CROW BUTTE RESOURCES, INC.

86 Crow Butte Road - e

P.O. Box 169 (308) 665-2215

Crawford, Nebraska 69339-0169 (308) 665-2341 — FAX
November 27, 2007

Mr. Steven J. Cohen, PG, Hydrogeologist

U.S. Nuclear Regulatory Commission

Office of Federal and State Materials and Environmental Management Program
Mail Stop T7E18

- Washington, D.C. 20555-0001

Dear Mr. Cohen:

“Enclosed are three copies of the Application for Renewal of Source Materials License
No. SUA-1534, copies of the submittal letter for the Application and the NRC Form 313.
An electronic copy of the License Renewal Application will follow under separate cover.

Should you have any questions conceming any of the enclosures please don’t hesitate
to call. I can be reached by telephone at (308) 665-2234 ext. 115 or by email at
rgrantham@bbc.net.

SM

Rhonda Grantham, Supervisor
Radiation Safety and Regulatory Affairs

Enclosure



A
Y )

Application for 2007 License Renewal
USNRC Source Materials License SUA-1534

Crow Butte License Area

Prepared by:

Crow Butte Resources, Inc.
86 Crow Butte Road
Crawford Nebraska 69339
and
ARCADIS U.S,, Inc.
630 Plaza Drive #100

Highlands Ranch Colorado 80129

November 2007



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

This page in'tentionally left blank.

November 2007 ii



CROVW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

‘ .' 1 PROPOSED ACTIVITIES 1-1
- 1.1  Licensing Action REGUESLEd .............coovervirrmrveveieceeieeiesetesee e sesesse s sessessseees 1-1
1.2 Crow Butte Project Background ...........cccccccviinininnniniiniieeceenenes 1-2

1.3 Site Location and DeSCIIPON.........ccccecueeerreririnviiiiiieereneenereteteressesnesaeene 1-3

1.4 Ore Body DeSCrption ........coccveiriirrieeriinrciinienieseeereeseesetessessnaesaesssesssnesasans 1-11

1.5  Solution Mining Method and Recovery Process ......c.ccooeevveeveveenceneicrenennnn. 1-12

1.5.1 Advantages of ISL Uranium Mining .........c.ccoevviveenenrencnienreneenereeennes 1-12

1.5.2 Ore Amenability to the ISL. Mining Method .........ccccccevvenmnvenrrnennne. 1-13

1.6  Operating Plans, Design Throughput, and Production ........c.c.ccecueerereeiennennes 1-14

1.7  Proposed Operating Schedule.........cooceviiiimriinineneceeeecese e 1-15

1.8  Waste Management and Disposal.........ccceeoveieveeericnsieniecnnnrenienrneeseee e 1-21

1.8.1 Gaseous and Airborne Particulates ...........ccocceeceecercieseniienrienieniesennnans 1-21

1.8.2 Liquid WaSEe.....cooveriieeiieeereeeicercericetesinese e sseesseseesssee st essaessanasnsnns 1-21

1.8.3 SOlA WASEE ...ttt ettt s e et e e s ebesnnans 1-22

1.8.4 Contaminated EQUIPMENL..........cocceeivireriiiiieecesreeienenreeresiesaessveesaens 1-22

1.9  Groundwater ReStOration .........ccceecuievuieriiniieniinicnreceeeeeeeresee et seesssesineans 1-23

1.10  Decommissioning and Reclamation ...........c.cocveeevvinieninieniienicnee e 1-24

1.11  Surety AITANZEMENLS ..occvtrereierieeeeererireeeeeenirreeasreseessessssessoseessssssssssesssnessnnns 1-25

2 SITE CHARACTERISTICS 2-1

2.1 Site Location and Layout...........cceceeeriiiiienieniieneeeeeresneseessseseeessessessssseessaes 2-1

2.2 Uses of Adjacent Lands and Waters..........ccc.coeeeeerienirinnienienenee e ecee e 2-9

.* 2.2.1 General SELtNE........cccueviriieriieriererieteseseieee ettt steste b saa e saee 2-9
h 2.2.2  Land and Mineral OWNETShip ...........ccevcviveireeeneeissieseesensenneeesesessssennns 2-10
2.23 Land Use......cccorunenne. beeeeheerabeeereaeree bt e bae et st r e et e et e teene s bae s ntennraas 2-10

2231 RECTEATION ..eeereieeiieeiee ettt sttt sre e s sen e s ra e s aesaeas 2-15

2232 AZLICUIULE ...t ae s b s 2-16

2233 Habitat....c..coveeeiirieeieeeee et 2-17

2234 Residential..........cooeviiinienienieniinerereestesee e seereeee st sresa e sen e 2-18

2.2.3.5 Industrial and MININg.........coccovvirvieriirnrerenreneneneneneerieneee e evennees 2-19

2.2.3.6 TranSpOItation .......ccccceevveeriiieriieenienrie s seeeessee e sne e s nesaeas 2-23

2.2.4 WaALEr USC...ieieeee ettt s 2-23

2.2.5 RETEIEINCES.....couieieirriietcterte ettt sae st enessa e st e snesneas 2-29

2.3 Population DistribUtion.........coccconiiriiniiniiienieincnicncciet e s 2-32

2.3.1 DEMOZIAPRNY.....cccverveiiriiiriiniieirerteseesre e sseseessesressesseessesesaessasssessessnas 2-32

23.1.1 Regional Population...........cc.eeveeeecieiienienicnenienenceeseeseeeieesseenens 2-32

23.1.2 Population CharacteristiCs .........ccveievierrierierneereerienneninsseessreennens 2-37

23.13 Population Projections ........c.cccvcvereericeneniennenneeniesseniensseesseessnns 2-38

23.14 Seasonal Population and Visitors..........coceeeiveneeneeninereeneecrenenens 2-38

23.1.5 SCROOIS ....cviiteeeiirieircer ettt e see et e e e sse s s e e e ssaassraeessnans 2-39

23.1.6 Sectorial Population.........cc.ccceevevieveniiininiiininiiie e 2-39

2.3.2 Local Socioeconomic Characteristics ..........ceereererrereereereerecreriersesrennenne 2-41

2.3.2.1 Major Economic Sectors................ erreeeeessteeeaee e et e s rteeesaraeearaeanns 2-41

2322 HOUSING ....coueiiieiiieeteceteceerer st sene e seesaesanens ST 2-43

.} - 233 Environmental JUSHICE.......cccceeveciniinencninrcniniciccianns R 2-44
234 REfErences.........oovuvevvviivieiiii e, 2-46

November 2007 i



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

2.4  Regional Historic, Archeological, Architectural, Scenic and

Natural Landmarks .....ccveeeeeerrienennienieieeie et es e e se e eseeseesseesaees 2-48
2.4.1 Historic, Archeological, and Cultural Resources..........ccoccivverieneeneennene. 2-48
2.4.2 Visual/Scenic ReSOUICES.......c.cooeeiiriiineeiienieeeeeceerccee e 2-53

2421 INtrOAUCHION. ...ttt 2-53
2.4.2.2 MELhOAS.....cooieieiiriiiiieieeeeree ettt et erereeees 2-53
2.5  Meteorology, Climatology, and Air Quality........cceccervueriuerneeneniensieniesrennenes 2-55
2.5.1 INETOQUCHION . ..cuvieieiereeticrecrete et ee e s sses e e saeesvesssaasssesnesssassenns 2-55
2.5.2 TEMPETALUTE ...cooneeieeeiiciieieeene ettt et eneeneeene 2-55
253 PrecIPItation ....c..eeuieeeieeeeeeete ettt 2-57
2.54 HUMIAILY oottt et 2-59
2.5.5 WANAS .ottt sttt s eee st e se e sae e sae e seesrentes 2-59
2.5.6 AL QUALIEY .ttt st sn s 2-72
2.5.7 INOISE .veevirriiereesrerereneeseeseeetesaseessesssesnsassesssaassnseessneesaeessaeseessessassens 2-72
2.5.8 RETEIENCES ... eeiiiieeieieieecticterne ettt e e e e e e en e e s bee s e e s e s st e ssansssessnaes 2-74
2.6  Geology Soils and SeisSmOolOZY ........ccceeveeieiienieniniiiiiiciececcicc e 2-76
2.6.1 Regional Setting......c.ccceerrirrerienieenecee et 2-76
2.6.1.1 General Stratigraphy .......cocceveeiiineniiniennireenreeseee e seree et seenaens 2-76
2.6.1.2 Pre-Pierre Shale Stratigraphy........c.ccoeeevievciinenseereneneineneennenes 2-76
2.6.1.3 Pierre Shale ....ooeeeiieieee e 2-80
2.6.1.4 White RIVET GrOUP...c.cccrviirieeieiiiieiinesieee ettt seee e esnreane 2-80
2.6.1.5 Chadron FOrmation ...........cceceeeevierienieninnieceenee et seeereseenaeaees 2-81
2.6.1.6 Brule FOrmation.......c...cociiviiiienrieeiiieenieecersreeseereesnneseeeseeesseenes 2-81
2.6.1.7 Regional Structure ..........cooeciriecieiieeceeeeceec e 2-83
2.6.2 Crow Butte License Area Geology ........ccocevveevuerervvcenirnecnncceenenenes 2-84
2.6.2.1 Pierre Shale - Lower Confinement ...........cccoeccevvevrevenvnenineneencennes 2-84
2.6.2.2 Chadron Sandstone - Mining Unit.........cccceevveerenieenvennneencernnnns 2-105
2.6.2.3 Chadron-Brule Formations-Upper Confinement......................... 2-106
2.6.2.4 Upper Part of the Brule Formation - Upper Monitoring Unit......2-109
2.6.2.5 Area of Review Structure.......cc.ooeevvevriieenirerenienieneeeneeeeieneens 2-109
2.6.2.6 Discussion of Confining Strata.........cccccevvveerriivnieennnnieenneenenns 2-113
2.6.3 SEISINOLOZY ..cuvevererrirrenietrtetrrentererrenreeesestseraeeessesatsssesseesessessesesseseans 2-114
2.6.4 SOMIS. . cetiitieierereeeteere e sae e et et st ettt ettt s st e s sne e s st e e st e eneeeesatenneeeean 2-120
2.6.4.1 Soils Mapping Unit DeSCriptions........cceoveeeeeeereeeeeseecnennenseesenaens 2-122
2.6.5 REfEIENCES ... et iveeeriereeneerecienee ettt ettt et e s sse e s aeeseessee s e sesneens 2-128
2.7 HYAIOIOZY .ueorereiiiereeeeececireee ettt et 2-131
2.7.1 SUITACE WALET....ccceiieeieeirierienirerct e crereesreeesssereesesneeeseseesaseesssesseasns 2-131
2.7.1.1 LOCALION «..eeeveeneerrcerecentecreeceeesee et es e et ee e e s see et ee s emie 2-131
2.7.1.2 Stream FIOW .....covvviiviiriecienienrenrcereeseeree e e saesveeaie 2-135
2.7.1.3 Surface Water Impoundments.........c..cooveeeericinnininceiencnnecnneennns 2-136
2714 Assessment of Surface Water Features...........cccceevevieeerecennencne 2-136
2.7.1.5 Water QUAILY .....coiiveereeieiiririenteneesteeseesseeessseessnessesssessssssanns 2-137
2.7.2 GIOUNAWALET .....covvreeeeeereerrerieriersreniesstnseesaesesressaesessenssssesssesssessesseees 2-139
2.7.21 Regional Groundwater Hydrology.........ccoececerneinececennnnennnene 2-139
2722 Crow Butte Area Groundwater Hydrology........c.cecevereuenenuenneee. 2-147
2.7.23 AQUITET TESHINE c..coverrieeiiiirieirieienertetecreeteerestesresseoseeeseses 2-153

November 2007



. .
/

./-'/

CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

2.7.3 Surface Water and Groundwater Quality.........cccoeeveveeevreeniinrecreeneennn. 2-166
274 REEIENCES.....ouiveneeieeerereeetere s eeessreae e ettt sessassasaeesesesesanaas 2-178
2.8 Ecological RESOUICES..........coccuevevrieerrerererernserennen, ettt r e rens 2-180
2.8.1 INtrOQUCHION...ccovtreriiiieeeciteeie et eere e rte e e cre e e e e aeeeareseaessaes 2-180
2.8.2 Regional Setting.......coccvevieiiviiniinieicicintereeetertee ettt 2-180
2.8.3 Local Setting - License Area..........cccocceverecrenerreenrenrenneenreniensesserensenenne 2-181
2.8.4 CHIMALE......cceeeeeerieeeeetenircrestesae e ese s e eseessaesrassseesssenbeeneeresssensensans 2-181
2.8.5 Baselineg Data ........c.coveviiiiiiiiiiiecienccteceecrees e eere e neesae s e ens 2-181
2.8.6 Terrestrial ECOIOZY.....uuuiiiiiiiiiiiiieecieerte ettt eeee et 2-182
2.8.6.1 MELhOAS......coieeiiriieiiieeteteese ettt e nee 2-182
2.8.6.2 EXisting DISturbance........cc.coceeeeeveeniecrirrertnnreneneeneeenessseeseesenne 2-185
2.8.6.3 VEZEtatiON ..cccuviiiiiiiiiiiiiiecte ettt et ee e s see s n e saea e reens 2-185
2.8.6.4 Habitat TYPES.....ccviriirieiiieniininereecesreecte st e stee e snens 2-190
2.8.6.5 MamMAlS.....cccveiiiiniiiiiiieneccctese et eere e ereeeree b e s b e reesaenns 2-195
2.8.6.6 BITdS ...cieiieeeiicetcscst et n et s e ns 2-200
2.8.6.7 Reptiles and Amphibians..........cccceeveeeeeeercieccieneeeeeeeeeseseenns 2-208
2.8.7 Threatened, Endangered, or Candidate Species..........ccoeeeveereereevennen. 2-209
2.8.7.1 SWITE FOXu ittt cnbe s s 2-210
2.8.7.2 Bald Bagle ...ttt 2-210
2.8.7.3 Black-footed Ferret ..........ccocvinininenrenrienierieceeceeeereese e 2-211
2.8.74 Whooping Crane .........c.occeveevienenmivenneneenteneestententesesseeeeeenes 2-211
2.8.8 AQUuatic RESOUICES ....c.veovvivviriiireiecieniriene e eteeiesr e teste e e seesanens 2-211
2.8.8.1 Aquatic Study Area Description ........ccccceeeeeeeeeeeereecvenreerereenene 2-211
2.8.8.2 MEhOMS......ceiiiiieiiiteerrccte e r e ens 2-215
2.8.9 RETEIENCES.....coiveeereiritierieccte ettt tee e e e re e e e b e s reebssbesaseenas 2-222
2.9  Background Nonradiological Characteristics ..........cceeevvevreerurerienrenievenneenees 2-224
29.1 GrOUNAWALET ....cooceieeieeiiiieeieeeere sttt esteeeste e e sbeessra e beeenresresbeesaen 2-224
292 R&D Area Groundwater Quality ................... e se s eeeeees 2-230
293 Water LeVElS ..ccoouniiiiiireieiecc ettt e sae e 2-230
2.94 Surface Water QUAality......ccccoveeeeieerieniereeeereeeereeereeessee e eeeeeesseens 2-239
295 SHEEAM FIOW ...oeivriiieieieectineets ettt seesveesste s e s ereeebeeasesbeebans 2-242
2.9.6 Soils...ccuveerieerieeieeneen. b n et 2-243
2.9.7 REferences.....cceeitiviiieiencnertctetee et aes ..2-252
DESCRIPTION OF FACILITY 3-1
3.1 Solution Mining Process and EQUIpMeNt........c.cccceeeiiieiveeeveeieenreenecveenienenns 3-1
3.1.1 OF€ BOAY ..ottt ettt st st e ae s steeae s te e er e ve e e n e ae s anas 3-1
3.1.2 Well Construction and Integrity Testing.........cccccceeveeiiecreevrenerreeeerennenns 3-1
3.1.2.1 Well Materials of CONStruction...........cccvvevveeeveeeeeeneecreeseesieeveenens 3-2
3.1.2.2 Well Construction Methods .........cccveveeeieeveniecieceececeecctcienienne 3-2
3.1.23 Well Development .........ccooiviivieeieeieieeireeiee et cseeerecveeres e eseas 3-7
3.1.24 Well Integrity TeStING ....ccervverreierireieiieiieeiteeetreeeeeereessesseeeeesanans 3-11
3.13 Wellfield Design and Operation ..........ccecceeeeveereenveeeveeeeenneeeereeseeseeneens 3-11
3.14 Process DesCription.......occvueeeicinieiernneseseseee et e 3-22
3.14.1 Uranium EXtraction..........ccovevieienieneiieeiiieesieecieeneesneessessseeenseens 3-23

3.14.2 B I OM ettt e e eeesesessesesasasasansnnenenenens 3-25

November 2007 iii



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

3.1.43 Precipitation .....coeceeicieeiiiiiieeee et 3-26
3.1.5 Process Wastes.......cocceevuirierneiniiiiiiiticeeitete et seeesease e 3-26
3.1.5.1 AIL EIMISSIONS...uiiiiiieiieeiirieitereireresieenieseeesaeessnessseessssseessssesensssnn 3-26
3.1.5.2 Liquid WaSEES ..c..eeeuierieierrenitce ettt sve e s 3-26
3.153 SOHA WESLE ...c.coieiriiiirieciereeeetertr ettt sse s eses e sneseesanens 3-27
3.1.54 Hazardous Waste .........coceeierieeriierineneeeeee e 3-27
3.2  Central Plant, Satellite Plant, Wellfields, and Chemical
Storage Facilities — Equipment Used and Material Processed....................... 3-29
3.2.1 Process Plant EQUIPMENL..........ccooieoiirieniniinirenceneneeeeeecsie e 3-29
32.2 Chemical Storage Facilities .......cc.cocevvierrieinenincnecieeineeeecce e 3-31
3.2.2.1 Process Related Chemicals ........cccccveevencreniencnncnnienensecneeceeenene 3-31
3222 Non-Process Related Chemicals........cccoccvvverenincenenreneenenenneennees 3-32
3.3  Instrumentation and Control..........ccoceivieeiiinnieniieiierenteieeieeeeeseteseeeeseeeeane 3-33
3.3.1 RETEIENCES ....veiiiiiieierieee ettt e 3-33
4 EFFLUENT CONTROL SYSTEMS. 4-1
4.1 Gaseous and Airborne Particulates .........c..cccoevvvcinencncnininnieninicnienineneee, 4-1
4.1.1 Tank and Process Vessel Ventilation Systems ........ccccecevcerveeenenneeneennen. 4-1
4.1.2 Work Area Ventilation SYStem......ccceeeverieeieninieienieeienee et 4-2
42  Liquids and SOHAS........cccceeieriniinininiiiiiiiniii s 4-3
42.1 Liquid Waste Sources and Disposal ..........coeceveveeieveneerecrnienniicnecnene 4-3
4.2.1.1 Primary Water SOUICES ....ccccceerieiiriiiiiiiienieiiensiceereeecee s seeee s 4-3
42.1.2 Secondary Water SOUTCES .......cocevvreveiiieiniininnieniiicnienecsesesnenns 4-4
42.1.3 Liquid Waste Disposal........ccoccecuereciireneninecneneinieeeieneeseeseennens 4-4
42.14 Potential Pollution Events Involving Liquid Waste..........cccccceeene. 4-6
422 SOlId WASLE ...coooiiiiiiirttrtrtereee e e e crearnrae e J A TUTUORRt 4-9
4221 Non-contaminated Solid Waste ..........c.coevervierreererereeseeresseneesnenan. 4-9
4222 11(e).2 Byproduct Material..........cccceveverveeveneniinenenirenreceeneneeens 4-10
4223 Septic System Solid Waste ........cocceeveririereneercreneeseeeeee e 4-10
42.2.4 Hazardous Waste ......c.cccvevveerreieniiereneeeeneeiesee et 4-10
423 RETEIENCES. .. .couiiciiitiecierieereet et esre et e ste s e sae st e sme e s e e e eneeeeneesane 4-11
5 OPERATIONS 5-1
5.1  Corporate Organization/Administrative Procedures............cccocceeverenceecennnnnens 5-1
5.1.1 Board of DIreCtors........cooeeveeciererreeceeerecert et 5-1
5.1.2 PreSIA@NL....c.uiiiieiieiieieetertet ettt e et sreesaeseeesee e sae e s sen e e menes 5-3
513 MINE MANAGET ......cocvrrrerreniieniereerieeeereesceseeseresteneesseesaesaesaeessneessassssnese 5-3
514 Manager of Health, Safety, and Environmental Affairs ...........cccceeueenne. 5-3
5.1.5 Radiation Safety OffiCer........coovueveiiiiiiiiinnieniiienieciece e 5-4
5.1.6 Health Physics Technician........c.ccovveeveviinrienninccreniencnennennneeseeensenneenne 5-4
5.1.7 SaAfEtY SUPETVISOT ...ucivireeiuirieieciietecitesie ettt sesinssesstessesvessreesenasssens 5-4
52 Alara POICY cooviiiiiiiiiiiecreeeet ettt e 5-5
521 Management Responsibilities ..........cooeeirceinieiinnecnincciniinicnreene 5-5
522 Radiation Safety Officer Responsibility ........cccocvvververicnneesiincneesrcnnens 5-5
523 Supervisor Responsibility .........ccccceeveevienerinrenenenenereneeeeeeeseeesneereens 5-6
524 Worker Responsibility .......cccecereeeieeriinneenenceeninseeeiee e sce e 5-6

November 2007 v



CROW BUTTE RESOURCES, INC.

