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Abstract

In the modern energy landscape, nuclear power has gained
renewed afttention as a reliable, safe, and carbon-free energy
source. However, misinformation about in-situ uranium recovery
(ISR) projects — a vital component in nuclear fuel production —has
always fueled unnecessary skepticism. We address the common
misconceptions about ISR and highlight its safety and economic
benefits, and explore its critical role in supporting nuclear power
expansion in Texas and beyond.

In this particular period of history, the subjects of nuclear power and in-situ uranium recovery
development projects have been raised in discussions where well-founded geoscience is being
ignored. Small, but media-trumpeted anti-nuclear and anti-uranium recovery groups have repeatedly
used outdated arguments or incorrect assumptions in attempting to convince the regulatory agencies
and general public that nuclear power plants and uranium recovery projects cannot be operated safely
and therefore should never be permitted. Nevertheless, nuclear power is rapidly gaining popularity in
Texas andin many other states and developed countries around the world.

The management of the I2M Corporation has concluded that Texas is not only the oil & gas capital of the
U.S., but it could also become the major center for recoverable uranium resources as well, and I12M has set
out to follow leads and will be attempting to confirm this potential over the coming years.
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Introduction

When referring to the in-situ uranium recovery (ISR) projects, some small
groups who oppose nuclear power and uranium development often use
information that is either out of date, inappropriate and in many instances are not
relevant to the methodology now used. The in-situ methodology is now used to
recover uranium from sands that are either within known aquifers (which have
been naturally contaminated by uranium over relatively limited areas of the
aquifer) or when uranium occurs in sand units located well below such drinking-
water aquifers. In the cases of multi-layered uranium deposits, drinking-water
aquifers are separated by clay intervals that protect the shallow aquifers from
the recovery fluids during production.

Many of these issues have been touched upon in an article by Dylan Baddour,2
titled: “Uranium Mining Revival Portends Nuclear Renaissance in Texas and
Beyond,” in the December 1, 2024 issue of Inside Climate News. It is a good
example of this, and there are others as well.& Mr. Badour does a good job
discussing why nuclear power is needed today. Unfortunately, while he states
that wind and solar energy production are the cheapest sources of energy, no
mention is made that these are the cheapest only because of government
subsidies. He also fails to mention that both sources are unreliable and the
operating costs continue to rise because the operation and maintenance costs
have been severely underestimated in their planning stages.Z

He is also incorrect in stating that the U.S. has not built a nuclear reactor in 30
years as the result of the Chernobyl disaster. The Soviet Union’s need for
expediency in management of a bad Russian nuclear reactor design was at the
root cause for this unfortunate incident in the Ukraine. Set-backs were also caused
by the accidents at Three-Mile Island and Fukushima, in which no one died or
was irradiated. The management of both incidents of over-heating of a nuclear
core and meltdown was well-managed despite exaggerated media coverage of
released radioactivity.

The fact is that the U.S. has brought into production two new, full-scale nuclear
reactors in the past few years in Georga at the Vogtle plant site with more being
planned.& China’s nuclear power generation capacity has grown by about 900%
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in the last 20 years. France is building new large nuclear power plants and many
companies and countries are planning to build the new small modular reactors
(SMRs) when they arrive on the market (by the end of the decade or sooner). The
old idea that if the U.S. stops using nuclear power, nobody else will use it was
obviously wrong.

With the sustained rise in the price of yellowcake and with the need for American
uranium to offset the cancelled contracts with Russia and associates as the
result of the Ukraine War and because Russia can no longer be relied upon to
provide us with a secure supply of uranium, the need for new sources of uranium
is becoming critical.

Uranium is a climate-friendly source of tremendous energy to produce reliable
electricity in Texas and around the U.S. This source of power is capable of
providing electricity many times greater than both solar and wind sources,
although they will deliver energy during the transition away from coal by the new
technology coming down the road in the form of SMRs. These compact, scalable,
efficient reactors can safely provide reliable sources of electricity to local suburbs,
small towns, and remote areas throughout Texas by the end of this decade
or sooner.2

Meanwhile, since Texas is gearing up to build new nuclear power plants, new
uranium sources would find ready markets over this decade and beyond. 1& 11, and12
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Although South Texas has been a well-known producer of uranium since the
1960s and was once considered to occur only in South Texas, it is now apparent
that uranium occurrences are more widespread than considered possible or
even likely by previous uranium geologists (see map above).12

What About the Risks?

But, what about the risks involving potential damage to the surface and shallow
water-table wells above where in-situ uranium recovery operations would be
conducted? It should be noted here that there has never been a specific project
case where these risks have been realized in Texas. The existing ISR operations
in South Texas have removed millions of pounds of uranium and continue to
successfully remove uranium from deep deposits without impact on the
environment or groundwater resources. This history demonstrates the overall
environmental and economic viability of the uranium production industry in
Texas.

