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1. INTRODUCTION

An appropriate way to describe the state of the

nuclear industry in the U.S.A. at•the present time is to say

that it is on the defensive.

There is an effective moratorium on new licences - both

operating and construction licenses; opposition to nuclear

power is rapidly growing; spent fuel is accumulating as no

fuel reprocessing plants are operating; costs are escalating;

new orders are outweighed by cancellations.

All this in an industry with an enviable safety record

which is already supplying almost 10$ of the nation's

electricity.

2. HISTORICAL

The first reactor achieved criticality on 2 December 19^2.

In the following decade most reactor development was associated

with maximizing plutonium production for the weapons programme.

In the 1950's reactors were developed for marine propulsion and

from these,reactors for power production were developed. By

the late 196o's it was clear that in some areas of the U.S.A.

nuclear power reactors could produce electricity at prices that

would be economically competitive with electricity generated fr"om

fossil fuel. The oil crisis of 1973 altered the situation over-

night - now both economic and strategic reasons combined and

enthusiasm for nuclear power plants grew to such an extent that

in 197^ about kOc/o of the orders for new generating capacity were

for nuclear plants. In retrospect it is likely that a more

gradual and orderly development would have been better for the

industry.
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3. REACTOR TYPES

Currently two reactor types dominate the market; they

have the generic name light water reactors (LWRs) as they both

employ natural water as moderator and uranium
235enriched in the isotope U from the normal value of O.7°/o to

about yfo. The choice of these reactor systems resulted largely

from the enrichment facilities developed for the weapons programme,

and because of the success of the nuclear propulsion programme

which uses the type of LWR known as the pressurized water reactor

(PWR). The PWR is the most common choice of power reactor both in the

U.S. and elsewhere. In this reactor type the heat from the

reactor is transferred by the light water coolant and moderator

via a heat exchanger to a steam generator and turbine. In the

other reactor type, the boiling water reactor (BWR), the light

water coolant and moderator is used directly to drive a steam

generator. In both reactor types the water is at high pressure

(about 2200 psi in the PWR, about 1050 psi in the BWR) and is

confined within a massive pressure vessel whose integrity is

essential for safe operation.

It was expected that a third reactor type, known as the high

temperature gas cooled reactor (HTGCR) would gain favour in the

industry as it has a number of features which make it more accept-

able - it is inherently safer, and makes use of thorium in its

fuel cycle?' Wide-scale use of this type is now unlikely for at

least 15-20 years,
expected

As the reactors operating or planned throughout the world are/

to use up most of the known easily mined uranium by the end of the

century a reactor type, known as the fast-^reeder reactor (FBR)

which uses uranium about 60 times more efficiently than LWRs is

being developed. A 35O MW(e) demonstration plant is expected to

become operational early in the '
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It. ORGANISATION OF THE INDUSTRY

Most phases oi" the nuclear pover industry in the USA are

privately controlled. Mining and fuel fabrication are carried

out privately, but currently the uranium enrichment facilities

are government owned. Fuel reprocessing will also be carried

out privately, but the disposal of high-level waste will be a

government responsibility. Power reactors are manufactured by

General Electric (BWRs), Westinghouse, Combustion Engineering

and Babcock & Wilcox (LWRs). The HTGCRs were to have been made

by Gulf General Atomic but after completing one 330 MW(e) unit

k)they will not be undertaking any more business in this field. '

Large scale new developments such as the breeder reactor

programme are undertaken by the government, supported by funds

3)

from industry. '

The control and regulation of the industry is the responsibility

of the Nuclear Regulatory Commission (NRC) which was established in

1975.

Breaches of regulations laid down by the NRC are viewed seriouslyj

and even an apparently minor failing such as inadequate surveillance

of a station, can lead to fines of up to $25,000.^'

Research and development in nuclear power is one of the

responsibilities of the Energy Research & Development Administration

(ERDA) which was also established in 1975. Prior to 1975 the

Atomic Energy Commission (AEC) was responsible for both promotional

and regulatory aspects of nuclear power. Evidence is emerging that

the Commission was overzealous in its promotional role and conversely

not zealous enough, in its regulatory functions. ' In fact, it has

been stated that safety reports were systematically censored.'' It

is difficult to assess to what extent this dichotomy of roles of
tho AEC contributed to the current concerns over reactor safety.
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5. T1UC CURRENT SCENE

The nuclear power industry is currently beset by a number of

problems, some of them acknowledged by the industry, some not.

