Table of Contents

Acronyms and AbBreviations.........cccucciiiiiiiiiiiinniiniiiiiiiisssssnnesssssssssssnan vii
EXECULIVE SUMMAIY ...iiiiiiiiiiiiiiiiiiriiiiiiieiiiiireseisirsseessssrsnesssssnsssssssnssssssssrssssssssssssssssssnssssssenns ix
Chapter 1: 3 o To [T 4 ' o T 1
1.1 OVEBIVIBW .ttt e e e ettt ree e e e e e e e ea et e e e eeeaeeaae b e e e seeeeeseasbanaeseeeesansnsnnanaesaaes 1

1.2 2 Yol 4= o1 U o T PSR 2

1.3 Project Phases and GOalS ......ccocuuiiiiiii ittt e et e e e e e bra e e e e e e e e enrrae e e e e e 7

14 Elements Addressed in the REPOIt.......ccocuiiiiiiiiie e 9

1.5 0=t o Lol M) A 0 (o1 U] PP PPPPPTPPPPTNN 10

1.6 o o T=Tot Al =TT o o RSSO P PP PP PPPPPPPPPPPPPPPRE 10
Chapter 2: Study Area DeSCriPtioN.......cciveeeeieiireeeieetrennecetrenseeerensseeeernnsseeesenssessssnnsseseeens 13
2.1 Geography and Surface Hydrology ......ccueeeeiiie it 13

2.2 Climate and Habitat ........oooviiiii e s 18

2.3 (CY=YoY[o)=4VA- T Yo Il o 1Yo [ o T={=To] Lo -V PSR 20

0 B0 Y o 11 SRS 23

2.3.2 SUPrabasalt SEAIMENTS......cccuiiiiiiiie e e e e e abae e e 23

2.3.3 Columbia River Basalt Group (CRBG) .......ccccueeeiiiiieeeciie ettt ettt 27

2.3.4 Pre-Basalt ROCKS .....cciiiuiiiiiiiie ittt sttt st e e sbee e s abee e s abe e e s bee e e s nanes 61

2.3.5 SEruCtural GEOIOZY ..occcuvveieeiiie ettt e e e e e a e e e e are e e e nanees 61

2.3.6 CRBG HYdrOgZEOIOZY ....uvvieiieieiiiiiiiiee e e e e ettt e e e e e eettree e e e e e eetnte e e e e e e e e nbnsaeeeaeeeennes 65

Chapter 3: Water Availability and GOVErnance........ccccccceeeiiiiiininiennnnessiiinniinnesessen. 77
3.1 LT LT 24T o SRRt 77

3.1.1 Columbia RIVEr WAt ..ciiuiiieiiiiiieeieesiee ettt ettt sbe e e s sare s 78

3.1.2 Pilot Test Water Rights OptioNsS ....cccciiiecciiiieeee et e e e e 83

3.1.3 Potential Long-Term Water Right OptioNns........cccceveviiiiiiiiiieicciee e 87

3.1.4 Longer-Term Water Availability in the Columbia River System.........cccccvvvveeeeennne 89

3.2 RCW 90.90 COMPIIANCE c...eviiieeiiieeceteee ettt sttt e et e st e e s eta e e e sebtae e s sbaeeesenraeaesnns 92

3.3 Potential GOVErnanCe StrUCTUIES ......uivi ittt e e s sbee e s saee e e 93
Chapter 4: Drainage and Routing ASSESSMENT .......cceereeeiireencrienerennereenerenncerenserennsensnnens 99
4.1 EQstern LINCOIN COUNTY ....uuiiiii ittt e e e e st e e e e e s aear e e e e e e e e e nnreeees 100

g O A U T oY o Y= @ = o O Y= PP 100

4.1.2 BlUESLEM CrEEK c.uveiiiieiiiie ettt ettt ettt st sttt site e ste e s be e s sate e sabe e sbeessbeesnaseesabeenns 106

