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introduction

n]:recedented construction cost overruns for nuclear powar
plants have halted growth in the nuclear industry in many
count:ies. Even while staggering under these bloated costs,
the industry is now faced with the expense of dismantling
and dispos.ng of worn out reactors. Decommissioning—the process
of cleaning up and burying a retired nuclear plant in order to protect

the public from radioactivity—is an essential step in the use of nuclear
power.

In most industres, the disposal of reired plant and equipment is a
straightforward and relatively low-cost operation. But the high levels
of radiation present in shutdown re~.tois will make the procedure
uniguely complex and costly. Decommussionirig will require retnotely
controlled technclogies and large work crews to limit the exposure of
individuals to radiation Comprehensive strategies for transporting
and disposing of radioactive wastes, and large amounts of readily
available money will also be needed. The economic competitiveness
of electric-generating technologies is traditionally juaged by com-
panng construction and operating costs. But cost estimates for nu-
clear power wiil be meaningful only if a third variable,
decommissionirig costs, 1s incorporated into the equation.

Nearly four decades and 400dpower plants into the nuclear age, the
question of how to safely and economically dispose of nuclear reac-

1 would hike to thank Ken Bossong, Frank Cardile, Luther Carter, Duane Chapman,
Peter Enckson, Carl Feldmaa, Bob Pollard, and Ted Taylor for reviewing early drafts of
the manuscript | am also grateful to Jodi Johnson and Susan Norns for their produc-
tion assistance
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tors and their wastes 1s stili largely unanswered. Nncleai plants can-
not simply be abandored at the end of their operating lives or
demolished with a wrecking ball. Radioactivity builds up each year
the plant operates, and all of the contaminated parts and equipment
must be securely isolated from people and the environment. Some
radioactive elements .n plant components will decay quickly, but
others will remamn hazardous for millennia.

No one knowc how much it will coc: to decommission the hundreds
of uruts 1n service and under construction around the world. Esti-
mates range from $50 million to $3 billion per reactor.! The reactor
construction binge prior to 1980 means that much of the de-
commissioning bill may fall due shortly after the tura of the century—
from 20% to 2820. Although engineers are attem:pting to lengthen the
life expectancy of reactors, econom:.al OEerahon may no: be {easible
for longer than 30 years. Numerous technical difficuldes, includin
the constraints radiation buildup places on routine maintenance an
the incvitable embnittlement of the reaccor press:i-e vessel, are likely
‘o limit opportunities to extend plant life.

At the turn of the century, demand for new large-scale generatin
lants of all types is expected to be weak, particularly in the Unite
States ? Thus nuclear decommissioning could be the largest expense
facing the utility industry, outsh’ipﬁing plant construction. Given
current poixcies, most of this bill will be pail by a generation that
neither took part in the decision t~ build the first round of nuclear

plants nor used much of the power generated.

Although nuclear Fower supplied 13 percent of the world’s electricity
in 1984, not a single large commercial unit has ever been dismantled.?
Nuclear engineers have been attracted to the exciting challenge of
d2veloping and :mproving a new technology, not to ﬁfuring out how
to manage its rubbish. But the problem will demand attention as a
growing number of plants approach retirement age. Not one of the 26
countries currently relying on nuclear power 1s adeqiately prepared
fer this undertaking.
/




“Nuclear plants cannot simply be abandoned
at the end of their operating lives or
demolished with a wre-king ball.”

The oldest commercial nuclear reactors are alteady nearing the end of
their useful lives, and come plants have closed prematurely because
of accidents or faulty designs. In the United States, dozens of tin
research and military reactors are no longer used and four smaﬁ
retired commercial uruts are awaiting decommissioning. The U.S.
Nuclear Regulatory Commission (NRC) estimates that another 67
large commercial units will cease operations before the year 2010.
Worldwide, more than @ Jdozen power reactors are already shut
down, 66 more are likely to retire by the year 2000, and another 162
will reach their thirtieth year of operation in the following decade.*
(See Table 1.) Countries with advanced nuclear programs will soon
start to feel the pressure assaciated with managirg the “back end” of
nuclear power production.

The formidabie 1ssue of decommissioning is getting less attention
than it deserves. Utility comparies and ratepayers balk at yet another
large expense associated with using nuclear power. And politiciars
are reluctant to tackie an issue that will not come to the forefront until
after their political careers have ended. In wiany parts of the world,
the nuclear power mdustr is sirapped fer cash and no longer com-
mands the attention of scientists, business leaders, or policymakers.

Developing new technologies and formuiatirg ccmplicated regula-
togr guidelines for safely handling, trar-vorting, and dicposing of
radioactive vastes will be ditficuli to accomphsh in such a mil’eu. But
there can be hitle argument that public health and safety and the
financial solvency of utlities demand accelerated research on and
financial planming for decommissioning.

Decontaminatior. and Dismantlement

Following a nuclear plant’s closure, the reactor owner must decide
which ofg three courses to follow: decontamnate and dismantle the
facihty immediately after shutdown, put it in storage for several de-
cades to undergo radioactive decay prior to dismantlement or simply
erect a “permanent” tomb. Each optior. involves removing the spent
fuel, draining all iquids, and flushing the pipes.®
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Table %: Nucieai Power Reactors in Operation and Under
Construction Worldwide, 1956-95, and
Year of Expected Retirement
Planned Retirement
After 30 Years

Entered Service  Readtors Capacity of Operation
(r 1mber) (megawatts)
1956-69 13 780 1986-1990
1961-65 22 3,920 1991-1995
1666-70 31 10.831 1996-000
1971-75 84 54,351 2001-2005
1976-80 78 61,476 2006-2010
1981-83 133 117,546 2011-2015
Cumulative in
Operation 361 248 904 1986-2015
1986-90% 122 114,061 2016-2020
1991-95* 22 18,099 2021-2025
Totai 508 381,064

*Under vonstruchien or on order

Source * World List of Nudiear Power Plants ” Nulewr News, February 1986

Under the immediate Zismantlement scenario, tuting and structural
surfaces would be mechanically and chemically cleaned, a process
called decontamunation, irradiated steel and concrete would be dis-
assembled using advanced sconng and cutting techniques; and all
radicactive debnis would be shipped to a burial ground. The site
would then theoretically be availagle for unrestricted use.

Plants to be mothballed, on the other hand, would only undergg
preluninary cleanup before bemﬁ placed under surveillance. After

years 1n storage, most of the short-lived radioisotopes would have
decayed, further safety gains would be neghgible, and the facility
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would be dismantled Entombment, the third option, entails covering
the reactor with reinforced concrete and erecting barriers to keep out
intruders. Although once viewed as the cheap and easy way cut,
entombment is no longer considered a realistic option because of the
longevity of several radioisotopes. The protective structure wouid
decay iong before the radioactivity within.®

A surv°y of 30 electric utilities in the United S.ates revealed that 22
planned to promptly dismantle and remove their reactors followin
shutdown. In Japan, utilites are advised to wait no longer than 1

cars after closuse to dismantle their tlants. Utilities in Canada and
¥rance, on the other hand, plan tc mothball mest of their reactors for
several decades before dismantling them.”

Regardless of the inethod chosen, decommissioning a large nuclear
power plant is a complex task. The high levels of ragiation present at
recently closed reactors place numerous constraints on the de-
commissioning crew. Worﬁers must take eiaborate precautions, in-
cluding wearing protective clothing and breathing apparatus, and
litmting their time n contaminated environments. Radiation expo-
sure must be carefully monitored, and according o industry standards
kept “‘as low as reasonably achievable.” Productivity will unavoid-
abry be low, less than half of what it would be in a nonradioactive
environment ®

Two sources of radiation will confront decorimissioning workers—
contaminated and activated matenals Contaminated parts include
riearly all ot the pxlpmg and equipmient in the reactor containment
essel and the fuel, auxiliary, and control buildings. Many of the
concrete surfaces in these buildings also become contaminated. The
degree of contamination depends on the number of fuel leaks experi-
enced during opera.on, the type of material exposed, and its exterior
finsh. Although high-pressure water jets and chemica! decontami-
nants can wash off some surface contamination, only a fraction of the
matenal becomes clean enough to recycle or dispose of in commercial
landfills.”
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T!  volume of solvents used must be carefuily reg,ulated because they
too become contaminated. Spills during either operation or cleanup
can result in contamination of the surrounding soil. Keeping waste
volumes to a minimum is an elusive goal: Each piece of machinery
and every tool that comes mto direct contact with a contaminated
sulrface must be d=contaminated or added to the radioactive weste
pile

The other source of radiation that will corfront decommissioning
crews s “‘activation” Froducts. When r.uclear fuel undergoes
fission—tiae splitting of uranium atoms—stray neutrons escape.
These neutrons bonbard the nuclei of surrounding atoms, and the
resulting change in composition causes some trace elements in the
steel and concrete that encircle the reactor core to become radioactive.
Neutron-activated parts include the rractor pressure vesse!, the
vessel’s internat components and structures, and the surrourn 61108
concrete shield. Neutron-activated components are more than 1,
times as radioachve as contaminated cormapon=nts, and because the
are composed of radinisotopes they canno. simply be washed clean.™®

Fstimating the volume and rad:o~ctivity of activat’on products that
will be encountered at a retired reactor is difricult. The complex ar-
rangement of the components in and around the reactor core makes it
hard to predict the movement of neutrons. Accurate assessments of
the quanhty of activation products also require a detailed knewledge
of the amcunts of various elements that are present in the construc-
t1on materials, sometimes ai the parts per millior or even parts per
billion 1evel. Studies conducted mn France showed only a small vari-
ator 1n the composition of concrete used in the European Com-
munity’s reactors, but studies of reactor construction materials in the
United States showed greatuer vanability. Cobalt and niobium con-
centrations In stainless steel were found to vary more than tenfold.!?