Some of the problems are organizational! some safety related, seme

economic, but perhaps transcending these are the long-term concerns

associated with the plutonium economy that will emerge if breeder

reactors are adopted as a major power source in the next century.

Most critics contend that i:f a

large scale commitment to nuclear energy is made now, due to

limitations on the uranium supply, there is an implicit commitment

to the breeder reactor.

Some of the problems widely acknowledged within the industry

6)

and the federal government are as follows !

1. No method for the disposal of nuclear wastes has been adopted.

2. Fuel reprocessing capacity is inadequate to handle the spent

fuel from reactors currently operating and planned.

3. Fuel enrichment capacity will soon be exceeded.

h. Fuel cycle and construction costs have been increasing very

rapidly for nuclear plants.

Because no firm proposal for waste management has been adopted ,

the U.S. Court of Appeals recently ruled that the NHC had been

remiss and capricious in its contenrdon that waste management effects

are "relatively insignificant" in its environmental assessment of

nuclear plants.' As a result of this judgement no further licenses

for limited works authorization , construction, or operation of

nuclear power plants, are expected until the issues raised by the

Court are satisfied. It is unlikely that this issue will be

resolved before December 1976.

Problems associated with the reprocessing of spent fuel elements

are likely to affect the market in a number of vays. Firstly,

because no fuel reprocessing facilities are curr<-ntly in operation

many plants now operating are running out oi" ̂  . '-ago facilities,
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and will be in a position of having to shut down unless some

additional storage is provided. It is unlikely that any

8)
reprocessing plants will be available before 198G. The outlook

is confused by the fact that no decision has yet been mr de about

the use of mixed-oxide fuels. Currently the whole question of

the use of mixed plutonium and uranium oxides in fuel is the

subject of an environmental impact assessment, commonly known as

GESMO (generic environmental impact statement on the use of mixed

9)oxide fuels). Until the outcome of GESMO is known, many questions

regarding fuel cycle costs will remain unresolved.

Although there is now excess enrichment capacity, ' the

demand will soon exceed the supply as plants under construction come

into operation. However, if a bill awaiting Senate approval is

passed without modification a glut rather than a shortage is likely

to develop,as enrichment capacity would more than double.

The downturn in the economyfcoupled with escalating fuel

cycle and construction costs, has affected nuclear power plants

more than fossil-fuelled plants. A host of reasons have combined

to sour the electrical utilities against nuclear power to such an

extent that in 1975 cancellations for nuclear plants (8) outv.-eigh.ed

the number of new orders (5); in addition there vere 19 deferrals,

6 of which were indefinite. ' Some of the more important reasons

for these new attitudes are:

i) the performance of the recently installed stations has not

been as good as that of fossil fired stations of comparable

size.'

ii) Plant delays with consequent increased costs to the utilities,

have been common - delays brought about by the action of

intervonor groups, changes in safety regulations, as

well as construction delays. ̂ 3)

iii) At a time of reduced demand for pover and high interest rates,

units having high capital and unknown operating costs are

not an attractive investment.
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iv) Lastly, at a time when the safety features are being questioned

so persistently, and state polls are being taken which are

likely to affect the industry, it is not surprising that many

utilities are becoming somewhat apprehensive about the future

of nuclear power.

In addition to the four main acknowledged problem areas

detailed above, there are other more controversial issues. However,

the nuclear industry either contests the seriousness of these issues,

or even denies their existence. The issues are: *

1) The risk of catastrophic reactor accidents.

2) A shortage of uranium and the implicit necessity of the

breeder reactor.

3) The breakdown rate of nuclear" power plants.

k) Storage of highly radioactive waste safely for hundreds of yeax-s.

5) Protection of bomb-grade material from theft.

