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INTRODUCTION

Intensive research and development of in situ uranium mining
took place in the United States during the 1970's. By the end of
the decade, nearly 10% of all uranium production came from in situ
mines. Recent poor market conditions, however, forced the closure
of all domestic in situ uranium mines.

When market conditions improve, domestic in situ mining is
expected to make a modest recovery. Successful licensing of future
in situ mines will depend to a large extent on the ability to
contain the leach solutions (lixiviant) within the ore zone.
Uncontrolled movement of lixiviant beyond the ore zone is called an
excursion.

Early detection of an excursion is a necessary prelude to the
implementation of timely corrective action to return escaping fluid
to the well-field. Without timely corrective action, a large
quantity of valuable production fluid may be irretrievably lost and
serious contamination of adjacent groundwater resources may result.

Two types of excursion are recognized: horizontal and
vertical. In horizontal excursions lixiviant remains strata bound
but migrates laterally away from the production well-field. In
vertical excursions lixiviant escapes into aquifers above or below
the ore bearing strata.

In situ mining may not be permitted when monitor wells outside
the ore zone are on excursion status. Manitor wells are classified
as being on excursion status whenever selected chemical
constituents (excursion indicators) exceed given concentrations,
referred to as upper control limits (UCL's).

This paper sumarizes excursions based on case histories of 3
in situ uranium mines (7 in Wyoming and 1 in Texas). These case
histories were compiled from data provided by the U.S. Nuclear
Regulatory Cbmmission, the Wyoming Department of Environmental



Quality, and the Texas Department of Water Resources. Most of
these data were provided to the above agencies by mining companies
in response to regulatory requirements pertaining to licensing
actions. Case histories and detailed excursion analyses are
presented in Staub et al. [1]

HORIZONTAL EXCURSIONS

The only serious horizontal excursions described by Staub et
al. [1] occurred during the early history of in situ uranium
mining. Several intense and long-term excursions took place during
experimental pilot tests in the early- to mid-1970's. These
excursions were attributed to numerous breakdowns in pumping
equipment and failure to adjust injection-production rates in
response to these breakdowns. The total volume of fluid injected
during these pilot tests exceeded the amount produced, a practice
which is now recognized by the industry as a fundamental cause of
horizontal excursions.

The in situ mining industry has had a good record of control-
ling horizontal excursions since the late 1970's. Mast recent
horizontal excursions have been brought under control within 2 to 5
months of their discovery. The incidence of horizontal excursions
is reduced by controlling the field-wide production rate at a few
percent greater than the injection rate (known as "bleeding" the
ore zone aquifer) and storing the excess fluid in a secure surface
impoundment for eventual evaporation. Although bleeding the
aquifer prevents field-wide excursions, local excursions
occasionally occur. They are controlled by either local or
field-wide manipulations of injection and production rates ranging
from slightly reduced injection to complete injection well
shut-down while continuing to produce from the ore zone aquifer.
The range of options available depends on the size of the
impoundment for storage of excess production fluid.

VERTICAL EXCURSIONS

To date, the in situ mining industry has had difficulty in
controlling vertical excursions. Serious vertical excursions
persisted at several sites through the end of 1981 when commercial
scale in situ mining was suspended in response to the declining
uranium market. A number of shallow aquifer monitor wells have
remained on excursion status for several years.

Many vertical excursions are attributable to broken casings in
injection or production wells or improperly abandoned exploration
wells. State-of-the-art well completion procedures have virtually
eliminated injection and production well failures. Old and
abandoned exploration wells remain as major pathways of excursion
because they are difficult to locate.

Some vertical excursions may also be responses to leaky aquifer
conditions [2]. Tbo little is known at this time to assess the
significance of leaky aquifers relative to that of abandoned wells
in causing vertical excursions.



Vertical excursions may be controlled by repairing ruptured
casings in injection and production wells or, alternatively, by
abandoning and sealing them off with cement. Improperly sealed or
unsealed exploration holes are located and also sealed off with
cement. Once sealed, these wells cannot be used to recover escaped
lixiviant. Restoration of the shallow aquifer may be required,
depending on the extent of the excursion. Completely new
well-fields would need to be developed for restoration. At present
no techniques are available for controlling excursions attributable
to leaky aquifer systems.

EVAHJATING EXCURSION POTENTIAL

Although current aquifer testing procedures are often useful in
appraising the potential for horizontal excursions, they have had
less success in determining the potential for vertical excursions.
The short duration of these tests and the small number of wells
involved reduces the possibility of measuring observable responses
in shallow aquifer monitor wells. Furthermore, such tests reflect
only localized rather than field-wide conditions.

lb overcome the disadvantages of short-term aquifer tests a
mining unit could be certified by commencing operations but
injecting a chemically stable and unretarded tracer instead of
lixiviant. Production fluid could be held in surge tanks or an
evaporation pond until the test is completed. Shallow monitor
wells would be observed for changes in water level and possibly the
appearance of tracers. An appropriate duration for certification
tests is uncertain at this time. Each time a vertical excursion
occurs the mining unit would require recertification.

