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EXECUTIVE SUMMARY

This is the report of the Nuclear Regulatory Comnission (i.RC) Task Force
which examined the programs of the NRC and Agreement State governments to
regulate the disposal of commercial low-level radioactive waste. This
report is part of the overall HRC examination of waste management and 1is
responsive to issues raised by the General Accounting Office (GAD), the
Joint Committee on Atomic Energy (JCAE) and the House Committee on

Governmant Operations.

The underlying issue explored in this report is that of Federal vs State
regulation of commercial radicactive vaste burial grounds. The need for
research and development, a comprehensive set of standards and criteria,
a national plan for low-level waste management, and perpetual care

funding are closely related to the central issue and also discussed. fit

£ive of the six commercial burial grounds are regulated by Agreement
States; the sixth is regulated solely by the HRC (NRC also requlates
Special Nuclear Material at the sites). The sites are operated commer-
cially. The operators contribute to the perpatual care funds for the
sites at varying rates. The States have commitments for the perpetual
care of the decommissionad sites except for one site, located on Federally

owned land. .
The States, through_their regulatory programs have adequately protected
the public health and safety. However, waste disposal is a national

Froblen, and the states have neither the resources nor responsibility to
develop and implement a national low-level waste disposal program. The

citizens of individual States should not bear the cost of major contingency

actions or inadeguacies in perpetual care funding for burial sites vhich
serve natinonal rather than State needs.

Fedoral control over the disposal of low-level waste should be
increased by requiring joint Federal/State site approval, NRC

licensing, Federal ownership of the land, and 2 Federally admin-
istered perpetual care program. .

Ay

Standards, criteria, and regulations for site selection, operation,
monitoring, decomvissioning, past-operaticnal maintenance and funding
requirenents need to be either developed or, if existing, need to be

improved.

The hRC should accelerate the development of its regulatory program
for the disposal of low-level waste.
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Alternatives to shallow land burial of low level wastes need to be
evaluated. Criteria to distinguish between waste to be disposed of by
shallow land burial (or alternative commercial methods) or sent to a
Federal repository need to be developed. There is not now a planning
base for insuring adequate disposal capacity without undisciplined site
proliferation. However, it is prcjecled that there is adequate capacity
in current sites to the year 1990. There is sufficient time to develop
a national low-level waste management plan, a regulatory program, and
evaluate alternativo methods of disposal before additional disposal
sites need to be develcped.

The undisciplined proliferation of low-level burial sites must
be avoided. NRC should evaluate alternative disposal methods,
conduct necessary studies, and develop a comprehensive low-level
waste regulatory program (i.e., accomplish the above recommenda-
tions) prior to the licensing of new disposal sites.
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APPENDIX B
HISTORY OF LOW-LEVEL WASTE MANAGEMENT

Starting with tne Manhattan Engineering District Program, the ALC generally
used three methods for disposal of radioactive waste: dilution and
dispersion, shallow land burial, and sea dispesal. Disposal of commercial
waste generally conformed to practices utilized by the AEC'S national
laboratories. Sea disposal was phased out over the past decade. Dilution
and dispersion through release of effluents are still permitted under
existing regulations but with increasing emphasis on maintaining such
releases to the environment as low as reasonably achievable, most wastes
are presently disposed of by shallow land burial. The following chronology
traces some of the important events in the evolution of the current
commercial waste management practices.

Chronology of Commercial Waste Disposal Practices

1940's & 1950's - Low-level waste disposal by
dilution and dispersion, shallow
land burial at AEC facilities,
or at sea.

January 1960 - Comnission announces that regicnal
land burial sites for comnercial
low-level waste shall be established
on Federal or State owned land
and operated by private contractors.

May 1960 - AEC announces that AEC land burial
sites in Idaho Falls, Idaho and Oak
Ridga, Tennessee will accept commer-
cial wastes as an interim measure
pending designation of commercial
waste sites.

June 1960 - Comnissicn initiates phase out of sea
disposal, by placing a moratorium on
issuing new sea disposal licenses.
Existing licenses for sea burial vere
allowed to remain in effect.

February 1961 - AEC establishes regulations to permit
commarcial operation of low-level
burial grounds on Federal or State
ovnad land. Requlations mainly pro-
cedural with little technical criteria
for site selection, etc.
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February 1962 - REC i’ 12ates Agreement State program

which permits Agreement State regula- =

tion of commercial burial grounds.

September 1762 - Commission licerses first commercial
land burial site located at Beatty,
Nevada.

1962 - 1971 : - Five additional commercial
: burial sites were licensed by
the AEC and Agreement States.

May 1963 - AEC withdraws interim commercial
disposal at AEC sites.

June 1970 - Last disposal at sea. it

September 1974 - AEC proposes restrictions on
burial of transuranic contaminated
waste.*

Table B-1 summarizes the present licensing and operational status of the
six existing commercial waste burial grounds. Unti) the early 1970's, no
problems were identified in the regulation and operation of the commercial
burial grounds. Problems 'ubsequently arose at four sites: Maxey Flats,
Kentucky, West Valley, New York, Beatty, Nevada and Shaffield, I11linois.
A discussion of those problems and additional background information
about the current status of the sites is contained in Appendix C. MNone
of the problems has created a significant public health and safety
problem, but they do illustrate the difficulties facing the regulatory
agencies. They have resulted in irregularities in operation of certain
sites and have highlighted the lack of adequate regional distribution of
capacity for disposal of low-level waste.

*In 1970, the AEC implemented policies Timiting the burial of long-
lived transuranic radionuclides (Transuranic elemants are elements

having atomic numbers greater than 92 including plutonium) at AEC onerated

sites. Such waste containing greater than 10 nanccuries per gram were
sent to retrievable storage facilities. The AEC issued a proposed ruie
on September 12, 1974 which would have limited burial of transuranic
vastes at commercial sites also. Foliowing creation of the NRC and

ERDA, ERDA withdrew the draft environnental statement nezcded to fulfill
NEPA requirements for the rule. Although the rule has not been
implemented, all the commercial burial sites except the Manford site
presently 1imit the burial of transuranium nuclides as noted in Table B-1.



Location Operator
Beatty, Nuclear Engineering
Nevada Co., Inc. (NECO)
Maxey Flats, NECO
Kentucky
West Valley, Nuclear Fuel
New York Services
Hanford, NECO
Washington
Sheffield, NECO
I1linois
Barnwell, Chem-Nuclear

S. Carolina Systens, Inc.

*“NRC licenses only Special Nucle

TABL. 8-1

Commercial YWaste Burial Grounds

Originally Licensed
by (year)

AEC (1962)

Kentucky (1962)

New York (1963)

AEC (1965)

AEC (1967)

South (1971)
Carolina

ar Material.

Currently
Licensed by
State & NRC*

State

State

State & NRC*
NRC

State &% NRC*

TRU
Accepted

<10 nanocuries/
gram

<10 nanocuries/
gram

0.1 gram Pu/ft3
other elements,
yes

Yes
<10 nanocuries/
gram

<10 nanocuriec/
gram

Operational

Status

SHM Ticense
suspended
Open

Closed

Open

Open

Open
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Presently, the West Valley site is temporarily closec due tc water manage-
ment considerations. It was voluntarily ciosed by the site operator in
March 1975, after the release from the north end of the burial ground of
low levels of radioactivity to a local stream. The tMaxey Flats site is
virtually unused, currently, due to economic considerations. A 10 cents
per pound excise tax was placed on waste received for burial by the Kentucky
Legislature. This tax makes the cubic foot charge at the site about three
times the charge at other sites. The present Sheffield site is almost
full unless new technulogy can be applied. Continued use of the remaining
portion of the 20 acres depends on technical demonstration of a compact
and fi11 metho¢ of trench construction. Expansicn of the site boundaries
depends on the outcome of local rezoning hearings as well as NRC safety
and environmental analyses.