6) Risks of spent-fuel transportation accidents.

7) Limit of liability of utilities in

the event of a nuclear accident.

Of these topics, by far the most important is that of serious

reactor accidents. The famed Reactor Safety Study (RSS), WASH-'

1*100 ' set out to attempt to quantify the hazards associated with

the current USA nuclear power programme. Few would agree that it

has entirely succeeded in this mission; there is however a consensus

of opinion that it is a useful contribution to the whole subject of

reactor safety. -* '

Early this year the whole question of reactor safety was

brought to public attention when three General Electric engineers

from middle management level in the nuclear division resigned,

giving as their reasons inadequacies in the safety features of

BWRs. At about the same time an NRC manager in charge of the

safety review of the Indian Point 3 reactor resigned, ' giving as

his reason the failure of the NRC to bo concerned first and fore-

most with safety. Vhile it would probably be true to say that
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these engineers did not raise any new safety problems that were
16)

not already known by the NRC, they did bring to wide public

attention shortcomings of the industry previously generally known only

by the regulatory authorities.In 1975 the Advisory Committee on

Reactor Safeguards(ACRS)listed 27 safety items as still unresolved.

It seems clear, however, that despite the host of problems

besetting the industry at the present time, nuclear power is

already so firmly established that for the next decade or two it

will provide an increasing fraction of the generation capacity.
nuclear

Currently the installed/capacity, 40GW(e),is 8?i of the U.S. total.

Future commitments to nuclear plants add almost another 200G¥(e).

•Whether all the plants planned will indeed be built must await

the outcome of a number of state referenda being held which will

largely determine the future of the industry in the individual

states. In the one referendum held to date,in California, the

vote was 2 to 1 against a proposition which would have essentially

inhibited future nuclear power development in the state. A further

six states held similar referenda in November 1976. In all cases

the referenda were defeated by about a 2 to 1 majority.
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6. STATUS OF THE NUCLEAR POWER PLANT PROGRAMME

In the year ending 31 December 1975i 58 reactors with a total

installed capacity of 39.9 GW(e) (8.2?o of the nation's total

electrical generating capacity) produced 9/" of the electricity

generated.

As at 30 June 1976 the status of the industry was as follows: '

GW(e)

60 Reactors operable 41.3

74 Reactors under construction 76.9

19 Limited Works Authorizations 20.5

61 Reactors on order 69.4

24 Letters of intent/options '28.9

238 Reactor Commitments 237.0

The distribution of the reactors from state to state is uneven,

witn the greatest concentration in the north-east and east. Fox-

example, in 1975 nuclear power plants generated over one quarter

18)

of the electricity in the New England area.

Current estimates are that 81.4 GW(e) of nuclear capacity

will be operational by the end of 198O and 171 GW(e) by 1985.l9'It

is of interest to note that both these estimates are less than 60/6 of

the corresponding estimates made in 197O. Up t 1972jplants were

going into commercial operation in 4 to 7 years from the date of
19)

orders, whei-eas current estimates are for a ten year lead time.
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PLANT PEUKOHMANCE

From the inception of tho nucloar power programme, plant

operating performance has not lived up to the manufactux-ers ' hopes. Some

solace may be gained from the fact that the operating performance

of conventional fossil-fuelled stations is little better, and the

realization that scheduled outages for refuelling (typically 8

veelcs/ycar) constrain the maximum availability to less than about

Syfo, On the other hand, despite the fact that many of the causes

of the forced outage are not associated with the nuclear steam supply

system (NSSS), a sufficient number to give concern are associated with

the NSSS. When the. potential hazard of reactors is considered there

/sufficient incidents to give weight to the critics' claims that the

current reactors are not yet safe enough. Although they may

still have other reservations regarding nuclear power, many of the

critics believe that LWRs can be made acceptably safe.

Gauging comparative reliability of various types of power

plants is a complex process requiring a careful analysis of a

number of indices; no one set of statistics expresses a meaning-

ful index of reliability. Intuitively, because of the complexity

of the NSSS one could expect nuclear plants to be less reliable

than fossil-fuelled plants.

