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The Radwaste Paradox

Political pressures push for a speeding up of the geologic disposal
program, but technical considerations may call for a slowing down

Early expiorers and settiers of the
Colorado Plateay, in coming to a deep
bathtub-shaped valley just east of what is
now the Coiorado-Utah state line. were
astonished at how the Dolores River, a
tributary of the Colorado, cuts across the
valley and through its steep walils at rignt
angies. They called this piace **Paradox
Valley,”” and the much larger geologic
province in southeasterm Utah and
southwestern Colorado of which the vai-
ley is a part was to become known as the
Paradox Basin. As it happens, the Para-
dox Basin is one of the piaces where the
U.S. Department of Energy (DOE) is

looking for a site for a deep-mined repos-

itory for high-leve! radicactive waste.
This seems appropriately symbolic be-
cause the geoiogic disposai problem has
increasingly taken on the aspecti of a
poiiticai and technicai conuadrum, re-
piete with real or seeming contradictions

and paradoxes.
A central paradox is that, while the
concept of sequestering long-lived

wastes in mined repositories is attractive
intuitively, the very efforts made to con-
firm the suitability of particuiar rock
formations give rise to further uncenain-
ties, at least in the early years of the site
investigations. Overcoming these uncer-
tainties, which are arising in every rock
type and at virtuaily every site under
investigation, takes time and may in
some cases require the stretching out of
scheduies. But under the radwaste legis-
lation approved by Congress last month
(see box) the present DOE schedule for
site seiection and licensing couid be ac-
celerated by more than 2 years. The new
law contempiates that, barming certain
discretionary extensions, repository
construction will start as early as [989.

This is 6 years away and many peopie
in Congress and the nuciear industry find
it hard to understand why it shouid take
any longer than that to find a suitabie site
and begin excavating a mine and getting
nd of the waste. The scientific and tech-
mical questions associated with deep geo-
logic disposal of radwaste—especiaily
heat-generating high-level waste—are
sufficiently specialized and obscure that
for most peopie it seems that. as the
saying goes, ‘‘you can't appreciate the
problems until you get there.'
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Top DOE officiais have themseives
sought to push the geologic disposai pro-
gram (0 a faster pace than the one DOE
was following at the end of the Carter
Administration. “*I've tried (0 see that
the scheduie is acceierated.”” Deputy
Secretary of Energy Kenneth Davis toid
Science, adding that a congressionai
mandate for a stiil faster schedule ‘*couid
be heipfui.” In his view, it is likely that
not just one but several of the sites under
investigation will be usabie. "*! don'! see
a problem,”” he said. '‘My expectation is
that it wiil be a question of which one to
choose, not which one is acceptable.™

Public heaith and
safety does not require
early disposali

DOE and the nuciear industry are feei-
ing pressure from Congress and the pub-
lic to demonstrate final disposal of rad-
waste. Public heaith and safety does not
require early disposal; indeed, with pas-
sage of time the radioactive decay of the
shorter lived fission products reduces
the waste's heat and makes uitimate dis-
posal ecasier. The pressure t0 move
quickly is poiitical and stems from the
fact that, with the nuciear enterprise now
in its fourth decade, it is an acute embas-
rassment that the waste problem has not
been soived.

These circumstances seem !0 have
produced what are in a sense two facets
to the geologic disposal program. One is
the difficuit, time-consuming, brow-
mopping research and development ef-
fort that the DOE siaff peopie and con-
tractors are struggiing to carry out in the
field. The other is the seif-confident.
briskly paced program that the nuclear
industry and its supporters in Congress
and the higher echeions of DOE see as
vital to the industry’s political needs and
uitimate survival.

The National Waste Terminai Storage
(NWTS) program, as the DOE geologic
disposai effort for commercial high-level
waste is known, is large and far-flung.
especially compared to radwasle dispos-
al programs abroad. In Germany. which

has gone further than any other foreign
country in its efforts 10 establish a rad-
waste repository, the geologic investiga-
tion has focused exciusively on one rock
type. sait, and on one site. the Gorieben
salt dome of Lower Saxony. By con-
trast. DOE. to hedge its bets and to meet
the requirements of the Nuciear Reguia-
tory Commission (NRC), is investigating
muitiple rock types and muitipie sites.
Moreover, the sinking of large explor-
atory sharfts at three sites is a prerequi-
site to the filing of a repository permit
applicaton. The shafts will allow lateral
entry into and tesung of the rock forma-

tion at the repository horizon.

