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Processed Sulfur in Several Forms
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IDEALIZED URANIUM ROLL FRONT DEPOSITS
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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.



i F Pl To Plant
Monitor Wells rom Plant o

R e

AL

Submersible
Beverley Ore Horizon E Pump

1 R THE
o BHUER L

Uranium Deposit



laboratony

uranium extraction columns

control

galalay uranium recovery columns

FIDW ar
station

thickeners yellowcake drying
. laml packaging

-

¢

avaporation hipring
containers

gxtraction Iworkshop
filters

reagent

storage

] averlying

trunk lines | monitor wall

well house |

production

production
manitar wall

manitor woll

Formatson . & injection well

shzestring gandy, ﬁ sxiraction well
clays and gravels )
[ —p—— [IJ rrvonitor well
| oo ee—weee———— ]
|E—’ UFAMILAT ' screaned intarval
" injected solution

Alpha madpions "._..-' uramium enrched salution




+

‘e kb b4k
LR

ek ud bk
e’

alits
e

LR

PR
.
ey

*

K
"
T W

b
*

qqqqq

Lease Boundary

................

rfff.’ffffffff?'_fffffffffffffff(fffff!!ffffffffﬁf_

Farmit Area

3
LN

NN\ Production Area Authorizations (PAA)

“PLANT ]
ALY

_+

Waste Disposal Well

T N W W T N Y

BN Ak h l B d kb n N NN

LI DO S B

A A A A .

St

ntaw




M-8

Mine Area Baundary

L .

/ Monitoring wells

aBL-1

Basaling well

Praduction Area Baundary (PAA)

M-11







Common Patterns of Injection
and Production Wells
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In situ wellfield with numerous injection and extraction wells
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Single Point Resistivity Test




Testing a Well
to Make Sure it
Will Produce Water
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Uranium Mining Class Ill Injection and Production Wells
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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.
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U.S. mine production of uranium, 1993-2018

million pounds U308
6

1 7

1903 1994 1995 1906 1907 1998 1999 2000 2004 2002 2003E 2004 2005 2006 2007 2008 2000 2040 2011 22 2013 2014 2015 2016 21T 2018

B uranium mine production

Sources: U.5. Energy Information Administration 1993-2002-Uranium Industry Annual 2002 (May 2003), Table H1 and Table 2.
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Peninsula (Strata Energy) Lance Ross Project




Wellfields and Header Houses - Mine Unit 1
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Header House Interior - Lance Projects
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Crow Butte (on standby) - Well field operations foreman monitors the flows
from each of the ISL production wells from the well house.
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 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







Nichols Ranch Wellfield




Submersible Pumps

]




Monitoring Well
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l Texas ISL Mines
e SN aNd Processing
B Plants on Standby

Alta Mesa mine




Kingsville Dome - Goliad 600 — 750’ (1988)

Undergoing Restoration




Goliad 420 - 810’
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lon exchange resin beads used in the ISR process



Precipitation of uranium
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Employee removing uranium from a filter press
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Yellowcake Uranium in Barrel for Shipping
One Barrel weighs about 880 pounds




Class | Nonhazardous Disposal Well






Solution Brine Mining

Salt Dome Caverns




The Solution Mining Process

¢

Drilling Start of Continued Solution Compressed slorage
borehole solution SClution mining gas displaces  operation
mning mining completicon brine
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TYPICAL SCHEMATIC OF A CONTEMPORARY
MANISTEE FRACTURED SALT GALLERY
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CONCEPTUAL MODEL PRIOR TO 08/02/2012
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10 2380
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Top =
Cap Rock 453 Top Cap Rock |
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Fill

300°

Cavern

Borehole Total Depth
5926’

Surface with Salt Dome
Cement
{June 2011)
Top of Cavern
3400

Cavern Original Total Depth
5654’

NOTES:

1) Oy Mo 3 Well construction, plugged and abandanment,
and geologic information ftop of cap rackitop of sat,
abtained from Texas Brine Plugging and Abandanment
Report {Permit No. 33003) dated June 6, 2011