With the provisos mentioned above, this does appear to be

the case. For example the Federal Energy Agency in March 1975

reported that the capacity factor for coal plants was 59• 75̂

compared with a 50.0$ factor for nuclear. Equally, if not more

important, is the wide range of availability factors found from one

plant to another. Some utilities seem more successful in their

nuclear operations than others, and it appears that some (but

certainly not all) of the operating problems are organizational,

rather than-inherent in the reactor design.
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8. PLANT AND OPERATING COSTS

Plant costs have increased enormously within the last decade.

20 )
As shown in Fig.l, a lax-go fraction of the increased cost is due

to escalation and interest during construction. Not unexpectedly

this is an area the industry is very concerned about and it is

clear that efforts to reduce lead times will receive high

priority. Spoeded-up licensing procedure will help in this respect.
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To bring tho plant cost estimates up to date and to compare

with coal-fired plants the following projected capital costs for

plants in Now York State,expressed in 1985 dollars and including

21)

interest during construction, are given below.

1100 Mtf(e) nuclear plant $975/kW

Additional $85/kW for cooling towers

850 MW(e) coal plant with scrubbers $9^5/kW

Additional $55/kW for cooling towers

Same plant without scrubbers $765/kW

Operating costs (no cooling towers) - including capital,

fuel operation and maintenance
Nuclear 3.85c/kirh 66"/l> capacity factor

(1985 S's)

Coal (without scrubbers) 5.24c/kWh 70% " "

Coal(with scrubbers) 5.93c/kWh 67% » "

It is extremely difficult to get an accurate comparative cost

estimate of fossil-fuelled and nuclear power plants. Clearly

no two structures are alike. How the situation will change when

processing costs, the outcome of GESMO and waste disposal charges

are established, is difficult to answer.

Even an estimate of current costs is difficult to establish.

6 ) l i s t

id
22\ 6)

For example, the 19th Steam Station Cost Survey 'is said to,rciuclear

power as the second most costly way to make electricity, second

only to oil. Coal is reported to be 25% less expensive than

nuclear. This ranking is, however, disputed by the Atomic

Industry Forum which claims that nuclear is hO"/o cheaper than coal. '

Quite clearly, future costs are of prime importance, and the slow-

down of orders indicates that the electric utilities probably have

some reservations on the economics of nuclear power. However the fact

that cancellations are almost balanced by now orders, shows that

the utilities are not entirely deserting tho nuclear industry.
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9. REACTOR SAFETY

In order to assess some aspects of the nuclear debate, an

understanding of reactor safety is needed. However it is important

to realise that there are few, . if any, people in Now Zealand

with sufficient knowledge cf reactor engineering to be able to

assess critically the importance of many of the safety issues

under discussion at the present time. The greatest hazard is

that some or all of the enormous amount of radioactivity built up

in the fuel elements may, in the event of an accident, be released

to the atmosphere. In LWRs it is postulated that the most

probable accident leading to the release of a large fraction of

the fission products, is the loss-of-coolant accident (LOCA).

To guard against a LOCA the plants are designed to provide

what is known as 'defence in depth1. The first level involves

conservative design which tolarates errors and malfunctions,

and demands quality assxirance foi- materials and components. The

second level consists of engineered safety features and redundant

back-up systems. The third level comprises additional safety features

designed to handle failures in the first two lines of defence;

the containment building would come into this category. In this

category is also included the emergency core cooling system (ECCS).

The ECCS is a reserve water supply and delivery system intended

to go into action in a matter of seconds after a LOCA and prevent

the core from melting.

The ECCSs have come in for a tremendous amount of justifiable

23 )

criticism and even now the effectiveness of the systems have not

been demonstrated. Some 1/60 scale loss-of-fluid tests (LOFT)

are being undertaken,but are not expected to be completed until

the 19SO's. Even the successful conclusion of the LOFT tests is

unlikely to satisfy all the critics. In the meantime, the NRC

believe in the computer codes which predict the performance of the
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ECCS in the event of a LOCA - the tost series recently initiated

has shown that the codes are indood conservative, but the programme

25)

has barely begun. '

Although most concern has been given to LOCAs it has boon

found that reactor transients can also load to core melt-down.
The effect this will have on reactor safety research is not known.

