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Injection Well Relationship to USDWs



States With Class III Injection Wells

Primacy States 
with Class III 
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Direct Implementation 
States with Class III 
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Generalized 
Cross 

Section of a 
Salt Dome
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Frasch 
Sulfur 
Well

Sulfur has a melting point of 239°F

















Surface Subsidence of 53 feet



Processed Sulfur in Several Forms



Uranium

Mining



Uranium Deposition





Roll Front Uranium Deposit



• In situ leach (ISL) uranium mining was first tried on 
an experimental basis in Wyoming during the early 
1960s. 

• The first commercial mine began operating in 1974.

• In 2018 50% of world uranium mined was from ISL 
operations. Today most US uranium production 
comes from ISL mining.

• Several projects are licensed to operate in 
Wyoming , Nebraska and Texas. They are small 
(under 1000 t/yr) but they supply most of the US 
uranium production.  Currently the Texas and 
Nebraska mines are on standby.







Production Area Authorizations (PAA)



Monitoring wells

(PAA)





Common Patterns of Injection 
and Production Wells

Five spot pattern

Staggered line drive
pattern

Multiple five spot pattern

Multiple staggered line drive pattern

Injector

Producer



In situ wellfield with numerous injection and extraction wells



Open Pit Uranium Mine



Drilling Rigs



Well Core



Drill
Cuttings



Uranium

Mining

Well









Single Point Resistivity wireline truck



Single Point Resistivity Test



Testing a Well
to Make Sure it 
Will Produce Water



Flow Lines and Meters



























Reverse Osmosis Equipment



• After recovery of the uranium, the barren solution 
may be run through a reverse osmosis process 
and it is then re-fortified with oxidant before being 
returned to the wellfield via the injection wells. 

• A small flow (about 0.5%) is bled off to maintain a 
pressure gradient in the wellfield and this, with 
some solutions from surface processing, is 
treated as waste. This waste water contains 
various dissolved ions such as chloride, sulfate, 
sodium, radium, arsenic and iron from the 
orebody.

• This bleed of process solution ensures that there 
is a steady flow into the wellfield from the 
surrounding aquifer, and serves to restrict the flow 
of mining solutions away from the mining area.



Liquid 
Oxygen
Storage
Tank







Uranium Price $/pound

$24.60
6/28



.7



(Strata Energy Inc. – subsidiary)

Ross project

Willow Creek
[Low pH field demonstration underway]



Peninsula (Strata Energy) Lance Ross Project



Wellfields and Header Houses - Mine Unit 1



Header House Interior - Lance Projects



Low pH Field Demonstration Wellfield Patterns Ross Project

Use sulphuric
acid to reduce 
the mining area
pH to around 2



Crow Butte (on standby) - Well field operations foreman monitors the flows 
from each of the ISL production wells from the well house.



• Crow Butte was the first uranium mine in 
Nebraska - discovered in 1980 and began 
production in 1991.

• Crow Butte has used ISL to extract about 
11.8 million pounds of uranium

• In the second quarter of 2016, 
Cameco made the decision to curtail 
production and defer all wellfield 
development at its U.S. operations so 
commercial production has ceased.



Smith Ranch Mine Integrity Test



Smith Ranch



Nichols Ranch Wellfield



Submersible Pumps



Monitoring Well





Alta Mesa mine

Texas ISL Mines
and Processing
Plants on Standby

Processing Plant

Mine



Kingsville Dome – Goliad 600 – 750’ (1988)

Undergoing Restoration



(2006) Goliad  420 – 810’
On Standby



Ion exchange columns at a Texas ISR operation



Ion exchange resin beads used in the ISR process



Precipitation of uranium



Filter Press



Employee removing uranium from a filter press



Zero-emission
Rotary Vacuum
Dryer
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Bearing
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Yellowcake Uranium in Barrel for Shipping
One Barrel weighs about 880 pounds



Class I Nonhazardous Disposal Well



Brine

Mining



Solution Brine Mining





Brine
Mining

Well



Brine Mine Wellhead







Sonar
Survey 
Of a 
Brine
Mining 
Cavern



Bayou Corne - Louisiana



8/3/12











Sinkhole Dimensions 10-12-12







Approximately 31 acres

6/11/14 Flyover



Jim’s Water Service
New Mexico

July 2008



Loco Hills New Mexico
November 2008









Denver City, Texas



Brine
Mining

Well



Carlsbad NM
Brine Mine



Sodium
Sulfate

Well

Sodium Sulfate is 
used in detergents
and paper pulping



Sodium Sulphate Reservoir and Plant 



Nahcolite (NaHCO3) (Sodium Bicarbonate) Mineralization



Nahcolite Solution Mining Wellhead



Potash Solution Mining

Potash refers to potassium 
compounds with the most 
common being potassium 
chloride (KCl).  Potash is also 
used in fertilizers.