With regard to program management, it is ciz2ar that today's waste
disposal system did not evolve out of any grand scheme to meet national
needs. In 1960 the AEC published an announcement that it "has determined
that regional disposal sites for permanent disposal of low-level packaged
radioactive waste materials shall be established, as needed, on State or
Federal Government-owned land." The only positive action directed
toward implementation of this policy was issuance nf a regulation requiring
that disposal take place on Federal or State land. It exercised no posi-
tive control over the "establishment as needed" portion of the statement.
It is interesting to note that AEC staff studies in the early 1960's
indicated that the first regional need for a site would be in the Horth-
east. HMowever, sites in Nevada and Kentucky were licensed before the
one in New York.
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Appendix C
BACKGROUND ITNFORMATION, WRC AND AGREEMENT STATE
INSPECTTON PROGRAMS, AND REVIEW OF PROBLEMS AT THREE
COMMERCTAT BURTAL GROUNDS

Backaround Information

Six commercial shallow land burial giounds have been licersad fcr the
disposal of “ow level radioactive wastes. The locatiuns, oparators,

licensing considerations, and operational status are summarized in
Table B-1, Appendix B.

rive of the six commercial burial grounds ars located in and regulated

by Agreement States (Beatty, Nevada; Hanford, Washington; Barnwell,

South Carolina; Maxey Flats, Kentucky; West Valley, New York). At three

of the sites, the NRC licenses special nuclear material because of

quantities authorized for possession by the commercial operator. The

site located in the non-Agreement State (Sheffield, IMinois) is rejulated

by the NRC, although the State licenses and controls activities concerning

naturally occurring and accelerator-produced radioisotopes that are not

subject to NRC control. The sites are all commercially operated. The

huclear Engineering Company, Inc., operates four of the sites (Hanford, :
Seatty, Sheffield, and Maxey Flats), Nucle:r Fuel Services, Inc., operates *
the hest Valley site and Chem Nuclear Systems, Inc., operates the Barnwell

site, A1l of the burial grounds are on State-owned land except the

Hanford site which is on Federal lana leased to the Stete of Washington. ?
The States have assumed responsibility for assuring long-tern care and '
maintenance of all sites although responsibility for the Hanford site

will eventually revort to the Federal government.

The principal operations at a commercial land buriai ground are the

receipt, temporary storage, and burial in trenches of packag:d radio-

active wastes. The packages are normally buried as received, with no ;
processing or repackaging of package contents. However, in some cases, §
the primary package containing the waste is shipped in a reusable over-

pack or sacondary container which may be required by Department of

Transportaztion regulations for shipment of the particular materials

involved, : N

fn average burial trench at a commercial burial site is about 300 feet

tong, 40 feat wide, and 25 feet ‘deep and has a valume of about 340,000
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cubic feet. The volume is not completely utilized since there are voids
between packages, and between packages and the earth-fill., (It is
estimated that about 505, of the volume is utilized.)

Currently, about 2.5 million cubic feet of wastes are buried each year.
The approximate cumulative totals of wastes buried through the end of
1975 are shown in Table C-1.

Table C-1

CUMULATIVE TOTAL VOLUMT ARD QUANTITIES OF
COMMERCIAL “ASTE BV<IED THROUGH 1975

Volume (ft) 13,100, 000
Byproduct Material (curies) 3, 300,000 A
Source Material (kg) 680,000
Special Nuclear taterial (kg) 1,056
Plutonium (kg) 113

NRC and Agreement State Inspection Program

NRC and Agreement State licensing and inspection programs address site
operation and perforinance in both routine and special cases. HNRC and :
State staffs conduct routine inspestions and independent confirmatory ‘
measurement pregrams to assure thai operations are being conducted
safely and in accordance with licenses and applicable regulations.

After learnirg of the Maxey Flats problem, NRC staff collected and
evaluated environmental samples at the remaining sites during November
and December 1974. Additional samples were taken at each of the sites
during February 1976. The results of the NRC independent samples agreed
with licensee and State analytical results and showrd no evidence of
significant transport of radioactivity through migration. HRC staff
also found that the licensees and States had initiated environnental
monitoring programs which considered the major pathways of exposure to
the public. In addition, as a precautionary measure following discovery
of pilfering at the Hevada site, special inspections and surveys at
other sites were conducted to rule out similar occurrences.

Agreement Statc regulatory vregrams for burial sites reccive annual
attention from NRC staff during evaluation of the prograns' compatibility

public health and safety. Review meetings involve _2tailed discussions
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of each State's regulatory program and procedures. Waste burial ground
license and inspecti.n files are reviewed approximately every two years,
or more frequently if unusual problems are being expe enced in opera-
tion of 2 site. Routine site visits are conducted about every three
years; more frequently if problems are experienced. During each review,
the environmental surveillance program conducted at tha site by the
State and the operator, any ongoing special site studies, changes in
peroetual care funding, major changes in the license, oparaticial
problems, and contingency actions are discussed. During the site visits,
the general site operations, the burial procedures being used, and the
onsite and offsite environmental surveillance activities are reviewed.
Ouring 1976, NRC visited all sites, except the Kentucky site. The Maxey
Flats site was visited as part of a special NRC independent study in
1975.

Raview of Occurrences at Kentucky, Mew York, and Nevada

Kentucky - In the early 1970's, Kentucky became concerned about the
accumulation of water in completed trenches at the Maxey Flats Burial
Ground and the increase in the volume and quantity of waste being
received at the site for burial. Kentucky requir.. the Maxey Flats site
cperator (th2 Nuclear Engineering Company, Inc.-NECD) to institute a
water management program at the site which included purping water from
trenches to above-ground storage tanks and installing an evaporator to
concentrate the pumped liquids for disposal as solids.

In October 1974, Kentucky informed the NRC of the results of their
special six month environrmental study at lMaxey Flats. The study,
published in December 1974, concluded that the burial ground was con-
tributing radioactivity to the local environment, but at levels which
did not present a public health hazard, They identified tritium,
cobalt-60, strontium-89 and 90, cesium-134 and 137 and plutonium-238 and
232 in individual samples in the unrestricted environment. The levels
ranged from slightly above background to orders of ragnitude above
background for certain individual samples. Kentucky reccmmended further

studies at the site to assess the long range health and safety significance
of their findings.

rentucky expanded their Radioactive Waste Disposal Environmental Study
Casign Committee to include members from other Kentucky and Federal
agencies and held a meeting in February 1975, The IRC participated.

The Committee recommended a six point program for further studies at the
“axey Flats site. The studies included a deep geology study, a weatherad
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zone study, and an environmental-biological exposure pathway study. The
Committee estimated that the cost for completion of all studies would
exceed one million dollars. '

On April 30, 1975, The Covernor of Kentucky, Julian M. Carroll, requested
the NRC to independently assess conditions at the Maxey Flats -‘te and

to provide him with findings and recommendations. An NRC review group
was appointed and reviewed information about the site, conducted a site
visit and met with Kentucky and NECO officials. The KRC concluded, on
the basis of their study, that there is no significant public health
problem associated with the release of radioactive material from the
burial ground and that Kentucky has taken appropriate action to implement
the recommendations made in their December 1974 report. The KRC also
made several recommendations concerning methods to improve the water
management program and to minimize the potential for migration of radip-
activity. Governor Carroll was informed of the results of the NRC

review in July 1975. He subsequently issued a rress release indicating
the NRC was responsive to his request and directed the Kentucky Depart-
ment for Human Resources to carry out the NRC's recommendations.

Kentucky has taken action to carry out the HRC's recommendations and has
continued an extensive environmental monitoring program. Several USGS
research studies are currently under way at the site.

An EPA press release in January 1976 focused a great deal of public
attention on shallow land burial grounds. The press release concerned
an EPA report which presented environmental data developed during
Kentucky's six (&) month study, describad various potential migration
pathways and drew conclusions from EPA's analysis of the Kentucky data.
The EPA report was reviewed by the NRC and commants provided to EPA.
NRC commented that the report failed to give adsquate attention to the
public health and safety significance of the cata and that the papu: was
preliminary in nature since it presenied several conclusions concerning
pathways for migration of plutonium based on data which the author
conceded equally supported other possibilities.

nts per pound excise tax on

ce
waste received at the site for burial, effective in June 1975. The tax
&
0

The Kentucky Legislature has imposed a 10
f

is intended to assure that acdaquate funds for any contingency are available.

Prices at other sites are determined primarily on a cubic foot basis and
range from $1.25/ft? to $3.25/ft® for mosi categories of waste. The
additional tax in Kentucky results in a cisposal cost that is 3 or 4
times higher than the charges at other sites.
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Mevada - In March 1976, the Nevada State Department of Human Resources
initiated an investigation at the Ceatty, MNevada burial ground following
a report by the Nuclear Engineering Company, Inc., the Deatty burial
ground operator. NECO had reported to the State that a cement mixer
used at the burial ground to solidify low-level 1iquid radioactive waste
had been used in the town of Ceatty to pour concret: slabs at a local
saloon and other private properties. During the course of the State's
investigation concerning the use of the cement mixer, the State uncovered
evidence that other violations of the company's license had occurred
over a period of several years involving remo' , of contaminated tools,
equipment, and supplies from the Beatty site by NECO employees. The
State reported its evidence to the NRC and the State suspended NECO's
Ticense to operate the burial ground on March 8, 1976, and the NRC
suspended NECO's license on March 11, 1976.

A Federal/State investigation which was subsequently conducted at Beatt
revealed that the contaminated equipment, tools, and material had been
removed from *he site to the town of Beatty by NECO employeces. No
evidence was found that any member of the public received a significant
radiation exposure and contaminated material that vas identified during
the survey was turned in by citizens and returned to the NECO site.

