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SOLUTION (IN SITU LEACH) MINING OF URANIUM: AN OVERVIEW

In situ solution mining is an alternative to current uranjum mining
methods. Basica]]y; the in sj;u method involves (1) ;he injection, via
we]fs, qf a leach solution ,into a uranium-bearing ore body, (2) dissolution
of the Eéntained uranium,.and (3) removal of the uran{hm-bearing solution
to the surface via prdduction wells. Uranium is then extracted fromrthe
leach solution in a recovery plant through an ion-exchange process. The
leach so]utipn is renewed to thg ordgina]ucoqcentfation and recircula%ed
thfoughjthe ore body. Development of this new technology is paralleling
renewed activity in the uranium mining industry. |

Resuvgence of activity within the uraniu% miﬁ?ng industry has been

caused by the demand for uranium to fuel nuclear reactors used to generate

electrical energy. This has contributed to a significant increase in the

market price of uranium within the last several years. As both the price

ahd “demand for uranium remain high, smaller deposits and ]owér grade ores
become economically viable as productiép sources. With these conditions,

in situ-mining has become an alternative to the conventional open pit

and underground uraniuﬁ’min?ng methdds.
Most of the known uranium deposits in the western Pnited States
occur in sandstones of f]uvia] origin. These sandstoneé’were formed by
ancient river systems and many of their former surfaﬁé characteristicé
are evident in the present subsurface environment. Perhapg‘the most

oustanding characteristic of these paleochannels is their variability.
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Sandstone units occur as thin beds, thick lenses, or sinuous bodies.
Sediment size (sands, silts, E]ays) can chaﬁgé rapidly in vertical and
lateral direction§5 Specific chafégﬁgristics of thengdeposits are of
particular importance for in situ solutichymining since the ore body is

a

a basic part of the process circuit. The mineralogic and hydrologic

o

properties of tﬁgkﬁre body are pertinent factors in bo%h the:engineering

design and environmental monitoringrof an oper:

A uranium dfe depoéft;must meet severa]»crlteria Before it can be
mined using the in sitU‘technique.\‘Generally, the ore deposits should:
(1) be located in a saturated zone, (2) be confined by fmpepvious layers’,
(3) have adequate permeability, and (4) be amenable to“chemical leaching.’
It has been estimated that up to 50 percent of the known ore-bearing

sandstone in the western U.S. can be mined using this solution mining

method.] . o
Application of the {n situ method to-extract uranium is a recent o
‘deve]opment. One of the firstﬁattempts*to use the method was under@aken” .

by Utah Construction and Mining Company in the Shirley Basin of Wyoming
during the 1960's. The solution mining operation was subsequently
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abandoned and the ore deposit was mined via an open pit:’ In the early
\\,

1970's a number of pilot-scale faciiities were constructed by various

companies in Texas and Wyoming. The success of these test operations

i)

is evidenced by the sca]ing-up to commercial production facilities at
a number of the sites. Currently, there are seven commercial solution

mining operations with production capacities ranging from 70 to 450 metric

tons of yellowcake per year: An estimated 20 to 25 pilot-test sites are’
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~have excluded the cost of restoring the affected aquifer; mitigation of y/

in operation and most of thesg are expected to expand'in the future.

In order for the solution mining method to be a viable mining
alternative, the economics per pound o? yellowcake pﬁoduced must be
comparable with the conventional uYaniumgnﬁﬁing methods. Precise data
is unavailable; a report from one compapygfnvoleed Qith both open pit
and solution mining indicé;es that solution mining has an economic
advanta;e.2 In situ mining is partichar]y attractive because of the
co%paratf&e]y low front end capitol cost. wgﬁ1e economic returns may be
higher with the in situ method, the uncertaiﬁty in estimating resource
recovery and production rates at the current level of technology maj
preclude any certain economic advantaée. In addition, all economic analyses
this environmengal impact may be a significant factor. ~

Due to the nature of the operation, the extracting of any mineral

resource results in'a real impact on the environment.= A conventional

uranium min{ng (open pit) and milling apé;ation will result in (1) temporary
change“in land use, (2) a]tération of local topography, (3) removal of
large quantities of groundwater from the mine, (4) the creation of-a large
tailings pile and (5) release of quantities of chemical¥ and radioactive
materials to thg:atmosphére. “When compared“with a conventional op@rat;on,
in situ leaching appears to offer 5 signifi;ant environmentai advantage.
Surface disturbance is minimal since little excavation is requiréd.
The removal of vegetation cover and soi] compaction with Cesd]ting eroéion

and sedimentation from well field operations are the prf@ary surface impacts.