Campbell and Handley conducted
an independent assessment in 2008
of the early in-situ uranium recovery
operations at the Alta Mesa site in
South Texas (see figure). It was then,

and remains now, in full
environmental compliance and full : o |
operating status managed Dby ", A

enCore Energy.l2 Also, there has
never been a substantiated claim
that in-situ uranium recovery
operations involving “environmental
litigation” has been specifically
linked to contamination of drinking-
water aquifers in Texas at Alta Mesa,
Rosita, Hobson, or other areas

Exploration Holes

Map View of Uranium Roll-Front Deposits in South Texas 4

where ISR operations were conducted over the years. Further, these intervals of
mineralized sands have never been considered by the TCEQ (Texas
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Commission on Environmental Quality) to contain groundwater of drinking- water
quality, nor was it advisable for use with livestock or wildlife or for agricultural
purposes. This is because the area contains naturally occurring uranium
“‘contamination” in the groundwater at depth along specific narrow trends in sand
intervals that is above the drinking water standards. Many of these uranium
contaminated sands are part of the Goliad Formation of the Gulf Coast Aquifer
System and are generally much deeper than the sand intervals used as drinking-
water aquifers above. One example is known as the Uranium Energy
Corporation’s Goliad In-Situ Recovery project.1¢

As Campbell, Wise and Handley, the core management team of the I2M
CorporationZ and other personnel begin to investigate Texas areas, the I2M Team
has noted that these small groups of citizens, and some individuals, tend to be
opposed to developing such natural resources for misguided reasons. These
same people may even have an oil well in the fields nearby that have been
generating revenues for the families for decades or have one or more water wells
to provide for domestic and agricultural needs. Texas is fortunate to have
plenty of groundwater (assuming their wells are maintained properly), plenty of
oil and natural gas, and the 12M team is now convinced that uranium is far
more widespread in Texas than previously presumed by even experienced
uranium geologists.

The 12M team will be addressing the normal issues surrounding the permitting
process, such as describing the nature of the uranium mineralized sands and
within their hydrogeological setting, the location of water wells to be sampled
for establishing the base-line groundwater quality within and surrounding the
mineralized zones. In addition, these factors will constrain the methods of
production, the processing of uranium fluids and their radioactive contents, and
other conditions present on the site (here).

When it can be demonstrated that there is no apparent threat to public safety
in the groundwater or in the general environment, there is still the need for
widespread public support of such uranium projects in the same way most
citizens have supported oil and gas production projects around Texas in the past.
While some actual issues can occur, they can usually be resolved by negotiation
with the state and those citizens affected, without the need for unnecessary and
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costly litigation of matters that have real, as opposed to feared impact.
Needed Sources of New Uranium Deposits and Potential Roadblocks

The question then arises: Where is all the uranium needed to fuel these new
nuclear power plants going to come from? The short answer is from the U.S.,
Canada, Australia, and a few other friendly countries. But there are roadblocks
that hinder the development of U.S. uranium resources.

Mr. Baddour uses Uranium Energy Corporation’s the Goliad ISR project!® as
an example to illustrate why ISR projects should not be discussed using the
same old comments used over the years when open-pit mining was employed
to mine shallow uranium deposits. As will become obvious, the comments
remain either misleading or incorrect or just bad information. Campbell and
Wise have been monitoring such anti-uranium rhetoric for decades.!® 12M'’s
personnel have further concerns about Mr. Baddour’s reporting because they
will no doubt have to confront such opposition in their permitting efforts as well
as their projects develop.

Mr. Baddour indicated that Mr. Ted Long, a neighbor to UEC’s Goliad operation, is
concerned that his water well will be affected. This is, of course, a legitimate
concern, however, no mention is made that the UEC uranium operation is
required by TECO rules to be surrounded by groundwater monitoring wells to
detect any excursions. This ring of monitoring wells not only surrounds the
operating area horizontally, but also in sands above and below the uranium
recovery zone. These wells are periodically sampled to characterize changes in
the groundwater quality. Should an excursion occur, the TCEQ requires
remediation efforts be immediately implemented.

Mr. Baddour states that TCEQ records show active cases of groundwater
contaminated uranium, radium, arsenic, and other pollutants from defunct
uranium “mines” and tailing impoundments without mentioning that all of the
facilities were open-pit mines that were in use many decades ago, unrelated to
ISR facilities. Open-pit mining in South Texas did “disturb” the ground surface and
exposed the uranium deposits to the open air as they were being mined.
Tailings were created when the overburden and other mining waste were piled on
the ground surface. Due to the shallow depth of the open pit, groundwater would
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seep from below into it and had to be remediated in surface ponds. In addition,
these facilities were mined in the 1960s and the early 1970s, a time when
environmental regulations were not as protective as they are today.

Once the surface mining was completed, the groundwater would flow back into
the open pit and create a pond that would leach out any remaining uranium.
This resulted in recharging the slow-moving groundwater containing uranium,
radium, and other contaminants until they migrated beyond the oxidized zone
near the surface to zones where reduced conditions exist. At this point, all such
contaminants would precipitate out of solution and back into solid form to
remain within the roll-front of the mineralized zone.

In past years, company management could decide to go out of business (for
such reasons as a commodity price decline of yellowcake, or resource
depletion, etc.), leaving a mess for the State of Texas to clean up. Since that time,
all such operations, including ISR facilities, must maintain either a bond or
insurance policy that would cover the anticipated cost of any needed cleanup.
This must occur before even being authorized to begin operations as part of their
permitting responsibilities. Today, if an ISR company needed to go out of
business there would be funds available for any TCEQ-mandated clean-up.