The muitiplicity of sites and rock types
in part reflects a political need to
‘‘spread the misery'” by demonstrating
that no one part of the nation will be
expecied 10 bear the entire burden of
nuciear waste disposal. Taken overall.
the NWTS program constitutes an enor-
mous geoiogic research efort; its budge:
is now approaching a quarter of a biilion
doilars a year and is rising.

Furthermore, by virtue of poiiticaf cir-
cumstances, the demands of the NRC
and the National Environmentai Policy
Act, and DOE"s own sense of technolog-
ical caution. the department is commit-
ted to an elaborate program review proc-
ess in which the agency not oniy soiicits
but pays for kibitzing by outsiders. The
U.S. Geological Survey (USGS), for in-
stance, has recently been brought into
the program (o a far greater extent than
ever before. Similarly, most of the po-
tential repository host states are becom-
ing increasingly invoived in the review of
program pians and data pertaining to the
investigation of sites within their bound-
aries: in some cases these DOE-state
relationships have been going acrimoni-
ously, in others more harmoniousiy. but
with the exception of Nevada, ail of the
host states have chosen (0 enter into
formai arrangemenis of one kind or an-
other with DOE whereby they are sup-
posed (0 receive project information reg-
uiarty.

To find sites for the two repositories
that are expected 10 be needed by eariy
in the next century. investigations have
been under way for some time in four
different kinds of geologic formations in
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six states: the oid basait lava dows of the
~olumbia Plateau at DOE’s Hanford fa-
ality in 'Washington: the weided tuff
ranother kind of voicanic rock) at the
Nevada Test Site. not far from Las Ve-
gas: bedded sait in the Paradox Basin of
southeastern Utah and the Paio Duro
Basin in the West Texas panhandle: and
sait domes in Louisiana and Mississippi.
Within a year or so fieid work is expect-
ed to start in the Precambrian shieid
granite of the upper Midwest and in the
granite of the Appalachian Mountains.
The next major step in the NWTS
program is to come in 983 and early
1984 with the sinking of expioratory
shafts at Hanford and the Nevada Test
Site. in basalt and tuff. and at a sait site
to be chosen from among the four sait
locations which DOE stiil has under in-
vestigation. One of the three sites picked

for expioratory shafts will, under the
present DOE schedule (which the rad-
waste legisiation may acceierate). be se-
lected for a licensing application by 1988.
Also, either at one of these sites or at
some other, an uniicensed '*Test and
Evaluation Facility " for temporary stor-
age of a few hundred waste canisters
wouid be built and put in operation by
the fail of 1989. A second repository site
would be chosen in the early 1990's.

But the experience so far at the several
sites suggests that the technical and po-
litical questions tend to proliferate rather
than diminish as more becomes known
about the geology and hydroiogy.

The Hanford basait. The priority be-
ing given the Hanford basait and the
Nevada tuff has not come about because
those geoiogic media have been known
from the first to be suitable for radwaste

Waste Bill Approved

Finally reaching agreement in the waning days of the 97th Congress, the
House and Senate on 10 December passed legisiation that is intended to
bring a {ederai-state accommodation on radicactive waste disposal.

The main barrier to finai passage was lifted when Senator James McClure
(R=-{daho), chairman of the Energy and Naturali Resources  Committee,
yieided to the threat of a filibuster on an issue deemed of critical importance
by potential repository host states. Their position was that, if a repository
site selected for licensing application by the Department of Energy (DOE)
and the President shouid be unacceptabie to the host state, its **veto' of the
site shouid stand uniess overridden by both houses of Congress.

