Development of a in Integrated Land and Water Use Planning
Tool for the Carson River Watershed: Phase | Development of
a Planning Platform and Water Resources Assessment

John C. Tracy, Ph.D.

Director

Idaho Water Resources Research Institute
University ofldahoi Boise

322 Front Street Suite 201

Boise, ID83702

(208) 3324422

Kurt Unger, Ph.D.

Environmental Specialist

Policy and Planning Section, Water Resources Program
WA Department of Ecology

300 Desmond Drive

Lacey, WA 98503

(360)407-7262



TABLE OF CONTENTS
1. BACKGROUND AND INTRODUCTION 1

L.LGEOGRAPHY ...eiieeeieei e ettt eee e oo e ekttt eeea R e e b e s e e e e ettt et et eenn e e R R e e e et e e ettt e e e e e e e e aanreees 1
i €1 =l ]I @ PSSP 3
S0 [ TSRS 4
O I 1Y .y 1 PSSP SRRI 5
1.5HYDROLOGY OF THE CARSON RIVER ....uuiiiiiiiiiiiiiiie ittt eeeee e e e e e e eeean b an 8
1.5.1 Previous Studies of Carson River Hydrology...........ocuueiiieiiiniiiieee e eceee e 8
1.5.2 Surface Water Hydrology of the Carson RIVEL..............coooiiiiiimmiiiieeee e 11
1.5.3 The West Fork of the Carson RIVEI..........coooi e 11
1.5.4 The Historic West Fork Pogrockliss SIoUghN...........ooooiiiiiii e, 15
1.5.5 The East Fork of the Carson RIVET..........c...ueiiiiiiiiiieeeeieee e 16
1.5.6 The Main CarsSOn RIVEL...........ciiiiiiiiiiiii ettt e eeme et e e e e s ssnbb e e s semee e e nes 17
1.5.7 Historical Carson River and Tioutary FIOWS............cccuvviiiiiiiiriieeeiieiiinieeeeeeee e e e e e 21
1.5.8 Groundwater Hydrology Affecting Flows in the Carson RiVeE.........cccccvvvveeevceeeeeeeeeenn. 23
1.6WATER LAW, GOVERNANCE, RIGHTS, AND USE .....ouiiitiiiiieeii ettt semmrae e eaans 24
1.6.1 Water Law History for the Carson and Truckee River Basins...........ccccvvvvvvieennccnnnnnnns 24
1.6.2 Governance Via the AIPINE DECIEE.........coi it emmee e 29
1.6.3 Water Rights and Water Rights Transfers............ooiiiiiiieeneeiiiece e 35
1.6.4 Water Use in the Carson RIVEr BasSif...............ouuiiiiiccciiiiee e ceeeeeeeee e 36
1.7CURRENT STUDY NEEDS......ccttttttttutuuiaaeeaaaaaaaaaaeeaeeeaeteeesstsss i mmmeessssbanaasaeeaeaeeessnnnaaaaasseeennnns 37
2. DEVELOPMENT OF PLANNING TooOL 39
2.1MODELING WATER RESOURCES IN THE CARSON RIVER WATERSHED ......cuuuuuiiiaiaeeeeieeeeeieeeeeeene 39
2.1.1 System Dynamics Modeling APProach................uuueeieieemiiuiiiiiiiiiiiiiee e eeeereeeeeeeeeeee e 40
2.2M ODEL AND DATA PREPARATION ...tttttuuutiaeaaetetteeessimmmeaeeteessstsnaanaasaaaaestaanssaaaaeseeseesssnsnnnnsssmanen 51
2.3DEVELOPMENT OF THE MATHEMATICAL MODEL OF THE CARSONRIVER .....cceeiiiiiiiiiiiiiiiieenns 53
2.3.1 Data Used in Modeling the Carson RIVEL.........ccuvviieei i 53
2.3.2 Modeling the West Fork of the Carson RIVEL.........cccvvvviiiiiiiiieeeeeeeeeee e 56
2.3.3 The BroCKIISS SIOUGN........eeiiiiiiiiiiiii ettt smmee s 76
2.3. 4 E@®t FOrK CarSON RIVEL......uuuiiiiiie ittt eeeee e e e e e e e e e e e et smmmerraaanas 88
2.3.5 East Fork from Indian Creek to the Confluence: Gaged Inflows and Outflaws............. Q9
2.3.6 Modeling tle Main Carson RIVE..........ocuuiiiiiiiiii ettt e e 114
2.3.7 MOAEI SUMMIBIY.....eiieiiieiiiitee ettt e e e s st e et e e e e e s aab e et e e e s amnessaabbeeeeeeeanes 148

3.INTERFACE DEVELOPMENT 151

3.1INTERFACE |INTRODUCTION AND NAVIGATION ELEMENT ..ottt eeeiee e ee e 151
3.2DOCUMENTATION ELEMENT .1iitiiiuiiiiiietiitiitn et eree et s st esaeetaesaaeesa s mmessa s sn e et saaseaneetnsrnnnssenss 153
3.3LEARNING AND DATA ACCESSELEMENT ..uiitiiitiiiiiiiii et e e et remat e e e s e eans 158
3.4SCENARIO DEVELOPMENT AND ANALYSIS ELEMENT ituiiuniiiiiiiiiiieeitieit e eemmteeaesstieeneesnsssneesnnens 162
3.4.1 Scenario Development OPtiQNS.........uuuiiiiiiiiiiiieeeeiiieierere e e e e e e e e e eeerereereeaaeaaeaeeaeeaaaaan 163
3.4.2 Water RightS ManagemENL...........uuuiiiiiiiiiiicceciiiiieeee et e e et s rmmr e e e e e e e e e e e s a e nen s 163
3.4.3 SITUCIUIAl CRANQES. .. . itiiiiiiiiiiiiiie e e e e e e e e e e e e e e e rmmna e e e e e e e 164
3.4.4 EXOQENOUS FACIOIS. .....uuiiiiiiiiiiiiiiiet e ettt e e e e e e e e e ettt e e e e e e e e e e e s e s smmme e e e e e e e e 165
3.4.5 Viewing SCenario RESUILS...........uiiiiiiiiii e 166
3.4.6 Sream FIOW RESUIS .. ... ittt eee e e et e et e e e e e et e e s enmmteeeeeneees 166
3.4.7 Stream DIVErSION RESUIIS .......coouniiiiii et e e eee e e e e e e e et e e st e e esmmees 168
3.5SCENARIO ANALYSIS EXAMPLE ...itniiiniiiiiiiiee it eeee et et e et e e et s e semmt s ea s et e sasea s st esnannnren 170
4. SUMMARY AND RECOMMENDATIONS 178
L S O 1Y N = 178



4.2 RECOMMENDATIONS FOR INCREASING WATER RESOURCESDATA .....coooiiiiiiiiiiiiiii s
REFERENCES 184
APPENDIX A: WEST FORK HISTORICAL DATA 189
APPENDIX B: EAST FORK HISTORICAL DATA 196
APPENDIX C: MAIN CARSON RIVER HISTORICAL DATA 207



TABLE OF FIGURES

FIGURE 1. MAP OF CARSONRIVER BASIN. ..uuiiuiitiiiiiiii ittt iem e e et et e et et e s senmsa e et sssnseans et eeans 2.
FIGURE 2. MAP OF THEHUMBOLDT RIVER BASIN, NEVADA (NEVADA BUREAU OFMINES AND GEOLOGY,
200 TSR PPPPP 3
FIGURE 3. MAP OF CARSONRIVER BASIN MOUNTAIN RANGES ANDVALLEYS (GOOGLEIMAGES, 2005)......4
FIGURE 4. CARSONRIVER BASIN SNOW WATER CONTENT AS APERCENTAGE OFAVERAGE. .....ucivviivniiinninn. 8
FIGURES. MAP OF SEGMENTS1, 2 AND 3,4 AND 5 (HESS ANDTAYLOR, 1999).......cccccuuiiniiiiirireeceeenennnnnns 12
FIGURE6. MAP OF SEGMENTS2,4,5AND 6 (HESS ANDTAYLOR, 1999) ......uuiiiiiiiiiiiiiiiieeeceeieiieeieeeeeeeeeea 14
FIGURE 7. SEGMENTS6 AND 7 (HESS ANDTAYLOR, 1999)......iiiiiiiiiiiiiiitie e e eeeseeieeeee 18
FIGURE8. SEGMENT 7 (HESS ANDTAYLOR, 1999)....ciiiiiiiiiiii i eeee e 19
FIGURE9. SEGMENT 7 (HESS ANDTAYLOR, 1999)....ciiiiiiiiiiii i eeee s 20
FIGURE 10. SEGMENT 7 (HESS ANDTAYLOR, 1999)......uiiiiiiiiiiiiiiee ettt ettt rmeee st e e e 21
FIGURE 11.ESTIMATED AVERAGE CARSONVALLEY TRIBUTARY FLOW AND COMBINED (EAST AND WEST
FORK) CARSONRIVER AVERAGE, LOw, PEAK AND FLOOD HEADWATER FLOW (GAGED).................. 23
FIGURE 12.MAP OFNEWLANDS PROJECT, CIRCLED IN BLACK (TCID, 2005).........ctvvieeiiiiiiiiieeieme e 25
FIGURE 13. SEGMENTED CARSONRIVER (HESS ANDTAYLOR, 1999).......cuiiiiiiiiiiiiiie e eieee e 32
FIGURE 14. EXAMPLE OF STELLA COMPONENTS ANDINTERACTIONS.....ccvuiiviiiniiieiieirsceemiiesnneennennneennnnn. 40
FIGURE 15. EXAMPLE OF STELLA INTERACTIONS IN ATYPICAL RIVERDIVERSION ......covvviviiiiieiiicineiveenn 41
FIGURE 16. EXAMPLE OF DIVERSION CONVERTERS. ... ituitttiittiitiitsttieeestnettnessestersnsssesimnsessnsssnssseranss 42
FIGURE 17.ROCKY SLOUGH DIVERSION ... ituiittiittiitiitnettieemtatssteesnestnsssnsstnessseetsssssnestnsssnsesestnsssnnniees 44
FIGURE 18.C84R0OCKY SLOUGH JULY EQUATION DERIVED VIA A NATURAL LOGTRENDLINE................. 45
FIGURE19.C84R0OCKY SLOUGH JULY EQUATION DERIVED VIA A LINEAR TRENDLINE ....ovvvvvvneeiiieeinnnnns 46
FIGURE 20. CENTRAL GROUNDWATERRESERVOIR......cuuiittniiiitieiiiieemmeeeean e esieestaesseansseemsannssstnessennnss 50
FIGURE 21 . HEIMSOTH DIVERSION. ... ettt ettt ettt s et seeesssase e st sesaaases s see s sessase st seesnssssnsssenmeteesenees 51
FIGURE 22. M CCOLLUM DIVERSION ...ttt tituittttttttettettesetmesesaeesassensesasssnssenssrmnssssssensesnsssnssensesnimentasssnrees 51
FIGURE 23.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORWESTFORK HEADWATERS (GAGE
02 3100100 ) PP URP RSP 57
FIGURE 24. MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC76A SNOWSHOETHOMPSONDITCH #1
.............................................................................................................................................. 58
FIGURE 25. APRIL FLOW DERIVATION FORC76A SNOWSHOETHOMPSONDITCH#L....cviiiiiiiiiiicice e 60
FIGURE 26.MAY FLOW DERIVATION FORC76A SNOWSHOETHOMPSONDITCH#L....cviiviiiiiiiiiiinciiceiean 61
FIGURE27.NEW MAY FLOW DERIVATION FORC76A SNOWSHOETHOMPSONDITCH#1.......covvieiiieeeennnns 61
FIGURE 28.JUNE FLOW DERIVATION FOR SNOWSHOETHOMPSONDITCH #L(C76).....ccccvveeeeeeiiiiiiiiieenn. 62
FIGURE 29.JuLY FLOW DERIVATION FOR C76A SNOWSHOETHOMPSONDITCHHL....cvviiiiiiieeee e 63
FIGURE 30. AUGUSTFLOW DERIVATION FORC76A SNOWSHOETHOMPSONDITCH#L.....ovviiviiiieciieeen 63
FIGURE 31. SEPTEMBERFLOW DERIVATION FORC76A SNOWSHOETHOMPSONDITCH #1.....vvvviieevieenne 64
FIGURE 32.C76 A SNOWSHOETHOMPSONDITCH #1 19901999SIMULATION , ACTUAL VS. MODEL ........... 65
FIGURE 33. MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC76BSNOWSHOETHOMPSONDITCH #2
.............................................................................................................................................. 66
FIGURE 34.C76BSNOWSHOETHOMPSONDITCH #2 199031999SIMULATION , ACTUAL VS. MODEL............ 67
FIGURE 35.INFLOWS AND OUTFLOWS OFHEIMSOTHDITCH, 199G1999SIMULATION ....covniiviinieiiiineinnnes 71
FIGURE 36. MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC78FREDRICKSBURGDITCH ............. 72
FIGURE 37.C78FREDRICKSBURGDITCH 199031999SIMULATION , ACTUAL VS. MODEL .....ccvviiviineiiniinnns 3
FIGURE 38.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORFREDRICKSBURGCANYON CREEK
(YT =101 3 K100 ) PP 74
FIGURE 39. FREDRICKSBURGCANYON CREEK 1990-1999SIMULATION , ACTUAL VS. MODEL........ccvvnveeeen. 75
FIGURE40.C79WESTFORK AT DRESSLERLANE 1990-1999SIMULATION , ACTUAL VS. MODEL................ 76
FIGURE41.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC80BROCKLISSSLOUGH AT
RUHENSTROTHDAM ..ttt ettt res et e et e e e et s e eae s mme s st s easesaessnsesnessnssnnmtserssnssensesnsesnss D
FIGURE42.C80BROCKLISSSLOUGH 1990-1999SIMULATION , ACTUAL VS. MODEL......ucovniiiniieneiineiane e 79
FIGURE43.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC81BROCKLISSSLOUGH AT SCOSSA
20T 80
FIGURE44.C81BROCKLISSSLOUGH AT SCOSSABOX 19901999SIMULATION , ACTUAL VS. MODEL......... 81



FIGURE45.MEAN MONTHLY FLOWS FORC81,GAGE 10310402AND GAGE 10310403PERIOD OFRECORD

B LS 1S L 82
FIGURE46. GAGE 10310402 OWERBROCKLISSSLOUGH 199031999SIMULATION , ACTUAL VS. MODEL...85
FIGURE47. GAGE 10310403JPPERBROCKLISSSLOUGH 1990 1999SIMULATION , ACTUAL VS. MODEL ....86
FIGURE48.MEAN, MINIMUM , AND MAXIM UM ANNUAL FLOWS FOREAST FORK HEADWATERS (GAGE

02101 7740 ) TSP PRSP 89
FIGURE49.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORGAGE 1030880BRYANT CREEK...... 90
FIGURE50. GAGE 1030880BRYANT CREEK 1990-1999SIMULATION , ACTUAL VS. MODEL (ONLY 1995

1999ACTUAL DATA AVAILABLE ) tuttvttverreerereiieteaeaeeesaasteeeeetaaaaaaaaaasasssssssmntaasesasssssssssansssnnsssnnnnes 91
FIGURE51.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORGAGE 1030900(EAST FORK CARSON

(LY =1 TN 92
FIGURES2.GAGE 1030900 EAST FORK CARSONRIVER 1990G-1999SIMULATION , ACTUAL VS. MODEL .....93
FIGURES53.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC82ALLERMAN CANAL ........ccevnneeenn. 94
FIGURE54.C82ALLERMAN CANAL 19901999SIMULATION , ACTUAL VS. MODEL ...ccvvvvviiiieiiiiiiieiee e 95

FIGURE55.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOowsS FORPINE NUT CREEK (GAGE 10308050)..97
FIGURE56.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORBUCKEYE CREEK (GAGE 10308(0)...97

FIGURES7.PINE NUT CREEK 1990 1999SIMULATION , ACTUAL VS. MODEL ....cvviiiiiiiiiiiciiciiccemeieeaien e 98
FIGURE58.BUCKEYE CREEK 1990-1999SIMULATION , ACTUAL VS. MODEL ....ccviiviiiiiiiiciiciiceemeeeaneeaa 99
FIGURE59. GAGE 10308800NDIAN CREEK 1990 1999SIMULATION , ACTUAL VS. MODEL (ONLY 19941998

ACTUAL DATA AVAILABLE ). iiiuuittntitstteeeeeessesasssstasssssseeessassesaesamsssssesesseesaaaeaeesssssnsimnmsessaeeses 100
FIGURE60.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC83VIRGINIA DITCH........cevvvnrnenen. 101
FIGUREG61.C83VIRGINIA DITCH 19901999SIMULATION , ACTUAL VS. MODEL.....ccvnieiinieeeieeeeeeeemeeen. 102
FIGUREG62.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC84ROCKY SLOUGH .........ccevvneeene.. 103
FIGURE63.C84R0oCKY SLOUGH 1990-1999SIMULATION , ACTUAL VS. MODEL ....uivniiveiieiieeeieeeeeenn 104
FIGURE 64. MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC85EDNA DITCH......uvcvvviviiieneiinneen 105
FIGURE 65.C85EDNA DITCH 19901999SIMULATION , ACTUAL VS. MODEL....ccuiivniiiiiiiiiiiieiemeeieean 106
FIGURE66.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC87 COTTONWOODSLOUGH............ 107
FIGUREG7.C87COTTONWOODSLOUGH 1990-1999SIMUL ATION, ACTUAL VS. MODEL......civniivniinniennns 108
FIGURE68.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC88HENNINGSONDITCH................ 109
FIGURE 69. C88HENNINGSONDITCH 1990G1999SIMULATION , ACTUAL VS. MODEL ...cvvvivniiiiiiiiciieiins 110
FIGURE 70.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC89HEYBURNDITCH.......ccocvvvvenneen 111
FIGURE71.C88HEYBURN DITCH 1990-1999SIMULATION , ACTUAL VS. MODEL.....ccvvieivieeiiiceeee e ieeees 112
FIGURE72.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FOR THEOUTLET AT AMBROSETTIPOND

(GAGE LOBLOAA8) ... e i iieiieeee ettt ettt ettt et e e e e ekttt e e e s s bbbt e s ermt e e e e e nabb e e e e e e e nnaneee 113
FIGURE 73.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORCLEAR CREEK (GAGE 10310500)....115
FIGURE 74.CLEAR CREEK 1990-1999SIMULATION , ACTUAL VS. MODEL......cccvuiiiieeeinieeeieceeee e eeeans 116
FIGURE 75.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FOREAGLE VALLEY CREEK (GAGE

02 3T 00 ) T PP PP TP PR 117
FIGURE 76.EAGLE VALLEY CREEK 1990 1999SIMULATION , ACTUAL VS. MODEL......ccccvvneieineeiiieeeiieeen. 118
FIGURE 77.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORCB61MEXICAN DITCH .....ccccvvvvvneinneen 119
FIGURE 78.C61MEXICAN DITCH 199G1999SIMULATION , ACTUAL VS. MODEL ...cvvivviiiniiiiiiiciieeveeas 120
FIGURE 79. MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC62ROSEDITCH ......cccvvvivniiiniinnee. 121
FIGURE80.C62R0OSEDITCH 199G1999SIMULATION , ACTUAL VS. MODEL ....covviiiieeiieeee e eme e 122
FIGURE81.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORCB4FISHDITCH......cvvvvvveeeiiieeennnns 123
FIGURE82.C64FISHDITCH 1990 1999SIMULATION , ACTUAL VS. MODEL......cuuiiiiiiiiiieeieieeeiemmi e eean 124
FIGURE 83. MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORCG65BARONIDITCH ...cuvvvvieneeinienns 125
FIGURE 84.C65BARONI DITCH 1990-1999SIMULATION , ACTUAL VS. MODEL ...uivniieiiieiieeieeii s eeemineeen 126
FIGURE 85.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC66 CARDELLI DITCH.......c.uveevene... 127
FIGURE86.C66CARDELLI DITCH 199031999SIMULATION , ACTUAL VS. MODEL.....ceviiiniiiniiiciieeveens 128
FIGURE 87.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC67QUILICI DITCH.........coeeveevnnnn. 129
FIGURE88.C67QuiLICI DITCH 19901999SIMULATION , ACTUAL VS. MODEL.......ccccviiviiieereiiiieeeeeneeeenns 130
FIGURE 89. MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORCB8GEEDITCH ......ccvvvivviiiiiiinennns 131
FIGURE90.C68GEEDITCH 1990G1999SIMULATION , ACTUAL VS. MODEL ... ccuiiviiiiiiiiciiieeicevmeieeaieeanas 132
FIGURE91.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORCE9KOCHDITCH ......cvvvneeiineeennnnns 133



Vi

FIGURE92.C69KOCHDITCH 199G 1999SIMULATION , ACTUAL VS. MODEL ...ucvvviitieieiiieeeee e remeeeaes 134
FIGURE93.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLows FORC70AHOUGHMAN AND HOWARD DITCH
............................................................................................................................................. 135
FIGURE 94.C70AHOUGHMAN AND HOWARD DITCH 1990G1999SIMULATION , ACTUAL VS. MODEL......... 136
FIGURE 95. MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC71UPPERBUCKLAND DITCH......... 137
FIGURE96.C701UPPERBUCKLAND DITCH 1990G1999SIMULATION , ACTUAL VS. MODEL ......covvevninnees 138
FIGURE97.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORC72LOWERBUCKLAND DITCH ....... 139
FIGURE98.C72UPPERBUCKLAND DITCH 199G-1999SIMULATION , ACTUAL VS. MODEL ......cvvvvvnienninnns 140
FIGURE99.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORGAGE 1031100Q...........ccevvvvvnnnnene. 141
FIGURE100.GAGE 103110001993 1999SIMULATION , ACTUAL VS. MODEL ...uuiiviiiiieeeieeeei e eeemeeaee e 142
FIGURE101.GAGE 10311400L990-1999SIMULATION , ACTUAL VS. MODEL ...uuiiviiiiiieiieceeieeeemeeaneaees 143
FIGURE102.GAGE 103117001993 1999SIMULATION , ACTUAL VS. MODEL ...uuivviieeiieeeieeeeie e eeeeeeaeees 145
FIGURE103.MEAN, MINIMUM , AND MAXIMUM ANNUAL FLOWS FORGAGE 1031100Q............ccvvveennn..s 146
FIGURE 104.GAGE 10312000L990G-1999SIMULATION , ACTUAL VS. MODEL ...uccvviiviiiiiiiiiiieei e iemeiee e 147
FIGURE 105.INTERFACENAVIGATION AND INTRODUCTIONSCREEN ....uivutiitiiiieiiiiitiesniiemsaesnseeneasnssnnas 152
FIGURE 106. NARRATIVE DESCRIPTIONOF MODEL AND INTERFACEPURPOSE .......ociviiiiiiiiieeeeiveemeien 153
FIGURE107. MODEL DOCUMENTATION AND REFERENCESCREEN ... ..uituuiitniitiiteitnernmersesternnseniesnnes 154
FIGURE 108. MODEL REFERENCEDIALOGUE BOX. . cvuiiiiiiiiiiiiiie st ieeee et s et sbmee e sa s sbeean 155
FIGURE 109. MODEL DOCUMENTATION SCREEN .....cuuittiiitittiettessirmntsstsssesnessnessnessnimensssssneesesreran 156
FIGURE110. LEARNING SCREEN FORRIVER SEGMENT 3.....ivtiiietiiietieeanesimmeteesesesssnssssnsessnssnensenneees 158
FIGURE111 SNOWSHOETHOMPSONEXAMPLE FORMODEL LEARNING SCREEN........ccevvniiiineeernneeeenneens 158
FIGURE 112 INTERFACEDATA ACCESSSCREEN ....uuiiiuuitttieitteeetsiereeseseesanesssnestnees s essnneesreeeennns 160
FIGURE113. SEGMENT 4 EXAMPLE FOR STREAM FLOW AND DIVERSIONDATA. .ivviiiiiieeieeeee e eeeeeeann 161
FIGURE114. GAGE 103LO000EXAMPLE DIALOGUE BOX. c.uiiiuiiiiiiiiiiiiiee et et s et eemmr e ean 161
FIGURE 115. GAGE 1031000MEXAMPLE GRAPHS. ...uuttuittietntittteeneetniaemtasssnsesnessnsrensetnssrimenssnsesnsetnsrens 162
FIGURE 116. SCENARIO DEVELOPMENT ANDANALYSIS SCREEN. .uuivuiiniiiniiinieteiineiemneesnestnesaneeansesnees 163
FIGURE 117. PREDICTEDSTREAM FLOW SCREEN ... cuuiituiitniitiiie it ieemtaettestsstisstssnsssimensssesssnesnees 168
FIGURE 118. PREDICTED STREAM DIVERSION SCREEN.......ituiitniittiiteitetireeianssaestessessnessssnnessnsesnnas 169
FIGURE119. KOCH DITCH, HOUGHMAN AND HOWARD DITCH, AND BUCKLAND DITCH ......ccovviivniinnnnn. 171
FIGURE 120. MEAN, MINIMUM , AND MAXIMUM ANNUAL DIVERSIONS FORC69KOCHDITCH (ACRE-FEET)
............................................................................................................................................. 172
FIGURE121 MEAN MONTHLY DIVERSIONS OFHOWARD AND HOUGHMAN DITCH AND BUCKLAND DITCH
X0 = =1 = PSSR 173

Vi



vii

TABLE OF TABLE S

TABLE 1. ELEVATIONS AND PRECIPITATION DATA FOR SELECTEDLOCATIONS....cuiiviiiiiiiiieeeeevmmee e ee e 6
TABLE 2. ELEVATION AND FROSTDATA FOR SELECTEDLOCATIONS.....uiiuuiitiiteiieitiesmeeeeieiaeeneeaseneenns 6.
FIGURE 11.ESTIMATED AVERAGE CARSONVALLEY TRIBUTARY FLOW AND COMBINED (EAST AND WEST
FORK) CARSONRIVER AVERAGE, Low, PEAK AND FLOOD HEADWATER FLOW (GAGED) ........ccee..... 23
TABLE 3. USGSGAGE RECORDSUSED ....uuituiiitiiitiittiittiitieeeestsstiesnestaessns et s seestasssn st sssnsrssstsrnnnseees 54
TABLE 4. FEDERAL WATER MASTER GAGE RECORDSUSED......ccuuiitiiiiiiticiiiiieee e etee s itsesnessas s mmesans 55
TABLE 5. C76 ASNOWSHOETHOMPSONDITCH #1 CONVERTERVALUES ....ivtiiiiiiiciieeieeesceemt e eaeeieeaaes 64
TABLE 6. ESTIMATED AVERAGE FLOWS OFMAJORWESTFORK UNGAGED DIVERSIONS......ccvviiviiineinnenn. 68
TABLE 7.ESTIMATED FLOW FROM SELECTED TRIBUTARIES . ...uuiituiitiiiiitieetssimeeetestestssnesnessnssnnniesnns 83
TABLE 8.ESTIMATED FLOW FROM SELECTED TRIBUTARIES. ...uiituiiitteietneestineeeemrenesennsessneessnesssneeesens 87
TABLE 9. ESTIMATED CAPACITY FLOW OF MAJORUNGAGED EAST FORK ....covvniiiiiieieieecetee e 114
TABLE 10.DIVERSION MINIMUM AND MAXIMUM FLOW YEARS ...uivtiitieieiitieeeee s remneeeneesesanseansennesannn 148
TABLE 11.MONTHLY ROOT MEAN SQUARED ERROR FORMAIN CARSONRIVER GAGES.........cccvvveevnnnnen. 149
TABLE 12.HYPOTHETICAL INCREASES INHOWARD AND HOUGHMAN DITCH FLOW (ACRE-FEET) DUE TO
RETIRING OFKOCHDITCH WATER RIGHTS ... ittt ettt sremta s e e e s nans 173
TABLE 13.HYPOTHETICAL INCREASES INBUCKLAND DITCH FLOW (ACRE-FEET) DUE TORETIRING OFKOCH
DITCH W ATER RIGHT S ettt ittt et e et e e et semmt e eb s e s et e sb s saessssmnmet s eassaasaaes 174
TABLE 14.ACTUAL KOCHDITCH DIVERSIONS, PREDICTEDINCREASES INDOWNSTREAMDIVERSIONS AND
NEW DIVERSIONS AS APERCENTAGE OFHISTORICKOCHDITCH DIVERSIONS......covviiiiiiiciieiieiveas 174
TABLE 15.DITCHESTHAT NEED GAGING ....cttiitiiitiiit ettt simes e ee ettt s s e st e s st s eaa s snmmtes st sansesnessnsssnsesninens 180
TABLE 16.RIVER AND TRIBUTARY GAGES THATNEED TOBROUGHTBACK ONLINE......cccovvviiivieeiiineeenne 181

Vil



Development of & Integrated Land and Water Use Planning
Tool for the Carson River Watershed: Phase | Bvelopment of
a Planning Platform and Water Resources Assessment

John C. TracyPh.D.
Kurt Unger, Ph.D.

1. Background and Introduction

1.1 Geography

The CarsorR i v e @adwaterdiform in the mountaiesuth of the Lake Tahoe Basin,

just north of Sonora Pagsee Figure 1) In its beginning stagesargely in Alpine
County, California, lte riveris actually two distinct rivershe East an®Vest Fork. The

two forks reman distinct entities as thegross the statéine into Nevada, wherthey

begin to feed a number of smallditches used for irrigation. As tHerks make their

way intothe Carson Valley iDouglas County, Nevadahe size andnumker of ditch
diversions mcrease to the extent thatich of the valley iglooded, and groundater flow
becomes a&ignificant male of flow transportn the valley After the two forks merge,

the river exitsEagleValley andcontinues on to Lahontan Reservoir, whesewateris

stored for eventual transport to the Newlands Irrigation Project near Fallon, Nelagla
Carson River Basin ibcatel in both California and Nevada, encompassing an area of
approximately 3,966 square mileEwhich approximately 15%, or 606 square miles,

in California with the remaining 85%, @pproximately3360 square miles, lying in
Nevada(Horton, 1997hb) The Carson River Watershed is hydrologically connected to
both the Truckee River Watershed and the Humboldt River Watershed. The connection
to the Truckee River is via a constructed canal (the Tru€l@son Canal) that
transports water from the Truckee River to Lahontan Reservoir. The connection of the
Humboldt River Watershed to the Carson River Watershed occurs when the terminus of
the Carsn River (the Carson Sink) and the terminus of the Humboldt River (the
Humboldt Sink) merge during years of high water flow (see Figure 2). Neither of these
connections affect flow conditions or water management upstream of Lahontan Reservoir

in the Carsn River, which is the geographical area of focus for this project.
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Figure 1. Map of Carson River Basin.