Since reclamation of the disturbed areas should be aceomplished quite

readily, the period encompassing the temporary change in land use should

also be reduced. .
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v Groundwater 1mpacts and the d1sposa1 of 11qu1d wastes are the primary

environmental aspects assoc1ated with in situ leaching. These problems,

“ however, are cons1derab]y sma]]er than those associated with a conventional

yranium m1n1ng and m1111ng operat1on  Assuming an ofe grade of 0.1%, an
estimated maximum of 16 tons of solid waste per ton of produced yellowcake
would be generated by a solution minjng operetion compared to 1000 tons of
radioactive .waste (tailings) using conventtona] milling methods. Further-
more, the tailings from the conventional operation contain all of the
radium-226 and other daughter products associated with the ore depesit
whereas less than 5% of the radiumrin the ore deposit is brought to the
surface during in‘situ leaching. The disposition of solid wastes from
solution mining operations must be carefully planned to prevent the
prol1ferat1on of numerous, small waste disposal s1tes which might negate
the advantage gained from smaller quant1t1es of radioactive materials
reach1ng the surface env1ronment

Groundwater impacts, including withdrawal and contam1nat1on, are a
primary concern with in situ leaching. Mpst of the withdrawal of ground-
water occurs during the removal of residual leach solution and any dissolved
contaminants atter leaching has been completed. The‘quantity of groundwater
neeuired is dependent upon a number of factors including: (1) the restoration
method, (2) type.of leach so]dtien, (3) charactef of the ore-bearing

aquifer, (4) size of the well field, and (5) required groundwater quality.



However, it should be po1nted out that since an ore depos1t has to be

dewatered, considerable quant1t1es of groundwater must a]so be removed

i

during convent1ona1 mining operat1ons. Inc]ud1ng aquifer rectorat1on,
it is estimated that solution mining would removeffrdm one-half to one-
third of the amount of water w1thdrawn by convent1ona] mining methods

Potent1a] groundwater contan1nat1on is the pr1mary 1mpact assoc1ated
with in situ leaching. Groundwater contamination can result from
migrating leach solution (excursions) or incomplete restoratton.
Contamination from excursions is expected to be negligible because of the
required monitor wells and we]]-fie]d control capabilities.

The most widely used restoration technique involves the disp]écement
of groundwater. This method, groundwater sweeping, invo]ve;nthe pumping
of contaminated groundwater from the leached area which then causes
uncontaminated surrounding groundwater to flow through the mined-out zone.
The surrounding groundwater eventua]]y d1sp]aces the contam1nated ground-
water thereby effecting restoration. The nature of both the contaminants
and the surrounding groundwater influence the effect1veness of this
restoration technique and a large number of displacements may be required
to reduce the concentrations of some contaminants. This”can require an
extended period of time and considerable quantities of groundwater and
has resulted in the search for other restoration methods. Presently,
chemica] treatment methods and groundwater recycle are being tested.
While pilot leach sites have been satisfactorily restored, restoration

has not' yet been demonstrated for a commercial scale operation.'



At the present, only carbonate ox1dant systems are being used in }?‘f*ge!:
'commerc1a] operations Tests on acid- ox1dant systems are present]y |
. being conducted by one company 1n wyom1ng Cursory examination of the
acid- ox1dant system does not d1sclose any env1ronmenta] advantages or
| d1sadvantages over the carbonate-oxidants system.

Two draft env1ronmenta] 1mpact statements have been conp]eted for
proposed commercial scale operations in Wyoming.® 3.4 The state and Federa] j
agency comments on these statements are being receijved and their att1tudes
: on so]at1on mining as a viable a]ternat1ve will be discussed.

‘ In“situ 1eaching has been successfu]ly demonstratedsas a method for
extracting uranium. However, it should be recognized that thjs:technique '

is still in a developmental stage. fhere are as many variations of‘theﬁ

i

technique as there are operators and each ore deposit can present‘a new
" set of challenges. Similarly, the env1ronmenta] effects of the in situ
method have not yet been Tu11y defined. Investigat1ons of the env1ronmehta1

effects must parallel the technological deve]opment of +h1s method Only - e

\

then will in situ leaching become a fu]]y acceptab]e alternat1ve to
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convent1ona1 methods for mining uranium both in terms of economic costs -
A

by

and environmental 1mpacts,~
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