Although there was substantial congressional support for this position,
the bills first passed by the House and Senate had not gone that far, 2ach
body having chosen instead to give the host states a veto that would stand
only if sustained by at least one house of Congress. But Senator William
Proxmire, whose home state of Wisconsin contains granite formations that
are of interest to DOE., was abie to take advantage of the lateness of the
hour by threatening to filibuster uniess the state position was accepted.

McClure, as Senate manager of the legisiation. chose to give in to
Proxmire rather than see the legisiation die. just as a previous radwaste bill
had died in 1980 at the close of the 96th Congress. This broke the impasse.
with the Senate agreeing by voice vote (o the bill with the more liberal state
veto provision. Finai passage in the House was by a vote of 256 to 32.

The concession made to the potential host states shouid give them strong
leverage in their dealings with DOE, whom some of the states (particuiarly
Utah) have accused of failing to give them compiete and timetly information
and of attempting to push the site selection process too rapidly.

But environmentai lobbyists, citing what they perceive as important
defects remaining in this long and compiex piece of legisiation, wouid have
preferred to see the measure die. They found especiaily objectionable some
procedurai shortcuts on environmentai review and a provision cailing for
DOE to present to Congress within 2% years a site-specific proposai for a
Monitored Retrievable Storage (MRS) faciiity for spent fuei or high-levei
waste. They see in the MRS the possibility that the goai of permanent
disposai of radwaste might be abandoned. But nuciear industry lobbyists
and DOE strongiy favored passage of the legisiation despite the major
concession (o states’ rights. DOE has feit hamstrung for lack of the kind of
statutorily defined federai-state '‘consuitation and cooperation’” mechanism
that the legisiation provides.—L.J.C.
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disposal. In fact Rockweil International,
the DOE contractor at Hanford, was
cailed to acsount in 1981 by its Hydroio-
gy and Geoiogy Overview Commuttes (a
group made up largeiy of umiversity-
based scientists) for stating that the Han-
ford basait was under siudy '“because of
the favorable geology of the site.””

The committee observed: '*We trust
this is not a representative attitude.
There is reaily only one solid jusufica-
tion for studying this site and it is the
sociopolitical fact that the land is a U.S.
nuclear reservation. From a hydrogeo-
logicai perspective, the Columbia River
Basait Group as a whole is not well
suited for a high-levei waste repository.
It may weil be that with further data and/
or carefui engineering design it can be
shown to be acceptable, but it cannot be
stated that the 'geology is favorabie.” **

The poiiticai climate for the basait
project is more or less sympathetic in the
Hanford vicinity, where the peopie have
long been famiiiar with things nuclear.
But cisewhere in the state attitudes are
reserved, to say the least. In 1980, Wash-
ington citizens voted overwheimingiy for
a ballot initiative to limit or prevent
nuciear waste—high as weil as low lev-
el—-{rom being shipped in from outside
the state (a law that has since been
declared unconstitutional). Governor
John Speilman, with support from DOE,
has recently established a task force to
bring the basait project under ciose state
review.

DOE realizes that it is on its mettle to
show that the basait investigation is be-
ing conducted in a rigorously scientific
manner. The participation of the USGS
in this investigation has in recent months
been eamestly solicited. This marks a
big change from the late 1960’s and cariy
1970's when the basait studies were
starting under ARCO. the DOE contrac-
tor at the time. The USGS scientists
found ARCO so unrssponsive to their
suggestions and critiques that they chose
to withdraw.

Now. the USGS is focusing on the
hydroiogic regime in the basait, in partic-
uiar on the possibie pathways by which
radionuclides couid be transported {rom
the repository site to the Columbia Riv-
er. Rockwell believes that the discharge
point is quite distant and that it would
take 40,000 years or longer for radionu-
ciides to reach the river. an esumate
which if accepted wouid satisfy reguia-
tory cniteria by a wide margin.

But the USGS has not yet reviewed
Rockweil's data or its data-coilection
methods. and remains t0 be convinced.
“*We feei that the groundwater flow sys-
tem couid be discharging ail along the
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rver.”” John B. Robertson of the USGS
toid Science. To resoive this issue. a
special review group has been estab-
lished. with Rockweil. the Barteile Pacif-
ic Northwest Laboratories. and the
USGS ail participating., and with the
Lawrence Berkeley Laboratory serving
as referee.