SUA — 1534 License Renewal Application

5.3  Management Control Program........c...cocceeviriiiiiiniinninnnrrnresesieeseeseeesvee e 5-8
5.3.1 Environmental, Health, and Safety Management System ..........c.c.......... 5-8
53.1.1 Operating Procedures...........ccoovueeviiiiireniiniiiciiccieeieesveseeessessseeaes 5-9
53.1.2 Radiation Work Permits..........coceeveriniieineneniinienrcceseese e 5-9
53.2 Performance Based License Condition............ccocevveineeriinenerenceenseennens 5-10
533 Safety and Environmental Review Panel..........c.cccccoievvierennrinceencnnennnn. 5-11
5.3.3.1 Safety and Environmental Review Panel Review Procedures....... 5-11
5332 Documentation of SERP Review Process............ccecevueeieereeeeniannne 5-12

5.4  Management Audit and Inspection Program ...........ccceccevvreeiieecierccceecencinen. 5-14
5.4.1 Radiation Safety INSPeCtions.........c.ccoceeervieniniinenieninietee e e 5-14
54.1.1 Daily INSPECHIONS ....cocvviimeiriieiiriirireerieniene et seesne e neeeneas 5-14
54.1.2 Weekly RSO InSpections........c.cccccceveeiiniininniiniecieceeceeeceeeeneens 5-14
54.1.3 Monthly RSO RePOILS......cccovviiriiiieiiiineresieeerere v srreeressveenaenes 5-14
542 Evaporation Pond InSPections...........ccecevvevirieieiseceneererreesesseesesssesnens 5-14
54.2.1 Daily INSPECLIONS ......eerieireiiiiiiiriieciiniecteeteecte e reere e reesssassseeas 5-14
5422 WeeKly INSPECHIONS.....ccoveerireieieeieientieeserreeesrere e sae e seseesneens 5-14
5423 Quarterly INSPECLIONS .........ccccerviriirriereieeee et 5-15
5424 Annual INSPECLION ....c.covveeieiniiiiinies et 5-15
543 Annual ALARA AUGILS ...c.oovveririiericenencreeeenieieresrese e see e 5-16
5.5  Health Physics Qualifications........cccccecvervieniiiiinieninnininice e e 5-18
5.5.1 Radiation Safety Officer Qualifications...........c.cceveveevievieseniieseneiieienns 5-18
552 Health Physics Technician Qualifications............cccecceeeeieveecrreceesennnnne 5-18
5.6 TrAININE...ccoiioiiiiieeeeecere et et et e et s e te e steeste st e e ba et et e ese e seensnesareessaaensnans 5-20
5.6.1 Training Program Content ..........ccccceeveeiiviiiincncnienincieereeeesrcseenenens 5-20
5.6.1.1 VISTEOTS .. euveeveniniinreereniterieere st ettt e st steste s e e s e s sessesssasseseseensenas 5-20
5.6.1.2 CONLTACLOTS ..cuvrnriiiiiiciiier e sare s 5-20
5.6.1.3 Crow Butte Resources Employees.......ccccovvvieeieeciieecieecceeeenieenn, 5-20
5.6.2 Testing ReqUITEMENLS .........cccevviriererieiirenirceeerese e s saenee 5-21
5.6.3 On-The-JOb TTainIng ......ccceevuirviieniriiiririere et st sae s eseenee 5-22
5.6.3.1 Health Physics Technician.........ccccoevevvieienecciecieceeseecreeeveeennens 5-22
564 Refresher Training .......coccocereeeeiereiinieniesieeresesesese e sseees e sseeessenas 5-22
5.6.5 Training RECOTAS....coevuieuieiirieeiiieieetetetese e e esre s 5-22
5.7 SECUILY .eeitieriectiercriecreeeeesieeeteear e e sreessreeseessaesatesesesbesssesbanssesasesasesassaasssaanss 5-23
5.7.1 License Area and Plant Facility Security.........cccoceeeveeerrienrerieesienannnens 5-23
5.7.1.1 Central Processing Facility Area .........ccccevveevineeeenrinecreesceeseennes 5-23
57.1.2 Office BUIldINg .....o.eevirmiriiiicirinicrctctsecte e 5-24
5.7.2 Transportation SECUTILY .......ccccecireuereririneieircreresr ettt 5-24
5.8  Radiation Safety Controls and Monitoring...........cceceeeeeeeveeenrereevesreesrenenen. 5-26
5.8.1 Effluent Control Techniques...........ccccoeiviiieeeieiieecceeee e 5-26
5.8.1.1 Gaseous and Airborne Particulate Effluents...........ccccceevveveceenenee. 5-26
58.1.2 Liquid EffIUents ......c.coccoovieiiininieecrcee e 5-27
5.8.1.3 Spill Contingency Plans.........ccccceeveiviinieniinseniinensieeeeecreeseeseneas 5-28
5.8.2 External Radiation Exposure Monitoring Program ...........ccccecveveeenennen. 5-31
5.8.2.1 GamMIMA SUTVEY....cocceieiiiiitieiierittteecteereteeeeteeeseeeecvaeesesvesesesannens 5-31
5.8.2.2 Personnel DOSIMELIY........cceeveeiiieieeicicrceereree e e 5-32
5.8.3 In-Plant Airborne Radiation Monitoring Program...............ccecceevverenenee. 5-34

November 2007 v



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

5.8.3.1 Airborne Uranium Particulate Monitoring...........cceceeveeneeneeneenenne 5-34
5.83.2 In-Plant Radon Daughter Surveys .......ccccceoeveeeveerieeneniecncneeene 5-39
5.83.3 Total Effective Dose Equivalent..........ccccceveveriiinnicenincncccnene 5-48
5834 Respiratory Protection Program..........ccccoeevviveienireniiennenneenennnne. 5-50
5.8.4 Exposure Calculations ..........ccceceeiieiienneiniiieiiecieenres e eerereeseseiee s 5-50
5.84.1 Natural Uranium EXPOSUTE ......c.ccoveiveiiinciiiininceciccieniennennenes 5-50
5842 Radon Daughter EXposure..........ccooveevereenirsieneenecneeeeecceeeeae 5-53
5.8.5 Bi0assay Program ........cccccveeeeeiiirieniienienienennesseeser e e eesesneseesseessnenns 5-55
5.85.1 Program DesCription.........ccceceviinieriniincneniinieeecnceresieevecsecseenes 5-55
5.8.5.2 Historical Program Results.........c.cccooerieivininencninnniniiecennns 5-55
5.8.6 Contamination Control Programi...........cccoceeveeveneeniinscnneensienieeeenenns 5-62
5.8.6.1 Surveys for Surface Contamination...........ceeeeveeeerveerecreneeceennenne 5-62
5.8.6.2 Surveys for Contamination of Skin and Personal Clothing........... 5-62
5.8.6.3 Surveys of Equipment Prior to Release to an Unrestricted Area... 5-63
5.8.6.4 Historical Program Results ..........ccoceveverircenecrnncniicieneccnenee 5-63
5.8.6.5 Contamination Control Program...........cceccoveevieneevnniiniieneneneenns 5-63
5.8.7 Airborne Effluent and Environmental Monitoring Programs................ 5-64
5.8.7.1 Program Description and Historical Monitoring Results............... 5-64
5.8.7.2 RAAOMN ...ttt 5-64
5.8.7.3 AIr Particulate ......oocveeveveiiiiiiniee ettt 5-78
5.8.7.4 SUface SOMl...ccuveiiiierieiee e e 5-86
5.8.7.5 Subsurface SOil ......c.eeveriiriiiiiieiee e 5-86
5.8.7.6 VEZELALION ...ttt et sb e s s s ae s 5-86
5.8.17.7 Direct Radiation .......cccoueeveeieiinieneiiecieeee et 5-87
5.8.7.8  SEdiMENt ...coovveeeieieicterereecteieetere ettt e 5-87
5.8.7.9 Proposed Airborne Effluent and Environmental
Monitoring Program ............cceceeieenienieniienicniienieecnceereesee e 5-88
5.8.8 Groundwater/Surface Water Monitoring Program ..........cccccecoeeveenennnen. 5-88
5.8.8.1 Program DesCription ........c.ccecuevieviniinieniniiniiiricicniecesreeeseecseeane 5-88
5.8.8.2 Groundwater MONtoring ........cccceeceeveriteieeieeenieereereeeseeseesee e 5-88
5.8.8.3 Surface Water Monitoring .........ccccovveeveerrereiniersnrenrcrscesereesnenns 5-118
5.8.8.4 Evaporation Pond Leak Detection Monitoring.........c.ccecveevereueene 5-119
5.89 Quality Assurance Program ........c.ccccevcerveeierceecrnseeseeneenenee e 5-119
5.8.10  Monitoring Program Summary..........ccccoeu..... eeerteeereeereee e eeteenaeesaeas 5-120
5.8.11  REferencCes.....ccceoieririiieerinieieinereceece ettt 5-122
6 GROUNDWATER QUALITY RESTORATION, SURFACE
RECLAMATION, AND FACILITY DECOMMISSIONING 6-1
6.1 Plans and Schedules for Groundwater Restoration..........coccceeveeeeenniinecncnncene 6-1
6.1.1 Ore Body GENESIS «...ceevieeieieriinieneniecreseeseetesieereeeeeseeesees e e ssesseesseesnes 6-1
6.1.2 Chemical and Physical Interactions of Lixiviant with the Ore Body ......6-2
6.1.2.1 Ion EXchange ... 6-2
6.1.2.2 Precipitation .......cocviiiiiiiiiiiiinct s 6-2
6.1.2.3 HYAIOLYSIS ...eviiereeniiinieeieeienie ettt st set e e eeeeesaeesaeesee st e 6-4
6.1.24 OXIALION. ... ettt csre e s snesbeebe st ssesae s 6-4
6.1.2.5 OFZANICS ..vreenvreenereneieneerereesteseesteseeseessestesseessessnesseesseeseessesseesneenne 6-4

November 2007 vi



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

6.1.3 Basis of Restoration Goals........c.cccceveevieneeiereinennieniienencneeceseeneeeeeens 6-4
6.1.3.1 Establishment of Baseline Water Quality ........cccocvevverinnieninencnnn. 6-5
6.1.3.2 Establishment of Restoration Goals........ccccceveveneneninrninecvcncnnene. 6-5

6.1.4 Groundwater Restoration Methods..........cocvveviicinieinnicnnienenencnieine 6-18
6.14.1 INtrOAUCHION.....ccoiiiiriiiicireerer ettt e ne s e 6-18
6.1.4.2 ReStoration ProCESS.........cceceieeeeieieieseee ettt 6-21

6.1.5 Groundwater StabiliZation ...........ccoceeviviiereereenreene e 6-26

6.1.6 Groundwater Restoration Reporting...........ccocevvveeieciiicniicnnenenneniennns 6-27

6.2  Plans for Reclaiming Disturbed Lands .........ccoceeveerveeiinineiiinniicnniiniieninnns 6-28

6.2.1 General Surface Reclamation Procedures...........cccoeeceveriinienienicnnnennens 6-29
6.2.1.1 Topsoil Handling and Replacement..........cccccoeeeiviiniecnencincnnienne 6-29
6.2.1.2 Contouring of Affected Areas........cccocceevereeriininnecinnenineencnene 6-30
6.2.13 Revegetation PractiCes.......cocuvviivieiienceenreeeieeneeneenereecsessneseens 6-30

6.2.2 Process Facility Site Reclamation..........cccceeeveeeviceeniiccniennniinneenieennne. 6-31

6.2.3 Evaporation Pond DecommiSSiOning.........cccecveveeenveirienerivenrenieneerennenas 6-31
6.2.3.1 Disposal of Pond Water .........ococevevevcinniniinininicnencececennes 6-31
6.2.3.2 Pond Sludge and Sediments..........ccccoccrieeieiniinnicniiiinieienenee, 6-31
6.2.3.3 Disposal of Pond Liners and Leak Detection Systems................... 6-32
6.23.4 On Site BUrial ......coceveviiriirieieiicrerene et 6-32

6.2.4 Wellfield DeCOMmMISSIONING .....cccveruieeverierienreeieenetenienieniesieenesanenns 6-32
6.2.4.1 Well Plugging and Abandonment............ccceceeciieviiiicnnincncncnuenne. 6-33
6.2.4.2 Buried Trunklines, Pipes and Equipment ..........cc.ccoceveviiniincnnnnne. 6-34

6.3  Removal and Disposal of Structures, Waste Materials, and Equipment ....... 6-35

6.3.1 Preliminary Radiological Surveys and Contamination Control............. 6-35

6.3.2 Removal of Process Buildings and Equipment............c.cccocvvrvvnnrenennnen. 6-35
6.3.2.1 Building Materials, Equipment and Piping to be Released

for Unrestricted USE.......ccceviverieniennneniieniccrentcseenienee e 6-35

6.3.2.2 Disposal at a Licensed Facility ........cccccvcenvnininninnneicnenne. 6-36

6.3.23 Release for Unrestricted USE ........coccoceeviineriiecenneenennenneesencneene 6-37

6.3.3 Waste Transportation and Disposal .........cceeveevververnieenecniensienrenieennn. 6-37
6.4  Methodologies For Conducting Post-Reclamation and Decommissioning

Radiological SUIVEYS.......ccceeviiieieiecee ettt ettt s e e sa et e e sre e 6-39

6.4.1 Cleanup Criteria......ccceeeiiireeiiiiiecierecterieeeeseeseeeeeeseeesaeesseessesseesneaes 6-39

6.4.2 Excavation Control MONitoring ..........ccceeeeereerccerreesseeneeniersesseessessennns 6-40

6.4.3 Surface Soil Cleanup Verification and Sampling Plan.......................... 6-40

6.4.4 Subsurface Soil Cleanup Verification and Sampling Plan .................... 6-41

6.4.5 Temporary Ditches and Impoundments Cleanup Verification and

SamPling Plan ......cooviiiiiiiiiiieeccere ettt 6-41

6.4.6 QUALILY ASSUIANCE .....ccccveicreeereerrerireeneeresseesesseesresseessaessesssasssasssesssanns 6-41

6.5  Decommissioning Health Physics and Radiation Safety .........cc.cccceevievenncnne. 6-43
6.5.1 Records and Reporting Procedures....... cerreeeeree et ee e nae st ebanbesae st enaentan 6-43
6.6  Financial ASSUTANCE..........cceeriiriieriiiniieieneesence e sieesat et ssee e eneas 6-44

6.6.1 Bond Calculations.........c.eoeeereneirinineiieesencteerteneeeneeseeseeseesenennens 6-44

6.6.2 Financial Surety Arrangements...........coceevvveeeeereeeneeneeneenenneneeesneesesensens 6-44

6.6.3 REfEIENCES ... .eiiieiiicieeie ettt 6-44

November 2007 vii



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

7 ENVIRONMENTAL IMPACTS 7-1

7.1 Land Use IMPACES ...c..coeveeeerirrerirrenreiinieienreeenresesieseseeseestesessessensessssessessansens 7-1

7.1.1 Land Surface IMPacts .....c.ccceeeveveeciieieeniieecerececeeeee e svesnenens 7-1

7.1.2 Land Use IMPACLS ......coveereeiinieiieeieeeeecee sttt eeveeveere e 7-3

7.2 Transportation IMPACES ....c.coeceeeerierierteererienie ettt 7-5

7.2.1 Access Road Construction Impacts .........ccccceeeeeivciiniiniiiiecieniccreenneeeens 7-5

722 Transportation of Materials.........c.coeveevieieiniiniinienieninirreereree e, 7-5
7.2.2.1 Shipments of Construction Materials, Process Chemicals,

and Fuel from Suppliers to the Site.........ccccoovvrvervreriniiiceeeeienene, 7-5

7.2.2.2 Shipment of U303, Loaded Ion Exchange Resin and
11(e)2 By-Product Material, Yellowcake, Resin From the Site

to a Licensed Disposal Facility.........ccccceveverieieciivieccciecereeene 7-6

7.2.3 Impacts to Public Roads.........cccceevireiieiiriiiieiininrecee e 7-6
7.3 Geology and Soils IMPACES .....ccccecerveeriiririiiriinciice et ne e ene 7-7
7.3.1 GEO0logIC IMPACES ..cveveeiieiirieieeee ettt be e 7-7
7.3.2 SOIl IMPACES ..ottt etee ettt et be e be e nean 7-7
7.4  Water Resources IMpPacts........c.cecceeveeviennieiniineiieneneeenn e 7-9
7.4.1 Surface Water Impacts of Construction and Decommissioning.............. 7-9
7.4.2 Surface Water Impacts of Operations..........ccccccveveeerviinienieneenenceesieene 7-9
7.4.2.1 Surface Water Impacts from Sedimentation............ccccceevrcrerveuenee. 7-9
7.4.2.2 Potential Surface Water Impacts from Accidents....... beeesseesseentesas 7-9
7.4.3 Groundwater Impacts of Operations..........ccccccovvevviriiivcrincniieneereeseenne. 7-10
7.4.3.1 Groundwater ConSumMpPion..........cocvveerieeiieenerniesienenieenreeseeeseesens 7-10
7.4.3.2 Impacts on Groundwater Quality........c.ccceeivveecieevieniirerereeieeneenee. 7-12
7433 Potential Groundwater Impacts from Accidents............c.cocu....... 7-13

7.5  Ecological Resources IMpPacts ..........ccceevereierieniieniienenrenesieeesiesseseesaeseenens 7-15
7.5.1 Effects of the Current Commercial Operation..........cccecevveevreervenreeennen. 7-15
7.5.2 Impact Significance Criteria .........coccervuiriersieneesienenirerieerreeeeeeseeseenens 7-15
7.5.3 VEEELALION .......ecvvevetertetenesietesesse e esees s st s et esessss s tesss s e sssasasasassasas 7-16
7.5.4 Surface Waters and Wetlands ..........ccceeeeerieviineeniennicnecneniecnereeenaens 7-17
7.5.5 Wildlife and Fisheries.........cocevievervieniiniiniiiineesec e 7-18
7.5.6 Small Mammals and Birds........c.ccoeoieriiiiiiiiinineneeteeeceeeeeene 7-18
7.5.7 Big Game MammalS ........cccceecerviiriiiiiienie e ve e e 7-19
7.5.8 Upland Game Birds..........cecvvvevererrniirrenrininienintnesinsessesssevessesessssenns 7-20
7.5.8.1 Sharp-tailed GrouSe .........ccecveeeveeriiieriiieiienienesee e reenns 7-20
7.5.9 RAPLOTS .ottt 7-20
7.5.10  Fish and Macroinvertebrates..........cccoeverervienienenenrisneniereeeseeseeessenenas 7-21
7.5.11  Threatened, Endangered and Candidate Species...........cccceceereerrecrennee. 7-21
7.5.11.1 Swift Fox (State Endangered)..........ccccoeivvvrvincinncniiniereseneenne 7-21
7.5.11.2  Bald Eagle (State Threatened) ...........cccccovuvrvrcrrveceerencieceeereeceenen. 7-22
7.5.11.3  Black-footed Ferret (Federal and State Endangered)..................... 7-22
7.5.11.4  Whooping Crane (Federal and State Endangered)......................... 7-22
7.5.11.5  Reptiles, Amphibians, and Fish .........c.cccoovvrrvnninnininnininciieenen. 7-22
7.5.12  Cumulative IMPactS ......ccovererrieriieriiieniiesieeneesree e see e e seneseeseennes 7-23
7.6 Air Quality IMPactS.....cccceeueerinenienieietentece ettt 7-24
7.7 NOISE IMPACES...coiiriiiiiriiiiincieci ettt s s s e saeraens 7-26

November 2007 viii



CROW BUTTE RESOURCES, INC. =

A
SUA - 1534 License Renewal Application e
7.8 Historic and Cultural Resources Impacts..........cocceeeerrevenencesceesesiesecnrennnns 7-27
7.9  Visual/Scenic Resources IMpacts .........ccceceeeceeeeiineeniieieeseseceeseeereenneceveennens 7-28
7.9.1 Environmental CONSEqUENCES.........cccecterierrierenirnrinienieseecsennesseesaeeseens 7-28
7.9.1.1 Short-term Effects.........cccvvivrerirvnienieriineniienrieeneesessseereseenens 7-28
7.9.1.2 Long-term Effects .......ccociriieieiiiiereeeeceeteeeee e 7-28
7.10  Socioeconomic IMPACES .......ccccverievririerenieitenerrereteeeer et a et v s 7-29
7.10.1  Tax REVENMUES.....coceiieriieieeeeteceeee ettt st sve et sva s see e 7-29
7.10.2  Temporary and Permanent JODS.........ccccveevrieviiiicnenceniienieereeeee e 7-29
7.10.2.1 Projected Short-Term and Long-Term Staffing Levels................. 7-29
7.10.3  Impact on the Local ECONomy ...........cccoevereveneeniererieneneeseeeieeeeieeneen 7-30
7.10.4  Economic Impact Summary........c.cccevevivinininininiinnnninncncnereneneseceenenes 7-30
7.11  Environmental JUSHICE.......cccvueriiiriiiinierieieerneersreesesieeresseeseesssessnesasnesseens 7-31
7.12  Public and Occupational Health Impacts.........cccccevevvverieeenincinceeeeceeeeieene 7-34
7.12.1  Nonradiological IMPaCtS.........cceveervirieerreriirriererinerestee e 7-34
7.12.1.1 Airborne Emissions........cccevervuieieeieeneenienieeienesieesteneeeee s eeeessens 7-34
7.12.1.2 Sediment Load ........cccoeeererinienenirenenereeee e 7-35
71213 Water LevelS ...ttt 7-36
7.12.2  Radiological IMPacts .......icccccerirrersiieiinieeeeieieiencse et ees e 7-45
7.12.3  EXposure Pathways .........ccccoveevirereiinecieneinecsteseee e seeeeevenns 7-47
7.12.3.1 Crow Butte Main Plant ..........coccovevierininiiiirieneneeceeeeevenne 7-47
7.12.3.2 Satellite Plant ........cccoceeveiieiiienienctenieecctceese e 7-49
7.12.4  Exposures from Water Pathways.......c.ccocceevevveeninenenceecieseseeneeienens 7-53
7.12.4.1 Main Plant........cccoovivniniireieeeresceeiete ettt 7-53
7.12.4.2 Satellite FaCility ........ceovvereerinrieneniierenertctserienee e 7-53
7.12.5  Exposures from Air Pathways ........c.cceceeveeriieviininienienrennenesresseesesens 7-54
7.12.6  Population DOSE........coceveeeeieriereirieece et ereee ettt r e n e reens 7-60
7.12.7  Exposure to Flora and Fauna ............ccccoeeeeeiciecineneceeeeeeeereceeeveens 7-60
7.13  Waste Management IMpPactS.........cccccereiieriieniieiiinnensneeseseeesresessessssesseeens 7-61
7.14  Effects Of ACCIAENLS.......cccoeeriiiiiireerieienieseetete ettt et aesnanaens 7-62
7.14.1  Tank Fatlure........cccocoeviniiiiieicctnceeeereeeteeesecse et 7-62
7142 PIPE FAIIUIE ...ttt r e enre s 7-62
7143  Pond Failure........cccooiiiniiiiinieceetece ettt a e raens 7-63
7.14.4  Lixiviant EXCUISION......c.eceeceiietieieeie ettt e s e e 7-63
7.14.5  Transportation ACCIAENTS........ccccvereeiieerivereieneeieeieeeteeeessreeraeseveeeseees 7-64
7.14.5.1 Accidents Involving Yellowcake Shipments.........c.ccceecevenereennenn. 7-64
7.14.5.2  Accidents Involving Shipments of Process Chemicals.................. 7-65
7.14.5.3  Accidents Involving Radioactive Wastes ...........cccoceecveveererennnenne. 7-65
7.14.54  Accidents Involving Resin Transfers............ccoeeeevereeenccnenrennene. 7-66
7.14.6  Other ACCIAENLS ......cocecveireniieirieniesrece et e e e ees 7-66
8 ALTERNATIVES TO PROPOSED ACTION - 8-1
8.1  NO-Action AIEINALIVE ......cccoveueeerieririeiienerientenenerreseesesteessssesasssesesessesseseses 8-1
8.1.1 Summary of Current ACHVItY ......cceevveecerieieierese et enees 8-1
8.1.2 Impacts of the No-Action Alternative............... e 8-1
8.2 PropoSed ACHOMN.....ccouceuieeuiriesiiirietitetesrese st reste e e testesse e ste s e e s e ssessessanns 8-3
8.3  Reasonable AIternatives........ccocecceviriivienienerneeneniereernsesresseesessessessessessessenes 8-4

November 2007 1X



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

8.3.1 Process AILernatives........cceeeeeereirceenestineeseescnt et 8-4
8.3.1.1 LixXiviant ChemiStry ......oecrveeiiirerrenienirceererereeseressnessseesenessesssaens 8-4
83.1.2 Groundwater ResStoration ..........ccocceveeveecreninniecsienienieesseenseeneeseeneenne 8-4
83.1.3 Waste Management..........ccccecvvcreenennnnnns ettt re e 8-4

8.4  Alternatives Considered but Eliminated ..........oceovvvcreieriieinieniieenenneneenenene. 8-5

8.4.1 MinIng AIREIMALIVES ......coveerereeerirrieeriereeseneitese et essetesaneessnessenessseseesnes 8-5

8.5  Cumulative Effects......c.ccevieviiieniiiiniiinetceeeiecreret ettt 8-7

8.5.1 Cumulative Radiological Impacts.........ccccceeivuiviiiiiniiniiesnnenceeeneeeceneas 8-7

8.5.2 Future Development...........ceeveeierienenereneeiesineeeseesie s esnesseeeseeseeesasaes 8-7
8.5.2.1 Other Fuel Cycle Facility Development .........cccecceeveeeinneevienenennn. 8-8

8.6  Comparison of the Predicted Environmental Impacts .......cc.ccceevveeevernrnrirnnenene 8-9

8.6.1 RETETENCES ... ctirvirieeeieieeeie ettt et st sr s en et s ee e 8-11

9 COST-BENEFIT ANALYSIS.... 9-1
9.1 GENETAL......eiiiiiiiiiiiiciect ettt et e e e e e et st e e e et e et ebesntens 9-1
0.2 EcOonomic IMPACES.....c.coueiirieeieeieeeesiencetetestesieeesee e s e st ssve e saessessseseesaassens 9-2

9.2.1 TaX REVEIUES......coiieieiierieneeeieecetenteeese ettt e e st e e seesaesrenens 9-2

9.2.2 Temporary and Permanent JODS......ccccccoerreerernenieniiiiniieneeee e 9-2
9.2.2.1 Current Staffing Levels......cccooeeeeiriiviiininiiceeeeeeeeeee 9-2
9.2.2.2 Projected Short-Term and Long-Term Staffing Levels........... e 9-3

9.2.3 Impact on the Local Economy........ et et e et se et st e e s s rbasesebe e s sbeenraeane 9-4

9.24 Economic Impact SUMMATY........ccuereereeriereenierneereineesreeseeseeeesseesseees 9-4

9.2.5 Short-Term EXternal COsts ........ccveverireeneecrierernenereenereeeerreeresseresseneees 9-5
9.25.1 Housing IMPacts ......cccccereeeeieneincniiniiiniintcee e 9-5
9.2.5.2 Noise and CONGEStION .....coeervererriirrieeieeiereeeirtsrreeseeeeeee et seesaeens 9-5
9.2.5.3 LOCAl SEIVICES ...ccuviruireieierreretetenie sttt saae e ssenens 9-5