Mr. Baddour is also incorrect and/or misleading in discussing the ISR process.
The ISR process is similar to an oil and gas water-flood activity. Yes, solvents are
used to dissolve the uranium, but the term “solvents” by itself is misleading.
When most people hear the term “solvents” they think of something hazardous,
such as acids or organic solvents.

The solvent used to dissolve the uranium in the groundwater is oxygen with
carbon dioxide added to the injection fluids. HTH, added if necessary, is a
compound used in swimming pools to control bacteria scaling (usually iron
bacteria and sulfate-reducing bacteria). This common bacterial scaling and
plugging of well screens of both injection and recovery wells can become a
problem in some production patterns. This is also common in many domestic
water wells when regular check-ups are not conducted by qualified and
experienced water-well contractors.
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Hydrogen peroxide (H202) may be used instead of oxygen (O2). H.O- breaks down to
form water and O.. That’s it. All drinking water contains oxygen and carbon
dioxide. This solution causes the uranium to dissolve in the water, similar to the
process of sugar dissolving in a glass of tea.

By the way, there is no uranium dust produced during pattern-production
operations, as mentioned in the subject article referring to surface mining. The
dissolved uranium is removed via a recovery well at the center of the 5-spot
pattern as a liquid, not a slurry, then pumped to a water-treatment plant to load
resins. These resins are then transported to a processing plant to be stripped of the
uranium and then filtered and dried in the form of yellowcake ready for sale in 55-
gallon drums each weighing about 600 pounds. The ISR produced water is then
filtered to remove solids and pumped back into the ground via the injection
well(s), along with added oxygen and carbon dioxide. During production, the
fluids in the production patterns are under strict control by balancing the wells’
injection and recovery pressures and removal rate of the uranium fluids. This
takes place within the hydrogeological environment of artificial cones of pressure
relief (not cones of depression that directly affect the water table) as long a
pumping is underway. This eliminates any fluids migrating out of the production
pattern.

Personnel are especially important in ISR operations where experienced and
licensed hydrogeologists are required to design and control the subsurface
hydrodynamics involved in the production of uranium fluids recovered and
pumped to processing plants. The cycle of uranium recovery continues until the
concentration of wuranium dissolved in the groundwater declines to a
predetermined non-economic level.

After a few months, when uranium concentrations reach that level, the operation
of the individual injection and recovery wells of the 5-spot production pattern
ceases and the system would then be remediated shortly thereafter. This
involves the removal of submersible pumps which are then prepared for possible
reuse in other production patterns.

Once the ISR operations cease, the aquifer will naturally return to its original
reduced state. The oxygen present in the groundwater would be adsorbed by the

sediment, except where naturally oxygenated plumes of a fully developed
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biogeochemical cell(s) of one, or a series of uranium roll-fronts, exist at depth.
This also occurs when the scattered remains of an earlier cell are encountered.
These are partially reclaimed by the reducing conditions existing where the
uranium and associated constituents have been immobilized having precipitated
back into solid form and are no longer mobile in the groundwater environment.

When the well field is no longer needed, the PVC screen and casing is then filled
with bentonite and/or cement up to the near surface and the upper few feet of
the casing are removed, leaving a few feet of soil above for possible future soil
cultivation. Neither during nor after production ceases, It should be noted here
that very few production-fluid excursions registering at monitoring wells have
been reported in the history of the ISR operations in South Texas, even in the
early days of perfecting this method of uranium recovery, with zero instances of
any productions fluids contaminating a drinking-water well.

Furthermore, the hydrogeological flow system is designed so that more
groundwater is being extracted from the pattern area in a natural flow inward
towards the center of the production pattern and from areas surrounding the ISR
operations even outside the ring of monitoring wells. As long as slightly more
water is being pumped than being re-injected, all ISR fluids will be contained within
the production area. By analogy, think of a shower. As long as the shower is
flowing into the bathtub at a rate slower than the bathtub’s drain can remove,
the bathtub will never overflow. In other terms, subsurface pressures at the ring
of monitoring wells and throughout the mineralized zones are managed to
induce a pressure gradient that directs flow of fluids only toward the recovery
(pumping) well in the center of the production pattern.

Use of Groundwater During Operations

With regard to how much groundwater is used, 99% of the extracted groundwater
derived from the naturally “contaminated” aquifer is reused. The unused 1% is
stored in tanks and disposed of in a disposal well, which is permitted by the Texas
Railroad Commission. These disposal wells inject fluids deep below any drinking
water aquifer, just as those used for disposing of produced brines from oil and
gas well are required to do. These disposal wells inject produced water into
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deep sands containing highly saline groundwater and are regulated by the
TCEQ. It should also be noted that 12M’s Campbell was one of the authors of a
major EPA guidance investigations and resulting document on deep
wastewater disposal wells (1977).2

The Formation of Uranium Roll-Front Deposits

So, what about groundwater contamination from ISR project areas? First to be
understood is why uranium is where it is in the first place. Geologists have
determined that certain geological formations naturally contain uranium, albeit
very low concentrations, such as are present in units where volcanic fragments
(containing uranium) became part of the sediments (that may also contain
lignite) millions of years ago.2! Rainfall infiltrates into the water table, recharging
the groundwater system and migrating very slowly through permeable sands.