Fo. the first several decades following plant shutdown, the most
problematic elements arc those that decay the fastest. Cobalt and
cestum are the dominant short-ived radioisotopes, with half-lives
(the time it takes radioisotopes to lose half their radioactivity) of five
and 30 vea~s respectively. Other elements with longer half-lives are

1i



“Practical decommissioning experience is
limited to very small reactors.”

resent in smaller quantities and will dominate radiation leveis in the

ture. 'Jeutron-activated materials contain significant amounts of
long-lived nickel and riobium radioisotopes. Nickel 59, for example,
has a half-life of 80,000 years."~

Following prehiminary decontaminatior, the structures surroundin
the reactor must be cut into smaller pieces for transportation an
burial. A steel pressure vessel containing a 1,000-megawatt reactor is
typically over 12 meters high and 4 meters in diameter. The concrete
vessel surrounding an advanced gas reactor, the type used in the
United Kingdom, Is several meters thick. Dismantling the vessels is
both complicated and hazardous. Each cut causes more airborne con-
tamination, so remote-controlled equipment will probably be used to
keep worker ex};\aosure to a minimum. Althougl}\) testing of several
dismantling techniques is underway, more research is required to
prepare the industry for dismantling today’s large reactors. Accord-
ing to Dr. Paul Woollam, a member of the Commission of the Euro-
pean Communities team that in 1984 conducted a comprehensive
analysis of deccmmissioning capabilities, “The design of equipment
for dismantling, e pecially remote equipment, is in its infancy.”??

Practical decommissioning experience 1s limited to very small reac-
tors. The tiny 22-megawatt Elk River plant 1s the largest that has been
fully decontaminated and dismantled. The U.S. Department of En-
ergy (DOE) completed this three-year project in 1974 at a cost of $6.15
millien. The plant had only been in operation for four years. Plasma
arc torches were used to cut apart the reactor, and 3,630 cubic meters
of contaminated materials were buried. Many modern reactors can
produce 50 times more power and will have operated some seven
time s as fong as Elk River. Since radiation buiids up in proportion to
plant size and operating hife, a 1,000-megawatt reactor used for 30
years would pose corsiderably more problems.!4

Twenty-five miles outside of Pittshurgh, Pennsylvamia, DOE is cur-

rently decommussioning the United States’ first comme. Jal reactor

The 72-megawatt Shuppingport plant began producing electrcity in

1957, and after 25 years of operation, it was closed in 1582. In accord-

ance with the onginal contract, the U S. government 1s responsible
O
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for decommiscioning the plant Shippingport will be the largest unit
decommissioned to date snywhere in the world and it cousd be used
as a valuable and badly needed prototype.!3

Instead of seizing this learning opportunity, DOE plans o encase the
10-meter-high steel reactor vesser in concrete, transfer the 770-ton
behemoth intact to a 4,000-ton barge, and send it down the Ohio and
Mussissippi rivers, through the Gulf of Mexico and the Panama Canal,
and up the Pacific Coast and Columbia River. It is to be buried in an
earthen trench on the government!-run Hanford nuclear reservation.
Keeping the Shippingport reactor pressure vessel in one piece instead
of chopping it up and sending it by truck is estimated to lop at least $7
million, or 7 percent, off the total price tag.1®

Thus action is shortsighted. 3y employing cost-cutting measures now,
DOE 1s deprivin,, t!.¢ mternational nuclear industry—the same one it
helped foster—of invaluable lessons. Larger reactors may be too big
to ship 1n one piece, and the most difficult task decommissioriing
crews of the future will face 1s dismantling the pressure vessel and its
contents. !’

In Europe, etforts to decommission several commercial reactors are
just getting underway. The first three projects will be the 100-mega-
watt Niederaichbach unit in West Germany, the 33-megawatt Wind-
scale advanced gas reactor in the United Kingdom, and the
45-megawatt French G-2 gas reactor at Marcoule. Although the
French and U.K. plants are sma!l, each operated for about 20 years—
lurg enough tc become well contaminated. The larger, German reac-
tor was in service for only two years befcre technical difficulties
resulted 1n its ciosure Each unit has a different desigr, and .is-
manthng efforts are hkely to uncover problems unique to spe-ific
technologies. '8

However, experience gamed at the damaged reactor at Three Mile
Island will a1~ future decomunissioning work. The industry’s knowl-
edre of robotics, chemical cecontaminants, and remote cutting tech-
niques has greatly expanded as a result of ‘L -leanup effort.

13




"By employing cost-cutting measures now,
DOE is deﬁriving the international nuclear
industry—the same one it helped foster—of

invaluable lessons.”

International information shanng and on-si: nbservations by foreign
experts mean that these lessons may be widery applied.!®

The overriding consideration in selecting a decommissioning sched-
vle and the appropriate deco:itamination and dismantlement meth-
ods must be worker and public safety. Although radoactivity
declines more than twentyfold durin%éhe first 30 years of storage,
governments and the public may not be willing to tolerate the pres-
cuice of these highly radioactive’structures, or be willing to face the
charge of “passing the buck” tc future generations. The Humboldt
Bay reactor on the northern Califor va coast has been the center of
controversy since its retirement in 1976. The unit lies in a seismically
active zone and 1s not structurally engineered to withstand
earthquakes—which is why it was permanently taken out of oper-
ation Immediate dismantlement would make the site availa*le for
other uses, and would safeguard the public against pctential ex-
posure to radiation. Yet efforts to dismantle the plant are not ex-
pected untl after the year 20072

Fl—igh-Level Waste Management

Discussions about decommissioning typically exclude the topic of
high-level nuclear waste disposal. But high-level wastes—spent fuel
and the byproducts f fuel reproce:sing—must be removed from the
plant before decommussioning can proceed. At present, not a single
country has a permanent disposal facility for igh-level wastes and no
such facilities are likely to be in operation hefore the turn of the
century

The fuel for most nuclear p v - plants consists of smali pellets of
u.anum oxide-—the size of pen-il erasers—that are sealed in 12-foot-
long metal tubes and bundled into fuel assemblies. Fission products
that result from the sphtting of uranium atoms gradually build up toa
soint that inhibits the chain reaction. One fourth to one third of the
uel in a typical reactor iaust be replaced each year. The spent fuel is
kighly radioactive and consequently very warm. Spent fuei remains

IToxt Provided by ERI
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more radioactive than the original uranium ore for about 3 million
years. Remote handling conducted behind heavy shielding is essen-
tial !

Until the mid-seventies the international nuclear industry assumed
that reprocessing of spent fuel would become a universal practice,
providing fuel for the next generation of breeder reactors and a means
of quickly removing the spent fuel from utility holding ponds. But
along with uranium, fuel reprocessing recovers plutenium, which
can be readi'v made into nuclear bombs. Concerns about nuclear

roliferation, coupled with new discoveries of v.anium, a slowdown
in reactor construction, and the demise of most breeder programs,
undercut the rationale for reprocessing in many countries. The U.S.
program was abandoned and today only France, the Soviet Union,
and the United Kingdom have sizeable reprocessing industries.

Seven European nations and Japan have contracied to send at least a

-tion of tﬁeir spent fuel to the British Sellafield reprocessing plant
¢ .he French Marcoule and La Hague facilities. The recovex‘edp ura-
nium and plutonium, and the high-iever wastes that are typically
stabilized 1n glass cylinders, are to be returned to the countries of
origin. Therefore, although sending spent fuel abroad for regro—
cessing temporarily eases the waste management problem, it does
not permanentgr eliminate the need for sound handling and disposal
pobcies Indeed, reprocessing compounds the handling problem be-
cause it increases the number of times the fue! is manipulated and
transported. Because reprocessing is more expensive than direct dis-
posal, customers are essentially buying time to decide on a per-
manent disposal strategy.?