But a vaniety of other questions aiso
has been raised. For instance. fractures
found in core sampies suggest that the
basait is under high horizontal compres-
sive stress. Besides compiicating the de-
sign and construction of the repository.
the stress might induce fractures and
create new pathways for radionuciides to
escape.

Now there is even a question whether
the very large. 20-foot-diameter shaft
needed for a repository couid be con-
structed deep into the basait, **At the
moment. a big issue is can they in fact
sink a shaft.” say Harry Smedes. a re-
spected fieid geologist formeriy with the
USGS who is now an adviser to the
NWTS program leaders. ‘*Knowing that
the upper third of the formation has a lot
of water-bearing beds in it, they feei that
you have to dnil an enormous borehale
rather than use the conventionai dnil-
and-biast, dig-it-out method where
you've got men down in the hoie. it's
reaily pushing the state of the art. [t
depends on what dniling company you
taik to as to how optimistic or pessimis-
tc an answer you get.’”

The Nevada tuff. The investigation of
Nevada tuffe—a rock formed not from the
extrusion of lava flows but from the
weiding together of pumice. ash. and
other material huried out of voicanoes in
expiosive eruptions——is going on at Yuc-
ca Mountain. in an area that takes in the
southwest corner of the Nevada Test
Site and extends over onto other federai-
ly owned land. This location seems to
have considerable potential as an area
for disposai of radicactive waste. For
one thing, the test site. which covers
1350 square miies, is aiready contaminat-
ed from three decades of nuciear weap-
ons testing and presumably will be kept
under tight institutional controi for a long
time 10 come. For another, some 1600 to
2000 feet of the tuff lies above the water
tabje and this '‘unsaturated zone'' may
constitute an excailent geologic medium
for radwaste disposal.

But some major technical issues have
arisen in the Yucca Mountain investiga-
tion and remain unresoived. For in-
stance. a potential earthquake probiem
came to light as the resuit of tests con-
ducted oniy last spring. The tuff was
found to be under high tensional tectonic
stress—-stress that tends (o separate the
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William J. Broad. who has besn
a News and Comment reporter
since 1978, is leaving Science. He
is joining the science stad of the
New York Times.

rocks—and this makes existing fauits in
the area susceptiblie to movement in the
event of a sizabie earthquake in the
larger region. which is seismicaily ac-
tive.

From a technicai standpoint this find-
ing has not been considered particularly
alarming: many mines have survived
earthquakes. and. it is felt. a properly
engineered Yucca Mountain repository
couid withstand such an event. Nonethe-
less, according to William W. Dudley,
the USGS coordinator for the weided
tufl investigation, the discovery that the
probabiiity of earthquake activity at the
site is greater than was once believed.
though perhaps not greater than | in
10.000 for any one year. created a stir
among the project managers because of
the regulatory and poiiticali probiems
that might be provoked.

DOE has reason enough to take such
probiems seriously, because. by some
indicators, the Nevada political environ-
ment for radwaste disposai has changed
from warmiy receptive 10 coidly hostile.
As recently as (978 a radwaste reposi-
tory was viewed by Nevada potitical
leaders as a possible economic boon. But
during the last few years both Governor
Robert List. a Republican. and the Dem-
ocratic candidate who beat him in No-
vember, Attorney Generai Richard Bry-
an, have led a crusade to shut down a
commercial low-level waste facility at
Beatty, not far from the Nevada Test
Site.

Why this change in the politicai c¢li-
mate? In an interview in early 1981,
Governor List said. '*It goes back to the
aumospheric testing of the 1950's. The
AEC misled the public. Peopie don't
trust the authonties. They are cynical.
We have families who rememoer, survi-
vors who litigate in the courts. high
public awareness."