Because uranium will dissolve in oxygen-rich water (coming with the recharged
rainfall), it is dissolved and migrates with the groundwater down-dip until it
becomes part of what is termed a biogeochemical cell within the sand unit
along a mobile interface containing bacteria.22 This, in turn, encounters and
interacts within environments that are oxygen-rich and adjacent to that
containing a strong reductant. The latter can be residual organic material or
methane migrating upwards along faults from very deep oil and gas deposits.
This results in the uranium precipitating out as a roll front of bacterial
excrement (a waste consisting of particles of uranium).

Campbell and Biddle (1977)>! and then Campbell and Wise (2010)*8 describe
in some detail the exploration methods employed then and today. This
uranium formation process is a naturally occurring reaction within favorable
fluvial sand units that takes millions of years to build up to create the classic roll
fronts of uranium mineralization. Concurrently, these cells migrate very slowly
down a hydraulic gradient at a much slower rate than the groundwater within
the sand units of the local hydrogeological system. This process often, but not
always, forms uranium deposits at only favorable locations along the boundary
interface of oxygen-rich and oxygen-poor (reduced) sediments. When the roll-
fronts are located by drilling to exist in sufficient volume, uranium grade, and
lateral extent to be economically of interest according to the prevailing
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yellowcake-market price, only then can such deposits be developed by the in-
situ recovery methods now being deployed at a few locations in the U.S. and the
world. Texas just happens to have favorable sites.

Uranium Roll-Front Zonation in Wyoming: Borehole Natural Gamma Logs, Gaology & Mineralogy
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The uranium concentrations (aka ore grades) are measured via down-hole
geophysical logging — by the natural gamma log in particular. Extensive
delineation drilling reveals the thickness, depth, and continuity of the
mineralized zone and these data, combined with the drilling cost and recovery
factors and sale price of the resulting yellowcake, and other costs, to determine
the economic viability of a particular uranium deposit.

Uranium deposits are usually located in remote regions in Texas, Wyoming,
Utah, Nebraska, North & South Dakota,24 ad 25 Byt some are located closer to
human activities such as in areas of farming and ranching, where deposits (as in
the case of the UEC Goliad uranium deposit) are also located within aquifers
that have been naturally contaminated in some relatively small areas by the
formation of uranium roll fronts, while the vast area surrounding the uranium
deposit contains drinking-water aquifer(s) used for domestic or agricultural
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purposes.

Deposits in areas of Texas also occur in deep sands and many are located well
below sands that are in use as drinking-water aquifers. Thick clay units are
often present above that serve to protect the aquifers from the uranium-
mineralized groundwater within the sand intervals below. It should be re-
emphasized here that groundwater migrates very slowly in such sands. That
environment is nothing like the “underground rivers” of limestone caverns
where groundwater (containing natural contaminants) could move quickly over
long distances.

Original Groundwater Quality in ISR Areas?

After the uranium has been removed from one of the sand intervals via the first
few production patterns, the sites would then begin to be remediated. This is not
performed at the end of the project, as some poorly informed reporting has
claimed. This process includes bringing the groundwater quality “back to
baseline hydrochemical levels,” as was recorded by the pre-operations sampling of the
water wells present in the area. As indicated above, reducing conditions are restored
and all contaminants (uranium, radium, etc.) in solution are hydrochemically
forced to precipitate back into insoluble forms. This is followed by plugging all
production or injection-related wells and restoring the land surface above
wherever disturbed. This typically consists of drill-rig tire tracks, ruts, temporary
access roads and miscellaneous surface facilities and equipment. Re-
contouring the surface and re-seeding and re-planting are then undertaken in
cooperation with the landowner.

So, What Was the Original Water Quality of the Area Groundwater?

TCEQ regulations require that, prior to any permits for the ISR project being
approved, as indicated above, selected water wells in the general area and
within the areas of the prospective production intervals would be sampled and
groundwater analyzed to determine the pre-existing hydrochemical baseline
(before any operations were begun). Misinformed people have often put forth
the argument that most of the ISR facilities needed to change their baselines
after ISR projects have been completed to meet TCEQ closure requirements.
This is an example of leaping to a conclusion before the geoscientific facts are
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known. Such a claim does not take into account that ISR operations began at
many locations in the 1970’s, when there were only a few regulations, including
determining baselines.

When the background regulations were first developed, it was assumed that all
of these facilities had produced uranium fluids from aquifers of drinking-water
quality, since they can also occur in sands serving as drinking-water aquifers.
However, this did not take into account that those areas where the groundwater
in the sand intervals previously contained naturally occurring uranium
mineralization. Therefore, those sand intervals did not contain groundwater of
drinking-water quality.

These uranium roll-fronts deposits also often contain daughter products (radon
and radium), and other constituents like selenium, molybdenum, etc.28 that in
addition to uranium are also deposited at various segments around the roll
fronts. Selenium may be present in the roll-front and in the lingering end of the
roll front in so-called “tails” (behind), and molybdenum may occur along the
interface of the “nose” (or leading edge of the uranium cell fronts) in one or more
sand intervals.ZZ Around 1979, when the above regulation was first enacted, Wise,
while working for US Steel at their South Texas uranium ISR facilities, (and now
Vice President - Operations at the 12M Corporation), was asked to determine
what the original groundwater quality was for the areas around their George
West facilities prior to any ISR operations.