In the United States, virtually all of the 12,000 metric tons of spent
fuel produced to date is now stored temporarily in water-filled utili

holding ponds The volume of waste is expected to quadruple within
15 years. Utilities do not have adequate space for storing this spent
fue{ uor is there anyplace they can send 1t.2 For years, the nuclear
industry 1gnored the issue of permanent high-level waste Jisposal,
thinking reprocessing would relieve it of the burden. Today the dis-
posal problem, though managed by national energy agencies, is back

15




“The tuxicity of high-level wastes requires
that they be kept out of the biosphere for
tens of thousands of years—longer than
recorded history.”

in their laps It 1s impossible to fully dismantle a nuclear plant if there
is nowhere to put the speni fuel cooling in utility storage ponds.

People exposed to large doses of radia*ion may become ill or die
within several weeks. Exposure to lower doses results in long-term
effects, including several types of cancer. And children whose par-
ents were exposed are psone to genetic mutaticrs and birth defects.
Some radioisotopes are especially dangerous if they ore ingested or
inhaled because they mimic essential nutrients, concentrate in vul-
nerable organs, and then decay inside the body. Radioactive stron-
tium and cesium, for exaraple, behave like calcium and accumulare in
bones. And unlike many rchemicals, radioactive waste cannot readily
be detoxified or destroyed. Health risks can only be avoided by keep-
in;, Wazites out of the biosphere until they have decayed to harmless
eve. ..

Where to dispose of high-level wastes has become a contentious
olitical 1ssue in each of t%\e 26 countries that produce nuclear power.
ew national governments have been in power for more than several

decades, and the hifespan cf inusi energy agencies is even shorter. But

the toxiaity of high-leve! wastes requires that they be kept out of the

biosphere for tens of thousands of years—longer than recordec b:s-

tory

Since reliarce on humar: mstitutions for such a long period of time is
impossible, must countsies have deaided to bury their wastes in geo-
logic repositories 300 to 1,200 meters below the earth’s surface.
Searching for stable sites 1s the current focus of most disposal pro-
grams. Tke characteristics of a good site 'nclude unfractured geology
so groundwater will not migrate through the area and contaminate
water sup})hes, low seismic activity, and the absence of mineral
wealth so futu,c generations will not find the area attractive for drill-

ing.

Political opposition to high-level was*e disposal will be at least as
difficult an obstacle as tinding a %eeological?l appropriate site. Win-
ning public acceptarc * 1s hkely to be particularly tougn where popu-

lation densities are high, such as in Japan and Europe. Some
O
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countries—the Netherlands, for example, where there is strong pub-
lic opposition to all forms of waste disposal—are hoping that interna-
tional sites will become available, perhaps operated by reactor
suppliers. Yet no r. .tion would likely want to accept large volumes of
imported waste. China offered to store a small portion of West Ger-
many’s spent fuel, but the contract was linked to China’s obtaining a
bariain price on two reactor orders. Now that the Chinese have cut

back their nuclear program, the offer may no lon%gr be good. The
Sov 2i Univn is the only country that takes back the high-level wastes
generated by the reactors 1t sells, most of them to Eastern European
nations.®

The geologic medium chosen for a permanent repository is likely to
be limited by the options available domestically. Sweden plans to
dispose of its high-level wastes in granite, West Germany 1s exam-
ming the usc of salt mines, and Belgium hopes to place its waste in
clay (See Table 2 ) Japan is considering several rock types, but the
country 1s so earthquake—?rone that none may offer adequate stabil-
ity. Af this time, no single geological formation is considered sub-
stantially superior. Problems have been found with each.

Most European nations are just beginning to seriously explore and
evaluate permanent dlsposa{ sites. West Germany hopes to dispose
of its high-level wastes m the Gorleben salt dome and has begun
constructicn of exploratory shafts. The Stripa mine in Sweden has
been the focus ofp international research for almost a decade, but
Sweden plans to develop a new granite reposiiory 500 meters below
the earth’s surface. Construction is not scheduled until the year 2010,
when all of the nation’s 12 reactors will be taken out of service. The
United Kingdom has explicitly deferred the decision to proceed with
repository siting and France appears content to rely indefinitely on
“temporary” storage at its reprocessing facilities.?®

Several expenimental high-level waste repositories have already been
tested in the United States, but none has proved acceptable. In 1982
the U.S Congress passed the Nuclear Waste Policy Act (NWPA),
requinng the federal government to develop two permanent mined
geologic reposttories and have the first ready for business by 1998.

L/
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Table 2: Geologic Media Selected for Further Study as High-Level
Waste or Spent Fuel Repository in Various Countries

Country Granite Clay Salt Basait Tuff Shale Diabase
Belgium X

Canada X

France X X X

Japan X X X X
Spain X X

Sweden X

Switzerland X

United Kingdom X

United States X X X X

West Germany X

Source: K M Harmon. “survey ot Foreign Termunal Radioactive Waste Stoiage Pro-
grams,” mn Proceedings of the 1983 Crultan Radioactire Waste Management Infor-
mation Meeting, Wasnuington, D C, December 12-15, 1983 (Spningfield, Va
National Technial Information Service, 1984)

The Environmental Protection Agency issued standards prohibiting
radiation releases from the 300- tv 1,200-meter-deep burial sites for
10,00C years The location of the first repository has been tentatively
narrowed to one of three sites: Hanforc,, Washington; Yucca Moun-
tain, Nevada; or Deaf Smith County, Texas.?’

Final site selection has already become a political hot potato. Potential
host states and environmental groups have filed lawsuits challenging
the adequacy of the siting guidelines. According to James Martin, a
staff attorney with the Environmental Defense Fund: "First, there are
concerns that, in its haste to site a repository, [the Department of
Energy] has relied on pre-NWPA studies of dubious quality and is
delaying analysis of ‘waste transportation risks that cannot be de-
ferred. Second, there 1s evidence that politics are creeping into and
tainting the decnsnon-making process. These factors pose grave
threats to the integnty and public acceptance of the siting process.”’2
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Each of the proposed sites has drawbacks. There is much concern, for
example, that disposal at Hanford could lead to contamination of the
nearby Columbia River. And farmers in Texas fear contamination of
the aquifer they use to irrigate their crops. Choosing the best site will
unquestionably be difficult, but the only way to inspire confidence in
the final choice is to conduct extensive testing at each proposed
location and make the results available for scientific review.

Several nations are examining irtermediate storage of spent fuel af
centralized locations away from reactor sites. Sweden has the most
advanced program: Its C{AB facility, adjacent to the Oskarshamn

ower station, will hold spent fuel from all Swedish reactors in arti-

cial underground ponds for several decades prior to geologic dis-
posal. A ha?f-dozen countries are experimenting with dry spent fuel
storage as an interim step between utility holding ponds and per-
maznent disposal. Aboveground concrete silos and reinforced con:
crete vaults are already available in Canada, the United Kingdom,
and West Germany.*

In the United States, three sites in Tennessee, including the aban
doned Clinch River breeder reactor, are being considered as hosts fo:
a retricvable storage program. Thousg é)resentl blocked by the
courts, the storage plan would allow to fulfill its obligation tc
take possession of commercial spent fuel in 1998 even if a permanen
geologic repository is not yet available. Storing the fuel allows furthes
radioactive decay which would result in a cooler—and therefore
safer—waste package. But a centralized storage system would alsc
significantly wucrease the number of times fuel must be handled anc
transported. Critics fear the strategy is being promoted because DO
will not meet 1ts deadline for establishing permanent repositories.

In 1976, the California legislature was the first to enact a bill for
bidding further nuclear power p.unt construction until “the federa
government has approved, and there exists, a demonstrated tech
nology or means for the disposal of high-level nuclear wastes.” With:
out such assurance, it 1s impossible to fuily assess the costs of nuclea:
power Cor roversial at the time, the measure was only one of the

14




“The present inability to dispose of high-
level wastes is causing many developing
countries to shy away from building nuclear
power plants.”

many factors that put an end to reactor orders in the United States.
The deteriorating economics of nuclear power, low electricity-
demand growth, and tightened regulation after the accident at Three
Mile Island are considered the ;)rincipal reasons that no new reactors
have been ordered since 1978.%

“Stipulation”” laws making continued use or construction of nuclear
power facilities contingent upon the development of satisfactory
plans for managing the spent fuel and reactor wastes have aiso been
enacted in Belgium, Finland, the Netherlands, Sweden, Switzerland,
and West Germany. Though Japan has similar regulations in place,
one commentator likens its lack of high-level waste disposal facilities
to “living in a house without a toilet.” According to the International
Atomic Energy Agency in Geneva, the present inability to dispose of
high-level wastes is causing many developing countries to shy away
from building nuclear power plants.3?