EXCURSION DETECTION

Both horizontal and vertical excursions can be more effectively
controlled through timely detection. Effective excursion monitor-
ing requires detailed groundwater chemical characterization to
define natural variations in water quality. According to Deutsch
et al. [3] median and variance in baseline water quality can be
used to establish upper control limits (UCL's) for given ions based
on their low probabilities of natural exceedance.

Proper selection of excursion indicators is critical. Table 1
summarizes the generalized suitability of various excursion indica-
tors for monitor well observations, sampling and analysis. Some
indicators are time dependent. Trace elements, TDS, and Cl~ are
not concentrated until the lixiviant has circulated several times
through the mining unit and ion exchange towers. Other indicators
are lixiviant dependent (pH, alkalinity, and HCOy-). Any chemi-
cal indicator may be unsuitable when its baseline concentration is
high and/ or has a broad range in the natural environment or is
chemically unstable [3]. Chemically unstable constituents in
solution are readily adsorbed on clay minerals or may precipitate
if they are sensitive to changes in pH or oxidizing - reducing
conditions. Water level may not be a reliable indicator where it



Table 1. Generalized suitability of excursion indicators.

Indicators

Potential Unique Interfering
Chemical Reactions
or Conditions

Time

Initial
Lixiviant

Acid Alkaline

X

X

Dependency

Chemically Stabi-
lized Lixiviant

Acid

X

X

X

Alkaline

X

X

X

X

TDS None

Alkalinity Subject to buffering by host rock and

natural groundwater

Cl- None

HCCg- Subject to buffering by host rock and
natural groundwater

pH Subject to buffering by host rock and
natura l groundwater

S04= Subject to chemical p r e c i p i t a t i o n as
gypsun

Trace Ele- Subject to chemical p r e c i p i t a t i o n and
ments adsorption on clay minerals

Water Level Subject to external influences such
as mine dewatering and i r r i g a t i o n

X

X



is subject to external influences such as mine dewatering,
irrigation, and seasonal fluctuation.

Chemical instability is a significant concern when monitoring
for horizontal excursions. As Figure 1 illustrates, vertical
excursions often follow short-circuited pathways through oxidized
zones. Hence, most ionic species tend to remain in solution so
long as the monitoring well is screened in an oxidizing zone.
Conversely, horizontal excursions often follow an extended pathway
which includes a mineralized zone under natural reducing condi-
tions. Thus, lixiviant escaping laterally along ore-bearing strata
is subject to greater buffering, adsorption, and chemical precipi-
tation than is lixiviant escaping through broken casings and
abandoned but open exploration holes. Therefore, great care must
be exercised in selecting indicators for monitoring horizontal
excursions. In view of the above discussion, it is somewhat para-
doxical that the in situ mining industry has a better track record
in dealing with horizontal, rather than vertical, excursions.

There are two reasons why the industry's history of monitoring
for vertical excursions has been less effective than one might
expect, based on the above discussion. First, some shallow monitor
wells were screened at locations where reducing conditions existed.
Second, UCL's for trace element indicators were often set
unrealistically low.

Monitoring within an aquifer where reducing conditions exist is
problematical. Chemical indicators oxidized and solubilized by
lixiviant in the ore zone may be reduced and precipitated along the
pathway toward the monitor well. Natural concentrations of trace
elements are often high where reducing conditions exist.

PRODUCTION
WELL " r

SHALLOW AOUIFER
MONITOR WELL

* 0 \ USERALIZED
ZONE VCV-OH WELLS - l

SHORT CIRCUIT THROUGH RU'TUREO
CASINO OR AIANOONEDIOREHOLE
LIMITED ADSORPTION ANO IUFFERINC.
LITTLE OR NO CHEMICAL PRECIPITATION
ENROUTE TO SHALLOW AQUIFER
MONITOR WELL

-5«ICAL FRECIHTATIO*
**t t Ht-bHfe Wl IN

E>C«SION DETECTION

Figure 1. Comparison of pathways for horizontal and vertical
excursions.



Introduction of oxygen during well construction and sampling may
solubilize them.

Unrealistically low UCL's for trace elements often led to their
abandonment as excursion indicators. The UCL's were typically set
at 10 to 20% above baseline concentrations for both common ions and
trace elements. In a case where the baseline concentration of
uranium was 10 ugl, its UCL would be only 11 or 12 ugl (1 or 2 ugl
above background). Because of unrealistically low trace element
UCL's, monitor wells screened in a reducing zone often remained on
excursion status for extended periods of time. Eventually, it was
ascertained that these were not really excursions.

CONCLUSIONS

Based on the case histories in this study it is believed that
the in situ uranium mining industry has demonstrated the ability to
reduce and control horizontal excursions. However, the ability to
reduce and control vertical excursions has yet to be demonstrated.

Detection of vertical excursions can be unproved by screening
monitor wells in oxidizing zones and using trace elements (for
example uranium, vanadium, arsenic, selenium, and molybdenum) as
excursion indicators. lb provide reliable indications of an
excursion, the UCL's should be set at more practical levels for
trace elements, perhaps an order of magnitude above baseline
concentrations. Trace elements can be very useful excursion
indicators under appropriate conditions and guidelines.

Control of vertical excursions could be improved by mining
unit-wide certification using operational mode tests without
lixiviant before mining is allowed to commence. Each time a mining
unit is placed on excursion status, recertification would be
required.
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