The Carson River Basin onnected to the Truckee River via the Truckee Camakt
connetion is outside the realm dhe report and model, however.hds the Truckee
River receives little attention hereThe same can aldoe said of the HumboldRiver
Basin, pictured in Figure.2 However unlike the Trucke€arsonBasin surface water
connecion that exists every yeasurface water only flows from the Humboldt Sink to

the Carson Sink in very wet years (Figure 2).



Figure 2. Map of the Humboldt River Basin, Nevada (Nevada Bureau of Mimgs a
Geology, 2005).

1.2Geology

The area of study within thepper Caron River Basin consists of thrégdrographic
areas: @rson Valley, Eaglé/alley, andDayton Valley(see Figure B These valleys
were formed by structal depressions and were then filled by alluvial and lacustrine
deposits (Maurer, 1986). Lacustrirer lake,deposits originatd from Lake Lahontan
which long ago covereda peak surface ara of approximately 8,655 square miles of
Northern Nevadand enelopedthe Lahontan Valley wetlandshere Stillwater National
Wildlife Refuge now exists upp a depth of approximatel§00 feet Over thousands of



years, the lake receded and grew in various cycles, resulting in an estimated average
sediment thickness &000 feeunderlyingthe basinUS Bureau of Reclamation, 1990).

The area of study i s 0 klamdenzedaby olatechlang,e 06 me
narrow mountain ranges and intervening broad, flat valleys (Maurer, 198@).Upper

Carson River borers the Carson mountain rangart of the Siea Nevada Rangeo the

west, the Pia Nut mountain range to the gamtd the Sierra Nevada range, the dominant
geologic feature irthe area, to the southwesElevation ranges from approximately

4,600 feetin the Pine Nut mountain range to approximately 10,000 feet in the Carson
mountain range to approximately 11,000 feet inSkegras (ACRC and CVCD, 1996).

Eagle
Valley

Carson

Range
Carson
Valley

Pine Nut
Mountains

- East Fork

West Fork
Headwaters

Figure 3. Map of Carson River Basin MounteRanges and Valleys (Google Images, 2005).

1.3 Soils
Soil types vary in the Upper Carson River Basin and are largely dependant upon
elevation. For this report, detailing the specific classifications of soil in the vadleyx i



as important as understanding how the soil is able to sustain significant acres of
agriculture in the desert. In general, the valleys the Carson River traverses through
contain basiffill soils that provide fertile ground for the approximately 38 Gres of
agriculture currently in production (ACRC and CVCIO9§. The soils are such that
they are able to absorb large quantities of groundwater from flood irrigation and
percolation from mountain streams. Further, they can release large quanitities
groundwater to ditches that partially or entirely rely on return flows from flood irrigation.
While traditional specific soil classifications are not relevant to the present work, the
terms fAbench |l andod and fdAbott darimplicators of ar e |
the governing law of the Carson Rivéing 1980 Alpne Decree. Horton (1997bh best
describes the bench land and bottom land distinction

The term "bench land" is a general term describing porous and coarse
textured (sandgravelly) wel-drained soils, overlying a deep water table

(if occurring), that exhibits relatively low water holding capacity and rapid
infiltration of irrigation water. The term "bottomland,” or "bottom land,"
represents a general term describing generally rich, aarfine-textured

and poorly drained soils, overlying a shallow water table or possibly
adjacent to a stream, lake or other body of water, that exhibits relatively
good water holding capacity and slow to moderate infiltration of irrigation
water. Bottom &nds are often associated with a river's flood plain. The
U.S. Department of the Interior, Bureau of Reclamation (USBR) criteria
(revised 1992) has defined bottom land for Nevada's Newlands Irrigation
Project as "those lands with a fi¥@ot soil profile faving a holding
capacity equal to or exceeding 8 inches and/or a water table within 6 feet
of the surface for a period equal to or exceeding 150 days. If neither of
these factors applies, the land is designated as bench land.” Lands
classified as bench (twottom) according to USBR criteria, above, will be
limited to maximum water deliveries (duty) in accordance to the provision
of the 1944 Orr Ditch Decree and the 1980 Alpine Decree, which are
identical in establishing water duties and establish the foilp¥imits.

In the Carson River Basin specific water duties are allocated based on the above
distinction in conjunction with location (above or below Lahontan Reservoir). These

water duties will be detailed later in the report in Section 3.3.
1.4Climate

The Upper Carson River Basin is characterized by short, hot summers and long,

moderately cold wintersThe climate is drythus evaporation rates are high, typicalty



the order of30 to 36 inches (net evaporat)oper yar (CDWR, 199). Temperature is

| argely a function of elevation. The aver
valleys to 33eF in the mountain ranges. T
average mini mum of 19veeFr.agel nm emper attmmer j s
average maxi mum temperatur e .oburing daglight ( ACRC
hours, he sun shineg8% of the time: 90% during the summer and 66% during the

winter on average (Douglas County Master Plan, 2005).

Whilemast of the Carson Riveroés surface area
Nevada, most of t he b a steof Gaiformpar(ldoccani®878.at i o n
The Sierra Nevada mountain range acts as a barrier to eastern asofbwecipittion

like temperatureis largely a function of elevation.Table 1 (National Weather Service,
2005)andTable2 (CDWR, 1991)illustratethis point.

Table 1. Elevations and Precipitation Datafor Selected Locations

Station State Elevation Wat(t(a)rc\t(_esaerp?vg '
Ebbetts Pass SNOTEL CA 8700 55.98
Blue Lakes SNOTEL CA 8000 47.37
Caples Lake CA 8000 46.45
Poison Flat SNOTEL CA 7900 34.2
Spratt Creek SNOTEL CA 6150 31.11
Grover Hot Springs CA 5900 28.23
Markleeville CA 5500 18.7
Carson City NV 4700' 10.36
Minden NV 4700 8.38
Lahontan Dam NV 4100 5.3
Fallon NV 3900 5.3

Table 2. Elevation and Frost Data for Selected Locations

Location Elevation Frost-Free Season
(feet) (days)
Tahoe City, CA 6630 77
Minden, NV 4700 104
Carson City, NV 4675 123
Reno, NV 4400 129
Fallen, NV 3950 150




Precipitation is not solely a function of elevation, however. This is evidenced by the non
uniform average precipitation of Carson RNeea s i ndés di fferent wvall
Dayton Valley is drier than the rest of the basin, receiving an estimd&edches of rain

per year on the valley flooromparel to an aerage of & inches aMinden in Carson
Valley and an averagef 10-11 inches in Carson City at th&agle Valley station
(National Weather Service, 2005)

Despite the rain barrier, the Pine Nut Mountains to the east of the valley still receive
significant amounts of precipitationip to 26 inches per year. However, when compared
to the Carson Range (up to 45 inches) and the Sierra® @@ inches), this seems less
significant, though it is more than two aadehalf times the 10nches the vallepelow
typically receives. Approximately 92% of all precipitation is associated winter
storms from October to May, with the remainder fallingram during the summer
(Kennedy/Jenks/Chibin, 1988).

Annual precipitation can and does vary widetgnfi year to year, so the ided an
average water year is more aftheoretical conceptised forlong term forecastm as
opposed t@nactualamount of precipitation that can be expeatadn individual year to

year basis Furthe, wet years and dry years sometimes in cycles. For examgl three

to five wet years areften be followedy three to five tbught years and so on. Figufe

(data courtesydorton, 199D) illustrates this poinnicely.
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Figure 4. Carson River Basin Snow Water Content as a Percentage of Average

As can be seen by looking at theays 1980 through 1996, the years 12886 tended to

be heavy precipitation years, averaging 138% of normal. These wet years were followed
by a series of dry years, 198992, which averaged 53% normal This drought was

then followed by more wet yesar Overall, the average for the seventeen year period is
98% of normal However, aly the yearsl984 and 199@ndividually experiencedear
average precipitation condition$ 95% and 106% respectivelorton, 1997b).

1.5Hydrology of the Carson River

1.5.1Previous Studiesof Carson River Hydrology
The Carson Riveroés fl ow has been monitored

one hundred years. There have been numerous studies lofditedogy of theCarson



River, each with their own foci including, but not limited to water quality, water quantity,
river history, river operations, and the influence that ungaged tributanes drathe
Carson River.

Many of the reports have focused on water quality, as due to significant mining in the
area in the past, mercury is prevalent in and along many of the lower reaches of the
Carson River. Authors ofotal Mercury in Sediment, Watand Fishes in the Carson
River Drainage, WesEtentral Nevada (NDEP, 1985) concluded that mercury
concentrations of soils below the old mill sites are 200 times greater than those above.
Subsequent US Environmental Protection Agency (EPA) investigatesndted in a
Superfund designation of several reaches of the Carson River near Dayton as well as
Lahontan Reservoir, Stillwater National Wildlife Refuge (NWR), Indian Lakes in
Lahontan Valley, and several tributaries to the Carson River (EPA, 1990). Some
remediation has occurred, along with continued investigation as to what the best solution
is to the mercury problem.

Others reports have focused on estimating water resources and determining the feasibility
of various projects that could lead to optintiaa of water resource availability. Authors

of The Carson River Management Bram (Kennedy/Jenks/Chilton, 1988) did extensive
research on water rights to identify opportunities for resource development within
existing water rights, as the both the grdund surface waters of the Upper Carson
River Basin are fully appropriated. A notable conclusion of the report was that
approximately 35,000 acifeet of groundwater permits and certificates issued in Carson
Valley for municipal purposes had not yet bédty developed (1988).

Ten years later, Kennedy/Jenks/Chilton followed up with another sidiger Resource
Analysis of the Upper Carson River BagKennedy/Jenks/Chilton, 1998). This study
served to provide an update on the water budget analysishéo Carson Water

Subconservancy District (CWSD) based in part on a 1991 model of the river and its
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diversions using MODSIM (Kennedy/Jenks, 1991). Another goal of the study was to
provide the United States Fish and Wildlife Service (FWS)spmnsors othe study,

with pertinent information concerning how they could best meet their objectives of
providing 125,000 acréeet of water for 25,000 acres of wetlands at Stillwater NWR.
This report concluded that success in bringing more water to Stillwater WgURI be

best achieved by purchasing/retiring water rights near Fort Churchill, NV first, and then
progressing upstream (Kennedy/Jenks, 1991). This is because as one moves farther
upstream, the probability increases that remaining agricultural demarwisi ma the

river would make any water right acquisition moot.

Other reports focused on providing an historical context to the river. By far, the most
comprehensive historical documentation of the Carson Rivefhies Carson River
Chronology(Horton, 1997h) Horton starts in 1900 and methodically describes the many

i nteresting events and circumstances that
this piece, if there is one, is that it does not receive periodic updates. Its first and only
update vas in 1997. Another report that provides its reader with a thorough historical
understanding of the Carson RiverTise Carson River AtlagCDWR, 1991). As with

Hor t Chranaogy the At | amlydonegative characteristic is that it has not been
updatedecently.

Carson River operations were explored in the report tReerOperations Model for

Upper Carson River Basin, California and Nevggtess and Taylor, 1998). The report
provides its reader with a cursory overview as to how the river openateselectively
describes some of the daily river operations that are part and parcel to its accompanying
model.

Some groundwater studies have been done, notably by Maurer et al. (1986 and 1994).
While these studies accomplish their tasks of simulagirmyndwater pumpage (1986)

and gaining insight into the potential for, and the possible effects of, artificial recharge of
aquifers in the Carson Valley (1994), they do not directly address the way valley
groundwater flow regimes seasonally change in aesp to flood irrigation for

agriculture. The latter would have been useful for this project.
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Maurer et al. have also delved into surface water flows in the Carson River Basin in
Updated Computatis and Estimates of Streamflowsibutary to Carson Valley
Douglas Couty, Nevada and Alpine Countgalifornia, 199602002 That report studied

the influence that gaged, and more notably ungaged, tributaries have on Carson River
fl ow. This studyds conclusions nedngly dou
Carson River tributary flow, and it is these new estimates that are used in the work
presented later in this study..

1.5.2Surface Water Hydrology of theCarson River

In the UpperCarson River watershed, the Carson Rivegins aswo distinct rivers: the

West Fork and the Eagtork. Both forks originate in the Sierras and at these high
elevations both forks share a similarly steep gradiEot.administrative purposes via the
Alpine Decree (dmussed in detail irbection 3.3), the river has been broken into eight
different segments. The maps that follow, while useful for visualizindottegions of
variousditches and sloughs, will also beered to later in SectioB.3 whendetailing

the boundaries and regulations governing the eight separate segments of the Carson
River.

1.5.3The West Fork of the Carson River

The West Forkis the smaller of the two forks, hisically averaging less thaane third

the flow of the EasFork at their respective headwater gagés,600vs. 259,18 acre

feet period of record 1962003 see Appendix A) The West Fork begins in the vicinity

of Lost Lakes at an elation of approximately,600 feet(Horton, 1997b) As the river

makes its way towards the valley, numerous creeks and streams merge with it and
gradually increase its flow. Soon after encountering the first USGS gage on the West
Fork at Woodfords, CA, the West Fork encountéss first series of aggultural

diversiong(Figure 5)
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Figure 5. Map of Segments 1, 2 and 3, 4 and 5 (Hess and Taylor,.1999)

These and subsequent ditclégert water during the irrigationemason aly, typically
from mid-March through mieDctober with flow in March and Octobemot as common

and dependant on necessity (March) and availability (Octobdtlow in these and
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subgquent diversions typically peakn May andgradually decreases as tlsemmer
progresses.

Thefirst ditches(Snowshoe Thompson DiteeNo. 1 and 2)rrigate Diamond Valley as
well as transportvater to Mud Lake via Indian Creek. As the West Fork continues
northeastoward PaynesvilleCA more water is diverted by ditches buasthe Heimsoth
Ditch andthe McCollum Ditch. After flowing through Paynesville, the West Fork
encounterghe Fredricksburg Ditchwhich runs north essentially parallel to the West
Fork, and eventually returns some of its flow, via surface and grouedweturn flows
from other ditches, to the Brockliss Slouglfter supplying irrigation water fahousands

of acres of lan@long the wayKigures 5 and)6
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From the Fredricksburg Ditchthe WestFork flows northinto Nevadaand continues to
supply irrigation ditches such ate Deluchi Ditckes No. 1 and 2Thran Ditch, Wyatt

Ditch, Dressler Ditch and Jon&stch. Additionally, the West Fork supiels two larger
ditches, the Falke TilmanDitch and the Company Ditch. At the Brockliss Slough
idi t he West For kbos f | Skough, iwgh

ver si ono

f

u l
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exception to minor amounts of retuanml fl ow
shortly thereafter. Thus, the Brockliss Slougbcomes th@mew West Fork of the river

and shifts flow west of thaistorical West Forkthe channelof which runs mostly dry

until it begins 6 acquire return flows fronkast Forkditches beginning withEdna
Slough.

The Brockliss Slough, nowhe West Fork, continues to flow northwest where it feeds a
maze of diversions dictly and indirectly viareturn fow. Near its end, the Brockliss
Slough splits up into an Upper and Loweach, merges back into one course, then
rejoins the Main Carson River shortly after the confluence of the East Fork and historical
West Fork.

1.5.4The Historic West Fork PostBrockliss Slough

After the Brockliss Sloughthe historic West Forkhannel turnsorthrnorthwest ands
characterized bijow, often dryflows. Because of return flow from East Fork dsiens,
however, the historic West Fork does not stay that way for ldmsgs than a mile after

the Brockliss Slough, the historic West Fork acquiredinss real returnflows from a
combination ofthe Fake Tilman Ditch andhe Edna Slougha diversionoff of an East

Fork diversion, Rocky SloughThe Rocky Slough is the first of a few old river channels,
called sloughs, whichconnect the &st Fork and historic West Fonfrior to their
confluence some five miles away, southeast of GéRigaire §. When the East Fork is
running high due to heavy spring runoff or flood events, these sloughs help to spread the
flood water out across the valley (Horton, 1997b).

Some two miles aftereceivinginflow from Rocky Slough, thé&t. Louis Straight Ditch
flows irto the historic West Forkln between these surface water flows, the West Bork
acquiring significant groundwater flow from irrigation to the east supplied in large part
by the Henningson Ditch. Some two miles aftereceiving theSt. Louis Straigld s
inflows, the historic West Fork acquires flow frahe Home Slough Approximatelya

mile and ahalf later outside of Genoa, NV, the historic West Fork merges with the East
Fork Another one and a half miles downstream, the Brockliss Slough joins wimat is n

the main Carson River, and the river turns northeast as it heads toward CaysandCit
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Eagle Valley Figure §. As with earlier stretches of the lwst West Fork, there is
significant groundwater flow into the river throughout this region.

1.5.5The East Fork of the Carson River

The East Fork is the larger of the two forks, both in volume and in length. The East
Forkd annualheadwater flovaverages more thdahreetimes that of the West kb and
traverses nearly double the len¢@® to 33 miley from headwaters to confluencéike

the West Fork, the East Fork begins its journey high in the SiGvas 11,000 fegt
where it drains the mth slope of Sonora Peand the East slope @tanislaus Peak
(Horton, 1997b) From its headwaters, the river makes its wayard Markleeville, CA

the site of its uppermost headwater gage, along the way smuge#s flow from
numerous creeks and tributaries. From Markleeville, the East Fork floriseast into
Nevada, whe¥ soon after crossing the state liribe river receive inflow from Bryant
Creek Figureb).

Approximately eightmiles after gaining inflow fronBryant Creek.the north flowing
East Forkfeedsits first major diversion irthe Allerman Canal, one of the first canals
built in the basin, constructed in @B (Horton, 197b). The Allerman Canal isthe
largest diversiomn either fork(not counting the Brockliss Slouglgveraging nearly 100
cfs at its peak in Mayperiod of recordl9842004; see Appendix B)Along its northerly
trek toward the Danberg Ponds, the Allerman Caieds upsmall amounts ofiow from

two tributaries flowing off the Pine Nut MountairiBine Nut Creeland Buckeye Creek.
Like the Fredricksburg Ditch on thWest Fork, the Allerman Canal supplies a network of
other canals directly anddirectly via return flows, which in turn irrigate thousandf
acres of landRigure §. These canals eventually return varying degrees of their flows to
the East Fork and Bin CarsonRiver either through direct surface return flows or
indirectly via groundwater Like other diversions throughout the basin, the Allerman
Canal and subsequeBtst Forkditchesdivert water during the irrigation season only,
typically from mid-March through mieDctober with flow in March and October not as
common and dependant on necessity (March) and availability (October).

After the Allerman diversion, the East Fork picks up minooants of flow fromindian

Creek From Indian Creekthe Eat Fork turns northeastand supplies many more
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significant gaged diversions in thellowing order: Virginia Ditch, Rocky Sbugh,
Cottonwood Sloughand Henningson Ditch. These diversions irrntusupply other
diversions which provide irrigation for thousds of acres of land before eventually
returning a portion of their flow back tbe EastFork, WestFork, or Main Carson River.

After the Henningson Ditch diversiothe East Carson encounténg St. Louis Straight
Ditch, Home Slough, and Williams Sigh. When the river goes on regulatithese
particular diversions are governed differently than many of the other diverslumsiver

goes on regulation when the Water Master determines there is not enough water in the
Upper Carson River to serve theosh junior priority. When such a determination is
made, water users are notified that the river is on regulation and previously unregulated
diversions are monitored. The net effect of this is suchthese three diversions run
significantly lower thartheir peak flows after thever goes on regulation and at the same
time, rely more heavily on return flows. In between these diversions, the East Fork picks
up return flows from diversionsast of the river, notablye Cottonwood Slough anithe
Poleline Ditch, the flow of whichis a combination of return flows frote Allerman
Canal, Virginia Ditch, Martin Slough and possitldgme well return flowgJ. Larrouy,
personal communication, 2005

Sometwo miles after the Williams Slough diversion, the Hastk rejoins the historical
WestFork and approximately orend a halimiles later, the Brocklis Slough enters the
Main Carson River.

1.5.6The Main Carson River

From the East and West Fork Confluence,Nfan Carson River heads northeast toward
Carson City. Along the way, the rivepmtinues the trend of acquiringround and
surface watereturn flow from irrigation ditches Approximately five miles after the
confluenceflow from Ambrosetti Ponéntersthe river. Soméive milesafter that, Clear
Creekenters the river Somefour miles latey the riverfeedsits last majorCarson Viey
diversion,the Mexican Ditch before skirting Carson City and entering Dayton Valley,
somre ten miles after Mexican @h (Figure 7.
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The Carson River suppliets first Dayton Valleydiversion, tle RoseDitch, just ptior to
entering the town of Dagh, NV. Two miles later ishe Fish Ditch, shortly followed by

the Baroni Ditch Cardelli Ditch, Quilici Ditch, and Gee Ditch.After meandering

northeast for ten miles, the River delivers irtiga water tothe Koch Ditch(Figure §.



19

119°37'30" 119°33'45" 119°30'
I T I
F
39°18'45" & X
m’*”“ﬁw
W
G
.
’g‘.‘ . e
f K~ o , '
# 76 Quilici (Ghiglieri) &
39°15' & itch g3 -
F Baroni 5
DAYTON 74 Ditch g8

39°11'15"

,4";
4
&
& | | |
Base from U.S. Geological Survey digital data, 1:100,000, 1979-80 0 1 2 3 4 MILES
Universal Transverse Mercator Projection, Zone 11 1 1 | 1 |
[ I T I T
0 1 2 3 4 KILOMETERS
@ EXPLANATION
l—l River reach, river reach number, T6A Data-collection site and number
and reach boundaries (see table 1)
wmawwwa Approximate boundary of Alpine Decree

segment and segment number
Figure8. Segment 7 (Hess and Taylor, 1999)

Fromthe Koch Ditch, the Carson River heads due east avently miles until it reaches
Lahontan Reservoir in Churchill Valley. Along the way, the river deliversniatthe
Houghman and Howard Dit@ndthe Upper and LoweBuckland Ditcles(Figures9 and
10).
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1.5.7Historical CarsonRiver and Tributary Flows

Based orJSGS gauging records, historical (198203) headwater inflows of the Carson
River to the valley have avaged aproximately 464 cfs (average of 358 cfs for the
uppermost East Fork gage and 106 cfs for the uppermost West Fork $Sege
Appendices A, B River outflows for the same time period average 415 cfs for Gage
10311000 near Carson City and 391 cfs Gage 10312000 near Fort Churchill just
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above Lahontan Reserv@Bee Appendix Cyvith year to year variability For example,

the lowest combinedverage annudleadwater flow during this time period was 112 cfs,
occurring in 1977while the highest combadaverage annudleadwater flow during this

time periodwas 1079 cfs, nearly ten times the low flow. This high year of flow occurred

in 1983. In 1997, combined headwater flow exceeded that of 1983 during the months of
January through April due to heawynter precipitation, a rain on snow exen January,

and an earlyspring runoff Ho we v dlaw,waslcOn8ide@tshigher andmore
sustainedthroughout the summer, and as such is considérechighflow year (See
Appendices A, Bor datg.

The magrity of flow in the Carson River and the various ditches and sloughs in the
Dayton, Eagle and Carson valleys originate from the East and West Fork headwaters,
however, there are other sources as well. According to recent studies by Maurer et al.
(2004) gaged and ungaged tributaries, together with ephemeral drairagaslly
contribute an estimated 37,6@0refeetto the basin. In terms of flow, this would be a
constant flow of 52 cfs or approximately 11% of the average combined flow of the East
and We s t Forksd headwat &year. round,Fnbwever. dPerensial n ot
stream flow is heaviest in the early spring and gradually tapers off in the summer, then
increases again when winter precipitation begins to faphemeral drainagesgpically

flow only during spring runoff in wet years or during significant precipitation events
(Maurer, 2004).If this estimated streamflow is presumed to follow a similar runoff curve

to that of the combined East and West Fork headwater gabesh it does not)its flow

can be put in context with average, low, peak and flood (1997) cothibieadwater

flows (Figure 1).
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1.5.8Groundwater Hydrology Affecting Flows in the Carson River

The success of agriculture that owes its existence to the Carson River is in large part due
to the ability of the valleys where agriculture is plemnato act as a eehment basin for
surfaceand groundwatefHorton, 1997h) Groundwater generally moves from recharge
areas in the mountains and alluvial slopes to the valley flolr. Carson Valley,
groundwater follows surface contours, and genefldlys from west to east toward the
center of the valley, then north towards Eagle Valley. In Eagle Valley, groundwater
generally flows east from the Carson and Virginia Ranges toward the center of the basin.
However, in some areas of the valley, sucllmr Creek, groundwater flows directly to

the Carson River (Kennedy/Jenks/Chilton, 1988). In Dayton Valley, groundwater flows
from the mountain blocks toward the Carson River and then flow follows the river. In all
of the valleys, where the groundwatable is lower than the stream and ditch bottoms,

the surface water recharges the aquifer below. Where the groundwater table is higher
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than the stream and ditch bottoms, the streams and ditches act to drain the underlying
aquifer (Maurer and Peltz, 1994)While there have been numerous studies addressing
groundwater flow direction in the basin, such studies have not quantified groundwater
flows the way the many USGS gages throughout the basin hawified surface water

flows.

1.6Water Law, Governance, Rights, and Use

Nevada water law is based on two fundamemt@hciples: prior appropiation and
beneficial use. Prior appropriatiomits simplest forrmmeans 'ifrst in time, firstin right.”
Typically, the oldest (senior) rights on a river must be completely filled before younger
(junior) rights receive any wat. In practicethisis not always the caseotably not on

the Carson RiverBeneficial use is the basis, the measure andrthiedf the right to the

use of water (NRS 533.035).

A fundamental tenant gidrior approjpiation is the doctrine of abandonment, more often
descr i bseed ias ,olInfiNevaua five yedrof imtentional nofuse historically
resuledin abandonrant. This has recently been changed, however. Now, water rights
can only be lost through voluntary abandonment.

Nevada water law, whilgenerallybased on the docte of prior appropriatiorand
beneficial useis functionally based on very specific couasesgdecrees, negotiations,
settlements, agreements, operating criteria, allycenough, the weather. Thgstem

of management is no less simpléManagement operates though the state of Nevada,
various watershed councils, irrigation districts, des) power companies, Indian tribes,
the state engineelVater Mastes, andindividual farmers who contrallow based on
supply anddemand In the case of the Upper Carson River Basin, the Alpine Decree is
the principle governing body of law.n mattersregarding theransferof water rights,
such issues are largely governed by Nevada Revised Statutes (discussed below in Section
9.1).

1.6.1Water Law History for the Carson and Truckee River Basins

The law governing the Carson and Truckee River Basins repseseat of the most

complicated systems of water law in the United States. The two basins, although not
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finaturallyd connected prior to mamade diversions are heretonsideredtogetherto
give the reader contextecause other i v mutumlésupport of the Newlands Project

(Figure 13, one of the largest Hoestead Act projects in the west
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Figurel2. Map of Newlads Project, Circled in Black (TCID, 2005)

Il ni ti al conflicts over the waters in the
competition between Carson Valley fara and ranchers and the Comstock ore
processing and milling interestllorton, 1997b) Later conflict arose fronthe Truckee

Carson Irrigations Project (Newlands Project) in 1905 with the passage of the
Reclamation Act a few years earlier. The Newlamagect pitted competing agricultural

interests against each other as welbgainstmunicipal and industrial interests. Years

later, after agriculte demands threatened the Truckeever 6 s nat ur al termn
Lake, the Pyramid Lake Paiutes stepp@o the fray. Add some endangered species,

legal actionthat lasted three decadesiotherthat dragged on for five and a half decades,

and a superfund site, and you have one of the best examples of why Mark Twain quipped
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his famous line aboutwate i n t he ari drwdst nkiWhi slwayés 0t
over .o

The first series of cases disputing water rights on the Carson River involved mills pitted
against farmers In the summers, irrigation by upstream water usdtsn forced the

mills to shut down due to lack of power (the mills used large wooden wheels to generate
electricity). It did not take long for the mg to grow weary of what they perceived as
farmers stealing their water. Subsequently, some of the larger mills got together a
chipped in to hire a few enforcesnown as the Water Men. These men went up the
Carson Rive and literally took outhe diversion dams, thus allowingore flow in the

river for the downstream mills. As time went by, the water men came to befriera so

of the farmers and distrust others (the ones who continually rebuilt the dams without
asking permission). This sort of relationship went on for a few years, however,

di scontent grew as did speculation why son
others were not. Eventuallyghmatter landed in the cour8gnberg, 1975).

The Urnon Mill court cases, as theyecollectively known, provided the federal courts

with the opportunity to weigh on the doctrines of ripaism and prior appropriation

(Horton, 1997b). Te cours did in the form of thel905 Anderon-Bassman Decree
(although a later Nevada Supreme Cowaserepudiated the doctrine gdarianism and
stipulated that Nevada water law shoblel based on priorppropriation because it is
bettersui t ed to t he r p dglheodediee established the aanedge thato n s
could be irrigated pursuant to those water rightsd established a -lieekly rotation

between California and Nevada users of the upper Carson River during the months of
Jure through Octoberdepending on flow in the Carson River at specific pajAGRC

and CVCD, 1996).For example, rotation begims the first Monday in June, tlie West

Fork flow is nd sufficient (less than 180 cubic fésstond (cfs)) to satisfy all ridnts

(CDWR, 199).

The next water dispute on the Carson wesolved bythe 1921 Price Decree This

decree was the result of the failure of the earlier AndeBsmsman Decree to specify the
amounts of water that could be diverted for the acreages thatspecified in the decree

(ACRC and CVCD, 1996).The Price Decree only pertained to water rights in California
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that were served by the Carsonds West For |
user,name of the ditchguantity available for each wateght, and order of priority, all
based on stream flow of the West Fork at Woodfordst he We st Forkds he
(CDWR, 199)).