9.2.6 Long-Term External CostS.....c.eevvirveerirnerienirceeneeniee st sesce e seeees 9-5
9.2.6.1 Housing and ServiCes.......cccveverecininiiiiinininreeeesteenesieniessessensens 9-5
9.2.6.2 Noise and COoNGESHION ....ccuevuirvriririeieeneerereetenresseesressessessensesnenesees 9-6
9.2.6.3 Aesthetic IMPactS.....cocveeverieinireiieeeece et 9-6
9.2.6.4 Land Access REStHCHONS .......c.vvcveevereereniineeeeeeereeesreeeereseesaeensens 9-7

9.3 The Benefit Cost SUMMATY.......ccceevveeeriirierienrenreereeeeteeeesersrieseseseesseseessesaens 9-8
9.4 SUIMMATY .ttt tee e e et eerrteesreresesene et sretesessatsaeesassssesesasnseasansnsnes 9-9
9.4.1 RETEIENCES ... .ccuiiirieiieriieiti ettt s et e st 9-9

10 ENVIRONMENTAL APPROVALS AND CONSULTATIONS ......ccccevenee 10-1
10.1 Environmental Approvals for the Current Licensed Area........c.ccccecveueeneeneee. 10-1
10.1.1  REferenCes.....cecueiiiririeeeeeeetcecenrcreie ettt s e nes 10-2

November 2007 X



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

FIGURES
Figure 1.3-1: Current License Area Boundary & Proposed North Trend Boundary........... 1-5
Figure 1.3-2: Current License Area and Mine URits ........ccoveeeeieecneninerreccnreeneneiennenens 1-7
Figure 1.3-3: Crow Butte Project Property Land Ownership Map........cc.oooeveceevievinninnnn. 1-9
Figure 1.7-1: Current Production Area Mine Unit Schedule........occoeieiveneerccnneccnnnnne 1-17
Figure 1.7-2: Current License Area and Mine URits ...........cccecvevenenenesenesesinnenieneeenens 1-19
Figure 2.1-1: Principal Study AT€a......ccccoiiuieirirririirieineiriere et ettt seene 2-3
Figure 2.1-2: Current Project Layout..........ccocoiieiiinieninincicccnerceiese et 2-5
Figure 2.1-3: Crow Butte Project LOCation ..........ccccceeiereninierieeeeee et 2-7
Figure 2.2-1: Land Use Map.....cocociiiiiiiiiiii et eee ettt s 2-11
Figure 2.2-2: Crow Butte Location of Gravel Pits and Oil/Gas Test Holes ...................... 2-21
Figure 2.2-3: Location of Surface Water Features — Dawes County, Nebraska................ 2-25
Figure 2.3-1: Significant Population Centers within 80 Kilometers...........ccecvvvvverrirrennnnnn 2-35
Figure 2.4-1: Historical Sites — Dawes County, Nebraska .........ccoceevveeivieereeriesiecie e 2-51
Figure 2.5-1: Wind Rose for Scottsbluff, Nebraska .........cccoceoevenecinneninncnininrennn. 2-61
Figure 2.5-2: Rapid City Surface Winds ........cccoeoeivineniniinnieneneeeeneseieeeeneeeesienns 2-63
Figure 2.5-3: Crow Butte Surface Winds ........c.coccovvevrinenincnenenenenenenns evee ettt 2-65
Figure 2.6-1: Bedrock Geology Map, Dawes County ............ccceeveevemninveneenceesneneenie s eres 2-77
Figure 2.6-2: Area of Review, Stratigraphic Column........c...cccvverevieneieinrinrinviineinesreniesons 2-85
Figure 2.6-3: Cross Section LoCation .........co.ccviiiirrcniniinieereeeccnereee sttt saeaees 2-87
Figure 2.6-4: Cross-Section 518,000 E-W ... ..o iiiiiieeeeeeeeeteeeeeeeeeeeeeeveseeeereeeresesaneanes 2-89
Figure 2.6-5: Cross-Section 512,000 E-W ..ottt seesisanaens 2-91
Figure 2.6-6: Cross-Section 506,000 E-W ...ttt 2-93
Figure 2.6-7: Cross-Section 500,000 E-W ..ot neeeeseeenesenaes 2-95
Figure 2.6-8: Cross-Section 494,000 E-W.......oooiiiiiieeeeeeeeeeiee et eeeeeeeeeeseteeveaeeeeeesaearane 2-97
Figure 2.6-9: Cross-Section 490,000 E-W ..o 2-99
Figure 2.6-10: Cross-Section 482,000 E-W .....ooooieiiiieeeieeeeeieeeeeeeereetee e e s esetenesssseeeenas 2-101
Figure 2.6-11: Cross Section NW-SE ..ottt sevre et sae s 2-103
Figure 2.6-12: Thickness- Basal Chadron.........c..ccocoviivniinccnniennecene e, 2-107
Figure 2.6-13: Structure Elevation of Kp Contact Top of Pierre

(Base of Chadron Formation) ............cccccocueervrvinenne. eeeteerernee et eraeneeenes 2-111
Figure 2.6-14: Thickness- Upper Confinement.............cccueeveeeceecesenenenieniececreeeeeseeeeenenen 2-115
Figure 2.6-15: Seismic Hazard Map for Nebraska.............ccoccviviviirnccnincncnccnenecnnn. 2-118
Figure 2.6-16: Epicenter Locations and Seismicity Map of Nebraska...........cccccceerernennnnn. 2-119
Figure 2.6-17: Crow Butte License Area Soils Map..........cccovevenierecnninnicnneccnncnininn, 2-123
Figure 2.7-1: Location of Surface Water Features — Dawes County, Nebraska............. 2-133
Figure 2.7-2: FEMA Zone A FIood Map........c.ccconenvrincirnenininienne et 2-138
Figure 2.7-3: Regional Water Level Map - Brule Sandstone 1982-1983 ........................ 2-141
Figure 2.7-4: Regional Water Level Map - Basal Chadron Sandstone 1982-1983 ......... 2-143
Figure 2.7-5: ‘Hydrostratigraphic Cross Section Location Map........cccceevevvveennrennnnnnnnn. 2-149
Figure 2.7-6: Northwest-Southeast Hydrostratigraphic Cross Section........cccovvveneane.e. 2-151
Figure 2.7-7: East-West Hydrostratigraphic Cross Section........cccvueeeveereeecveverernenns. R 2-152
Figure 2.7-8: Pump Test LOCALIONS......c.cocuiiririineniciieieiee ettt est e 2-155
Figure 2.8-1: Ecological Study Area ..........coceverenieivineniriecereseneeesee et 2-183
Figure 2.8-2: Commercial Study Area Habitat TYPeS .........c.ccoeruererererenreeerierereeeeeennas 2-193
Figure 2.8-3: 1982 and 1996 Aquatic Sampling Site Locations..........cceceecveevereerennennnen. 2.213
Figure 2.9-1: Preoperational Nonradiological Sampling Points............cceeveeereereeverennene. 2-227
Figure 2.9-2: R & D Wellfield Water Quality Wells........ccccceevveecvvvecrennerecceenreerieeieeenn, 2-231
Figure 2.9-3: Seasonal Water Level Fluctuation ........cccovvivenernvcncniennseceeecreecceenn, 2-235
November 2007 xi



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

Figure 2.9-4: Seasonal Water Level Fluctuations.........c.oecereevieeieneniecinseseese e 2-237
Figure 2.9-5: Stream Discharge Rates ........cocoocviiiiiiiiiiiiininicceececeeeee s 2-245
Figure 2.9-6: S0il SAMPIE LOCALON. .....cvevreeerrreeeireerieeristrceerssaeaseneesessiesesssae s sseseesnens 2-247
Figure 2.9-7: Soil Sample Sites in Restricted Area.........ccceveeveeeeecennineeeeeree e 2-249
Figure 3.1-1: Well Completion Method Number One.........coovevninemnnicncnieienenieceenieiene 33
Figure 3.1-2: Well Completion Method Number TWO ......coccevveeriieccncieicc e 35
Figure 3.1-3: Well Completion Method Number Three..........coceveeirinieiineninisiesieeeeieiene 3-9
Figure 3.1-4: Crow Butte Mine Unit Layout .........oceevveeieenenennnnenineceeree et 3-13
Figure 3.1-5: Typical Wellfield Layout.........c.cccoueinieiniiiiinininniiiceeiecerereeenene 3-17
Figure 3.1-6: Water Balance for Crow Butte Facility.....c..coccoceveceemnnnnccnnciinencinene, 3-19
Figure 3.1-7: Process Flow Sheet for Central Plant and/or Satellite Plant ........................ 3-24

~ Figure 3.2-1: Central Processing Plant .........c.c.ccviiniininiiiniciinnncieneeneeeeeseeneen 3-30
Figure 5.1-1: Crow Butte Resources Organizational Chart..........ccccococvviviniicvcnneicrennene 5-2
Figure 5.8-1: Average and Maximum External Exposure Analysis..........ccccoceeeeveeneancnen. 5-33
Figure 5.8-2: Combined External EXxposure Analysis .......cccecvervviriienieriierienieesrenserinesseenes 5-35
Figure 5.8-3: Average and Maximum Airborne Uranium Exposure...........ccccevrecrvnnnne. 5-40
Figure 5.8-4: Combined Airborne Uranium Exposure Analysis ........cc.ccocevevvnervrvnnnnen. 5-41
Figure 5.8-5: In-Plant Air-borne Uranium Air Sampling Location.........cccceevevvveenreenenen, 5-42
Figure 5.8-6: Average and Maximum Radon EXposure............ccccocvcnicincncncnnncnenene, 5-46
Figure 5.8-7: Combined Radon Daughter Exposure Trend Analysis.........ccoveveenverennnen. 5-47
Figure 5.8-8: Average and Combined Total Effective Dose Equivalent Analysis............. 5-49
Figure 5.8-9: Total Dose ContribUtIONS ........cueviriiiininiinieniiiciniie et nees 5-51
Figure 5.8-10: Radon Environmental Monitoring for AM-1 (1991 — 2007)........ccccvevvennnen. 5-69
Figure 5.8-11: Radon Environmental Monitoring for AM-2 (1991 —2007).....c.ccccceevveenrnnee. 5-70
Figure 5.8-12: Radon Environmental Monitoring for AM-3 (1991 —2007).....ccccccverveeuvenne. 5-71
Figure 5.8-13: Radon Environmental Monitoring for AM-4 (1991 — 2007).....cccccecevvverinenne 5-72
Figure 5.8-14: Radon Environmental Monitoring for AM-5 (1991 — 2007)........ccceeeuveenneen. 5-73
Figure 5.8-15: Radon Environmental Monitoring for AM-6 (1991 — 2007)........ccecveennee. 5-74
Figure 5.8-16: Radon Environmental Monitoring for AM-8 (1991 — 2007).......ccccveueenenee. 5-75
Figure 5.8-17: Total Estimated Radon Release (1991-2007) ......ccoovevirecrecinrinenireereeeereenenn 5-76
Figure 5.8-18: Airborne Uranium Environmental Monitoring AM-1 (1991 - 2007) .......... 5-79
Figure 5.8-19: Airborne Uranium Environmental Monitoring AM-2 (1991 — 2007) .......... 5-80
Figure 5.8-20: Airborne Uranium Environmental Monitoring AM-3 (1991 — 2007) .......... 5-81
Figure 5.8-21: Airborne Uranium Environmental Monitoring AM-4 (1991 — 2007) .......... 5-82
Figure 5.8-22: Airborne Uranium Environmental Monitoring AM-5 (1991 - 2007) .......... 5-83
Figure 5.8-23: Airborne Uranium Environmental Monitoring AM-6 (1991 —2007) .......... 5-84
Figure 5.8-24: Airborne Uranium Environmental Monitoring AM-8 (1991 — 2007) .......... 5-85
Figure 5.8-25: Environmental Gamma Monitoring AM-1 (1991 —2007) ......ccccoveriinverannen. 5-92
Figure 5.8-26: Environmental Gamma Monitoring AM-2 (1991 — 2007) ......cccccvvvvvvevvernnnns 5-93
Figure 5.8-27: Environmental Gamma Monitoring AM-3 (1991 —2007) ....c.cccvcvvveeerennnn. 594
Figure 5.8-28: Environmental Gamma Monitoring AM-4 (1991 — 2007) ....c..ceoeevvvrvenennne 5-95
Figure 5.8-29: Environmental Gamma Monitoring AM-5 (1991 — 2007) ....ccccvvvcverncnenns 596
Figure 5.8-30: Environmental Gamma Monitoring AM-6 (1991 — 2007) .........cccevrererenenee 597
Figure 5.8-31: Environmental Gamma Monitoring AM-8 (1991 — 2007) ......ccoevreveveenenn. 5-98
Figure 5.8-32: Squaw Creek Sediment Uranium Concentration 1991 —2006................... 5-101
Figure 5.8-33: Squaw Creek Sediment Radium Concentration 1991 — 2006 .................... 5-102
Figure 5.8-34: Squaw Creek Sediment Lead-210 Concentration 1991 — 2006.................. 5-103
Figure 5.8-35: English Creek Sediment Uranium Concentration 1998 — 2006.................. 5-104
Figure 5.8-36: English Creek Sediment Radium Concentration 1998 —2006................... 5-105
Figure 5.8-37: English Creek Sediment Lead-210 Concentration 1998 — 2006 ................ 5-106
November 2007 xii



CROW BUTTE RESOURCES; INC.

SUA - 1534 License Renewal Application

Figure 6.1-1:

Figure 7.12-1:
Figure 7.12-2:
Figure 7.12-3:
Figure 7.12-4:
Figure 7.12-5:
Figure 7.12-6:

Figure 7.12-7:

Restoration Process Flow Diagram.........ccoceeevierviincniniennienionieeninniessisesnsneens 6-23
Location of Wellfield Withdrawal Points — Dawes County, Nebraska......... 7-39
Crow Butte Project Impact of Water Withdrawals.........cccccovevnicnieeniencnne 7-41
Crow Butte Project Impact of Water Withdrawals.........ccoccoeevrinicicienncnne 7-42
Crow Butte Project Impact of Water Withdrawals.........ccocovvvviinieiniiinnennnnn. 7-43
Crow Butte Project Impact of Water Withdrawals..........cccccoeciiiiiininicnnees 7-44
Human Exposure Pathways for Known and Potential Sources

from the Crow Butte License Area .........ccooovvreiinceciennnncnincre e 7-48

MILDOS Receptors for Main Plant and Satellite Processing Facility ......... 7-51

November 2007

Xiii



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

TABLES
Table 1.3-1:  Land Ownership within the Crow Butte License Area.......cccococeveeveeveeneennennen. 1-3
Table 1.7-1:  Current Crow Butte Production Area Mine Unit Status........ccccvvevererieecnnnnnn, 1-15
Table 2.2-1:  Land Use Definitions ......cooeeriiriiieiiniiiieecetenieeieestsstes e sseesnesinesassenesneesne e 2-13
Table 2.2-2:  Land Use of the Crow Butte Review Area 3.6-km (2.25-mile)

Radius, By Sector and Category (in 8CTes) ......cccvvverrereerecreeresenresneeeeeeseeeesonns 2-14
Table 2.2-3:  Recreational Facilities within 80-km (50-Mile) of the Crow Butte

LICENSE ATCA ...cueuirieiieiirieiteeereecreee et esee st e st et et et e teste st e ae e e et et e ssaenaastasteseas 2-15
Table 2.2-4: 2006 Agricultural Yields for Croplands in Dawes County ..........ccccoeveeveneninn. 2-17
Table 2.2-5:  Potential Agricultural Production for Cropland in the License Area

and the 3.2 km (2.0-Mile) Review Area ......c.cccoeciiiiiviinciecrnninnic s, 2-17
Table 2.2-6: Livestock Inventory for Dawes County, 2002.........cccoocevvreieieniencenvieceen e, 2-18
Table 2.2-7:  Residence Count and Distance within the 8-km (5-mile) Radius

of License Area Center POINt.........c.ccivvieeiiieniresir ettt 2-19
Table 2.2-8: Summary of City of Crawford Water System.........c.cceevvrrvmreiereceeeiiecrecnnenns 2-27
Table 2.2-9:  Summary of Groundwater Quality Data — Crow Butte Vicinity....................... 2-28
Table 2.3-1:  Historical and Current Population Change for Counties and Towns

within 80-km (50-mile) Radius of the License Area, 1960-2000 ..................... 2-33
Table 2.3-2:  Population by Age and Sex for Counties within 80-km (50-mile)

Radius of the License Area, 2000 ........ccoooiiieciieeieeeeeeeeee et 2-34
Table 2.3-3:  Population Projections for Counties within an 80-km (50-mile)

Radius of the License Area, 2000-2020.........oovmvmiiiieieieireeieneeereeeeressereneseesane 2-34
Table 2.3-4: 2000 Population within an 80-km (50-mile) Radius of the License Area”....... 2-40
Table 2.3-5:  Annual Average Labor Force and Employment Economic Sectors*

for Dawes and Box Butte Counties, 1994 and 2002.........cocovvvivvveervivveeerenenn. 2-41
Table 2.3-6:  Race and Poverty Level Characteristics of the Population in the

State of Nebraska, Dawes County, and the CSA.........ccccveevireeveenveeceeeee. 2-45
Table 2.4-1: Summary of Cultural Resources Identified During the 1982 and 1987

Investigations Crow Butte Project, Dawes County, Nebraska.......................... 2-49
Table 2.4-2:  Scenic Quality Inventory and Evaluation for the Crow Butte License Area....2-54
Table 2.5-1:  Mean Daily Maximum and Minimum and Mean Monthly Temperature

Data for Chadron, Nebraska ..........ccoveeieiieiieiec et 2-56
Table 2.5-2:  Temperature Occurrences for Chadron, Nebraska ||

(From 1948 t0 2003) ......ccvieieeieierieeeeece et e e e e e e e e s s e ssae s e seesen s enas 2-57
Table 2.5-3:  Mean and Maximum Precipitation Data for Chadron, Nebraska

(From 1948 10 2003) .....cc.eeieiieiieieiee ettt sttt 2-58
Table 2.5-4:  Precipitation Events (1982 - 1990) .....ccccoiiiiriiinieinreerresrennesrreeseesneseenensens 2-58
Table 2.5-5:  Percent Relative Humidity Data (From 1982 - 1990).......cccccoceveeivcrvenvecreennen. 2-59
Table 2.5-6:  Frequency of Winds by Direction and Speed (Stability A) .....ccceevervvreeerivnnnens 2-67
Table 2.5-7:  Frequency of Winds by Direction and Speed (Stability B) ........cccccovevrveninncens 2-68
Table 2.5-8:  Frequency of Winds by Direction and Speed (Stability C) .......cccevvereeverreennee. 2-68
Table 2.5-9:  Frequency of Winds by Direction and Speed (Stability D) ........cccccovervurerrennnn. 2-69
Table 2.5-10:  Frequency of Winds by Direction and Speed (Stability E)......c.ccccceverrenennin. 2-70
Table 2.5-11:  Frequency of Winds by Direction and Speed (Stability F)......c.c.cccoevvevirvennnes 2-70
Table 2.5-12:  Frequency of Winds by Direction and Speed (All Stabilities)..........ccceeveevennens 2-71
Table 2.5-13:  PM,o Monitoring Summary (micrograms per cubic meter)........coeervverierarennenns 2-72
Table 2.5-14:  Typical Automobile Nois€ LeVels ........ccevueerriniriieireieccecereeeeeeen 2-73
Table 2.6-1:  General Stratigraphic Chart for Northwest Nebraska......ccccocceevecceereeecrincennnnnn. 2-79
Table 2.6-2:  Estimated Weight Percent as Determined by X-Ray Diffraction.................... 2-105
November 2007 Xiv



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

Table 2.6-3:  Earthquakes in Nebraska........ccccovveriiiniineniiiiinrcseeneeiininesresinsesesssseesseens 2-117
Table 2.6-4:  Summary of Soil Resources within the License Area..........c.cocveeeeveerienennee. 2-122
Table 2.7-1:  Comparison of Mean Monthly Precipitation with Normal Mean

Monthly Discharge of the White River at Crawford, Nebraska...................... 2-135
Table 2.7-2:  Normal Mean Monthly Discharge of the White River at '

Crawford, Nebraska, 1992 — 1995, part of 2003 and 2004........ccccevvrvvvennnn. 2-136
Table 2.7-3:  Brule Water Levels (in feet above mean sea level) .......cccoococvvveeciinveinnnnnnn. 2-145
Table 2.7-4:  Basal Chadron Water Levels (in feet above mean sea level)............couveenne... 2-146
Table 2.7-5:  Summary of Aquifer Pumping Tests Performed within the

CBR LICENSE AT ......veecieeriieirnerieeesrisieesstesrasstesssssseseessesssessessssssssesssssssessanns 2-165
Table 2.7-6:  Baseline and Restoration Values for Mine Unit 1 .......cccccvevvevvveeeveneneeennen. 2-167
Table 2.7-7:  Baseline and Restoration Values for Mine Unit 2 ..........cccoeeevvenieneniecienennnne. 2-168
Table 2.7-8:  Baseline and Restoration Values for Mine Unit 3 .........cccooooiiieneinniennnn, 2-169
Table 2.7-9:  Baseline and Restoration Values for Mine Unit 4 .........c.ccocooeivvivecvevcrenenenen. 2-170
Table 2.7-10:  Baseline and Restoration Values for Mine Unit 5 .......ccocooeiviieieninnncenennne. 2-171
Table 2.7-11:  Baseline and Restoration Values for Mine Unit 6 ........c.ccovevevevevveevenenennnnnen. 2-172
Table 2.7-12:  Baseline and Restoration Values for Mine Unit 7 ........ccoooeeeeiiirecincncannn, 2-173
Table 2.7-13:  Baseline and Restoration Values for Mine Unit 8 ...........ccccoooeeiiinniinninnnnn. 2-174
Table 2.7-14:  Baseline and Restoration Values for Mine Unit 9 ........ccocoevvivviinvirencenvennnene. 2-175
Table 2.7-15:  Baseline Well Restoration Table Mine Unit 10......cccoeceeoiviienieniiecinceeieene 2-176
Table 2.7-16:  Changes in Water Quality during Mining...........ccceceeveeveereeveierenneeesesneennnens 2-177
Table 2.8-1:  Plant SPecies List......ccociiieoeiieeie et ser e ve e 2-186
Table 2.8-2:  Habitat Classification SYStem........ccceceeviveireirieieereniesecectesre e e 2-190
Table 2.8-3:  License Area Habitat TYPES.....ccccvvvveviiriiieinirrrieieserresreste e vee e s e 2-192
Table 2.8-4: Mammal Species LiSt.........cccevieerieriieriieienienisi e eeee s e sae e e s 2-195
Table 2.8-5:  Bird SPecies LiSt.......cccoeeiirierereereeee st rae s esn e tn b sessn e 2-200
Table 2.8-6:  Reptile and Amphibian List.........cccceoveeieviinieniineceeereeerreececeee e 2-209
Table 2.8-7:  Federal and State Threatened, Endangered, and Candidate Species

with the Potential to Occur within the Vicinity of the License Area.............. 2-210
Table 2.8-8:  Fish SPecies List ....ccceooirieeieieeee ettt 2-215
Table 2.8-9:  Occurrence of Fish Species by Habitat..........cccceveeerinninieeeeceeeeen 2-217
Table 2.8-10:  Relative Abundance (Percent Occurrence) of Fish Collected at

Each Sampling Location (1982) ........ccceeieieieiiereeeeeereee et 2-218
Table 2.8-11:  Benthic Macroinvertebrate Community Values for Study Area

Streams and Impoundments Derived from Samples Taken in April 1982 .....2-220
Table 2.8-12:  Diatom Proportional Counts (Percent Occurrence) and Occurrence

of Other Algae by Sample Location (April 1982) .....cccoevevreenecenenerieenne 2-221
Table 2.9-1:  Non-Radiological Preoperational Monitoring Program..............coccvcerverueernnne 2-225
Table 2.9-2:  Private Wells Sampled within and around the License Area.............c........... 2-229
Table 2.9-3:  Baseline Wells.Originally Drilled by WFC ..........ooooeieeieeeeeeeeeeeeeerna, 2-230
Table 2.9-4:  Aquifer Water Quality SUMMArY.........ccoeveveeemiieeiiieneececeeee e 2-233
Table 2.9-5:  Water Quality Wells Used for Preoperational and Operational Data.............. 2-239
Table 2.9-6:  Brule Water Levels (in feet above mean sea level) .......cccceevvveviveeciineccenennnn. 2-240
Table 2.9-7:  Chadron Water Levels (in feet above mean sea level).........cccceveerecrnnnnene. 2-241
Table 2.9-8:  Suspended Sediment in Flowing Waters of Squaw Creek and