The Nuciear Energy A%encY in Paris proljects that nearly 160,000
metric tons of spent fuel will have accumulated in countries belong-
in%:to the Organisation of Econoniic Co-operation and Development
(OECD) by the year 2000.* Existing utility holding ponds are not
large enough to accommodatr this increase, nascent away-from-
reactor storage techniques are unhkely to be sufficiently developed,
and permanent repositories will probably be stalled by political and
technical obstacles.

If there 1s no place to which the spent fuel can be shipped, moth-
balling will, by default, become the only feasible decommissioning
strategy. Choosing the safest and least expensive decommissioning
schedule 1s only possible if high-level waste disposal facilities exist. In
countries where fuel is not reprocessed or shipped to central storage
facilibes (and thus removed from the reactor site), the lack of per-
manen* epositories could severely limit opportunities for timely de-
commissioning.
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Disposal of a Retired Reactor

Removing the spent fuel is only the beginning of the decommission-
ing process. Few nations have independent commercial disposal fa-
cilities for low-level radivactive wastes, a much larger category that
encompasses everything from work gloves and used equipment to
contaminated water and soil Although this waste is considerably less
toxic than spent fuel and reprocessing wastes, it is produced in far
greater volumes. The largest contributor of low-level waste is nuclear
power generation, but hospitals, medical laboratories, and a variety
of industnes also produce substantial guantities. Most low-level
wastes decay to safe Ir “els in several decades, but some remain
dangerous for hundreds of years.

An average Fressurized water reactor, the most commo.ily used nu-
clear technology, sends about 400 cubic meters of nw-level wastes to
hurial sites each year. When the reaciors are dismantled, they will
each produce an estimated 18,000 cubic meters of low-level waste,
half again as much as will have been generated throughout the unit’s
operating life. (See Table 3.) This is enough to bury a football field
under four meters of radioactive debris. Deccmmissioning just one
large reactor wouid yield a volume of contaminated concrete and steel
equal to one fourth of the low-level radioactive wastes now shipped
to all U.S. commercial dumpsites 1n a year.3*

Until 1970, the United States and many other nations discarded low-
-evel wastes by dumping them at sea. Belgium, Japan, the Nether-
lends, Switzerland, and the United Kingdom were still dumping
much of their low-level waste until 1983, when the London Dumping
Conver.tion declared a moratonum pending a scientitic study of the
effect on the manne environment. The reprocessing operation at
Sellafield, however, still pumps 1.2 million gallons of slightly radio-
active wastewater into the ocean daily.

On-land disposal typically involves packing the debris in ’,arrels and
storing them erther at the reactor site or in specially decignated ware-
houses Canada and Japan, each operating large nuclear programs,
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Table 3: Estimated Low-Level Radioactive Wastes from
Dismantlement of a Typical 1,100-Megawatt
Pressurized Water Reactor

Material Burial Vol Truckloac_li
(cubic meters; (number}

Activated 216
Metal 484
Concrete 707

Contaminated 967
Metal 5,465
Concrete 10,613

Radioactive 618 130
Total 17,087 1,363

Source' R I Smuth G} Kenrek, and W E Kennedy, Jr Technology, Safety and Costs
uf Decommusstonng o ketrence Pressurized Water Reactor Power Station (Washing:
ton, D C US Nuclear Regalatory Commussion, 1978)

practice this aprroach. In only some half-dozen countnes are the
drums transported to comme-al low-level waste depositories and
buried 1n earthen, or more recently concrete-lined, trenches.

Experience with traditional shallow land bunal has been mixed
Three Jow-level waste sites in the United States, each opened during
the sixties, have subsequently been closed because poor burial p.ac-
tices resulted in surface water infiltration and contam:nation. Ken-
tucky, llinois, and New York, the states in which the rontaminated
trenches are located, each spend mullions of dollars anrually to clean
and monitor the sites. By the late seventies only half of the country’s
low-level waste sites were still operating—one each in Nevada, South
Carolina, and Washington. Objecting to their role ac the nation’s
dumping ground, the three state governmerts closed or restricted
access to their facilities for a short time in 1979.7
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This prompted the U.S. Congress to pass the Low-Levei Radioactive
Waste Policy Act in 1980. The law made each state responsible for
managing the commercial low-level waste generated within its bor-
ders, and encouraged states to form regional agreements to establish
and operat2 disposal facilities cooperativey. € new waste sites
were supgosed to be operational by New Year’s Day 1986. When it
became obvious that the deadline would not be met and that half the
low-level waste produced in the United States, accounting for nearly
three quarters oxP the radioactivity, would be barred from t%\e nation’s
waste sites, an eleventh-hour compromise was reached. Slow-actin
states were given a seven-year extension and the first seven “regiona
compacts,” involving 38 states were approved.3

But the governors of Nevada, South Carolina, and Washington drove
a hard bargain. They set limits on the volume of waste their sites will
accept each year and developed quotas for individual reactors in
various regions. Total volume reduction required per reactor ranges
from 1€ 10 45 percent. In the future all wastes accepted from outside
these three regions will be assessed a surcharge rising from $10 per
cubic foot in 1§86 (a 30 percent increase over present rates) to $40 per
cubic foot in 1990. If interim deadlines are met, one quarter of the
surcharge fees will be returned to the state of origin to help offset the
costs of establishing new waste facilities.3

Selecting new burial sites promises to be difficult. Maine, Massachu-
setts, and South Dakota already require voter approval of either com-
pact or siing decisions. And both Nevada andr) outh Carolina have
stipulated that their disposal sites will soon close and other states in
their respective regions will have to accept wastes in the future.
Political opposition to nuclear waste sites is strong and past operating
expenence[l)\as dore little to dispel public concerns.#

Because several of the first site~ developed leak s, at least five states—
Ninois, Kentucky, Massachusetts, Pennsv!,ania, and Texas—have
prohibited the future use of *raditiona. !..ilow land burial. They ma

still allow underground wasic disposal, but they will require engi-
neered barriers such as conc: * Lined trenches, and strict en-
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“’Political opposition to nuclear waste sites is
strong and past operating experience has
done little to dispel public concerns.”

forcement of packaging regulations. Other disposal techniques
seriously being studied include abovegreund vaults, earth-mounded
concrete bunkers, mined cavities, and augured holes. To date these
technologies have been used primarily for waste storage, not dis-
posal, and there is concern about their long-term ability to isolate
wastes. Aboveground structures, for example, will be subject to natu-
ral catastrophes, possible intrusion, and years of weathering,*!

Many states are examining new disposal methods, but for the most
rart the{; are inexperienced in dealing with low-level wastes and have
imited budgets. Congress has made the states responsible for the
wastes generated within their borders, but no federal funds have
been allocated for assistance, and the two organizations with the
most expertise, the NRC and DOE, do not plan to conduct additional
research and development activities. Their role wil' be purely advi-
sory. Despite the desire to build safer disposal sites, most states are
ill-equipped to meet the challenge and fear that proposals to use
alternative methods will result in regulatory delays.*?

Since systems with elaborate safeguards are expensive to build and
operate, states have been encouraged to join forces to designate re-
gxonal sites at which high management standards can be enforced.

uch regional facilities would certainly be safer than periodically ro-
tating sites among member states, a dangerous alternative that never-
theless is sometimes endorsed for poliiical reasons. New waste sttes
are only expected to operate for 20 to 30 years before they are closed
and a new regional site is required. Disposal responsibility is thus
likely to rolate among a regional compact’s membe. states eventually
and there is no need to accelerate the process.**

In Europe, severa! different approaches to low-ievel waste disposal
are being examined Sweden plans to dispose of its waste in numer-
ous galleries and chambers sunk into granite rock 50 meters below the
Baltic Sea. An abandcned iron mine has been designated as a future
disposal site in West Germany, but in the meantime, wastes are
temporanly stored in aboveground warehouses. Japanese nuclear
plants store low-level wastes on-site. Incinerators and compactors
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kees waste volumes manageable while research is conducted on bott
land and sea disposal.#

In France, low-level wastes have been disposed of in earth-moundec
concrete bunkers at the La Manche center since 196S. The success o
the facility has prompted the Westinghouse Electric Corporation tt
develop a disposal system, called “SAVEPAK,” patterned after the
rrench method. Incoming westes would first be X-rayed to make sur
they are liquid-free and to measure their level of radioactivity. Com
pactors would then squash many of the drums to one-seventh theis
original size. All the wastes would be placed in concrete monolith:
and then buned in huge graves. Several regional compacts in the
United States, along with atilities in japan, Spain, South Korea, anc
the United Kingrom, have expressed interest in adopting the tech
nology. ¥

All the contaminated and activated components of a reactor require
special handling and disposal, but a small Eercentage of the wastes
are considered too radioactive to be classitied as low-level. Trans
uranic wastes, those containing elements heavicr than uranium, are
all formed as activation Eroducts, They have leag half-lives and re
quire 1solation frorn the biological environment for many thousand:s
of years. Until recently, transuranics were disposed of the same way
as melevel wastes. They are now stored at reactor and reprocessin
sites and co amonly referred to as “‘orphan wastes.” Their long half
lives make then. too dangerous for shallow land burial, but govern:
ments have been reluctant to assume responsibility for them as pa
of national high-level waste programs. Eventually, they will probably
be disposed of in geologic repositor.~s.%

Plans for developing new low-level waste sites do not address the
need to provide adeciuate capacity for decommuissioning wastes. Reg:
ulations do not speaty a mimimum size and it appears tEat the second
generation of disposal sites may only be large enough to accept an-
nual operating wastes If this occurs, decommussior ing activities may
be hindered by the lack of both high- and low-level waste disposa;
facilities
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“Decommissioninipolicy is held hostage to
the lack of disposal sites.”