Anotherdisputeover Carson River water began when the Bureau of Reclamation brought
suit against water users on the Truelead Carson Rivers in order to secure water for the
Newlands Projet. The caselnited States v. Orr Ditch Water Compamy al. was first

filed by the United States government in 1913 against virtually all Nevada water users on
the Truckee River on beliaf the Newlands Projedarmers and eventuallesulted in

the 1944 Orr Ditch DecredHorton, 1997b) By means of the Orr Ditch casand
subsequently decided settlementse Newlands Project farmers were provided the right

to divert up to 1500 cfsof Truckee Riverwater at Derby Dam (see Figure 6 above
Then, in 1925, similar litigation was introduced against Carson River water users laying
claim to Carson River water for storage in the new Lahontan Reservoir to be used by
Newlands Project farmer@orton, 1997b) That case eventually resultéd the 1980
Alpine Decree

The Newlands Project spawned tioemation of theTruckeeCarson Irrigation District
(TCID). The act creating the project guaranteed a minimum of 40&0@Feet of

water annuallyto the ranch areas it servedo accommodate that amount of water, the
project called fothe construction of a new weir at Lake Tahoe (Tahoe City), a new dam
on the Truckee River about 25 miles east of Reno (Derby Dam), a new dam on the
Carson River crating Lahontan Reservoir, a canal 31 miles long connecting the
impoundment behind Derby Dam with the Lahontan Reservoir, and 550 miles of
irrigation canals and laterals in Churchill and Lyon counflésughton, 1994). This
project resulted in an averagé 285,000acrefeet leaving the Truckee River annually,
water which would have otherwise ended up in Pyramid I(Hlceton, 1997a) This in

turn resulted in the next water disputes, thdhdfan and endangeregesies lavs.

Because of the approximatey0@000 acrefeet of Truckee Riverwater that waso

longer going into Pyramid Lake, the lake bega shrink. The desiccatidorought more

than a few problems, the main ones being increased levels of total dissolved solids (TDS)
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andsubsequendeclines inLahontanCutthroat Trout and endangeredii populations.
Eventually,in 1968,the Pyramid Lake Paiute Irah Tribefiled a lawsuit against the
Secretary of the Interior alleging that the 1967 Newlands Project Operating Criteria and
Procedures (OCAP) as allowing water to be wasted within the Newlands Irrigation
Project (Horton, 1997a That case was originalld e ci ded i n t he Tri
subsequenthappealed by the city of Fallon, and eventually resulted in a new OCAP
issued in 1988.

Under the n&@ OCAP, the quantity of water that may be diverted from the Truckee River
at Derby Dam varies each year, and is correlated to predicted runoff from the Carson
River and water storage in Lahontan Reservadiowever,the Tribe was not satisfied

with the firal diversion allotments and filed a new lawsuit alleging the Truckee Carson
Irrigation District (TCID) overdiverted more tham million acrefeet of Truckee River

water from 19731988 and calledior the water to be rdiverted back to Pyramid Lake.
Thisin turn sparked additional lawsuits that were addressed in 1989 with theiRag}im
Settlement Act thaeventually culminated in the Truck€&arsonPyramid Lake Water
Rights Settlement Act, enacted into law in 1990. This Act incorporated the 1908
Floriston Rates, the 1944 Orr Ditch Decree, and the 1980 Alpine Decree and called on
the federal government to purchase some 1,05800&feet of water for Pyramid Lake
(Horton, 1997a That water however,never came. In 1994, the first of the Truckee
CarsonSettlement Negotiations began.

The Tribe had a minor victory in 1995 when, by agreement with Sierra Pacific Power
Company, théd=ederalWater Master lowered the Floriston Rates dictated to by the Orr
Ditch Decree from 350 cfs to 300 cfs. Thet effect ofthis was the alloance of an
additional 20,00680,000acrefeetto be stored irStamped Reservoir (See Figure 12
abovg to be used to augment spawning runs for Pyramid dake end auirger e d
sucker fish. Churchill County promptly filed a lawsuit t@ent this and a week after
that, the U.S. Department of the Interior filed a lawsuit on behalf of the Tribe for the
1,058,000acrefeet of water that was never delivered. In 1996, new negotiations
between the Tribe and TCID began, only to be terminatedronths later with no new

agreements and little progrgssorton, 1997a
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Finally in 1996, water was purchased for Pyramid Lake. In an agreement with the U.S.
Department of the Interior and the cities of Sparks and Reno, the Tribe agreed to drop all
of its lawsuits in exchange for the purchase of 24 80@feet of Truckee River water,
which was to be stored upstream and released during periods of vew flo

1.6.2Governance viathe Alpine Decree

While all of the various court decisions and decrees pertaining to the Carson and
Truckee Rivers are important in understanding the history of the Carson and Truckee
Rivers and how the rivers management policies arrived at where they are today, the
decaee that is ultimately fundamental understand how the Carson River functions today
is the Alpine Decree. The case which was to become the Alpice®Enited States v.
Alpine Land and Reservoir Company, et was initially filed on Mayl11, 1925. Vdter
rights on the Carson River were finally adjudicatiéty -five years latevia the Abpine
Decree, issued October ZE980. With the Aljme DecreeNewlands Project landowners
were finally granted formal specific water rights, to be satisfied frorn thet Carson and
Truckee Rivers Thus, the Alpine Decree not only governs Carson River flow, but
indirectly, it governs Truckee River flow as welllo a much lesser extent two other
decrees, the Andersddassman Decree and the Price Decree, also plaleanr Carsn
River governance

The Alpine Decree set water duties for various sections of the Carson River.
According to thedecree the lands above Lahontan Reservoir, of which this project is
concerned, have the following water duties:

- 4.5acrefeefacre diverted to the canal foottom lands
- 6.0acrefeetacre diverted to the canal for alluvial fan lands
- 9.0acrefeetacre diverted to the canal for bench lands

The decree, however, failed to specify the dasgociatedvith each parcel of
land. Whik some guidance has been given fromBlieeau of Reclamatio(see Section
1.5 above)as to bench and bottom land distinctions, water duty determination is left to
the discretion of th&Vater Master YS v. Alpine Land and Reservoir Company et al.
1980)
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At first blush the above water duties may rsearbitrary, however, they are
actually based on thcrop irrigation requiremeantof alfalfa, as it is the dominaiand
thirsties) crop grown in the basin.The crop irrigation requiremens, as its name
sugeests, the amount of irrigation water required by ¢thep, and is defined athe
differencebetweenficrop consumptive s andthe effectiveprecipitationrequiredfor
plant growth. @p caoxsumptive useor evapotranspirations defined astie amount of
water used byegetative growth of a given area by transpiration and that evaporated fr
adjacent soil or interceptedrecipitation on the plat foliage To this amount the
following items, as applicable, are added: (1) irrigation applied prior to covtiy (2)
water required for leachingand (3) miscellaneous requirements of germination, frost
protection, pant cooling, etc. (Hortor,9953.

For administrative purposedie Alpine Decreelivides the Carson ifRer into

eight different segmentss follows:

Segment 1- East ForkCarson River from th€aliforniaNevada state linepstreanto

headwaters

Segment 2- East ForkCarson River from the Gébrnia-Nevada state line downstream

to confluence of East and West Fofkarson River;

Segment 3- West Faok Carson River from the gauge at Woadfe, California upstream

to headwates;

Segment 4- West Fork @rson River from the gauge at Woodfordiswnstream to

CaliforniaaNevada state line;

Segment 5 West ForkCarson River (ath Brockliss Slough) betweddalif orniasNevada
state line and confluence Bast ad West ForksCarson River;

Segment 6- Main Carson River from confluence of East aldst Forls (and Brockliss

Slough) to gauge at Carson City;
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Segment 7- Main Carson River fronCarson City gauge to Lahtam Reservoir. This

segment is furthesubdividednto autonomous subegments:

(a) Mexican Ditch, Daytobitch, and the reach between Rose Ditch and Carétih;
(b) Gee Ditch;

(c) Koch Ditch;

(d) Houghman and Howard Ditches;

(e) Buckland Ditch.

Segnent 8 - The area below th Lahontan DamUsS v. Alpine Land and Reservoir
Company et aJ 1980). See Figure 13
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I n a fAnormal 0 year, the Carson River i s

monitored until the Water Master determines there is not enough water in the Upper
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Carson River to serve the most junior pityar When such a determination is made,

water users are notified that the river is on regulation and diversions henceforth are
monitored. When the river is on regulation, each segment is treated autononihesly.

high alpine reservoirs of both forks diéed out of priority due to the fact that the snow

does not melt sufficiently at such high elevations to fill those reservoirs until the summer

when the river flow has already begun to diminish in the vall&y ¥. Alpine Land and

Reservoir Company et.a1980). According to the @ite Engineer and Water Master,

reservoir watecan providea porti on of the duty Afrom any
serves Kennedy/Jenks/Chiin, 1988). A general guide to how the Carson River is
regulatedaccordingto the Alpine Decredollows (US v. Alpine Land and Reservoir

Company et a].1980).

Segments 1 and Figure 5): As these segments largely consitriparian lands, there

are no relevantcustoms. The Water Master only regulates the release of water fr

mountain reervoirs(US v. Alpine Land and Reservoir Company et1&30).

Segmen® (Figures 5 and §: Whenflow at the Gardnerville Gagesduces to 200 cfs,
one thirdofthe EasF or k 6 s f | o untoitheAllernhaa Canaé Mastddiversions
are based on vo-week irrigation iterval (two weeks on, two weeks off) oree smaller
canals dert only two days of the twoweeks while some larger canals divert

continuously(US v. Alpine Land and Reservoir Company €t1£30).

Segmerg4 and 5Figures 5 and B

- Per the AnderseBassman Decree, starting the first Monday in June and
continuing through the end of the irrigation sea&atober 1), Segment 4 and
Segment 5 users rotate the available water supplyweekf basis

- During Segment 5 ®ek,the water is allocated via priority. During Segment 4
week, Segment 5 junior appropriators who did not get direct flows during
Segment6s al |l otted t insternfloawsdromaSedgmenve d t o us e
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- Water stored in Mud Lake Reservd@kigure 8)can bereleased to downstream
users in exchange for direct diversions that would otherwise go to those
downstream users.

- During times of shorsupply inthe Brockliss Slough(Figure 9) water useis
rotated among the three oldest priorities with a secgotation being observed
among the other priorities.

- Some rights that appear to be served WstFork waer are actually served via
EastFork return flow that flows into thé&/estFork.

- Water diverted oubf the East Fork via Rocky Slough and into Edna t©h
(Figure 9) and other small ditches is usedrtmate the lands between the two
forks (US v. Alpine Land and Reservoir Company et1£80).

Segment gFigures6 and7): Diversions in this segment occur by pumping directly from
the river the amounthat is sufficient to satisfy the particular priority. Because of the
high cost of regulation in comparison to benefits derived, the Water Master makes no
attempt to regulate this segntaimless a controversy arisedS v. Alpine Land and

Reservoir Compay et al, 1980).

Segment 7(Figures 7-10): Due to theintermittencyo f the riveros surf
segment is regulat in autonomous stkegment§US v. Alpine Land and Reservoir

Company et a/.1980).

Segment 8t ocated downstream of Lahontan Re®dr, not relevant to project at hand.

As one can see from the above segment synopsis, there is a significant human
element to the way the Carson River operates. Thus, the wohesiEibe in this report
does not specifically contain code tltemptsto mimic all of the above governance.
Rather, the modalodes onlysome ofthe major facets of the Alpine Decree. The rest of

the modelis based on relationgls between variougortions of the river that intuitively



35

reflect the governing logic so thatdirectly, the modekimulates the behavior of the
Al pine Decree on. the riverds hydrol ogy
1.6.3Water Rights and Water Rights Transfers

The majority of water rights in theroject areaof the UpperCarson River Basin are for
surface waters of the Carson River thadre established by the Alpine Decree described
above. When decree rights are correlated to-faete total allowances from the Alpine
Decree total approximately 290,0@@refeet, excluding California riparian rightsin
addition to Carson River water rights, there are approximately 2260@@eet of water

rights from springs and creeks irethasin. Additionally, there aepproximately 83,000
acrefeetof groundwater ghts Kennedy/Jenks/Chiin, 1989.

In recentyears, there has been a treoing various portions of the Carson Rit@wvards
purchasing water rightor retirement and/oconservation purposgacquiring riparian
conservation easements, and in geneestoring/enhancing thever corridor. These
actions have been taken on by various public and private actors, notably the Nature
Conservancy, the Carson Water Subconservancy District (CWSD), and various Nevada
state agencies.

For examplesince the eayl 1990sover 35,000 acrefeetof water have been collectively
purchased by the U.S. Fish and Wildlife Service, the State of NettamldBureau of
Indian Affairs, the Newada Waterfowl Association, antied Nature Conservanap an

effort to maintain approxiately 25,000 acres of wetland Stillwater National Wildlife
Refugeoutside offFallon R. Grimes, personal communication, 2R05

In 1999, the Nevadiegislaturepassed legislation thdirected a program be established

to purchase and retire water riglftom 6,500 acres in the Newlands Prqjéiee large
Bureau of Reclamation project east of Lahontan Reservoir that receives water from both
the Carson and Truckee River3o date, over $15nillion has been dedicated to this
program, vith $9 million comirg from the &deral government, $4 million from the State,
$2.5 million from Sierra Pacific Power Company, and $100,000 from Carson Truckee
Water Conservancy DistricfCWSD, 2005) Water rights have been retired from
approximately 3,300 acres. A vast mi#jo (3,100 acre$ of these 3,300 retired acres



36

received their water rights from the Carson River, while the other 200 acres were water
righted from the Truckee Rivé¢P. Pollyea, personal communication, 2005

In 2000, the Nature Conservancy secured arigp conservation easement along a three
mile section of the Carson River south of Genoa by partnering with the Ti8tkegis
Foundation to purchase the River Fork Ranbh2002, Nevada voters approved a bond
measure called thdevada Clean Water, Paland Wildlife Bondthat has the capability

to generate up t$200 million in support of natural and cultural resources across the
state. The bond designatethe Division of State Lands as the state agetiat
administers the funds. B0% matchis requred from the private sectdor any project

A generous donation of $750,000 ldy. Don Bentley in 2004 to the Nature Conservancy

for a conservation easement on 1127 acres of Kirman Field, a parcel owned by Mr.
Bentley, has jumpstarted this pubpavate partnershipon the Carson Rive(Nature
Conservancy, 2005).

In addition to the Nature Conservancy, €/SD hasbeen an active player in helping to
restore the Carson River. Together, with the help of other agencies and organizations,
CWSD is involved wh numerousprojects that aim to reduce stream bank erosion,
reestablish flood plain connections and riparian vegetation, increase retaititatehe
invasive species Tall White Topndin general,work toward long term solutions that
improve water gality (CWSD, 2005).

1.6.4Water Use in the CarsonRiver Basin

By far the largestise of waterin the greaterCarson River Bsin isagriculture where
approximately 3®00 acres of cropland antieadowland are irrigated (ACRC and
CVCD, 1999. Admittedly, this figure is nearlyten years oldas of this writing
However, the fact thatome agricultural lands are being taken out of production to make
way for subdivisions and other wateghits aresimply not being used is being mitigated
by the fact thathere are some new lands being irrigated as, wellably by Bentley
Agrodynamics near the airport in Carson GHy James, personal communication, 2005
Thus, while 38,000 acres of land is nol@0% accurate assessment, it does afford the
reader a reasonable estimation of the current state of affdalie basin The proportion

of cropland and pasturelardr the approximate 38,000 acres of agricultisreoughly
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equal. For example, in 20021,000 acres of land were irrigated in Douglas Co(tiy
county with the most agriculture in the Upper Carson River Basi% being harvested
cropland and 48% being rangelati5(Department of Agriculture, 2004).

In 1995, irrigation accounted for 93%f all water withdrawals in Douglas County
(Horton, 1995a). However, the current percentage liilely less than 93%, anthe
percentagevill likely continue to decreasi®r the near futuras the trend of encroaching
urbanization and the transfer of wateghts to other uses, namely municipal and
industrial, is causing the level of irrigated lands to declvhéde other water uses are on
the rise(NDWR, 1996). Indeed, it is this very trend that is one of theévidg forces
behind the many studies of thipper Carson River Basias stakeholders planning for
the future grapple to undrstand and predict the environmental and agricultural
ramifications ofvarious scenarios that would enable growth to continue ibabia.

1.7 Current Study Needs

As discussed in the previous sections of this report, the Carson River Basin is facing
increasing demands on its land and water resources due to increasing populations and its
associated land development. A large portibthe land within the Carson River basin

that is desirable for the development of housing and industrial uses is land that has been
traditionally used in the production of agricultural products. In addition, surface water
rights have been fully appropteal within the basin for nearly 100 years, and
groundwater rights have been fully appropriated for over 30 years. Thus, development
within the basin cannot be supported through the development of new water resources;
rather the transfer of water from oeeonomic use to another, or the development of
efficiencies in the current water resources infrastructure throughout the basin must
support it. However, any alteration in the use of land or water within the Carson River
basin will potentially impact thenaount and timing of flows within the Carson River. In
addition, within sections of the Carson River, water quality standards are not in
attainment. These water quality conditions are highly interrelated to flow conditions in
the river. Hence, any changé land or water use within the Carson River watershed
could also impact water quality conditions within the river. Therefore, to be able to

predict the |1 mpact t hat proposed changes
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hydrologic condition will hae on hydrologic and water quality conditions in the Carson
River, water resources and land use planning should be done in an integrated fashion for
the entire watershed. Planning at the watershed scale will allow for an examination of the
cumulative impats of development, water transfers and proposed modification to the
hydrologic regime on flows and water quality in the Carson River. In addition, this
planning exercise should be developed in an inclusive process, utilizing a planning tool
that enablesa consensus building planning environment and scientific process.
Embracing the principle of inclusiveness will allow for a wide variety of stakeholder
interests to be included in the planning process, which in turn will lead to the
development of more bwust watershed plans.

To enable this planning effort for the Carson River Basin this study develops a watershed
scale Water Resources Planning Tool that can display the interaction between proposed
development and hydrologic modification activities, and tmpacts these activities
could have on hydrologic conditions, water resource availability within the Carson River
Watershed. The purpose of such a tool is two fold. First the tool can be used by a variety
of agencies to help determine the viability pwbposed plans based on their predicted
impacts to a variety of stakeholder interests within the basin. Second, the tool can be
used to aid in educating stakeholders on the impacts of development and hydrologic
modification activities on water resourcesadability and water quality within the
Carson River.

The remainder of this report documents the mathematical approaches used to predict the
hydrological behavior of the Carson River Watershed, and the development of the user
interface to enable the W&t Resources Planning Tool to be used most effectively by

water resources planners and managers within the Carson River Watershed.
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2. Development of Planning Tool

2.1 Modeling Water Resources in the Carsn River Watershed

Many of the ditches and sections of the Carson River within the Carson Valley are
fgai ningo reaches, meaning they rtauflow dry
seemingly out of nowhere. A casual observer on the surface of the valley floor would
likely be baffled by this sort of behavior, as the underlying reasons for the gbruptl
appearing flow would be elusivelf, however, the observer was able tewibelow
ground, the process woul@inbe as mysterious. The undergrowhderver would see a
constant flow of groundwater originating from the eastern face of the Carson Range of
the Sierra Nevada Mountains, with less significant flow stemming from e Fut
Mountains to the east. As the snow begins td mehe spring, thebserver would see a
wave of slowly movingwater arrive,cawsing a giant aquifer under the valley to rise.
Over time, the observer would see the water table rise above theodeptny of the
ditches. It would then become apparent to the observer that the aquifer, like a lake, is
overflowing and simply reachingquilibriumwith its surroundings.

While this process of groundwater recharge, flow, and discharge is relatively smnpl
grasp on a macro level, the actual quantification of such flow and the relationship of the
specific interactions of individual ditches is far more difficult, if not impossible to
guantify on a micro level The project at hand, modeling the CarsoneRifrom its
headwaters to Lahontan Reservoir, does not set out to perform the impossible. Rather, it
is the purpose othis projectto create the framework for a model that correctly mimics
the fundamental aspects of the systand allows for changein the system to be
predicted with quickly obtainablesults This framework will be described as two inter
related elements. The first element being a description of the development of the
mathematical relationships used to predict the response of teenCRaiver to future land
development and water management scenarios. The second element being the
description of the interface that allows Carson Watershed Decision makers to utilize the

tool for creating and analyzing these future scenarios.
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2.1.1Systan Dynamics Modeling Approach

System dynamics (SD) software was first introduced in the mid eighties and has since
been gaining popularity amongst a variety of users. SD software is simple dnough
users unfamiliar with it to operate, and sophisticated enough to enable modeling of the
most complicated of issues. SD software uses icon based building blocks; the most basic
forms beingstocksandflows (Figure 14). The specific SD software usedhis study is

called Stella® (ISEE systems)Connectors(the red lines) connect these stocks and
flows. Convertersregulate inputs and outputs by defining external inputs to the model
through the calculation of mathematical relationships or by sersghe guide for

graphical relationships.

Stock 1 Flow 1 Stock 2
Converter Flow 2
Governing

Flow 1
Flow 3
Stock 4 Stock 3

Figure14. Example of Stella Components and Interactions

Stocks, as shown abeycan serve as reservoirs (Stocks 1 and 3) with their initial values
defined. Stocks can also serve as mere conduits, allowing flow to freely pass through
them (Stock 2). Flows can be governed by converters (Flow 1), flows can move from
one flow to thenext (Flow 1 to Flow 2), or flows can move to and/or from a stock (Flow

2 to Stock 3 and from Stock 3 to Flow 3).

Streamflowsand Diversions
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The most common interaction of stocks, flows and converters is a diversion off of the
river. Figure 15providesan example how these componemtight interact within the

modelin a typicalstreamflow andliversion setting.

Inflow from
Outflow to River Flow after Diversion 1
Diversion 1 Diversion 1 Retum Flow

O] |—0O—

River Flow prior to

Rjver Flow after
Diversion 1
Retum Flow

Converter Governing
Diversion 1

Converter Retum Flow

Governing
Diversion 1

Diversion 1
etrurn Flow

Groundwater
Reservoir

NS
Groundwater D@
Diversion 1
Recharge :
Outflows Consumptive Use
Converter Governing Converter Governing
Diversion 1 Diversion 1
Groundwater Rechage Consumptive Use

Figure15. Example of Stella Interactions in a Typical River Diversion

In the above example, flow originates from the cloud in the upper left corner. Here the
cloud represents the fact that thésai snapshot of a portion of a hypothetivaldel. In

SD terms, the cloud is comered an unlimited reservoirt@ek). A portion of flow is
diverted via Diversion 1.The timing and amount of the diversies regulated by the
converter. Converterlso regulate the amount of the diversion that is consuméigeby
crops (consumptive use), returns to the river (return flow) and that flows into the aquifer
below (groundwater reservoir). Flow after the diversion would be the original flow
minus the diversion pl inshe actuad madiethe eonverieo n 6 s
governing the diversionoold be a set of threer more converters and couldok

something like Figure 16
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CQutflow to
Diversion

Natural Log
Coefficient

) Diversion

x Coefficient

Constant iﬁ

Figure16. Example of Diversion Converters

Here,if the above were an actual diversion in the mokiskoricaldata would have been
used to create a relationship betwelenwfin the Carson River and tltkversionusing
linear and nodinear regression ahgis Regresn analysis, in general, is theopess
of finding a relationship that best predicts the general trends of your Oata way to
measurehe effectiveness of these relationshigpdy determining the Rvalue R*= 1-

[x ¥i-Yi6®)/ Y«Y)? where Yi represents an independent data point valie, 6

represents the value obtained when the independent coordinate of this data point is input

into the relationship formula, aﬁ?jrepresents the meaii value.

R? values have range of 0 to 1. AR value of 1 implies a perfect fit. hat is, the
independent variable, x, accounts for 100% of the variation in y. On the other end of the
scale isan R of 0. Thisimplies thatall of thevariation can be explained byetmean,

and thus, there in no correlative relationship between x aaddyone is better off simply

using the meanFor example, aiR? value of 0.87 tells us that 87% the variation can



43

be explainedy thegiven trend Ine. Figure 18provides a visual representation of this a
relationship and resultanfR

In an attemptto simpify and keep a level of consistency to this aspédhe model
(diversions) the choice ofegressioranalysiswas limited to linear or naturdog, with

the independent variable being flow in the diversion ditch and the dependent variable
being either flow in the river prior to the diversion or flow in another ditch that fed the
upstream diversion.The model is based onrmonthly time stepusing average cubic
feet/second (cfs) for monthly value$hus, f the above snapshot were part of a year long
simulationof predictng a diversion from the riveeachconverterpictured abovevould

have twelve individual valuethat collectively dictatéhe flow equationfor the twelve
different months In the months oNovember through Februaafl values would be zero,

as typicallydiversionsoccur only midMarch through mieDctober During the irrigation
season, the individual valuder the variousconwertes would be based on the best
relationship att@medthrough regression analysis

Other factors also affect flow, notably losses due to unknown diversions, evaporation,
transpiration due to riparian habitat, and aquifer seepage. Some hydrologatogiicec
models have components within their models that govern these elements on an individual
basis. Those types of models have different objectives than this model. This model is a
systems model, meaning these factors are inherently represented wWwehimotel
relationships. Because this model O6s obj €
scenariosgeared toward changing flow regimes opposed to, say, quantifying
evapotranspiration, this model takes a macro rather than a mmmaaap with respec¢o
variablessuch as evapotranspiration et al

As was stated above, the relationship is limite@itber natural log or linedunctions
Defining which function determinethe best relationship iaccomplishedby using a

visual field analysis in conjiction with comparing Rvalues, all while attempting to
understandthe hydrologic mechanismghat governthe relationshipand determining
whether the relationgh makes sense with respdot thosemechanisms Visual field
analysis is the process wherethe data in question is integrated into a graph, thus

allowing the viewer to quickly gauge the strength of one or more relationships.
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For exampl e, the equation governing the
would look something like the flolwing:

(Nat_Log_CoefLO GN(River))Hx_Coef*River)+Constant

In the above equation, the function LOGN takes the natural log of the number in
parenthesis following LOGN.The different convertergiould vary on a monthly basis,
thus allowingthe diversionto be controlled by flow in the riverObviously the abow
hypothetical diversion portrays a relatively simplistic view of what is occurrihg
reality, the closest gaged portion of the river that therdioe is being correlated to is
miles before th diversion. In beteen could have been sevegalged and/or ungaged
inflows and outflows.To correlate diversion flow to river flowftenrequiresbuilding a

new data sefor the Carson Rivethat represents flow adjacentttee diversion. This is
accanplished by starting with the closest gage on the river and adding/subtracting known
and/or estimated inflows and outflows from that gaG@vemning logic can also become
more complex through the use of IF THEN ELSE logic, which in this model was
typically used to establisin upper or lower limit odiversiors

Taking a few examples from dirgons that best illustrate these model elements may
provide the reader witfar more insight than words can aptly descrildée graphsthat

follow (Figures 18 and9) are from C8& Rocky Sloughn July (Figure 17).
B eI A 2N Q Gardnerville N

upuia]]v

Figurel7. Rocky Slough Diversion

Here, he goal is to find the best relationship that existsveen how much flow is being
diverted into Rocky Slough and how much flow is in tiverjust prior to the diversion

The purpose of determining this correlation (and others) is so that in the model, if flow in

f
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the river prior to Rocky Slough is alter@aecause of another diversion, water transfer,

drought, climate change scenario, etc.), the model accurately predicts how much water

will flow in Rocky Slough.

C84 Flow Equation Derivation for July

120.0

/

= 26.659Ln(x) - 91.829
R? = 0.8743

*

. o
.
60.0

100.0
y
.
80.0 22

C84 Flow (cfs)

40.0
.
>
20.0 +

0.0

‘ ¢ July =—Log. (July) ‘

0 200 400 600 800 1000 1200
10309000 + 10309035 - C82 flow (cfs)

1400 1600 1800

Figurel8. C84 Rocky Slough July Equation Derived via a Natural Taand Line

The period of record for the data is 198404. The x axis represents an approximation

of West Fork Carson River flow at the diversioflow just prior to the diversion is

estimated by starting witthe closest upstream gags

me as ur e orethetiverf or

(here,Gage10309000), addingnflows between Gag&0309000 and th&ocky Slough
diversion (here, Gage 10309035 Indian Creelaverage flowfor July) and subtracting
outflows (ere,C82 Allerman Canahverage flow for July The y axis is Rocky Slough.

The first graph Figure B, represents &end line derived via natural log relationship.

The second graphjdure 19 represerst a tred line derived via linear relationship.

Ju
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C84 Flow (cfs)
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C84 Flow Equation Derivation for July
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Figure19. C84 Rocky Slough July Equation Derived via a Linear Trend Line

Obvioudy, for this particular diversion in this particular month, the natucs
relationship provides the bettéit, and thus, when used in the model, it will more

accurately predict the results of t he sci

diversion, water ainsfer, drought, climate change scenario, .etofuitively, the natural

log relationship fitamostdiversions well as the nature of the curve reflects both physical
and governing characteristics of the river. Natural log curves can generally be
characerized as having sharp rates of increases quickly followed by a more gradeal cur
From a perspective

that eventually levels u t . physical

the diversion will take up most, if not all of that fldgharp increase)As the ditch nears

capacity, it doesndét matter how much fIl ow
any more watefleveling out) From a governance perspective, flow may become limited

not because df he di t tyhbdtdecause pha water migdlimit is reached. If the
relationship follows a I|inear relationshirg

water righted limit is not coming into play.
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Not only does the natural log relationship intuitively make seimseeit is evidentfrom

the difference in Rvalues and thevisual fields analysigs well Here, 87% of the
variation can be predicted by the natural log trend line versus only 47% by the linear
trend line. A visual inspection of the graph further reveals which fit isrbettee inear

trend line overestimatesearly one third of the data points and underestimates nearly
another third.Alternatively, the natural log trend line only significantly overestimates the
abnormal precipitation year that was 1995 (abnormally healate spring snow in
conjunction with abnormally cold spring temperatures in the mountains caused the runoff
to occur much later and thus be far more sustained during the summer). Realistically,
this sort of abnormality isi0t the sort of significant everthat will be guiding water

policy in the watershed

Return Flows and Consumptive UsgStream Losses)

Many of the ditches and c¢ anadtlsoughdutaBagles pr e ad
Dayton, and Carson Valleely to some extent on return flowssome relyentirely on
return flow, notablythe historic West Fork after the Brockliss Slough diversion. As was
discussed above,hgn the irrigation season begitise valley idargely flooded. This in
turn causeshe water table to rise. Where thecti#s are dugr cutdeep enough, they
perform the same functiorsstreams flowing out of a lakeTo acarrately portray this
important component of theystemthere must be a mechanism lne tmodel that mimics
this process While groundwater flow direicin is for the most part known in the Upper
Carson RiveBasin, the amount dfow has not yebeenquantified.