Subsequently, on May 25, 1976, the Nevada Cepartment of Health and
Welfare lifted the order suspending NECO's State license authorizing
oparation of the Beatty burial ground. The order Nevada issued suspending
NECO's license was based on energency conditions existing in the vicinity
of tha burial ground and permitted immediate action to be taken to eli-
minate any hazard to the public health and safety due to the removal of
potentially contaminated items from the burial ground, The order was
lifted by the State on the basis that the emergency conditions had

abated and that there was no significant hazard to the public health and
safety at and in the vicinity of the disposal site. The 'NRC has not
taken action to reinstate its license to NECO to dispose of special
nuclear material at the Beatty site and will not act until crapletion of
the Department of Justice investigation,

Hew York - In March 1975, the NRC was informed of a water seepage
problem at the West Valley, New York burial ground. The State had
noted increased levels of tritium in water samples taken from onsite
monitoring stations. The source was traced to water seeping out of the
caps of two trenches. The flow was estimated to be approximately 1
gallon per day. Tie seepage resulted from the compaction of waste in
the trench and the filling up of the trench with water and subsequent
seepage through the low end of the trench. The site operator,
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Nuclear Fuel Services, Inc., (NFS) diverted seepage to a holding lagoon.
No significant increase in radicactivity in the unrestricted environment
vas detected.

A meeting of Federal, State and NFS representatives was held at the site
on March 11, 1975. Based on discussions between NFS and State representa-
tives, NFS dispatched a letter informing their customers that they were
suspending operacion until the requirements for operation of the site
were known and agreed to by the State.

NFS requested and obtainad anproval from the State to pump liquids from
the trenches to a holding lageon. The liquids are subsequently process:d
through the reprocessing plants' low level waste treatment system and
released, MNFS and State representatives hald several meetings since
March 1975 to reach agreen:nt on the conditions for reopening and
operating the site. Several studies teing conducted by the State, EPA
and USGS are also under way at the site. As of December 1976, no
agreement has been reached and the site remains closed.



DECOMISSIONED NUCLEAR FACILITIES

Decommissioned fuel cycle facilities or power reactors can become
a major waste quantity upon retirement.

Three alternatives for decomissioning contaminated facilities have
been identified in NRC's regulations:

1. Protective Storage (Mothballing): the facility is prepared to
be left in place safely for an extended period, which might range
from decades to two or three centuries. Potentially mobile
radioactive materials are removed from the site, Al operational
systems and support utilities are placed in a nonoper.:tion mode.

A continuous surveillance program must be established.

2. Entombment: this involves all the decormissioning steps of
mothballing, but in addition provides for sealing all contaminated
facility components in a high-integrity structure. Such contaminated
compenents might include the pressure vessels and internals of a

LR or the major processing vessels of a reprocessing facility,

3. Dismantling: all radioactive components and materials which
exceed the criteria for unrestricted release are removed from
the facility site. Once all the radicactivity is gone, all
restrictions on the site are removed. Decommissioning may be
wdertaken immediately after facility retirement, or following

a period of protective storage to allow decay of short-lived
radionuclides.

All three of the decommissioning alternatives have been employed:
-- four reactors at Hanford and the Fermi reactor in

Michigan have been placed in protective storage and
remain mothballed,

-- the Hallam (Nebraska) nuclear power facility has been entombed.

-- the ElX River (Minneso*a) reactor was dismantled after
shutdown in 1968, and the reactor site returned to
unrestricted use,

Other facilities have also been subjected to these decomissioning
technologies,

However, the most pressing waste management/decommissioning issue
before the NRC at this time is the NFS facility at West Valley, N.Y.




Decormissioned Nuclear Facilities - 2

The NFS site presents a dual waste management problem in that the
site contains 680,000 gallous of high-level radioactive waste in
storage, and the General Accounting Office has recommended that

a waste management program for

this material be developed and that

the site itself be decomissioned,

NRC has had underway for some time a technical assessment of
the requirements created by the deactivation of the West Valley
facility. The Commission has concluded on the basis of
currently available information that the wastes can be stored
as they are at present until ERDA and its contractors can
develop a set of disposal alternatives and their associated

costs and risks.

The IRC staff will work closely with ERDA to identify those
alternatives which are realistic from a regulatory viewpoint.

The review of alternatives can

be used #s a focusing mechanisn

for the concerned parties in negotiation of an agreement for
disposing of the waste and in determining attendant financial

responsibility.

The GAO has assumed that there
Valley site, and it must be ful
that this is a viable option, b
from the co-licensees at the si
for developing regulatory guide
guidelines for decomissioning r

The NYSERDA has suggested, in t
that ownership of the site and
be transferred from NYSERDA to

is no further use for the lest
ly decommissioned, NRC agrees
ut further information is needed
te (WFS and NYSERDA) as a basis
lines (NRC has no regulatory
eprocessing facilities),

he name of the State of New York,
responsibility for its contents
the Federal Government (ERDA) .

Negotiations on this question are still in process,

Although NRC does not presently
decomissioning of reprocessing
Pacific Northwest Laboratories

decormissioning, and it has bee

have established criteria for
plants, we have had Battelle

prepare a draft report on such
n made available to the public,

Dh.sofar as this report is useful for application to the NFS
situation, it will be relied upon by the staff. Spec’ fic

guidelines, tailored to the fut
the plant, will be developed as

ure use or disposition of
appropriate.
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Number 6 !

The Disposal of Radioactive

o T Sy S

Wastes from Fission Reactors

A substantial body of evidence indicates thac the high-level L

radioactive wastes generated by U.S. nuclear power plants

can be stored satisfactorily in deep geological formations

he task of disposing of the radio-
active wastes produced by nucicar
power piants is often cited as one
of the principal druv-backs to the contin.
ued expansion of this country's capacity
to generate clectricity by means of the

:lear-fission process. Actu:liy the
wesk is not nearly as difficult or as uncer-
tain as muny people seem to think it is.
Since 1957, when a committee of the
Nutional Academy of Sciences first pro-
posed the burial of such wastes in deep,
geologically stable rock formations, a
substantial tody of cvidence has accu-
mulated pointing to the technical feasi-
bility, economic praciicality and com-
parative safety of this approach. In
recent years a number of aliernative
schemes—some of them involving une.
dersea burii!=have also been put 107-
ward, but deep undersround busial re-
mains the bist understood and most
widely fave:od solution to the problen
of nuclear-v..ste disposal.

In whut [llows | shall deseribe the
nature of the wastes produced by nucle-
e power reacions, evaluale their poten-
tiad impact or public Lealth and the ¢ao-
vironment onl oathae cwrrent plins to
dispose of thom in secure undergroend
repositorios

\\’/h
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il wantes, and how
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by thie vol o sos of other fueks o on
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by Bernard L. Cohen

rate of about 600 peunds per second.
Carbon dioaide is not in itself a danger-
ous gas, but there is growing concern
that the vast amounts of it being re-
leascd into the atmosphere by the com-
bustion of fossil fucls may have delete-
rious long-term effects on the world's
climate. The most huriaful pollitant re-
leased by a coal-burn: ng power plani s
sulfur dioxide. which is typically emit-
ted at 2 rate of ahout 10 pounds per
second. According to a recent study
conducted under the zuspices of the Na-
tiona! Academy of Scicnies, sulfur di-
oxide in the stack ctluents of a single
coal-fired plant causes annually about
25 furaiities, 60.000 ¢.:scs of respiratory
discase and S12 million in property
damage. Among the other peisonous
gascs discharged by coul-burning power
plants are nitrogen oxnides. the principal
pollutants in automabile exhausis (a
large coul fired plant releases as much
of these as 200.000 automobiies do).
and bunzpyrene, the main cancer-cauus-
ing esontin cigarcties. Solid wastes ure
alvo produced. purt!y in the foim of tiny

particics. In the LS 1aday such “line
particuiate” material is considered sec-
ond in importance ea'y 1 sulfur dionide

as an air-pollution boasard appro \i-
mately o sivth of al! manemade hine-
particutate pollution comes from coals
birrnee s power plaes, Pinally tare s
e tosnine of indas, whinch for o Lo
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the total volume produced annually by |
a 1.000-megawatt nuclear rcac.or is |
about two cubic meters. an amount that |
would fir comfortably under a dining- |
room table. The concparatively small
quantitics of radioactive materials in-
volved here make it practical to use
highly suphisticated waste-management
procedures. whose cost must be vieved
in rclation to the price of the eleciric- _
ity gencrated. For a 1.000-meguwatt {
plant that price is roughly $200 million
per year.