Prefeasibility Assessment Report i

Lincoln County Passive Rehydration Project



4.2

4.3

4.4

4.5
4.6

4.7

4.8

Chapter 5:

5.1
5.2

Chapter 6:

6.1

A.1.3 ROCK CrE@K...oeieeeeeeeeeeeeeeeeeeee et bbb ba e aababebababaaesassasasesesenenees 106

4.1.4 Eastern Lincoln County Hydrogeology ......cccccviieeeeeiicciiiiieeeee ettt 111
Central LINCOIN COUNTY ...viiiiiiiie ettt s e e e atee e e s aae e e e abae e e e atee e e eanes 112
4.2.1 COAI CrEEK ettt e e sata e e s naes 112
A b TN o] 01 =Y =] PPNt 118
4.2.3 LaKE CreeK cneeiiie ittt e e st e e s sataeesnane 119
4.2.4 Marlin HOHOW ...ccocuiiie ittt sttt e ettt e e s sbt e e s srae e e snraeeeeans 127
4.2.5 CanNIWai CrEEK....ccuveiiieiiiei ittt ettt e et e e s sbee e e s eate e e s sbteeessabeeeesaabaeeesans 128
4.2.6 Central Lincoln County Hydrogeology........ccccuvvieiieeciiciiieieeeee ettt 135
WeStern LINCOIN COUNTY ...uviiieiiiieciiee ettt ettt e e ette e e e eta e e e sate e e e sbaeeeseataeeesans 136
. T8 A € o Yo 1Y I @ 1= PSPPIt 137
4.3.2 SINKING CrEEK ...eii ittt e s e e e sate e e e e bte e e e sataee e senraeeeeans 137
4.3.3 WIISON CrEEK ..vveeiiiiiie ettt ettt st e st e e st e s ssate e e s sbteeessnbeeeesntaeeesans 138
4.3.4 Western Lincoln County Hydrogeology .......cccuveeeieeeieciiieiieeee et 141
Land OWNEIShiP [SSUBS ....uuiiiiiiieeiiiieeee e e et ee e e e e ectre e e e e e e e eaatrae e e e e s s aabaeeeeeeesenssnnnes 142
4.4.1 Private LANGOWNEIS....cccuviiiiciiieecctiee ettt e ectee e sstte e e site e e s stae e s senteeeessaneessnsaeeasans 142
4.4.2 PUDBIIC ENTITIES .uveeiiiiiieiiiieee ettt ettt et e s e e s ate e e s sbte e e s sabee e e saraeeesans 145
DraiN@ge RANKINGS ..cc.vvviiieiiiee ittt ettt et e et e e e s b e e satae e e snbaeeessteeeesnsaeeean 145
Pipeline Infrastructure Assessment — Lake Creek........ccoeeieeieciieiecciee e 153
4.6.1 Pipeline — System Hydraulics, Pipeline Route, and Pipeline Design ................... 153
4.6.2 PUMP STatioN .ttt aaaaaaaae 166
Fate of Water — Surface Hydrology: The Lake Creek Drainage ......cccccceeccuvvveeeeeeeccnnnneen, 170
4.7.1 Available Flow Data and Weather Data......ccocceevvieeriieeinieenieenieeciee e 170
4.7.2 Basin Areas and Lake GEOMELIY .......uuieiiiiiecciiieeee et 172
4.7.3 Development of Water BalanCe.......coccviviiiiiiiiiiiieeeciee et 175
4.7.4 SUD-Basin ANAlYSiS.....ccccuuiiiieee e a e e s 177
4.7.5 Water Balance CONCIUSIONS......cccccuiiiiiiiiieecciiee ettt eiee e svree e sstae e svaae e 193
Conceptual Groundwater MOdel .......cccuueiiiiiiieiiiee e e 193
Prefeasibility Phase Conclusions and Recommendations......cc..cccceeeveerennee. 203
CONCIUSIONS ..eeinitieiiieeiee ettt sttt sbe e st e s be e e sabeesabeesabeesabaesssbeesabeesaseessneesaseesanes 203
LT ool 0 0] 0 aT=T o o =N o] o[-0 PSRRI 205
5.2.1 Feasibility StUdy WOrK Plan.......ccuoiiiiiiieiciiee et 207
oI A 1 Lo A o] =Y ox SR UPPRNE 207
L= Y = L 209
o o T T I o oYU {1 S USSR 209
6.1.1 Phase 2 — Feasibility Evaluation and Design of a 10 to 20 cfs Pilot Project........ 209