Potash Core Holbrook , AZ



Potash Core Holbrook , AZ



Copper Solution Mining
The Florence Arizona Copper Project could 
produce as much as half of the 2.8 billion pounds 
of copper reserves at the 400 - 1200 foot deep 
deposit.

Dilute sulfuric acidic solutions (.5%) are 
introduced to the copper-bearing ores, causing 
dissolution of soluble copper minerals 





4 injection wells and 9 producing wells





Fort Cady ISL Borate Mine in the Hector Basin
CA Mojave Desert



Mineralization occurs in lake sediments & Miocene 
evaporites. The colemanite is fine-grained crystals in beds 
and bands within the anhydrite-rich part of the evaporite.

The deposit averages 118 feet thick at an average depth of 
1,350 feet and covers an area of 384 acres.



Currently there are 104 operating wells



Fort Cady Site in October 2017 showing drilling activity, and 
pilot plant in the background.



The recovery of boron from the colemanite mineral is 
accomplished by injecting a weak acid solution (no more 
than five percent hydrochloric acid, sulfuric acid, or a 
mixture of both in a water solution) into the ore body.

The acid reacts with the alkaline nature of the ore body
to recover a mixture of borate product and calcium chloride 
which is dissolved in solution as products of the chemical 
reaction.

This solution is withdrawn from the well and pumped
to the process plant where borate crystals are precipitated.





The remaining formation would be a porous matrix of clays 
and insoluble minerals. The void space that would result 
from the leaching process would constitute less than 12 
percent of the formation, and the void space would ultimately 
contain water, therefore subsidence is not expected to occur.



DETERGENTS
Used as a cleaning and bleaching agent to increase the 

performance of products.
FLAME RETARDENT

Used in all dry powder fire extinguishers and fire retardant 
paints

WOOD TREATMENT
Used in wood as a preservative preventing decay; slows 
and suppresses the spread of flames if burning occurs.

NUCLEAR REACTORS
Absorbs neutrons increasing nuclear reactor safety.

PERSONAL CARE PRODUCTS
Borate properties control bacteria and fungi in personal care 

products and significantly improve cleaning action.

Borate Uses



Class III Construction
• Cased and cemented to prevent fluid migration 

into or between USDWs
• Casing and cement designed for life 

expectancy of the well
• Information required for naturally water-bearing 

injection zone formations
– Fluid pressure
– Fracture pressure of the formation
– Physical and chemical characteristics of the 

formation fluid



Class III Operation
• Can’t inject between outermost casing 

protecting USDWs and the wellbore
• Maximum injection pressure must be 

below fracture pressure
• Pump test uranium mines
• Most Class III solution mining wells use 

fresh water as the “mining” fluid



Class III Monitoring
• Mechanical integrity testing

– Brine mining after initial test every 5 years
– Uranium, sulfur – after an initial test, since 

theoretical well life < 5 years, no MIT required 
by regulation

• Monitoring injection zone
– Fluid levels – semi-monthly
– Ground water parameters – semi-monthly

• Monitoring wells monitored quarterly



Class III Inspection
• Look over general condition of wellfield

– Transmission lines
– Tanks
– Wellheads
– Ponds
– Grass cut?

• Injection pressure (wellhead gauge) complies 
with permit (must be below fracture pressure) 

• Monitor injection fluids frequently enough to 
determine characteristics

• Injection rate and volume comply with permit 
limits



Class III Inspection
• Evaporation and holding ponds

– Adequate freeboard
– Leak detection system

• Monitoring wells (if any)
– Fluid levels and ground water parameters 

(excursions)


































DRINKING
WATER
ACADEMY
















	Class III Wells
	Slide Number 2
	States With Class III Injection Wells
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Generalized Cross Section of a Salt Dome
	Slide Number 9
	Frasch Sulfur Well
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Uranium Deposition
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Common Patterns of Injection and Production Wells
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Smith Ranch Mine Integrity Test
	Slide Number 71
	Nichols Ranch Wellfield
	Submersible Pumps
	Monitoring Well
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109
	Slide Number 110
	Slide Number 111
	Slide Number 112
	Slide Number 113
	Slide Number 114
	Slide Number 115
	Slide Number 116
	Slide Number 117
	Slide Number 118
	Slide Number 119
	Slide Number 120
	Slide Number 121
	Slide Number 122
	Slide Number 123
	Slide Number 124
	Slide Number 125
	Slide Number 126
	Slide Number 127
	Slide Number 128
	Slide Number 129
	Slide Number 130
	Slide Number 131
	Slide Number 132
	Slide Number 133
	Slide Number 134
	Class III Construction
	Class III Operation
	Class III Monitoring
	Class III Inspection
	Class III Inspection
	Slide Number 140
	Slide Number 141
	Slide Number 142
	Slide Number 143
	Slide Number 144
	Slide Number 145
	Slide Number 146
	Slide Number 147
	Slide Number 148
	Slide Number 149
	Slide Number 150
	Slide Number 151
	Slide Number 152