WHhIte RIVET ..ottt sttt s et sne s e s s sn e s e an e aeneases 2-242
Table 2.9-9: 1982 Stream Discharge Rates (IN7/S€C) ...........erveverevrimersraseeeeesssseseeseseeseeans 2-243
Table 2.9-10:  Soils Analysis Results License Area and Section 19........ccccoecvveveeveeiecrennennn. 2-251
Table 2.9-11:  Soils Analysis Results in Restricted Area...........cccooervreecrcnreeienrceceeieiene, 2-251
Table 3.1-1:  MiNE Ut StALUS ....cceeiirieeece et e s rsse e e e e e saesrasrsnannans 3-15
November 2007 XV



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

Table 3.1-2:  Wellfield Houses by Mine Unit.........c.ocoveiviirererieieeieeieecceeeecreee s 3-15
Table 3.1-3:  Typical Lixivant Concentration and Composition.........cc.cevveeveenreeviereeennecnnenne 3-25
Table 5.8-1:  In-plant Airborne Uranium Monitoring Results ..........ccccoeeveeieirecievieriervervennenn. 5-37
Table 5.8-2:  In-plant Radon Daughter Monitoring Results..........ccccoeeviriniiecieieeicneveneennenn. 5-44
Table 5.8-3:  Annual Airborne Uranium Exposure Results ..........cccoceevieeciiinieecenienneenenne. 5-52
Table 5.8-4:  Annual Radon Daughter Exposure Results...........ccoceeeiieiiecnceinicrinreceecenee. 5-54
Table 5.8-5:  Operational Environmental and Effluent Monitoring Program......................... 5-65
Table 5.8-6:  Ambient Radon Gas Monitoring Results (pCi\L) (1991-2007).........c.ccocuun.e.. 5-66
Table 5.8-7:  Environmental Radon Duplicate Monitoring July 2004 to January 2006........ 5-77
Table 5.8-8:  Radon Release to the Environment (Curi€s).........ccccveevvveeeceecieeneerieeecreeseeenne, 5-78
Table 5.8-9:  Annual Vegetation Sampling Program Results™® ...............ccccooceciecinevenrennennnn 5-86
Table 5.8-10:  Annual Gamma Monitoring Results (MREM)...........cccccvvinevininicececrceee 5-89
Table 5.8-11:  Annual Sediment Sampling Results...........cccccoriiiviiiiiniiiieceecee e 5-99
Table 5.8-12:  Private Wells Water Monitoring Results Uranium Analysis (mg/L).............. 5-109
Table 5.8-13:  Private Wells Water Monitoring Results Radium Analysis (mg/L) ............... 5-111
Table 5.8-14:  Surface Water Monitoring Results Uranium Analysis (mg/L)..........cc........ 5-113
Table 5.8-15:  Surface Water Monitoring Results Radium Analysis (piC/L)......ccccoeuvenee.n. 5-116
Table 5.8-16: Radiological Monitoring Program Summary...........c.cocececeinecvcineeceeeerenrennonn, 5-121
Table 6.1-1:  NDEQ Groundwater Restoration Standards...........cccceeveiiveneniienreireerecreesionen, 6-6
Table 6.1-2:  Baseline and Restoration Values for Mine Unit 1 ........ccccccevvvevievrineenenreennenen. 6-8
Table 6.1-3:  Baseline and Restoration Values for Mine Unit 2 ........c.coccveveeveeernnnnsiesieneennn, 6-9
Table 6.1-4:  Baseline and Restoration Values for Mine Unit 3 .........cccooevvevvinicvicecennennne. 6-10
Table 6.1-5:  Baseline and Restoration Values for Mine Unit 4 .........c.ccocceovevenevvieccenienen, 6-11
Table 6.1-6:  Baseline and Restoration Values for Mine Unit 5........c.ccoeveevveiciniiecenenneene 6-12
Table 6.1-7:  Baseline and Restoration Values for Mine Unit 6 ...........cccccoovvveviireenieierecnnnens 6-13
Table 6.1-8:  Baseline and Restoration Values for Mine Unit 7 ........ccccoeveiviiirecnniecerenenene 6-14
Table 6.1-9: Baseline and Restoration Values for Mine Unit 8 ......ooovvvvvvvvveiiveeiiiieeeeerreeneen. 6-15
Table 6.1-10: Baseline and Restoration Values for Mine Unit 9 ...........ccoecveievivecvrenneennenen, 6-16
Table 6.1-11: Baseline Well Restoration Table Mine Unit 10............ccccceerevrevricrivvivieinnene, 6-17
Table 6.1-12:  Post Mining Water Quality for Mine Unit 1 Restoration Well Sampling......... 6-19
Table 6.1-13:  Typical Reverse Osmosis Membrane Rejection..........ccecevevevicieenennnnniennenee. 6-26
Table 6.4-1:  Soil Cleanup Criteria and GOals ........cceeveveririeeiiiniiiesieeseieereesee e sreeseesses 6-39
Table 7.4-1:  EXCUISION SUMMATY.....c.cccmmreeertrrerieereertenteiteeteesstesiessesssssesssseseesessssesssssssssenes 7-13
Table 7.6-1:  PM,, Monitoring Summary (micrograms per cubic meter).........cc.ccceeveruenrenen. 7-24
Table 7.10-1:  Projected Economic Impact from Crow Butte License Area...........ccccurvenenec. 7-30
Table 7.11-1:  Race and Poverty Level Characteristics of the Population in the

State of Nebraska, Dawes County, and the 2.25-mile Review Area................. 7-33
Table 7.12-1:  Production Restoration Schedule Flow Projections.........c.cccvevevnvvevvenrecvennens 7-37
Table 7.12-2:  Estimated Percent Reduction in Available Drawdown in Chadron

Aquifer Water Wells as a Result of the Crow Butte ISL Operations................ 7-46
Table 7.12-3:  Estimated Total Effective Dose Equivalent (TEDE) to Receptors

Near the Crow Butte Uranium Processing Facility.........cccoveeeiieiiccenneevennnenn, 7-56
Table 7.12-4:  Individual Receptor Location Data..............covcvveeeeciecviciececceeeccesececec e 7-57
Table 7.12-5:  Source Coordinates for Crow Butte Project and North Trend Satellite............. 7-58
Table 7.12-6:  Site Specific Information Crow Butte Project and North Trend

EXPanSion ATEa......ccccomeuieeriritrieirsetecentetet et see st e e eee et esae s e s e seseesaesans 7-58
Table 7.12-7:  Dose to the Population Bronchial Epithelium and Increased

Continental Dose from One Year’s Operation at the Crow Butte Facility ....... 7-60
Table 8.1-1:  Current Economic Impact of Crow Butte Project..............cccevevurivimevrisrsesinensines 8-2
Table 8.6-1:  Comparison of Predicted Environmental Impacts ............ccoceveirevriereerevesnenenne. 8-9
November 2007 Xvi



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

Table 9.2-1:  Tax Revenues for the Crow Butte Project .........cccccovciiriiiiiivininnincnninnneniee e 9-2
Table 9.2-2:  Current Economic Impact of Crow Butte Project..........ccccecveeviniinnnnnicnncnnnen. 9-4

Table 10.1-1:  Environmental Approvals for the Current License Area

APPENDIX

Appendix A — MILDOS Runs

November 2007 Xvii



CROW BUTTE RESOURCES, INC.

SUA - 1534 License Renewal Application

ACRONYMS
ALARA As low as reasonably achievable
Amsl Above mean sea level
BLM Bureau of Land Management
BPT Best Practicable Technology
bgs Below ground surface
BNSF Burlington Northern Santa Fe
BMP Best Management Practice
CAD Computer Aided Design
CBR ’ Crow Butte Resources, Inc.
CDP Census Designated Places
CFR Code of Federal Regulations
CSA Commercial Study Area
cfs Cubic feet per second
cm Centimeter
cm/sec Centimeter per second
CDP Census Designated Places
CESQG Conditionally Exempt Small Quantity Generator
CO, Carbon Dioxide
DAC Derived Air Concentration
DLG Digital line graphic
DEM Digital elevation model
dBA A-weighted decibel
DOT Department of Transportation
DQO Data Quality Objective
ER Environmental Report
EA Environmental Assessment
USEPA Environmental Protection Agency
EHSMS Environmetnal, Health and Safety Management System
ESRI Environmental System Research Institute
EDR Electro Dialysis Reversal
FEMA Federal Emergency Management Act
GNIS Geographical Names Information System
gpm Gallons per minute
gpd Gallons per day
gpdpp Gallons per day per person
GIS Geographic Information System
GPS Geographic Positioning System
HP Horse Power
HPRCC High Plains Regional Climatic Center
HSMS Health and Safety Management SYstems
in Inch
ISL In-situ leach
km Kilometer
LRA License Renewal Application
mg/L Milligrams per liter
m/s Meters per second
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mph Miles per hour
MARLAP Multi-Agency Radiological Laboratory Analytical Protocols Manual
MCL Maximum contaminant level
MeV Mega electronvolt
MIT Mechanical integrity test:
mREM Miliroentgen equivalent, man
msl Mean sea level
MWL Maximum working levels
NUREG-1569 Standard Review Plan for In Situ Leach Uranium Extraction License
Application '
NGS National Geodetic Survey
NDEQ Nebraska Department of Envrionmental Quality
NDNR Nebraska Department of Natural Resources
NRCS Natural Resources Conservation Service
NASS National Agricultural Statistics Service
NDED Nebraska Department of Economic Development
NGPC Nebraska Game and Parks Commission
NOU Nebraska Ornithologists' Union's
NOAA National Oceanic Atmospheric Association
NAAQS National Ambient Air Quality Standards
NPDES National Pollutant Discharge Elimination System
NRHP National Register of Historic Places
NOI Notice of Intent
pCi/g Pico curies per gram
ppe Personal protective equipment
ppm Parts per million
PVC Polyvinyl chloride
QA/QC Quality Assurance/Quality Control
QAM Quality Assurance Manual
R&D Research and development
REM Roentgen equivalent, man
RMP Risk Management Program
RO Reverse osmosis
ROI Radius of Influence
RWP Radiation Work Permit
RCRA Resource Conservation and Recovery Act
SH State Highway
SHPO State Historic Preservation Office
SOP Standard Operating Practice
SPCC Spill Prevention, Control, and Countermeasure
SWPPP Stormwater Pollution Prevention Plan
S.U. Standard units
SERP Safety and Environmental Review Panel
SRWP Standing radiation work permits
TDS - Total Dissolved Solids
TEDE Total Effective Dose Equivalent
TR Technical report
TSP Total suspended particulates
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U;04 Triuranium octoxide

UIC Underground injection control

USCB United States Census Bureau

USEPA United States National Environmental Policy Act

USGS United States Geologic Survey

USDA United States Department of Agriculture

USNRC United States Nuclear Regulatory Commission

USFWS United States Fish and Wildlife Service

UCL Upper Control Limits

USDW Underground source of drinking water

pg/m3 Micrograms per cubic meter

VRM Visual Resource Management

WEFC Wyoming Fuel Company

wWwW Water well

WL Working Levels
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1 PROPOSED ACTIVITIES

1.1 LICENSING ACTION REQUESTED

Crow Butte Resources, Inc. (CBR) submits this combined Technical Report (TR) and
Environmental Report (ER) in support of a license renewal application (LRA) of the
Radioactive Source Materials License SUA-1534 for submittal to the United States
Nuclear Regulatory Commission (USNRC). At the request of the USNRC, the ER and
TR have been combined into one document, referred to from here on as the LRA, and
incorporates applicable USNRC guidance regulations for both the TR and ER. This LRA
concerns the continued commercial operation of uranium leach in-situ (ISL) mining
resources located in Dawes County, Nebraska.

This LRA is prepared to supplement and update the information presented to the USNRC
in support of issuance of Source Materials License SUA-1534 in 1989 and the subsequent
renewal in 1997, and provides the supplemental information necessary to determine the
environmental impacts of continuing uranium leach activities in the Crow Butte License
Area under SUA-1534. This LRA is submitted in accordance with the licensing
requirements contained in 10 Code of Federal Regulations (CFR) Part 40 and provides
the USNRC staff with the necessary information to support the preparation of an
Environmental Assessment (EA) as required in 10 CFR Part 51.

This LRA has been prepared using suggested guidelines and standard formats from both
state and federal agencies. The application is presented primarily in the USNRC format
found in Regulatory Guide 3.46, “Standard Format and Content of License Applications,
Including Environmental Reports, For In Situ Uranium Solution Mining” (June 1982).
USNRC document NUREG-1569, Standard Review Plan for In Situ Leach Uranium
Extraction License Applications (June 2003) was used to ensure that all information is
provided to allow USNRC Staff to complete their review of this amendment application.
NUREG-1748, Environmental Review Guidance for Licensing Actions Associated with
NMSS Programs (August 2003) was also used to ensure information typically found in
the ER was appropriately incorporated into this LRA.
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12 CROW BUTTE PROJECT BACKGROUND

What is now the Crow Butte Project was originally developed by Wyoming Fuel
Corporation, which constructed a R&D facility in 1986. The project was subsequently
acquired and operated by Ferret Exploration Company of Nebraska until May 1994,
when the name was changed to Crow Butte Resources, Inc. Only the name of the
company changed, not its ownership. CBR is the current owner and operator of the Crow
Butte Project.

The R&D facility was located in the N1/2SE1/4 of Section 19, Township 31 North,
Range 51 West, Dawes County, Nebraska. Operations at this facility were initiated in
July 1986, and mining took place in two wellfields (WF-1 and WF-2). Mining in WF-2
was completed in 1987, and restoration of that wellfield has been completed. WF-1 was
incorporated into Mine Unit 1 of commercial operations.

CBR has successfully operated the current production area since commercial operations
began in 1991. Production of uranium has been maintained at design quantities
throughout that period with no adverse environmental impacts.
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1.3  SITE LOCATION AND DESCRIPTION

The location of the Crow Butte License Area (License Area) is in portions of Sections 11,
12, 13, and 24 of Township 31 North, Range 52 West and Sections 18, 19, 20, 29, and 30
of Township 31 North, Range 51 West, Dawes County, Nebraska (Figure 1.3-1). The
plant site is situated approximately 4.0 miles southeast of the City of Crawford. The
current production and planned wellfields are located within the License Area as shown
in Figure 1.3-2. The process plant is located in Section 19, Township 31 North, Range 51
West, Dawes County, Nebraska. This original License Area occupies approximately
3,300 acres, and the surface area affected over the estimated life of the project is
approximately 1,100 acres.

Approximately 100 percent of the minerals leased in the License Area are on private
lands. Surface landownership includes federal, state/local government, and private
ownership as shown in Table 1.3-1. Figure 1.3-3 shows the land ownership within the
License Area.

Table 1.3-1: Land Ownership within the Crow Butte License Area

Owner - ' Percent Ownership
Federal Government 4
State/Local Government 9
Private 89

Note: Percent ownership rounded up to the nearest whole percent.
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14  ORE BODY DESCRIPTION

In the current license area, uranium is recovered by ISL from the Chadron Sandstone at a
depth that varies from 400 feet to 900 feet. The overall width of the mineralized area
varies from 1000 feet to 5000 feet. The ore body ranges from less than 0.05 percent to
greater than 0.5 percent triuranium octoxide (U;Og), with an average grade estimated at
0.26 percent equivalent U3Og, with an estimated at 0.27 percent U3Os.
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1.5 SOLUTION MINING METHOD AND RECOVERY PROCESS

The ISL process for uranium recovery consists of an oxidation step and a dissolution
step. Gaseous oxygen or hydrogen peroxide is used to oxidize the uranium, and
bicarbonate is used for dissolution. The uranium bearing solution that results from the
leaching of uranium underground is recovered from the wellfield and the uranium
extracted in the process plant. The plant process uses the following steps:

e Loading of uranium complexes onto ion exchange resin;
e Reconstitution of the solution by the addition of carbonate and an oxidizer;

e Elution of the uranium complexes from the resin; and

e Drying and packaging of the uranium.

- Section 3.0 (Description of Proposed Facility) provides a detailed description of the
solution mining process and equipment.

1.5.1 Advantages of ISL Uranium Mining

ISL uranium mining is a proven technology that has been successfully demonstrated
commercially in Wyoming, Texas, and at the Crow Butte Project in Nebraska. ISL
mmmg of uranium is environmentally superior to conventional open pit and underground
uranium mining as evidenced by the following:

e ISL mining results in significantly less surface disturbance since mine pits, waste
dumps, haul roads, and tailings ponds are not needed;

e ISL mining requires much less water demand than conventional mining and
milling, avoiding the water usage associated with pit dewatering, conventional
milling, and tailings transport;

e The lack of heavy equipment, haul roads, waste dumps, etc. result in very little air
quality degradation at ISL mines;

o Fewer employees are needed at ISL mines, thereby reducing transportation and
socioeconomic concerns;

e Aquifers are not excavated, but remain intact during and after ISL mining;

e Tailings ponds are not used, thereby eliminating a major groundwater pollution
concern. State of the art lined evaporation ponds may be used to manage liquid
waste streams; and

e ISL uranium mining results in leaving the majority of other contaminants (e.g.,
heavy metals) where they naturally occur instead of moving them to waste dumps
and tailings ponds where their presence is of more environmental concern.

Novemf)er 2007 1-12



CROW BUTTE RESOURCES, INC. %
SUA -1534 License Renewal Application o

1.5.2 Ore Amenability to the ISL Mining Method

Amenability of the uranium deposits in the License Area to ISL mining was
demonstrated initially through core studies. Results of the core studies were confirmed in
the R&D project at the Crow Butte site using bicarbonate/carbonate leaching solutions
with oxygen. Reports concerning the results of the R&D activities, including restoration
of affected groundwater, were previously submitted to USNRC and the Nebraska
Department of Environmental Quality (NDEQ).

The information and experience gained during these pilot programs formed the basis for
the commercial uranium ISL mining operations. CBR believes that the current
commercial project, including the successful restoration of groundwater in Mine Unit 1,
demonstrates that such a program can be implemented with minimal short-term
environmental impacts and with no significant risk to the public health or safety. The
remainder of this application describes the Mining and Reclamation Plans for this project
and the concurrent environmental monitoring programs employed to ensure that any
impact to the environment or public is minimal.
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1.6 OPERATING PLANS, DESIGN THROUGHPUT, AND PRODUCTION

The current Crow Butte Central Plant is licensed for a process flow rate of 5,000 gallons
per minute (gpm), excluding restoration flow, under SUA-1534. Total annual production
is limited to 2 million pounds of yellowcake. On October 16, 2006, CBR submitted a
request to the USNRC for a license amendment to increase the plant throughput from
5,000 to 9,000 gpm. USNRC approval is pending.

The uranium-bearing solution extracted from the subsurface of the Crow Butte License
Area is transported via pipeline to the Crow Butte Central Plant for elution, drying, and
packaging. This cycle will continue until the ore zone is depleted or leach of the uranium
is no longer economically viable.
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1.7 PROPOSED OPERATING SCHEDULE

Based on current plans, mining schedules, and reserve estimates, CBR could continue
production at the present annual levels of approximately 800,000 pounds U;Ojs until
2012, when reserves would begin to deplete. CBR estimates that by 2014, production in
the current license area would decrease to the point where commercial operations would
no longer be economical and would be discontinued. Groundwater restoration, surface
reclamation, and decommissioning would become the primary activities. Completion of
groundwater restoration in the current License Area is scheduled for 2023.

Projected production and restoration schedules for the current production area are shown
in Figure 1.7-1. Status of the current mine unit operations is shown in Table 1.7-1. The

layout of the current and planned mine units in the License Area is shown in Figure 1.7-
2.

Table 1.7-1: Current Crow Butte Production Area Mine Unit Status

Production \

Mine Unit Initiated Current Status
Mine Unit 1 April 1991 Groundwater Restored; Reclamation Underway
Mine Unit 2 March 1992 Groundwater restoration
Mine Unit 3 January 1993 Groundwater restoration
Mine Unit 4 March 1994 Groundwater restoration
Mine Unit 5 January 1996 Groundwater restoration
Mine Unit 6 March 1998 Production
Mine Unit 7 July 1999 Production
Mine Unit 8 July 2002 Production
Mine Unit 9 October 2003 Production

Mine Unit 10 August 2007 Production
Mine Unit 11 Pending Under construction
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WASTE MANAGEMENT AND DISPOSAL
1.8.1 Gaseous and Airborne Particulates

The only radioactive airborne effluent at the Crow Butte Project is radon-222 gas. As
yellowcake drying and packaging is carried out using a vacuum dryer, there are no
airborne effluents from that system.

The radon-222 is contained in the pregnant lixiviant that comes from the wellfield to the
process plant. The majority of this radon is released in the ion exchange columns and
process tanks. These vessels are covered and vented to a manifold, which are in turn
exhausted to atmosphere outside the building through stacks. The manifolds are equipped
with an exhausting fan.

1.8.2. Liquid Waste

There are currently three wastewater disposal options for the Crow Butte Project:
evaporation in solar evaporation ponds, deep well injection, and land application. The
specific method utilized depends upon the volume and characterization of the waste
stream.

The operation of the process facility results in three sources of water that are collected on
the site. They include the following:

e Water generated during well development - This water is recovered groundwater
that has not been exposed to any mining process or chemicals. The water is
discharged directly to one of the solar evaporation ponds and silt, fines and other
natural suspended matter collected during well development is settled out. This water
may be used in plant processing, disposed of in a deep disposal well, or land applied
following treatment.

e Liquid process waste - The operation of the process plant results in two primary
sources of liquid waste, an eluant bleed and a production bleed. This water is also
routed to the evaporation ponds or injected into the deep disposal well.

e Agquifer restoration - Following mining operations, restoration of the affected
aquifer commences which results in the production of wastewater. The restoration
waste is primarily brine from the reverse osmosis unit, which is sent to the waste
disposal system. The permeate is either reinjected into the wellfield or sent to the
waste disposal system.
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1.8.3 Solid Waste

Solid wastes generated at the site consist of spent resin, resin fines, filters, empty reagent
containers, miscellaneous pipe and fittings, and domestic waste. These wastes are
classified as contaminated or non-contaminated waste according to their radiological
survey results. Contaminated byproduct waste that cannot be decontaminated is packaged
and stored until it can be shipped to a licensed waste disposal site or licensed mill tailings
facility. Non-contaminated solid waste is collected on the site on a regular basis and
disposed of in a sanitary landfill permitted by the NDEQ. Domestic waste is disposed of
in an approved septic system.

1.8.4 Contaminated Equipment

Materials and equipment that become contaminated as a result of normal operations are
decontaminated if possible and disposed of by conventional methods. Equipment and
materials that cannot be decontaminated are treated in the same manner as other
contaminated solid waste.

Section 4.0 (Effluent Control Systems) presents a detailed discussion of the effluent
control systems for the current CBR project operations.
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1.9 GROUNDWATER RESTORATION

Restoration activities will be carried out at the License Area concurrent with mining
activities. The restoration process will be similar to that used to restore Wellfield No. 2 at
the Crow Butte R&D site and Mine Unit 1 of the current commercial production area,
and consist of four basic activities:

e Groundwater transfer- groundwater is transferred between the mining unit
commencing restoration and a mine unit commencing production or another water
source.

e Groundwater sweep- water is pumped from the wellfield, which results in an
influx of baseline quality water from the wellfield perimeter.

¢ Groundwater treatment- water from injection wells is pumped to the restoration
plant where ion exchange, reverse osmosis, filtration or other treatment methods
take place.

e Wellfield recirculation- water is recirculated by pumping from the production
wells and reinjecting the recovered solution. This will act to homogenize the
quality of the aquifer.