6.1.2 Phase 3 — Implementation of a 10 to 20 cfs Pilot Project in a Single Drainage ..210

Prefeasibility Assessment Report
Lincoln County Passive Rehydration Project



6.1.3 Phase 4 — Expansion of 5 to 20 cfs Pilot Projects into Multiple Drainages and
Phase 5 — Construction of a Full Sized, 50 to 250 cfs Rehydration Project in

MUIEIPIE DraiN@gES ..uvveeeeeiieeeeiieee ettt e ettt e e et e e e st e e e s sttr e e e s aaeeessaaeeesntaeeeennnnees 211
Chapter 7: ] =1 11 1o =L 213
(] (o137 1 oY NN 219
List of Tables

Table 1. Prefeasibility Assessment TEamM MEMDEIS .....c.cuuiiiieiiiiii e e et sreaeeeenes 11
Table 2.  Summary of the Main Geologic Units Underlying the Project Area ........cccceeeecvveeeecieeeeecveeeenns 35
Table 3.  Summary of Hydraulic Conductivity Values Typical for CRBG Interflow Structures and

SedimENTAry INTEIDEUS. ... ..eii it e e e e e e st ae e e s abee e e s nreeeenarees 66
Table 4. Reclamation Water RIGNTS ......cccviiiiiiiie ettt e e are e e e sare e e ares 85
Table 5. Columbia River Water Available for Diversion (KAF) — 1929 to 1978 (Ecology, May 2007)...... 91
Table 6. Color-Coded Rankings of the Drainages Assessed in this Report .........cccoccveeeicieeeecciieecccnnenn, 147
Table 7. Summary of Potential Pipeline Route Hydraulics .........ccuvveeeiiiiciiiiiee e 165
Table 8.  Steel PiPe THIiCKNESSES ..ccccuiiiiiciiiee ettt et e e st e e et e e e e sbte e e sebaeeesantaeeeeasaneesanes 166
Table 9. Measured (Bold) and Estimated (Italics) Flows in Lake Creek, 1998—1999 Used to

DeVElOP Water BUABEL........uiiiieeeei ettt e e e e e e et rre e e e e e s e sanebeaee e e e e senbaraneeeeeeans 171
Table 10. Estimate of Seepage Rates for Lake Creek Sub-basin using Spot Data from August 1988

TO JUIY 1999 ...ttt e et e e e e e e e tbar e e e e e e sebbbaeaeeeeeesatrbaaeaeeeeantaraaaeeeeeeannrrres 172
Table 11. Estimate of Seepage Rates for Lake Creek Sub-basin Based on Long-Term Water Balance

Model, January 1985 0 AUZUST 2010 .....cccccuiiieiiiiieeeiiieeeeiireeeeree e estee e e e srre e e e areeeeeareeesnnnaees 178
Table 12. Summary of Predictive Results for when Water Is and Is Not Added to Lake Creek............... 178

List of Figures

Figure 1. Location Map for LINCOIN COUNTY ..ceiiiuiiiiiiiiie ettt ettt e e e e e e e e eae e e e eaaes 3
Figure 2. Map Showing the Boundaries of the Odessa Groundwater Management Subarea.................... 5
Figure 3. Photograph of the Dry Bed of Pacific Lake (lower Lake Creek) at the Allington Bay