A number of other safety issues are currently under invest-

igation - as mentioned earlier,in 1975 the ACRS listed 27 safety

items as still unresolved - these included pressure build-up in

the containment structure following a LOOA, rupture of high pressiire

lines outside the containment building px^eventing operation of

critical safety components, stress corrosion cracking in BWR piping,

common-mode failures and pressure vessel failure from post-LOCA

thermal shock. '

In an independent study of LWR sys Jems carried out by the
15)

American Physical Society, the current ECCSs were criticized and

it was suggested that alternative ECCSs be designed and tested.

Another important suggestion was that much greater effort shoiald go

into improving reactor containment. Underground siting appears

to be an effective moans of minimizing the release of fission

products to the atmosphere in tne event of an accident, but the

26 27)advantages of this technique are not completely clear cut. ' ''

The Reactor Safety Study ' was an attempt to assess

the hazard to the general population resulting from the operation

of 100 LWRs of current design. The results showed that while

largo accidents affecting thousands of people could occur, their

probability was orders of magnitude lower than other events (e.g.

earthquakes) of comparable consequence.

The -whole study has been widely criticized; some of these

criticisms have been adequately answered but some have not. Apart

from arguments regarding weaknesses of tho methodology employed
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(e.g. not all accident modes can bo identified) perhaps the most

valid criticism is that no account lias been taken of deliberate

acts of violence, for example sabotage, either in peacetime or

time of war. Despite these criticisms, and some have gone 1.0 the

extent of claiming that risk estimates given in WASH-1400 could

be 'orders of magnitude' out, the fact remains that the opeiating

record of commercial LVKs to date is such that no core melt-

down has occurred and so the estimates are certainly net two r-r

more orders of magnitude out. If we include the record of LWRs

operating outside the USA, it should be possible to confirm or

deny the estimate to better than one order of magnitude within

the next few years. This validation of the RSS, even to an

order of magnitude}is Important because only then can anything

like a rational cost-benefit analysis be made as to whether

additional safety features (e.g., siting underground) are warranted.

10. OPERATING PROBLEMS

A number of operating problems have occurred during the

development of the power programme. Some of the problems have

been specific to one reactor but a number have been generic

and of sufficient importance to lead either to derating of reactors

or even to shutdown.

Some of the more important examples of the generic problems
29)

are (a) fuel densificatxon - shrinkage of the fuel pellets has

resulted in gaps in the columns of UOp pellets inside the fuel pin

and in some cases the zircaloy cladding has collapsed into these

unsupported gap regions.

(b) Stress corrosion - this is currently one of the industry's

principal concerns. Approximately 2O?o of the forced outages tlint

occurred in plants from 1971-73 were caused by problems in steam
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generators.30' Many of these involved stress corrosion cracking of

the stectin generator tubes when the water chemistry was improperly

controlled. In the past 3 years cracks have been found in piping

in IVWRs - these have been due to stress corrosion in oxygenated

water31'32)

(c) Vibration caused failures - flow-induced vibration

resulting from the continued rapid flow of cooling water through

33,34)
the reactor core is a problem in LVRs The vibration can lead

to metal fatigue and is known to loosen bolts. The problem is

sufficiently important to warrant the installation of "loose-parts"

monitoring systems in some plants.

In addition to these generic problems, a number of incidents

bearing on the safety of the plants have occurred. Some of these

have been due to operator error, some due to component failure

but undoubtedly the most serious was the Brown's Ferry fire of
6,35-38)

22 March 1975. The two 1100 MW(e) reactor complex was put out

of action by a fire which burnt for 7 hours. The fire, which was

started by a workman using a candle flame to check for air leaks,

damaged 2000 electrical cables and knocked out the ECCS as well

as several other safety features. The reactors were shut down

manually, but not before the water level in one unit had dropped

from its normal value of 80cm to 19cm above the core at one stage.