One way to estimatgroundwater flow is to b&cengineer & flow. For this sort of
systems modgback engineering a flow regime entailsléaling certainsteps. Fkst, the
modelis built with the infrastructure that has the capability to transport groundwater
With the infrastructure in placall groundwater flowsre seto zero. Next, simulations

of the modelare run tadetermine wheréow is lacking or in surplusAt this stage, it is
important to rule out other possibilitiefer the discrepanciesuch as overlooked
diversions, overlooked inflow from tributaries, inadequate or surplusagrogumption,

etc. Onceone isreasonably suarthat the remaining surplus/deficiency is due to
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groundwaterattemps$ are made to determirtiee correctgroundwaterrelationships and
mechanisms that increase flow to the deficient areafoladdcrease flowwhere it is
excessive.

This last step mustebdone holistically with one eye concentrating on the individual
groundwater flow and the other eye thinkihglistically. The connections must be
logical from a hydrological standpoint or the goal of the model is lost. That iglysim
building a modelhat creates the right output from a given inputas good enough, as
when new, previously unseen, scenarios arebguthe modelan acctate result is not
likely to be producedor that situation The model must actually represent the system to
the gratest degree that it canPart angarcel to achieving this representatisrinding a
balance between model specificity and complexityieeting all of these goals involves
following the principles of Occand s  whicho generally states that osboud not
increase, beyond what is necessary, the number of entities required to explain anything.
The model described herein sets out to do just that. Where returrisflemown or
assumedo occur, a pathway for that return flow exists in the modg}pically, return
flows are a mixture of botlsurface and subsurface flow. hds, this model typically
makes nodifferentiation between surface and groundwatturn flow; except where
necessary To govern return flows from ditches, a centrahverterwas created that
takes into consideration the many different factors that affect return flow incjuzlibg

not limited tq the degree of soil saturation, temperature, time of yeaent precipitation
events,and evapotranspiration et al. Thisntralconveter governs the return flow on
someof the ditches by reating a portion of the ditébhs  bdclotavthe river.For this
portion of the overall model, Phase | of Ilhjg percentages flat and set to 25% of the
ditch flow. While the percentage isaf] the amount of water returning to the river or
other ditches is a direct reflection of flow in the diversion. Thus, the cenaerter
indirectly takes the above mentioned factors into consideration. It is presumed that Phase
Il and Il of the oveall studywill elaborate on this function when the interface is added
to the existing infrastructure that would allow for changes in irrigation practices to be

directly input into the model.
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Where different return flow regimes are known or suspectedcish, such asvhere a
diversiontransports water completely away from the river, or where there is a channel
that actually brings water back to the river, thatd converteris not used. Rather, in
these casean individual return flonconvertelis used to regulate return flow of the ditch

in question.

The above merdned return flows exist primarilgn a monthly time scale. There is also

an aspect to groundwater return flowhat operat®n a larger,annual time scale. For
example when drought caditions persistor one year, then another yeand so on, the
water table gets successively lower each and eyesy. Along the same lines, when
successive yearof heavy precipitation occuthe watertable rises with each additional
wet year. To rikect this behavior, another centrednvertertakes a portion of every

di t c h 6éasd dikeats ies flow into annderground aquifareservoir Flow out ofthis
aquifer back to the surfacés regulated such that successive years of drought will
minimize aquifer outflow and successive wet years will increasgifer outflow.
Ascertaining viaere to partition this flow wagoneby running the 1990999 simulation

and determining what area of the riveasin need of surplus water that otherwise could
not beaccounted for from surface water monthly groundwater return€ne particular
location was found most lackingrior to Gage 10311400n the Main Carson Riveat

Deer Run. This gage is located just east of Carson City, where the river changes

directions from noth to east toward Dayton Valley (Figure 20).
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Groundwater
Reservoir

Central ﬁ @

Average annual
gw losses

Monthly controller

Central gw

Basinwide Grodindwater
FlowPrior to &e 1031140 C62 Rose
Ditch Outflow

311400 Main Carson after
Basinwide Groundwater Retum

Main Carson prior to
Basinwide gw Retum

@)

Figure20. Central Groundwater Reservoir

Thus, varying amounts of flow from theafer seep into the river just prior to Gage
10311400. Realistically, such river seepage occurs over a large area. For modeling
purposes, however, having aquifer discharge confined to one central location serves the
purpose of the model. The amountfloiv is based on the last few years of headwater
flow, which is controlled by amual precipitation in the model.

Thus for most ditches a portion of water is consumdxy crops,a portion is lost to

evaporationa portion returnsotthe river, and a podn recharges the aquif@figure 2).
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Figure21. Heimsoth Diversion

For those ditches with no direct return flows, thatised water is assumed to héeen
transported far enough away from the system so that its influence is not observable and

thus, notreflectedin the model (Figure 22

Heimsoth Ditch

Retum Flow
W Fork Consumptive Losses o
after McCollum from Central Controller
McCollum Ditch for Percenf GW
McCollum Ditch
Outflow
W Fork

after Heimsoth

Monthly

Heimsoth Ditch
Outflow Controller for W

Fork Diersions

Ghost gw for
McCollum Ditch

Figure22. McCollum Diversion

2.2Model and Data Preparation

The model was built irsections.  Conceptual data was used to develop empirical
relationships for surface flows (stream flows, diversions). Discrepainciswvs were
soon discovered, and groundwater interactiand return flows were used to simulate

these discrepancies as a functioning part of the system.
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Much of the model relies on USGS data. EvEX§GS gage used in this report had
average monthlyléws in cfsavailabledirectly throughUSGS website Alternatively,
gaged data from theederaMWater Master was receivead acrefeefmonth so érmatting

to average monthly cfs wagcessary.

After the data was formattedttemptswere madeo find reldionships withindatasets

such as relationshighat existedbetween diversions andeltlosest gage on thever.

This in turn wasfollowed by building data sets of estimated flow p¢dfic portions of

the river viaadding and subtractingflows andoutflows that occurred between the two
points as was discussed abovdis was done to enable future scenario running possible.
For example, if agriculture was taken out of production, the specific ditch that supplied
water for the agriculture in gagon would carry less water, or possibly nateall. This
decrease in ditch flow would in turn result in more flow in the river for the downstream
user, and less flow for a user who relied on return flows from that ditch.

The process of hiding the abovelata sets occasionaligvolved estimatinglatawhere

the period of records did not exi&ir the model calibration perib To solve theproblem

of nonoverlapping data setexisting data was correlated to another data set, typically
the nextclosest preious gageor a headwatergage and based on the da
with that gage, the missing data westimated. Then this estimatddta, in conjunction

with the limited data of r@rd, was used to identifyteend line

In situations where the haical years of record did overlap and the data still did not
correlate, it was typically due to an incorrect assumption, a change in practice (diversion
point moved), or in rare cases, faulty datdowever, some of the diversion data simply
did not corelate with adjacentriver flow. This was often the case in many of the
diversions neabayton for the months of April and Mayin these case#, appears that
other factorsnotably the weatherplay a larger rolein predicting diversion flowthan
adjaceait Carson River flow. Precipitation falls far more frequently pril and May
versus the rest of the summer. If, for examplptil was a wet month, there would be
less needo irrigate Thus the situation could arise where despite high runoff flowlsein

river, the ditch runs relatively dryln these casesnean flow was used where thé R
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value was low and the trend line, if any, was not representative dnanyn or posited
relationship.

The following chager and subsequent chapters that focushenEast Fork (Chapter 7)

and the Main Carson River after the East and West Fork Confluence (Chapter 8) will
describe the Upper Carson River Watershed Model. Each section provides descriptions
of the data sets used, summary statistics of that data (meeeyg, standard deviation),
methodology used to derive the relevant flow relationships (mean or linedinaan
regression), Rranges of regression analysis equations used to define flow, and as
appropriate, unique characteristics of the particuleerdion, tributary, or portion of the

river. Tables of the historic records for each gage are located in the appendices (West
Fork: Appendix A, East Fork: Appendix B, Main Carson: Appendix C).

2.3 Development of the Mathematical Model of theCarson River

2.3.1Data Used in Modeling the Carson River

The U. S. Geol ogi cal Survey (U®fi®)arethead t he
principal agencies that collect surface water data in the Upper Carson River Basin. For

the model this report describes, 18 USGS gaging stations data sets (Table 3) and 23
Federal Water Master derived diversion data sets (Table 4) wete use

There are other USGS and Federal Water Master derived data sets for various surface
waters in the Upper Carson River Basin, however, for one or more of the following
reasons they were not used to build the model: 1) too limited a data set, 2) dimersion
longer in use, 3) point of diversion change, 4) inaccurate data, 5) irrelevancy to project,
and 6) insignificant flow.

The USGS data sets were derived from automatic recorders that record continuous flow.
This data is then published on the USGS wtehsi varying formatsncluding realtime,

daily, monthly, annual, and peak flows. For this project, monthly data was used.



Table 3. USGS Gage Records Used

Gage

Number Location Type of Flow Period of Record
10308200 = mzr'ljlzz‘\j/‘l’ﬁ:te&'\' River 1960-current
10308800 | “pRT S Tributary o5 curent
e e
e
R
oo | ook [ £
10309100 = Eﬁ;’égﬁrf& River 1974-1984, 1994-98
10310000 W Wg'gz'f‘f)fg;"”aé‘zs at River 1901-1907, 1939-current
tonaano | Pl canyon ek | ok
10310402 I\% ﬁ‘éfi‘;ﬁg%‘f'gf&;'gggh@ River 1994-1998
ooy | Yo SctseSonn s |
10310448 Amtr’lre";egieiggfjl\lo\;'“et Ca{ﬁgﬂg&’er 1993-1997, 1999-current
10310500 %':goﬁrgﬁtsl\l‘\’/f Cﬁgﬂtg}’er 1948-1962, 1989-current
10311000 cg;:gn%\@f ls\;l\(/)f River 1940-current
wonszo | Gty Cammer | g
10311400 gg‘:"’g ('ffi‘grzgg%?{y"?m River 1979-1985, 1991-current
10311700 Carson River at Dayton, NV River 1994-1997, 2002-current
10312000 Carson River W River 1911-current

of Fort Churchill, NV
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Table 4. Federal Water Master Gage Records Used

Gage Number

Location

Type of Flow

Period of
Record

C61 Mexican Ditch

Carson River

Carson River

1989-current

SE of Carson City, NV Diversion
. Carson River Carson River
C62 Dayton Ditch SW of Dayton, NV Diversion 1984-current

C64 Fish Ditch

Carson River
S of Dayton, NV

Carson River
Diversion

1984-current

C65 Baroni Ditch

Carson River
N of Dayton, NV

Carson River
Diversion

1984-current

C66 Cardelli Ditch

Carson River
N of Dayton, NV

Carson River
Diversion

1984-current

C67 Quilici Ditch

Carson River
N of Dayton, NV

Carson River
Diversion

1984-current

C68 Gee Ditch

Carson River
NE of Dayton, NV

Carson River
Diversion

1985-current

. Carson River Carson River 1985, 1991-
C69 Koch Ditch NE of Dayton, NV Diversion current
C70A Houghman Carson River Carson River 1985, 1987-
and Howard Ditch W of Fort Churchill, NV Diversion current

C71 Upper Carson River Carson River 1984-current
Buckland Ditch W of Fort Churchill, NV Diversion
C72 Lower Carson River Carson River
Buckland Ditch At Fort Churchill, NV Diversion 1984-2002
C76 Snowshoe W. Fork 1984-1996,
Thompson #1 W. Fork SW of Woodfords Diversion 1998-current
C76 Snowshoe W. Fork SW of Woodfords W. Fork 1996-2004
Thompson #2 Diversion
cr8 Fredrlcksburg W. Fork near Paynesville, Ca W quk 1984-2004
Ditch Diversion
C80 Brockliss W. Fork at Ruhenstroth Dam River 1984-1986,
Slough SW of Gardnerville, NV 1988-current
C81 Brockliss Brockliss Slough at Scossa Box .
Slough W of Gardnerville, NV River 1984-current
C82 Allerman E. Fork E of Dresslerville, NV E Fork 1984-current
Canal Diversion
N . E. Fork
C83 Virginia Ditch E. Fork N of Dresslerville, NV - . 1984-current
Diversion
. E. Fork
C84 Rocky Slough E. Fork N of Dresslerville, NV - - 1984-current
Diversion
. . E. Fork
C85 Edna Ditch E. Fork N of Dresslerville, NV - . 1984-current
Diversion
C87 Cottonwood E. Fork SE of Gardnerville, NV E Fo_rk 1984-current
Slough Diversion
Ccss8 He_nnlngson E. Fork SE of Gardnerville, NV E Fo_rk 1984-current
Ditch Diversion
. . Diversion 1984-1985,
C89 Heyburn Ditch E. Fork N of Minden, NV Return Elow 1987-current

Federal Watr Masterdata sets were derived in two wayslore commonly, there is a

record with continuous data, or an average daily value for every day during the irrigation

55
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season At those particular stations, flow is measured by an automatic recorder that
tracksthe water levels in the ditch over tim&hen, using a rating table based on a series

of historical and continuously updated measurements taken at diffeagsr levels, the

water stages translatd to a rate of flow. For stations suchs the Ruhengith, Scossa

and Dressler gages, the calibration measurements are typically done with a weir rule over
the boards in the diversion daor when possibledone by current meterAnd for other
stations, records ateased on intermittent datdhese stationdo not have a continuous

level recorder, rather the measured values are taken when the Water Master's field person
actually visits the stationThe intermittent values are then used to calculate an average
value for the month and that average is mukgblby the number of days in the month to
come up with a total amount of water acrefeet diverted for that montkD. Wathen,
personal communication, 2005).

Discussion of the predictive flow equations that govern the first major diversion in the
West Fork Snowshoe Thompson Ditch #arefar more in depth so as to provide the
reader with context and insight into the methodology used throughout the model.
Subsequent diversion and tributargaissions arfar more limited.

The years 1990 to 1999 were sba as the test simulation to assist in developing the
model. This specific data set was chosen for a number of reasons. One, this particular
set of years is simplistic in that it represents one decade. Two, most of the diversions
have data from 1982004, so this is the one deatmthat can best compared to actual
data Three, this particular deda provides significant variance between years and is
quite representative of the way drought years and wet years run in cytles.years

1990 to 1992 are drug h t year s. 1993 is the <classic
when foll owed by another year of drought |
shown to be somewhat limited. The years 1995 through 199%dprexamples of wet

years. 1997 providesone hundred year flood event in January.

2.3.2Modeling the West Fork of the Carson River
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The West Fork headwaters originate high in the Sieataan approximate elevation of

8,600 feet(Horton, 1997b) For modeling purposes, the West Fork begiaarly 3000

feet lowerat Gage 1031000@levation 5750 feet, in Woodfords, CA

West Fork Headwaters(USGSGage1031000Q

Gage 10310000 is themo d eldeginsing of the West Fork andutts i t i's this
relationship with other diversions thaill control the flow of the first fewdiversionsand
tributariesuntil the next river gage is reachelh the model, flow at this gags linked to
precipitation. Thus, it is the hydrologic radition thatgoverrst he model 6s hea
flows. Gagel(0310000 has a long period of recoil®01-1906 and 193‘¢urrent (2004

Based on this period of rex, the mean annual floof this stretch of the West Fork
78,265acrefeetwith a standard deation of35,540acrefeet As evidenced by the large
standard deviation,onsiderable flowvariation is commonlybserved at this site. The
maximum total annual flowecorded at this gage 85,682acrefeet (1983. The

minimum total annual flowecorded at this gage is 18,9@&trefeet (1977). Figure 23

providesa graphical representation of thdsi t mémid and extremennual flowsm cfs
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‘—0— Mean Flow (1901-1906, 1937-2003) —#— Minimum Flow Year (1977) Maximum Flow Year (1983) ‘

Figure 23. Mean, Minimum, and Maximum Annual Flows for West Fork Headwaters (Gage
10310000)
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C76A Snowshoe Thompson Ditch #1

The first major diversion encountered in the West Fork is Snowshoe Thompson Ditch #1.
Snowshoe Thompso#l is a Federal Water Mastegaged diversion with a typical
Federal Water Mastegreriod of record of 1982004, with exception to 1997 when no
data was recordedBased on thisecord, the mean annual flasf this ditchis 3,924acre
feetwith a standard deviation df33acrefeet The maximum total annual flow recorded

at this gage igl,606acrefeet (2000. The minimum total annual flow recorded at this
gage is3,351 acrefeet (1987. Figure 24 presenta graphical represeaation of this

di t mdrd and extreme annual flows in cfs.
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Figure 24. Mean, Minimum, and Maximum AnnuaFlows for C76A Snowshoe
Thompson Ditch #1

Records at this ditch were Kefrom March through October, like most of the other
upstream ditches. Thiownstreangages in Dayton Valley, however, typically only have
records from Aril through September. This is apparently due to differences in
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monitoring between the water masters that control these different sections of thB river (
Wathen, personal communication, 2D03-rom a governance point of view, irrigation
diversions are only supposed to occur fristarch 15" through October 1% Typically,

the irrigation season does not get started lat March orApril (D. Wathen, personal
communication, 2005 so this disparity is somewhat of a moot pdortMarch at least
Irrigation diversions are mo@ommon in October, however, so where records were kept
(upstream gages), attempts were made to modelfiothat month Flow in the Dayton
Valley ditches oftenrun dry in September, sdefining October flow as zeris a
reasonabl@ssumption.

Anothersystemicproblem exists in thafor both March and April, diversiorecords are
often left blank. Conversations with tkederal Water Mastexbout thisissuerevealed

that data gathering for these monthassporadic as the flow. Thus, the questiones;s
should these flows be counted as O cfs when using regressdin calculating the
mean? Finding a solutiao this issuds compounded by the fact that occasionally 0.0
flow values are givefor these monthsso this would seem to suggest thatonrecorded
month is not necessarily indicative of O cfs. To maintain consistency, blank records were
presumed to be just that: a aggcord. Only records which contained a numerical value,
such as 0.0, were included in regression or mean calculation.

Therecordsfor both March and October fdinis ditch were sporadicFor March, records
were kept for four of the twenty years of record. For October, records were kept for
seven yearswvith an average flow déss than 2 cfandthere was no pattern to thecord
keeping For these reasons, ditch flowMarch and April wee presumed to be 0

Regression analysis was usedfind equation that could predict flow in Snowshoe
Thompson Ditchbased on flow at the West Fork headwater gage the graphs that
follow, the dependent variable (Snowshoe Thompson Ditch) is corretatethe
independent variable (Gage 10310000 West Fork Headwaters) and a trend line is shown.
The equation of the trend line as well as tfev@ue are given in the upper right hand

correr of the graph Below is the graph for April.



60

25.0

20.0

15.0

10.0

5.0

C76A Snowshoe Thompson Ditch #1
Flow in April (cfs)

0.0
0 50 100 150 200 250 300 350 400 450
Gage 10310000 Flow in April (cfs)

Figure25. April Flow Derivation for C76A Snowshoe Thompson Ditch #1

As canbe seen from Figure 28inear regressionanalysis failed to reveah
correlation between the twoages. Similarly, notiner regression (natal log) also
failed to reveak relationship. As was explained above, when thésRlose to 0, the
implication is that all of the variation can be explained by the mean. Here then, given the
low R? value, tte trend line is of no use and the mean is used to represent flow in
Snowshoe Thompson Ditch #1 for Aprilln May, as flow in the river ineased, it

appears from Figure 26at flow in Snowshoe Thompson Ditch #1 decreases.
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Figure26. May Flow Derivation for C76A Snowshoe Thompson Ditch #1

However, this sort of relationship is not as strong when an outlying point on the bottom
right hand corner of the graph, (723,is removed, ®is seen in Figure 26
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Figure27. New May Flow Derivation for C76A Snowshoe Thompson Ditch #1



62

As the two graphs show, one data point can exe&dry strong influence over the trend.
In cases like this, where tliata and/orelationship is in question, the outlierramoved
and the trend line examined. Here, while the trend @y explain12.5% of the
variation,there is simply too much scatter warrant the use of any trend line. This
mean is used for May as well. Grapbs June through September are shaw Figures
28-31. As is common in most of the diversions, these moobielatewell to adjacent

flow in the river with a natural log trend line.
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Figure28. June Flow Derivation for Snowshoe Thompson Ditch #1 (C76)
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Figure 29. July Flow Derivation for C76A Snowshoe Thompson Ditch #1
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Figure30. August Flow Derivation for C76 A Snowshoe Thompson Ditch #1
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R®=0.1846
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Figure31l. September Flow Devation for C76A Snowshoe Thompson Ditch #1

Whi | e

in sync with the other months and intuitivelje trendmakes sense. Thus, it is used for

Septemberdés trend | ine explains only

the model. Table Showsthe numerical values for theatural log and constant

convertersn the model that gover@76S nows hoe Thomps o AverBget c h # 1

Flow is placed alongsid&econverted s v ta pravidescontext.

Table 5. C76A Snowshoe Thomgon Ditch #1 Converter Values

Month In coef Constant avg. flow (cfs)
Jan 0 0 0
Feb 0 0 0
Mar 0 0 0
Apr 0 12 12
May 0 16.4 16.4
Jun 3.56 -4.5 13.3
Jul 4.19 -7.4 9.4
Aug 3.24 -4.64 6.5
Sep 1.8 -0.28 5.3
Oct 0 0 0
Nov 0 0 0
Dec 0 0 0
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The flow egiation for Snow Thompson Ditétl is:

(In coef forC76 #1*LOGN(Gage 10310000))+Constant for G#6

Thus, when the model is run for one year,ltheoefconverterand theconstantconverter
would create flowin the ditch based oadjacenflow in the river in accordanceith the
trend linesabove For the ten year sintation run of 19901999, the above twelve point
data sets wereepeated ten timeso that eaclsonverterhas one hundred and twenty data
points as opposed to twelve. n&ilation of the preidted diversion using the above
equation and data reported by the water master is shown in Figure 32

# 1. c76A Snowshoe Thompson Ditch #1 2: Actual Data for C76A Snowshoe Thompson Ditch#1 1990 to 1999
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Figure32. C76A Snowshoe Thompson Ditch #1 198899 Simulation, Actual vs. Model
The model somewhatnder predicts the gher diversionsand somewat over predicts
the lower diversions Overall, howeverthe modelkesuls are fairly accurate Gven the
human element involved in the governing of the Carson Rigsults such as abowase
deemed a succes3he actual datéor the 1997 irrigation seasopdints88-93 on graph)

is not shown on the graph because that

yea
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This section purposefully went into far more detail than sulesgqdiversion ditches
Henceforth individual fctions will provde a more generic description of the diversion
or tributary in question, and will only gmto details in matters concerningnique
characteristics or issues of the particular reach being discussed.

C76B Snowshoe Thompson Ditch #2

The next major diversioancountered in the West Fork is Snowshoe Thompson Ditch #2.
Snowshoe Thompson #2 isFederal Water Mastegaged diversion with geriod of
record of 19962004. Based on this record, the mean annual flow of this dit2j21d
acrefeetwith a standard elviation of1,028acrefeet The maximum total annual flow
recorded at this gage 4s326acrefeet(1997. The minimum total annual flow recorded

at this gage i4,424acrefeet (2001). Year to year variation is the norm for this gage.
Figure 33 presats a graphical representation ofishd i t enbaé and extreme annual

flows in cfs.
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Figure 33. Mean, Minimum, and Maximum Annual Flows for C76B Snowshoe
Thompson Ditch #2
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Records athis ditch were kept from April througBeptemberwith the exception of

1997, when a record for March (1.5 cfs) was keplow in the ditch was correlated to
West Fork headwater flow minus the flow of Snowshoe Thompson Ditch #1. Regression
analysisrevealedwell correlatednatural logtrend ines for April and June through
September, with Rvalues ranging from a low of 0.46 in April to a high of 0fédJuly.

There was no observable trend in May so that month is defined by its mean. Results of
the 19901999 simuhtion appear below Histoical datafor this ditchis only available

for 19961999.

s 1: C76B Snowshoe Thompson Ditch #2 2: Actual Data for C76B Snowshoe Thompson Ditch #2 1990 to 1999
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iiigure34. C76B Snowshoe Thompson Ditch #2 19999 Simulation, Actual vs. Model

Of particular mention s t he model 6s under prediistion
due tothe fact that the data setnsists of nine years, only eight of which were used in

the model (no 2004 data available as of this writing for Gage 1031060&¥, we are
looking at four rather wet years. The other years in the data set2Q08Dpwere drought

years. Thus, if those years were modeled, presumably the model would somewhat over
predict those years. This is because the trend line essentially represents the middle of

these two spheres of influence.
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Major Ungaged Ditches on theWNest Fork Prior to the Brockliss Slough

This section describes the metlology behind the creation tife flow parameters of the
major ungaged diversions prior to the Brockliss Slough as well as the actual flow
equations that govern these diversioliss estimated that tise dtchesrun at an average

of % their capacity prior to the river going on regulah (D. Callahan, personal
communication, 2005 Typically, this portion ofthe river goes on regulation some time

in June When the river goes ongelaion, these ditchesperate on a weekly on/off
basis. That is, the ditches caatyor neatheir capacity for one week aridenrun dry

(or quitelow) for a week. This rotation repeats itseifftil the ditches are dropped due to
low priority and/orlack of flow. Table 6 lists these ditches and thestimated average
flows, beginning with the most upstream diversion and ending with the last major
ungagedliversion priortoNe st For k6 s f WBfodtklisgiSlougar si on t o

Table 6. Estimated Average Flows of MajorWest Fork Ungaged Diversions

Drcn Name | Esimeled verage Flow ) prorto e
Heimsoth Ditch 20
McCollum Ditch 15
Deluchi Ditch #1 15
Deluchi Ditch #2 15

Falke Tilman Ditch 30

Thran Ditch 15

Whyatt Ditch 12
Company Ditch 20

Dressler Ditch 12
Jones East Ditch 15

The system of rotatiorescribed aboves practiced throughout the Upper Carson River
Basin. Thus, to understanchat sort of flow regimehis practice ofregulaton would

manifest one need only look to many of the gaged diversion to identify a common

t
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patternof flow. The archetypés little, if any, flow in March, followed by a peaik May,
followed by a gradual decrease throughout the sumaretending with litle, if any,

flow in October. In drought years, the end of iatign arrivessooner (Septembgeeven
Augus). In wet years, the peak typically ocslater (MayJune).

The 19961999 simulation was used ttetermine whichmonthis the most appropriate
month to peak diversionflow. A known gaged diversion, C80 Brockliss Slough at
Ruhenstroth Dam, was used to test the differences between a May and June peak
diversion for the diversions prior to iOriginally, it was thought that the peak should be
competely controlled by flow in the Carson so that a late runoff would cause the peak to
occur in June rather than MayHowever, when river flow was solely responsible for
dictating the timing of peak flows, the model was consistently over estimdagdlow

in the BrocklissSlough at Ruhenstroth DanThus, it appeared that May was decidedly

the month when diversion flowdo, in reality,peak, with exception to the years whare
unusually late runoff occurs.