The second distinguishing character-
istic of nuclear wastes is that their po-
tential as a health hazard arises not from
their chemical properties but from the
radiation they emit. There appears to be
a widespread misapprehension that this
factor introduces a considerable degree
of uncertainty into the evaluation of the
potential health hazards associated with
nuclear wastes, but the truth is quite the
opposite. The cffects of radiation on the
human body are far better understood
than the ¢ffects of chemicals such as air g
pollitants, food additives and pesti- »
cides. Radiation is casy 10 measure ac- ‘
curately with inexpensive but highly |
sensitive instraments: indeed, that s |
wity radioactive isotopes are used so |
videly in biomedical rescarch More- l
over, @ large body of information his |
heen compiled over the years from hu- |
Hum oaposuie 1o antense radiation in- i
cinding the atomic-bomb attacks on Ju- |
pan, medical treatment with ditlerent |
focms o radiation and the inhalution of , 1
tacdon gas by enners, The avail bie data t |
e been anady zad intensisely by na- |
tonal and inlecaational groups, ncld-
i the Nahenal Adidemy of Scicnges
Coumnitge on the Biological Ftlects of v |
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BUILDUP OF REACTION PRODUCTS per metric ton (1,000 il
ograms) of uraniur: fucl in the active core of a typical US. power
reactor of the light-water type is plotted here on two Ciffcrent vertis
cal scales us & function of time over the three-year prriod the fucl
customarily resides in the core. The bundreds of products resulting
fron: the fission of uraniv m-235 nuclei in the fuel are represented by
two characteristie fission fragments, strontium 90 and cesium 137,

INITIAL FUEL (1,000 KG )

19 330 $50 890

DAYS 1N REACTOR

770

which irzcther constitute about 5 percent of the total. All the other
isotopes ~hovn result from nuclear reactions in which urmnium ouclei
in the initial tuel are traismuted by neutron-caplure reactions, fol-
lowed in some cases by radivactive decay. Leveling off of the curve
for fssionalle plutonivin 239 means that near the end of the cHece
tive life of thie fuel this botope is being consumed by fission reactions
and nectron-caplure reactions almosl as fast as it is being created.

EPENT FUEL (1,000 KG.)

.
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HOCK DIAGRAM provides another graphic view of the transfor.
muation that takes place in the composition of the nuclear fuel in a
hzbtwater reactor over a threc-yeur period. For every 1,000 hilo.
grams of wranimm in the initial focl load (eft) 24 kilograms of ura-
i 238 and 25 Kilograns of uranium 235 are consumed (center),

22

/|

i >
~ —

U235 (33 KG ) N U335 (2 kG .
THREE
s
YEARS
L% (567 KG ) u?

\_\- L/

ASTONTED FISSION
FHOLUCTS (35 KG)

/

| | |

4

VARIOUS ISOTOPES OF
PLUTONIUM (8.9 KG)

'

-
——

— 7

-+

i |
&
)

J8s,

i/
S 4

-~

' U (26 KG)

“‘.’3’ (5KG)
A (12 KG)

reducio the “endickment™ of wranium 235 from 3.3 percenttn B per.
cent Uravinm that is cunsuined is converted into 35 kilograms of ase
sorted fosion products, 5.9 diloprams of various isutupes of plutonie
uin, 4.6 Lilc; rams of vraniun 236,.5 hilogram of neplusium 237, .12
hilogram of americium 243 wnd 04 Kilogram of curium 2445 (righip
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lonizing Radiation and the United Na- 5 T ‘ ‘

tions Scientibis Commitiee on the Lf.

feets of Atomic Radiation, The result is

a fairly relinble set of estimates of the

Fooximum cllects of vurious levels of ra-
on on the human body.

hat ure the radiouctive substances

in the waste products of 4 nulear
reactor, iand how ure they formed? In o
light-water reactor (the type of nuclear
plant now in genzral service for generit-
ing clectricity in this country) the fuel
consists inittally of & mixture of two
isctopes of vranium: the rare, rcadilv
fissionuble 1wotepe uranium 235 en-
riched” to 3.3 percent) and the abun-
dant, ordincrily nonfissionabic isotope
uranium 238 (96.7 percent). The fuel
mixture is fabricated in the form of cc-
ramic pelicis of uranium dioxide (UOy).
which a-e scaled inside tubes of stainiess
steel or a zirconium alloy. In the course
of the reacior’s operation neutrons pro-
duced initi:!ly by the fission of some of
the uranium-233 nuclei strike other ura-
nium nuclei. vither splitting them in two
(and thereby continuing the chain reac-
tion) or being absorbed (and thereby in.
creasing the atomic weighi ¢4 the struck
nucleus by one unit). These two types of
reaction result in a variety of nuclear
‘products. which can be plotied as a
function of the time the fucl is in the

wtoi. vwsuully about three years [see
illustretic. on opposite page).
The nost important reaction in a

light-watcr reactor is the fission of ura-
nium 235 vhich creates hundreds of
different products, of which strontium
90 and cestum 137, two characteristic
fission [ragments, commmc about_$
- ———— ——
percent © of the total. Ao Toher Impoitant
FEaction n".'nl capture of neutrons by
uraniem-2 35 nuclei. which gives risc to
plu(onnm. 2 ). (Actually the ncutron-
capture reaction first yields uranium
239, which then decay s radivactively in
two steps to plutonium 239.) The pluto-
nium 232 dovs not centintie to build up
lincarly withs time, because it may also
participaie i nuclear reactions. For ex-
ample, u nslous of plutonium 239 may
Lission v 0w b s struch by a peutron, or
it may abwo:h the peutron 1o become o
nitlens of platonium 240, The levehing
ofl of the pluioniun- 229 curve means
that pea end of the ¢tfective hife of

the ! foud iy sotope is being dy
sreged B h prasesses @t nearhy the
ey et e the pate st which it is ving

'
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HEAT GENERATED BY RADIOACTIVITY (WATTS PER CANISTER)

107! pu23s ;
sp'?e
|°-3 “'“
1072
1074
1 10 10? 107 104 108 108 107

YEARS ASTER REMOVAL FROL! REACTOR

HEAT GENERATED by the varivus radioactive isotopas in the spent fucl from = nuclear
power plant must be allowed 10 dissipate sufely, which means thut in any long-term storage
plan the cunisters containing the high<ey el wastes must be spread out over a fairly large area.
The problem can be substuntially alleviated by resorting to an interimestorage period of about
10 years (eolored pancl ar ofi), after whick the heat generated by each canister will hunve fallen
olf 1o about 3.4 Lilewaits. The gray curves trace the contributions of the mure important rae.
divactive isotopes to the overall heating cliect, which in turn b indicated by the Llack curve.

lowed by a radioactine decay. By the
SUMe (ORCH SHCCESSIV Y DEUIFON Cantures
beginning with uraniam 238 can revpoce
tively @ive rise 1o ureninm 236, noptuni-

um 237 and plutonium 238

I':N CAVUIY DI ton (1000 Lo, mams)
Lod uranim e the anatia] tugd Lood 24
Mlocrams of uranium 21¥ ind 23 Lilo
prams of wrantum D38 e vonsomiad i

the three yi |"!!.u' redicmg Lw en

richment of the vraniam 238 1peom V3
fafo el 18 i hl”‘ Press sy By
gt . %0t ! ' T | ST e VT
e anniby g ot B L anram
1l s consiocd s oo e sl ¢ s
UL ' 0! P
i & i ' ) '

{ 16} ol ' NRTTI

o Vvt 4 v AT i

gram of curitm 244, Since only 25 Kilo-
grams of wunium 2335 are consumed
and a fifth of that amount is converted
into urantum 236 and neptunium 237,
ony can eanily caleulate that only 60 per-
cent of the energy -releasing fission reac-
tons actually fake place in uranium
235 Thity-one percent occur in pluto-
nium 239, 4 porcent occur in plitonium
290 and 8 porcent are induced by hich.
Cnergy neetrans n urantum A8 (3 hoew
fzures are averages over the three vears
the fuel custonarily is in the resctor
Near the end of that period only 36 ner.
cont of the o reactions tahe place m
uranim 235 waith 30 percent avenining
i plutosium 239, 10 perceat in plitoat
it 2D and S pereent in ueaian Y In
siew of the curcent public controversy
over the propecied Tutwe recyching ol
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CURRLENT PLAN for handling high-les el
radivactive wastes calls for their incorporas
tion into plass exlinders about 300 centime-
tees long aod 30 centimmcters in diamcter, In
the singleastep solulification process depicted
here the guid highdoved waste is first con.