Following these restoration phases, a groundwater stabilization monitoring program is
initiated. Once the restoration values are reached and maintained, restoration is deemed
complete. Results are documented in a restoration report and submitted to the NDEQ and
the USNRC for approval. Groundwater restoration is described in more detail in Section
6 (Groundwater Quality Restoration, Surface Reclamation and Facility
Decommissioning).
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1.10 DECOMMISSIONING AND RECLAMATION

At the completion of mine life and after groundwater restoration has been completed, all
injection and recovery wells will be plugged and the site decommissioned.
Decommissioning will include plant disassembly and disposal, pond reclamation and
land reclamation of all disturbed areas. Appropriate USNRC Regulatory Guidelines will
be followed as required. Decommissioning and reclamation are discussed in more detail
in Section 6 (Groundwater Quality Restoration, Surface Reclamation and Facility
Decommissioning).
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1.11 SURETY ARRANGEMENTS

CBR maintains a USNRC-approved financial surety arrangement consistent with 10 CFR
40, Appendix A, Criterion 9 to cover the estimated costs of reclamation activities. Crow
Butte maintains an Irrevocable Standby Letter of Credit issued by the Royal Bank of
Canada in favor of the State of Nebraska in the present amount of $22,980,913. The
surety amount will be revised annually in accordance with the requirements of SUA-
1534.
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2 SITE CHARACTERISTICS

2.1 SITE LOCATION AND LAYOUT

The location of the current license area of the Crow Butte project is in Sections 11, 12, 13
and 24 of Township 31 North, Range 52 West and Sections 18, 19, 20, 29, and 30 of
Township 31 North, Range 51 West, Dawes County, Nebraska.

The maps used in this section and other sections of this amendment application are
Vector 7.5 minute quad maps. These are computer-aided design (CAD) and geographi
information systems (GIS) drawings where each road, stream, and contour line are
individual entities. The layers in these maps were derived from the U.S. Census Bureau’s
TIGER/Line data, United States Geological Survey (USGS) Digital Line Graph (DLG)
Data, USGS Digital Elevation Model (DEM) data, Bureau of Land Management (BLM)
Section Line data, National Geodetic Survey (NGS) Benchmark data, and USGS
Geographical Names-Information System (GNIS) data. This base map was then used for
each of the Figures prepared for this document with the addition of the pertinent
information for that Figure.

Figure 2.1-1 shows the general area surrounding the License Area. Figure 2.1-1 also
shows the original Commercial Study Area (CSA) and the 3.2-kilometer (km) (2.0-mile)
review area.

Figure 2.1-2 shows the general project site layout and Restricted Areas for the License
Area including the Central Processing Plant building area, the R&D facility, the current
mine unit boundaries, the deep disposal well, and the R&D and commercial evaporation
ponds.

Figure 2.1-3 shows the project location with topographical features, drainage and surface
water features, nearby population centers and political boundaries as well as principal
highways, railroads, transmission lines, and waterways.
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2.2  USES OF ADJACENT LANDS AND WATERS

The information in this section provides relevant data concerning the physical, ecological
and social characteristics of the commercial study area and surrounding environs for
uranium in-situ mining.

This section indicates the nature and extent of present and projected land and water use
and trends in population or industrial patterns. The information in this section was
initially developed over a 9-month period in 1982 as part of the Research and
Development (R&D) License Application and updated in 1987 for the Commercial
License Application and in 1997 for the LRA. Preliminary data were obtained from
several sources followed by field studies to collect on-site data to check land uses.
Interviews with various state and local officials provided additional information.

NUREG 1569 requires discussion of land and water use in the proposed License Area,
and within a 3.2 km (2.0-mile) radius surrounding the License Area. Because previous
historical studies were performed assuming a 3.6-km (2.25-mile) review area, some data
in this section are based on a 3.6-km (2.25-mile) radius. A 3.6-km (2.25-mile) radius was
used rather than the required 3.2 km (2.0-mile) radius to remain consistent with other
resource descriptions. For water resources, oil and gas resources and well locations, the
standard 3.2 km (2.0-mile) review area is used.

2.2.1 General Setting

The Crow Butte Project site is located in west central Dawes County, Nebraska, just
north and west of the Pine Ridge Area. Figure 2.1-1 shows the general location of the
proposed project site. The Crow Butte Project site is about 4.0 miles southeast of the City
of Crawford via Squaw Creek Road. State Highway 71 provides access to the License
Area from points north and south of Crawford. U.S. Highway 20 provides access to
Crawford and the License Area from points east and west.

Approximately 4 percent of the area within an 8-km (5-mile) radius of the License Area
is located within the Nebraska National Forest. Also identified as the Pine Ridge, this
area is covered with mixed evergreens and Ponderosa pines. The predominant land use in
Dawes County, as well as the License Area, is livestock production. An annual average
of 56,833 cattle valued at approximately $21.35 million was reported on Dawes County
farms for the years 1978, 1979 and 1980 (Nebraska Crop and Livestock Reporting
Service 1980, 1981). Cropland is used primarily for the production of winter wheat,
alfalfa, and oats. Native grasslands are used for grazing or for cut hay. Livestock values
and agricultural uses in 1987 have not changed appreciably in Dawes County in the last
five years (Huls 1987, SCS 1987).
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Recreational lands are also prevalent in Dawes County (Figure 2.2-1 and Table 2.2-1).
Fort Robinson State Park, the largest State Park in Nebraska, is located just outside the
Crow Butte 8-km (5-mile) radius. Facilities at the park consist of lodging, showers,
electrical hookups, pit toilets, ski and snowmobile trails, a rodeo arena, and museum.
Visitors to the park may go hunting, fishing, hiking, swimming, or horseback riding.
Other recreational facilities in Dawes County include the Ponderosa Wildlife Area,
Chadron State Park, Soldier Creek Management Unit, Cochran Wayside Area, and the
Red Cloud Picnic Area and associated trails in the Nebraska National Forest (Nebraska
Game and Parks Commission 1982).

Urban land uses in the county are concentrated within the city limits of Crawford and
Chadron. Approximately 73 rural occupied dwellings are located within the 8-km radius
(USGS 1980, EH&A 1982).

2.2.2 Land and Mineral Ownership

Approximately 4.0 percent of land within the 8-km (5-mile) radius is owned by the
federal government, while another 9.0 percent is owned by the state or local government
(Bump Abstract, 1979). Except for lands within the City of Crawford, private land is
predominantly owned by ranching families. Approximately 90 percent of all minerals
leased in Dawes County are on private lands (Mathis, 1982). No Indian lands are present
in the 8-km (5 mile) radius of the License Area.

2.2.3 Land Use

The Crow Butte License Area is located in west central Dawes County, Nebraska, just
north and west of the Pine Ridge area (Figure 2.2-1). The License Area is approximately
4 miles southeast of the City of Crawford on Squaw Creek Road. State Highway 2/71
provides access to the License Area from points north and south of Crawford. U.S.
Highway 20 provides access to Crawford and the License Area from points east and west.

Land uses found within the License Area and 3.6-km (2.25-mile) review area are
depicted in Figure 2.2-1. Table 2.2-1 explains each of the land use types. Table 2.2-2
presents land uses in 22 1/2° sectors centered on each of the 16 compass points within the
License Area and 3.6-km (2.25-mile) review area. These sectors radiate out from the
geographic center of the License Area. The total areas of the sectors vary because of the
irregular site boundary.

Pastureland comprises the greatest portion of land use within the License Area and
surrounding 3.6-km (2.25-mile) area (43 percent) and is used for the production of hay.
Cropland (29 percent), forest land (12 percent), and wildlife habitat (15 percent) are the
other significant land uses.
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Table 2.2-1: Land Use Definitions

Land Use

Definition

Croplands (C)

Harvested cropland, including grasslands cut for hay, cultivated
summer-fallow, and idle cropland.

Commercial and
Services (C/S)

Those areas that are used predominantly for the sale of products and
services. Institutional land uses, such as various educational,
religious, health, and military facilities, are also components of this
category.

Forested Land (F)

Areas with a tree-crown density of 10 percent or more are stocked
with trees capable of producing timber or other wood products and
exert an influence on the climate or water regime. This category does
not indicate economic use.

Habitat (H)

Land dedicated wholly or partially to the production, protection, or
management of species of fish or wildlife.

Industrial (I)

Areas such as rail yards, warehouses, and other facilities used for
industrial manufacturing or other industrial purposes.

Mines, Quarries, or

Those extractive mining activities that have significant surface

Gravel Pits (M) expression.

Pastureland (P) Land used primarily for the long-term production of adapted,
domesticated forage plants to be grazed by livestock or occasionally
cut and cured for livestock feed.

Rangeland (R) Land, roughly west of the 100th meridian, where the natural

vegetation is predominantly grasses, grasslike plants, forbs, or shrubs;
which is used wholly or partially for the grazing of livestock. This
category includes wooded areas where grasses are established in
clearings and beneath the overstory.

Urban Residential (UR)

Residential land uses range from high-density, represented by multi-
family units, to low-density, where houses are on lots of more than 1
acre. These areas are found in and around Crawford and Ft. Robinson.
Areas of sparse residential land use, such as farmsteads, will be
included in categories to which they are related.

Water (W) Areas of land mass persistently covered with water.

Recreational (RC) Land used for public or private leisure, including developed \
recreational facilities such as parks, camps, and amusement areas, as
well as areas for less intensive use such as hiking, canoeing, and other
undeveloped recreational uses.
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Table 2.2-2: Land Use of the Crow Butte Review Area 3.6-km (2.25-mile) Radius, By Sector and Category (in acres)

N b NNE NE ENE E ESE SE SSE S SSW | SW | WSwW W [ WNW] NW | NNW Subtotal

C a 394.6] 155.0 94.6] 119.1 92.0 334 74.5 95.2] 306.3] 366.1] 332.6f 174.8] 349.4] 274.0 2,869.6

F 09] 589 2304] 364.1 09] 10.8] 109.8] 313.1 53.0 11.7 0.9 6.3 3.6 9.4 18.6 1,192.4

H 6791 491.1| 5293| 3774 1.8 ' 1,467.5

M 3.6 3.6 5.7 12.9

p 233.0] 412.8f 229.0 69.5 55.6 88.5| 106.3] 232.0] 501.2] 5182} 316.8] 261.6] 286.3] 450.3] 261.4] 336.1 4,347.6

R 1.8 74.7 1.8 81.6 159.9

w 5.6 2.8 8.4

Total’ 628.5] 628.5] 628.7| 620.6] 639.6] 628.6] 628.7| 628.5] 628.7] 628.7] 628.7] 0628.6] 628.8| 628.7] 628.7| 628.7 10,058.3c
Notes: ) :

a

b

See Table 2.2-1 for land-use definitions.

Calculations used in this Table for each of the 22-1/2 degree compass points:

0-1.8 km=157.158 acres

1.8-3.6 km =471.747 acres

Total 3.6 km = 628.91 acres

Actual area of the 3.6-km radius is equal to 10,058.3 acres. However, multiplying the total acreage used for each compass point (628.91) by 16 equals 10,062.48 acres.
Differences between these total as well as other subtotals are due to rounding.

[
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Cropland is the second largest land use found within the License Area and is primarily
used for the production of wheat. A small amount of cropland within the License Area is
used for producing alfalfa. In 2003, the total wheat production in Dawes County was
1,836,500 bushels, an increase of 169 percent over the 2002 wheat production of 682,200
bushels.

Rangeland accounts for 4.2 percent of the total land acreage within the License Area. In
2006, an average of 52,000 head of livestock was reported in Dawes County (NASS
2007a). Native grasslands are used for grazing or for cut hay. Livestock values have
remained consistent between the years 1990 and 2001, the last year for which livestock
values are available. In 2001, cash receipts for livestock and products totaled $21.0
million in Dawes County.

Residential and industrial land uses in the county are concentrated within the city limits
of Crawford and Chadron. Industrial land uses are located within the city limits of
Crawford, and occur primarily around railroad facilities.

2.2.3.1 Recreation

Recreational lands also are present in Dawes County (Table 2.2-3). Recreational
opportunities provided by federal and state lands in the county have become an
increasingly important component of the local economy. Fort Robinson State Park, the
largest state park in Nebraska, is located within the 3.6-km (2.25-mile) review area.
Approximately 9 percent of the area within an 80-km (50-mile) radius of the License
Area is located within the Fort Robinson State Park. This part of the state park is west of
Crawford, and includes portions of the Red Cloud Agency Historical Site, the White
River Trail, and several scenic landforms in a rugged area of buttes and ponderosa pine
forest. Other facilities at the park include lodging, showers, electrical hookups, pit toilets,
ski and snowmobile trails, a rodeo arena, and a museum. Visitors to the park may go
hunting, fishing, hiking, swimming, or horseback riding. Other recreational facilities in
Dawes County include the Ponderosa Wildlife Management Area, Chadron State Park,
Soldier Creek Management Unit, and the Red Cloud Picnic Area and associated trails in
the Nebraska National Forest (NGPC 2007).

Table 2.2-3: Recreational Facilities within 80-km (50-Mile) of the Crow Butte
License Area

~ Distance From Current Crow Butte
Name of Recreational Facility o License Area (km)
Red Cloud Campground 30.58
Pine Ridge National Recreation Area 20.92
Roberts Trailhead and Campground 17.70
‘Museum of the Fur Trade 38.62
Toadstool Park 28.97
Warbonnet Battlefield 38.62
Hudson-Meng Bison Kill Site _ 27.36
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Table 2.2-3: Recreational Facilities within 80-km (50-Mile) of the Crow Butte
License Area

: Distance From Current Crow Butte
Name of Recreational Facility License Area (km)

Crawford City Park 3.22
Whitney Lake 16.09
Legend Buttes Golf Course 3.22

‘Box Butte Reservoir 38.62
Ponderosa Wildlife Area 3.22
Peterson Wildlife Area 17.70
Walgren Lake State Recreation Area 61.15
Soldier Creek Wilderness 11.27
Chadron State Park 27.36
Agate Fossil Beds National Monument 43.45

Source: Nebraska Department of Travel and Tourism 2004.

DeLorme Maps 2006.

2.23.2  Agriculture

Several of the soil types found in the vicinity of the License Area are classified as prime
farmland (NRCS 2007). However, in Dawes County, soils are classified by the Natural
Resources Conservation Service (NRCS 2007) as prime farmland only if irrigated.
According to 2004 Nebraska State Agricultural Statistics, only 2 percent of Dawes
County agricultural land is irrigated, and about 10 percent of harvested cropland acreage
is irrigated. The remainder of the irrigated land is used for pasture, habitat, or rangeland
(NASS 2007b).

Table 2.2-4 through Table 2.2-6 show agricultural productivity within Dawes County
and the License Area. Wheat and hay are the major crops grown on croplands within the
License Area. Most of these crops are used for livestock feed, while the remaining crops
are commercially sold. Data for the acres of land planted and harvested, and production
for beans, sunflowers, and sugar beets, were last reported by the National Agricultural
Statistics Service (NASS) for the years 2001 and 2002. These crops are not produced in
the License Area and surrounding 3.2 km (2.0-mile) review area. The livestock inventory
for Dawes County indicates that cattle account for more than 80 percent of all livestock.
According to a report prepared for the Economic Development Department of the
Nebraska Public Power Corporation (2005), the market value of livestock products
accounted for 85.7 percent of the total market value of all agricultural products sold in
2002. Livestock and livestock products had a value of $28.81 per acre, indicating that
livestock production on rangeland within the review area has a potential value of more
than $440,000.
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2233 Habitat

Habitat lands are those dedicated wholly or partially to the production, protection, or
management of species of fish or wildlife. Significant areas classified as habitat include
the Ponderosa State Wildlife Management Area, which is south and adjacent to the
License Area as shown in Figure 2.2-1. Deer and turkey hunting are permitted within the
Ponderosa State Wildlife Management Area. There is no land within the License Area
that is used primarily for wildlife habitat. Wildlife habitat is a secondary use of
rangeland, forestland, and recreational land within the License Area and the 3.6-km
(2.25-mile) review area.

Table 2.2-4: 2006 Agricultural Yields for Croplands in Dawes County

' . Planted Harvested Yield
Commodity ’ ‘
Acres® | km*.| Acres® | km’ | Per acre | Per km’ | Production

‘ Wheat Winter All 37,000 | 150 | 35,300 143 38 bu 9,291 bu | 1,325,900 bu
' Corn For Grain 2,500 10 700 3 161 bu | 39,784 bu| 112,700 bu
. Corn For Silage na na 1,700 7 11ton | 2,743 ton 18,900 ton
' Oats 4,000 16 500 2 16 bu 3,954 bu 8,000 bu
' Hay Alfalfa (Dry) b na _na 32,500 132 2 ton 381 ton 49,900 ton

Hay Other (Dry) na na 24,000 97 1 ton 198 ton 19,200 ton

Hay All (Dry) na na 56,500 | 229 1 ton 301 ton 69,100 ton

. ! Notes:
‘ bu bushels

| a 1 acre = 0.0040469 square kilometer (km?)
b Includes wild and tame alfalfa.
Na  Not available
t Source: National Agricultural Statistics Service 2007b.

Table 2.2-5: Potential Agricultural Production for Cropland in the License Area
and the 3.2 km (2.0-Mile) Review Area

Percent of Total Percent of :
Total Cropland | Planted/ | Harvested | Harvested | Production®
Planted’ (acres) * | Harvested® (acres) (kmz) (bushels)
Wheat | 33.3 9,718.6 95.4 9,271.54 120,530.02 | 352,318.52
Notes: i

a

Same as for Dawes County.

b 1 acre = .0040469 km?>.

c
d

assume 95.4 percent is harvested
assume 38 bushels per acre

Source: National Agricultural Statistics Service 2007b.
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Table 2.2-6: Livestock Inventory for Dawes County, 2002

Animal Units *
Percent of Pounds
Livestock Type Number Total (000s) Percent

All cattle, except dairy 47,258 94.7 47,258 98.8
Dairy cattle 148 <1 148 <1
Hogs 305 <1 67.1 <1
Sheep 1,740 <1 348 <1

. Chickens 431 <1 2.2 <1
Total animals 49,882 100.0 47,823.3 100.0
Notes:

# Animal unit conversions:

1 cow = 1,000 1b.

1 hog = 220 Ib.

| sheep = 200 1b.

1 chicken = 51b.

1 animal unit = 1,000 1b.

Source: Nebraska Department of Economic Development 2007

2234 Residential

According to 1980 USGS 7.5 minute quadrangle maps, on-site field investigations, and
USGS aerial photos flown in 2006, there are 73 occupied dwelling units located in the
rural area outside of Crawford in the Crow Butte License Area 8-km (5-mile) radius
(Table 2.2-7). According to U.S. Census 2000, the average persons per household
estimate for Dawes County of 2.28 people per housing unit results in an estimated 166
persons who reside in the 8-km (5-mile) radius, a decrease from the 1982 estimate of 181
persons. An additional 1,035 persons reside in Crawford, approximately 4 miles from the
site center point (U.S. Bureau of the Census 2006). Two dwelling units are within 0.62
mile, and another five dwelling units are within 1.24 miles of the center point of the
License Area.

Table 2.2-7 shows the distance to the nearest residence and to the nearest site boundary
of residences within the 8-km (5-mile) review area from the center of the License Area
for each 22 1/2° sector centered on each compass point. There are no dwelling units
within 0.62 mile of the center point of the proposed License Area. Four dwelling units are
within 1.24 miles.
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Table 2.2-7: Residence Count and Distance within the 8-km (5-mile) Radius of
License Area Center Point

Nearest | Nearest Vegetable .| -

g _ Structure Residence | Garden - | Nearest Project .

Sector {  Count® (km) | (km) . | Boundary (km)
North 2 5.7 -- 2.4
North-Northeast 1 4.0 - 2.0
Northeast 3 4.3 - 2.5
East-Northeast 6 0.6 0.6 2.1
East 0 - - 2.1
East-Southeast 5 0.6 - 1.4
Southeast 1 4.5 -- 2.9
South-Southeast 1 4.5 - 2.9
South 3 3.8 -- 4.0
South-Southwest 2 5.0 -- 2.3
Southwest 3 1.6 - 1.5
West-Southwest 3 3.1 - 1.3
West 3 2.5 - 1.3
West-Northwest 27° 4.4 -- 1.3
Northwest 510° 3.1 - 5.4
North-Northwest 10 1.1 1.1 2.4

Notes:
?  Residences.

®  U.S. Census 2000 reported 537 housing units within the City of Crawford. As with the sectorial population,

housing units for Crawford are allocated as 5 percent for the WNW sector and 95 percent for the NW sector.
22 1/2 ° sectors centered on each of the 16 compass points.
--  Not present
Sources: USDA FSA 2006, U.S. Bureau of the Census 2000.

<

2.2.3.5 Industrial and Mining

There are six gravel pits within the 8-km (5-mile) radius of the License Area (Figure 2.2-
2). Most of the pits are inactive, although a few are mined periodically for local road
construction purposes. Besides Crow Butte Resources, Conoco, Amoco Minerals, Sante
Fe Mining, and Union Carbide have also drilled exploratory testing holes in the area for a
variety of natural resources. Other industrial facilities within the 8-km (5-mile) radius
include the railroad station and maintenance yard at the City of Crawford.

There are no other industrial or mining uses within the License Area. There are gravel
pits on Fort Robinson State Park. Most of the pits are inactive, although a few are mined
periodically for local road construction purposes.
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2.2.3.6  Transportation

Nebraska Highway 2/71 and U.S. Highway 20 converge in Crawford. The annual average
daily traffic counts for 2004 range between 1,195 south of Crawford and 540 north of
Crawford on Nebraska Highway 2, and 1,795 on U.S. Highway 20 north of the License
Area (Nebraska Department of Roads 2007). Although unpaved, Squaw Creek Road
provides access to the License Area. A Burlington Northern Railroad runs in a
northwesterly direction approximately 0.75 miles west of the site. Several transmission
lines traverse the License Area, including one less than 1 km west of the designated
center point.

2.2.4 Water Use

The Crow Butte License Area is drained by Squaw Creek and is within the White River
Watershed. Squaw Creek is used by local landowners for irrigation, livestock watering,
and domestic purposes, and by fish and wildlife habitat. Warm-water fishing and hunting
also occur downstream from the Crow Butte project.

The White River supports agricultural production, wildlife habitat, and both warm- and
cold-water fish. Within 6.2 miles upstream of the License Area, the White River supplies
drinking water to the citizens of Crawford. In 1981, average daily usage ranged from a
low of 199 gallons per day per person (gpdpp) in February to a high of 508 gpdpp in July.
The maximum recorded daily water usage in Crawford was nearly 1 million gallons.

Lake Crawford, as well as approximately 20 unnamed reservoirs ranging from 1 to 17
acres of surface area, is also located within a 10-km. (6.2-mile) radius.

Groundwater within the 8-km (5-mile) License Area is supplied by either the Brule or
Chadron Formations (Williams 1982). A water well survey conducted by Wyoming Fuel
Company (WFC) indicates that most of the groundwater pumped from 123 wells
surveyed within the 3.6-km (2.25-miles) radius of the proposed commercial License Area
is used either to water livestock or for domestic purposes. A spring, located in Fort
~ Robinson State Park, produces an average of 972,000 gallons per day (gpd) (Storbeck
1987).

Eight surface water impoundments are located within or adjacent to the License Area
(Figure 2.2-3). These eight impoundments are identified as I-1 through I-8.
Impoundments I-1, I-2, I-7, and I-8 are located outside the License Area, while
impoundments I-3 through I-6 are located inside the License Area.
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Impoundment I-1 consists of a low earthen berm constructed across an unnamed
ephemeral drainage course, which is tributary to Squaw Creek. This berm forms a small
seasonal pond which is used for livestock watering. Impoundment I-2 is formed by a
small earthen dam on White Clay Creek. Water from this pond is used for livestock
watering and crop irrigation. Impoundments -3, I-4, I-5, and I-7 are formed by small
earthen dams across English Creek. Water from these ponds is used for livestock
watering. Impoundment I-6 is formed by an earthen dam across Squaw Creek. Water
from this pond is used for livestock watering. Impoundment I-8 is located in the alluvial
valley of White Clay Creek and is also used for livestock watering.

The White River and associated tributaries indirectly supply some of the drinking water
to the citizens of Crawford. The city system, which serves a population of 1,115
(Nebraska Department of Health & Human Services 2004), is supplied by three
infiltration galleries (located along the White River, Dead Man’s Creek, and Soldier
Creek) and two wells which produce “groundwater under the influence of surface water”
(University of Nebraska, Lincoln undated).

Based on the Crawford Municipal Water Conservation Plan (Spring 2003), the average
per capita water use in 2002 (including residential and business customers, public
facilities including parks, and water lost to system leaks) was 323 gallons per day.
Information regarding the City of Crawford water system is summarized in Table 2.2-8
(CBR 2007).

