually possible only through water while the object

may be 30-40 ft away from the observer. Of course, periscopes are

available for this purpose but they are awkward to use, and even

with them it is sometimes difficult to get a good view of an inac-

cessible surface.

This is one good reason for making the design co arvative

and reliable. The detection of incipient failures is extremely

difficult, and the cost of repair is so much more than in a nen-

radioactive environment that more design effort is justified in

making the reactor as reliable as possible and in arranging the

design so that repairs can be made by an easy replacement of a

component whenever possible. Also, since remote handling of com-

ponents is so difficult, the design should include guides and

other devices to ensure that the component is properly located

when installed.

Designs in which a single component failure will cause a

shutdown should be avoided when possible; i.e., provide duplicate

backups. When this cannot be done, additional testing and design

effort should be provided to achieve high reliability. Also,

spare parts and remotely operated tools should be provided and

tested so that if failure occurs the components can be changed

without undue Loss of time.
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The kind of failure that can cause the operator the most

trouble is one which cannot be repaired or which can be repaired

only with great difficulty. This category includes many compo-

nents which might fail because of mechanical or material problems.

If any component is designed so that it cannot be readily replaced

or if its failure would ca;:se great problems, the designer must

make sure that the material can.tolerate t'.j environment for what-

ever ' lifetime is required. It is obviously inconvenient to wait

40 years for such tests to be completed; therefore, it is neces-

sary to obtain data from accelerated tests and provide for suffi-

cient surveillance to recognize an incipient failure before it

causes trouble.

An ideal design from the operator's standpoint would include

only components which are easy to remove from the reactor, are

easy to inspect with a periscope or other device, has few compli-

cated parts which might come loose or otherwise fail, has no inac-

cessible parts or surfaces, and is easy- to disassemble and repair

remotely. Any parts having high stresses or which would otherwise

be likely to fail or which are so important that their failure

would be unacceptable should preferably be "fingerprinted" or

characterized in some manner, by ultrasonic techniques, for example,

so that any change could be readily detected.

Concaminat ion

Some materials contribute to contamination problems of a

nuclear system because they escape from surfaces, spread widely

throughout the system, have long half-lives, are difficult to
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remove, collect on surfaces from which they arc easily spread by

contact, spread as dust when dry, or have other undesirable char-

acteristics. The first step in contamination occurs when material

is lost in finely divided form. If it cannot be lots at all there

will be no contamination; stainless steel is an example of a good

material from this standpoint.

Even if all materials were of stainless steel, however, it

would not be possible to claim absolute control of contamination;

for example, a ruptured fuel rod will allow fission products to

spread widely through the system and some material is likely to

escape even from stainless steel. Therefore, it Is desirable to

have all surfaces in the system smooth, nonabsorbent, and easy to

clean. A rusty or rough surface is to be avoided.

As an example of a contamination problem, a fuel element,

being cropped of its nonfuel bearing ends prior to shipment, was

inadvertently cut through the fvei-bearing section. This releassd

fission products to a water-filled pool and contaminated the pool

surfaces. For about two years, it was necessary to regularly wipe

the surfaces prior to lowering the water and to wear gas raa*ka

whenever the pool water level was lowered and the surfaces were

dry. In addition to these problems, the direct radiation level

was 10-100 times higher than normal when the water was down.

Corrosion products, fission products, and other radioactive

materials loose in a water system are a problem because they

deposit on surfaces rendering them very radioactive and cause

tools and other items which must be used during shutdown to be
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highly contaminated when removed. For this reason it is usually

considered necessary to have cleanup systems vhich continuously

remove contamination from a fraction ©£ the main flow (in some

cases, the full flow). These systems arc generally composed of

filters and ion-exchange resins which, being organic, compounds,

are themselves subject to radiation damage. Hence, if the contam-

ination removed from the water is highly radioactive, they may

have to be replaced frequently.

In short, contamination should be dealt with by selecting,

when possible, materials which do not slough off fine particles,

by attempting to keep all surfaces smooth and nonabscrbent, and by

having a cleanup system for removal of contamination thus keeping

the contamination level acceptably low. The designer should

attempt to learr. what types of contamination might be expected to

escape from each material, the character of the contamination

(particular or soluble; the radioactivity), where it might deposit,

and whether the cleanup systam could remove it.