eted into o fine ponder inside @ culcining

amher Gopd, then mined with glassmaking
teit G200 and hinally melted into a block
of classy within the thick stainlessateel eanis.
ter i owhich it will eventaally be stored (Aot
). S hen canister iy full, Bow is switched
by o divorter sabve into o new canister vbro-
hom ontlin iy bence the process iy continuons,

et e

Uty fov ety that pian tsathivandy

Bid B hC AN e I et i e tear D)
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it At W Serad fow
ban v andor o o the [ETELIEA NS Y
withoa short roioac e o bl bife we Jde-

ORI lemporia g i partien
Larly important with respect o oan o
tope s B an iodine 131 one of the oo
dazigvrons inson proddacis, abich b
hali-Lie of only \'._.-!v: .'.n\\ Y Pheoeafier

sWA Y .;'
[ 1 B

IwWwre
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oo vl the O HION b b o send the
spomt fusl 1o o chani |I PrOCessing
plant, where the fucl fos woukd be ot

into sheit lengths, disolved in acid and
put throusha series of chemicul-separa
tion processes 10 remove the uraniwmn
and plutonium, which would then e
available to make new tuel Everything
clse (except for certain gases, which
would be discharged separately. and the
picees of the metal fuel pins that Jo not
disse!ve in the acid) 1s referred to as
“high level” waste, In addition to all the
tission products. which are responsible
for the bulk of the radionc.ivi!y 2n.
high-level wastes would in this case
clude the isotopes of peptunium. ameri-
cium end curium, along with the small
amounts of uranium and plutonium that
would not be removed in reprocessing,
owing to incllicicncivs in the chemical
scpariions.

he simplest and n1ost obvious way to

disposc of the remaining high-level
wastes (once an cconomiczlly sullicient
gquantity of them began to accumulate)
sould be to bury them permancatly
deep underground. On the face of it
such un approach uppears 1o be reason-
ably safe. since all rocks contain traces
of naturally radioactive substances such
as uranium, thorium, potassium and ru-
bidium, and the total amount of this nat.
ural radioactivity in the ground under
the U.S. down to the proposed nuclear-
waste burial depih of 600 meters is enor-
mously greater thon the radioactivity in
the wastes that would be produced if the
couniry were to generate all its ¢lectrie
power by means of auclear tission. Of
course, the radiouctivity of the nuclear
wisies is more concentrated, but in prin.
ciple that does not ke any Jiilerence;
the bivlogical ¢if:cts of radiution are
gencrally assumed to have @ Lincir re-
letion to dosage. so that distiibuiing a
given total dosage among more puiople
would not chauge the aumber of .nd
verse hies \'(hc“ggl\ (I this lin et "vhv-
pmm sis” were 1o be gr"\ i, surrent
Giiiviies of the put(-ulml health huzards
feom nuclear wistes and all other as-
p Cls nf Ihc nugle: ur pO‘\'Lf 'u.\! Mr)‘

'In. detanled |. oL u!nrc) for h wedtins
the high-leve! wastes are not yet delinite,
but present indications are that  the
wastes widl be locorporated into a boro-
cihicate glass (siendlar to Pyrex), which
will be fabricated ta the form of cylin-
ders about Y00 centimeters long und 30

A TN N B ORI e “',[.n;\'
dnch £ 00 b Lern B scated duside i thick
staintoss steed G s Fleose s ante € s
tors e then by sheped oo Federally
operatd  repoaitey e buial. Oy
SRS Stos Srom a sieele TaNY gy
Wattam foar eower plant v i 20 dete 10
s vatistors, sad the conisters wall e

Thaied about 10 metors apart; henod

cachhvanior sl ege nps a arcaof 1o
sqprrare mcives ood afl 1 canisters will
Labe v 160 square mcters, 10 has been
estinmaied that an all-nnctear US, elee-
ric-poaer sistem wethd reqaire rough-
Iy 400 1 000 mezawatt plants, capable
ol gercrating 400,000 megawatts at full
capucity, compured with the present av-
crage clectric-power isaze of abowt

30000 mezawatts, Accordingly the to-
!al high-level wastes geacrated annually
by an all-nuclear US. electric-power
system would occupy un arca of less
than halfl a square Nilometer.

The mainreason for spreading the can-
isters over such a large arca is 1o dissi-
pate the bicat gencrated by their radioae-
tivity. The problem of dealing with this
heat can be substuntially alleviated by
waiting for 10 ycars afier the reprocess-
ing operation, at which time the heat
generated by each canister will have
fallen oif to about 3.4 Kilowatts. The
advantage of delayed burial is scen
more clearly when the heating effect is
translated inio the estimuted rise in tem-
perature that would result at the surface
of a canister buried alone in rock of av-
erage thermal conductivity [see rop illus-
tration on pr~~+ 26). It is evident that buri-
al after a wait of a year would lcad to a
temperature rise of 1.900 degrees Celsi-
us. whercas waiting for 10 years would
reduce the rise to 250 degrees C. The
dillerence is critical, since glass devitri-
ties (erystallizes and becomes brittle) at
temperatures higher than 700 degrees.
In roch of uverage thermul conductivity
the maximum ascrale temperature of
the ro:k just above and below the burial
depth vwould be reached 40 years afier
burial. when the average temperature at
the burinl depth would be increased by
140 doices [see Lortom illustration on
paze 260 1 the canister were to be buried
i salt, which has a much greater ther-
maul condustivity, the rise in tempera-
ture i the burial depth after 40 years
woulld be less: 25 duprees

In salt an eddiional ¢ffect must be
tuhen into account, since the heat will
caune the migration of wut.r toward the
waste camster, Typical sudt formations
contain about .5 pervent woter trapped
in tiny pochets, The solubility of salt in
witer increases with temperature, so
that if the temperature on one side of the
pochet is raised, more salt will go into
solution on that side. This raises the salt
content of the water above the sutura-
tion point for the tenmperature on the
oppousite side of the pocket. however,
causing the sult to precipitate out of so-
lution on that side. The net cffect is a

e ——————— e =7 + g
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migtation of the water pocket in thy di-
rection of the higher temperature, which
iv of course the dircction of the buried
wauste canister. The rate of the migration
depends on how rapidly the temperature
increases with distunce. and on how rap-
idly the temperatuie gradient, as | have
explained, falls off vith time.

This process is capected to lead to the
collection of waler around cuch cunister
at an initial rate of tv o or three liters per
year: within 25 yvars a total of 25 li-
ters will have collected, with very littie
further collection vxpected thereaflier.
Since the temperature at the surfoce ol
the canister would be higher than the
boiling point of water, the water arriv-
ing at the cunister would be converied
into stcam and would be dravwn ofl by
the ventilation sysiem (assuming that
the repository is not scaled). Small
amounts of water would continue to mi-
grate toward the canisters after 25 years.
carrying corrosive substances such as
hydrochloric acid erising from chemical
reactions induced in the salt by the radi-
ation from the canister. 1t is thercfore
usually assumed that the stainless-steel
casings will corrode away, leaving the
wastc-containing glass cylinders in con-
tact with the salt.

I__ ow can onc cvaluate the health haz-

ards presented by such radioactive
waste taaterials? The most dircet huzard
is from the gamma radiation emitted by
the decaying nuclei. Gamma rays be-
have much like X rays except that they
arc even morc penatrating. The cffcet of
gumma rays (or uny other form of ioniz-
ing radiation) on the human body is
measured in the units called rem. cach
of which is equal to the amount of radia-
tion thut is required to produce the sume
biological eftect us one roentgen of X
radiation. ("Rem” stonds for “resntgen
cquivalent man.”) In analyzing the im-
pact of radioactive wastes on purhlic
heatth the only significant radiation cf-
fects that need to be considered are
those that cause cuncer and those that
induce genetic defects in progeny. Ac-
cording 1o the best available estimates
for wholc-body radiation such us would
be detivvred by o sonrce of gamma rays
outside e body the risk of iIncuwiing a
radiation-induced  futal cancer ©oap
proximately L8 chances i 10060 per
rem of rochiation ¢ posure. The estimnat-
od rind, tor totaboventual genetn Jdofocts
moprogny iy aboit LS chanoes in
PO e pem of pashiation dolin cied e
clivots spicadd out
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ADVANTAGE OF DELAYED BURIAL is evident in this graph, in which the beating effect
of a single waste canister is translated into the estimated rise in temperuture that » >uld result
at the surface of the canister if it were buried alone in rock of average thermal conductivity,
The numbers labeling each curve indicate the heat gencrated by the canister (in kilowatts)
after 4 given interim-storage period (in years) Thus burial after one year (top curve) would
cause a temperature rise of 1,900 degrees Celsius, whereas waiting for 10 years (hottont curve)
would reduce the increment to 250 degrees €. Colored area at ten sy mbuolizes critical fact that
glass devitrifies (crystallizes wnd becomes britthe) at temperatures higher than 700 degrevs C.
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MANTMICM AVERAGE TEMPERATURYE of the rockh jud above and bolaw the burial
depih Of the waste canister woudd be reachod 40 years alter burial, when the aserage tempera.
ture ut the burial depth would be inereased by ahomt 140 degrees C 1 the nusle Canister were
tu be buried in salt, the corresponding temperatore increaments would be comiderably reducvd.

vie tast oty the 2oor ey engreee
RITTTL | 1o H YL sosend Enh soattsd by gt
g Lo e dall seae
a LN enorgs Barduct band on ol g
cicar generation of eliotw power [
sortenr dtllasteartn on o opposiie rh"_'al
Prom sechioa graph one can see that for

5 * o
Wasivs st

the poriod Borween chi and B0 s -

- . A
dier temecosain s the dosate mt eentr,

Brrten o the todal 2arena ray emission

nomade Byocesinm 1T and s iminng
diate Joviy product Bagtam 137, D

e this fourcentury period the total |
gamma-ray bazard falls by more than

four orders of magnitude.