As a result of this incident, the NRC has prepared new

guidelines aimed at improving fire protection at new nuclear

power plants.39)
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11. FUEL KKI'KOCESSIXG

Fuel reprocessing is probably the greatest current problem in

the industry. It lias always been accepted that fuel reprocessing

would be an essential part of the LVR fuel cycle, and a current

ERDA study comparing a cycle involving reprocessing with a throw-

away cycle can find no situation where reprocessing would not pay. * '

An. alternative to reprocessing that might be economic is to use

spent fuel from L\TRs in a heavy water reactor (HlfR). One HWR

would use the output from 3 L¥Rs resulting in 25-30$ more energy

from this cycle than a closed light water cycle.

Currently no reprocessing plants are in operation,and there

is a court ruling that NRC cannot issue interim licenses for fuel

cycle facilities until a decision on the GESMO process has been

made. This decision will either permit or forbid wide-scale use

of plutonium mixed with uranium in power reactors. A draft

environmental statement was issued by AEC in 197'^and a final

hi)

statement is expected from the NRC in the near future. ' A draft

supplement with an analysis of costs and benefits of alternative

safeguards programmes is also expected to be issued soon.

The following steps are projjosed in the reprocessing cycle.'
1) Separate plutonium and uranium from fission product wastes.

2) Convert uranium to UF^ for enrichment and return to the

usual fviel cycle.

3) Convert plutonium to plutonium oxide.

h) Manufacture fuel rods vrith pellets containing mixed Pu and U

oxides.

5) Fabricate fuel elements from the mixed oxide fuel rods.

6) Convext fission product wastes into a form suitable for long-

term storage.

7) Transport materials as required.
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Processing facilities vcre operated by Nuclear Fuel

Services (NFS) from 1966 to 1972. This plant which could pro-

cess 300 toimo/yoar was shut dovn to increase its capacity. NFS

recently decided not to proceed with the extension because of more

demanding NKC regulatory- requirements, especially regarding

seismic design, which would have increased to $600M a job originally

anticipated to cost $15M. '

A reprocessing plant was built by GE but this is now

considered technically inoperable.' This leaves only one plant,

with a 1500 tonne/year capacity,being built at Barnwell, S.C. for

Allied-General Nuclear Services. This plant is Hearing completion,

but delays and unpredictable changes in the licensing process raise

doubts whether the start-up date of 1979 will be met. ' Much of

the delay is caused by the opposition to plutonium recycling.

Reprocessing, and hence spent fuel storage, is likely to remain

a problem for many years,as after 1982 it is anticipated that a new

plant the size of Darnwell will be required every 18 months; but

new plants are expected to take up to 10 years to build.

Reprocessing costs have increased from initial estimates of

$30/kg to $100-200/kg. These increases have a relatively minor

effect on generating costs - a reprocessing charge of $200/kg adds

less than 0.06 c/kWh to power charges.

12. WASTE MANAGEMENT

Under the regime of the AEC,active waste disposal never had

a high priority - it was always thought that the existing methods

for temporary storage would be adequate for many years and that

the final development of methods for long-term storage and disposal

could be tackled after more urgent problems had been solved.

However, a growing body of public concern over the disposal problem,

prompted 110 doubt by the repeated leakages of liquid wastes
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i
produced fi*om the weapons proci-cuiime f.nd tho off—site migration of

r
low-level wastes at Mnxey Flats, hat* changed this viewpoint. The

i

i
court order placing a moratorium onfnew licensing is the latest
expression of this concern. f

I
a

From a modest $'lM in 1976, ERpA proposes to spend $̂ iOM in 1977
j

on waste disposal research, The Jlirector of ERDA has stated their

intention of having at. least one ^inal repository for highly active

waste from LWR fuel available, oi a test-operation basis, by 1985. '

It is recognised that aji unnecessarily early decision as to the

method of ultimate disposal of highly-active wastes may lead to

additional costs in the end, but in order to satisfy the critics

it is necessary to establish firmly one method of disposal.