Most 1. tons that have d cided to use nuclear power have shirked
the responsibility of safely managing radioactive wastes. In 1981, the
Atomic Industriai Forum, an industry trade group, observed that
"Because of the present waste disposal problem, it may not be pos-
sible to conduct a total decommissioning today. Therefore, the op-
tions a utility can choose at the t?resent time are mothballing or
entombment with onsite storage of all active material.”*” That state-
ment is still true today. Decommissioning policy is held hostage to
the lack of disposal sites

Estimating the Costs

The cost of decommussioning nuclear power reactors is highly specu-
latwve. Cost estimates have been derived from generic studies, from
scaling up the costs of decommissioning smaller research facilities,
from calculations based on a fixed percentage of construction costs
and more recently from site-specific engineering studies. The detail
and sophistication vmployed in developing these estimates varies
reatly and thewr lack of standardization makes comparisos s difficult.
oreover, limited decommussioning experience—none with large
reactors—makes it impossible to know if the estimates ave on target.
In effect, all the figures put forward are guesses based on numerous
uncertamn assumpticns and varying degrees of wishful thinking.

In 1978 the U S. Nuclear Regulatory Commission asked the Battel!2
Pacific Northwest Laboratory to estimate the cost of decommissioning
a generic 1,175 meg- watt pressurized water reactor (PWR). A Battelle
study conducted two years later estimated the cost of decommission-
ing a boiling water reactor (BWR). These are the two most commonly
used nuciear technologies in the world, accounting for 72 percent of
all operating reactors—165 PWRs and 77 BWRs. Dattelle concluded
that costs would depend pnmarily on the reactor design and the
number of years atter shutdown that dismantlement would be de-
ferred In general, more plant components become contamunated in
boiling water reactors so they require a larger labor force, produce a
greater volume of low-level wastes, and consequently are more ex-
pensive to decommission For both designs, immediate dis-
(<)
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mantlement was considered slightly less expensive than storage, in
spite of higher initial costs.*8

The Battelle figures were wiucly adopted within the utility indus
and used as a proxy by many companies that had not developed their
own estimates. But the studies were never intended to be used in this
way. They were meant to be used as guidelines, and to give utilities
and their regulators a ballpark estimate of the decommissioning costs
they were liiely to encounter. Differences in plant size and esigin,
operating history, future availability of and distance from: waste dis-
posal facilities, regional variatiors in labor rates, and uniwue site
characteristics such as space limitations were largely ignored. As
individual utili*es began to conduct their own site-specific cost esti-
mates, and as various component costs such as waste disposal rose
much faster than anticipated, it became obvious that the initial esti-
mates were too low.

In 1984, Battelle updated its studies, this time for the Electric Power
Research Institute, and costs had indeed risen much faster than in-
flation over the preceding six years. Yaste disposal costs rose the
fastest. Assumptions were also modifid to reflect current regulations
and market conditions. For example, when the original PWR analysis
wag performed, 1t was assumed tﬁat decommissioning workers could
be exposed to four times as much radiation during a one-year period
as was subsequently deemed safe. ™

The prolected price tag for immediate dismantlement of a 1,175-me-
pawatt PWR, usin& outside contractors, rose to $104 million and for a

,155-megawatt BWR to $133 million. Comparative site-specific,
rather than generic, estimates for two 1,100-megawatt reactors pro-
duced estimates of $140 million for a PWR (35 percent higher than the
updated Battelle estimate) and $134 million for a BWR, excluding the
costs of removing nonradioactive structures.50

Estimates derived from scaling up costs based on the experience at
smalier, less contaminated facilities, and froin assuming a fixed per-
centage of construction expenditures are even higher. California reg-
ulators have assumed in some studies that decommissioning
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expenses would be 10 percent of capital investment. A detailed three-
year study of decommissioning costs in Switz2rland concluded that
retiring a nuclear plant would cost one fifth as much as the facility
originally cost to build. After evaluating decommissioning expen-
ences at Flk River and a smaller research reactor, Peter Skinner, a
state-hired engineer, advised the New York Public Service Commis-
sion that decommissioning could potentially cost 24 percent of orig-
inal construction costs. This translates to more than $300 million for
most recently completed U.S. reactors.>!

André Crégut of the French Atomic Energy Commission believes that
utilities will rot begin to decommission their reactors until costs can
be brought down to 15 percent of the orii'mal investment. He esti-
mates that using currently available techniques, the cost of de-

commissioning world be at least 40 percent of the cost to build.>2

All of these projections assume normal reactor operating conditions.
Economist Duane Chapman at Cornell University has oiserved that
the Three Mile Island plant is so heavily contaminated that dis-
mantlement may exceed the original cest. Although the level of con-
tamination at Three Mile Island is many times higher than will be
encountered at most power reactors, cleanup costs there are pro-
jected to pass $1 billion before decominissioning itself is con-
templated. Chapran has also predicted that dismantlement might
cost as much as reactor construction, in constant dollars, at plants
where accidents have not occurred. In the United States, this
amounts to an average of about $3 billion for a new 1,000-megawatt
unit. Chapman expects that as decommissioning cost estimates risc,
utilities will forgo immediate dismantlerent and instead favor stor-
age or entombment.>?

Research done 2t the Rand Corporation reinforces Chapman’s skep-
ticism. Analysts there have concluded that large-scale engineering
projects based on newly developed technologies cost on average four
times more than mitial estimates. Recent U.S. nuclear power plant
construction costs totai 5 to 10 times original projections, even after
accounting for inflation.™

O
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Because of gross cost overruns, approxiinately $20 billion worth of
Eartially constructed nuclear plants have been abandoned in the

nited States. In the early seventies, reactors were expected to come
into service at well under $1 million per megawatt. Costs for just-
completed units now average closer to $3 million per megawatt, and
at the not-yet-operating Shoreham plant on Lon§ Island, the figure
aas already surpassed %5 million per megawatt.>> Decommissioring
estimates put forward by the nuclear industry presume that as expe-
rience is gained, costs will fall over time. But U.S. nuclear construc-
tion experience appears to defy the l.arning curve—costs rose over
the years.

Members of the Atomic Industrial Forum have recently completed
“Guidelines for Producing Commercial Nuciear Power Plant De-
commissioning Cost Estimates.” The guidelines attempt to standard-
ize cost estimates and eliminate past deficiencies so estimates can be
readily compared and uaderstood by analysts and members of reg-
ulatory commissions. According to the authors, Williams and La-
Guardiz, "1t is of equal importance o identify all assumptions used in
the estimate. One of the major problems associated with att>mpting
to compare the costs to decommission units estimated by different
parties is to account for the different assumptions made. Unless they
are clearly identified, no rational comparison can be made.” In the
past, some estimates included the expense of removing spent fuel,
others the cost of demolishing nonradioactive structures, and still
others the cost of long-term surveillance and security at a mothballed
plant. Some utilities included costs attributable to complying with
stncter regulations governing waste disposal and worker exposure
limits while others did not. Rarely were the costs, expense categories,
or assumptions comparable from one study to anot{:er.56

Several site-specific cost estimates that rely on the recently developed
guidelines are now complete. For BWRs in the 1,100- to 1,200-mega-
watt range, these studies estimate the cost to remove and dispose of
radioactive structures and waste at between $120 and $170 million.5

In Japan, a pohicy advisory group for the Agency of Natural Resources
and Zne.gy studied the costs of and optimal schedule for de-
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“Financial compensaticn m:y be required to
entice commuaities to accept radioactive
waste.”

commissioning. It concluded that dismantling a 1,100-megawat plant
after five years o1 storage will ~ost $160 million.%8