An interesting problem concerning removal of contamination

arose in connection with curium contamination. It was found that

curium contamination under some conditions existed in such fine,

non-ionized particles that neither filters nor ion -exchangers

13would remove it. Through a fortuitous chain of events it was

learned that addition or a fraction of a part per million of solu-

ble lanthanum to the water somehow (we are not sure how) compiexed

the curium, forming a charged ion vhich was removed by the ion

exchangers* This has proved very useful and may be found useful

in power reactors with high burnup fuel or piueonium fuel contain-

ing curium.
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Corrosion

Corrosion is generally more serious in a nuclear plant than

in a nonnuclear one because, as discussed above, it may release

radioactive material into the system, it may cause components to

fail, and, as we have emphasized before, a very high premium is

placed on choosing materials which will not fail.

One problem with making a choice of materials for a nuclear

plant is that the data oil water chemistry, radiation effects, and

other factors may be incomplete for the condition obtaining in the

reactor and data extending over periods comparable to the life of

the plant will generally not be available. For this reason, we

have found it very useful to have simple surveillance specimens

exposed co the same environment as reactor components. These

should be arranged so that a sample of each material may be

removed readily for inspection at regular intervals.

Some unpleasant surprises can come from corrosion. For exam-

ple, small amounts of material coming from a stainless steel sur-

face may be too small to be of consequence as far as loss of thick-

ness or pitting is concerned; however, this may contain sufficient

radioactivity to cause real problems. Cobalt is an example of an

element often found in small quantities which will become very

radioactive and may collect in certain places where its radio-

activity can be an operating problem.

It is sometimes observed that crud and corrosion products

tend to accumlate on the hottest surfaces of the fuel or on other

hot surfaces. This buildup may form a layer of seal-insulating
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material on the fuel surface with the result that the fuel and its

cladding must operate at a higher* temperature. We have noticed

that in some reactors oxide deposits much more readily on surfaces

near the core and that the amount of deposit decreases rapidly

with distance. Figure 5 is a photograph of a component removed

14
from the HFIR, where it was approximately 8 in. below the core.

The rather thick deposit which can be observed is mostly aluminum

oxide.

It might be assumed that complete information on materials

should be available at the time the reactor and its fuel are de-

signed so that there would be no reason for the operator to be

concerned. Experience, however, tells us that something new is

always coming forward and the only safe posture is to provide the

operator sufficient flexibility and means of surveillance so that

he can detect troubles with corrosion, or any other materials prob-

lem, before they become serious. Once a problem is recognized, it

is usually possible to arrange means of prevention or .at least to

reduce, its rate of progress to one that can be tolerated.

Stress corrosion has been the cause of several problems in

bolting applications. In one case, type 416 stainless steel was

used for fastening a Marman clamp (a split-ring type of clamp).

During inspection the bolt was observed broken and lying on the

floor of the pool in which the reactor tank was situated. Metal-

lographic examination showed that stress corrosion had proceeded

until only about one-third of the cross sectional area remained;
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at this time the bolt failed. Warned by this, all other bolts of

this material were examined by ultrasonic techniques, as well as

by removing representative specimens for dye-penetrant tests. In

another case, some of the head bolts—about 2 I/?, ft long by 3 in.

in diameter--were found to have small cracks mostly associated •

with the roots of threads. All these bolts had been exposed to

demineralized water having concentrations of H-O, of about 30 ppm.

Whether this environment is responsible for the corrosion we do

not know. However, as a result of our concern we set up tests in

which each type of material in the system was stressed and exposed

to the reactor water. Such tests are necessarily long and tedious.

A year is generally required to get tite tests ready and, following

this, the tests should be continued for several years at least

while samples are examined at intervals.

Fatigue Failure

While fatigue failures are certainly not confined to nuclear

plants, they deserve special mention. Because of the difficulty

of inspecting radioactive components, it may be impossible to

locate this sort of trouble before breakage occurs. Incipient

breaks may be overlooked during inspections either visually or

with a periscope because viewing conditions are less than perfect

and because it may be impossible to see all parts of a component.