A combination of IF THEN ELSE logic anchtegorzing the diversion as a fraction of
adjacent river flowas used to creaftow regimes for the diversions listed above. IF
THEN ELSE logic was used primarily tveate the peak flow in May as well as create an
upper limit to the diversion throughout tleu mme r in accordance w
estimated capagit It was also desired to link flow in the ditch to flow in the riter

reflect how ditch flow is related to the winter snowpack and subsequent.ruroff was

done by identifying ditch flow agfr act i on of t h enconjurctonwith f | ow.
the established upper limit, allowed for the diversion flow to reflect conditions in the
river, and thus mimic being dropped due to priority and/or low fléw. example of the

governing logic is showbelow

IF

(Monthly__Converter for W__ Fork_Diversions>1)

THEN IF

(.05*W_Fork__after_Snowshoe*MonthlyConverter for W__Fork_Div
ersions<15)
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THEN

(.05*W_Fork__after_Snowshoe*MonthlyConverter for W__Fork_Div
ersions)

ELSE 15

ELSE IF

(.05*W_Fork__afterSnowshoe*Monthly_Converter for W__ Fork_Div
ersions<10)

THEN

(.05*W_Fork__after_Snowshoe*MonthlyConverter for W__Fork_Div
ersions)

ELSE 10

For the norcomputer programming readers, the above code is not as complicated as it

may appear to be at first Isln. Here, theMonthly Converterfor West Fork Diversions

used to create the situation where May is the typical peak flow month. In May, the
Monthly Converterfor West Fork Diversions greater than 1 and in all other months, it

is less than one. THE THEN ELSE logic sets the upper limit to 15 cfs for May and 10

for other months. The flowy Fork after Snowshpe I s t he West For k C
flow adjacent to the diversion. All other ungaged diversions along this reach are
governed by similar lgic, with the upper limitset o r ef | ect estimati or
capacity. As with other diversions, these ungaged diversions also have consumptive
losses, flow to the aquifer, and return flowA representative graph of #e ungaged

diversions and tated flowis shown in Figure 35
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Figure35. Inflows and Outflows of Heimsoth Ditch, 199@99 Simulation

C78 Fredricksburg Ditch

After supplying the Heimsoth Ditch and McCollum Ditch (discussed above), the West
Fork nextfeeds the Fredricksbumitch, which carries water to the nomiorthwest and

in the process feeds a number of ungaged ditches. Fredricksburg Déadrederal
Water Mastergaged diversion with @eriod of record of 1982004. Based on this
record, thanean anual flow of this ditch is 7,56&8crefeetwith a standard deviation of
1,762acrefeet The maximum total annual florecorded at this gage is 10, 7&drefeet
(1986. The minimum total annual flow recorded atstigage is 3,648crefeet (1994.
Figure 36presentsa graphical representation ofigld i t enbad and extreme annual

flows in cfs.
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Figure36. Mean, Minimum, and Maximum Annual Flows for C78 Fredricksburg Ditch

Records at this ditch were kept from Maritliough October, with records fddarch
only starting in 1997.The years 1986 and 1994 had neither MarmhOctober records,
thus their absence on the above graf.with other diversion recordst is unclear
whether prior to 1997 there was zdlow in Fredricksburg Ditch in March, or if record
keeping for March started in 1999Flow in this ditch was correlated to West Fork
headwater flow minus the flow of the two Snowshoe Thompson ditthe Heimsoth
Ditch, andthe McCollum Ditch Regression armgsis revealed well correlatechtural log
trend lines for June througBeptember, and relatively powend lines forother months.
There was no observable trend in March or October so tmosels are defined by their
mean. Where regression results wensed, Rvalues ranged from a low of 0.19 in April
to a high of 0.67 for SeptembeResults of the 990-1999 simulation appean Figure
37.
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B 1 Actual Data for C78 Fredricksburg Ditch 1990 to 1999 2: C78 Fredricksburg Ditch
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Figureé?. C78 Fredricksburg Ditch 1991999 Simulation, Actual vs. Model

Ofparticul ar mention i s t 980 amlol@%andever under
prediction of 1995. Despite 198990 being one of the lower precipitation winters in

this data set, flow in Fredricksburg Ditch in 1990 is well above averayed the
oppositeis true for 1995. The spring af995 wasone of the heaviest precipitation

springs on recordyet Fredricksburg Ditch experienced lovilew than the drought years

of 1990 to 1993 It appears thdtow in Fredricksburg Ditch was occasionatiggatively

correlated to flow in the river in the 1990s, despite the facthisbrically, a positive
relationship between the two existed

Fredricksburg Canyon Creek (Gage10310300)

Fredricksburg Canyon Creéka USGS gaged tributary to the Fredricksburg Ditgth a
year roundoeriod of record of 1982001 Based on this record, the mean annual fddw
this ditch is 3,13@&crefeet wth a standard deviation of 2,1@6refeet. The maximum
total annual flowrecorded at this gage is 8,526refeet (1997. The mnimum total
annual flow recorded at thigage is 1,00kcrefeet (1992. Figure 38 presentsa

graphical representation of thisr e enkad and extreme annual flows in cfs.
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Figure 38. Mean, Minimum, and Maximum Annual Flower Fredricksburg Canyon
Creek (Gage 10310300)

Flow in this creek was correlated to West Fork headwater fl®ggression analysis
revealed well correlatelihear andnatural bg trend lines for all months, witR? values
rangingfrom a low d 0.45 in Mach to a high of 0.99 in Januaryrhe R value of 0.99 is

not indicative of a perfect fit, but rather the result of the fact that the flood of 1997 made
the data appear to fit very well. That is, due to the trend line being drawn directly to the
flood dat point, the other data points are off the trend by an amount that, relative to the

flood data point, is minisculeResults of the 1990999 simuation appear in Figure 39
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& 1: Gage 10310300 Fredricksburg Canyon Creek 2: Actual Data for Gage 10310300 1990 to 1999
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Figure3§. Fredricksburg Canyon Creek 199999 Smulation, Actual vs. Model

Given the well correlated trend lines, the above results are expected. The model follows

the actual data set quite well, notably thieror of theflood of 1997.

C79West Fork at Dressler Lane

The next gage on the Westrkaccurs at Dressler Lane between Company Daiath
Dressler Ditch. This gageould have been quite useful in the modelthase is a lack of
gages on the river and resultantly many diversions are based on flow many miles
downstream Unfortunately, som of data for this gage is considerably off. This was
realized soon into the modeling, as flow at this gage was occasionally much greater or
much lower than flow at the next gage80 Brockliss Slough at Ruhenstroth Dam, just

two miles downstream. Prolohs with the gage on the Brockliss Slough were ruled out
once a basic framework for the model was built, as the flow at the Dressler Lane gage did
not correlate to the West Fork headwater gage during the same periodscof rebation

with the Brockliss Siugh.

The other issuvith this gage is thahe gage is monitored as if it weaediversionand

not a gage in the river: it is onigionitored during the irrigation season. Of course, this is



76

because thd~ederal Water Masteand farmers in a general senonly have any
appreciableconcern forflow during the irrigation seasonHowever, to planners and
decision makersand thusndirectly to farmerswho may be affected by thaecisions of
planners andlecision makers, having yeasund flow records whergear roundflow
existsis of critical importancéo understand the entire system. This issue and othiérs
bediscussedn greater detail in thRecommendationSection of this reportDespte the
gage not being usedesults of the 1990999 simlation aparin Figue 4Q for the

readerds benefit.
s 1: C79 W Fork at Dressler Lane 2: Actual data for C79
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Figure40. C79 West Fork at Dressler Lane 1988B9 Simulation, Actual vs. Model

As one can see, there are time periods where theagggars to be functioning correctly.

Intermixed within this accurate data, however, is missing data that accounts for half of

each year (October through March is largely missing, with only sporadicetataling
in March and October) and entire irrigation seasons with inaccurate data 98¢4 995,
and 1996).

2.3.3The Brockliss Slough

C80Brockliss Slough at Ruhenstroth Dam
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Brockliss Sloughat Ruhenstroth Darns aFederal Water Masteyagedidiversioro with a
period of record of 1984986 am 19882004. As was previously discussed, the
Brockliss Slough is not a diversion in the typical sense, but ratt@npletediversion of

the historic West Fork.Based on thisistorical record, the mean anal flow of the
Brockliss Sloughat Ruhenstrdt Damis 25,396acrefeet with a standard deviation of
21,586 acrefeet As evidenced by the large standard deviation, considerable flow
variation is commonly observed at this site. As this is not a diversion, but ratmavihe
West Fork, this is not tht unusual as such wvariation
headwater gage in Woodfords, CAlhe maximum total annual flomecorded at this
gage is 82,962acrefeet(1995. The minimum total annual flow recorded asthage is
1,078acrefeet(1988.

Despite the fact thahis gage is not recording a divensjdut rather the rivehistorical
flows, unlike the headwaters or USGfages in the river, do not includéows in
November through February, and collection in Maactd October is sporadicThus,
meanannual histdcal flows on the Brockliss Slouglare, in reality,higher than the
above figures

The magnitude of difference between the two extreme annual flows on record (maximum
annual flow is 77X greater than minimum annual flos/ektreme This is becauséhis

gage has numerous diversions prior to it, unlike the West Fork headwater gage
(maximum annual flow is 10X greater than minimum annual flow). Thus, the lowest
year is close to zero because farmers were using nearly all the wateashavailable,
and | i kel y t hat Figure 4dlprésentsagyraghical repneseatgtion. of this

s | o umgehnarsl extreme annual flows in dsthis gage

al
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Figure 41 Mean, Minimum, and Maximum Annual Flows for C80 Brodliss Slough at Ruhenstroth
Dam

Records at this ditch were kept from March through Octoléh March records only
consistently kept since 2000The year 1995 had no records March or Octobeand

1988 had narecordsfor March thus their absence ohet above graph. Regression

analysis was not used on this graph as the Brockliss Slough is noitiarteddliversion.
Instead,nearlyl00% of the West Forkoés flow wams dive
the model, with some minor amounts of spilloaed return flow entering the historic

West Fork Results of the 1990999 simlation appear in Figure 42
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# 1 Actual Data for C80 Brockliss Slough 1990 to 1999 2: C80 Brockliss Slough at Ruhenstroth Dam
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Figure 42. C80 Brockliss Slough 199999 Simulation, Actual vs. Model

The model does quite well, with exceptionsmewhat overpredicting1995, 1998, and
1999. It was initially thought that this was due to some sort of breattteichannel at
higher flows.  we v er , 1 9 QBdérgpredictedy whiclvseams to invalidiiis
theory. The graph reveals the consatde lack of data that is lost as the result of
collecting data only during the irrigation season. In particdiaia forthe January 1997
flood event woulchave been useful, as would data that would provide kooe/ledge

of how successive drought or tweears and resultant aquifer depletion or recharge affect

t he f ol | ovimtersgfacg floaw r s 6

C81 Brockliss Slough at Scossa Box

Brockliss Sloughat Scossa Bois aFederal Water Mastayage on the Brockliss Slough
approximately four miles pashe Ruhenstroth Damwith a period of record of 1984
2004. As with the previous gage on the Brockliss Slough, data is only acquired for the
irrigation season. Based on thistorical recordf the irrigation seasqrthe mean annual
flow of the Brockliss Sugh at Scossa Box is 21,08drefeetwith a standard eliation

of 19,308 acrefeet As with the Brockliss Slough gageat Ruhenstroth Dam

considerable flow variation is commonly observed at this site. The maximum total
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annual flowrecorded at this gage 72,948acrefeet(1995). The minimum total annual
flow recorded at tls gage is 39%crefeet (1988). Figure 43 presentsa graphical

representation of this | o ungehnansl extreme annual flows in cfs at this gage.
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Figure 43. Mean, Minimum, and Maximum Annual Flows for C81 Brockliss Slough at Scossa Box

Records at this ditch were kept from March through October, with March records only
consistently kept since 2000rhe year 1995 had no records for March or October and
1983 had no records for March, thus their absence on the above diahin this ditch

was correlatedo C80 Brockliss Slough at Ruhenstroth DanRegression analysis
reveaed very well correlatetinear trend lines for all months. This is likely due e t

fact that this gage is not a diversion that is governed by water rights or ditch carrying
capacity limits. Rvalues ranged from a low of 0.62 in October to a high of 0.98 for both

July and AugustResults of the 990-1999 simulation appear in Figudé.



81

# 1. c81 Brockiiss Slough at Scossa Box 2: Actual Data for C81 Brockliss Slough at Scossa Box 1990 to 1999
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Figure 44. C81 Brockliss Slough at Scossa Box 199099 Simulation, Actual vs. Model

The model does quite well, with exception to somewhat over predit®8§ and under
predicting 1993 As with the previous Brockliss Slgh gage at Ruhenstroth Darhet
graph reveals the considerable lack of data that is lost as the result of collecting data only

during the irrigation season.

Gages 10310402 and 10310408 ower and Upper Brockliss Slougls

Shortly after the previous gagége Brockliss Slough splits into two distt segments, the
Upper (WestBrockliss Sloughand the Lower (EasBrockliss Sloughboth of which are
USGS gaged The Upper Brockliss Slough ibd larger of the two segmentssage
10310402 in on the Lower Bckliss Slough and Gage 10310408 on the Upper
BrocklissSlough Data at both of #se gages data is recorded year rounafortlinately
however,both gages have very limitqueriods of record:1995-1998 Becatse of this
and the fact that thérief period of record consists entirelgf wet years, providing
existingstatisticsas historic recordfor thesegagesis inappropriate.

This portion of the Upper Carson River Basin was thest difficult to model for
numerous reasons. First, the lack afea®nablehistorical record was problematic in

that it was difficult, if not impossible, to ascertain what a normal or low precipitation year
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would actually look like. Secondly, the gage that would have been most appropriate to
correlate flow to via regressi analysis, C8Brockliss Slough at Scossa Box, is limited

to irrigation seasordata only whereas the gages on the Upper and Lower Brockliss
Sloughs have year round data. Because these gages represent the only gages on the
Brockliss Slough to have geround data, it ismportantthat these months be included in

the model. The gage previous to C81, C80 Brockliss Slough at Ruhenstroth Dam, could
also have been used fogression analysis, however, the Ruhenstroth Dage only has

data for the irrigatio seasoms well.

Lastly, theflow of the Upper Brocklis Slough alonexceeds the recorded flow of C81
Brockliss Slough at Scossa Box, thus there ab®iously other sources of flow
contributing to one or both of these segments of the Brockliss Sloégigraph of
average flows for C81 Brockliss Slough at Scossa Box and the Upper and Lower
Brockliss Slough illustrates this problem. The graph shows only that period of record
that is common for all three gas (MarchOctober, 1995.998).
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Figure 45. Mean Monthly Flows for C81, Gage 10310402, and Gage 10310403, Period of Record
19951998.
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To predict flow at these gagesany different concepts were formulated and tried in the
model. In the enda combinabn of groundwater andibutary flow was found to yield

the best results for the 199@99 simulation (of which only 1998998 are available for
comparison), and in theory, was thought tahemostepresentative ahe flow regimes
present there

The Carson Range, whidborders the Upper Brockliss to the west, has a number of
mostly ungaged tributaries flowing off its east slopes toward the Upper BroSldisgh
These tributaries includ&enoa Canyon CreelDaggett Creek, Mott Canyon Creek,
Monument Creek, Stutler CreeBherdan Creek,Jobs Canyon CreeMiller Spring, and
Luther Creek The latter two tributaries are slightly south of the Brockliss, but are
nevertheless includduerebecauset is assumed thaturface and subsurface flow in that
portion of the valley wou d eventually transport t he
subsurface flow to the Brockliss Slough.

Recent studies by Maurer et §2004) revealedsignificanttributary flow entering the
Carson Valley. Maurer et al. (2004) estimated tbial flow to beapproximately 37,600
acrefeet/year. Using data from thatstudy, the folloving table was created that
specificallydetails the estimated annual flow of otie streams that ah&ely impacting

the Brockliss Slough.

Table 7. Estimated Flow from Selected Tributaries
in the Carson Range (Maurer et al., 2004)

Tributary Estimated Annual
Flow (acre-feet)

Genoa Canyon Creek 960
Daggett Creek 1200
Mott Canyon Creek 1700
Monument Creek 2600
Stutler Creek 450
Sheridan Creek 1300
Jobs Canyon Creek 1700
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Miller Creek 630
Luther Creek 2200
Total Annual Acre Feet 12740

The objective was to represent the above tributary flow regime off the Carson Range in
the model. Following the tenaf Occan 6 mzor, this was first attemptday defining

the abwee collective tributary flowas a percentage of the WestrlEdveadwater gage.
This assumedhat all of the tributarieand West Forlhave the samexactrunoff curve.

In his study of Carson tributaryofv, Maurer et al. (2004) estimatéide mean monthly

flow and runoff curvedor every tributary. While the runoff curves varied widelya
common trait of nearly all of the tributaries wagident. Anual flow over the course of

a yearresembledmore of a bell curve than thgpical runoff curve for the Upper West
Fork. Thusthe collective tributary flow was defined as a percentage of the West Fork
headwater flow, and¢ode was put into the model whidlattened out the headwater
runoff curve, and generalized the common flow regime oabw/e nine tributaries.

If the aboveotal acre feefigure of 12,740is put in context with the average annual total
acre feeof the West Fork headwater gage at Woodfords, i6Athe same time period
(19902002)it is found thatannual flow for theabove tributaies comprise an average of
17% of annual flow from the West Fork headwater gag®bviously, 100% of the
tributary flow is not reaching the Upper Brockliss Slough. However, the losses are
mitigated by other significant sources of flow. Onegréhare likely many smaller
tributaries that transport water down the eastern slopes of the Carson Rangégpethe
BrocklissSlough Two, there is likely significant groundwater flow occurring below the
surface water runoff along the Carson Range.

From a systems approach then, with all of thevalin mind, using a figure of ¥4 of the

West Fork headwater gage is a simple and fairly accurate way to represent Carson Range
tributary flow into the Upper Brockliss Slough.et when this process was incorpted

into the modelflow in the Upper Brocklissvas still deficient. To remedy this, the
percentage was increased hpother 5% as it was apparent that there was more
groundwater flowingpeneattthe stream flows than the 17% accounted Ttwe addition
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of this tributary ground and surface watéow, combined with the direct and indirect
routing of groundwater flow from the Fredricksburg Ditch and other ditches that feed
surface and subsurface flow into the Upper Brockliss Slough, was selecteddakéhef
simplicity, gage accuracy, ants approximaterepresentative depiction of the various
flow regimes present at this locatiorOf course, all the tributaries do not enter the
Brockliss at the same location. For model purpotesjgh,a single pont of entry is

acceptable Figures 46and 4 illustrate the modest success of this approach.

& 1: Gage 10310402 Lower Brockliss Slough 2: Actual Data Gage 10310402 Lower Brockliss Slough 1994 to 1998

1 T
2:

125+

A A

1.00 30.75 120.00

o

Page 1
?

Figure 46. Gage 10310402 Lower Brockliss Slough 199@99 Simulation, Actual vs. Model
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# 1. Actual Data Gage 10310403 Upper Brockliss Slough 1994 to 1998 2: Gage 10310403 Upper Brockliss Slough
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Figure 47. Gage 0310403 Upper Brockliss Slough 1990999 Simulation, Actual vs. Model

As one can see, the results are far from stelldotable problem areas in the model
simulationof the Upper Brockliss Slough are thieder prediction of peak flow in 1996

1998. Given the difficulties involved, howeverhis model prediction is moderately
successful Conversations with various individuafamiliar with thesereacles have
confirmed that some of thesecordedhistorical flowsmay not be as high as the data
suggestslueto posgble errors in theating curves It was sugested that because the
river occasionallypacks up near those gagtee height of the river may b®t indicative

of increasedlow (as the rating curve would suggednut rather a @inction of stalled

flow. Thus, the model depictions may be more accurate than the data suggests. It is
certainly difficult to believefrom a hydrologic standpoint, that the quantity of watét

lacking in this reach during the aforementioned time periods is even eapfadhtering

the Upper Brockliss, given the large quantities of water already added to the system via
groundwater and tributary flow.

Problem areas in the Low8rockliss Slough include thextreme over prediction dhe

flood of 1997, and the underaafiction of 1998. The over prediction of the 1997 flood

event is not of critical importance, because the likely scenarios that will hesingnthis
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model do not includeforecastingflood events. Even if the scenarios were concerned
with such events, thconcern wouldikely lie in the net effect of the flood: how much
water makes it to Lahontd®eservoir While this particular modeled gage over predicted
the 1997 flood event, the gages of mon@ortance to decision makers, tkiain Carson
River gagesnear Carson City andear Daytonprior to Lahontan Reservairstill
somewhat under predexdthe flood.

This gage® specific over prediction of the flood is indicative of not having enough
specificity to the model so that flood waters could be transpaaehe riverfrom this
specificarea in the valley. The overall under prediction of the flpeehr Carson City
and Dayton)i s | i kely due to the modelvaergsmbllack of
tributaries thatin other more normal scenarjasontribute very negligible amounts of
flow to the system, but during times of extreme flooding, can collectively carry
significant portions of flood waterThe under prediction of 1998 is somewhaiubling.
However, wthout much more dataand assurancesdhthe existing small data set is
reliable, attempting to determine the source of error for that year, if thereyigreor,
does not seemrudent

Main Brockliss Tributary Inflow

There are other tributaries that flow into the Brockliss Slough after pipetand Lower
Brockliss Sloughs converge east of Genoa, NV. These include James Canyon Creek,
Water Canyon Creek, and Sierra Canyon Creek. Maurer et al. (2004) also studied these

tributaries. Their average flows are listed in Table 8.

Table 8. Estimated Flow from Selected Tributaries
in the Carson Range (Maurer et al., 2004)

Tributar Estimated Annual
y Flow (acre-feet)
James Canyon Creek 1300
Water Canyon Creek 630
Sierra Canyon Creek 2200
Total Annual Acre Feet 4130
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Using the same logic and assumptions as stated earli@se streams were calculated to
contribute an average of 5. 5 % wilfthetahoee We st
tributary flow, in the modelthis percentage wadightly increased and the runoff curve
was flattened out to more resemble the specific tributaries involved.

Major Ungaged Ditches and Sloughs thaEeed the Brockliss Slough

There are mangitches that traverse the irrigated fields to the west of the West Fork and
Brockliss Slough. These ditbesare largely fed by ground and surface water flows that
stem from the Fredricksburg Ditch, the Brockliss Slough, and the Carson Range to the
west. Only the main ditches are herein discussed. They include Big Ditch, Big Slough,
Johnson Ditch, and Pa&nd Bull Ditch.

Big Ditch and Big Slough rely on return flows from upstream ditches such as
Fredricksburg Ditch and Thran Ditch. Return flows from Big Ditch as well as other
upstream ditches supply flow to Johnson Ditch and Park and Bull Dithb.later two
ditches eventually return their flow back to the Brockliss Slough. In the model, return
flow from these ditches is used to augment flow in the Upper Brockliss Slough, discussed
above.

2.3.4East Fork Carson River

East Fork Headwaters (Gage 10308200)

The East Fork headwaters originate high in the Sierras at an elevation over 11,000 feet
(Horton, 1997b), approximately 2,500 feet higher than the origin of the West Fork.
modeling purposes, the &aFork beginsat Gage 10310000 located northeast of
Markleeville, CA,at an elevation of 5,400 feetyer one mile lowethan its headwaters

Gage 10308200 has a significant period of record: @Bdent (2003), however, it is not

as long as the West Fobs headwat er gage, nor the ne
10309000, which both haveonsistent periods of record from 1940his issue is likely

the reasorthat the majority of other studies refer to Gage 10309000 as the East Fork
headwater gageGage 1030000is not, however, the headwater gagehus this report

refers to Gage 10308200 the East Forlkeadwater gage.

Based on the aboyeeriod of record, the mean annual fliem the Eat Forkheadwater
gageis 259,151acrefeet with a standard deviatiaf 128,583acrefeet. As evidenced
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by the large standard deviation, considerable flow variation is commonly observed at this
site. The maximum total annual flow recorded at this gag®%s951acrefeet (1983).

The minimum total annual flowecorded athis gage is 61,86acrefeet (1977) Figure

48 presentsa graphical representation of tB@ast Forkh e a d w aneam arsgl @xtreme

annual flows in cfs.
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Figure 48. Mean, Minimum, and Maximum Annual Flows for East Fork Headwaters (Gage
10308200)

As with the West Fork headwater gage, this gage is controlled by precipitation in the
model.

Bryant Creek (Gage10308800)

Bryant Creek is a USG@&aged East Fork tributamyith ayear roundperiod of recordf
19621968, 19781979, and 1992003 Based on this record, the meamwaal flow of

this creekis 5,528acrefeet wth a standard deviation of 3,28@refeet. The maximum

total annual flowrecorded at this gage is 13,882refeet (1995. The minimum total
annual flow recorded athis gage is 2,234crefeet (200]). Figure ® presentsa

graphical representation of thisr e enkad and extreme annual flows in cfs.
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Figure 49. Mean, Minimum, and Maximum Annual Flows for Gage 10308800 Bryant Creek

Flow in this creek was correlated to East Fork headwater flé¥egression analysis

revealed well correlatelthear andnatural Iay trend lines for all months spare November,

which had the lowest® f 0. 3 2. Di scount iRhvglueNrangedmb e r 6 :
from a low of 0.57 in Octobeto a high of 0.97 in JanuaryResults of the 191-1999

simulation appeain Figure 50
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s 1: Gage 10308800 Bryant Creek 2: Actual Data for Gage 10308800 1990 to 1999
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Figure 50. Gage 10308800 Bryant Creek 19910999 Simulation, Actual vs. Model (Only 19949999
Actual Data Available)

Despite the well corrated trend lines, there are a fewonsistencies in the shorémod

of record above. Of particulaotice are the abnormalities D95 andl998 Both 1995

and 1998 were abnormal in thttere was excessive winterepipitation late in the
spring March throughJune of 1995 were well above normahonthly precipitation
averagesin the Sierrasand May and June of 1998 were above normmabnthly
precipitation averagess well Headwater flow on the East Fork typically peaks inyMa
and by July flow is typically a third of what it was in May. However in 1868 1998

heavy late spring snowfall caused the runoff in both June and July to exceed that of May,
due to coldetemperatures and less sunshine in May because of the fallmgis the
mountains The gage aBryant Creek, howeve despite being at the same elevation as
the gage to which it is correlated (Gage 10308284l) experiencedts peak runoff in

May. This was likely due to differences in sun exposure and/or eiftes in
temperature that caused the precipitation that fell as snow south of Markleeville to fall as
rain near the state lineSo what appears as an ideal correlation can lead to interesting
results when uncommon ewusroccur. Predicting the results gluch arunusualevent is

not one of the objectives of this model. As was dised earlier, this model geared
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toward long term policy decisions, not predicting the ramifications of varying snow

levels for different mountain ranges.

East Fork between tre State Line and Dresslerville (Gage 103000)

This East Fork river gage has the oldest period of reicotide basin18931893, 1901
1903 1908191Q 19251927, and 194@urrent (2003) As was discussed above, many
other studies refer to this gage astkast Fork Headwaters, despite the fact that it is
some fifteen miles downstream of the actual headwater gagsed on this record, the
mean annual flow of thig€ast Fork at Gage 10309009 282,170acrefeet with a
standard deviation df32,320acrefeet. The maximum total annual flow recorded as thi
gage is 692,057 acffeet (1890. The minimum total annual florecorded at this gage is
66,180 acrdeet (1977. Figure 51presentagraphical representation of this reach of the
r i v meaand extrme annual flows in cfat this gage
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Figure 51. Mean, Minimum, and Maximum Annual Flows for Gage 10309000 East Fork Carson
River
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Flow recorded at this gage was correlated to East Fork headwater flow plus inflow from
Bryant Creek. Regression analysis revealextremelywell carelated lineatrend lines

for all months R? values ranged from a low of 0.9 October to a high of 0.9@ July.

Results of the 1990999 simiation appear below The high degree of correlatiaas
because flow between the headwater gage and Gage 10309000 is largely uninterrupted,

with theonly major inflow/outflow being inflow from Bryant Creek.

s 1: Gage 10309000 2: Actual Data for Gage 10309000 1990 to 1999
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Figure 52 Gage 10309000 East Fork Carson River 199®99 Simulation, Actud vs. Model

C82 Allerman Canal

The first maj or di version the East For k
Allerman Canal, whickcarries flow to the north and feeds a number of other largely
ungaged ditches. The Allerman Caish Federal Weer Mastergaged diversion with a
period of record of 1982004 Based on this record, the meamaal flow of this canal

is 24,974acrefeet wih a standard deviation of 5,06&refeet. The maximum total

annual flowrecorded at this gage is 38,7&drefeet(1995. The minimum total annual

S
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flow recorded at tls gage is 17,912acrefeet (1987. Figure 53presentsa graphical

representation of this a n anéad and extreme annual flows in cfs.
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Figure 53. Mean, Minimum, and Maximum Annual Flows for C82 Allerman Canal

Records at this ditch were kept from March through October, with redordgdarch
only consistently available since 199Flow in this canals correlated to flow at the
previous gage, Gage 1030900Regressioranalysis revealed well correlatédear and
natural log trend lines for July through Octgband relatively pootrend linesin other
months. There was no olpgable trend in March or Aprdo those months are defined by
their diversion ratenean. R? values ranged from a lowf 6.23 for Mayto a high of 0.93
for August

The Allerman Canal is specifically governed by the Alpine BPecras describeth
Section3.3. For modelingourposes, it was found that a regression relatioretijpeved
more accura&@ results than the use of IFHEN ELSE logic that mimicked the Alpine
Decree.Because the Alpine Decree loghen flow at the Gardnerville Gageduces to
200 <cf s, 1/ 3 of the East Forkdés flow is

necessariljpegn at the beginning of a month, but rather at any time during the month,
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the use of such IF THEN ELSE logic in the model produced less accurate results. Thus,
the choice to use regression was made. Realistically, the regression method inherently
takes ino consideration the Alpine Decree logic, as it is correlated to flow at the

Gardnerville GageResults of the 1990999 simiation appear in Figure 54

- 1: C82 Allerman Canal 2: Actual Data for C82 Allerman Canal 1990 to 1999
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Figure 54. C82 Allerman Canal 19961999 Simulation, Actual vs. Model

The model under predicts many of the years, includiigQ 1991 and 1996 Despite
these years being drought yeditew in the Allerman Canal during this time is above
normal The under predictions likely relatedto the water table being rather low for
these yeardue to the droughtThe Allerman Canabk known to have high transmission
losses J. Larrouy, personal communication, 2P0&nd this condition is likely
exacerbated durgnexten@d periods of drought. Sehen the soil beneath the canal is
drier, more water is required in the canal to supply irrigators with the water they desire,
as more canal flow is being lost to groundwater infiltratiorhe rest of the decade is

predicted quite well, with exception to 1996
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Taking a closer look at the taal data from 1996ee Appendix Bjeveals that year to be
somewhat of an anomaly in that, other than 1995, it is the only year to have three
successive months of flow ew 100 cfs. Also unusual in 1996 is the fact that fiovthe
Allerman Canapeakedn July, as opposedtMay (normal peak) afune.

Gaged Tributaries to the Allerman Canal: Pine Nut Creek and Buckeye Creek

Pine Nut Creek and Buckeye Creek are two main tiles that run off the Pine Nut
Mountains eastsoutheast of the Carson ValleyBoth creeks aré&JSGS gagedwith
identical historical recoslof 19811996. Based on thesecords, the mean annual flow
of Pine Nut Creels 921 acrefeet with a standard deviation 892 acrefeet Pine Nut
Creeld smaximum total annual flowccurredin 1983(3,642 acrdeet)and its minimum
total annual flowoccurred in 1992 (211 acfeet) The mean annual flow of Buckeye
Creek is 622 acréeet with a standard deviation @fl2 acrefeet. Buckeye Creéks
maximum total annual flowccurred in 19831(999 acrefeet) According to historical
records, Buckeye Creek often rumsarly dry for extended periods of time, evear as
long as a year. 8hneardry years occurred ih981, 1990, 1992, and 199&eeFigures

55 and 56@or Pine Nutand Buckeye Gr e kmi&an and extreme annual flows in cfs.