The major expenses associated with decomm’ "~ming are the pack-
aging, trangportation, and burial of wastes; labor; energy; demolition;
and equipment. In several site-specific cost estimates, waste disposal
accounted for 40 percent cf the total. In the last decade, the cost of
shallow land burial of a 55-gallon drum of low-level wastes has in-
creased more than tenfold in the United States. And, as discssed in
the previous section, new low-level burial grounds will 2 tech-
nologically superior to and more strictly regulated than past sites. The
unique problems inherent in establishing new facilities—for both
high- and low-level wastes—will further raise dicposal costs.>

Financial compensation may be required to entice communities to
accept radioactive wastes. The United Kin dom is seriously re-
evaluating its disposal-facility siting policies following vehement local
oppcsidon to 2 plan for using an abandoned salt mine at Billingham
in nc: .east England. Lewis Roberts, director of the Atomic Enerﬁy
Research Establishment at Harwell, recently acknowledged that the
ager.cy may have to adopt the French and Japanese practice of com-
pensating communities tor hosting repositories &

Reactor dismantlement is a labor-intensive process. A survey of 21
cost estimates, for both pressurized and boiling wate~ reactors, found
that labor expenses were forecast to contribute from between 25 and
50 percent of total costs. Following two years of planning and prepa-
ration prior ‘o shutdown, disassembling a large PWR is expecte to
require more *han 300 workei-years. Additional workers will be re-
quired to decontaminate and dismantle the cooling systems in boiling
water reactors. Permussible radiation exposure levels have become
progressively stricter over the years and may coatinue to tighten in
the future tecause the health effects of long-term exposure to low
levels of radiation are still debated by medicai protessionals. Re-
placement of steam generators at the Surry reactor in Virginia re-
quired more than thre2 times as many worker-hours as anticipated in
order to keep down exposure levels.*!
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Decommissioning cost estimates for two of the reactors that will b
among the first to be decommissioned amount to more than $1 mi
lion per 1 2gawatt. (See Table 4.) The Shippingport facility, despite i
unique transportation arrangement and tederally subsidized was!
disposal, is expected to cost $98 million to decommission—$1.36 mi
lion per megawatt. This figure excludes the cost of dismandinig nor
contaminated buildings. Shippingport is also considerably les
contaminated than larger reactors will be, not only becanse it is smal

Taol. 4: Estimated Deccmmissioning Costs for Nuclear Power
Plants No Longer in Operation

Estimated Cost
Decommissioning Per Years
Owner/Site Capacity Costs Megawatt  Operate
(megawatts) (millions of 1985 dollars)
U.S Atomic Energy 2 14! 0.58  1964-6
Commussion, Elk River
U.K. Atomic Energy 33 64 1.94  1962-8
Authority, Windscale
Facific Gas and Electnc, 65 55 0.85  1963-7¢
Humboldt Bay-Ur.t 3
U.S. Department of 72 98 1.36  1957-8:
Unergy, Shippmgport
Commonwealth Edison 210 95 0.45  1960-7¢

Co., Dresden-1

"Decomnussioming of Etk River was completed in 1974

Sources. R Mark Pocta, “Report on the Decommussionuing Costs of Paaific, Gas an
Electnc Company for Humboldt Bay Power Plant Unit No. 3, Cahforni
Public Utiities Commussion, June 1985, OECD Nuclear Energy Agency
"Compendium on Decomnussioning Actwvities in NEA Member Countries,’
Pans, E]):nu.a\ry 1985, “DOE Says Decommissioning Costs on Target Despit
Shippingport Increase,” Nucleonics Week, April 25, 1985, Public Citizen
Environmental Action, “"Dismuntling the Myths About Nuclear De
commussioning,” Washington, D C, April 1985
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“Because of the variety of reactor types in
operation, decommissioning costs and
experience may not be transferable among
utilities.”

but because it has already veen thoroughly decontaminated once
during its operating life and has had several reactor cores. 5

Although members of the nuclear industry expect that economies of
scale wi!l make decommissioning larger reactors rroportionally
cheaper, the amount of radiation that builds up ina Lant, especially
that contributed by long-lived radioisotopes, depends on the power
output of the reactor multiplied by the number of years it operates.
The larger the plant, the greater the cleanup and dispnsal effort it will

require.

Because reactor designs have changed so much over the years, very
few countries will be able to develop specific decommissioning plans
applicable to more than several reactors. Not only have different
countries adopted different reactor technologies, but within some
nations the nuclear industry has dabbled in most of the systems
available. France, Canada, and perhaps the Soviet Union are the onl
major nuclear countries that have achieved a high degree of uni-
formity in their construction programs. These nations also commonly
build four to eight reactors at each plant, a strategy that should help
to hold down decommissioning costs. The United States and Japan
typically build only two to three reactors at onessite. The 17 shutdown

ower reactors listed in Table 5 represent eight different designs.

ucleai constri-iion costs steadily rose in the United States in part
because each utility built a custom—desifned plant. Because of the
variety of reactor types in operation, decommissioning costs and
experience may not be transferable amcng utilities.®®

There are vast uncertainties associated with trying to estimate costs 30
to 100 years in the future. Assumptions must be made about the
evolution of technologies and the likely increase in decommissioning
costs, inflation, and real interest rates. Estimates must also include

rovisions for stricter government regulations and other un-
oreseeable events. The staff most familiar with the plant will have
left the company and excellent recordkeeping will required to
inform the future crew of the reactor’s intricacies and its operating
history. The longer dismantlement is deferred, the greater the margin
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Table 5: Nuclear Power Reactors Awaiting or Undergoing
Decommissioning, 1985

Year Number of
Plant Years

Entered  Plant Reactor

Reactor Location Service Operated Capacity Type!
(megawatts)

Shippingport Pennsylvan:a 1957 25 72 PWR
G-2, Marcoule France 1958 22 45 GCR
G-3, Marcoule France 1959 24 45 GCR
Dresden-1 Ihnois 1960 18 210 BWR
Indian Point-1 New York 1962 i2 257 PWR
Windscale United Kingdom 1962 19 33 AGR
Chinon-Al France 1963 10 70 GCR
Humboldt Bay Califormia 1962 13 65 BWR
Ganghano Italy 1964 14 160 BWR
Karlsruhe West Germany 1965 19 58 PWR
Gundremmingen West Germarny 1966 11 250 BWR
Peach Bottom Pennsylvania 1967 7 L'y HTGR
Douglas Point Canada 1968 16 206  CANDU
Lingen West Germany 1968 9 256 BWR
Gentlly-1 Canada 1970 9 250 HWBWR
NPP-Al Czechoslovakia 1972 7 110 HWGCR
Niederaichbach West Germany 1972 2 100 Hv’'GCR

'Raactor types Listed in order they appear in table Pressunized Water, Gas Cooled;
Boiing Water, Advanced Gas, High Temperiture Gas Cooled, Graphite Moderated;
Heavy Water Moderated PWR (CANDU 'Tleavy Water Moderated BWR; and Heavy
Water Moderated GCR

Sources: OECD Nuclear Energy Agency, ‘‘Compendium on Decommissioning Activi-
ties in NEA Member Countnes,” Pans, January 1985, International Atomic
Energy Agency, “The Methodoiogy and Technology of Decommussioning
Nuclear Facilities” (draft), Annex 2, Vienna, May 1985; " Decommussioning;:
Survey of Power Reactor Projects,” Nuclear Engineerimg International, August
1985

of error and the higher the total costs are likelﬁ to be. Only seven of
the reactors listed in Table 5 are scheduled to be dismantled prior tc
1995 #4
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“’Although hundreds of nuclear power
reactors have been erected around the world,
projecting the cost of decommissioning them

is still fraught with uncertainties.”

André Crégut of the French Atomic Energy Conunission asserts that
utllities will not proceed with decommissioning until they are more
certair: of the costs. He thinks present estimates are still so rough that
actual costs could easily be at least 40 percent greater than expected.