2 Te T 1 I U T ol o O U 7
Figure 4. Land Uses in LINCOIN COUNTY ...c.uviiiiiiiieccieie ettt etee e e ette e e e etee e e e ate e e e savae e e eatae e e ennaeeeennes 15
Figure 5. Photograph of the Lake Creek Coulee between Deer Lake and Taveres Lake .........ccccceeuuneeen. 17
Figure 6. A Typical Landscape in the Northern Part of the Columbia Basin and Lincoln County ............ 17
Figure 7. Regional Physiographic SEtHING .......uuviiiii ittt e e e brn e e e e e s nraee s 21
Figure 8. Photograph of a 30- to 50-Foot Thick Sequence of Pebble to Boulder Gravel Deposited

by the Pleistocene Missoula FIOOAS..........iiiiciiiieiiiiie ettt e e e e e e aaaee s 25
Prefeasibility Assessment Report iii

Lincoln Cou

nty Passive Rehydration Project



Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.

Figure 16.
Figure 17.
Figure 18.
Figure 19.

Figure 20.

Figure 21.
Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.
Figure 29.
Figure 30.

Figure 31.
Figure 32.

Figure 33.
Figure 34.
Figure 35.
Figure 36.

Figure 37.

Photograph of a Typical Loess Embankment Exposed in @a Road Cut .........cccceeevcveeeeiciveeeecnnnnn. 25
Stratigraphic Nomenclature of the CRBG ........ocoo it 28
Internal Structure Of CRBG FIOWS ..o...iiiiiiiiieiiieeite ettt st sie s s et siae s s e saaeenaee s 31
Photograph of a Simple Flow Top in the CRBG........ccccuiiiiiiiiec ettt evee e e areee e 33
Photograph of Entablature—Collonade of a Typical Dense Flow Interior ........cccccvveevcveeeennnenn. 33
Photograph of a Pillow Lava Complex at the Base of a CRBG FIOW ........cccccevvveevciieeeeciieeeenee, 34

Structure Contour Map of the Top of the Priest Rapids Member (Tpr) of the
L TR T o1 s g T = T2 Y1 L PRSP 37

Structure Contour Map of the Top of the Roza Member (Tr) of the Wanapum Basalt............. 39
Platy, Rubbly Strata Typical of Near Vent Facies in the CRBG ...........ccccceeeeeciiiiieeee e, 41
Two Subvertical Dikes of the Roza Member at Taveres Lake ......cccovcveevvieenieeniieniniecniee e 42
Structure Contour Map of the Top of the Sentinel Gap Unit (Tfsg) of the Frenchman

Springs Member of the Wanapum Basalt.......ccccceeciiiiiiiie ettt 43
Structure Contour Map of the Top of the Sand Hollow Unit (Tfsh) of the Frenchman

Springs Member of the Wanapum Basalt........cccceeeiieiiiiiiie e 45
Locations of Ring Dikes in the Southwestern Portion of Lincoln County.........ccccccveveecvieeennnenn. 49
Structure Contour Map of the Top of the Sentinel Bluffs Member (Tgsb) of the Grande

RONAE BASAIT . ..uiiiiieiiei ettt ettt e e e e e tb e e e e e e eeettbbaeeeeeessntsbaeeeeeeeesssrasaeeeeesannsrres 51
Structure Contour Map of the Top of the Umtanum Member (Tgu) of the Grande

RONAE BASAIT ...eeieeieeieecee ettt st te e st a e e et e e sabeesbeesbeeesabeesabeesaaeen 53
Structure Contour Map of the Top of the Ortley Member (Tgo) of the Grande

20e]gTo LI - Y | PSPPI 55
Structure Contour Map of the Top of the Grouse Creek Member (Tgg) of the Grande