2} Location of approvimate edge of salt based on vertical
seismic profile conducted on September 15, 2012 by
VS Fusion and presented in Vielocity Survey & Salt Flank
Imaging Report prepared for Texas brine by VS Fusion
dated December 2010
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Borehole Total Depth
5926'

Vertical Exaggeration
= 0.60x

+ | 2) Oy No.3A Obsenvation Wel construction information

INOTES:

1) Oy No.3 Well construction, plugged and abandonment,
and geclogic information (top of cap rock/top of satt)
obtained from Texas Brine Plugging and Abandonment
Repart (Permit No. 33003) dated June 6, 2011,

and cavern geometry obtained from Class V' Well Permit
Application for Oy Getsmar No.3A Dbsenvation Well
dated August 13,2012 and Sonarwire Giobal Cavern
Sonar Report dated August 13, 2012.

3) Location of approximate edge of salt based on vertical
seismic profile conducted on September 15, 2012 by
VS Fusion and presented in Velocity Survey & Salt Flank
Imaging Report prepared for Texas brine by VS Fusion
dated December 2010.

4) Geologic information pattom Alluial Aguifertop of cap
rock/top of salt) for Oy No.3A Observation Well
cbtained from Baker Hughs PDK-100 interface log of
Oxy Geismar Well No.3A dated September 25, 2012.
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Assumption Parish OHSEP, 08/21/2012
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6/11/14 Flyover

Approximately 31 acres




Jim’s Water Service
New Mexico
July 2008
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Sodium
Sulfate
Well

Sodium Sulfate is
used in detergents
and paper pulping




Sodium Sulphate Reservoir and Plant
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Nahcolite (NaHCO;) (Sodium Bicarbonate) Mineralization




Nahcolite Solution Mining Wellhead
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Potash Solution Mining

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







Potash Core Holbrook , AZ
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Potash Core Holbrook , AZ

Passport Potash Quicky Advancing Holbrook Property (
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Copper Solution Mining

The Florence Arizona Copper Project could Florence Land Holdings & Sit:
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

Recovery of copper—beanng solutwn I
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4 injection wells and 9 producing wells
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Fort Cady ISL Borate Mine in the Hector Basin
CA Mojave Desert
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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.



CALIFORNIA

FORT CADY PROJECT

PORT OF LA

Co PORT OF LONG BEACH

Currently there are 104 operating wells
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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.
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COOLING ng;':%%ﬂ TAILINGS
CRYSTAL
REM OVAL
CRYSTAL BORIC ACID
DISSOLVING CRYSTALLISATION BORIC ACID

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.



Borate Uses

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.



Class lll Construction

- Cased and cemented to prevent fluid migration
iInto 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 lll Operation

Can’t inject between outermost casing
protecting USDWSs and the wellbore

Maximum injection pressure must be
below fracture pressure

Pump test uranium mines

Most Class Ill solution mining wells use
fresh water as the "mining” fluid



Class lll 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 lll 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 lll Inspection

- Evaporation and holding ponds
— Adequate freeboard
— Leak detection system

* Monitoring wells (if any)

— Fluid levels and ground water parameters
(excursions)



TEXAS COMMISSION ON ENVIRONMENTAL QUALITY (TCEQ)
Critlcal Infrastructure Division
Underground Injection Control (UIC) Class [ Permits Investigation Checklist

Fermitiza’s Name and Mailing Address

Telephone informatizn___ ) =ax Infarmation

Fermities s representativel Title

Purpose and Scooe of Inspaction,

mepacton Locationds) Inspection Dale ()

Inspecten Type _ Routine __ Pre-Permit _ Initial _ Specal o Annourged  _ Unannounced
Type of Permit Permit Mo, .