New regulatory requirements increased reactor construction costs,
and it is logical to assume that actual decommissionting costs will also
exceed estimates. As experience is gained in decontamination, dis-
mantlement, waste handling, and disposal, inadequacies in existing
regulations will emerge. Rules wouidp then become more stringnt.
The biggest regulatory gaps at present a.¢ the lack of criteria for
classifying wastes as either radioactive or nonradioactive, the uncer-
tainties regarding the method of transuranic waste disposal, and the
absence of “resiqual radioactivity” standards. Without these guide-
lines, utilities do not know exactly how much of their wastes will
require special disposal and how clean they will have to leave the
plant site. If the final rules are stricter than utilities ar apate, cost
estimaes couid rise substantially *

Although hundreds of nuclear power reactors have been erected
around the world, projecting the cost of decommissioning them is
still fraught with uncertainties. The bill for all the plants now in
service could total several tens or several hundreds of billion dollars.
No one can row say with confidence which estimate is correct. Only
by usmng state-of-the-art technology to imraediately dismantle some
of the reactors being taken out of service will the industry be able to
ascertan what future decommissioning cnsts might be

Saving for the Bunal

To ensure that adequ - tunds will be available, utihities should start
setting aside money arly 1n a reactor’s life. If money 1s not collected
from ratepayers during the years the plant produces Sower, the bill
will be charge. to future customers or taxpayers who did not use the
electriaity ﬁ\ the event that regulators forbid the collection of de-
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commissioning funds frem customers who did not use the nuclear
power, the expense might bankrupt utilities or result in de-
commussioning shortcuts that could endanger future generations,

A variety of savings mechanisms have been proposed and, like an
insurance policy, the plans providing the greatest assurance tend to
be the most expensive. One way 1, grarantee that funds will be
available in the future is to deposit all of the needed money in an
interest-bearing savings account before the reactor enters service.
Interest income will increase the yearly balance of the account and if
the initial cost estimate is correct, or if additional deposits are made
when estimates are revised, sufficient funds will be available. This
strategy 1s the most expensive and requires utility customers to pay
up fror;t for an expense the company will not incur for several de-
cades ©

wvlaking periodic deposits into a decommissioning fund is another
way to accrue the money. Customers can be charged a fee, based on
the amount of electricity they use, that is collected monthly and
credited to a decommissioning account. Utilities prefer to place the
account on the books but fold the money into the general revenues
used to pay all of the company’s expenses, including the construction
costs of new nuclear plants. This strategy allows tﬁe utility to forgo
borrowing and keep debt Pa(\)rments low, but the method has been
termed “phantom tunding” by some observers because the money
will be tied up 1n assets ‘nstead of being readily available to the utility
when a reactor 15 retired 8

When the time comes to decontaminate and dismantle the plant, a
utihty with an unsegregated account will probably need to raise cash
by selling ““decommiss.oning bonds.” Borrowing capital for de-
comimissioning promises to be expensive because investors will re-
quire a high return to cover the perceived risks. If large cost overruns
are anticipated or if the utility is small with few income-generating
assets, investors may shy away from funding plant dismantlement.
The market value of the stocks and bonds of several U.S. utilities with
heavy nuclear commitments is already less than 50 percent of book
value, reflecting lack of investor confidence.
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If even high rates of return are not attractive to potential bond pur-
chasers, the federal government or pools of electric utilities ultimately
may have to assume the risk. The $2.25-billion bond d¢fault by the
Washin§ton Public Power Supply System in 1983 has made investors
especially wary of publicly owned nuclear projects. Without govern-
ment commitments to insure the bonds, municipal anc cooperative
utilities will be particularly vulnerable because they are wholly
financed by tax-exempt bonds: There is no equity cushion provided
by private shareholders.”

If, on the other hand, money is provided by deposits begun when the
plant enters service, if the account is managed by professional inves-
tors, and if the fund is allowed to grow until it is needed. the utility’s
financial situation will not be so precarious at plant retirement.
Periodic evaluations of reliable decommissioning cost estimates and
corresponding adjustments to custemer rates will diminish future
risks. Swedish utilities revise their decommissioning surcharges an-
nually.”

In a study conducted for the NRC, University of Pennsylvania econ-
omist J.J. Siegel conciuged that if an outside professionally managed
fund were established, ” . . . it would be virtually impossible for the
utility to divert these assets for other uses and funds would be as-
sured no matter what events, legal or financial, occur. * He ranked
internal funding with no segregated account last in terms of as-
surance.”?

Even dedicated decommissioning accounts would be inadequate,
however, if a plant closes earlier tﬁan expected. If this were to occur,
articularly as the result of a costly accident, the utility would find
itself with insufficient funds. An insurance Jaolicy to protect against
premature closure is a frequently propcsed remedy, and a sound
strategy, 1f there are companies willing to provide such coverage.

Premature closure policies are not yet available, and insurance com-
anies are unlikely to offer them at atfordable rates unless the nuclear
industry’s operational record improves. Of the reactore that are cur-

rently retired and awaiting decommussioning, none operated for a full
)
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30 years, the jower bound used in utility calculations. Nuclear plant
are more complex than other electric-generating technologies, ar
subject to more design regulations, and have up to ten times as man
pipes, valves, and pumps.”> More parts and a harsher operatin,
environment enhance the potential for breakdowns. Ten of the 1
shutdown reactors listed in Table 5 produced power for less than 1
years.

The least secure funding method postpones collection until de
commussioning has begun. Under this strategy, utilities put off unt
the last possible moment the acquisition of debt that could tota
billions of dollars. There is no assurance that the money will b
available. Such last-ditch efforts are also unfair to utility customers i
they are chiurged for decomniissioning a reactor from which they di
not receive power.

In countries where the electric-genera. system is governmen
owned, such as France, the “when-needed” principle of funding ha
frequently been adopted. Utility managers assume that the nation:
or provincal treasury will dole out enou%_ltl1 money at the right time t
cover the expense of decommissioning. The burden is placed square
ly on the shoulders of future taxpayers. The French utility debt is no
$30 billion because of the accelerated nuclear constriction prograrn
and decommissioning costs may significantly increase already lar:
government budget deficits. Third World governments, many on t
edee of insolvency, wili be garticularly hard-pressed to pay the de
commissioning bill for their 23 operating reactors.”

Of the four retired commercial reactors in the United Ciates, only on
unit had begun to build a decommissioning fund before it shut dowr
The Pacific Gas and Electric Company, owner of the Humboldt Ba
reactor, collected $500,000 during the four years prior to plant shu:
down In 1984, the Critical Mass Energy Project asserted that at lea:
11 reactors had gone through one third of their operating lives witt
out collecting any funds for decommissioning from ratepayers, an
that nationwide only $600 million had been collected. This lack ¢
financial planning prompted nine states to require mandator
penodic deposits into external accounts: California, Colorado, Maine
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“Ox ::e four retired commercial reactors in
the United States, only one unit had begun to
build a decommissicning fund before it shut
down.”

Massachusetts, Mississippi, New Har::fshire, Pennsylvania, Ver-
mont, and Wisconsin. Only one state, Michigar, does not allow the
recovery of decommissioning costs in current rates.”

Swedish utilities pay an annual decommissioning fee to the federal
government. A separate account has been established for each reactor
and utilities may borrow from it when their plants are retired. Less
forme;l funding arrangements exist in West Germany and Switzer-
land.

Decisions about which decommissioni;1§1funding strategy to adopt
have been postponed for too long. By the end of 1984, the United
States had 54 operable power reactors, more than one quarter of the
world total. The Soviet Union with 44 was a distant second. (See
Table 6.) Yet despite the large number of plants in operation, most
utilities are financially unprepared for decommissioning. A 1985 sur-
vey of 30 U.S. nuclear utilies revealed that 12 had not conducted
site-specific studies of decommissioning costs, 20 were using the
funds they had collected for other purposes, and 8 did not expect
their current funding method to adequately cover decommissioning
expenses.”’

If instead of the haphazard funding apgroach now 1n place, all of a
utility’s customers made monihly contributions over a J0-year period,
decommissioning might be affordable. The average residential elec-
tricity consumer in the United States, if served by an all-nuclear
electric utility that assumed decommissioning costs of from $200 mil-
lion to $1 billion ‘or each 1,000-megawatt reactor, would have paid
some 5 to 25 percent more for electricity last year. Custcmers with
mefficient electric-heating and air-conditioning systems would have

aid more, but those using electricity efﬁcientF would have paid far
ess. Actual increases would have been considerably lower because
no U S. electric utility relies exclusively on nuclear power.”®

Commonwealth Fdison, an llinois utility, owns the most nuclear
plants in the United States. lts nine vperating reactors provide 55
percent of the company’s generating capacity, and three more units
are under construchion. Thus an average residential customer of the
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Table 6: Nuciear Power Reactors in Operation, Ten Leading
Countries, 1984
Share Share
Total of Total of World
Number of Nuciear Domestic Nuclear

Country Reactors  Capacity Capacity Capacity
(megawatts) {percent)
United States 84 68,536 13 33
Soviet Union’ 44 22,706 8 11
France 36 28,015 39 14
United Kingdom 32 6,569 10 3
Japan 28 19,025 12 9
West Germany 19 16,127 18 8
Canada 15 8,617 9 4
Sweden 10 7,355 24 4
Spain 7 4,865 12 2
Belgium 6 3,467 28 2
Total 281 185,282 89

"Data are tor 1983

Sources: Atomic Industnal Forum (AIF), “International Survey,” Bethesda, Md., Apri
17, 1985, AlF, “Midyear Repert,” Bethesda, Md |, July 10, 1985, Eric Sorenson
Internatwnal Energv Agency, Pans, pnvate commumcation, November 8
1985

utility would have paid from $20 to $100 in decommussioning charge
in 1985. Again, this assiines a decommissioning cost of from $§Ol
mullion to $1 billion per 1,000-megawatt reactor. This charge, from .
to 14 percent of the average annual household electric bill, may bx
acceptable in affluent Louieties if fee collection is started when th
plant enters service and if the reactor operates for a full 30 years. I
practice, actual payments will undoubtedly be higher because fev
plants now in service will have collected money throughout thei
operating lives.””
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“Regardless of a nation’s future energy plans,
existing plants must eventually be scrapped.”