Sait beds and sait domes. A funda.
mental concern on the pan of officiais in
the salt states—particuiarly Utah, Tex-
as, and Mississippi—is that DOE has not
stuck to what was 10 have been a sequen-
tial, step-by-step approach to site
screening and selection. Instead. (o keep
.rom having to abandon its pian (o seiect
a sait site for an exploraiory shaft this
coming May, DOE has chosentogo toa

duai-track approach. Construction of the
expioratory shaft will proceed while at
the same tme the coilection of hydrolog-
ic data continues—=data on which ong-
inaily the site’s selecuon for fuil “"char-
acterization’' was (0 have in part been
based.

For either bedded or dome sait the
cost of constructing an expioratory shaft
and doing the negessary in sity tests is
expected to run somewhere between $30
miilion and $50 million. Thus, by going
to this phase without adequate hydroiog-
ic data. DOE is gambiing that the site
will not be disquaiified on the basis of
information that comes in from test wetls
located around the site—information
which could be gathered hefure the cost-
ly shaft is built if more time were al-
lowed.

William Fisher. director of the Texas
Bureau of Economic Geology. observes
that something eise besides money is
being put at risk—DOE and the waste
program’'s credibility. ' personaily
wouid prefer that they not take that
risk.” he says. According to Fisher.
DOE has so littje hydrologic data for the
Paio Duro Basin. where a specific site
remains (0 De pinpointed. that geohy-
droiogy cannot be used as a scresning
tooi. Yet in and around the areas of
interest there is, he says. some ¢vidence
within the formation of "*interior dissoiu-
tion."”

In March 1981 the USGS advised
DOE by letter that the chances {or pre.
dicting subsurface geologic and hydro-
logic conditions were '“significantly bet-
ter in bedded sait than in dome sait.”
The basic reason for this. as indicated in
the USGS letter, is that. while bedded
salt formations can vary. they are in
general characierized by a rejativeiy sim-
pie '‘layer cake' geoiogy of sait inter-
bedded with other kinds of material and
overiain by rocks from the erosion of
surrounding highiand areas.

Sait domes. on the other hand. are far
more compiex. They were formed when
deep layers of bedded sait. being reia-
tively light and buoyant. pushed up
through weak places in the overiving
rock. nsing thousands of feet untii they
approached the earth’s surfuce. where
charactensucally the dissoiving action of
groundwater on the salt and the consoli-
dation of less soiuble maierals has
formed a caprock.

A good way to visualize it."" says
Smedes. "is t0 take a bunch of colored
cioths or old rags and let each cotur
represent a different rock type and have
them stacked up like a layer cuke. and
then draw this entire mass up through a
hole you've made by thumb and forefin-
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ger. You'll notice there are very compiex
vertically onented folds. highly convo-
‘tuted. Then (f vou snip part of that of
and make a honzontal section, you'il see
how compiicated these crenuiations are.
largeiy verticaily onented but reaily like
a marpie cake. To the extent that these
different rock types have desirabte and
undesirable hydroiogic or mechanical
properties. you can see the difficuity. the
near impossibility. of trying to predict or
determine ahead of time what the config-
yration is."”

Compiex as dome sait may be. ail sait.
as a generic rock type. presents compii-
cations because of the brine that it con
tains. The brine, as has been known
since the 1960°s. tends to migrate toward

-
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the facility is to be built, from the north
end of the site to the south end. Major
brine pockets, incidentaily, seem to de
associated more with dedded sait than
dome sait.

Whiie sait beds are in generai simpier
than sait domes, DOE’s investigation of
the bedded salt of the Paradox Basin in
Utah has not foilowed a happy or pre-
dictabie course. Test borehoies have
been driiled at four locations in the ba-
sin. and. unluckily, the best of them from
a geologic standpoint has seemed to be a
site in Davis Canyon within less than a
miie of Canyoniands Nationai Park.

Moreover, according to Robert J.
Dingman. a consuitant to the Utah state
geologist, the most likely path for any

A promising bedded sait site :.: Its: than a mile from the park. Collection of hydroiogic dara

may require driiling in the park itself.

a heat source and, uniess excessive tem-
peratures are avoided. waste canisters
couid become immersed in a hot, highly
corrosive bath.