Wise has said:

“l used the available laboratory reports dated prior to the existence of ISR
facilities for groundwater sampling data from all available private drinking
water wells in the area and found that all drinking-water wells that were
located within the boundaries of the uranium mineralization (identified by
drilling for the ISR facilities) and which produced groundwater from the
same interval as the uranium mineralization exhibited gross alpha and
gross beta concentrations on the order of thousands of picocuries per
liter. Drinking-water standards were 15 picocuries per liter. These sites
were never of drinking-water quality in the first place. This is why the older
ISR sites needed their baselines to be adjusted. Unfortunately, not all

private water wells had been sampled for water quality by their owners,
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and if they did, they often did not include the various radiation
constituents for analysis.”

Several years later, Wise spoke with a geologist of the U.S. Geological Survey
(USGS) who said he had conducted a similar study in George West and found all
wells were within the drinking-water standards. But Wise asked about the date
of the water samples used and was told that they had recently sampled and
laboratory-tested all available water wells in the area. Wise then explained to
him that the reason he had obtained a different result was because after a
permit is granted for an ISR facility, a specific area of the groundwater aquifer is
withdrawn from all other uses.

Therefore, there would not be any sampling of the “drinking-water wells” located
within the permitted ISR facilities. The USGS’s results also confirmed that the
ISR operations did not impact existing drinking-water wells in the aquifer outside
of the designated area of the ISR operations, as indicated by the regular
sampling of the groundwater from the monitoring wells surrounding the
operations.

In a similar Texas uranium anecdote of years past, while Campbell was
working for Conoco as District Geologist in Australia, then Wyoming in the late
1960s, he reviewed reports on what became the Conoco Conquista Surface mine
in South Texas. The uranium deposit was initially discovered by a Conoco
geologist sampling shallow water wells in the Smiley, Texas area in Karnes
County in the 1960s. Campbell has said:

"One water well, indicating groundwater samples with 300 ppb uranium
and associated constituents, had been in continuous domestic use for a
number of family generations, with no apparent or reported health
issues.”

Conoco purchased the ranch and surrounding properties and the Conquista
Smith Pit Mine was put into production of yellowcake. Additional surface mines
were produced in the immediate area, including the Griffin Pit, Friar-Knandel Pit,
Thomas Pit, Korth-Hartman-Finch Mine, and the Smith Mine, all of which
became part of Conoco’s operation at the time.
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A follow-up genealogical investigation would be in order to determine if any of
the family members who lived in the areas of the mine sites have had health
effects that emerged over the decades from uranium, radium, or radon
exposure. However, a cancer mortality study was conducted in Texas in the

early 2000s. Boice, et al., (2003)28 indicated:“No unusual patterns of cancer mortality
could be seen in Karnes County over a period of 50 years, suggesting that the surface
uranium mining and milling operations had not increased cancer rates among residents.”

It was not common for water wells to be sampled for uranium or radium in
those days.

The photograph below shows a working face of Conquista’s largest open-pit
mine of the 1960s and 70s. It also shows the essential features of a uranium roll-
front as illustrated in the cross-section discussed above. This includes the
presence of the selenium and molybdenum roll-front zones as well, as
mentioned earlier.

'U o After Dickinson & Duval (1977) - :

. 1960s Photograph of the nghwall of Open-Pit Conquista Mine in South Texas %

ISR Project Closure and Role of TCEQ

What about contamination after the site was closed? The TCEQ now requires
that the groundwater must be cleaned up to the baseline conditions prior to
their being allowed to officially close the ISR facility. As soon as all
economically feasible uranium had been removed from the subsurface sands,
the ISR facility operations would recycle almost all the fluids in that system

and then transfer the small volume of wastewater (1% of total water used) to a
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tanker truck and then delivered to an offsite disposal well facility.

The injected reductants would then bring the groundwater back to its original
reduced state returning the aquifer to its original condition (little or no free
oxygen). The reductants are oxygen scavengers that are a formulation of natural
materials that react with oxygen, re-precipitating any of the remaining uranium
and other metals in solution preventing migration.

The TCEQ will not allow a site to be closed until all groundwater sampling of
monitoring wells indicate that baseline levels of water quality have been
confirmed for at least one year after production has ceased, which would
confirm that either no changes in water quality of water wells have occurred or
that production sands have been restored to reducing conditions, and
considered to be a restored aquifer although still containing naturally occurring
uranium, now immobilized in the groundwater system.

UEC’s Goliad project has dealt with these issues because the uranium
mineralization is located within the current drinking-water aquifers of the area.
Many other projects will not have to deal with those issues because the
mineralized sand intervals are located well below the drinking-water aquifers
in use and are separated by thick clay intervals between the lowest aquifer
and the upper mineralized sand interval.

TCEQ Funding Criticisms

Critical arguments have been made that the TCEQ has an incentive to allow ISR
projects because the TCEQ receives their funding from the permits issued. This
is incorrect. The TCEQ receives its funding only from the State of Texas General
Fund and the U.S. Environmental Protection Agency. Fees from any permits or
fines go into the State of Texas General Fund and are usually used for other
State projects. Therefore, the TCEQ has no incentive but to meet the needs of
the people of Texas and their elected leaders.