Although many nations have not set aside money explicitly for de-
commissioning, funds for high-level waste disposal are collected in a
dozen North American and Eurcpean countries. In all cases, the
money is paid to the government agency responsible for establishing
§eoloiilc waste repositories. The fee typically ranges from $1 to $6 per

,000 kilowatt-hours of nuclear electricity produced. The average res-
idential electricity customer in the United States uses some 9,000
kilow att-hours annually, and only a fraction is produced by nuclear
plants.®

Setting aside funds for decommissioning is essential in every country
that uses nuclear power. Regardless of a nation’s future energy plans,
existing plants must eventually be scraﬁped. Decommissioning bills
will first fall due in the Soviet Union, the United Kingdom, and the
Unite? States—those countries that pioneered the development of
nuclear power. Neither nations nor utilities are financially prepared
to absorE the projected costs, much less overruns, and their skill at
managing the expense will be closely watched. Nations with newer
reactors may learn sobering lessons, and countries that have not yet
built such plants may have misgivings about doing so when they are
better able to assess the true lifetime costs of nuclear energy.

A Long-Term Strategy

Just as today’s cities would not be habitable without lerge fleets of

arbage trucks and extensive landfills, the international nuclear in-
gust is not viable without a sound decommissioning strategy. More
than 30 years after the first nuclear plant started producing electricity,
such a strategy has yet to be formulated. Even if reactor ordering
ground to a halt tomorrow, more than 500 reactors, inciuding those
currently under construction, will have to be decommissioned. Safely
retiring these plants will require new technologies and a plan for
disposing of the mountains of radivactive waste that are being cre-
ated. Aggressive, well-funded research and development programs
could pave the way.

ERIC 10
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Unfortunately, decommissioning planning has lagged far behind re
actor development. The International Atomic Energy Agency |
United Nations wa.chdog and research arm) did notg{olf its firs
meedng on decommissioning until 1973, some 19 years after the firs
power reactor was built. The initial techaical meeﬁn\ﬁ sponsored b
the agency was not convened until two years later. Yet by that time
hundreds of nuclear power plants were being planned by dozens ¢
governments and utility companies.

Both national and international atomic energy agencies continue t
neglect decomrnissionini.l In the past, research and developmen
inoney was lavished on fuel reprocessing and breeder rc actors. Th
United States has now abandoned thes~ projects and is redirectin,
the funds to military and space applicatiuns. Since 1978, more nuclea
reactors have been cancelled worldwide than have been ordered
Industry emphasis is on creating new business, not den. >lishing ol
reactors. Research and development éor decommiss:oning is not evel
included as a category in detailed DOE and NRC budgets.!

The Nudlear Energy Agency, a body of the OECD, encourages th
exchange of information, materials, and personnel among membe
countries, but offers no financial assistancc. And the much toute
decommissioning research Frogram of the Furopean Communities i
authorized fo spr.ad only $11 million during ihe five-zear period ihg
began in Jariary 1984. In constant dollars, the total five-year budge
15 less than 1t cost ‘0 build one small demonstration reactor 20 year
ago.

The biggest stumbling block for all nations with nuclear plants is th
lack of permanent disposal facilities for radioactive wastes. Althougl
many reactor operators agree that plants should be dismantled a:
quickly as possible after shutdown, that option has been foreclosec
until at least the turn of the century. In courtries like Japan, whers
land for any type of power plant is scarce, unproductive use of rea
estate is expeasive.

No coun'ry currently has the capability to permaivently dispnse of the
high-level wastes now <tored at a sir. !¢ reactor. And the already
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daunting task of managing low-level ogerating wastes is onlv the tip
of the iceberg. As reporters Donald Barlett and James Stee.e have
observed, “If the politicians and scientists in charge of nuclear waste
had been runuing the space program, John Glenn [the first U.S. 4
astronaut] would still be orbiting the earth today.” And, if nuclear

lant co -truction estimates made in the seventies had come to pass,
ack of adequate waste sites might have crippled the industry. In
1970, the OECD projected that its member nations in V/estern
Europe, North America, and Japan would have 563,000 megawatts of
nuclear capacity by 1985, more than double the amount now in cpera-
tion.2> Slower-than-anticipated ordering and rapidly increasing con-
struction and operating costs thwarted many nations’ nuclear pro-
grams even before tne comFlicated issues of decommissioning and
waste disposal came to the fore.

But in suine areas, including France, Japan, and northeastern North
America, the use of nuclear power may have already expanded too
rapidly. Each area has a relatively dense concentration of nuclear
plants, but no detailed plan to decommission them. Given the limi-
tations of current knowledge, those nations still committed to build-
ing more reactors—naniely France, Japan, and the "oviet
Union—might be wise (o reconsider their construction programs. The
full economic and socia! costs of using n-iclear power will not be
known until the m.ny uncertainties asstciaied with decommission-
ing are eliminated. Multibillion-dollar construction decisions made
today will be based on incomplete information.

Without detailed regulations and technical guidelines, and the avail-
ability of disposal sites, utilities cannot plan intelligently for the fu-
ture. Some utilities started reactor construction with designs only 20
percent complete and discovered that because of regulatory changes
they were not even that far ~long. The consequences of inadequate
planning for decommissioning would be not only costly but danger-
ous. If rules defining which wastes require special treatment or what
constitutes a clean site are not issued until decommissioning is under
way, utilities ma[y; find themseives short of funds. Financally trou-
bled utilities might ever declare bankruptcy and abandon ™e plant.

ERIC 12
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Many orphaned hazardous waste sites were previously owned
now defunct companies.

Early knowledge of decommissicning requirements would also all
engineers to incorporate design changes that would facilitate 1
decontamination and dismantlement efforts. A simple concept t
was not considered by the manufacturers of the first nuclear pla
was the value of putting a protective coatin; on all surfaces t
would be exposed to radiation. Even a thick lay« . of removable
reduces the surface contamination of structura{ componernts and tl
the volume of low-level wastes. Limited experience with neutr
activated wastes indicates that their quantities can also be diminis}
by regulating the amount of neutron-absorbing impurities used
reactor steel and concrete. Several countries now require utilities
submit decornmissioning proposals at the design stagc. But hindsi
will oniy benefit the trickle of reactor orders yet to come, not
hundregs of units in operation.?

A look at the decommissioning funding mechanisms in place in v
ous countries indicates that we expect our children to pay our elect
ity bills. Without savings programs tnat equitably share decomn
sioning costs and assure that funds will be available when need
today’s electncity customers are getting a free ride. The longer fu
collection is deferred, the greater annual payments will have to be
order to accumulate enough money. Only by periodically updat
site-specific cost estimates, instead of relying on generic studies
hypothetical power plants, can utilities hope to build sufficient s
mngs. Waiving tax liabilities on the money deposited in trust fus
and the interest earned on that money could also hasten the grov
of decommissioning accounts.?’

Because many plants operated for years without collecting money
decommissioning, electricity customers and taxpayers will suffer
"“aftershock” of paying for retired reactors. The less money set as
while the plant produces power, and the more actual decommissi
ing costs giverge from estimates, the greater the aftershock will 1
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experience would shed HgRt ON Ik ITASULGLILIEDS VR JIe = ==
and assumptions now used for planning purposes. The plant owners
could cover half the costs with governments and research institutes
from around the world contributing the rest. Logical coordinating
bodies would be the International Atomic Energy Agency in Geneva
or the Nuclear Energy Agency in Paris. A similar, ad hoc arrangement
is in effect at the damaged Three Mile Island unit, with U.S. ulilities,
the U.S. Department of Energy, and various international par-
ticipants contributing money in order to learn firsthand about the
most advanced decontamination and dismantlement techniques.

Taking full advantage of the learning experience offered by the reac-
tors now coming out of service is sometimes view=d s a needless
expense. But saving millions of do'lars today could result in spending
billions of extra dollars tomorrow.



“Because many plants operated for years
without collecting money for
decommissioning, electricity customers and
taxpayers will suffer the ‘aftershock’ of
paying for retired reactors.”

© . the next three decades, more than 350 power reactors will be
E MC yut of service. Immediately dismantling some of the largest ot
as part of an international test case would
iture decommissioning projects. Firsthand
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