Date Issuediamended Type o’ Projact

TCEL Region TCEQ |nspactor(s k' Office

Inspecion/Cate/Results of Previous Inspecion

Cornrents:

Results of ths Inspastion In Comp iance T Winlationis) Enforcerient Action Needed
Recammendation{s)

Commants

Areas of Concorn from provious inspactor

ATEAS (o recaive specil allertion at {he next inapection

Hote: Allinformation stated ¢n fhis inspection shecklist resulted frem reconds inspection, the inspecter's obse riaticrs,
andicr stacements and representations made by the employses present at the time of inspecticn.




Inspector Feviawsd ay

Date Raviewsd

GEHERAL INFORMATION

Sike Security and Qoetating hours

Tyoe of Praceszing and Jescription

Ma, of Pradustion Area suthorization (PASY ! Averace Depth of PAA

Averase Deptn of Injection’production Wells £~ ype of Casging

Average Depth of Maniter ¢ Beszline Wallz | Type of Cazng

Sursnt Stalus of Op=sraiions

Mathod of Wasiswater Etorage priorto Ir ection
Surace Impeundment (Pords) YWastewater Stcrage Tank

Ao af ponds _ Mo of wastewater Storage tanks

Mzthod of ligud Viasts disoosa Class | Wi irrigation Surface Disciage

Disposal Parmit Mo,

Methad of salid waste disposal a1 gite
On site sold wasle pilks™

Comments:




Does the permities have & valid radicactive material license from TZEQ for covering the handing processing, and
cizposa of radivactive materials?
_MA Yas MNer

Cormrsnts:

RECOROS
Ars the current capics of the UIC rules, Class Il Permil{sl. anc notices concerning previous inspactior on file?

NA Yes Mo

Gormments:

COCHSTRUCTION REQUIRERENTS

New Class [l wels since the last imestization? A Yas Mo

Iz the parmitise in camplisnce with construction requirernents [Casing and Cementing, Alerations to
GConstroclizn Plans, Logs and Tests, Ceviaticn Checks, Mechanical Integrity Tests, Additioral .o3s ard Tests
Constroction and Testing Supervision® 30 TAD §331 62

N Yes Para

Cormnients:

QFPERATING REQUIREMENTS

Descrics methadis) useo by the permittes for confining of rmining salclicn in @ production zons

Irjzcion pressure & the welihead in accordance with pemit requirerrert? 30 TAG §321.82

_ MA _ ¥es _ Nz

Wawirnum al cwable injection pressure (0.4 psifoct of wel depth) marked on each injection well or on injgction manifald?
[This iz a permit reguirament)

[ 1) Yoe ke

Comrnants.




M axi-um 8l pwable inscticn areseure at tha wellhead in cemplianes with pa-mit raceirermants?

() Yes Ma

Comments:

Has sne permitiee injecisd aebween 198 outermost casirg proecting UEDWs and tne wel bora?
30 TAC 5321830

[F _ Yes Mo

Comrmants:

MOMITORING REGUIREMENTS

Pararmeter Chogen to measure water qua ity (Control Parameter) 0 TAC §331.84(c]

___Uraniam Sulfatc Conductivity Chlaoride Mlkalinity Cther

e the monilor wells comgleted e ineclon zeone Fcomtored le fivid levels and chozen parameters twice a month a3
o weeks interal?

A _ Yes Mo

Cormmerils: -

Is the oe-mittes ~equirsd to comply with the manitoring requirernsrts specified in 30 TAC 533182 (Constractior
Reguiremrents] 30 TAC §33° 84{0

(53 vaes __ o

Are all maniter wells for pemmitcredustion areas samoled by the permittes at casttwice amorth at o weeks imearvals’?
30 TAC 251 342
M YES Yo

Lomments:

Ace ths water samples 3nalyzed for control paremetess by the szcotd working day and repoted as sequired in
5331 B5(a)7




A Yaes Mo

Commeants

Are the samples analyzed off site by & third party labamtory or on gite by tha pearrittes?