On a recent note, the TCEQ has funded a recent study, “Uranium Resources in
the State of Texas - A Comprehensive Review,” by Texas A&M University at
Kingsville, which recommends strong support for the uranium industry in Texas,
by indicating in part:

Page 16



“This assessment will lead to the development of recommendations for
Texas to incentivize the development of the uranium mining industry and
its processing to become fuel adequate for current and future nuclear
reactors. Geopolitical changes in international locations for uranium
supply have generated uncertainty on the availability of this critical
resource. Therefore, incentivizing local uranium production and
processing will generate a resilient domestic uranium supply chain
system capable of supporting current nuclear industry needs and the
significant growth expected in Texas and across the US.” 2% page 2

Improving Public Views of Nuclear Power, But Fuel is Required

The management of the 12M Corporation have noticed what appears to be an
interesting change of tactics on the part of anti-nuclear energy proponents.
Many of them have apparently come to the conclusion that nuclear power is the
only reliable source of electricity that can meet the needs of producing massive
quantities of electricity in limited space and still be carbon-free. However, this
apparent change of opinion has been tempered by their consistent opposition to
any production of uranium. This is comparable to allowing free access to guns
but not allowing the production of bullets. In support of this odd perspective,

House Bill 1523 was introduced to the Texas Legislature on December 5, 2024.
30

This bill would ban all uranium operations in Goliad County. The reason for this
action is clearly a last-ditch effort to prevent Uranium Energy Corporation’s
(UEC’s) Goliad in-situ recovery (ISR) operations from going into production. The
Goliad County Groundwater Conservation District has been fighting UEC for
decades despite having no direct or indirect evidence of any violations or
imminent threat to the drinking-water aquifers in the surrounding areas, and
despite UEC obtaining all appropriate permits from the TCEQ. If this bill passes,
it could be only the first step to banning all in-situ uranium recovery projects in
Texas.

The Texas legislature is showing renewed support of in-situ uranium projects in
recent legislation, which will not only support TCEQ’s efforts to provide
reasonable environmental permitting requirements in support of the expansion

of nuclear power projects in Texas, but also to the uranium industry to move
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forward with developing uranium projects,31 and 32

Texas Uranium Drives Nuclear Power

Finally, in the 1950’s through mid-1970’s the U.S. not only produced all of the
uranium to meet its needs but was also a net exporter of uranium. Today, the
U.S. produces only 1% of the uranium it uses, although numerous deposits are
now being developed, mostly as in-situ recovery operations in South Texas,
Wyoming, Utah, Colorado, and South Dakota. Alaska could also offer
substantial resources in uranium and rare-earth elements.

As indicated previously, the U.S. has been obtaining uranium in the past from
countries that do not have strict regulations on mining and ISR that the U.S. has
developed over the years. But regulations notwithstanding, the lack of local and
state support has limited the U.S. in building back the needed uranium reserves
for the new developments in nuclear power technology that will be available by

the end of the decade or sooner.

Also, much of the produced uranium yellowcake contains less than 1% U%° and
must be enriched to about 7% U?%° to be fuel for nuclear power plants. Of
special note: nuclear bombs must contain greater than 90% U?3°. Such fuel
have in the past decades been supplied to the U.S. from Kazakhstan and Russia
and other potentially unfriendly and unsecure sources.32

Russian uranium is now banned from the U.S. by the U.S. Congress due to the
Ukrainian War, and Kazakhstan has encountered some serious ISR technical
problems that have resulted in the shutting down of most of its production. The
U.S. uranium-producing companies are now342 and 34b gnd other companies are
increasing enriched-fuel supplies for the new technology?222nd 36

There are plenty of uranium reserves in the U.S. that could be produced to meet
the needs of the U.S. for many years to come if there is a willingness to develop
it with all due regulatory and associated reasonable environmental controls in
place. Local representatives®. and state support®® are critically needed to
ensure the growth of nuclear power in Texas and the availability of Texas
uranium to fuel that growth.
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Campbell, Wise and the growing team of the 12M Corporation have recently
concluded that based on their investigations over the past few years that Texas is not
only the oil & gas capital of the U.S., but it could also become the major center for

recoverable uranium resources as well. I2M has set out to follow the leads and will
be attempting to confirm this potential over the coming years. As history has
shown, economics play a pivotal role in developing uranium recovery projects.

T A o

An I2M Executive Committee Meeting in Early 2025

The companies who take on such projects will need to raise more than $50
million to get into production, most of the costs involve budgeting for
processing plants and for drilling and installation of injection and recovery
(pumping) wells.

The latter make up about 66% of the operating costs. The threat of a uranium
price collapse is possible and hence the companies are taking large risks on
behalf of their stockholders or owners and royalty and surface owners. Today,
I2M management has also concluded, however, that uranium prices are more
than likely to rise past $100/pound of yellowcake soon and stay elevated for
at least 15 years .32

In years past, Campbell and Wise,2 supported by other members of the
Uranium Committee of the Energy Minerals Division#! of the American
Association of Petroleum Geologists (AAPG),%2 have been investigating for
decades the economic and geological issues surrounding uranium projects in the
U.S., and elsewhere,?3 with a more recent emphasis now on Texas.