Table 2.2-8: Summary of City of Crawford Water System

Description Capacity
Raw Water Storage Capacity 500,000 gallons
Treated Water Capacity
West Tank 1,000,000 gallons
East Tank 750,000 gallons

Average Daily Use (2006)

419,181 gallons

Maximum Daily Use

1,000,000 gallons

Supply Wells

Reg Nos: 93528, 93529, 93530

South Well #1 (100 feet deep); Reg: G-93533 104 gpm
NW1/4 SW1/4 Sec. 15, T31IN, R52W
West Well #2 (100 feet deep); Reg: G-93532 54 gpm
NW1/4 SW1/4 Sec. 15, T31N, R52W
Infiltration Gallery
Pump #1; 27 feet; Reg: G-93551 420 epm
SE1/4 SW1/4 Sec. 8 T3IN R52W &P
Pump #2; 27 feet; Reg: G-93551 420 eom
SE1/4 SW1/4 Sec. 8 T3IN R52W £p
Dewatering Wells; 20 to 26 feet deep
SE1/4 SW1/4 Sec. 8 T3IN R52W

33 gpm (each)

Source: CBR 2007
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Alternate supplies of stock water are provided by the underlying Basal Chadron
Sandstone (400 to 900 feet). However, because of greater depth and inferior water
quality, the Basal Chadron is not used for a domestic supply within the License Area. In
this regard, Gosselin et al. (1996) state that (1) “the sands near the bottom of the Chadron
Formation yield sodium-sulfate water with high total dissolved solids”, and (2) “near
uranium deposits in the Crawford area, groundwater from the Chadron Formation is not
suitable for domestic or livestock purposes because of high radium concentrations”.
Because of artesian pressure, most Chadron wells in the vicinity of the License Area
either flow at the surface, or have water levels very close to surface elevation.

A summary of groundwater quality data collected from 1982 to 1987 to establish
background conditions in the vicinity of the Crow Butte Project follows (Table 2.2-9).
The data are presented for three hydrogeologic units: (1) the Chadron Sandstone (mining
zone), the Brule Formation, which supplies the majority of groundwater in the project
area, and (3) the Brule Alluvium. It is noted that supplies of Brule Alluvium are limited,
and few wells produce from this interval, none of which are located in the License Area.

Table 2.2-9: Summary of Groundwater Quality Data — Crow Butte Vicinity

Brule Formation ‘Chadron Formation | Brule Alluvium
. 1
Constituent Range Mean Range Mean Range Mean
Calcium 71-98 48 11-41 20 67 - 74 70.6
Magnesium 03-16 6.6 08-72 32 6.4-10 8.7
Sodium 12 - 340 104 340 - 540 411 34-41 36.5
Potassium 41-159 99 70-198 12.4 103-13 | 111
Bicarbonate 137 - 627 364 308 - 411 368 209-364 | 321
Sulfate 1-23 10 254 - 620 407 11-20 163
Chloride 1.6- 192 48 134 - 250 176 5-10 6.7
Specific
Conductance 246 - 1481 714 1500-2500 | 1932 | 507-614 | 548
(nmhos)
PH ,
. 6.80 - 8.50 7.80 7.60 - 8.70 820 | 7.10-8.40 | 7.70
(pH units)
Uranium 0.001-0.021 | 0.0064 | <0.001-2.40 | 0.092 |0.006-0.022 | 0.015
(mg/L)
Radium-226
adwum 0.1-3.0 0.7 0.1-619 53 04-183 | 25
(pCi/l)

" Concentrations in mg/L, unless otherwise noted.

Future water use within the 2-mile review area will likely be a continuation of present
use. Detailed surface and groundwater analysis is provided in Section 2.7. '
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2.3  POPULATION DISTRIBUTION

Information presented in this section concerns those demographic and social
characteristics of the environs that may be affected by the proposed expansion of the
Crow Butte Project to include operations in the License Area. Data were obtained
through the 1980, 1990, and 2000 U.S. Census of Population and various State of
Nebraska government agencies.

2.3.1 Demography
2.3.1.1  Regional Population

The area within an 80-km (50-mile) radius of the License Area includes portions of six
counties in northwestern Nebraska, two counties in southwestern South Dakota, and two
counties in eastern Wyoming. Because the 80-km radius extends only slightly into two
very rural counties in Wyoming (with populations of less than 2,000 persons), the
regional demography in Wyoming is not discussed in detail beyond that summarized in
Tables 2.3-1 through Table 2.3-3. Figure 2.3-1 depicts significant population centers
within an 80-km radius of the License Area.

Historical and current population trends in the License Area counties and communities
are contained in Table 2.3-1. Between 1960 and 1980, Box Butte County exhibited the
fastest rate of growth with more than a 17 percent population increase, largely occurring
in the latter half of the 1970s. Box Butte County lost population between 1980 and 2000,
with the greater population losses occurring during the 1990s.

All of the Nebraska counties comprising the License Area experienced slight growth or
actual population decline between 1960 and 1980 and population decline between 1980
and 1990. The state experienced its fastest growth since the 1920s during the years
between 1990 and 2000. The total state population in 2000 was 1.7 million, which was an
8.4-percent increase over the 1990 population of 1.6 million. The Nebraska counties in
the License Area experienced little of the state’s growth spurt. However, with the
exception of Box Butte, the counties experienced a reversal of the downward trends of
the 1980s. In general, population trends for the last decade show that population in urban
areas is increasing, while population in rural areas is declining. Areas within 80-km of the
License Area that are defined as urban (all territory, population, and housing units in
urbanized areas and in places of more than 2,500 persons outside of urbanized areas) by
the U.S. Census 2000 are the cities of Chadron in Nebraska, and Hot Springs and Pine
Ridge in South Dakota.
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Table 2.3-1: Historical and Current Population Change for Counties and Towns
within 80-km (50-mile) Radius of the License Area, 1960-2000

. : : Average Annual Percent
'STATE Population Change )
County 1960/ | 1970/ | 1980/ | 1990/
City 1960 | 1970 | 1980 | 1990 | 2000 | 1970 | 1980 | 1990 | 2000
NEBRASKA
Dawes 9,536 | 9,761 | 9,609 | 9,021 | 9,060 | 2.4 -1.6 -6.1 0.4
Chadron 5,079 15,921 ] 5,933 | 5,588 | 5,634 | 16.6 | 0.2 -5.8 0.8
Crawford 1,588 11,291 11,315 1,115 [ 1,107 | -187 | 19 | -15.2 | -0.7
Box Butte 11,688]10,094113,696|13,130|12,158| -13.6 | 35.7 | -4.1 -7.4
Alliance 7,845 16,8621 9,869 | 9,765 | 8,959 | -12.6 | 43.8 | -1.1 -8.3
Hemingford 904 734 11,023 | 953 993 | -18.8 ) 394 | -6.8 4.2
Sheridan 9,049 | 7,285 7,544 1 6,750 | 6,198 |1 -19.5 | 3.6 | -10.5] -8.2
Hay Springs 823 | 682 | 794 | 693 [ 652 | -17.1 | 16.4 | -12.7 | -5.9
Rushville 1,228 1 1,137 1 1,217 | 1,127 ] 999 | -7.4 70 | 74 | -114
Sioux 2,57512,034 ] 1,845 11,549 | 1,475] -21.0 | 9.3 | -16.0 | -4.8
Harrison 448 § 377 361 241 279 | -158 1 42 | -332 | 15.8
SOUTH DAKOTA
Fall River 10,688] 7,505 ] 8,439 | 7,353 | 7,453 | -29.8 ] 124 | -12.9 1.4
Hot Springs 4,943 | 4,434 1 4,742 | 4,325 | 4,129 ] -10.3 | 6.9 -8.8 -4.5
Oelrichs 132 94 124 138 145 | 288 | 31.9 | 11.3 5.1
Ardmore 73 14 16 N/A | N/A | -80.8 | 143 | N/A | N/A
Shannon 6,000 | 8,198 111,323} 9,902 |12,466] 36.6 | 38.1 | -12.6 | 25.9
Pine Ridge CDP N/A | NJA | NJA ] 422 | 1229} N/A | NVJA | N/A | 191.2
WYOMING 1,256 | 2,768 | 3,059 | 2,596 | 3,171 | 1204 | 10.5 | -15.1 | 22.1
Goshen 11,941{10,885}12,040]12,373{12,538| -8.8 | 10.6 2.8 1.3
Niobrara 3,750 12,924 12,924 12,499 | 2,407 | -22.0 | 0.0 | -145] -3.7
Lusk | 1,890 11,4951 1,650 | 1,504 § 1,447 | 209 | 10.4 | -8.8 -3.8

Note — CDP (Census Designated Place) is a statistical entity defined for each decennial census according to Census
Bureau guidelines, comprising a densely-settled concentration of population that is not within an incorporated place,
but is locally identified by a name.

N/A = Not Available

Sources: U.S. Bureau of the Census, 1972a, 1972b, 1972c¢, 1979, 1981, 1990a, 1990b, 1990c, 2003

Dawes County grew slightly between 1990 and 2000, gaining 0.4 percent in population.
Most of this growth occurred in the City of Chadron. The Dawes County communities of
Chadron and Crawford are the nearest communities to the License Area. Chadron is
located approximately 25 miles northeast of the License Area with a 2000 population of
5,634, an increase of 0.8 percent from 1990. The community of Crawford, within 6.2
miles of the site, had a 2000 population of 1,107. Chadron experienced a small
population gain between 1990 and 2000, while Crawford lost population.
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Table 2.3-2: Population by Age and Sex for Counties within 80-km (50-mile)
Radius of the License Area, 2000

Total Percent
State County Age Male Female Total Breakdown
South Dakota
Fall River Under 5 214 145 359 4.8
5-19 . 847 661 1,508 20.2
20-34 397 406 803 10.8
35-64 1,596 1,513 3,109 41.7
65+ 846 828 1,674 22.6
Total 3,900 3,553 7,453 100.0
Shannon Under 5 676 684 1,360 10.9
5-19 2,460 2,294 4,754 38.1
20-34 1,205 1,297 2,502 - 20.1
35-64 1,614 1,642 3,256 26.1
65+ 265 329 594 4.8
Total 6,220 6,246 12,466 100.0
Wyoming
Goshen Under 5 378 349 727 5.8
5-19 1,460 1,322 2,782 22.2
20—-34 1,001 946 1,947 15.5
35-64 2,459 2,451 4910 39.2
65+ 936 1,236 2,172 17.3
Total 6,234 6,304 12,538 100.0 ‘
Niobrara Under 5 60 55 115 4.8
5-19 268 219 487 20.2
20 - 34 134 180 314 13.0
35-64 507 533 1,040 432
65+ 205 246 451 18.7
Total 1,174 1,233 2,407 100.0

Source: U.S. Bureau of the Census 2003

Table 2.3-3: Population Projections for Counties within an 80-km (50-mile)
Radius of the License Area, 2000-2020

Census Projected | Projected | Projected | Projected

County 2000 2005 2010 2015 2020

Box Butte 12,158 11,759 11,387 11,048 - 10,662
Dawes 9,060 9,168 9,273 9,339 9,368
Sheridan 6,198 5,962 5,732 5,540 5,368
Sioux 1,475 1,424 1,364 1,294 1,215
Fall River 7,453 N/A N/A N/A N/A
Shannon 12,466 N/A N/A N/A N/A
Goshen 12,538 12,401 12,429 N/A N/A
Niobrara 2,407 2,399 2,399 N/A N/A

N/A = not available
Sources: University of South Dakota, Bureau of Business Research 2004. University of Nebraska-Lincoln, Bureau of Business
Research 2004. Wyoming Department of Administration and Information 2004.
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Sioux County lost population at a slower rate in the years between 1980 and 1990 than in
the previous decade. The slower decline of the county population occurred in part
because the town of Harrison gained nearly 16 percent, which is a reversal of a trend that
shows a decline in population since 1960. Between 1980 and 1985, the downward trend
continued in Sioux and Morrill Counties, with Sheridan County exhibiting a slight
turnaround. Between 1985 and 1990, the downward trend continued in the Nebraska
counties, with the exception of Morrill County, which experienced an increase of 6.3
percent. However, this growth is a decrease from the 1980 population.

Sheridan County has experienced an overall decline of nearly 32 percent since 1960.
Population has declined in the towns of Hay Springs and Rushville between 1980 and
2000, despite earlier gains in the 1980s. Scotts Bluff County experienced gradual
population growth over the two-decade period between 1960 and 1980.

The two South Dakota counties in the 80-km (50-mile) study area include Fall River and
Shannon. Fall River County experienced an overall population decline by more than 30
percent between 1960 and 2000; however, between 1990 and 2000, there was a small
increase of 1.4 percent. The town of Ardmore lost more than 80 percent of its population
between 1960 and 1980, and was disincorporated in 1984 (U.S. Census 1990¢). Shannon
County, on the other hand, grew by 25.9 percent between 1990 and 2000; more than
double the 1960 population. Much of the growth occurred in the Pine Ridge and Oglala
Census Designated Places (CDP), which are urban areas as defined by the U.S. Census,
but are not incorporated municipalities. Most of Fall River County is included within the
80-km (50-mile) radius of the License Area; however, only the southwest portion of
Shannon County is within the 80-km (50-mile) radius of the License Area.

The population declines in the counties within the 80-km (50-mile) radius reflect trends
in the overall region, where declines have been attributed to the declines in the rural
farming based economy and limited economic opportunities for youth. Persistent drought
conditions have also contributed to the shrinking of the agriculture-based economy. Rural
residents have been migrating to larger cities, depopulating the largely rural Great Plains
states. Many of the people migrating out of the state are young adults and families, which
results in fewer people of childbearing age, and therefore, fewer children. This trend also
contributes to the increasing proportion of the elderly population in the state.

2.3.1.2  Population Characteristics

The 2000 population by age and sex for counties within 80-km of the License Area is
shown in Table 2.3-2. Overall, 67.7 percent of the population in the region is more than
20 years old. Fall River and Niobrara Counties reported the highest percentage of persons
older than 18 with 75.0 percent. About 6.7 percent of the population was less than 5 years
old in 2000. Shannon County reported the youngest population, with 10.9 percent less
than 5 years old and slightly more than half (51.0 percent) at 18 years of age and under.
Females slightly outnumbered males in most counties, with an overall population of 50.1
percent female to 49.9 percent male.
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In 2000 slightly more than 75 percent of the ten-county population was classified as
white. American Indians and persons of Hispanic origin comprised 21.2 percent and 4.3
percent, respectively, of the total population. Nearly 80 percent of the American Indians
were Sioux living on the Pine Ridge Reservation in Shannon County, South Dakota.

2.3.1.3  Population Projections

The projected population for selected years by county within the 80-km radius of the
License Area is shown in Table 2.3-3. The population is expected to decrease in the
Nebraska Counties of Box Butte, Sheridan, and Sioux. These counties are primarily rural,
with agriculture-based economies. It is anticipated that the declining population trends of
the last two decades will continue into the foreseeable future for these counties. The
projected population for Dawes County is expected to increase at an annual rate of less
than 1 percent over the next 20 years. This rate reflects recent increases in the population
of Chadron that are expected to continue. In addition, Dawes County provides a scenic
setting for a variety of outdoor recreation activities. The Pine Ridge region will probably
increase in popularity with visitors and recreationists from outside of the region, as
participation in outdoor recreational activities is expected to increase nationwide. An
increase in visitor utilization of recreation facilities in Dawes County would revitalize the
local economy, adding to the overall attractiveness of the region to potential residents.

2.3.1.4  Seasonal Population and Visitors

According to the Final Environmental Impact Statement for the Northern Great Plains
Management Plans Revision (USFS 2001), the various state parks in northwest Nebraska,
the Pine Ridge Ranger District and the Oglala National Grassland, are increasingly
becoming regional tourist destinations.

Approximately 358,000 people visited Fort Robinson State Park in 2002. This number
represents a 4.8-percent increase from 2001, but a decrease of 5.1 percent from the 1981
visitation of 377,000 people and a slight decrease of less than 1 percent from the 359,000
visitors in 1984 (Nebraska Department of Economic Development 2003). Visitor Figures
were up slightly for 2005, with a total of 361,230 visitors to the park (Nebraska
Department of Economic Development 2007). Approximately 50 percent of the visitors
in 2002 were from other states, which is an increase in the number of out-of-state visitors
from 1981, as the majority of 1981 visitors were Nebraskan families. It is likely that the
decline of visitors from Nebraska has resulted from the overall decline of population in
rural counties within a few hours commuting distance of the park.

There were 55,000 visitors to the Pine Ridge District of the Nebraska National Forest in
2001. Camping and motorized travel/viewing scenery are the two most popular recreation
categories on the Pine Ridge Ranger District and the Oglala National Grassland.

The forest provides a wide range of other undeveloped backcountry recreation
opportunities such as hunting, hiking, backpacking, fishing and wildlife observation. The
district provides the greatest number of miles of mountain biking trails in the state.
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District trails also attract horseback riders and off-highway motorized vehicle use. The
Pine Ridge is an important destination for deer hunting, and provides the most popular
turkey hunting area in Nebraska.

One source of seasonal population in this region is Chadron State College, located
approximately 21.6 miles from the site. During the 2001 fall semester, enrollment was
2,804, an increase of 25 percent over the fall 1986 enrollment of 2,240 (Nebraska
Department of Economic Development 2002; Schmiedt 1987). In the 1994 fall semester,
a total of 3,296 students were enrolled at the college (Taylor 1995).

2.3.1.5 Schools

Crawford is served by the Crawford Public School District. The Crawford High School
and grade school are presently under capacity. Total enrollment in these two schools as of
fall 2001 was 146 in the high school and 140 in the elementary school with maximum
capacities of 545 and 185, respectively (National Center for Educational Statistics 2004;
Crawford High School 1995, Crawford Elementary School 1995). Current enrollment
numbers are 134 in the grade school and 134 in the high school (Crawford Public Schools
2007) and are comparable to annual enrollments since 1987 for both schools. The grade
school currently has a student to teacher ratio of 13 to 1 and the high school has a ratio of
8 to 1. No historical high enrollment was given for the grade school. However, it was
estimated in 1995 that the high school historical high enrollment was more than 200
pupils.

There is one rural school supporting grades one through eight within the Crawford
district. The Belmont School is a two-room schoolhouse. Students living in the rural
district attend Crawford High School. There were 6 pupils as of fall 2007 at the Belmont
School from which Crawford High School draws, a decline from the 1995 enrollment of
an estimated 100 pupils in seven rural school districts.

Families moving into the Crawford district as a result of the Crow Butte Project would
not stress the current school system because it is presently under capacity.

2.3.1.6  Sectorial Populaition

Existing population, as determined for the original analysis in the CBR commercial
license application prepared in 1987 for the 80-km (50-mile) radius, was estimated for 16
compass sectors, by concentric circles of 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70 and 80-
km from the site (a total of 208 sectors). Sectorial population for this LRA was updated
with data from the 2000 U.S. Census. Subtotals by sector and compass points as well as
the total population are shown in Table 2.3-4.
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Table 2.3-4: 2000 Population within an 80-km (50-mile) Radius of the License Area®

0-1 1-2 2-3 3-4 - 4-5 5-10 | 10-20 | 20-30 | 30-40 | 40-50| 50-60 | 60-70|70-80| Total
N 0 0 0 0 1 9 38 63 87 112 137 161 3,682 4,292
NNE 0 0 0 0 1 9 38 63 88 112 147 205 223 886
NE 0 0 0 0 1 9 38 © 63 88 109 116 624 679 1,728
ENE 0 0 0 0 1 9 37 58 5,039 113 132 224 3,139 8,754
E 0 0 0 0 1 9 29 48 1,007 113 587 435 1,207 3,436
ESE 0 0 0 0 1 7 29 48 69 91 117 131 107 601
SE 0 0 0 0 0 7 29 48 68 146 263 303 153 1,016
SSE 0 11 21 9 2 7 29 48 125 242 273 194 1,701 2,663
S 0 16 41 58 72 27 29 48 136 190 188 164 179 1,149
SSwW 0 14 41 58 74 75 21 25 30 38 67 115 133 690
SwW 0 4 39 58 74 291 13 21 29 38 46 70 112 794
WSW 0 0 6 33 60 75 13 21 29 38 53 83 98 509
' 0 0 0 0 1 3 13 21 29 38 33 39 49 226
WNW 0 0 0 0 1 4 13 21 29 38 38 32 37 212
NwW 0 0 0 0 1 13 21 30 71 110 113 78 444
NNW 0 0 0 0 1 28 26 65 112 136 148 164 691
Total 0 46 148 214 293 560 409 645 6,950 1,601 2,443 | 3,041 [ 11,741 28,092

Notes:

Current population living between 10 and 80 km of the mine site were estimated using 2000 census data. Field reconnaissance was conducted in 2004 to verify data collected within 2.25 miles (3.6

km). See Section 2.3.1. for a detailed description of the methodology.
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Population within the 80-km (50-mile) radius was estimated using the following
techniques:

e U.S. Census 2000 data were used to estimate the total population within an 80-km
(50-mile) radius, measured from the center of the License Area site. The data
were created by Geographic Data Technology, Inc., a division of Environmental
System Research Institute (ESRI) Inc., from Census 2000 boundary and
demographic information for block groups within the United States.

e Arclnfo GIS was used to extract data from U.S. Census 2000 population estimates
for 40 Census Tract Block Groups located wholly or partially within the 80-km
(50-mile) radius from the approximate center of the License Area. Urban areas
within each county were generally assigned their own block group.

¢ To assign a population to each sector, a percentage area of each sector within one
or more block groups was calculated for all of the block groups.

e 2000 U.S. Census of population estimates for cities and counties in Nebraska,
South Dakota and Wyoming were used to determine total urban population.

2.3.2 Local Socioeconomic Characteristics
2.3.2.1  Major Economic Sectors

In 2002, average annual unemployment rates in Dawes and Box Butte Counties
decreased from the 1994 rates. Table 2.3-5 summarizes unemployment rates and
employment in the License Area counties. Dawes and Box Butte Counties exhibited
unemployment rates at 3.8 percent in Dawes County and 5.0 percent in Box Butte
County. Unemployment rates for both counties increased between 1994 and 2002. In
1994, unemployment levels declined from February 1987 levels. These rates were a little
higher than the statewide rate of 3.5 percent. Dawes County was close to the state
unemployment rate, while the Box Butte rate was higher.

Table 2.3-5: Annual Average Labor Force and Employment Economic Sectors*
for Dawes and Box Butte Counties, 1994 and 2002

S e D ~ v .|  Dawes . Box Butte' .~
Employméent Economic Sectors ~ [ 1994 | 2002 .| 1994 | 2002 .
~ Labor Force 4,490 4,663 6,156 5,670
Unemployment . 149 175 235 282
Unemployment Rate 33 3.8 3.8 5.0
Employment 4,341 4,489 5,921 5,387
~ Farm Employment 564 550 763 760
Non-Farm Employment Total 3,479 3,903 5,446 5,241
Manufacturing 165 201 402 465
Construction and Mining 136 179 80 0
Transportation, Communication, and Utilities N/A N/A 1,909 1,288
Trade 952 N/A 1,106 825
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Table 2.3-5: Annual Average Labor Force and Emplbyment Economic Sectors*
for Dawes and Box Butte Counties, 1994 and 2002

" Dawes Box Butte
Employment Economic Sectors 1994 2002 1994 2002
Retail 824 636 840 539
Wholesale 128 N/A 265 286
Financial, Insurance, and Real Estate 77 117 215 205
Services 548 N/A 779 N/A
Information N/A 0 N/A 110
Professional and Business Services N/A N/A N/A 219
Education and Health Services N/A 358 N/A 424
Leisure and Hospitality N/A 533 N/A 372
Other Services N/A 133 N/A 203
Government 1,384 1,450 955 1,130
Federal 144 161 65 67
State 721 719 67 62
Local 519 571 824 1,001
* Industry employment estimates are based on the Standard Industry Classification System before 2001, and on the

North American Industry Classification System after 2001.
N/A = not available

The major economic sectors in the License Area have changed little in recent years,
although individual sectors have shifted in their relative proportion in the overall
economy. The area continues to depend on trades, government, and services. Economic
activities in the Crawford area include farming, ranching, cattle feed lots, tourism, and
retail sales.

Agriculture accounts for slightly more than 1 percent of the total employed labor force in
Dawes County, while farm employment was 14 percent of total employment in Box Butte
County. Government employment in Dawes County makes up 37 percent of total non-
farm employment, followed by trade (16 percent), leisure and hospitality services (14
percent), and education and health services (9 percent). Construction and mining account
for 5 percent. In Box Butte County, the largest four non-farm employment sectors are
transportation (25 percent), government (22 percent), trade (16 percent), and
manufacturing (9 percent). ‘

Agriculture employment has a small share of total employment in both counties.
However, agriculture provides the economic base for the counties, as other economic
sectors support the agricultural industry. Events that affect agriculture are generally felt
throughout rural economies. According to the Nebraska Department of Economic
Development (2002), Farm employment in Nebraska is expected to decline by nearly
14,000 jobs (20 percent) between 2000 and 2045, while overall non-farm employment
will increase by nearly 26 percent. The decrease in jobs in the agricultural sector could
continue to fuel migration from rural counties to urban areas, resulting in overall declines
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in other sectors of the local economy as dollars spent from personal income and
agricultural business expenditures move out of the counties.