97

12.00

10.00

8.00

6.00

4.00

2.00

Gage 10309050 Average Monthly Flow (cfs)

0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

\—0— Mean Flow (1981-1996) —#— Minimum Flow Year (1992) Maximum Flow Year (1983) \

Figure 55. Mean, Minimum, and Maximum Annual Flows for Pine Nut Creek (Gage 10308050
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Figure 56. Mean, Minimum, and Maximum Annual Flows for Buckeye Creek (Gge 10308070
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Both Pine Nut Creek and Buckeye Creek flows are correlated to the East Fork headwater
Gage, as this gage most closely resembles the elevation of the two cReEgk®ssion
analysis revealethirly well correlated linear andatural log trendines for mosimonths

of Pine Nut Creek withR? values ranging from a low of 86 in Septembeto a high of

0.84 in February. Buckeye Creek did not correlate as well due to the many years of
extremely low flow. R values for Buckeye Creek ranged fromlaav of 0.18 in
September to a high of 0.95 in Januaigesults of the 1990999 similation appear in
Figures 57 and 58Both creeks only have available data from 1990 to 1996.

s 1: Gage 10309050 Pine Nut Creek 2: Actual Data Gage 10309050 1990 to 1996
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Figure 57. Pine Nut Creek 19901999 Simulation, Actial vs. Model
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& 1: Gage 309070 Buckeye Creek 2: Actual Data Gage 10309070 1990 to 1996
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Figure 58. Buckeye Creek 1991999 Simulation, Actual vs. Model

The gages for Pine Nut Creek and Buckeye Creek are located a significant distance
upstream from their entry points into the Allerman Canal. Ttgésamount of tributary
surface flow that actually makes it to the valley floor does not mirror the surface flow at
the upstreamgage. Nonetheless, in the model, as with other tributaries, 100% of the
gaged surface flowntersthe valey. This was doneotaccount fotthe likely significant
subsurface component to thebtriaries in question, and to account for the other
subsurface flow coming off the mountains in the areas adjacent to the tributaries. Given
the large amounts of groundwater that entervilléey from the mountains, having the
tributaries carry 10% of their upstream gages mayill under representhe system.
Thus, keeping flow at 100% for the gaged tributaries, and not differentiating between
ground and surface water flows, seems an@piate way to represent tributary flow

2.3.5East Fork from Indian Creek to the Confluence: Gaged Inflows and Outflows
Indian Creek (Gage 10309035)

Shortly after supplying the Allerman Canal, the East Fork receives inflow from Indian
Creek,a USGS gaged East Fork tributary with a year round period of recaodlyf
19951997 The years 1994 antl998 offer partial records afight and ninemonths
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respectivly. Indian Creek transports water from various upstream sources as well as its
own headwaters. Because of the human element involved in many of these releases as
well as the very limited amount of data, tdecision was made to usegression
relationshps to correlate Indian Creek to East Fork Headwater flow, and build a larger
data set (1982004) based on the relationships attained, however.w&h&t way, this
inflow to the East Forkcould be accounted for when later diversions, which typically
hold the 19842004 period of record, are correlatedtheir respective adjacent flow in

the river.

Regression analysis revealedirprisingly reasonablénear trend lines for all months
spareMay, where the mean wased instead of ow formula. Where lirear regression

was usedR? values ranged from a low of 0.21 in Juoea high of 09 in January As

with previous high January?Ralues, theR? valueof 0.99is not indicativeof a perfect

fit, but rather theesult of thefact that the flood of 1997 ade the data appear to fit very
well. Results of the 1990999 simulabn appear in Figure 59

& 1: Gage 10309035 Indian Creek 2: Actual Data Gage 10309035 1994 to 1998
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Figure 59. Gage 10308800 Indian Creek 1990999 Simulation, Actual vs. Model (Only 1994998
Actual Data Available)

Flow in Indian Geek is related to releases from two upstream reservoirs: Harvey Place

Reservoir and Indian Creek Reservoir, with the latter being significantly largee.
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timing of these releases Imsed on individual purchases and decisions that cannot be
modeled. Bcause of these releases, Indian Cieetk more like a can#than a natural
tributary. Given these facts, and the lack of an appreciable historical rdorahoe
simulation is deemed a succes3bviously, it has its flaws, notably the under preditti
of 1995. Overall, howeverthe modeled pattern of flow minscthe actual pattern
somewhat consistently
C83 Virginia Ditch

Approximately two miles downstream from Indian Creek, the East Fork
encounters a series of diversions, the first of which i&/trggnia Ditch, a FederaWater
Master gaged diversion with a period of record of 128@4. Based on this record, the
mean anonal flow of this ditchis 11,833 acrdéeet with a standard deviation of 3,002
acrefeet. The maximum total annual flow recaddat this gage is 17,428 adeset
(1997). The minimum total annual flow recorded at this gage is 7,20%estrél990.
Figure 60 presenta graphical representation of thisi t enbad and extreme annual

flows in cfs.
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Figure 60. Mean, Minimum, and Maximum Annual Flows for C83 Virginia Ditch
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Records at this ditch were kept from March through October, with Megcbrds
sporadically recorded Flow in thisditch was correlated to Gage 10309000 plus inflow
from Indian Creek nmus outflow to the Allerman Canal. Regression analysis revealed
well correlated linear andatural log trend lines for June through Augushere was no
observable trend in March, April, or May so those months are defined by their mean.
Oct ober @&dlowavasmeanzgro. R’ values ranged from a lowf .12 for
Septembetto a high of 0.82 for July Results of the 1990999 simiation appear in
Figure 61

# 1. Actual Data for C83 Virginia Ditch 1990 to 1999 2: C83 Virginia Ditch
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Figure 61. C83 Virginia Ditch 1990-1999 Simulation, Actual vs. Model

The modelyields qualityresults with the exception of 1995 through 199Faking a
closer bok at the actual data from those ye@ee Appendix B) reveabs lot of scatter
for the summer months. While there is a definable trémete are some sigieant
outliers, notablyoccurring in 19951997.

C84 Rocky Slough

Directly across fronthe Virginia Ditch on the East side of the Carson RivaehesRocky
Slough, aFederal Water Mastagaged diversion with a period of record of 19804,
Based on thigecord, the mean annual flow of this ditch1ig,042 acrefeet with a
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standard deviation of,432acrefeet. The maximum total annual flow recorded at this
gage is26,334acrefeet(1986. The minimum total annual flow recorded at this gage is
11,749acre-feet (1990. Figure 62presentsa graphical representation of thisi t ¢ h 6 s

mean and extreme annual flows in cfs.
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Figure 62. Mean, Minimum, and Maximum Annual Flows for C84 Rocky Slough

Records at this ditch were kept from Mharthrough October, with March recordst
kept prior to 1991. Flow in this ditch was correlatedtie same data set as Virginia
Ditch (Gage 10309000 plus inflow from Indian Creek minus outflow to the Allerman
Cana), as the two diversions are directlgrass from each otherRegression analysis
revealed well correlated linear and natural log trend lines for June th&ejfember
There was no observable trend in March, April, or MaryOctoberso those months are
defined by their mean. #alues raged from a low of @17 for Juneto a high of B7 for

July. Results of the 1991999 smulation appear in Figure 63
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= 1: C84 Rocky Slough Flow 2: Actual Data for C84 Rocky Slough 1990 to 1999
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Figure 63. C84 Rocky Slough 1990999 Simulation, Actual vs. Model

The model yieldsvery respectableesuls with the exception ofome of the spring
months, which are defined by the mearaking a closerdok at the actual data for those
months (see Appendix B) revealthat in the 1980s, some spring diversionswere
abnormally high. These high spring diversipears markedly increased thestorical
average. Such outliers can skew a data set, and as such, modelers often remove them so
as to have a more accurate model. Howeteis particular behavior cannot be
definitively ruled out for thduture, so inlis case, the means were not adjusted

C85 Edna Ditch

Shortly aftetheRoc ky Sl oughos di vteeEdna Ditch dvarts watere E a st
from the Rocky Slough to the southwesthe Edna Ditch is aFederal Water Master

gaged diversion with a periaaf record of 19842004. Based on this record, the mean

annual flow of this ditch i%,407 acrefeet with a standard deviation df886acrefeet.

The maximum total annual flow recorded at this gag8,1¢l9 acrefeet (185). The

minimum total annual dw recorded at this gage B669 acrefeet (192). It is

interesting to note that despite the fact thatEdna Ditch diverts watatirectly from the

Rocky Slough, neither the maximum nor minimum flow years of the two ditches
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coincide. Figure 64presets a graphical representation of thisi t méab and extreme

annual flows in cfs.
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Figure 64. Mean, Minimum, and Maximum Annual Flows for C85 Edna Ditch

Records at this ditch were kept from March through October, with Mardrderot

kept prior to 1991. Flow in this ditch was correlatedRocky Slough Regression
analysis revealed well correlated linear and natural log trend line8piokr through

September. Rvalues ranged from a low of 1® for Marchto a high of 079 for July.

Results of the 1990999 smulation appear in Figure 65
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s 1: C85 Edna Ditch 2: Actual Data for C85 Edna Ditch 1990 to 1999
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Figure 65. C85 Edna Ditch 19961999 Simulation, Actual vs. Model

The model yieldsespectableesults yetthe Edna Ditch experiences the same issue as
theRocky Slough becaudbe Rocky Slough is the source thfe Edna Ditch. As with the
Rocky Slough, the higher spring flow in the 198a@snot be defitively ruled out to not
occurinthefuturet hus t he model 6s un depringdlowsfatrthe t i on
1990s remain a function of this behavior. The anomaly in 1996 appears to be either an
inaccurate reding or the result of som&usual event.
C87 Cottonwood Slough

Shortly afterthe Virginia Ditchb s di ver si on the RasttFérleganE a s t F
diverts water easterly, this time inthe Cottonwood Slougha Federal Water Master
gaged diversion with a period of record of 198¥D4. Based on this record, the mean
amual flow of this ditch is 6,224acrefeet with a standard deviation of 1,944rme-feet.
The maximum total annual flo recorded at this gage is 10,887 almet (198¢. The
minimum total annual flow recordeat this gage is 3,525 aefeet (2003. Figure 66

presents graphical represation of thissloughs mean and flewsincfe me ann
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Figure 66. Mean, Minimum, and Maximum Annual Flows for C87 Cottonwood Slough

Records at this ditch were kept from March through October, with March rewotds
keptprior to 1991. Flow in this ditch was correldt® Gage 10309000 plus inflow from
Indian Creek minus outflow to the Allerman Canal, Virginia Ditch, and Rocky Slough
Data for this ditchs somewhat randomRegression analysis revealedcarrelated linear
and natural log trendnles for all months As a result, mean monthly values were used to
approximate flow for this ditch.Results of the 1990999 simiation appear in Figure
67.
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s 1: C87 Cottonwood Slough Flow 2: Actual Data for C87 Cottonwood Slough 1990 to 1999
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Figure 67. C87 Cottonwood Slough 1990999 Simulation, Actual vs. Model

As mentioned abee, flow in this ditch is not consistentOf particular interegs the high

peak flow of 1993 and the low peak flow of 1998/hile somewhat arbitrarin nature,

the peak flows for the 1990s do have a limited range. The highest peak flow during the
199Gs occurred in 1996 (36 cfs) and the lowest peak flow during this time period
occurred in 1998 (20 cfs). Thus, using an average here, while not ideal, is reasonable
nonetheless.

C88 Henningson Ditch

Directly across fronthe Cottonwood Slough is the Henngan Ditch, aFederal Water
Mastergaged diversion with a period of record of 198X04. Based on this record, the
mean annual flow of this ditch is 4,860 afeet with a standard deviation of 1,290 acre
feet. The maximum total annual flow recorded as$ tjage is 7,117 acffieet (1997).

The minimum total annual flow recorded at this gage is 2,583faet¢1994).Figure 68

presentagraphical representationtifisd i t chés mean and extr eme
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Figure 68. Mean, Minimum, and Maximum Annual Flows for C88 Henningson Ditch

Records at this ditch were kept from March through October, with March recotds
kept prior to 1991. As with the Cottonwood Slough above, flow in this ditch was
correlated to Gage 103090Qflus inflow from Indian Creek minus outflow to the
Allerman Canal, Virginia Ditch, and Rocky SlougRegression analysis revealtirly
correlated linear and natural log trend linesdtrmonths spare April and OctobeR?
values ranged from a low @14 for Juneto a high of 8 for July. Mean monthly
values were used to approximate flow for April and Octolieesults of the 990-1999
simulation appear in Figure 69
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# 1.c88 Henningson Ditch 2: Actual Data for C88 Henningson Ditch 1990 to 1999
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Figure 69. C88 Henningson Ditch 19901999 Simulation,Actual vs. Model

Given themediocretrend lines, the model yields surprisingspectableesults There

are few areas where the model over and under predicts, howeviowthregime is for

the most part identifiednd given the scale, the fluctuats are relatively mild.

C89 Heyburn Ditch

The Heyburn Ditch isa Federal Water Masteyaged diversion with a period of record of
19841985 and 1982004. Based on this record, the mean annual flow of this ditch is
6,807 acrdeet with a standard deviatioof 2,143 acrdeet. The maximum total annual
flow recorded at this gage is 10,701 afzet (1995). The minimum total annual flow
recorded at this gage is 3,4Gtrefeet (2001). Figure 70 presentsa graphical

representation dhisd i t ¢ h 6 s xireena annual fiaivs i\ cfs.
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Figure 70. Mean, Minimum, and Maximum Annual Flows for C89 Heyburn Ditch

Records at this ditch were kept from March through October, with Magdrd® not

kept prior to 1992 and October records neptkprior to 1995 Thi s di tchds so
flow is strictly return flows mostly from Virginia Ditch and Cottonwood Slough via

Martin Slough (Figure)? Some of the flow in the Kburn Ditch likely originated from

the Allerman Canal as well. The model pligs Heyburn Ditch through various
combination of return flow from all of the abové&esults of the 1990999 simiation

appear in Figure 71



# 1. 89 Heyburm Ditch

112

2: Actual Data for C89 Heyburn Ditch 1990 to 1999
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Figure 71 C88 Heyburn Ditch 19901999 Simulation, Actual vs. Model
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The modekormrectly identifies the general flow regime of the ditch, however it misses the

fluctuations. This is because flow in the Heyburn Ditch is based predominantly on return

flow from both the Cottonwood Slough and the Virginia Ditch. Because of a lack of

corrdation to adjacentriver flow, flow in the Virginia Ditch in March through May

(when the peak flow typically occurs) is based on its historical monthly mean. Similarly,

Cottonwood

SI oughos

fl

ow

S

entireloye based

would not expect a great deafl annual fluctuatiorfor the modeled version dieyburn

Ditch. Flow towards the end of the summer is bghiedicted, as Virginia Ditch was

able to becorrelated to actual flow in the river during those months.

Ambrosetti Pond Outlet

(Gage 10310448)

Ambrosetti Pond feeds into the main Carson River as the river heads northeast out of

Carson Valley toward Dayton. It is discussed in this chapter because it is fed by return
flows from East Fork ditches, namelye William Slough, Middle Ditch, East Ditch, and

Heyburn Ditch. The USGS gage at the Ambrosetti Pond outlet has a sporadic period of
record of 1992004 with only the years 19986 and 2002003 consisting of twelve

month data setsLuckily, the full six year data ses somewhat representative in that it
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includes wet, drought and normal precipitation ye&ased on thidrief six yeamrecord,
the mean annual flow of this ditch 8871acrefeet with a standard deviation 4230
acrefeet. The maximum total annuibw recorded at this gage 56,037 acrefeet
(199%). The minimum total annual flow recorded at this gage,3d7acrefeet (1994).
Figure 72presentsa graphical representation i s g mepe @&d extreme annual

flows in cfs.
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Figure 72. Mean, Minimum, and Maximum Annual Flows for the Outlet at Ambrosetti Pond (Gage
10310448)

In the model, eturn flows from the various ditches that supply Ambrosetti Pond are
governed such that they supply theng withflow at appropriatégimes. Because of the

limited data set, average flows are used to govern the releases from Ambrosetti Pond.
Outflow is subject to adequate amounts ofawnflto the pond, so drought conditioase

refl ected in the model owtotdeeCarsooRiveon of t he

Major Ungaged Ditches and Sloughs in the East Fork
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As in the West Forland Brockliss Slough regionghere are many significaningaged
ditches in the East Fork regitimat can trace some or all their flow from the East Fork.

Table 9summarizesheseditches

Table 9. Estimated Capacity Flow of Major Ungaged East Fork
Ditches and Sloughs (J. Larrouy, personal communication, 2005)

Ditchislough Name | S0 o Gaigon Reguiaton.
Homestream Slough 25
Williams Slough 25
St. Louis Straight 20
Martin Slough 18
Middle Ditch 15
Poleline Ditch 15
East Ditch 10

Flow derivation for the St. Louis Straight, Homestream Slough, and Williams Slough
uses the same methodgjoas the West Fork ungaged diversions, as explained in Section
6.1.4 Theremaining ditches are governed by the receipt of various percentages of return
flows from upstream ditches.

2.3.6Modeling the Main Carson Rive

East of Genoa, the East Fork and thednistWest Fork converge and forthe Main
Carson River. A mile and a half downstream, the Brockliss Slough enters the Carson
River, and the river turns to the northeast. As the river midkagay toward Dayton,
tributary inflow and diversion outflow is limited. In Dayton Valley, large scale irrigation
resumes as the river supplies nine gaged diversions prioregongntahontan Reservoir

in Churchill Valley. In this part of the Carson Wir, all of the diversion gagese
monitored by the~ederal Water Masteanddiversion records are only maintained for
April through Semmber. There is likely some minor occasioflalv occurring in
March and even less in Octoberowever, beause thaflow is minimal andcannot be
guantified, flows for March and October months in the model are defined as zero.

Main Carson River Tributary Inflow

Clear Creek
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Clear Creek enters the Main Carson River approximately five miles after the Brockliss
Slough rgoins the river. Clear Creek is a USGS gaged tributary to the Main Carson

River with a year rond period of record of 1949961 and 1992003 Based on this

record, the mean annual flow thiis creekis 4,127acrefeet wih a standard deviation of
2,153acrefeet. The maximum total annual Warecorded at this gage is 9,388refeet

(1997). The minimum total annual Wlorecorded at this gage is 1,548refeet (1992).
Figurepresenta gr aphi cal representation oldwst hi s ¢

in cfs.
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Figure 73. Mean, Minimum, and Maximum Annual Flows for Clear Creek (Gage
10310500)

Flow in this creek was crelated toflow on the East Fork at Gage 10309000 because of
the similarity in elevation (both are pqoximately 5,000 feet) Regression analysis
revealed well correlated linear and natural log trend lines for all months, fithlies
ranging from a low of 0.49 in September to a high of GrBlanuary. Results of the
19901999 simuation appear in gure 74
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# 1. Clear Creek Gage 10310500 2: Actual Data for Gage 10310500 1990 to 1999
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Figure 74. Clear Creek 19901999 Simulation, Actual vs. Model

Given the well correlated trend lines, the above resulta@tréhe qualityexpected. The
modeldoes follow the trendguite well, yetthe springs of 19 and 1999 are markedly

off. Looking at the actual dat@&ppendix C)for those yearseveals the issueThe trend

line for April is fairly well correlated (R= 0.59). Yet ven the data for that month is
graphed, the data points for 1998 and 1999 stam@s clear outliers. In fact, when they

are removed, the Bumps up to 0.69. Thus, the trend is correct. fifreblen® thas

this data set, like any real world data set, exhibits anomtilegscannot be modeled
without vastly increasing the levelf detail to the model. As mentioned earlier in
different sections, it is not the goal of this model to predict such anomalies.

Kings Canyon Creek, Ash Canyon Creek, and Vicee Canyon Creek

Thesesmall, USGSgaged creeks flow off of the Sierras antb Eagle Valley west of
Carson City. Collective mean annual flows for these three creeks is approxid@iély
acrefeet Appendix C). These streams terminate some five miles west of the Carson
River. In between is Carson City, where considerable groundwwataping occurs.
Some of the groundwater from these streams does likely make its way to Eagle Valley
Creek, another gaged tributary that does feed into the Carson River. Given these

circumstances, the three aforementioned streams are not deemed smhaignificant
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impact on the Carson River and as such, are not included in the model. Rather, only flow
from Eagle Valley Creek is included in the model.

Eagle Valley Creek

Eagle ValleyCreekis a USGS gaged tributary to the Carson River that entensvtre
approximately sevemiles afterClear Creek. Eagle Valley Creek hasyear round
period of record of 1949961 and 199@003. Based on this record, the mean annual
flow of this creekis 2,449 acrefeet wih a standard deviation of 2,984refeet. The
maximum total annual flow recorded at this gage is 9,383-faete(1997). The

minimum total annual flow recorded at this gage is 1,8d®feet (1992). Figure 75

presenta gr aphical representation of tcfsis cree
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Figure 75. Mean, Minimum, and Maximum Annual Flows for Eagle Valley Creek (Gage 10311300)

Flow in this creek waslso correlated to flow on the East Fork at Gage 10309000
because of the similarity in elevation (both areraginately 5,000 feet). Ryession
analysis revealed poorlyorrelated linear trend lines for mostonths, with R values
ranging from a low of 0.12 in June to a high of G®3danuarydue to flood). Results of
the 19901999 simuation appear in Figer 76
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» 1: Gage 10311300 Eagle Valley Creek 2: Actual Data Gage 10311300 1990 to 1999
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Figure 76. Eagle Valley Creek 199a1999 Simulation, Actual vs. Model

Given the weaklycorrelated trend lines, the above results are expected. The model does
follow the overalltrendsfairly well, and does successfulpredict the flood of 1997 and
the low flows as well Because of the unique runoff curve of this creek (flow peaks in
February vs. the typical Mayand therelatively minimal flow that it typically contributes

to the systenthe above results adeemeddequatdor inclusion in the model

Main Carson River Diversions Mexican Ditch and Dayton Valley Ditches

C61 Mexican Ditch

A few miles after Clear Creek enters the Carson Ritres river turns north where it
feeds its last diversignthe Mexican Ditchbefore heading northeasdward Dgton
Valley. The Mexican Ditchhasa period of record of 1882004. Based on this record,
the mean annual flow of this ditch @s556acrefeet with a standard deviation of 2,759
acrefeet. The maximum total annual flomecorded at this gage is 12,144 afwet
(1999. The minimum total annudllow recorded at this gage is 2,349 afwet (200).
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Figure 77presenta gr aphi c al representation of thic
flows in cfs.
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Figure 77. Mean, Minimum, and Maximum Annual Flows for C61 Mexican Ditch

Flow in this ditchwas correlated to Gage 10311000, which is located just pritireto
Mexican Ditch. Regression analysis revealed lWadrrelated naturdbg trend lines for
July through August. There @ano observable trend in ApriMay, or Juneso those
months are defined by their mearThis pattern is typical of the subsequent Dayton
Valley diversions as wellR? values ranged from a low of 0.35 for July to a high of 0.77
for September Results of the 1990999 simulation appean Figure 78
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# 1. C61 Mexican Ditch 2: Actual Data for C61 Mexican Ditch 1990 to 1999
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Figure 78. C61 Mexican Ditch 19961999 Simulation, Actual vs. Model

Given the close proximity of the most recent river gage, a more accurate portrgyal ma
have been expected. However, the trend lines for the latter part of the summer reveal
considerable scatterThe model does correctly identify tiypical decrease in flow in
July, however, the subsequent increase in August flow is consistently uadextqu, as

is the sustained higher flow during Septembg&aking a closer look ahe actual data for

the ditch(Appendix Q revealsthe likely culprit for this under predictiois significant
scatter for the summer months. While there is a definadxel tthere are a feautliers,

the notableones occurring in 1995997.

C62 RoseDitch

After the Mexican Ditch, the Carson River turns northeast toward Dayton Valley and
receives inflow from Eagle Valley Creek. Aftthe creek, the river pas&SGS Gage
10311400 aDeer Run Subsequent diversions are based on flow at this gage. The first
such diversion encountered tise Rose Ditch, which has an historical record of 1984
2003. There was no diversion for agriculture in 20@8&sed on this record, threean
annual flow of this ditch is 1,343crefeet with a standard deviation of 4@icrefeet.

The maximum total annual flowecorded at this gage is 2,326 afwet (1983. The
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minimum total annual flow recorded at this gage321 acrefeet (2003). Figre 79

presenta gr aphi cal representation of this ditec
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Figure 79. Mean, Minimum, and Maximum Annual Flows for C62 Rose Ditch

Flow in this ditch was correlated to Gage 10410, which islocatedsome six miles
upstream There was no obsemia trend in April through Julyso those months are
defined by their meanRegression analysis for August and September resulted in some
observable trendsR? values ranged from a low of 0.51 for Augj to a high of 0.6%or

September. Results of the 199899 simiation appear in Figure 80
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- 1: C62 Rose Ditch Flow 2: Actual Data for C62 Rose Ditch 1990 to 1999
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Figure 80. C62 Rose Ditch 1990999 Simulation, Actual vs. Model

Given thelack of uniformity in annual flow regimes, the abovengiation results are
considerecdh success. Where the model does (August and Septemberthe model
predicted flows fairly well

C64 FishDitch

After the Rose Ditch, the Carson River historically supplied C63 Randall Ditch.
However,the Randall Ditd has not been in use since 1989 and as such, it is not included
in the model. The Fish Ditch, then, is the next diversionThe Fish Ditch has an
historical record of 1982004. Based on this record, the meanuah flow of this ditch

is 1,355acrefeetwith a standard deviation of 4&2refeet. The maximum total annual
flow recorded at this gage is 2,193 afget (1999. The minimum total annual flow

recorded at this gagés 520 acrdeet (200). Figure 81 presenta graphical

representationoftei di t chdés mean and extreme annual
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Figure 81. Mean, Minimum, and Maximum Annual Flows for C64 Fish Ditch

Flow in this ditch was correlated to Gage 10311A4M0usthe Rose Ditch There was no
obserable trend in Apl through June so those months are defined by their mean.
Regession analysis for July throu@eptember resulted in some observable trends. R
values ranged from a low of 0.12 for July to a high of Gof&Geptember. Results of the

19901999 sinulation are shown in Figure 82
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# 1. C64 Fish Ditch Flow 2: Actual Data for C64 Fish Ditch 1990 to 1999
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Figure 82. C64 Fish Ditch 19901999 Simulation, Actual vs. Model

As with the Rose Ditch, there is a significalatck of uniformity inannual flow regimes

for the Fish Ditch that is difficult to prdict. Notably, the model misses the very low
flows of late summer 1997 and spring of 1998. Both of these incidents appear to be
unrelated to flow in the river.

C65 Baroni Ditch

After the Fish Ditch, the Carson River next suppliles Baroni Ditch, whity has an
historical record of 1982004. Based on this record, the meanuah flow of this ditch

is 2,330acrefeet with a standard deviation of 6@@refeet. The maximum total annual
flow recorded at this gage is 3,909 afget (1993. The minimum atal annual flow
recorded at this gages 1,228 acrefeet (2001). Figure 83 presengs graphical
representation of this ditchoés mean and

e X
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Figure 83. Mean, Minimum, and Maximum Annual Flows for C65 Baroni Ditch

Flow in this ditch was correlated to Gage 10311400 mthafRoseand FishDitches
There was no obseaable trend in April through Juneso those months are defined by
their mean. Regssion analysis for July throu@eptember resulted in sorabservable
trends. Rvalues ranged from a low of32 for Septembeto a high of (66 for August
Results of the 1990999 sinulation appear in Figure 84



12¢

# 1. C65 Baroni Ditch Flow 2: Actual Data for C65 Baroni Ditch 1990 to 1999
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Figure 84. C65 Baroni Ditch 19901999 Simulation, Actual vs. Model

While the results are not spectacular, this ditch appears to be slightly more correlated to
flow in the river than the previous two ditchekike those ditches, though, flow the

Baroni Ditch does vary considerably, and thus is equally difficult tdige The model

misses some of the more extreme peak flows such as 1991, 1993 and 1996. As these
years are all drought to normal precipitation yedrssé incidents appear to be unrelated

to flow in the river.

C66 Cardelli Ditch

After the BaroniDitch, the Carson Rivepasses through USGS Gage310700and then
supplies the CardelDitch, which has an historical record of 198d04. Based on this
record, the mean annual flow of this ditclbi988acrefeet with a standard deviation of
1,758acrefed. The maximum total annual flow recorded at this gage(85acrefeet

(1993). The minimum total annual flow recorded at this gage3i80acrefeet (20@).
Figure 85 presenta gr aphi cal representation of thi

flows in cfs.
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Figure 85. Mean, Minimum, and Maximum Annual Flows for C66 Cardelli Ditch

Flow in this dith was correlated to Gage 103007 There was no obseble trend in
April through Juneso those months are defined by their me&eyression analysis for
July throughSeptember resulted in some observable trendsalBes ranged from a low
of 0.3 for Augustto a high of 068 for July. Results of the 1990999 simlation appear
in Figure 86
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# 1. 66 Cardell Ditch Flow 2: Actual Data for C66 Cardelli Ditch 1990 to 1999
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Figure 86. C66 Cardelli Ditch 19901999 Simulation, Actual vs. Model

Flow in the Cardelli Ditch is relatively consistent from year to year, with exception to the
1993, 1996, and 1997 high spring flowbviously the model misses these flows
because it usesd@hmean to define spring flodiversion however, the model does have
success predicting the summer months.

C67 Quilici Ditch

After the Baroni Ditch, the Carson River suppl the Quilici Ditch, which has an
historical record of 1982004. Based on thiscerd, the mean annual flow of this ditch

is 2,113acrefeet with a standard deviation of 8&srefeet. The maximum total annual
flow recorded at this gage &242acrefeet (199). The minimum total annual flow
recorded at this gage i835 acrefeet (1992). Figure 87 presents graphical
representation of this ditchoés mean and

e X
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Figure 87. Mean, Minimum, and Maximum Annual Flows for C67 Quilici Ditch

Flow in this ditch was correlated to Gage 1031 inus the Cardelli Ditch. There was
no obserable trend in April and Juneso those months are defined by their mean.
Regession analysis for May and July throu§kptember resulted in some observable
trends. Rvalues ranged from a low of®B for May to a high of 84 for July. Despite
the very low R value for May, the trend was visibésd expectedand 8% is better than
the alternative of using the mean (0%esults of the 1990999 simiation appear in
Figure 88
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# 1.ce7 Quilici Ditch Flow 2: Actual Data for C67 Quilici Ditch 1990 to 1999
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Figure 88. C67 Quilici Ditch 19901999 Simulation, Actual vs. Model

Flow in the Quilici Ditchis much less in the early nineties (drought years) than in the
mid-late nineties (wet years) The modeldoes a fair job tracking the months not
governed by thenean, however, the model shodgersionsin the late summer of 1991
1992and 1995 when there is no flaat the gage In these circumstances, it is possible
that the ditch received its water from return flows after the gage thus there was no
reasorfor the farmers to divert from the rivelf this were the case, the model may have
been correct in predicting flow in the ditch, but incorrect in identifying the source of that
flow.