It is generally accepted that tlie solidified high, level vaste

will be placed in dry bedded salt formations. Originally a

depository in an old salt mine in Lyons, Kansas, was proposed; but

this was abandoned because of adjacent solution - mining drill

holes. Current attention is directed towards sites in New Mexico,

Michigan and Ohio. Public opposition may delay or even prevent

some sites being used; already opposition to a possible site in

Michigan has been raised. One of the sites near Carlsbad N.M. has

recently been found unsatisfactory. This is believed to be due to

problems from fluid inclusions of primaeval brine. When heat from

nuclear waste canisters reaches brine the water will turn to steam

and hydrofracture the salt bed, allowing vaste to contaminate the

ground water.^5)

Throe different, methods have been developed for solidifying

wastes prior to storage/ Calcining has been used for military

wastesibut Vitrification - adding waste to a molten glass and

letting it harden to fox-m a ceramic-Id Uc material - is considered

superior ami will be employed for commercial vaslos. ' It is of



19.

interest to note that at px-osont the volume of high-level waste

from the military programme is more than 600 times that of

commercial high-level wastes.

Low-level waste is normally disposed of by shallow land

burial. However" as a result of problems experienced at Maxey

Flats, Kentucky, where off-site migration of actinides was dis-

covered, more stringent control is obviously necessary. A regulatory

system for low-level waste burial is being prepared by NRC.

13 FUEL SUPPLY

In considering fuel supplies for the pover programraoionly

uranium is usually considered. However, ERDA is now starting to

take a serious look at the thorium fuel cycle in LWRs and CANDUs.

Their intention is to be able, in a year's time, to make a well-

informed judgement as to whether the U.S. Should embark

on a commercial thorium fuel cycle, do development workior just

co-operate with other governments such as Canada. The implications

of this decision will be far-reaching as it could provide an alter-

native to the fast breeder reactor programme when the supplies of

high grade uranium are depleted. It has generally been accepted

that by the turn of the century the existing power reactor

programmes around the world will have committed the known reserves

i niura economically recoverable. To date most estimates

have been made in terms of uranium recoverable at prices less

than $30/lb, indeed some countries have considered only deposits

recoverable at less the $20/lb. However, two facts are now

emerging which are altering the predictions of how long the uranium-

fuelled LWR cycle will continue - firstly,estimates of installed

capacity are continually being revised downwards and secondly,

because costs of alternative fuols are rising so rapidly it will

be kjoiiomic to use uranium mined a.t costs exceed jug 830/lb.
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Indeed, already contracts are being signed for the supply of yoJlov-

cako at prices exceeding $'lO/'lb.~L ' ' Three recoiit studios

conclude that if uranium reccvorablo in the USA at prices of up

to $100/lb is considered, current estimates of the total quantities

available would need to be revised upwards by a factor of about

10."' Current estimated reserves in the USA recoverable at up

to $30/lb are 780,000 tonnes U^Og, with a further 1,060,000 tonnes

in the probable category, 1,270,000 tonnes possible, and a further1

590,000 tonnes in the speculative category. These latter estimates

have been made on the basis of geologic evidence and limited

k9)sampling.

Although at some future date it may be economic for the USA

to import uranium, it would appear there is sufficient to sustain

the LWR programme until at least early into the nexc century.

Ik. ENRICHMENT

Currently uranium is Pnriched in three government-owned

gaseous diffusion plants built for the weapons programme. 'The

plants, located in Tennessee, Kentucky and Ohio, and operated for

ERDA, are expected to supply 13—1^ million separative work units

(SVJUs) in 1976. There is a large, rapidly growing (5000 Mg)

stockpile which may grow to 14,000 Mg. ' A shortage of enrichment-

capacity was expected in the 1980?s,and to cope with this it is

proposed to operate the plants with a higher throughput and a

consequent less economic use of uranium (the tailings will contain

O.3?o U rather than the current 0.2$). The anticipated shortagc-

of enrichment capacity is likely to turn into a glut, as proposals

are awaiting Senate ratification which would add two 9 million S¥U plant

at a time when there is a slowdown in the industry. One of the now

plants is an addition to the existing Ohio plant and the other

iri n free standing plant to be built for Uranium Enrichment
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Associates at an oslimatoUl cost of &34OGM. ''It is rather unfortunate

that such a massive increase in gaseous diffusion capacity is proposed

at the present time as it will delay the introduction of the more

efficient second generation plants based on centrifuges technology.