MA _f =zite 2r site

MName cfthe Isboratory and lecaton

Camrmerts.

are there any walsr wslls wihin 152 mile o° the nieclion site? 30 TAC §331.84(d}

A, YEg Me

Is the parmites monilerno the specified wells within 1/4 mils of the injectian site avery three maonths? 30 TAC
§331.84{dh
MA, Yes Ma

Comments:

Injection flud analyzed fo- physical ars cherical characteristics with sufficiert frequency? 30 ~AC §331.84(a;
ML, Yos No

Comrnents:

Are the inecton oressu'e injection velumes, ard productior vo.ume racorded? 30 TAC §331.84 (b3

LA Yes B

Comments:

Are prassure gaugas on sach injecton well af a1 injsction manifold? 50 TAC $331.8410)

ML, i Or each injsct.an wel’ an injection marifeld




Carmmanls:

PondsWWasie Storage Tanks

Meribenng frequency:

Fond Liner Leak Detechicn System =rezhoard

Transr-iss.on fines

Tank condition Level

I5 permittes 10 compliance wilh *he inspectian requirsments _Mes Mo

Comments

MOMITOR WELL EXCURSIGMN

Are iberz any axcursions sirce The las: investigation™

_HA _ “es __ HNo

{Mlamhy Remeadial Action Report (30 TAC §331.83{0, Sroundwater Analysiz Repart (30 TAG §331.83(Q) & 30 TAC
5337 106{2: ), Werifying Analysis (30 TAC §237 103(3)). Sameling Frequeney whar Mining Solutions present (30 TAC
B33 10504, ), Remadial Achor 1or Bxcursior (30 LAC 5337 106;, Methzaton (30 TAC 31 106110 Clean-Up 20 1AL
£33 106 (A and [B))

|5 th2 perrnittee ir compiiance with the alhouve requirerieits?

_MA _ Ves _ Mo
Cormans
CGROUNDRESTORATION

Are tha P&ds for each mine asca cantain a resloraton table?
30 TAG §331.107 (=)
MA Ves 5]

Cammenis:

Has tha pemittes notified <he Cormiesion whsrthe mining of & sroduction area was completed?

30 TAC &331.10%(




B fEs e

oommicns

Has the aquifergmuncwater resioration conducted by the permittes aftar Miring completion™ 30 TAC §337.107

[ Yes (f=]

COrmments:

i the squifer‘groundwater restoration for @ach nine area accomaisred in accordanse with the fimetaole specified in
cureatly asproved ming plan? 30 TAC §331.10¢0z;
MA Yes e

Comments:

Are the semi-annual resoration progress repcrs submitted by the pemittes 1o the crrm ssion
A0 TAC 533 10%d)

NA b= (L=

Comments

Is tne siability sampling pedormed oy the parmiclss during resloration as reguined
J0TACHIZ 107

M __Yes

Camments

Are therestoration vaues listed inthe restaratien table for a proguction arga achisved by the permi;ee?
IO TAC I3 07
(R Yes __ Ha

Comments:

Has the permittee submited a resterstion 1akle amendment to the Cemmission™

MLA Ve M




Camments:

CLOSURE STANDARDS ! PLUGGING AND ABANDOMMENT
Has the permilise plugged ard abandoned any well sincs te last nvastigation?

A Yes Na

I8 1he parmites it compliance with the plugging anc abandonment reguiremanis?

(30 TAZ §331460ch 30 TAT §331.4a60) 30 TAC §231 124/ Approval of Plugging ans Abandonment ! Certification from
tha Owner or Oparate and an Independent Regstered Frofassizral Zngineer for Plugging and Abandonment:

MA YRS e

Cammrents:

S.F'!LI._S INCIDENTS
Hawve thare ae2n ary spill /incicents sinca the last invastigatiar™
MA “es N

Carnenis:

Is tha permittes in compliance with s2ill/ inoidents reporing requirements to the Commisgion?
_ MNA _ es

Cemrmens:

Alarmm System

Mesoring Parmittes s Alarm Systam far the procass ng partiprodustion Areas

Freauvency of Alarm Te2s: by the Permittes

Date of recert Alarm Test and tie results

REPORTING REQUIREMENTS

Is ar updated map for &l aewdy constracted or nawly discovered wells submitted by the permittee annually to the
Ezeoutive Cirector’
a0 TAC §3357 .55/a) WA Yos