An tacample of a fatigue failure which was completely unanr

ticipated occurred on some aluminum lugs welded on control plates

of a reactor for the purpose of mounting ball bearings which

guided the control plate to its track. Originally the lugs were
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very light weighfe as shown in Detail A, original lug design, of

Figure 6, and these broke off. The situation was very difficult

to investigate because of the high radiation background. Eventu-

ally, it was demonstrated that during operation the plates were

continually subjected to water-flow-induced vibrational forces of

high frequency and heavy loads--hundreds of cycles per second--and

loads of several hundred pounds. These high-frequency cycles and

heavy loads had not been anticipated. The problem was solved by

designing a much heavier lug, as shown in Detail A, existing lug

design, of Figure 6. The complexity of the remote maintenance

which is performed on this component is illustrated by Ffgure 7

which shows the tools required for replacing the bearings—an

operation that must be performed, usually, under about 8 ft of

water. It is also noteworthy that the ball bearings have Stellite

balls end races and that these wear out after only three months'

use.

Inspection Requirements

It is absolutely necessary to inspect components regularly in

order to detect any incipient failures. These inspections are

often difficult because they must be conducted under water, in a

hot cell, or in some shielded configuration. We believe it would

be useful if all designers were required to conduct such a remote

inspection for the purpose of providing them with an appreciation

of the difficulties encountered. Among the problems of remote

inspections are determining what kind of failure to look for and

how to identify it beofre it has progressed to a serious state.
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An example is the inspection of head bolts for tha HFIR reac-

tor vessel. When we first began io inspect these, it was neces-

sary to remove a representative number for a sample, decontaminate

and clean them with considerable difficulty, and finally dye check

them. After some experience with this it became obvious that a

faster method was desirable and our inspection engineers came up

with an ultrasonic technique which permitted checking the bolts

in place in a very short time. More techniques like this are

needed, and the designer should provide the operator with a com-

plete procedure whJ.ch, preferably, can be done in a short time

with a minimum effort. In particular, if the inspection can be

done in place, this is highly desirable.

Backfittinp

It is not unusual for a failure in a reactor system to result

in a requirement for changes in other similar reactor systems.

When this involves the reactor core or other highly radioactive

components, the difficulty involved is likely to be very much

greater than that associated with a comparable change in a non-

nuclear plant. This is a fact that often is not appreciated by

engineers without nuclear experience.

An example of such a problem occurred when certain flow-

monitoring lines, consisting mostly of 1/4-in. stainless steel

tubing, failed due apparently to stress corrosion in an autoclave

fitting connector. Because of the inaccessibility of these com-

ponents they could not be removed for inspection (a design inade-

quacy) » We had encountered similar failures of the type 416
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stainless steel outside the reactor core and were, thus, fortu-

nately able to infer the cause.

It was also fortunate (a state which cannot always be counted

on) that these particular lines were not vital to the operation

and could be dispensed with. Thus we were given time to design

and fabricate replacement lines for other similar facilities where

monitoring was necessary. These had to be of completely different

design than the originals which had been installed before the i.

reactor was brought critical for the first time. The new moni-

toring lines had to be installed by working remotely through water

at depths of 5 to 15 ft, and completely different routings were

employed. In addition, a special set of remotely operated tools

had to be designed and fabricated.

Design, fabrication, and installation of components under

such conditions may require several months. As a result, if a

reactor component fails and if no "provision has been made for

remote maintenance, if no spare part is available, and if the

appropriate tools are not bn hand, the operator is faced with the

long job of obtaining and testing these items while his expensive

reactor sets idle. Under such circumstances operators have been

known to make unkind remarks about designers.

The LITR—A Materials Problem

The LITR (Low-Intensity Testing Reactor), the first light-

water reactor, is worth examining for materials problems because

we violated most of the rules in choosing materials and had to
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learn to live with the problems thus created. The LITR was built

in about 1948 as a critical mock-up of the Materials Testing Reac-

tor (MTR). Since it was a mock-up, no effort was made to use

reactor-grade material in most cases. It operated so well at zero

power, however, that a decision was made to convert it into a

reactor. This was done in 1950 and the reactor operated without

any serious trouble until it was shut down in 1968.