For the-most part the brine exists as
microscopic '“inclusions’” in the sait. But
it can also occur in large pockets, some-

- times under pressure sufficient to biow
out a weil or create havoc in a mine.
Twice now over the 8 years that DOE's
Waste Isolation Pilot Plant (WIPP) proj-
ect for military transuranic waste has
been in progress near Carisbad, New
Mexico, driiling rigs have hit brine pock-
ets.

The last time was November a year
ago when DOE. acting at the insistence
of state officiais. sought to determine the
nature of an anomaly that had been de-
tected in a seismic survey near the north
end of the proposed repository. Al-
though not a show stopper, the discove
ery of this bnine pocket. together with
indications of some other irreguiarities
or anomalies present at depth. led DOE
{0 agree recently (0 a state recommenda-
tion to shift the repository’s location, if

k)

radionuciide transport by groundwater is
toward the park and the Coiorado River.
Collection of the reievant hydroiogic
data will require borehole driiling inside
the park itseif, Dingman believes. This
requirement, if confirmed (DOE disputes
Dingman's finding), could ignite further
controversy about the exploration for
radwaste disposal sites on the edge of a
national park.

Last July, Utah's Govermor Scott
Matheson, disturbed at a DOE decision
that the setection of a sait site for an
expioratory shaft shail not be subject toa
full environmental impact review, or-
dered state agencies to withhoid ail as-
sistance from DOE, for exampie, deny-
ing permits for the transport of over-
weigint driiling rigs on state roads. The
effect has been to put the Paradox Basin
investigation under a virtual moratori-
um.

Numerous scientific groups, in the
United States and abroad. have conciud-
ed that the concept of the deep mined
geologic repository for the disposai of
radioactive waste is feasibie. But the

Amencan experience to date in four rock
types~—basait. wd. and bedded and
dome sait—shows that carrving out this
concept is no slmoie straightiorward
engineering task. A USGS official, testi-
fying before a \.ongresszonal committee
last June, cautioned: " How successiuily
and quickly {the major geoiogic issues|
can be resoived remains uncertain, in
our opinion. Answers to many of the
questions require innovative experimen-
tal procedures of large geometric dimen-
sion and long time periods.™

Another authority, Paul A. Wither-
spoont, untii recently head of earth sci-
ences at the Lawrence Berkeiey Labora-
tory and a leading expert on granite as a
disposai medium, has proposed to DOE
and the NRC, thus far unsuccessfuily,
that for every rock type and every candi-
date site a large-scaie, 5. 10 10-year ex-
periment costing up to $39 miilion shouid
be conducted to simulate the efect of
heat from waste canisters on the rock
mass. '

According to Witherspoon, the experi-
ment would serve mainly to influence
repository design and the spacing of the
waste packages but it might in some
cases reveai a site 10 be unsafe and
unacceptable. **{'ve heard a lot of pro-
gram managers say. 'If we find a prob-
lem, we'll engineer around it.” That, in
my opinion. is a very naive approach,”
Witherspoon toid Science.

Despite all such cautionary advice
from the experts. the cliché that '‘radio-
active waste disposal is a poiiticai but
not a technical probiem’” continues (o be
heard. It reflects a misapprefension of
the realities of geoiogic disposal which is
obviously quite widely heid in Congress
as well as in nuclear industry circles.

In 1970 the geoiogic disposal program
sutfered a poiiticai setback from which it
has never fuily recovered when the
Atomic Energy Commission (AEC), act-
ing precipitiously. announced that the
nation’s first repository wouid be buiit in
a sait mine at Lyons. Kansas. The pro-
posai soon had to be withdrawn, for the
site was shown to be ill-chosen and pos-
sibly unsafe. DOE is not likeiy to make.
or 10 be ailowed to make. mistakes as
obvious as those the AEC made at Ly-
ons. But uniess the technicai realities of
geologic disposal are respecied for what
they are, with NWTS scheduies adjusted
as needed to fit those realities. further
poiitical embarrassments couid weil lie
ahead.—lLutHen J. CARTER

A contributing writer to Science, Car-
ter is doing a study for Resources for the
Future of the nuclear waste problem as a
wortd dilemma.
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