Per capita personal income is the income that is received by persons from all sources,
including wages and other income over the course of 1 year. In 2002, personal income in
Dawes County was $19,760, which was 68 percent of the state average of $29,182. The
county ranks 84™ out of 93 counties in the state (BEA 2004).

2.3.2.2 Housing

Between 1970 and 1980, total housing units increased by 17 percent in Dawes County
from 3,388 to 3,965 units. By 2002, the growth of the preceding decades had slowed, and
total housing units increased by 2.4 percent to 4,004 units from 3,909 units in 1990.
Chadron, the largest community in Dawes County and within 25 miles of the License
Area, experienced a 25 percent increase in housing stock between 1970 and 1980, and a 5
percent increase between 1990 and 2000. Crawford housing stock decreased by nearly 7
percent from 576 units in 1990. By 2000, there were 2,441 housing units in Chadron and
537 units in Crawford. Alliance, in Box Butte County (approximately 72 km [45 miles]
from the License Area) exhibited a 1 percent loss in total housing units between 1990 and
2000. In 2000, there were 4,062 housing units in Box Butte County (USCB 1981a,
1990d, 2004). '

In 2000, Dawes and Box Butte Counties had homeowner vacancy rates of 1.7 and 1.4
percent, respectively. A June 2004 listing of property for sale revealed two ranch
properties near Crawford. Housing prices averaged $53,915 in 1999. According to the
Dawes County Tax Assessor, no new houses are being built, as current housing needs are
being met.

A local Crawford realtor indicated in 1999 that rental property in Crawford was scarce.
The rental housing stock has not increased in 2000, as rental vacancy rates were 4.4
percent in Dawes County and 4.7 percent in Box Butte County (USCB 2004), compared
with rental vacancy rates in 1990, which were 12.6 percent in Dawes County and 14.9
percent in Box Butte County (USCB 1990a).

High interest rates and tax rates were the major deterrents for potential homebuyers in the
License Area in the past. Current deterrents are economic uncertainty and unemployment.
Recent interest rates on most home mortgages have ranged between 5 and 7 percent.

Population projections for Dawes County indicate an average annual growth rate of 10
percent between 2000 and 2020. Most of this growth is likely to occur in Chadron, as
suggested by population growth between 1990 and 2000, rather than Crawford, which
lost population. The majority of housing demand expected over the next two decades is
most likely to occur in Chadron. However, housing stock in Crawford has decreased so
that homeowner vacancy rates have also decreased. In the event that the various scenic
and recreational amenities of the region stimulate the local tourist economy, it is likely
that both population and housing stock would increase in Crawford.
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The purchase of homes by Crow Butte employees provides the town of Crawford with ad
valorem property taxes. The town of Crawford levies taxes at a dollar per hundred of
valuation. In 2001, the total levy was 0.43346, which would result in taxes on a $50,000
property of approximately $217 per year (Nebraska Department of Property Assessment
and Taxation 2001).

2.3.3 Environmental Justice

The 2000 Census provides population characteristics for Census Tracts, which contain
Block Groups that are further divided into Blocks. The Blocks are the smallest Census
area that contains the race characteristics of the population in Dawes County. The CSA
contains all or a portion of 68 Blocks within Census Tract 9506. Block Groups are the
smallest Census area that contains poverty level information. There is no poverty data for
individual Blocks within each Block. There are three Block Groups that are located
partially within the CSA; however, the Block Groups area includes most of the north
portion of Dawes County.

The affected area selected for the Environmental Justice analysis includes the race
characteristics of the population within the City of Crawford and the surrounding Census
Tract Blocks within the CSA. The population with an annual income below the poverty
level was determined from Block Group characteristics.

According to the 2000 Census and summarized in Table 2.3-6, the combined population
of the city of Crawford and the surrounding Census Blocks within the CSA was 1,265.
Minority populations accounted for a small percentage of the total population. The
majority of minority populations resided within Crawford.

The state of Nebraska was selected to be the geographic area to compare the demographic
data for the population in the affected Blocks. This determination was based on the need
for a larger geographic area encompassing affected area Block Groups in which
equivalent quantitative resource information is provided. The population characteristics
of the CSA are compared with Nebraska population characteristics to determine whether
there are concentrations of minority or low income populations in the CSA relative to the
state.

The data in Table 2.3-6 shows that minority populations in the affected Blocks account
for considerably smaller proportion of the total CSA population than the proportion of
minority populations at the state level. No concentrations of minority populations were
identified as residing near the proposed Project facilities, as residents nearest to the
License Area rural populations, while most of the minority population lives in Crawford.
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Table 2.3-6: Race and Poverty Level Characteristics of the Population in the State of Nebraska, Dawes County, and the CSA

Percent of ~Percent of Total Crawford & Percent of ‘

Nebraska Dawes Dawes County | Crawford Block Block Pop. Crawford & Block Block Block
- Nebraska Pop. ° County Pop. City Pop. (CSA) Block Pop. Group 1 Group 2 Group 3
Total Population 1,711,263 100.0% 9,060 100.00% 1,107 158 1,265 100.0% Lt 1,137 890
White alone 1,533,261 89.6% 8,457 93.34% 1,037 151 1,188 93.9% - - -
Black or African 68,541 4.0% 73 0.81% 1 0 1 0.1% - - -
American
American Indian and 14,896 0.9% 261 2.88% 38 6 44 3.5% - - -
Alaska Native
Asian alone ©21,931 1.3% 28 0.31% 0 0 0 0.0% - - -
Native Hawailanand |~ 836 " 0.0% - 51 0.06% 0 0 0 00% - - -
Other Pacific Islander
Some other race 47,845 2.8% 93 1.03% 10 1 11 0.9% - - -
Two or more races 23,953 1.4% 143 1.58% 21 0 21 1.7% - - -
Hispanic or Latino 94,425 5.5% 220 2.43% 22 3 25 2.0% - - -
Percent below poverty 9.4% - 17.1% - 14.4% - - - 21.3% 14.0% 8.3%
level:

Source: USCB 2000
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With the exception of Block Group 3, the populations within the Block Groups have
higher rates of people living below the poverty level than the state. However, lower
income levels are characteristic of predominantly rural populations and small
communities that serve as a local center of agricultural activity. No adverse
environmental impacts would occur to the population within the CSA as a result of
project activities; therefore there would be no disproportionate adverse impact to
populations living below the poverty level in these Block Groups.
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24  REGIONAL HISTORIC, ARCHEOLOGICAL, ARCHITECTURAL,
SCENIC AND NATURAL LANDMARKS

2.4.1 Historic, Archeological, and Cultural Resources

Identification and assessment of cultural resources within the Crow Butte License Area
have involved two separate field investigations. The R&D stage of cultural resources
investigation within the project was carried out during March and April 1982 by the
University of Nebraska. Further investigations were completed for the remaining CSA
lands during April and May 1987 by the Nebraska State Historical Society.

This section summarizes the results and recommendations of both studies. For detailed
descriptions of each identified resource, please refer to the original 1987 license
application.

Preliminary background and archival research were initiated in conjunction with
intensive field surveys to obtain data required for preparation of both R&D and
commercial applications. This work established a basis for addressing potential effects of
the project on identified cultural resources. Preliminary literature and records research
indicated that systematic investigations had not been previously conducted within the
CSA and that no National Register of Historic Places (National Register) eligible
properties had been recorded within or immediately adjacent to the survey unit.

Limited previous studies in surrounding areas provided evidence that a wide range of
paleontological, prehistoric and historic resources of potential significance to regional
studies are present in the near vicinity and could likely be encountered within the CSA.
Registered National Historic Landmarks representing military and Native American
reservation period use of the CSA are located near the Crow Butte License Area.

Intensive (100 percent coverage) pedestrian inspection of the R&D area (in 1982) and the
full CSA survey unit (in 1987) resulted in identification of 21 newly recorded resource
locations (Table 2.4-1 and Figure 2.4-1) including eight sites representing Native
American components, 12 Euro-American locations, and a buried bone deposit of
undetermined cultural association.

Fifteen of these newly identified resources contained limited observed evidence of
scientifically important cultural remains or were not determined to be of significant
historic value based on the archival research. These sites do not warrant further National
Register consideration.
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Table 2.4-1:

Summary of Cultural Resources Identified During the 1982 and 1987 Investigations
Crow Butte Project, Dawes County, Nebraska

Topographical :
Site Number Description and Temporal Assignment Location Area (m%) Field Investigation
1982
25DW111 surface; glass, ceramic, metal; bone debris; Euro- top and slope of small 1,000 survey, sketch map, photographs
(Harvey Homestead) |American; late 19th century (?) knoll ’
25DW112/00-17 surface/buried; abandoned farmstead (house, broad terrace; Squaw 6,000 survey, sketch plan, photographs
(Wulf/Daniels Place) (depression, 11 outbuildings); Euro-American late Creek
19th/early 20th century '
25DW113 surface/buried; glass, ceramic, metal, wood, leather broad terrace; Squaw 9,000 survey, transit map, soil probe/shovel
(Fiandt Homestead) |debris (25 to 40 cm S.D.); 4 depressions; Euro- Creek test, photographs
American; late 19th century (?)
25DW114 surface; chipped stone tools, flaking debris, trade broad terrace; Squaw | 150,000 survey, transit map, controlled surface
goods, bone, primary component is Middle Archaic, Creek collection, photographs
although Paleo-Indian, Late Archaic, Late Prehistoric
and Historic components are also present.
25DW115 surface; glass, brick debris; former location of First small rise on upper 900 survey, sketch map
(School Dist. 25) Presbyterian Church and public school; Euro- slope
American; late 19th century
25DW116 Surface; chipped stone flaking debris; unassigned terrace slope; Squaw 2 survey, sketch map, photographs
Native American Creek
25DW117 surface; windmill, cistern, stock tank complex; Euro-  |terrace slope; Squaw 250 survey, sketch plan, photographs
(Fleming Homestead) |American (possibly associated with Fleming Creek
homestead); late 19th century (?)
FN-1 1 chipped stone flake; unassigned Native American terrace slope; Squaw 1 survey
Creek .
FN-2 buried; bone, charcoal; unknown cultural association eroding cutbank; 50 survey, bank profile, collection, sketch
Squaw Creek (length) map, photographs
FN-3 Crow Butte Cemetery; Euro-American; 1880 through |level ridge top 2,700 survey, sketch plan, photographs
1971 .
1987
25DW191 surface/buried; outbuilding; 2 depressions; farm foot of Pine Ridge 50,000 survey, sketch map, photographs
(Dougherty/Smith) machinery; Euro-American, late 19th century colluvial slope
25DW192 " |surface/buried; glass and metal debris; 2 depressions, 2 |top and slope of small 1,000 survey, sketch map, uncontrolled surface
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Table 2.4-1:

Summary of Cultural Resources Identified During the 1982 and 1987 Investigations
Crow Butte Project, Dawes County, Nebraska

Topographical
Site Nuinber Description and Temporal Assignment Location Area (m?) Field Investigation
(Stetson/Roby) foundations; Euro-American; late 19th century knoll overlooking collection, photographs
Squaw Creek
tributary
25DW193 surface/buried; school, foundations, debris, and|upland ridge west of] 2,500 - |survey, sketch map, photographs
artifacts; Euro-American early 20" century through|Squaw Creek
1970s
25DW194 surface/buried; human burial, chipped stone tools,{ridge slope west of 1,600 survey, sketch map, photographs,
flaking debris, bone; Plains Equestrian and unassigned{Squaw Creek collected, tested
Native American
25DW195 surface; chipped stone tools, flaking debris, fire-[ridge slope east of] 1,000 survey, sketch map, photographs, shovel
cracked rock; unassigned Native American, possibly|English Creek test
Archaic
25DW196 surface; chipped stone tool, flaking debris, bone; _|upland ridge divide 80,000 survey, transit map, uncontrolled surface
unassigned Native American between Squaw and collection, controlled test (4),
English Creeks photographs
25DW197 surface; chipped stone tools, flaking debris, bone; upland ridge divide 150,000 survey, sketch map, uncontrolled surface
unassigned Native American between Squaw and collection, photographs
English Creeks
25DW198 surface/buried (plow zone only); chipped stone tools saddle and adjacent 30,000 survey, transit map, uncontrolled surface
and flaking debris; unassigned Native American knolls on divide collection, controlled test (3),
between English and photographs; controlled test 2003
White Clay Creeks
25DW199 surface/buried; foundation, pond; Euro-American; early [narrow terrace, White 2,000 survey, sketch map, photographs
(Crawford Ice House) |to mid 20th century Clay Creek R
25DW00-25 surface/buried; occupied farmstead (house, 8 broad terrace, Squaw 18,000 survey, sketch plan, photographs
(Stetson Place) outbuildings, corral); Euro-American late 19th century |[Creek
to present
25DW00-26 surface/buried; occupied farmstead (house, 11 ‘|broad terrace, Squaw 25,000 survey, sketch plan, photographs
(Gibbons/Ehlers outbuildings, corral); Euro-American; early 20th Creek
Place) century to present
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The remaining six sites are of potential archeological data recovery importance
(25DW114, 25DW192, 25DW194, and 25DW198) or possible architectural interest
(25DW112 and 25DW00-25). These six sites are potentially eligible for the National
Register, but fully assessing the eligibility of these sites was not within the scope of
this work. '

Field observation in August of 1995 confirmed that the current commercial operation
has not directly affected any of the six potentially significant sites. Additionally, there
are no properties within the CSA listed in the National Register or registered as
natural or historic landmarks. Project development staff has detailed location maps of
these properties, and there is coordination with the Nebraska State Historical Society
before any development occurs in the immediate vicinity of the six potentially
eligible sites.

2.4.2 Visual/Scenic Resources
2.4.2.1 Introduction

The Crow Butte License Area is on private land that is not managed to protect scenic
quality by any public agency. However, it is located in scenic landscape of the Pine
Ridge area of northwestern Nebraska and is visible from sensitive viewing areas. The
existing landscape and the visual effect of the facilities have been inventoried and
assessed for the License Area using the United States Department of Interior
(USDOI), Bureau of Land Management (BLM) Visual Resource Management
(VRM) system. '

2422  Methods

. The VRM system is the basic tool used by the BLM to inventory and manage visual

resources on public lands and is used in this analysis. The VRM inventory process
involves rating the visual appeal of a tract of land, measuring public concern for
scenic quality, and determining whether the tract of land is visible from travel routes
or observation points.

The scenic quality inventory was based on methods provided in BLM Manual 8410 —
Visual Resource Inventory (BLM 1986). The key factors of landform, vegetation,
water, color, influence of adjacent scenery, scarcity, and cultural modifications were
evaluated according to the rating criteria and provided with a score for each key
factor. The criteria for each key factor ranged from high to moderate to low quality
based on the variety of line, form, color, texture, and scale of the factor within the
landscape. A score was associated with each rating criteria, with a higher score
applied to greater complexity and variety for each factor in the landscape. The results
of the inventory and the associated score for each key factor are summarized in Table
2.4-2. According to NUREG-1569, 2.4.3(7), if the visual resource evaluation rating is
19 or lower, no further evaluation is required. The total score of the scenic quality
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inventory is 14; therefore, the visual effect of the Crow Butte Project on the local

visual resources was not further analyzed.

~ Table 2.4-2: Scenic Quality Inventory and Evaluation for the Crow Butte

License Area
Key Factor Rating Criteria Score

Landform ’ Flat to rolling terrain with no interesting 1
landscape features

Vegetation Some variety of vegetation; cropland, range, 3
riparian

Water Water is present, but not evident as viewed 0
from residences and roads

Color Some variety in colors and contrasts with 3
vegetation and soil

Influence of adjacent Adjacent scenery is very similar to Crow Butte 1

scenery License Area and provides little contrast

Scarcity Landscape is common for the region 1

Cultural modifications Existing modifications consist of Crow Butte 5
Project facilities.

Total Score 14

U.S.D.I. Bureau of Land Management (BLM). 1986. Visual Resource Inventory.
BLM Manual Handbook 8410-1.
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25 METEOROLOGY, CLIMATOLOGY, AND AIR QUALITY
2.5.1 Introduction

This section describes the meteorological conditions in the region surrounding the
License Area. The data presented in this section were used to determine the effect of
the local climate on the development area. The joint frequency data can be used to
assess the atmospheric dispersion characteristics present in the region.

Data sources for the meteorological conditions used for this report come from the
High Plains Regional Climatic Center (HPRCC) for a site located in Chadron,
Nebraska (HPRCC 2004) and from an on-site monitoring station near the Crow Butte
facility. The period of record for the HPRCC data covers 56 years of observation
between 1948 and 2003. The on-site monitoring data were collected between May
1982 and April 1984, and include temperature, precipitation, evaporation, wind
speed, and wind direction. Data are also included from the National Weather Service
Stations in Scottsbluff, Nebraska and Rapid City, South Dakota.

The License Area is located in Dawes County (in the north central portion of the
Nebraska panhandle), which shares its northern border with South Dakota. The
weather patterns are typical of a semi-arid, continental climate. This climate is
characterized by warm summers, cold winters, light precipitation, and frequent
changes in the weather.

The Rocky Mountains, located to the west of the site, and the Black Hills, located to
the north, effectively block moisture from these directions, while moisture from the
south is directed eastward by a plateau south of the region. As a result of this
topography, the License Area is generally drier than the rest of the panhandle.

The HPRCC data were collected at the Chadron 1 NW site (latitude 42° 50' north,
longitude 103° 01') west with a ground elevation of 1021 meters (3350 feet) above
mean sea level (amsl). The monitor is 0.9 miles west northwest of Chadron, 23 miles
east northeast of Crawford, and 22 miles east northeast of the License Area.

2.5.2 Temperature

Table 2.5-1 summarizes mean daily maximum and minimum and mean monthly
temperature data for Chadron, Nebraska from 1948 to 2003. The months of
November through March all have mean daily minimum temperatures below
freezing, with January as the coldest month. December, January, and February all
have monthly mean temperatures below freezing.
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Table 2.5-1: Mean Daily Maximum and Minimum and Mean Monthly
Temperature Data for Chadron, Nebraska
Mean Mean Record High Record Low
Daily Daily Mean
Maximum | Minimum | Monthly
Month (°C) (9] °O) (°C) | Year (°C) Year
Jan 2.0 -11.8 -4.9 21.1 1989 -33.9 1949
Feb 5.0 -9.2 2.1 24.4 1982 -32.8 1982
Mar 8.9 -5.4 1.8 28.3 1967 -32.2 1989
Apr 15.1 0.2 7.7 33.9 1989 -23.9 1975
May 20.9 6.3 13.6 36.7 1969 -8.9 1954
June 27.1 11.6 19.3 41.7 1989 -3.3 1969
July 31.8 15.2 23.5 43.3 1954 3.3 1971
Aug 31.3 14.3 22.8 42.2 1980 2.2 1962
Sept 25.3 8.1 16.7 40.0 1978 -8.3 1984
Oct 18.2 1.3 9.7 34.4 1953 -21.7 1991
Nov 8.9 -5.4 1.8 27.2 1999 -27.8 1959
Dec 3.6 -10.1 -3.3 22.2 1980 -40.0 1989
Year 16.5 1.2 89 [433 | Jul-54| -40.0 Dec-89

Notes: °C = degrees Celsius
Source: HPRCC 2004

The warmest months are July and August. The mean yearly temperature is 8.9°C

(48.0°F).

The temperature extremes for the period of record are also given in Table 2.5-1,
along with the year of occurrence. These data show that temperatures can exceed
38°C (100°F), and freezing or near-freezing temperatures can occur throughout the

year.

Table 2.5-2 lists the mean number of days per month with temperatures above or
below selected values. The average date of the last yearly 0°C (32°F) temperature is
May 18 while the first fall freeze is expected on September 18. The average growing
season is 120 to 130 days long (USDA 1981). These are average values, and the exact

occurrence of freezing temperatures depends on exposure.
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Table 2.5-2: Temperature Occurrences for Chadron, Nebraska

(From 1948 to 2003)
Mean Number of Days with ~ Mean Number of Days with
Maximum Temperatures - Minimum Temperatures_

Month : >32.2°C < 0°C o <0°C <-17.8°C
January 0.0 11.4 30.1 7.5
[February 0.0 7.8 26.7 4.3
March 0.0 4.7 26.2 1.7
April 0.1 0.8 15.4 0.0
May 0.9 0.0 2.9 0.0
June 6.0 0.0 0.1 0.0
July 15.9 0.0 0.0 0.0
August 15.6 0.0 0.0 0.0
September 5.6 0.0 1.9 0.0
October 0.3 0.5 12.4 0.1
November 0.0 4.5 25.6 1.0
December 0.0 9.1 29.6 4.7
Year 44.3 38.7 170.8 19.3

Source: HPRCC 2004
2.5.3 Precipitation

Precipitation in the region is generally light, with the heaviest occurrences in the
spring and summer. Table 2.5-3 lists the monthly precipitation totals for the period of
record along with the maximum 24-hour precipitation events. May has the heaviest
precipitation, with good precipitation occurring through July. The driest months are
November through February. The mean yearly precipitation is 40.79 centimeters (cm)
(16.06 inches (in)).

The monthly mean and maximum snowfalls for the period of record are listed in
Table 2.5-3. The mean annual snowfall is 107.44 cm (42.30 in). July and August are
the only two months without a reported snowfall. The maximum mean monthly
snowfall occurred in March.

Precipitation data from the National Oceanic and Atmospheric Administration
(NOAA) was also reviewed. The site in Scottsbluff, Nebraska is 60.9 miles south of
the License Area and the site in Rapid City, South Dakota is 98.2 miles north of the
License Area. These data indicate that precipitation in excess of 0.03 cm (0.01 in) can
be expected on an average of 91 and 96 days per year, respectively. These data are
listed in Table 2.5-4.
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Table 2.5-3: Mean and Maximum Precipitation Data for Chadron, Nebraska

(From 1948 to 2003)
Water Equivalent Snow Fall
Month Mean Maximum 24-Hour Mean Maximum Monthly

(cm) ~_(em) (cm) (cm)
January 1.12 2.72 16.51 88.14
February 1.17 3.81 16.51 59.69
March 2.16 3.51 21.84 88.14
April 4.47 6.22 13.21 49.28
May 7.52 6.50 1.52 23.62
June 7.14 5.38 0.00 3.05
July 5.41 5.08 0.00 0.00
August 3.48 4.62 0.00 0.00
September 3.66 11.18 0.76 25.40
October 2.36 3.81 5.59 28.45
November 1.24 1.78 13.21 42.93
December 1.04 1.80 17.78 46.99
Year 40.79 11.18 107.44 196.85

Source: HPRCC 2004

Table 2.5-4: Precipitation Events (1982 - 1990)

Mean Number of Days with Precipitation
Month Scottsbluff, NE Rapid City SD
January 54 5.4
[February 5.4 6.2
March 7.3 9.2
April 9.2 8.0
May 12.0 10.8
June 9.2 11.3
July 8.6 8.3
August 8.2 8.6
September 8.0 8.3
October 5.3 6.6
November 6.6 6.2
December 6.2 6.8
Year 91.4 95.7
Period of Record (years) 9 9

Source: NOAA 1993

Tornadoes are rare. In the USNRC, "Draft Generic Environmental Impact Statement
on Uranium Milling", (USNRC 1979) the authors calculated a mean annual frequency
of 0.6 for tornadoes in intensity Category I at Rapid City. The annual probability of
occurrence at this location is 4.8 x 10™. A tornado in intensity Category I has a
rotational speed of 134 meters per second (m/s) and a translational speed of 26 m/s.
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2.5.4 Humidity

Relative percent humidity at the Scottsbluff and Rapid City weather stations is given
in Table 2.5-5. The humidity at 0500, 1100, 1700, and 2300 hours is listed. Both
locations have about the same humidity during the night; but in the early morning,
Scottsbluff is slightly more humid. By noon and throughout the afternoon, Scottsbluff
becomes less humid than Rapid City. These data indicate that humidity differences
are slight and the humidity within the License Area can be expected to be similar to
these locations.