One way to grasp the potential hazard

presentad by this amouat of gamma ra.
diation is to consider what would hap-
pen if the source of radiation were to be
distributed over the entire land surface
of the U S. The number of fatal cancers
per year induced in that ¢ e conld be as
high as many millions. Clourly the mate-

rial that gives rise to the radiation must |
be contfined and handled with great care.

On the other hand, gamma rays are at-
tenuated by about a factor of 10 per foot
in passing through rock or soil. s¢ that

there would be no danger of this type
from wastes that remain buried deep un-
derground.

A mcasurc of the care that must be
taken in handling the waste canisters is
indicated by the [act that a dose of 500

rem (which has a 50 percent chance of .
being fatal) would be received in 10 |

minutes by a human being standing 10 |

meters away frora an unshiclded new
waste cenister. There is no great tech-
nical difficulty. however. in providing
shiciding adequate for safe and effective
remote handling of the waste sanisters.

If any of the radioactive wastes were
to enter the human body. their biologi-
cal clTects would be enhanced. since the
radiation they would emit would strike
human tissuc in all directions and since
the exposure would continue for some
time. Accerdingly one must consider

the two mujor possible entry routes: in- |

gestion and inhulution. The ingestion
hazard can be evaluaied in terms of the
aumber of cancer-causing doscs in the

winstes producad by one year of all-nu- |

clear electric power inthe U.S, [see illus- |

tation on pai 28] 1o this graph the val-
ue of 10% at 104 years, for example,
means that if all the wastes, alter aging
for 10.GOD years, were te be converted
into digestible form und fed to people,
one could eapuct a million futal cancers
to ensue. This “worst cuse™ scenario as-
sumes. of course. that many mitlions of
people are involved, but in view of the
lincar relation between dose and effect
penerally assumed for calculating such
radiation rishs it docs not matter how
many millions there ure. The derivation
of such a gruph is ruther complex, in-
volving for cuch radiouctive species the
probability of transfer across the intesti-
nal wall into the bloodstream: the prob-

ability of trunsfer from the blood into |



cach body orpan: the time the radiouc-
1o sutatance spends in cach organ: the
crergy of the radiation emitted by the
\.; wrance and the fruction of the energy

wearbed by the organ; the mass of the
organ; the relative hnolognc.:l cifects of
the ditterent hind ., of radintion emittzed.
and hinelly the cuncer risk per unit of
radiation absorbed (in rem).

1“ ceding all this r«dl(mclnc maicrial to

prople is hard!ly a realistic scenario,
however, so that one might consider in-
stead the comsvynences if the wastes
were 1o be dump:d in soluble form ai
random into rivers throughout the U.S.
I'or this scenario, which comes close 10
sssuming the most carcless credible
handling of the disposal problem, the
yraph shows that a mililon fatalitics
could result. 1t is unlikely anyone would
suggest such dumping. but in any event
itisclearly notan ¢ cc;p!..blc method of
disposal.

In ¢valuating the inhalation hazard by
far the most important efTfect that must
t.c taken into account is the induction of
lung cancers [see (lustration on page 29).
Here again the graph shows the conse-
quences of a situalion approximating
the most carcless credible handling of
the wastes: spreading them as a ﬁnc
powder randomly over the ground
throuzhout the US. and 2llowing them
to be Llo“n about by the wind.

Much attention is given in public
statements to the potential hazards rep-
tesented by the scales in such graphs
that show the number of cancers expect-
cd if &)l the radiozctive materials in-
volved veere to b2 ingested or inhaled by
people. One ofien hears. for example
that there is enough radioactivity in nu-
clear voastes to kil! billions of people. To
put such statements in perspective it is
h.1piv! to compure the known hazards
of nuzlear wasies with those of other
poisenous substances used in large
quantitics in the U.S. [sce illustration
o pove 30). Such 2 comparison shows
that there is nothing uniquely dungerous

whout nucleur wastes. Nevertheless, it
nooflen emphasized that r..Jmucn»:
woastes remain hezardous for along time
Nonadoactive barium and arsenic, on

tha othar hand peraiin poisonous for
ever, Btoanght alo be argued that the
e barardows subaianees are already
1 e\ teage, v as puclear wastes are
L v ereatied hazard R("»'_".!) half
Gf b LIS s of baomm and arse.
. s sipesthy dmpast ted, and

vl cary abo being mtio

gt o ntienal on
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IN SALT the hest from the waste canister wou'd cause the migration of tiny pochets of water
in e direction of the bigher temperature, since the salt would tend to go into solution on
the holier side of the pocket (right) and to precipitate out of solution on the cooler side u:/n.

Actually such quantitative represen-
tations of potential hazards are virtu-
ally meeningless unless one also takes
into account the possible pathways the
huzardous agents can tahe to reach man.
Therefore 1 shall now turn to that sub-
ject. It is generally 2greed the most im-
portant health hazard presented by nu-
clear wastes arisec from the possibility

that ground water will come in contact
with the buricd wastes, lcach them into
solution, carry them through the overly-
ing rock and soil and ultimatcly iato
food and water supplies. Human expo
sure would then be lhtough ingestion
From the anaiysis of the ingestion rout
outlined abeve onc can deduce that lhc
hazard from ingested radioactive mate-
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fon fondied years fntact vne Can el
Q1Y it ufier GU0F yenrs a0 peiton

Chang to e <t approstaeecty Lol
A sond of the e b wasite to o nr i 3o
e atdhance of sudlening a leihal can
cor I reasonai e to conclude that s
vy amportant the wastes b woluied
frean homan contavt for the initial few
B dredd years, Tobadl fiest ke up thaa
presiom but shall return to the longer:
teren one.

Wihen people first leairn that anclear
wistes must be iselated for hundreds of
yeiars, their inmediate response is ofien
to sav this is virtucliy impoasible: man's
sovitl institutions and political systems
and the structures he builds rarely last
that long. This response. however, is
ba.2d on experience in the environment
encountered on the surface of the curth.
Véhat one is actually dealing with are
rock formations 600 mcters below the
surface. In this quite different environ-
raent the characteristic time intervals re-
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J sotten of o
sivch b daternt oo by weo-
togival stindy e be ant ealy fLecof clreu-
Leting sround wostee pew b o likely
1o remain frog of it for a sery long time
to come. In peciogical termre o fow hune.
dred years is o shart time, so icat predic-
tions of this Lind can be higitiy reiiable.
Since the paiterns in which ground-
water flows can be changed by carth-
quakes. only icctonically siable areas
would be chosen. Salt formations offer
additional sccurity in this regard, be-
cause when sl is subjected 1o pressure,
it flows plasticaily. Thus it is capable of
scaling ¢racks that develop from tecton-

siafdds b tor do vith the ol
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YEAAS AFTEAN HEPROCESSIHIC

I ALL WASTES WERE TO BE INGUSTED, the bicdogical etfcets on the hiunan popula.
tien of the US, would be considerable, Ay this graph shows, the nomber of concer-caming
dones in the wastes produced by one year ol allenuctear clectric gower in the LS. G osuch that if
ail the wustes, after aging for 10,000 years, were 1o be converted bnto dizestibie form ard fod to
pec e, one would expect 8 miltion Futal cancers to ensue baale at lof). M iasicad the wastes
weie to be converted into soluble form sad immediately after roprocessing dumped ut random
into tivers throughout the US,, the resell coulil again be 2 snillion [atalities Geale at righo),

23

mito s e sears of the baoal operaiens,
e the canistersceadod deep imide o
wibie ey staltlinge nrass,

Sonpoag, however, voater does somye
ooy manase e et tto erachs i gl
roch Tormation in which the waste o
Luried. What happons then? The rock
wottd of course be choen to be imper.
viens to woater, so ot there wonld by o
seecnd delay whele tic rodk was bei
teached away before thie waste glass voas
crieaed o waier, 10 v oald seem tha
there would not be much delay o salt
because it is so soluble in water, but i
fuct the quantities ef wier deep nnder-
ground are rot lurg: amd the mass of salt
is huze, For example. if all the ground
vauter now dowing in the region of the
proposed Federal waste-repository site
in New Meaico were somehow diverted
to lNow through the salt, it would take
50.000 years for the salt enclosing one
yeai's deposit of nuclear wastes to be
dissolved away.