Comrmznts:

Are reslits of raquired manitenng mantained on site?
30 TAC §331.85ib)

A R-H

Comrents:

Are resulls of mechanical integrity lest arc any otve: panodic test rzported to the execulive direator?
30 TAC 5337 85(z)

_ WA _ res
Comments: _ s
Is monilcring reparted on a praject of field basis?
30 TALC 50 840d;
M _ Yes

Are the manitaring data for menitor wells com pleted in the injection zone reported quartzry ta the Executive Directar no

lgter than 10" day fallowing rapot pennd?
30 TAC §331 BAle) MA Yeg

Cemments:

REPQATS TO THE COMMISSION

la the permites in complisncs with the reporting requiremects Lo she Commission?

MA o Mo

Lemmmenis:

FINANCIAL ASSURANCE FOR CLASS Il WELLS

Is the permities in compliance with the financial assurance requirements?

30 TAC §331.15 (Financial Aszurance for Cless [11Wellsh, 30 TAC £37.7301-7051 (Finarcial Azsurance for LIS Wallsh,
A0 TAC §331.142{Financial Assurance for Flagging ang Abandonmerty, 30 TAC §331.143 (Cost Estimate “or Plugging

aro Anzrdonrent]

ML Yo o




Comments,

OBSERVATIONS DURING SITE AREA INSPECTION

Dae and Comazany Represertaive [ nouding Titk) prasanl during sile irspaotion

Avtomauc Shuteh Systems for the processing plantpraduchian areas

If vas, descrbe the aystem

PRODUCTION AREA & (PA=) WELL FIELDS

Condition of PAs;

Ciwargriown Wegetation [safely hazard), Well access ble for irspaclicnfsampling, unwantad detdis in the PAs. any
aclivities (wall consiruction exooration activities, plugging aciviies. sampling 2te.} in progress, whie inspecing a PA,
rafuesat the permittas to demonstrate how tha permittee confines the mining solution for 2 spacifie PA; includs
any ather abearvations, neluding safety hazarce.

PRODUCTION { INJECTION | MONITOR WELLS/BASELINE Walls

Corditioh of wealla:

Wiells capped (nclude ype of capd, cemeriad w the suitace, lzbeled integrity of the well ji.g, aboveground casing intact,
wiggle to detemine if the wel is broker below the suface)

Commanis.

Fressure gauges on each injection well or onopjsctisr manifold? s
Maximum alowabls injsctian pressure markad on eash njzctian wel or on injection mani‘old?

NA Vg Mo

CaTments:

Max rum alowable irjection prassure ncompliancs witt ralefpermit raquiremanis?
M o

Cormsans:

TRANSMISSION LINEE

Are trarsrission lings kuriad or above ground?




Typs

hethod of Mar toting: __ Misual inspaciion __ Other

Caondition of trangmizsion fines during te investigation™ Lzaks Eroken

Commeniss

Wagiowater Storage Method

Farnd [ ___Tanss

Mo, ol Punds Mo, af Tanks

Fond:
Depth in FT Dimenzions in FT__

Mo, of Legk Datacticn System (LDS) Type of LOS

Fuid detected Yes Mo {Permittee should check the LDS in presence of the
investigator)

Single Linar Douabe _iner

Conaition of the | iner

Pond Fregboard marked on tha liner or on a stizk located in the middle of the pond (describs)

“ond Freeboard in compliaize with parnis reguirgment

comments:

Wastewater Storage Tank

capaciy n Gallons Lengih in FT Diameter in F~___

Type

Tank Fjuippee with Level ladiczta-?
Alarr goes off when tank reaches certain level?

Tank leve monitored from a contrel room?




Fraguency of manitoring

Cendition of tank =)

Comments

Groundwater Sampling

Samples collected during the investigatian?

A Yes

Sampla Type

Sample | ncatian

Commenis:

Ma. of samplas

Photos
Fhctos taken during the investicat on?
Il Tes

Commens:













DRINKING
WATER
ACADEMY
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