Table 2.5-5: Percent Relative Humidity Data (From 1982 - 1990)

0500 Hours 1100 Hours -1700 Hours 2300 Hours

Month NE* sD® NE SD NE | SD | NE [ SD

January 72.0 67.7 543 55.7 534 61.0 68.3 67.0
February 75.0 71.0 52.6 54.8 47.6 56.1 70.0 70.0
March 76.0 76.2 50.9 56.3 44.1 54.9 68.4 73.7
April 75.3 70.6 429 449 39.1 43.2 65.0 65.1
May 80.3 75.4 44 .4 49.2 41.2 - |475 68.8 70.8
June 80.0 77.0 43.0 49.8 384 46.1 66.8 71.3
Tuly 81.1 72.3 40.7 41.3 35.1 37.8 654 62.8
August 82.6 73.4 42.6 41.3 37.2 36.8 69.2 64.7
September 79.5 71.9 42.7 44.1 37.8 42.0 68.0 65.8
October 76.6 69.7 434 45.2 40.9 48.2 67.6 66.4
[November 76.2 72.3 51.2 54.3 539 60.5 71.3 70.9
December 76.1 69.1 57.4 56.6 59.6 63.3 73.4 68.1
Year 77.6 72.2 47.2 49.5 44.0 49.8 68.5 68.1
Period of Record (years) 9 9 9 9 9 9 9 9

Source: NOAA 1993
#  Scottsbluff, NE
> Rapid City, SD

2.5.5 Winds

Figure 2.5-1 and Figure 2.5-2 are the wind roses for Scottsbluff, Nebraska and Rapid
City, South Dakota, respectively. These Figures show predominant wind patterns that
are similar; however, the finer details are greatly influenced by the local topography.
Rapid City has a predominant wind from the north-northwest while Scottsbluff has a
slightly bimodal distribution with the predominant winds from the west-northwest
and the east-southeast. The least prevalent wind direction at Scottsbluff and Rapid
City is from the southwest.

As shown by the wind rose for the License Area in Figure 2.5-3, the predominant air
pollutant dispersion would be towards the north to northeast. The next most common
directions would be towards the southwest to south-southwest.
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Local terrain will have a significant influence on the wind patterns in a given area.
Because of this, a meteorological station was installed within the License Area. This
station was capable of measuring wind speed, direction, and the standard deviation of
the wind direction. Joint frequency data was compiled from this information. Figure
2.5-3 exhibits the wind rose that was identified for the site and Table 2.5-6 through
Table 2.5-12 shows the frequency of winds by direction and speed for the six
stability classes. As shown on Figure 2.5-3, the predominant wind direction of the
site 1s from a south-southwest direction approximately 45 percent of the time.
Because of the differences among the site, Rapid City, and Scottsbluff, the two-year
Crow Butte site wind record is considered the most representative.

Table 2.5-6: Frequency of Winds by Direction and Speed (Stability A)

Speed Class Intervals (Knots)

Wind ) e - "Mean
[Direction] 1-3 | 3-6 | 6-10 | 10-16 | 16-21 | >21 All Speed
IN 0.98 8.63 2.62 0.11 0.00 0.00 12.34 4.90
INNE 2.61 8.74 2.95 0.11 0.00 0.00 14.31 4.60
INE 1.64 8.52 1.31 0.00 0.00 0.00 11.47 4.50
[ENE 0.66 437 | 0.55 0.00 0.00 0.00 5.58 4.40
E 1.20 1.97 0.77 0.00 0.00 0.00 3.94 4.40
[ESE 0.33 0.87 0.22 0.00 0.00 0.00 1.42 4.00
SE 0.98 1.75 1.64 0.00 0.00 0.00 4.37 5.10
SSE 0.44 2.61 1.64 0.11 0.00 0.00 4.70 5.30
S 0.98 3.72 1.53 0.00 0.00 0.00 6.23 5.00
SSW 0.55 1.97 2.08 0.22 0.00 0.00 4.82 6.00
SW 0.77 3.72 1.53 0.00 0.00 0.00 6.02 5.00
WSW 0.66 2.08 1.53 0.00 0.00 0.00 4.27 5.30
W 0.66 1.75 1.75 0.11 0.00 0.00 4.27 5.50
[WNW 0.77 1.42 | 0098 0.44 0.00 0.00 3.61 5.70
INW 0.66 2.30 1.53 0.11, 0.00 0.00 4.60 5.50
INNW 1.53 3.93 1.86 0.44 0.00 0.00 7.76 5.30

L 15.32 58.25 24.49 1.65 0.00 0.00 99.71 5.00

Stability Class A

Data Recorded between May 1982 and April 1984
Crow Butte Project Site, Nebraska

Calm (less than one knot) = 0.3 %

Period mean wind speed = 5.0 knots

Percent occurrence for A stability class=5.6%

Precipitation was also recorded at the station with a heated tipping bucket rain gauge.
Evaporation was measured using a 48-inch evaporation pan and an evaporation gauge
with analog output. The air temperature was also recorded using a precision linear
thermistor and fan-aspirated radiation shield. All of the information was recorded on
strip chart recorders. In addition, the information was run through a microprocessor
and recorded on magnetic tape. The information from the tape was transferred to a
computer and then verified by comparison from the strip charts and from visual
observation records.
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Table 2.5-7: Frequency of Winds by Direction and Speed (Stability B)

Speed Class Intervals (Knots)

Wind Mean
Direction| 1-3 3-6 6-10 | 10-16 | 16-21 >21 | Al Speed
IN 1.01 2.68 5.53 0.67 0.00 0.00 9.89 6.40
INNE 1.34 3.52 3.77 0.34 0.00 0.00 8.97 5.70
INE 0.92 5.28 545 [ 0.50 0.00 0.00 12.15 6.00
ENE 0.84 1.76 2.85 0.25 0.00 0.00 5.70 6.00
E 0.17 0.84 0.75 0.08 0.00 0.00 1.84 6.00
ESE 0.59 0.59 1.09 0.00 0.00 0.00 2.27 5.80
SE 0.08 1.26 226 | 0.25 0.00 0.00 3.85 6.90
SSE 0.67 1.17 2.43 0.50 0.00 -0.00 4,77 6.50
S 1.09 1.01 4.02 0.92 0.00 0.00 7.04 7.00
SSW 1.01 2.01 2.26 0.75 0.00 0.00 6.03 6.30
SW 0.92 3.19 2.61 0.59 0.00 0.00 7.21 6.10
WSW 0.59 2.01 2.60 0.84 0.08 0.00 6.12 6.90
W 0.42 1.34 2.35 0.42 0.08 0.00 4.61 7.20
[WNW 0.67 1.09 2.10 0.34 0.00 0.00 4.20 6.60
NW 0.25 1.09 4.02 1.09 0.08 0.00 6.53 7.80
INNW 0.42 1.51 4.95 1.68 0.08 0.00 8.64 7.80
ALL 10.99 30.35 48.94 9.22 0.32 0.00 99.82 6.60
Stability Class B .
Data Recorded between May 1982 and April 1984 )

Crow Butte Project Site, Nebraska

Calm (less than one knot) = 0.2%

Period mean wind speed = 6.5 knots

Percent occurrence for B stability class = 7.4%

Table 2.5-8: Frequency of Winds by Direction and Speed (Stability C)

Speed Class Intervals (Knots)

Wind Mean
[Direction] 1-3 -] 3-6 6-10 | 10-16 | 16-21 >21 All Speed
N 0.74 1.54 2.68 0.74 0.00 0.00 | 5.70 6.70
INNE 0.63 2.62 2.90 0.85 0.00 0.00 7.00 6.60
INE 0.91 2.28 5.69 1.20 0.00 0.00 10.08 7.00
[ENE 0.46 1.03 2.96 0.97 0.00 0.00 5.42 7.30
E 0.00 0.57 0.74 0.28 0.00 0.00 1.59 7.60
ESE 0.23 0.34 0.91 0.23 0.00 0.00 1.71 7.00
SE 0.17 0.68 1.82 0.74 0.00 0.00 3.41 7.70
SSE 0.46 0.74 2.22 1.48 0.00 0.00 4.90 8.00
S 0.97 1.65 5.30 2.28 0.00 0.00 10.20 7.70
SSW 1.14 3.02 3.93 0.97 0.00 0.00 9.06 6.60
SW 1.03 3.36 4.67 1.14 0.11 0.00 10.31 6.80
WSW 0.97 3.02 3.59 1.14 0.06 0.06 8.84 6.80 )
W 0.11 0.91 1.99 1.03 0.11 0.00 4.15 8.40 .
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Table 2.5-8: Frequency of Winds by Direction and Speed (Stability C)

Speed Class Intervals (Knots)
Wind , , ' C Mean
irection] 1-3 3-6 6-10 10—-16 | 16-21 >21 All Speed
WNW 0.17 0.51 1.03 -1.25 0.06 0.00 3.02 9.10
INW 0.40 0.74 3.70 2.22 0.06 0.00 7.12 8.70
INNW 0.40 1.42 3.42 2.11 0.00 0.00 7.35 8.20
ALL 8.79 24.43 47.55 18.63 0.40 0.06 99.86 7.40

Stability Class C

Data Recorded between May 1982 and April 1984

Crow Butte Project Site, Nebraska
Calm (less than one knot) = 0.2%

Period mean wind speed = 7.4 knots

Percent occurrence for C stability class = 10.8%

Table 2.5-9: Frequency of Winds by Direction and Speed (Stability D)

: Speed Class Intervals (Knots)

. Wind ; Mean
[Direction] 1-3 3-6 6-10 | 10-16 | 16-21 >21 All Speed
IN 0.17 0.52 1.14 0.83 0.20 0.02 2.88 9.20
INNE 0.16 1.12 2.34 2.90 0.89 0.19 7.60 10.70
INE 0.13 1.53 2.65 2.72 0.46 0.08 7.47 9.80
[ENE 0.04 0.47 0.79 0.50 0.06 0.00 1.86 8.30
E 0.02 0.06 0.28 0.22 0.04 0.00 0.62 9.50
[ESE 0.01 0.25 0.35 0.13 0.00 0.00 0.74 7.40
SE 0.06 0.42 0.71 0.52 0.18 0.01 1.90 9.50
SSE 0.13 1.78 1.50 2.60 1.21 0.34 7.56 11.10
S 0.34 1.67 3.58 7.77 3.57 0.58 17.51 12.40
SSW 0.22 1.37 3.82 3.60 0.76 0.12 9.89 10.00
SW 0.17 2.11 5.80 3.80 0.29 0.02 12.19 8.80
[WSW 0.17 0.61 2.28 2.74 0.54 0.16 6.50 10.70
W 0.10 0.20 0.64 1.03 0.47 0.19 2.63 12.60
IWNW 0.05 0.17 0.91 1.39 0.66 0.28 3.46 13.20
NW 0.05 0.31 1.60 5.13 2.68 1.55 11.32 15.00
INNW 0.04 0.49 1.80 2.34 0.90 0.20 5.77 11.90
ALL 1.86 13.08 30.09 38.22 12.91 3.74 99.90 11.20
Stability Class D

Data Recorded between May 1982 and April 1984

Crow Butte Project Site, Nebraska
Calm (less than one knot) =0.1%

Period mean wind speed = 11.2 knots

Percent occurrence for D stability class = 51.3%
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Table 2.5-10: Frequency of Winds by Direction and Speed (Stability E)

Speed Class Intervals (Knots)

Wind Mean
h)irection 1-3 3-6 6-10 | 10—-16 | 16-21 >21 All Speed
N 0.85 " 2.92 0.65 0.04 0.00 0.00 4.46 4.60
INNE 0.97 2.80 1.82 0.00 0.00 0.00 5.59 5.20
INE 0.97 3.32 1.90 0.08 0.00 0.00 6.27 5.10
ENE 0.45 1.26 0.73 0.00 0.00 0.00 2.44 5.10
E 0.16 0.73 0.20 0.00 0.00 0.00 1.09 4.70
[ESE 0.28 0.65 0.45 0.00 0.00 0.00 1.38 4.80
SE 0.49 1.82 0.85 0.12 0.00 0.00 3.28 5.10
SSE 1.70 7.62 1.05 0.08 0.00 0.00 10.45 4.40
S 2.23 11.06 4.34 0.16 0.00 0.00 17.79 5.00
SSW 2.11 10.53 2.80 0.04 0.00 0.00 15.48 4.70
SW 1.78 8.18 5.67 0.12 0.04 0.00 15.79 5.50
[WSW 1.05 2.88 2.47 0.04 0.00 0.00 6.44 5.40
W 0.65 0.97 0.36 0.04 0.00 0.00 2.02 4.30
WNW 0.36 0.97 0.81 0.00 0.00 0.00 2.14 5.50
INW 0.45 1.18 0.85 0.20 0.00 0.00 2.68 5.70
INNW 0.61 1.34 0.49 0.00 0.00 0.00 2.44 4.50
ALL 15.11 58.23 25.44 0.92 0.04 0.00 99.74 5.00

Stability Class E

Data Recorded between May 1982 and April

Crow Butte Project Site, Nebraska
Calm (less than one knot) = 0.2%

Period mean wind speed = 5.0 knots

Percent occurrence for E stability class = 15.2%

1984

Table 2.5-11: Frequency of Winds by Direction and Speed (Stability F)

Speed Class Intervals (Knots)

Wind Mean
[Direction} 1-3 3-6 6-10 | 10-16 | 16-21 >21 All Speed
N 3.30 1.65 0.00 0.00 0.00 0.00 4.95 2.80
INNE 1.65 1.33 0.00 0.00 0.00 0.00 2.98 3.00
INE 0.95 1.40 0.00 0.00 0.00 0.00 2.35 3.10
[ENE 1.40 0.76 0.00 0.00 . 0.00 0.00 2.16 2.80
E 1.27 0.44 0.00 0.00 0.00 0.00 1.71 2.80
ESE 1.78 1.02 0.00 0.00 0.00 0.00 2.80 2.60
SE 1.72 1.78 0.00 0.00 0.00 0.00 3.50 3.00
SSE 3.75 4.76 0.00 0.00 0.00 0.00 8.51 3.10
S 7.50 12.07 0.00 0.00 0.00 0.00 19.57 3.30
SSW 7.24 13.15 0.00 0.00 0.00 0.00 20.39 3.30
SW 6.48 8.01 0.00 0.00 0.00 0.00 14.49 3.20
(WSW 2.73 2.60 0.00 0.00 0.00 0.00 5.33 3.00
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Table 2.5-11: Frequency of Winds by Direction and Speed (Stability F)

, Speed Class Intervals (Knots)

Wind Mean
Direction| 1-3 3-6 6-10 | 10-16 | 16-21 >21 All Speed
W 1.78 1.46 0.00 0.00 0.00 0.00 3.24 2.90
[WNW 0.83 0.95 0.00 0.00 0.00 0.00 1.78 3.00
INW 1.33 1.21 0.00 0.00 0.00 0.00 2.64 3.00
INNW 1.33 0.51 0.00 0.00 0.00 0.00 1.84 2.60
ALL 45.04 53.10 0.00 0.00 0.00 0.00 98.14 3.10

Stability Class F

Data Recorded between May 1982 and April 1984
Crow Butte Project Site, Nebraska

Calm (less than one knot) = 1.8%

Period mean wind speed = 3.1 knots

Percent occurrence for F stability class = 9.7%

Table 2.5-12: Frequency of Winds by Direction and Speed (All Stabilities)

Speed Class Intervals (Knots)
Wind K : Mean
Direction| 1-3 | 3-6 6-10 | 10—16 | 16-21 >21 All Speed

N 0.75 1.72 1.53 0.57 0.10 0.01 4.68 6.50
INNE 0.70 2.16 2.24 1.61 0.46 0.10 7.27 8.20
INE 0.57 2.64 2.69 1.57 0.23 0.04 7.64 7.70
ENE 0.37 0.99 1.08 0.38 0.03 0.00 2.85 6.50
E 0.24 0.42 0.35 0.15 0.02 0.00 1.18 6.20
ESE 0.31 0.46 0.44 0.09 0.00 0.00 1.30 5.50
SE 0.35 0.93 0.95 0.38 0.09 0.01 2.71 7.00
SSE 0.81 2.84 1.44 1.55 0.62 0.17 7.43 8.20
S 1.48 4.17 3.45 4.33 1.83 0.30 15.56 9.30
SSW 1.36 4.17 3.09 2.03 0.39 0.06 11.10 7.20
swW 1.21 3.91 4.62 2.13 0.17 0.01 12.05 7.10
(WSW 0.70 1.60 2.21 1.60 0.29 0.09 6.49 8.20
W 0.40 0.69 0.87 0.68 0.26 0.10 3.00 8.90
[WNW 0.27 0.54 0.91 0.90 0.35 0.14 3.11 10.20
NW 0.32 0.75 1.73 2.99 1.39 0.79 7.97 12.80
NNW 0.40 0.99 1.84 1.58 0.47 0.10 5.38 5.50
ALL 110.24 28.88 29.44 22.64 6.70 1.92 99.72 8.40

Stability Class All

Data Recorded between May 1982 and April 1984
Crow Butte Project Site, Nebraska

Calm (less than one knot) = 0.3%

Period mean wind speed = 8.4 knots

Percent occurrence for A stability class = 100.0%
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2.5.6 Air Quality

Although there are no ambient air quality monitoring data for non-radiological
pollutants within the License Area, PM10; concentrations have been measured in
Rapid City, South Dakota and Badlands National Park in South Dakota. Both
locations are geographically similar to the License Area.

The Rapid City data were collected at the National Guard Camp Armory site about 2
mile west of the city. This area is classified as suburban. The Badlands data were
collected in an area classified as rural. Because of the degree of urbanization, the air
quality at the License Area would probably fall somewhere between the air quality at
these two locations. These data were obtained from the United States Environmental
Protection Agency (USEPA) air quality monitoring database (USEPA 2007), and are
presented in Table 2.5-13.

Table 2.5-13: PM;y Monitoring Summary (micrograms per cubic meter)

Maximum 24-hr Average Annual Average
Year Black Hills, SD | Rapid City, SD | Black Hills, SD | Rapid City, SD
1998 NA 87.4 NA 30.7
1999 NA 116.9 NA 28.2
2000 38.5 97.4 12.0 31.3
2001 47.9 81.5 12.6 34.6
2002 26.0 104.7 9.9 34.9
2003 74.4 91.8 16.3 36.2
2004 24.0 72.0 10.0 30.0
2005 40.0 94.00 9.0 27.0
2006 30.0 124.0 10.0 29.0

Notes: NA = Not Available

The National Ambient Air Quality Standards (NAAQS) for PM); are 150 micrograms
per cubic meter (24-hour average), and 50 micrograms per cubic meter (annual
average). All counties within the 80-km radius or the project are in attainment of
NAAQS.

2.5.7 Noise

Noise standards and sound measurement equipment have been designed to account
for the sensitivity of human hearing to different frequencies. This varying sensitivity
is accommodated by applying “A-Weighted” correction factors. This correction de-
emphasizes the very low and very high frequencies of sound in a manner similar to
the response of the human ear. The primary assumption is that the A-weighted decibel
(dBA) is a good correlation to a human’s subjective reaction to noise. In general, a
residential area at night is 40 dBA; a residential area during the day is 50 dBA; a rural

! Particulate matter with a diameter less than or equal to 10 microns.
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area during the day is 40 dBA and a typical construction site is 80 dBA (USEPA
1974). As a comparison, a normal conversation at 5 feet is 60 dBA (USEPA 1974).

The nearest noise receptor (residence) to the License Area is on State Highway (SH)
2/71 along the eastern License Area boundary. This residence is located
approximately 0.5 mile from the satellite plant. The next closet residence is located
along the southern License Area boundary at a distance of approximately 1.5 miles
south of the satellite plant.

According to Sandy Seidel, Crawford City Clerk, the City of Crawford does not have
a noise ordinance. A review of the City of Crawford Municipal Code revealed a noise
ordinance related to industrial equipment. Section 2-103, Excessive Noise Control
(Crawford 2007) reports that it is “unlawful to operate industrial equipment, heavy
machinery, jack hammer and other industrial equipment emitting loud noise or to race
automobile engines within the City between the hours of 8:00 P.M. and 7:00 A.M., in
such a manner so as to disturb the .... peace .... unless such activity has been
approved in advance by the City Council.” Construction activities associated with the
License Area would be conducted outside of the City of Crawford limits. The Dawes
County Clerk’s office did not know of a noise ordinance for Dawes County.

The License Area is bounded on the west by the Burlington Northern Santa Fe
(BNSF) rail line and on the east by Nebraska SH 2/71. Therefore, the existing
ambient noise in the vicinity of the License Area is dominated by the traffic noise
from SH 2/71 and trains on the BNSF rail line.

The State of Nebraska, Department of Roads, reports that the annual 24-hour average
number of total vehicles to travel SH 2/71 along the eastern project boundary in 2004
was 965 (Nebraska 2007a). Thirty-five of these vehicles were reported to be heavy
commercial vehicles. Table 2.5-14 (USDOT 1995) presents typical noise levels for
automobiles at a distance of 15 meters (45 feet) at speeds ranging from 50-miles per
hour (mph) to 70 mph.

Table 2.5-14: Typical Automobile Noise Levels

Speed (mph) o ' Noise Level at 45 Feet (dBA)
50 62
35 64
60 65
65 66.5
70 68

Traffic noise is a combination of traffic density and vehicle speed. According to the
Nebraska Department of Roads (NDOR), the speed limit along SH 2/71 near the
License Area is 60 miles per hour (NDOR 2007). The closest noise receptor
(residence) to SH 2/71 is located adjacent to the road. Therefore, the existing noise
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level at that receptor due to existing traffic noise alone would be expected to be 65
dBA.

The precise noise levels caused by trains is a complex calculation that considers the
train speed, the train length, the conditions of the wheels, and the condition of the
track (Harris 1991). Noise from trains has been measured (Harris 1991) to range from
87 to 96 dBA at 100 feet from a track. The BNSF rail line runs through the town of
Crawford. Assuming that a resident may live as close as 100 feet from the track, the
existing noise for that receptor would be expected to be at least 87 dBA due to train
noise alone. :

The propagation of noise depends on many factors including atmospheric conditions,
ground cover, and the presence of any natural or man-made barriers. As a general
rule, noise decreases by approximately 6 dBA with every doubling of the distance
from the source (Bell 1982). Therefore, noise levels at various distances can be
predicted. The closest noise receptor, residence along SH 2/71, is located
approximately 1.2 miles east of the BNSF. Using the doubling rule, the train noise at
the residence would be 51 dBA, assuming a distance of 6400 feet. Because the effect
of multiple noise sources is not a simple addition, but rather is a logarithmic addition,
the existing noise levels at the closest receptor, based on noise from highway traffic
and the BNSF, is likely to be 65 dBA or greater.
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2.6 GEOLOGY SOILS AND SEISMOLOGY

This section describes the regional and local geology and seismology related to the
current License Area and CSA. In this regard, discussion of the geology of the
License Area and CSA, in particular, has been presented in previous reports (WFC
1983; Ferret Exploration of Nebraska 1987). Information contained in these reports
include laboratory results and field data that describe formation characteristics
(mineralogy, permeability, etc.) for the Pierre Shale, Brule Formation, Chadron
Formation, and the Basal Chadron Sandstone in the CSA. These data, in addition to
new information from exploratory drilling/logging activities within the License Area,
are used to describe the geology and seismology in this section.

2.6.1 Regional Setting

The Crow Butte Project is in Dawes County in northwestern Nebraska. Crawford is
the principal town in the area and lies approximately 4 miles northwest of the
proposed plant site. Crawford is 25 miles west of Chadron and 70 miles north of
Scottsbluff, Nebraska. Crawford is 21 miles south of the South Dakota State line and
33 miles east of the Wyoming State line (Figure 2.6-1). The topography consists of
low rolling hills dominated by the Pine Ridge south and west of the project area.

2.6.1.1  General Stratigraphy

Sedimentary strata ranging from late Cretaceous through Tertiary are exposed
throughout northwest Nebraska. Pleistocene alluvial-colluvial material is abundant
along the north slope of the Pine Ridge. Table 2.6-1 is a generalized stratigraphic
chart for the region.

2.6.1.2  Pre-Pierre Shale Stratigraphy

Formations older than the Cretaceous Pierre Shale are listed on the general
stratigraphic chart (Table 2.6-1). This chart has been developed from the published
literature and nearby oil and gas test holes. The Upper Cretaceous Niobrara, Carlile,
and Greenhorn-Graneros Formations outcrop in the Chadron Arch about 30 miles
northeast of Crawford.

The principal water bearing rocks below the Pierre Shale are the G Sand, J Sand, and
the Dakota, Morrison and Sundance Formations. The Total Dissolved Solids <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>