RONAE BASAIT . ..ueiiiiieie ittt ettt e e e et e e e e e e e e e ttbaaeeeeeeesatsbaeeeeeeeesssrssaeeeeeennsrres 57
Structure Contour Map of the Top of the Wapshilla Ridge Member (Tgwr) of the Grande
RONAE BASAIT ..ceeiieiiieiiiee ettt st e e st e e s ettt e e sata e e s sabteeeseabaeeesanbaeeesanes 59
Structure Contour Map of the Top of the Pre-CRBG Basement Rocks and the

Undifferentiated Grande RONdE Basalt ......cueviiviiiiiiiiiiiiciiee et 63
Photograph of a Low-Amplitude Anticline Exposed at the Narrows on Coffee Pot Lake.......... 65

Hydrographs from a Nested Piezometer Well in Lincoln County ........cccceeeevciiiieeeeeeeccciiieeeeen, 71

Hydrographs Showing Water Level(s) in a Well Following Reconstruction as a Nested

PIEZOM BTN ...t e st e e e e s s e e e e e enn e 73
Northeast—Southwest Geologic Cross-Section through Western Lincoln County..................... 75
Map Showing the Locations of the Upper Crab, Bluestem, and Rock Creek Drainages in

EQStern LINCOIN COUNTY .uviiiiciiiieiciiiie ettt sttt e e e st e e saaa e e e sabeeeesnnbeeeennsaeeean 101
Geographic Setting of Upper Crab Creek.......uvv i 103
Geographic Setting of BlUeStEM Creek ......uiiiviieeiiiiiie et 107
Geographic Setting 0f ROCK Creek.......ooiviiiiiiiee et e 109
Map Showing the Locations of the Coal, Duck, Lake, Martin Hollow, and Canniwai Creek
Drainages in Central LINCOIN COUNLY ......uiiiiiiiiiiiiiiie ittt e s e e s nae e e sanaee s 113
Geographic Setting of Coal Creek ..ot 115

Prefeasibility Assessment Report
Lincoln County Passive Rehydration Project



Figure 38. Geographic Setting of DUCK Cre@k .......ooiiiiiiiiciiee et et e 121
Figure 39. Geographic Setting Of LAKE CrEEK .......uuiiiiiicciiieiee ettt e e e e e e brre e e e e e e e anes 123
Figure 40. Photograph of the Almost Completely Dry Bed of Taveres Lake, Lower Lake Creek

DFAINAEE ceeeeeiiiieiiieitieitieeeer ettt ettt ettt ettt et et et et eeeeeaaaeeaaaaaaaaaeaaaesesaaaseaesasesesasasasasasasasasaaaasananannnsene 125
Figure 41. Geographic Setting of Marlin HOIOW.........c..ooiiiiiii ittt et 129
Figure 42. Photograph of Lower Sullivan Lake in Lower Marlin Hollow Drainage.........cccocevveeercveeeennnnenn. 131
Figure 43. Geographic Setting of Canniwai CreeK.........ueiivcuirieiiiiiee ettt etre e e e e e e aeee e 133
Figure 44. Geographic Setting of the Western Lincoln County Drainages........cccceveevvveeercieeeescveeeescnneeens 139
Figure 45. Possible Routes for a Potential Pipeline Delivering Water from Lake Roosevelt to the

Upper Lake Creek DraiNage ....cccccveeeieiieieciiieeeeciiteeeste e e etve e e etta e e e s aae e e ssaaaeeesnsaeeeenssaeesannreeean 155
Figure 46. Potential Pumping Station Configurations for a Pump Station(s) on Lake Roosevelt ............. 157
Figure 47. The Geographic Setting of the Moonshine Canyon Route along Copenhaver Road............... 159
Figure 48. The Geographic Setting of the Welch Creek Road ROULE ....ccceeeeuviiiiiiiei it 161
Figure 49. Culverts along the Welch Creek Road Route on Redwine Canyon Road..........cccceeevvveeennnnenn. 163
Figure 50. Photograph of the Old Lincoln Mill SIT@........ccoccuiiieiciiie et et 167
Figure 51. Map of the Lake Creek Sub-Basin Showing the Main Lakes in the Drainage.........ccccccveeeuneen. 173
Figure 52. The Order Water Flows through the Four Subdivisions of the Lake Creek Sub-Basin