A third delay arises from the time it

would take to leach away the waste glass

itself. There is some uncertainty on this

point, and the matter is complicated by
the fact that leaching rates increase rap-
idly with temperature, but it scems fair-
ly certain that the low rate at which the
glass can be leached away will offer con-

siderable protection for at least a few .

hundred years. If new leaching-rate
studies indicate otherwise, it would not
be too diflicult or expensive to switch to
ceramics or other more resistant materi-
als for incorporating the wastes.

A fourth delay arises from the length
of time it ordinarily takes water to reach
the surface. Typical flow rates are less
than 30 centimeters per day, and typical
distances that must be covered are tens

. ——— P — T —— - ¢y e

or hundreds of kilometers. For anything -

to travel 100 kilometers at 30 centime-
ters per day takes about 1,000 years.
The rudicactive wastes would not,
however, move with the velocity of the
ground water even if they went into so-
lution, They would teid to be filtered
out by ion-cxchange processes. [For ex-

ample, an ion of radieactive strontium |
in the wastes would ofien exchange with !
an ton of caleium in the rock, with the |

result that the stroantium ion would re-
main taed while the calcium ion would
mo-.¢ on with the water, The strontium
ion vwould eventually get back into so-
lutien, but because of continual hold-
ups of this type the radioactive stronti-
v would move 100 times slower than
the water, thus taking perhaps 100,000
yeurs to reach the surface. For the other
unportant waste cormponents the holdup
s even Jonger,
[‘\s arcsult of all these delays there is an
extremely high assurance that very
Litle of the wastes will escape throuj o
the g-ound-watcer route during the first

©

few hundred yeurs when they are most |

dangerous, Indeed, the time delays offer

i
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substantiz! protection for hundreds of
thousands of years. 1 shall give no credit
for 1 fastor, hovsever, in the following
discussion of the potentiul longer-erm
huzard.

As we huve seen, the “50 pereent le-
tha!” d95¢ of nuzleur wastes ingested af.
ier 6H0 years would be hall a pound.
This is hardly a potent poison, and its
dungers swem particularly remote when
one considers that the malterial is care-
fully buried in low-lcachubility form
isolaled from ground water a third of a
mile below the carth's surface. Many
more pot-.ai poisons are routinely kept
in the home. It is true, however, that
nuclear wastes remain poisonous for a
very long time, so that they could con-
ccivably present a hazard.

To eviluate this long-term risk one
must develop un estimate of the proba-
bility that the wastes will escape into the
environment. How can th.s bc done?
One way is to make a comparison be-
tween an atom of nuclear waste buried
at 2 depth of 600 mcters and a typical
ato..1 of radium somewhere in the rock
or soil above the waste canister, assuni-
ing that the'wastc atom is no more likely
than the radium atom to escape and find
its way into 2 human being. This would
scem (o be a conservative assumption,
since “the rock or soil ebove the waste
canister” includes the material near the
surfacc. where the crosive forces of
wind, surface runoff. frecze-thaw cy-
cles, vegztation and so on are aclive,

It is difficult to calculate the escape
probability for an atom of radium in a
particular area, but the average cscape
probability over the cntire continentai
U.S. can be estimated. To make such a
comparison meanirngful one can assume
that the wastes are buried in a uniform
distribution over the entire country, but
for calculating averages it is cquivalent
to assurie that they are buried at ran-
dom lo:ations across the country and
always at the same depth. YWhen the as-
simption is stated this way, it is clearly
conservative: ong would think that by
making use of all the information avail-
able from geology, hydrology and li-
tholozy one could cheose a burial site
that would be much securer than & ran-
domly chosen one

Havieg made these two basic iasump-
tions-random burial and an equal cs-
cupe probability for atoms of waste and
radinm—onc necd only estimatc the av.
craae probability that an atem of radie
un in e top 60 eters of the LS, will
esvitpe. Cae approach has two steps: cals

culatie o the probudidity that a radiom
atons vl escape from the sotl o rive
ers and eraltipdyiegs this numbee by the
probabiliny thest o given sumple of waier
Wil be baested by huaman beine, The
HIVS SN vy of radisa iy
cis (e coams e 10 todtion Lices) and

fotad cnpnad voeter Bos In ULS aivers
{ g bk Bters) are hnow b giane
! ros annes] teansfer of rohiuom
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YEARS AFTER REMOVAL FROM REACTOR

IT ALL WASTES WERE TO BE INHALED, the most important health hazard would be the
induction of lung cancers. In this graph aguin the scale at le(t shows the total number of cancer-
causing doses in the wastes produced by one year of all-nuclear clectric power in the US. The
scale at right shows the number of deaths expected by the inhalation route if all thiese wastes
were to Le spread as a fine powder randomly over the ground throughout the US. In both
this graph and the one on the opposiie page the short colored line at the lower right indicates
the corrcsponding Jong-term health hazard represented by the natural radioactivity in the
vranium ore thut would be consumed by such an all-nuclear electricspowes system in the US,

from the soil into rivers is the product of
these two numbers, or 300 grams. Since
radium is a product of the radioactive
decay of uranium, from the average
concentration of uranium in rock (2.7
parts per million) one can readily esti-
mate the amount of radium in the top
600 meters of the U.S. as being 12 bil-
lion grams. The annual transfer probas
bility is the ratio of the annual transfer
to the total quantity, or .000000023 per
year. The inverse of thisnumber, 40 mil-
lion years. is then the average lifetime of
rock in the top 6UD meters of the U.S.
Therefore the assumption is that cach
atom of buried nucicar wasic has less
than one chance in 40 mithon of escap-
ing vach year, About on2 part in 10,600
of river tlow in the US, is ingestad Ly
human beings, but owing to various pu-
ritication provesaes the fraction of the
radium in river How that is ingested is
closer to LS part in 100,000, Multiply-
ing this pember by the annua! probabih-
ty for escape into rivers ((0000GHO2S),
one Enally obtains the teind annueal
transfer probabulity of 4 radiim aom
from the rock into o lhman being. It
rouzhly tour chances in 10 trthon
Phere are ot feant two aws i this
Calvulation, Moagnoies ragsfor threugh
food. @ factor o reduces the transfer

DISPERSED RANDOMLY AS A FINE POWDER

S e —

probability, and it assumes that all the !

radium ingested is taken up by the body,
a factor that increases the transfer prob-
ability. These problems can be avoided
and the calcuvlation can be simplified by
estimating the number of human can-
cers induced annually by ingested radi-
um (12) and dividing that number by the
number of cancer-causing doses of radi-
um ia the top 600 meters of the U.S. (30
trillicn). The first quuntity is obtained
from actual measurcments of the
amount of radium in cadavers com-
bined with generally accepted cstimutes
of the risk of a person’s getting cancer
from the radium. The result for the an-
nual transfer probability obtained by
this method is in close agreement with
the figure derived by the preceding
mcthod. It thicrefore is reasonable to
multiply the dosage scale in the inges-
tion graph on thc opposite page by
0000000000004 (four chances in 10
triflion) to obtain the number of (atul-
ties expected annually from the nuclear
wastes produced annually by an all-nu-
clear US. electric-power system.

What all of this means is that aftee the
Lirst fuw hundred years of storage, dur-

inz which we would be protected by the

tine delays discussed above, one could
cxpect about (000001 fatality per year



, Or doe <.rwilml_:~.h!c ta the buricd waste,
Lt ol s ad ded wpg it comes to 4
oo tor the st aallion years pli iy
Cononal four fatlities over the ool
10 athion years,

I one is to consider the public-heelth

cifects of radiosctivity over such
I perieds, one should also tale into
weeount the fact that nuclear puwer
burns up uranivm, the principal source
of radiation exposure for human beings
today. For example, the uraniwm in the
cround under the U.S. is the source of
the radium that causes 12 fatal caneers
in the U.S. per year. If it is assumed that
the original uranium was buricd as se-
curely as the waste would presumably
be, its eventual health effects would be
greater than those of the buried wastes.
In other words, after a million years or
s0 more lives would be saved by urani.
um consumption ocr year than would be
lost to radioactive waste per year.