C68 GeeDitch

After the Quilici Ditch, the Carson River suppliestiee Ditch, whiclinas an historical
record of 1985004. Based on this record, the mean annual flow of this dittjiid
acrefeet with a standard deviation 663 acrefeet. The maximum total annual flow
recorded at this gage &5943acrefeet (199). The minimum total annual flow recorded
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at this gage i217 acrefeet (1986. Figure 89 presents graphical representation of this

ditchds mean and extreme annual fl ows in ¢

20.0

15.0

10.0

C68 Average Monthly Flow (cfs)

50 /—0—\
N
—a
0.0 - ‘ =
April May June July Aug Sept
Months
| —+—Mean Flow (1985-2004) —#— Minimum Flow Year (1986)  Maximum Flow Year (1997) |

Figure 89. Mean, Minimum, and Maximum Annual Flows for C68 Gee Ditch

Flow in this ditch was correlated to Gag8311700 minus the Cardelli ar@uilici
Ditches There was no obsalle trend in April, so that month defined by itsmean.
Regression analysis fiMay through September resulted in sowsakobservable trends.
R? values ranged from a low of @ for June and Juljo a high of (62 for August
Despite the very low Rvalue for June and Jylshe trend was visible angsing the same
logic as above, the trend was worth usifResults othe 19961999 simiation appear in
Figure 90
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# 1. C68 Gee Ditch Flow 2: Actual Data for C68 Gee Ditch 1990 to 1999
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Figure 90. C68 Gee Ditch 1991999 Simulation, Actual vs. Model

Of particular noteare the unusually high May flowsf 1996 and 1997 Other than these
abnormal peak flowshe malel gives a reasonabldepiction of the typical flow regime

that peaks in May and then decreases throughout the summer with a slight increase in
August.

C69 KochDitch

After the Gee Ditch, the Carson River supplies the Koch Ditch, which has an historical
record of 1984004. Based on this record, the mean annual flow of this ditt/9e8
acrefeet with a standard deviation 664 acrefeet. The maximum total annual flow
recorded at this gage 089acrefeet (1988 The minimum total annual flow cerded

at this gage i4,042acrefeet 001). Figure 91 presents graphical representation of

this ditchds mean and extreme annual fl ows
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Figure 91. Mean, Minimum, and Maximum Annual Flows for C69 Koch Ditch

Flow in this ditch was correlated to Gage 1030@ minus the CardellQuilici, and Gee
ditches Regression analysis for Aprthrough September resulted in somaique
observable trendsln April through June, flow in the ditch was negatively correlated to
flow in the river, meaning the higher the flows in the river, the lower the flows in the
ditch. In July through September, there was a natural log relationdihip negative
correlation in the spring may be due to a situation whereby Koch Ditch receives return
flow from Cardelli Ditch and/or other sources during times of high river flow (after the
gage), thus there is less need to attain water from the river itself during those months, and
thus the lower gage measurememh the latter part of the summer, Ko&itch may
become less reliant on thessurn flows and more dependant upon waliegctly from

the river. This would explain the well correlated natural log trend lines for the latter part
of the summer.R? values ranged from a low of 0.3@ June andluly to a high of 0.69

for August. Results of the 199®99 simiation appear in Figure 92
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- 1: Actual Data for C69 Koch Ditch 1990 to 1999 2: C69 Koch Ditch
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Figure 92. C69 Koch Ditch 19901999 Simulation, Actual vs. Model

The return flows scenario discussed aboay be a trend for the 198004 historical
period of record, yet for the nineties, the spring trend is not as apparent.

Main Carson River Diversions Churchill Valley Ditches

C70A Houghman and HowardDitch

After the KochDitch, the Carson River sppes the Houghman and Howafitch,
which has an historical record of 1985 and 128D4. Based on this record, the mean
annual flow of this ditch is 283 acrefeet with a standard deviation 491 acrefeet.
The maximum total annual flow recorded at this gage is 3,089feetrd188). The
minimum total annual flow recorded at this gag&2s acrefeet (1987. The year 1986
had a lower totativersionof 0.0 acrefeet however, the total zerdiversionappears
indicative of adecision not to irrigate at algnd thus was not coted in the historical
record, as the historical record details years of actual fleigure 93presents graphical

representation of this ditchés mean and

e X
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Figure 93. Mean, Minimum, and Maximum Annual Flows for C70A Houghman and Howard Ditch

Flow in this ditch was correlated to Gage 10311700 minus the Cardelli, Q@#ieiand

Koch ditches. There was no observable trend in April through June, so those months are
defined by their mean. Regressamalysis for May through September resulted in some
weak observable natural log trends? VRlues ranged from a low of 0.22 for July to a
high of 0.36 for SeptembeResults of the 1990999 simlation appear in Figure 94
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# 1.c70n Houghman and Howard Ditch 2: Actual Data for C70A Houghman and Howard Ditch 1990 to 1999
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Figure 94. C70A Houghman and Howard Ditch 19961999 Simulation, Actual vs. Model

The model does a fair job predicting flow in most cases with exception to the under
prediction of the abnormally high May flows of 1992 and 1997, the July flow of 1993,
and theJuly and August flows of 1999. As with other diversion anomalies, flmss

are likely related tandependent decision makiagdbr otherunusuakevents

C71 Upper BucklandDitch

After theHoughman and Howarditch, the Carson River supplies tlastdiversion prior

to the river entering Lahontan Reservoir. This diversion is the Buckland Ditch, which
has twoseparate gaging stations: onetba UppeiBuckland Ditchandone on the Lower
Buckland Ditch The Upper Buckland Ditclhas an historical recordf 1984-2004.
Based on this record, the mean annual flow of this dit&ib@9acrefeet with a standard
deviation of1,321acrefeet. The maximum total annual flow recorded at this gage is
9,131 acrefeet 997. The minimum total annual flow recodlat this gage 18,104

acrefeet (1992) Figure % presenta gr aphi cal representation

extreme annual flows in cfs.
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Figure 95. Mean, Minimum, and Maximum Annual Flows for C71 Upper Buckland Ditch

Flow in this ditch was correlated to Gage 10311700 minus the @ar@eilici, Gee,
Koch, and Houghman and Howadiversions There was no obsatlile trend in April
and May so those months are defined by theirame Regression analysis for June
through Sepember resulted in fairly respectabiatural log trends. Rvalues ranged
from a low of 0.22 for June to a high of 0.72 for AugusResults of the 1990999
simuation appear in Figure 96
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# 1.c70n Houghman and Howard Ditch 2: Actual Data for C70A Houghman and Howard Ditch 1990 to 1999
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Figure 96. C701 Upper Buckland Ditch1990-1999 Simulation, Actual vs. Model

For the most part, the model predictibolv is relatively consistent with actual flow.
Noticeable exceptions are the under predictions of 1997 and ¥@9%vith other
diversion anomalies, these flovese very incasistent with historical practice, and as
such, the model does not account for them.

C72 Lower Buckland Ditch

The lower Buckland Ditch is a downstream extension of the Upper Buckland Ditch and
has an historical record of 192002. In 2003 there was nocoeded flow in this ditch,

and in 2004 there were no flow measurements taken. Based on the historical record, the
mean annual flow of the Lower Buckland Ditch is 2,963 deet with a standard
deviation of 909 acreet. The maximum total annual floncarded at this gage is 4,702
acrefeet (1997). The minimum total annual flow recorded at this gage is 1,52#atre
(2001). Oddly, despite the fact that the Lower Buckland Ditch is merely an extension of
the Upper Buckland Ditch, the two do not shdre same low flow year. Figure 97

presenta gr aphi cal representation of this di

t c
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Figure 97. Mean, Minimum, and Maximum Annual Flows for C72 Lower Buckland Ditch

Flow in this ditch was arrelated tathe Upper Buckland Ditch Given the direct input,
regression analysis f&kpril through September resultedstrong linear and natural log
trendsfor most months R values ranged frora low of 0.32 for Mayto a high of (5
for September Results of the 1990999 simlation appear in Figure 98
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1. C72 Lower Buckland Ditch 2: Actual Data for C72 Lower Buckland Ditch 1990 to 1999
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Figure 98. C72 Upper Buckland Ditch 19901999 Simulation, Actual vs. Model

As with the Upper Buckland Ditctthe modelpredicted flowfor the Lower Bucklands
relaively consistent with some noticeable excemiofhe model under predicts 1990,

1997 andl998 Interestingly, these years do not mirror the under predicted years of the
Upper Buckland Ditch.

Main Carson River USGS Gages

There are foutJSGS Gages thatcerd the flow of the main Carson Rivprior to the
rivero6s entrance .iThmdmostupstreamdgagens GRge 40311000,i r
which is located southeast of Carson Gitybetween where Clear Creek flows into the
Carson River and where outflow ktexican Ditch begins. The next downstream gage is
Gage 103100400, which is located northeast of Carson City just after the river turns east.
The third gage, Gage 10311700, is located in Dayton. Gage 10312000 is the last USGS

gage prior to Lahontan Reseir and is located west of Fort Churchill.

Gage 10311000
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Gage 10311000 is a USGS Gage with an historical record ofdi@4ént. Based on this

record, the mean annual flow of this ditch is 295,115-sewith a standard deviation

of 174,763 acrdeet The maximum total annual flow recorded at this gage is 860,942
acrefeet (1983). The minimum total annual flow recorded at this gage is 43,591 acre
feet (1977). Figure 99 presedss gr aphi c al representation

extreme annual flows cfs.
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Figure99. Mean, Minimum, and Maximum Annual Flows for Gage 10311000

Similar to all of the USGS gages discussed in this sectiow, &t this gage was not
correlated to any other flow. Rather, in the model, fiomply passes through this gage
and the model predictdtbw versus the actual flow wagraphed. This graph was then
used to inspect he model 6Resulssoottierl89@9399 simiation appear in
Figure 100
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» 1: Actual Data for Gage 10311000 1990 to 1999 2: Gage 10311000 Main Carson near Carson City
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FigurélOO Gagel0311000 1991999 Simulation, Actual vs. Model

As can be seen, the model 6s overall predic
the river and the many estimates of diversion outflow and return flow prior to this point,

the above represents acsess. The modeled version of this gage is not without its
issues, however. For example, the drought years of 1990 and 1992 are somewhat over
predicted, and the wetter years of 1997 through 1999 are under predicted. The latter is

notas muchofaconcen as t he for mer, as one of t he |
creation is to predict the riverdés flow di
years.

Gage 10311a0

Gage 1031140 is a USGS Gage with amstorical record of 19794985 and 1992004
Based on this record, the mean aainflow of this ditch is 351,88hcrefeet with a
standard deviation of 235,04&refeet. Flow appears to be noticeably higher at this
gage than the previous gage, located just six miles downstream. This is acitatig
case. The discrepancy is due to the different period of redardctuality, flow at the
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two gages is nearly identical, if examined time context ofthe same year or same
historical period of record.As the historical record is much shorteam the previous

gage (and the last gage prior to Lahontan Reservoir), mean, maximum and minimum
flow comparisons are not appropriate for this gag®,for the following gage (Gage
10311700), which also has a brief historical record.

In the model, therés one key difference betweenidlgage and the previous gagés

was discussed earlier in Section 5.3, the model has a component built into it that accounts
for annual groundwater cycles. In the model, the cyclic flow of groundwater enters the
river béween this gage and the previous gadeesults of the 1990999 simiation

appear below No data is available for January through July of 1990.

s 1: Gage 10311400 Main Carson after Basinwide Groundwater Return 2: Actual Data for Gage 10311400 Carson River 1990 to 1999

dlal 32007
2

nNe

1600+

nNe

: /Kmfjlf“& lj /ﬁ\ //

30.75 60.50 90.25 120.00

Page 1 Months

?

Figure1l01l Gage 10311400 1991999 Simulation, Actual vs. Model

Because of the rgundwater influx to the system, this modeled gage predicts more
accurate results than the prews gage Of note is the model 6s
peak springlbws of 1998 and 1999 arttie unique higher wintegarly spring flow of
19981999. Simiarly to discussionsabove, identifying the peak flows is not the main
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concern of this model, rather, correctly predicting low flows is more important. The
abnormally high 1998999 winter flows is a different situation. The groundwater
reservoir componério the model was meant to solve this modeling issudid lto some

extent, asthe groundwatereservoir served to keep winter flows higher after sssive

years of heavy precipitation. However, flow in the Carson River during the winter of
19981999was exceptionally higin comparison to historic winter flawA method was

not found whereby the reservoir would discharge more groundwater into the system in a
winter similar to 19981999 withoutover compensating (over predicting) the winter
flows of other, less wetyears. It is recomended that work subsequentthis project
consider other solution paths towards finding a remedy for this problem, should this sort
of error become an issue in furthering the objectives ofpttogect.

Gage 10311G@0

Gagel0311700 is a USGS Gage with an historical record of -199¥ and 2002004.

Of those years, only 1995, 1996, and 2003 offer complete records. Because of this,
discussion of historical records et al. is unwarranted. As with the above gage, this gage
was used to test the accuracy of the model for the years in question. Results of the 1990

1999 simiation appear in Figure 102
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» 1: Gage 10311700 2: Actual flow for Gage 10311700 1994 to 1997

1: 32007
2

ne

1600+

W

30.75

ne

90.25 120.00

Page 2 Months

?
Figure102 Gage 10311700 1991999 Simulation, Actual vs. Model

It is unfortunate that there isnly a limited amount of monitoredata for this gage,
however, what is available provides evidence that the model is predicting accurate
results. An obvious exception to this is the under prediction of March of 1995. The
spring of 1995 was a very wetrgpy. This under prediction, then, is likely due to an
abnormal precipitation runoff from sources outside the sphere of the msdetll as
runoff from precipitatiordirectly in the valley.

Gage 1031200

Gage 1031200 is a USGS Gage with an historicatord of 19142004. Based on this
record, the mean analuflow of this ditch is 271,278@crefeet witha standard deviation

of 173,211acrefeet. The maximum total annual flosgcorded at this gage is 849.920
acrefeet (1983). The minimum total annuddw recorded at this gage is 25,7d48e

feet (1977). Figure 103 presentas gr ap hi c al representation

extreme annual flows in cfs.
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Figure103 Mean, Minimum, and Maximum Annual Flows for Gage 10311000

As was seen in the previous section, the peak flow year also experienced a sizable
increase in flow during March. The mean flow curve follows suit with what one would
expect from a graph of a river that dedicates much of its waters to irrigation: a peak flo
due to runoff in May followed by a decrease in flow to near zero during the irrigation
season and then a gradual increase in flow during the wiRtesults of the 1990999

simulation appear in Figure 104
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Figure104. Gagel0312000 1990999 Simulation, Actual vs. Model

As with the previous gages t h e wecalll gddidtisn isaelatively precise, yet there
are some significant inaccuracie8pril of 1990 and 1992 are somewhat opeedicted

as is March of 1994. Sizele under predictions include Februasf 1996, March of
1998, June of 1996, 1997 and 1999, and July of 1998. It is unfortunate that the model
does not under or over predict in the same months. If it did, the problem would be far
easierto diagnose ando$ve. The problem likely lies with the metinot taking into
accountlocalized conditions such as precipitation in the valleyeawy early/late runoffs.

The above simulation, while not without its faults, is certainly representative of
approximate flowconditions prior to Lahontan. Further, these results are accurate
enough ¢ achieve the objectives of this projett feasible, nore work could be done in
subsequent studigs determine the source of this eriamd provide a remedy for the

under and osr predictions.
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2.3.7Model Summary

The Carson River is not a river in its natural state. While its headwater flow is
controlled by the whims of nature, subsequent flow igdly controlled byhumans
operatingwithin the frameworkand under the guidance of the Alpine Decree. An
example of the human element can be seen by comparing the minimum and maximum
flow years for the various dersions. Table 1Dlustrates this point by comparing the 21

gaged diversiamthat, for the most part, share a common historic record of 2Q@®4!.

Table10. Diversion Minimum and Maximum Flow Years

Number of Diversions that Share this Statistic
Year Minimum Flow Year Maximum Flow Year
1984 1
1985 1
1986 1 3
1987 3
1988 1
1990 2
1992 3
1993 2
1994 2
1995 3
1997 6
1999 3
2000 1
2001 7
2003 1
2004 2

While there are some more common years for maximum and minimum flow, the
variability is larger than one might expect from daiens that derivéheir water from the

same source within the same basin.

This variability makes modeling the Carson River difficult. Despite this issue, however,
the current model was able to pietdlows with a fairlevel of accuracy. A common way

to determine the effectiveness of a model is by calculating the root mean squared error
(RMSE). The RMSE is found by taking the absolute value of the difference between the
actual data and predicted values, summing those differences for the years imgaedtio

then calculating the mean of those differences. The Carson River has three main gages
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along the mainstem of the river: Gages 10311000 (prior to Carson City), Gage 10311400
(after Carson City), and Gage 10312000 (prior to Fort Churchill). TabEhdws the
RMSEs for those three gages by month.

Table11l Monthly Root Mean Squared Error for Main Carson River Gages

Gage 10311000 Gage 10314000 Gage 10312000

MONTH RMSE RMSE RMSE
January 100 82 72
February 102 99 108
March 151 106 166
April 164 92 156
May 154 155 227
June 131 107 184
July 36 52 72
August 14 24 38
September 19 21 22
October 34 27 39
November 31 20 43
December 70 55 59

Table 11 reveals that Gage 10311400 is more accurate then Gage 10311000. This is
beausen the modelthe groundwater reservoir enters the river between these two gages,
and thus, a large source of groundwater is not reflected in Gage 10311000. Table 11 also
reveals some issues with Gage 10310 0.
precipitation anoma&s that the model didot account for. These unusual events also
inflated the RMSEs of the other two gages, though to a lesser degree, as Gage 10312000
picked up a significant amount of flood runoff from the valley.

For example,in May of 1997 and 1998, there was an unusually high amount of
precipitation in the late spring. When these two years are removed from the data set, the
mean MayRMSE fallsfrom 154 to 94 at Gage 10311000, from 155 to 88 at Gage
10311400, and fron227 to 152 at Gage 10312000a one third decrease in all three
gages.A similar situation occurred iMarch of 1995. When March of 1995 removed,

the mearMarch RMSE falls froml51 to 122 at Gage 10311000, from 106 to 88 at Gage
10311400, and from66 t098 at Gage 10312000. Other examples also exist. This is
simply the nature of precipitatiom the Sierras. An average year really only exists in

forecasting terms. In actualitpature typicallycauses an oscillatiobetweendrought
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and wet years, oftenith a few very wet or very dry years thrown in for good measure.
As waspreviously discussed, the 1998 a perfect example of this situatiovhich is

why that particular decade was used: to test the model under the harshest conditions
Because of tlsi, very low RMSEs were not (and should not be) expected.

As Table 10 and 11 illustrate the river is difficult to model using mathematical
relationships and coded governing logic. In order to plan for the future, decision makers
need to make infoned deaions. An integral factor imaking informed decisions is
having an understanding of the system that the decisions will affect. The purpose of this
model and accompanyimgportis to increase this level of understanding with respect to
the Upper CarsoRiver Basin.

This project will meet its goal of providing a useful planning tool in the form of a model
of the Upper Carson River Basin. Yet with the proper foresight, a more accurate
understanding of the Upper Carson RiMasin could be gained. Sudhcreased
understanding caoccur if prudence is shown now or in the very near future by those
who have the ability to aid current arfdture decision makersl n gener al , t he
accuracy suffers because of a lack of data. When put in context witinboh revenue
Carson Rivetbasedagriculture brings the 8te of Nevada over $30 million/year in
Churchill County alone (Horton, 1997b)the added costs of attaining more data is
relativelyinsignificant, while the benefits are compelling.

Decisionssuch as converting agri¢ute tomunicipal and industrial useM&l ) have the
potential to cause serious third party effects and could result in lawsuits. Lawsuits could
also arise due to the failure of government to protexttip u b | i c 6 Sodacreaseo ur c e s
the chances of such negats@nsequencesecision makershould consider investments

in collecting data that could help them better understandysiem. Further, decision
makers should understand as many of the relevant issues as theyhsammollowing

chapter addresses these issues.
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3. Interface Development

The previous sections of this report describe the development of the integrated water
resources planning model from the Carson River Basinndto Lahontan Reservoir.

This section of the reports details the structure of the interface that allows planners and
decision makers within the basin to utilize the planning model to provide information that
facilitates both planning activities and conmnicating these actions to stakeholder that

are affected by and engaged in watershed management activities in the Carson River

watershed.

The user interface consists of four interrelated elements, these being:
(1) An introduction and navigations guidance ebsit)
(2) A model documentation and reference element;
(3) A watershed learning and data access element; and
(4) A scenario development and analysis element.

Each of these elements are dssrd below.

3.1Interface Introduction and Navigation Element

The user interface is initiated by starting the STELLA® software package and loading the
CARSONUIL.STM (STELLA Model) or CARSONUIL.STR (STELLA Runtime Model).
The introduction screen is shown in Figur@5. As seen in the figure, the user can
navigate to each of the interface elements by positioning the mouse arrow over the
appropriate button and clicking the left mouse button.

To provide a context on the development and use of the integrated wsterae
planning tool the user can select the Introduction Button. This opens a dialog box (Figure

106) that provides the user with a narrative description on the purpose and intended use
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of the model. To return to the Introduction Screen, the user\sichpdes the text box.

From this point, the user can navigate to each of the other interface elements.
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Introduction and Purpose of Planning Tool:

The Carson River Basin is facing increasing demands on its land and water resources due to increasing populations and
its associated land development. A large portion of the land within the Carson River basin that is desirable for the
development of housing and industrial uses is land that has been traditionally used in the production of agricultural
products. In addition, surface water rights have been fully appropriated within the basin for nearly 100 years, and
groundwater rights have been fully appropriated for over 30 years. Thus, development within the basin cannot be
supported through the development of new water resources; rather the transfer of water from one economic use to
another, or the development of efficiencies in the current water resources infrastructure throughout the basin must
support it. However, any alteration in the use of land or water within the Carson River basin will potentially impact the
amount and timing of flows within the Carson River. In addition, within sections of the Carson River, water quality
standards are not in attainment. These water quality conditions are highly interrelated to flow conditions in the river.
Hence, any change of land or water use within the Carson River watershed could also impact water quality conditions
within the river. Therefore, to be able to predict the impact that proposed changes in land use and modification of the
basin's hydrologic condition will have on hydrologic and water quality conditions in the Carson River, water resources
[ and land use planning should be done in an integrated fashion for the entire watershed.

Interface

Map

7

Planning at the watershed scale will allow for an examination of the cumulative impacts of development, water transfers
and proposed modification to the hydrologic regime on flows and water quality in the Carson River. In addition, this
planning exercise should be developed in an inclusive process, utilizing a planning tool that enables a consensus
building planning environment and scientific process. Embracing the principle of inclusiveness will allow for a wide
variety of stakeholder interests to be included in the planning process, which in turn will lead to the development of more
robust watershed plans.

on | Model

r AEE;uation

To enable this planning effort for the Carson River Basin this watershed scale Water Resources Planning Tool was
developed. This tool can be used to display the interaction between proposed development and hydrologic modification
activities, and the impacts these activities could have on hydrologic conditions and water resource availability within the
Carson River Watershed. The purpose of this tool is two fold. First the tool can be used by a variety of agencies to
help determine the viability of proposed plans based on their predicted impacts to a variety of stakeholder interests
within the basin. Second, the tool can be used to aid in educating stakeholders on the impacts of development and
hydrologic modification activities on water resources availability and water quality within the Carson River.

i3
L3
|£

};». [T —— -

Figure106. Narrative description dflodel and Interface Purpose.

3.2Documentation Element

Many times, users of a planning tool such as this find it more convenient to learn about

t he model and interface i nitimmorelcanenientiasg by
well as efficient, to have a tool that does not inherently require the reading of a users
manual prior to use of the tool. This user interface was developed with this learning
strategy in mind. Hence, much of the documentatiaihe model developmenChapter

2 of this report) is provided as a part of the interface. When the user selects the Model

Documentation and Reference button from the main navigation screen, they are taken to a
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new screen (Figure 107) that allow themview the assumptions and mathematical
representations used for specific model elements, the significant references that were
used to develop these relationships and how the model elements were linked together.
The user can select the References Buttonew the entire report bibliography (Figure
108). To return to the Model Documentation and Reference screen the user can simply

close the Reference Dialogue box.
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Figure107. Model Documentation and Reference Screen.
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Figure108 Model Reference Dialogue Box.

The user can then view the overall model structure by selectingpdbamentation

Button, openinga Model Learning screen. The model learning screen (Figure 109)
allows the user to step througlch of the model elements and view how water moves
through the Carson River watershed. The 0
the space bar or the left mouse button. Each element has a narrative statement on the

mathematical relationship wseto represent it in the overall model and how this
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relationship was developed. The user can return to either the Model Documentation
screen by clicking the Return Button in the upper right hand corner of the screen or return

to the Main Navigation Scredsy selecting the Home Button.
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Finally, users can view in detail the development of each model element by selecting the
modelLearningbutton, which takes the user to thearningScreerfor each Segment of

the Carson RivefFigure 110). This screen allows the user to view a detailed description
of each model process by selecting the appropriate button. For example, if the user

wishes to explore hoBegment 3 of the West Carson Rivas developed, the user can



157

select this button.The user can then step through each element used to simulate water
movements in Segment 3. An example of this is shown for the Snowshoe Thompson
Ditch # 1 diversion in Figure 111To return to the Model Docenertation Screen the

user simply selects the left arrow in the upper left hand corner of the learning screen.
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Figure110 Learning Screen for River Segment 3

—— 1

Thompson C76A
Ditch #1 Outflow 4~

Thompson
Ditch #1

Regression analysis was used to find equation that
could predict flow in - Snowshoe Thompson Ditch
based on flow at the West Fork headwater gage.

The best fit flow equation for Snow Thompson Ditch
#1 is:

(In coef for C76 #1*LOGN{Gage
10310000))+Constant for C76 #1

W Fork Headwaters Thus, when the model is run for one year, the In coef
Gage. 10310000 converter and the constant converter would create
Wioodfords CA

flow in the ditch based on adjacent flow in the river in
accordance with the trend lines above. For the ten
year simulation run of 1990-1999, the above twelve
point data sets were repeated ten times so that each
converter has one hundred and twenty data points as
opposed to twelve. The coefficients for the above
equation can be seen by viewing the Snowshoe
Thompson Controller function in the STELLA Model
sheet.

Figurelll Snowshoe Thompson Example fdodel LearningScreen.

3.3Learning and Data Access Element

This portion of the interface provides an opportunity for the user to become educated on
the hydrology and water resources managementirwitie Carson River watershed.
When the user selects the Learning and Data Access button from the main interface
screen, they are taken to tbmta Access ScreeffFigure 112). The user can view
historical data on stream flows and diversion rates at orewitlocations within the
Carson Riverwatershed. The historical data is organized by river segments that are

defined in the Alpine Decree (see Section 1.6.2). The user can view the data available for
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each section of the Carson River by selecting theogpiate button. Then, the user can
view either historical stream flow data or historical diversion data by selecting the
appropriate button. For example, if stream flow and diversion data for stream Segment 4,
the user would select the Segment 4 byttehich would open the Segment 4 screen
(Figure 113). The user can view the average annual flow statistics for each stream gage
in this river segment by selecting the appropriate button. For example, if the user
selected the Gage 10310000 button a diaddgox appears that contains these statistics
(Figure 114). The user can then view graphs of the historical monthly stream flows and
the monthly average stream flows at this gage by selecting the Gage 10310000 Flow
Rates button (Figure 115). The user cko &iew summary statistics and graphs of the
recorded diversions within this segment of the river by selecting the appropriate button.
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Figurel112 InterfaceData Access Screen
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Figure113 Segment £xample for Stream Flow and Diversion Data.
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3.4 Scenario Development and Analysis Element

Thi s

porti

of the i nterface

Z

provides

t

water management scenarios within the Carson River watershed and then view the

predicted changes in stream flow atfidersion characteristics at key locations along the

river.

The can begin developing a particular scenario by selecting the Scenario

Development and Analysis button the Main Navigation screen of the user interface. The

user is then take to the Scenariev@lopment and Access screen (Figure 116), at which

point the user can begin developing a planning scenario.

he
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3.4.1 Scenario Development Options

Within the interface, there are three main elements that are used to develop a scenario,
these being: (1) changes to water management within the watershed, referred to as the
WaterRightsManagement option; (2) changes to thedtral elements that are used to
manage water within the watershed, referred to as the Structural Changes option; and (3)
factors which affect water availability and use within the watershed but are not directly
controllable, referred to as the Exogenoastbrs option.

3.4.2 Water Rights Management
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If the userselects the Water Rights Management option, they are taken to the Water
Rights Management Screen. Here the user can develop strategies wher@tatare
purchased from specific segments of the Carson River for use in increasing flows
downstream of that segment. In addition, the user can develop strategies that involve the
exchange of existing surface water rights for new ground water rights vsplecific

river segments. Once the user has developed the water rights management component of
their scenario, they can return to the Scenario Development and Analysis screen by
selecting the back arrow button.

3.4.3 Structural Changes

If the user selects the Structural Changes buttoy #Hre taken to the Structural
Watershed Changes screen. From this screen, the user can select options to create New
Storage within a speaif river segment, increase the Waltése Hficiency within speciic

river segments and create a Water Rewsslify within river segments where municipal
wastewater is available for treatment and release to the Carson River.

New Storage

If the New Storage option is chosen, the user wiltdien to a screen where they must
input the amount of water rights that will be purchased to fill the new storage facility, in
addition to the operating rules governing water releases for the storage facility. The
operating rules can either be enteredl filling out a table identifying the target releases

by month, or via an input device that allows for this infoioratto be entered
graphically.

Water Use Efficiency
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If the user selects the Water Use Efficiency option, they are taken to the Water Use
Efficiency screen. Here they can use input devices to change the water use efficiency (up
to +/ 30%) for diversions within each segment of the Carson River.

Water Reuse

If the Water Reuse Option is chosen, the user is taken to the Water Reuse Screen. He
they can specify the capacity of a water reuse facility for each segment within the Carson
River. This capacity can either be entered as a constant amount that is invariable from
month to month or year to year, or as an amount that varies with tithe péar and the
climatic condition within the watershed.

Once the user is finished developing Bteuctural Changes portion of tkeenario they

can return to the Scenario Development and Analysis Screen by selecting the back arrow
button on each screen.