The materials of construction included such things as carbon

steel instead of stainless steel tanks--these were even painted in

the hope of preventing rusting. It contained copper and brass in

various pumps, filters, and other components. Since copper is

supposed to increase corrosive attack on aluminum (the fuel was

aluminum clad) this caused us worry. A flange located only ~30

in. from the sore joined an aluminum tank section and a carbon

steel section and contained a neoprene gasket. We knew that this

would not withstand radiation very well. We even had wooden plugs

for neutron shields in the beam holes. The system was heavily •

contaminated with mercury from manometers blown during the early

flow testing. Most of the original piping and pumps were of cast

iron and considerable amounts of iron hydroxide were released. To

safeguard the aluminum and beryllium from the corrosive effects of

copper and mercury, we installed the first ion-exchange cleanup

system hoping to keep the concentration of these materials at a

safe level in the water.

This reactor taught us a great deal about materials; we

learned that if the specific resistance of the water was kept

above 300,000 ohm-cm little corrosion of the aluminum would take
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place. The paint on the carbon steel surfaces near the core soon

burned off. These surfaces rusted, and the cast iron in the system

also released quantities of rust which made it difficult to see

through the water. To remedy this we installed a large bypass

filter which kept the water clean.

Within a few months Che wooden tips of the beam-hole plugs

were black and crumbling and these had to be replaced with a more

resistant material of aluminum-clad concrete.

The neoprene gasket which we had thought to be the weakest

part of the system never did leak. Samples of neoprene exposed

at the same flux became brittle and cracked within six months, as

shown in Figure 8, but apparently the gasket was so well com-

pressed between the flanges that the loss of ductility was no

problem. We would not, however, recommend such a material for

this service. It violated two cardinal rules: it was not resist-

ant to radiation nor could it be changed readily.

The rcsty surfaces remained a problem because thesa absorbed

radioactivity from the water and were a source of contamination

and radiation. However, by making allowances for such problems

it was possible to operate this reactor with many "bad" materials

in it for 18 years without any major trouble.

Conclusion

We believe that materials people need to become more familiar

with radiation damage and its various permutations with other more

conventional materials problems such as thermal and mechanical

stresses, corrosion, and embrittlement. This will give them a
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better appreciation for the sort of data needed to qualify mate-

rials for use in radioactive environments.

We chink it important that the limitations of the data which

are available be thoroughly understood by the designer and that he

should always keep in mind the possibility of failure and provide

means for alleviating the consequences*

Our experience leads us to the conclusion that it is diffi-i

cult, if not impossible, tc foresee all materials problems and

that this condition will probably obtain in the future. As the

number of reactors in operation increases the opportunity for

obtaining useful information gained in actual reactor operating

environments also increases. If investigators take proper advan-

tage of this opportunity the situation will surely improve. In

addition, increased emphasis on quality assurance greatly de=

creases the likelihood that faulty materials will be employed

in reactor construction. There will, however, always be some

areas of uncertainty; indeed, absolute certainty concerning the

properties of each material used in the construction of a reactor

can be equated to absolute certainty that the system will never

be built. The way around this is to design for ease of mainte-

nance and redundancy in those components for which, for one reason

or other, failure cannot be tolerated.

Finally, we strongly recommend that, as an essential part of

his education, any designer or materials specialist who intends to

become involved in the design of nr clear systems spend some time

at a reactor performing remote maintenance operations. This we
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firmly belf.eve will give the designer a real appreciation of the

problems of remote operations and will emphasize the need for

great reliability in nuclear plants.
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Figures

Figure 1. Radiation Damage Effects on ORR Components

Figure 2. Cross Section Through ORR Showing Relative Location of
Pool-Side Facility and Shim Rods

Figure 3. Typical ORR Lattice Pattern

Figure 4. Brittle Fracture of Target Jacket in HFIR (Photo

Figure 3. HFIR Bearing Hold-Down Bracket

Figure 6. HFIR Outer Control Plate

Figure 7. Tools Required for Remote Maintenance for HFIR Control
Plates

Figure 8. Effect of Radiation on Carbon
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