The factis, however, that the uranium
now being mined comes not from 2n av-
erage depth of 600 meters but from
quite ncar the surface. There it is a
source of radon, a highly radioactive
gaseous product of the decay of radium
that can escape into the atmosphere. Ra-
don gas is the most serious source of
radiation in the environment, claiming
thonsands of lives in the U.S. per ycar
according to the methods of calculation
used here. When this additional factor is
taken into account, burning up uranium
in reactors turns out to save about 50
lives per million ycars for cach yecar of
all-nuclear electric power in the US,,
more than 100 times more than the .4

lefe thiat mesba be tost to bned cadioae
HVE Winstes
"

Thas on ooy |
power e |

cate nulvae
2o of
Vdcansiaa the oo th ol radiow tinuy . This
Last bocomes inteiinvely odvas s hen one
considers thetevery atom of tamium is
destingd wucntndy to devay with the
cyission af ¢t alpha past dhos the e
winy nuslen, four of them rapaliy foliow-
ing the fenmation of radon s Throwgh
the breathing process mtued Yos provid.
ed an casy pathway for relon to guin
entry into the human body. In nuclear
reactors the uranium atom is converted
into two tission-product atcins, vhich
decay only by the emission of a beta ray
(an clectron) and in some cases 4 gamma
ray. Rough!y §7 pereent of theose emis-
sion processes take place before the ma-
terial even leuves the reacier: morcover,
beta rays and gaimma ruys aee typically
100 times less damaging than alpha-par-
ticle emissions, because their energics
are lower (typically by a fuctor of 10)
and they deposit their encrgy in tissue in
less concentrated form, making their
biological efTectiveness 10 times lower,
The long-term cllect of burning urani.
um in reactors is hence a reduction in
the healiih hazards attributable to radio-
activily,

In this conncction it is interesting to
note that coal contuins an average of
about 1.3 parts per million ol uranium,
which is released into the environment
when the coal is burned. The radon gas
from the uranium released by one year
of an all-con!l-powered U.S. electric-
generating system would cause about
1.000 futalities per millien jcars, a rate

na himw

wwed an

three orders of maganade greater than
the result obtamed s for the wa g,
teon an atl nucicar poscred systein

I the sk of dovesting rindicacting
Winnie materials with food or water is
low, what about the rish of inhaling
them us airborne porticulate matter?
The potentinl hazands from iehalin:
stuch materials are much greater ant
onzer-lasting than ihe hazards from n
gesting them. It is ditficult, howeser, to
wnazine how  buricd  naclear wastes
couid be released as airborne particu-
lates. The Lirgest nuclear bombs yet
considered would not disturb muterial
at a depth of 600 meters. Meteorites of
suflicient size to do so are extremely
rare, so that their average expected ef -
fect would be o million times lower than
that from ingestion. Volcanic eruptioas
in tectonically quict regions arc also ex-
tremely rare; morcover, they disturb
comparatively small areas, so that their
effects would be still smaller.

Release through ground water could
lead to a small [raction of the radioac-
tivity being dispersed at the surface in
suspendable form, but calculation indi-
cates that for this pathway to be as haz-
ardous as ingestion all the wastes wouid
have o be dispersed through it. Wastes
dispersed at the surface would also
constitute an external-radiation hazard
through their emission of gamma rays,
but another calculation demonstrates
that this hazard too is less than that of
ingestion.

None of the estimates [ have given so
far takes into account the possible re-
lease of nuclear wastes through human
intrusion. Let us therefore consider that
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COMPARISON OF HEALTIH HAZARDS presented by high-leyel
radioactive wastes from nuclear reactors with those of other poions
iy subntances routinely used In lurge guantities in the US, demon.
strates that there by nothing uniquely dangerous aboul the andlear

wustis, Moreover, the nuthor notes, *chiemical poisons are not cares
fuily Luried deep undergronnd as is the plan for the nu
indeed, much of the armcuic i used as a herbicide and he ice is row-
tinely seatiered around on thie ground in regions where foc s is grown.”
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possibility. Ruried wiste would not be
N attractive tarpet for sabotenrs be.
canse of the great amount of time, ef-
fort, cq-npnwnl and porsonal danger
that would be needed to remove it Only
releuse teongh imadvertent human in.
trusion, such as drilling or mining, nueds
1o be corsidered. The current plun is to
retwin Government ownership of reposi
tory sites und to muintain surveillance
and long-tasting warning signs, so that
this probiom would exist only il there
were a todad collapse of civilization. One
of the criterin for the choice of & reposi-
tory site is thut there be a lack of valu-
able mingrals and the prospect of dis-
covering themy, (Indeed, the principal
factor deleying the development of the
proposcd New Mexico site is the possi-
tility that it may hold potash deposits.)
Nevertheless, if there were rundom cx-
ploratory drilling in the arca at the rate
of the current average "wildcat” driliing
for oil in the U.S., the cffects would still
be much less than those of release in
ground v.iter, If there were mining in
the arca (presumably for mincrals not
now regarded as valuable). the opera.-
tions would have to be on a scale ap-
prouching that of the cntire current U.S.
coal-mining enterprise before their ef.
fects would equal those of ground-water
release,

Wastes buried in salt might scem to be
a poor risk against the possibility of
intrusion by mining, since salt is wide-
ly mined. The quantity of salt under-
ground. however, is so huge that on a
random basis any given arca would not
be mined for tens of millions of years.
Again the probability of release through
this puthway is comparable to that
through ground water, except that here
the wastes are in insoluble form and, if
ingested. much less likely to be taken up
by the bedyv. A pathway would seem to
eaist throazh the use ef salt in food, b
only 1 percent of the salt mined in the
U.S. is so used, and it is purificd by ul.
lowing insoluble co-nponcnl to settle
out. Thus exposure through this path-
way wonld be reduced mlq,hl_\ 10 that
through use of salt in industrial
proscsses. Al in 21l then, the proha-
Bility of the release of vioied nuglenr
Wastes through human inccesion is loss
thin that of their releace through
pround v ater,
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YEARS AFTER BURIAL OF WASTES

DANGER FROM INGESTED WASTES can be shown (o be very great at first but much less
after a few hundred yours. As this graph shows, after 600 yecars a person would have to ingest
aporoximaiely hall a pound of the buried wastes to incur a §0 percent chance of contracting

a (atal ¢cancer. Such a ealculation suzgests that although it i

late sucis wusies from human contact for a few hundred years, it is less imperative thereaiter.

moving operations. Therefore guarding
buried nuclear wastes would only serve
to reduce that clready small toll.

Even if guarding should be consid-
cred advisable, it would not be very ex-
pcnsuc or difficuit. Once the repository
is scaled the guarding would consist
only in _[Qg\}_mﬂ p"rnodm insp ..:nons of
for the wastes [rom l.(wO yeurs of .nll
nuclear power—to mahke sure thut the
warning signs are 10 good order and to
see that no one hus uneapectediv under.
tuken minina or -qu dnfime in addi-

Tion occusonal winer TSHmpivs m l;.’\l be
drown from nearby rivers and wells
1o chech for increased radhouctivity,

Hence keeping watch on the wastes ac-
cumuluted over 1,020 yeers of ull-nucle-
ar clectric powet in the US, would pro-
vide ajob for anly one person at a time.

Perhaps e Bost way 1o put o per-
speciive the bundon we Gie plocing on

our doseendinis by stoting nuclear
witsten I o cemone that busden with
vihersweare plecms ontheme Probably
the v ooest vl Byodhe boedcn rooulting
Feonn our convninption of 1w canth's
sk i mmvie e d pesourees. Within a
s songtabig, shichl v el up
all tee sMab s cooneenie oty rocovar-
ably vt b weerany, ad lh'l

s v anir ael st ' . ' ' ‘

options for our descendants to exploit
for materials. Moreover, we are burning
hydrocarbons—coal, oil and gas--at the
rate of millions of tons cach per dav
depriving our descendants not only o
fucls-but also of feedstocks for making
plastics, organic chemicals, pharmaceu-
ticals and other useful products. These
burdens are surely far heavier than iny
conceivable burden resulting from the
appropriate burial of nuclear wastes.

viously very important to iso-

What raakes this comparison particu- |
larly pertinent is that the only way we |

can compeonsate our descendunts for the
materinls we are denying them is 1o
leave them with a technology that will
cnable them to live "1 reasonable com-
fort without these materials. The key to

such o technology must be cheap and -

abundant energy. With cheap and abun.
dant encrgy and a reasonable degree of

imveativeness man can hnd substitutes

for neary anything: virtually unlimied

quantitics of iron and aluminum for
metals, hydrogen for Toels and so on |
Without cheap and abundant energy the |
options are much narrower and must |

surely |g.|d back Lo a quite primitive ¢x
itence, Tt acems clear that we who e
alinvg lU\nl_\ owe  our descendants o
sonrce of cheap and abundant enerpy.
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