Page 19


https://www.youtube.com/watch?v=QzCpWbwjWxs
https://i2massociates.com/downloads/UCOM-Issues2020ShortSlides.pdf
https://www.aapg.org/about/aapg/overview/committees/emd/articleid/26353/committee-emd-uranium#141872236-activity--reports
https://www.aapg.org/
https://www.world-nuclear-news.org/articles/us-uranium-miners-ready-to-support-nuclear-power

Campbell said:

“The 12M team has generated a large database of more than 14,000
records (as of early 2025) of reports, technical papers, and technical news
items mostly on matters relating to nuclear power, uranium geoscience
and development, and other mineral commodities in a searchable format

of a website called the 12M Web Portal.24 This provides 12M personnel, and
the general public, with sources of information to keep abreast of the
developing geosciences, and uranium company activities, and looking
out for the common myths involving uranium recovery projects and
nuclear power that are often spread by some of the media that need to be
countered with the facts.”

Here are a few of them:
Myths and Facts

» Myth: Surface uranium mining can pose significant risks to human health
and the environment, as noted in many Internet reports....?

» Fact: There are many reports on the Internet that uranium activities are
focused on out-of-date or exaggerated information relating to old open-pit
(surface) mines and their associated wastes. Many other reports are not
relevant to in-situ uranium recovery remediation, which leaves a negligible
footprint. There has never been a report of contamination of drinking water
aquifers in Texas or elsewhere in the U.S. by in-situ uranium projects.42

» Myth: Neither the TCEQ nor the TRC (Texas Railroad Commission) provide
sufficient regulation and oversight of in-situ recovery (ISR) operations in

» Fact: The TCEQ imposes stringent permitting requirements and operational
oversight for ISR projects. The TRC regulates surface-mining activities and
exploration drilling but not uranium recovery operations. MSHA (the federal
Mine Safety and Health Administration) oversees surface-mining operations but
does not regulate mining operations in Texas. The federal EPA is involved on a
case-by-case basis when requested by the state.
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Myth: Human health and wildlife exposures are significant in
uranium operations.

« Fact: Human and wildlife exposures to uranium and by-products are
very minor in Texas ISR projects. Uranium concentration in produced fluids
exhibits very low radioactivity. The entire in-situ process, including
producing yellowcake, involves very minor radioactivity.

. Myth: People who work in processing plants can be exposed to harmful
radioactivity.

. Fact: Plant personnel are required to wear personal protective equipment
via federal and state regulations to mitigate an occasionally dusty environment,
but there is zero risk of landowners being exposed to harmful radioactivity.

» Myth: Any radioactivity should be avoided as a potential health risk.

» Fact: Fear of exposure to radioactivity has been wildly exaggerated by anti-
mining and anti-nuclear power groups. Low-level radiation has always been
present in our everyday lives from radiation from our sun, from x-ray
examinations, during high-altitude air travel, in fertilizers, and even from
radioactive potassium in bananas and Brazil nuts € and 4Z.

» Myth: The risk of potential damage to the surface and shallow water-table
wells where ISR operations are conducted is unavoidable.

» Fact: There has never been a specific project case where these risks have
been realized!

» Myth: Disposal of waste groundwater constitutes another opportunity for

contamination of drinking water.
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» Fact: Only about 1% (by volume) of the recycled groundwater is disposed of
in a very deep, highly regulated disposal well. Oil and gas producers also dispose
of their excess fluids (brines) in similar deep disposal wells. These disposal wells
inject produced brine water into very deep sands containing highly saline
groundwater and are also regulated.

 Myth: Uranium companies have left the land with significant surface
contamination....?

« Fact: The TCEQ requires all uranium companies to provide financial
assurance in the form of insurance or bonds for any required future cleanups.
The old days of mining companies abandoning surface mining projects are no
longer permitted by the State.

» Myth: Property values are going to be adversely affected by the presence of
a former In-situ Recovery operation....?

» Fact: Any surface contamination and radioactivity exposure, as discussed
above, would be minimal. Regarding property values, the selected properties
already contain uranium in the subsurface over a wide area and hence any
assessment of its real-estate value would include a disclosure of uranium-
mineralized groundwater in the deep subsurface.

. Myth: If a uranium company goes bankrupt, there will be no funds to pay
for remediation of affected property....?

. Fact: Most leases allow for significant funds to be paid to the surface owners
for the temporary use of their lands and a commitment that the leased lands
would be remediated to at least pre-ISR conditions, with funds guaranteed by
a TCEQ-mandated bond.

. Myth: It is not the time or place for more In-Situ Uranium Recovery
projects....?

. Fact: Texas citizens are blessed with significant oil and gas reserves and
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properties containing economic uranium deposits are no exception. Some
areas are also fortunate to have deep, economic uranium sands on their flanks.
All In-Situ Recovery operations have stringent state and federal safety protocols,

environmental controls, remediation oversight, and financial requirements for
regulatory compliance. The time is right for developing new uranium projects in
Texas because uranium prices have risen 233% in the last 5 years and millions
of dollars would be spent during such projects, which would have long-term
beneficial effects on local economies.

e 2" Fact: Uranium-recovery production is more related to oil & gas
production than to uranium “mining” of near surface uranium ore. Both produce
fluids, the former consisting of hydrocarbons, and the latter as dissolved uranium
in fluids of very low radioactivity.