Y/ ToTe LT =Yo I {o T oo o1 X o o S 179
Figure 53. Diagram Showing the Relationship between the Parameters Used to Calculate Changes

TN LAKE VO UM ..ttt ettt e e e s s e e s st e e e s sabee e s eabeeesssbaeessnnteeesnnsenas 181
Figure 54. Diagram Showing the Logic Used for Calculating Lake Volume and the Flow Out of a

Lake for Each Time Step in the Water Balance Model...........cccooeuvieieiiieiiiciee e, 183
Figure 55. Graph Showing Predicted Annual Flow in Lake Creek at its Confluence with Crab Creek ...... 185
Figure 56. Graph Showing Predicted Volume in Twin Lakes Derived from the Long-Term Water

2] ] ool = 1Y, [o e 1] A PRI 187
Figure 57. Graph Showing Predicted Volume in Coffee Pot Lake Derived from the Long-Term Water

2 aTol= 1Y, [o e 1= AT P PPN 189
Figure 58. Simulated Historical Volume in Pacific Lake Derived from the Long-Term Water Balance

1Yo T 1= PP 191
Figure 59. Predicted Water Volume in Pacific Lake With and Without Artificial Rehydration................. 197
Figure 60. Structure Contour Map of the Top of the Roza Member (Tr) and Conceptual Comments

on Potential Groundwater Movement in the Unit with Recharge Along Lake Creek ............. 199
Figure 61. Structure Contour Map of the Top of the Sentinel Bluffs Member (Tgsb) and Conceptual

Comments on Potential Groundwater Movement in the Unit with Recharge along

1] I O Y=Y PP 201
Prefeasibility Assessment Report v

Lincoln County Passive Rehydration Project



This page intentionally left blank.

Vi

Prefeasibility Assessment Report
Lincoln County Passive Rehydration Project



Acronyms and Abbreviations

AMSL above mean sea level

bgs below ground surface

Bi-Op Biological Opinion

BLM Bureau of Land Management

BPA Bonneville Power Administration

cfs cubic feet per second

CRB Columbia River Basalt

CRBG Columbia River Basalt Group

CWA Clean Water Act

DCM&I domestic-commercial-municipal, and industrial
DNR Washington State Department of Natural Resources
DTW depth to water

Ecology Washington State Department of Ecology

EIS environmental impact statement

ESA Endangered Species Act

FCRPS Federal Columbia River Power System

GIS geographic information system

GRB Grande Ronde Basalt

GSI GSI Water Solutions

GWMA Columbia Basin Ground Water Management Area
HDR HDR Engineering, Inc.

LCCD Lincoln County Conservation District

M&I Municipal and Industrial

MoOuU Memorandum of Understanding
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MSL

n.d.

NEPA

NOAA

OCPI

PCHB

PUD

RCW

Reclamation

ROW

SEPA

SNOTEL

uU.S.C.

USDOE

WAC

WB

WDFW

WNR

WRCC

WRIA

mean sea level

no date

National Environmental Policy Act

National Oceanic and Atmospheric Administration
overriding consideration of public interest
Pollution Control Hearings Board

Public Utility District

Revised Code of Washington

U.S. Bureau of Reclamation

right-of-way

State Environmental Policy Act

Snowpack Telemetry System

U.S. Code

U.S. Department of Energy

Washington Administrative Code

Wanapum Basalt

Washington State Department of Fish and Wildlife
Water and Natural Resources Group

Western Regional Climate Center

Water Resource Inventory Area
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