Three such plants were proposed by private groups for the late 1980s.

ERDA has an advanced centrifuge development programme based

on industry coiistrection of small demonstration pilot plant modules

(100K-300K SVTO annual capacity) which would be expandable to larger

economic projects.

Enrichment charges are rising rapidly, most of the increase

being duo to higher electrical power costs. For example in two years

fixed commitment contract charges have risen from $42.10/SKU to $6l. 30."1 •

15. SAFEGUARDS

The question of safeguards both on the national and international

level is becoming increasingly important.

On the national scene the acceptability of the use of mixed

oxide fuels is dependent on an adequate safeguard programme being

instituted,while at the international level nuclear arms prolifer-

53)
ation is the major concern. In this respect fuel reprocessing

plants in overseas countries are of special concern. The idea has

been put forward that the new reprocessing facility at Barnwell,

54)
S.C., could be considered as a multinational facility — anothex-

perhaps more pressing reason for this move would be to attract

some much needed capital to permit completion of the plant.

Two recent bills, the Zablocki-Findley amendment to the

Export Administration Act and the Pastore Bill, are directed

towards ensuring adequate safeguards in countries vhere U.S.
re\

nuclear material or technology is being supplied. '

To emphasise its commitment to the IAEA the U.S. has agreed

to IAEA nuclear safeguards inspection of nuclear activities which

had previously been exempt and vhich are not held to bo of national

security : ;rnif icrmco .''•' )



16. INSURANCE

In the event of a reactor accident,indemnification is

limited by the Price-Anderson Act to approximately S56OM. The

major benefit of the act is that it provides a level of

indemnification not available in the private insurance market.

Private companies now provide $125>i and the government S')35M.

NI!C has recently proposed new regulations'5 ' which would eventually

transfer all funding fox' the payment of claims to the private

sector. There will be two layers of private insurance. Liability

insuraiico pools will continue to provide the first layer

(currently $125M)- The second layer consists of retrospective

or deferred premiums to be assessed against utilities after an

accident which results in damages higher than the primary layer

available. This system will phase out government indemnity

gradually1 and will eventually provide funds in excess of &56OM

as the number of reactors grows.

The Act has been criticised on a number of grounds. The main

comments are that in vie*: of the findings of WASH—1400 the

maximum indemnity is inadequate, and that industry's support for

the limited liability is evidence of its own uncertainty about

reactor safety. The proposed new regulations should go some way

towards meeting these objections.

17. HEALTH AND SAFETY

The health and safety record of the USA nuclear industry

(apart from ear.1 y uranium mining operations) is so good that it

is about the only area not subject to major criticism.

An exception is found in some of the early uranium mining

operations which were carried out before the current health

regulations were set. As a consequence workers were subject to

high r. '.m exposures which resulted in an increased incidence of

lull."" C. 'V.



23.

The safety record of the nuclear industry is much bet Lor

than average, both fatalities and injuries in AEC plants running

«57)
at about one third the national overage rate over a 25 year period'.

Hazards from radiation were recognised from the beginning of

the industry, in particular the hazards froii plutonium. Up to 197^

not a single person had experienced any observable damage to health

57)that could be attributed to plutonium."

Maximum permissible radiation levels for workers have not

changed significantly over 20 years but the maximum permissible

level for the general public has recently been reduced from one

58 )
tenth the radiation worker's level to one thirtieth.

Permissible radon levels for workers in uranium mills has

59)also recently been reduced by a factor of three.

Concern has recently been expressed about the magnitude of the

health hazard arising from radon released from uranium mine

tailings. ' Although those estimates have been questioned '

there is no doubt that in the past insufficient account was taken

of the potential hazards of these wastes. ERDA has yet to make a

decision on what should be done with the 23 uranium tailings piles

62)
throughout the country.
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U.S. Energy Rose-arch and Development Agency
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