. Myth: ISR projects would have a negative impact on the quality of life
in such areas....?

. Fact: Millions of dollars would be spent on such projects. The quality of
life could be improved considerably in the project areas based on the new jobs,
local spending for supplies, increased revenues of shops in the general area,
taxes paid, royalties distributed, surface-owner payments, and contributions
made by the company in support of local charities, etc., all while supporting an
energy source that is mitigating the effects of climate change on the
environment, human health, and local quality of life.

« Myth: ISR operations would disrupt livestock and other agricultural
operations in the area....?

 Fact: Agricultural operations in the area can be managed with little
interference. Surface payments as discussed in many surface leases would
address any potentially serious interference or loss of income. Temporary
fences would define withdrawal areas until remediation is complete and
approved by the TCEO.
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» Myth: Noise and air pollution will become problematic in the operation

= Fact: Drilling rigs and trucks would access the site with as little interference
as reasonably possible to reduce traffic and exhaust fumes. The operational
areas would be confined to fenced, withdrawn areas of the production
wellfields, which would be off limits to the general public as in any industrial
operation. There would also be prolonged periods of little or no traffic during
periods of intermittent production activities along the mineralized trends.

« Primary Myth: Regulatory frameworks require that, after ISR operations
have been concluded, the groundwater quality in sands containing uranium
ore should be restored to its pre-production baseline conditions. This
means returning the aquifer to the same chemical and radiological state it
was in before uranium extraction began, which is proof why the baseline in
51 out of 80 historical ISR sites had to be raised because operators couldn’t
restore the aquifer to its original condition (drinking-water conditions) and
is therefore indicative that baselines are typically never achieved.

» Fact: Decades ago there were very few ISR regulations and it was also
assumed that because some aquifers where the uranium was being
recovered were also being used for drinking water purposes, and so the
entire aquifer was assumed to be of drinking-water quality. As regulations
for ISR operations were developed it was recognized that upon closure of
an ISR site the aquifer should be restored to its original use. Because few
records existed of what this baseline should be, it was assumed to meet
drinking-water quality. Therefore, when the baseline regulations were first
imposed, the ISR companies were instructed to restore the aquifers to
drinking-water standards. However, this was impossible because the
aquifer in the area of the uranium mineralization was never of drinking-
water quality. Once this argument was made, the regulatory authorities
wanted to see some proof of this.
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As indicated earlier in this paper, Henry Wise, made a study in the 1980s of all
available records of drinking-water well analyses in the test area to determine
if they had ever been of drinking-water quality. He presented the proof that
those parts of the aquifer that contained naturally occurring uranium
mineralization were never of drinking-water quality. Subsequent regulations
required that monitoring wells be installed and sampled within the sands
containing the uranium ore before production was initiated to provide the
base-line for that sand interval after production has ceased.

Primary Myth: The drinking-water aquifers surrounding an ISR
operation will be permanently contaminated resulting from their activities
for miles around.

Fact: Regulators and geoscientists recognize that ISR operations takes
place in some sections of aquifers where naturally occurring uranium is
present in the groundwater. The goal of the regulations overseeing ISR
activities is to prevent these activities from causing additional
contamination beyond the defined limits of the excluded zones of naturally
occurring uranium mineralization that would violate established aquifer
baselines for uranium and other elements and compounds that would be
released during the ISR process. Towards this end, all ISR well fields are
required to be surrounded with a ring of monitoring wells that will detect
any excursions of production fluids containing uranium in the range of a
few hundred ppm from the ISR well field into the surrounding areas of the
aquifer (although this has never been recorded in Texas or elsewhere),
as indicated previously in the above paper. In addition to a monitoring-
well ring surrounding the ISR well field horizontally, there must also be
monitoring wells screened in sands above and below the ISR production
sands of the well fields. Ongoing monitoring ensures that uranium and
associated elements do not migrate beyond the ore zone due to ISR
activities.
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Restoration to baselines, established by sampling of these monitoring
wells before the initiation of production, and during, ensures that warnings
will be available to ISR operators in the unlikely event that excursion
have occurred. This will provide sufficient time to remediate any such
excursion so as to not degrade groundwater quality beyond the production
areas or by creating new contamination plumes beyond the present
plumes of naturally occurring uranium within roll-front deposits.

The final goal of remediating depleted production zones is to eliminate as
much oxygen as practicable. This is for the purpose of forcing any uranium
and associated elemental associations remaining that are dissolved in the
groundwater to precipitate back into their solid forms and are therefore no
longer capable of migrating further to any extent greater than in the low
ppb range typical in fluvial sands in the Gulf Coast Aquifer.

e Assumption: Uranium is considered a fuel mineral according to the U.S.

Geological Survey, not a critical mineral ...

On the Other Hand: Uranium should be considered a critical mineral and
should qualify for funding from the federal government for encouraging
development of uranium projects in the U.S. to contribute to the needs of
expanding nuclear power in the U.S.

Additional Myth-Fact discussions are found in Campbell and Wise (2010),28 see
pp. 31-40, and the myths were known then and remain in discussions in 201842

and even today, but many are fading away as the facts become apparent.

For additional information on nuclear power, see the search results from the

I2M Web Portal®® and on uranium (prices, projects, and geoscience
thereof)2?
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