3.4.4 Exogenous Factors

The user can also create scenarios for factors that are outside the control of water
resource planners and policy makers within the Carson River watershed by selecting the
Exogenous Faots option. By selecting this option the user is taken to the Exogenous
Factors screen where they can specify the anticipated growth in watershed population and
the anticipated changes in the climate that governs the flow of water at the headwaters of
theCarson River.

The user can input the anticipated rate of growth of the watershed population, as well as
the location (by river segment) and type (urban, suburban or rural) of growth within the

watershed. The default settings for the interface are fo#oagBwth rate that is
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distributed equally amongst river segments 3 througlwith the growth occurring
predominantly in suburban and urban fashion.

The user can also input the anticipated change in average annual temperature within the
Carson River watehed and the anticipated change in precipitation. The temperature
change is input in terms of degrees Fahrenheit, while the change in precipitation is
entered as a percentage change relative to current conditions within the watershed.

Once the user is fished developing the Exogenous Factors portion of the scenario they
can return to the Scenario Development and Analysis Screen by selecting the back arrow
button on the screen.

3.4.5 Viewing Scenario Results

After completing the development of a planning scenario the user must return to the
Scenario Development and Analysis screen to run the scenario. This is done by selecting
the Run Scenario button (Figure 116) on this screen. The user then has tihéogew

the predicted changes to both stream flows and stream diversions in graphical, tabular

and statistical form.

3.4.6 Stream Flow Results

To view the predicted impacts that the developed scenario avi# lon stream flows at
representative locations within the Carson River, the user can select the View Stream
Flow Results button (Figure 116) on the Scenario Development and Analysis screen.
This will take the user tthe Predicted Stream Flows screerg(ffe 117). This screen
provides a sequence of graphs that depicts the flow at stream gages on the Carson River

for the predicted flows, the baseline modeled flows and the flows measured at that gage.
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This allows the user to have a visual comparison kbetvikeir developed scenario and
the predicted conditions if no changes to water management within the watershed
occurred (baseline case). In addition to the visual comparison provided by the graphical
representation of stream flows, the user can compaee ptedicted, baseline and
measured flows in a tabular form by selecting the Tabular Data button (Figure 117), or
the user can view a comparison of the summary statistics for the predicted and baseline
simulations by selecting the View Flow Statistics bnt{Figure 117). The summary
statistics provide a comparison of the flow conditions at representative river reaches for
critical flow periods as determined in the repOtis Bay (2004). These comparisons
provide a repesentation of how the hypothetigalanning scenariavould perform in

regards to meeting critical riparian water demands
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Figure117. Predicted Stream Flow Screen.

3.4.7 Stream Diversion Results

To view the preitted impacts that the developed scenario will have on stream diversions
for each river segment within the Carson River, the user can select the View Diversion
Results button (Figure 116) on the Scenario Development and Analysis stheemvill

take theuser to the Predicted Stream Diversion screen (Figure 118). The screen provides
a sequence of graphs that depicts the stream diversions for each segment of the Carson
River for the predicted diversions and the measured diversions for that segment. This

allows the user to have a visual comparison betwherconditions predicted by their
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developed scenario and the conditions that would be anticipated if no changes occurred
within the watershed (baseline case). In addition to the visual comparison groyide

the graphical representation of the stream diversions, the user can compare the predicted
and baseline diversions in a tabular form by selecting the Tabular Data button (Figure
118), or the user can view a comparison of the summary statistics fpretfieted and
baseline simulations by selecting the View Diversion Statistics button (Figure 118).
These comparisons provide a representation of how the hypothetical planning scenario
would perform in regards to meeting diversion demands during dryerolbgdr

conditions within the watershed.
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Figure118 Predicted Stream Diversion Screen.
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3.5Scenario Analysis Example

While Chapter 1 and 2 succerdindividually explaining theossible ramifications of a
water right transfer, it is thought that a discussion of a hypothetical model simulated
transfer could tie some of these somewhat loose elements together. This will afford the
reader a better holistic understanding of what ameulsl consider when transferring
water rights. The hypothetical example chosen entails the purchase of all the water rights
on Koch Ditch by an environmental group in an effort to transfer that water to Stillwater
National Wildlife Refuge (Stillwater NWR)While this specific example is hypothetical,

the actual scenario purchasing upstream water rights for Stillwater NWRs not.

Efforts are underway by the Nature Conservancy, in conjunction with the State of
Nevada, the US Fish and Wildlife Servi@gnd the Nevada Waterfowl Association, to
purchase an additional 100,000 afget (some 30,000 acfeet have already been
purchased) from upstream users of the Carson River in an effort to sustain a 25,000 acre
refuge with 5 acrdeet/acre/year (Nature @servancy, 2006).

Koch Ditch is located approximately twenty miles west of where the Carson River enters

Lahontan Reservoir (Figure 105).
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Figure119 Koch Ditch, Houghman and Howard Ditch, and Buckl&xidh

According to the Alpine Decree, Koch Ditch irrigates approximately 250 athate(

States v. Alpine Land and Reservoir Company, et 1480).

withdrawal from the Carson River during the irrigation season amounts to appryimat

2,000 acrefeet, or 8 acrdeet/acre (Figure 106).
constant flow of 5.6 cfs during the irrigation season.

In terms of flow, this would be a

Its average annual
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Figure 120, Mean, Minimum, and Maximum Annual Diversions for C69 Koch Ditch
(acrefeet)

As was stated above, the goal of the environmental group is to transfer this water to
Stillwater NWR. To actually get all of the water there will be difficult, however, as prior

to even reaching Lahontan Reser wad and t he
Houghman Ditch and Buckland Ditch, which respectively pull an annual average of
1,300 acrdfeet and 5,500 actieet from the Carson River during the irrigation season
(Figure 107).
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The hypothetical transfer was modeled using the traditional years of 1990 to 1999 as this
decade richly exhibits the natural fluctuations in precipitation that the Sierras are known
for. Predictd changes in flow in the Howard and Houghman Ditch and the Buckland

Ditch can be seen in Tables 12 and 13.

Table 12. Hypothetical Increases in Howard and Houghman Ditch Flow (acréeet) due to Retiring of
Koch Ditch Water Rights

April May June July August | September Sum

1990 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1991 0.0 0.0 0.0 0.6 0.0 59.6 60.2
1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1993 0.0 0.0 0.0 0.6 20.9 11.9 33.4
1994 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1995 0.0 0.0 0.0 0.6 1.8 3.6 6.0
1996 0.0 0.0 0.0 0.6 1.8 3.6 6.0
1997 0.0 0.0 0.0 0.6 94.8 10.1 105.5
1998 0.0 0.0 0.0 1.8 30.2 10.1 42.1
1999 0.0 0.0 0.0 0.6 20.3 10.7 31.6
Average 0.0 0.0 0.0 0.6 17.0 11.0 28.5
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Table 13. Hypothetical Increases in Buckland Dith Flow (acrefeet) due to Retiring of Koch Ditch
Water Rights

April May June July August | September Sum
1990 0.0 0.0 23.2 0.0 0.0 0.0 23.2
1991 0.0 0.0 4.2 0.0 0.0 24 6.6
1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1993 0.0 0.0 1.2 4.3 349.5 195.9 550.9
1994 0.0 0.0 14.9 0.0 0.0 0.0 14.9
1995 0.0 0.0 0.0 0.6 6.8 11.3 18.7
1996 0.0 0.0 0.6 6.2 232.6 174.5 413.8
1997 0.0 0.0 1.8 12.3 321.8 171.5 507.4
1998 0.0 0.0 0.6 1.2 18.5 16.1 36.4
1999 0.0 0.0 1.2 4.9 350.1 188.8 545.0
Average 0.0 0.0 4.8 3.0 127.9 76.0 211.7

As can be seen from the tables above, the new water in the river has little effect on ditch
withdrawals in April and May as water supply is not an issue. In July, August, and
September, however, when water scarcity becomes more systemwwpthi@éahes pull

significant amounts of this new water out of the system, and prevent it from reaching its
destination. This newly diverted water is
historic diversions in Table 14.

Table 14. Actual Koch Ditch Diversions, Predicted Increases in Downstream Diversions, and New
Diversions as a Percentage of Historic Koch Ditch Diversions

Actual Koch Ditch Predicted New Withdrawals % Lost to Howard and
. from Howard and Houghman .
Withdrawals (acre- . : Houghman Ditch and
Ditch and Buckland Ditch (acre- .
feet) feet) Buckland Ditch
1990 1977 23 1%
1991 2148 67 3%
1992 1763 0 0%
1993 1762 584 33%
1994 1248 15 1%
1995 1327 25 2%
1996 1485 420 28%
1997 2255 613 27%
1998 1648 78 5%
1999 1554 577 37%
average 1717 240 14%
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As can be seen from the above, without some sort of agreement, an average of one

seventh of the purchased water gets used by downstream users, and in four years, nearly a

third of the water never makes it to its destination. Anshould be noted that this
hypothetical scenario represents somewhat of an ideal situation for the environmental

group: only two downstream ditches to worry about prior to Lahontan Reservoir. If the

above Atrendod was ext rfaydtthestcauld average d losaaof s f e r

nearly 30% and in nearly half of the years, some 60% could be lost without prior
agreements and enforcement.

In reality, such an agreement would not be difficult on this stretch of the river, as due to
the intermittmcy of the riverdéds surface fl ow in
already regulated on a sgkbgment scaldJS v. Alpine Land and Reservoir Company et

al., 1980). Further, for the purposes of this transfer, it may be that it is unimportant what
time of year the water gets to Stillwater NWR. If this were the case, it may be that the
timing of the full 2,000 acréoot water right could be amended so that it is sent to
Stillwater during a time when low flows are not an issue (during the sprimdfyurOf
course, it could also be that the summer, notably the late summer, is when Stillwater
NWR needs new, fresh water the most, and thus changing the timing would not be
desired. This example well illustrates why real people looking to accomplish rigdits
transfers for Stillwater NWR are looking the hardest at the closest water rights.

In addition to ensuring that the transferred water reaches its final destination, there are
other issues to consider. These issues concern the fact that thlealatice Koch Ditch
formerly irrigated will change dramatically with the transfer. Without a program in
place, the fallowed fields could harden and become ripe for erogmime conditions

for a host of invasive species. Erosion channels and invg@aes could both spread to
neighboring fields. There is also a habitat issue. While the previous land was focused on
producing food for humans, it likely served other creatures as well. A fallowed field full
of invasive species does not provide siguaifit habitat benefits. However, if managed
properly, the field could be restored to some semblance of its natural condition. New

native species on the field could provide valuable new habitat for the native community.

a
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Another issue to consider is th#fect the new lack of water will have on the downstream
users. While the Koch Ditch does not connect with either the Howard and Houghman
Ditch or the Buckland Ditch directly, the loss of water entering the local groundwater
table may have an effect onetlusers of the latter two ditches. It could take years to
notice, as groundwater flow can be slow, however, eventually downstream users may
notice that they have to put more water in the fields during the late summer. If that
happens, it could be thatetlgroundwater tables have locally lowered due to the loss of
some 2,000 acrteet of water that used to get flooded onto the adjacent land.

If the previous situation does arise, it will likely not amount to a successful lawsuit for
two reasons. One, thewas likely no formal or informal agreement whereby the parties
discussed any sort of reliance on groundwater flows. Two, the groundwater table
lowering, while real, is systemic and not direct. That is, the loss of the irrigation water
lowered the grounaater table for everyone. It would be different if, for example, part of
the Howard and Houghman Ditch was supplied by return flow from a ditch that led
directly from Koch Ditch. Even then, however, a lawsuit may hinge on what is
reasonable reliance orhether a prior agreement was broken. If there was a lawsuit, it
would be a torts claim, as a takings claim would not be relevant (no state actor), nor
would a Public Trust Doctrinbased lawsuit (no harm to public).

In summary, then, what steps shoukdl taken by someone who desires to successfully
transfer water rights in the above hypothetical? The first thing to do would be to model
the transfer to determine possible impairment issues. If a model is not available, simply
looking at the system as ahwle may suffice to tease out the obvious impairment
conflicts. For the more complex issues, notably ones that arise from the cumulative
effects of various scenarios, the impacts may not be readily apparent, and a model may be
necessary. For example, ifistead of one transfer, there were multiple transfers
occurring, a model would likely be necessary. Even this simple hypothetical could have
been far more complicated if only some of the water rights on the Koch Ditch were
transferred. Without the totidansfer of a ditch, issues such as how much water to leave
in the ditch, who pays for the increased transaction costs et al. are ripe. Avoiding such

thorny issues is certainly a good argument for retiring an entire ditch.
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Secondly, all stakeholders shdube invited to a (facilitated) forum to discuss the
possible transfer. Plans for mitigating the effects of the transfer would need to be
discussed, and agreements would need to be ironed out. Thirdly, a plan to mitigate the
effects of fallowing would eed to be drafted and agreed upon. The plan would need to
have a shosterm and a longerm component to it. Short terto make the transition to
natural or an otherwise sustainable state and-temgi to ensure the land stays that
way.

The above i@ only general recommendations. Each transfer will be unique. As such,
each transfer will have its own issues. As transfers become more popular, the issues
associated with them will likely become more complicated. A key component to
determining whathese issues are and appropriately dealing with them is having an
adequate amount of data. While models can extrapolate poor data sets, nothing beats the

real thing.
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4. Summary and Recommendations

4.1 Summary

It is not the purpose of this study to provide any planning or policy recommendations for
Water Resources Management within the Carson River watershed. Rather, the purpose
of this study was to provide a tool thahdae used by planning and policy bodies to help
them develop robust strategies to ensure sustainable water resource management of the
Carson River in the future. None the less, one element that has become a limiting factor
in developing this water reso@s planning tool was the availability of water resources
data within the watershed. Thus, one recommendation that specifically addresses this
issue is discussed below.

4.2 Recommendations for IncreasingVater ResourcedData

It has been said that all models are wrong and some are useful. In the context of the
Carson River, the creation of a useful modettmimicked the system and produced
accurate results was arduous task fa variety of reasons. First, as with many models,
there exists the problem of an inadequate amount of data. While some lafgire
diversions have been gred for signifcant periods of record, moreggs than not have
sparse records often only a fewyears. And often these periods represent years of heavy
or |l ight precipitation, and t huepawituat a fin
gage in question watifficult to ascertain.

Secondly, while some gaged diversions angeggportions oftte river may interact with

each other such that a correlative relationshiptexibe years of record often diobt

neatly overlap for the portions in question. Thus, new ddtahsal tobe extrapolated

from other relationshipso successfully correlatthe disparate yeamsf record. These

data sets wereften limited by their own inadequacies.
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Thirdly, less than half of the many ditches and sloughs are gaged. In the uogsged

flow estimates coul@nly be based on hearsay and/or correlating waghts issued by

the governing Alpine Decree to flow.

Fourthly, the use of historical data, while for many models an appropnietieod of
drawing conclusions, veafor this model somewhat problematic in that the histofical

in a few of the ditches klabeen recetly altered. As was discussallove, many of the
ditches rely heavily, or in some cases entirely, on return flow from other ditches rather
than from an actual physical dirggon. In some caseatitches are no longer used. In
others, the poindf diversion has changed. So th®blem exists whereby there wast
enough accurate fresh data to build certain relationships, and the use of somewhat
guestionabléistorical data occamnally infusedthe model with relationships that in the
current s#ing, no longer really exist.

Lastly, a verysignificant portion of the system, return flovg, completely ungaged. Not

even hearsay can solve this problem, as often the predominant method for return flow is
groundwater. While everyone familiar withet Upper Carson River Basin would agree
groundwater flow plays a major role in the system, estimates for actual groundwater
return flow would likely vary widely. Admittedly, attaining data on the quantity of
groundwater return flow would be difficultHowever, eétermining surface water return

flow would only require the addition of another gagetlat portion of the ditch that
flows back into the river.Based on the surface return flow, estimates of groundwater
return flow could be calculated.

The abovecan and should give the reader cause for viewing the current model with a
healthy dose of skepticism. This framework model, Phase | of the Carson modeling
project, does make a significant amount of assumptions. However, assumptions are
necessary for anynodel, notably this one given the complexity of the Upper Carson
River Basin irrigation ditch systerthe lack of datathe governing law, the way the river

is managed by watermasters, and the capacity of individual water rights holders to make
their own independent decisions that critically affect how much water ends up
downstream. Of the above factors, there is one factor that carebdily changed, and

changed relatively easily: the lack of datn increase in data would directly cdate to
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a decease in the rangef assumptions made ithe model While an historic record
would not be created immediately, and thus would not aid this specific model, every year
that a gage is not fixed or a necessary gage is not installed, a future modeler who is
attempting to aid decision makers will be forced to use a less reliable historic record in
constructing his/her modelOf course, any modekill always have assumptions and
more than likely, radelers will likely alwgs complain of a lack of datalhat beirg said,

here, to be clear, there is definitely a lack of data.

Given the complexity of the system bgimodeled herand the possible ramifications of
some of thedecisions being contemplated should be the goal of decision makers to
provide researcheypeople that are attempting to aid the decision maketis,the best

tools available The bestand easiestvay to do this $ by gatheringmore data. The
sooner this ocas, the better, as changes to the system are ongoing. Building a larger
data setnow will aid in understandingnot only future changes, but current ones.
Obviously &quiring more data costs monapd requires political will It is recognized

that possibly very fewof the following recommendtions will actually be followed
Thus, therecommendations below are givienterms of perceived priority, with the most
critical recommendations listed first.

If an in depth understanding of the Upper Carson River Basttesired, the first priority
should be getting everditch gaged. tlwould be best to start with thosmgagedlitches

that carry the most water, as they are most influential to the system. Accordingly, then

the followingditches should be gaged monitored
Table 15. Ditches That Need Gaging
Ditch Name Priority

Falke Tilman Ditch 1

Homestream Slough

Williams Slough

Heimsoth Ditch

St. Louis Straight

2
3
Company Ditch 4
5
6
7

Martin Slough
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Deluchi Ditches #1 and #2 8
Johnson Ditch 9
Jones East Ditch 10
McCollum Ditch 11
Middle Ditch 12
Parkand Bull Ditch 13
Poleline Ditch 14
Thran Ditch 15
Dressler Ditch 16
Whyatt Ditch 17
East Ditch 18

Big Ditch 19

Big Slough 20

Table 15lists ditches and sloughs that are nagegor monitored There a@ also some
river and tributarygages thatra recently ndongergaged omonitored They should be
brought back on linewith priority givento the river gages as they provide valuable year

round flow data These gages include:
Table 16. River and Tributary Gages that Need to Brought Back On Line

Gage . Period of Record
Number Location Type of Flow Stopped In
10309100 E. Fork Carson at Minden, NV River 1998
10310402 E. Branch Brockhss'SIough at Muller River 1998
Lane near Minden, NV
10310403 W. Branch Brockllss_SIough at Muller River 1999
Lane near Minden, NV
. . E. Fork
10309035 Indian Creek SE of Dresslerville, NV . 1998
Tributary
. . E. Fork
10309050 | Pine Nut Creek SE of Gardnerville, NV . 1997
Tributary
. E. Fork
10309070 Buckeye Creek E of Minden, NV . 1997
Tributary
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10310300 2001

Fredricksburg, CA Tributary

Fredricksburg Canyon Creek near ‘ W. Fork ‘

In addition to the abovperoblem gageshe West Fork gage/rating curve at Dressler Lane
(C79) periodically does not work correctlgs it sometimes givefalse flow readings

This issueshould be fixed anthe gaganonitored year round rather than only during the
irrigation season. A similayear round recordingsue exists with the Brockliss Slough
gages (C80 at Ruhenstroth Dam and C81 at
flow year round yet are only monitored during the irrigation season. Increasing the
monitoling at trese gages beyortle irrigation seasowould aid in understanding overall
system dynamicsThe Ambrosetti Pond gage, while it seemingly functions coxrelels

an issue with completeness. Over half of the years that records exist for the gage are
incomplete. This issue should be resolved.

There is also an issue with regard to the recording of diversion data during March and
October. Most of the upstreadiversions now record flows in March and October,
though sporadically, while nearly all of the more downstream diversions are only
monitored from April through September. For completeness and a more accurate big
picture of the systemit would be helpfuif all of the diversion gages were consistently
monitored from March through October, with values of 0.0 recorded when there is no
flow, as opposed to the record being left blank.

There are a few ditches that connect the East Fork to the West Fork. ofdnese
ditches are gged, some are not. First of all, all the ditches shbalgaged. Secondly, if
gages were set at the East Fork at the beginning sé tlitehes and at the end of the

ditches near where the ditelsenter the West Fork, muchbetter understanding of the

East Forki West Fork connection prior to the confluence could be gaidedrder of
priority, these ditches includéhe Rocky Slough, the Homestream Sloutife Edna

Ditch, theHenningson Ditch, anthe St. Louis Straight Ditc

Along the same vein as above, there are a few ditches that are significantlythamger
most of the other ditches, yet these ditches only have one gage location, typically at the

beginningof the ditch It would be helpful to have another additionayg (or more)
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along sone of the longer ditches. In order of priority, thegehes include the Allerman
Canal,the Fredricksburg Ditcithe Heyburn Ditch, the Virginia Ditch, and the William
Slough.
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Appendix A: West Fork Historical Data



Monthly mean streamflow, in ft¥s for 10310000 (W. Fork Headwaters) Total

YEAR Acre-

Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec Feet
1900 39 | 483 | 525
1901 | 50.7 | 111 | 170 | 234 | 473 | 287 | 136 | 76.5 | 42.8 | 495 | 56 | 80.6 | 106,766
1902 | 107 | 238 | 141 | 175 | 286 | 319 | 118 | 38.6 | 32 | 33,5 | 459 | 57.7 | 95,321
1903 | 479 | 63.1 | 63 170 | 390 | 353 | 109 | 42.6 | 30.2 | 31.1 | 62.4 | 66 86,228
1904 | 53.7 | 114 | 170 | 305 | 647 | 371 | 160 | 745 | 67.1 | 78.7 | 64.7 | 64.4 | 131,156
1905 | 90.2 | 101 | 125 | 198 | 272 | 189 | 77.2 | 29 | 235 | 31.3 | 34.2 | 56.6 | 73,963
1906 | 71.8 | 65,5 | 65.7 | 235 | 924 | 689 | 324 | 155 | 50.4 | 52.6 | 76.9 | 57.4 | 167,682
1907 | 78.8 | 139 | 211 | 502 | 841 | 664 | 525 | 223 | 107
1938 38 | 302 | 22
1939 20 22 | 496 | 211 | 130 | 62.2 | 28.2 | 16.8 | 18 | 246 | 20.1 | 21.2 | 37,602
1940 | 38.4 | 37.6 | 945 | 279 | 445 | 179 63 | 35.1 | 19.3 | 224 | 23.8 | 23.3 | 76,282
1941 25 29 | 50.5 | 124 | 556 | 247 | 93.5 | 59.4 | 24.9 | 29.7 | 34.4 | 75.5 | 81,916
1942 | 66.4 | 63.9 | 69.9 | 222 | 480 | 458 | 158 | 58.9 | 34.6 | 25.1 | 44.9 | 55.5 | 104,931
1943 | 605 | 61.1 | 91.3 | 381 | 383 | 222 | 89.1 | 47.2 | 32.7 | 23.6 | 23.9 | 21.9 | 86,706
1944 | 223 | 22.3 | 295 | 76.4 | 317 | 137 | 53.2 | 25,5 | 18.7 | 16.8 | 32.9 | 28.1 | 47,284
1945 | 275 | 71.4 | 48 220 | 432 | 241 | 83.5 | 40.6 | 26.3 | 32.6 | 445 | 48 79,402
1946 | 61.2 | 43.3 | 71.8 | 305 | 376 | 161 | 60.8 | 33.1 | 23.2 | 23.8 | 26.9 | 26.6 | 73,286
1947 | 21.9 | 30.6 | 62.4 | 198 | 260 | 82.4 | 40.4 | 16.3 | 11.5 | 22.1 | 21.7 | 18.1 | 47,489
1948 | 27.9 | 21.7 | 244 | 123 | 314 | 238 | 63.9 | 32 | 15.7 | 15.2 | 17.7 | 16.2 | 55,025
1949 15 | 169 | 199 | 217 | 324 | 128 | 406 | 22.1 | 16 | 16.1 | 19 | 16.6 | 51,485
1950 | 26.4 | 314 | 455 | 250 | 439 | 282 | 79.8 | 44 | 27.1 | 28.1 | 321 | 347 | 116,205
1951 | 995 | 105 | 86.9 | 178 | 219 | 142 | 49.1 | 37.3 | 23.9 | 23.7 | 28.8 | 27.9 | 61,422
1952 | 27.1 | 32.3 | 36.6 | 277 | 778 | 494 | 233 | 86.5 | 57.8 | 33.4 | 30.3 | 29.6 | 128,189
1953 | 47.2 | 393 | 47.1 | 251 | 277 | 310 | 138 | 559 | 348 | 28 | 304 | 26.7 | 77,561
1954 | 232 | 26 | 657 | 258 | 258 | 80.2 | 40.8 | 22.6 | 15.1 | 15.6 | 19.1 | 20.1 | 51,028
1955 | 21.3 | 23.2 | 29.8 | 90 300 | 199 51 | 25.7 | 183 | 16.6 | 19.8 | 205 | 60,683
1956 | 135 | 74.6 | 96.5 | 278 | 517 | 427 | 169 | 68.2 | 46.3 | 38.7 | 38.3 | 34.6 | 116,245
1957 | 284 | 47 | 655 | 184 | 327 | 251 67 33 | 20.1 | 20.8 | 23.9 | 24.3 | 65,916
1958 | 209 | 28.7 | 34 129 | 741 | 386 | 128 | 50.8 | 35.2 | 23.9 | 27.5 | 23.6 | 98,824
1959 | 36.9 | 31.3 | 61.7 | 188 | 145 | 844 | 353 | 149 | 16.2 | 174 | 17 | 16.1 | 40,048
1960 | 16.5 | 24.7 | 62.2 | 187 | 143 | 916 | 349 | 156 | 7.03 | 11.1 | 152 | 14 37,553
1961 | 13.7 | 23.6 | 29.9 | 123 | 138 76 31 20 | 149 | 16.2 | 13.5 | 13.7 | 30,983
1962 | 15.1 | 18.8 | 20 272 | 324 | 225 | 643 | 359 | 27.1 | 42.6 | 27.2 | 30.3 | 66,573
1963 | 79.1 | 259 57 100 | 363 | 356 | 115 | 64.3 | 36.9 | 30.7 | 65.5 | 36 93,427
1964 | 33.9 | 304 | 405 | 158 | 223 | 129 | 38.9 | 22.2 | 124 | 13.1 | 20.1 | 232 | 57,815
1965 | 109 | 84.2 | 103 | 289 | 467 | 364 | 148 | 929 | 56.5 | 304 | 42 | 37.8 | 110,151
1966 | 36.1 | 32.6 | 75.7 | 253 | 242 | 76.9 | 42.7 | 25.7 | 12.2 | 14.2 | 29.5 | 44.6 | 53,499
1967 | 33.2 | 425 | 74.1 | 53.9 | 431 | 531 | 271 | 63.5 | 51.4 | 47.3 | 39.2 | 28.5 | 100,884
1968 | 32.4 | 84.9 | 822 | 216 | 242 | 123 | 453 | 395 | 14.3 | 21.8 | 41.9 | 31.5 | 58,650
1969 | 37.3 | 404 | 445 | 256 | 791 | 494 | 178 | 745 | 426 | 37 | 33.2 | 53.2 | 126,122
1970 | 140 | 945 | 110 | 186 | 365 | 262 | 102 | 55.6 | 28.5 | 23.5 | 33.4 | 36.2 | 86,767
1971 | 62.1 | 65.3 | 745 | 213 | 346 | 332 | 137 | 488 | 35 | 295 | 345 | 30.8 | 84,999
1972 | 31.2 | 33.9 | 153 | 157 | 250 | 156 53 | 315 | 25.4 | 31.2 | 29.8 | 53.5 | 60,895
1973 | 495 | 394 | 445 | 186 | 462 | 216 | 64.8 | 44 | 31.3 | 25.6 | 111 | 63.5 | 80,933
1974 | 121 | 57.3 | 88,5 | 207 | 478 | 274 | 117 | 65.7 | 40.2 | 22.3 | 25,5 | 23.6 | 92,043
1975 | 27.1 | 27.1 | 37.4 | 46.6 | 476 | 439 | 137 | 51.4 | 32 | 422 | 43.3 | 30.2 | 84,152
1976 | 26.3 | 26.3 | 43.9 | 87.6 | 122 | 48.7 | 22.7 | 204 | 16.7 | 16.3 | 16.6 | 14 27,884
1977 | 141 | 16.3 | 18.2 | 654 | 56.4 | 60.3 | 18.1 | 11.1 7 104 | 15.6 | 20.9 | 18,904
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Monthly mean streamflow, in t*/s for 10310000 (W. Fork Headwaters) cont. Total
YEAR Acre-
Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | peet
1978 205 | 244 | 653 | 151 | 364 | 304 | 119 | 486 | 42.3 | 183 | 22.3 | 19.8 | 72,580
1979 449 | 31.2 | 645 | 165 | 390 | 177 | 59 389 | 21 18.1 | 21.6 | 17.1 | 63,510
1980 116 | 76.2 | 64.5 | 258 | 469 | 325 | 189 | 59 39.2 | 25.8 | 22.9 | 23.8 | 100,854
1981 231 | 414 | 469 | 197 | 191 | 788 | 34.7 | 238 | 12.7 | 188 | 97.1 | 156 | 55,638
1982 62.8 | 176 | 115 | 329 | 595 | 421 | 194 | 56.5 | 499 | 79.1 | 88 64.1 | 134,336
1983 543 | 55.8 | 80.9 | 113 | 619 | 996 | 433 | 213 | 120 | 53.6 | 179 | 153 | 185,682
1984 101 | 69.8 | 116 | 258 | 543 | 281 | 104 | 50.5 | 38.7 | 34.3 | 45.3 | 46.1 | 102,123
1985 413 | 406 | 48.2 | 273 | 243 | 113 | 448 | 36.4 | 33.1 | 23.3 | 24.1 | 32.3 | 57,484
1986 54.1 | 156 | 283 | 390 | 482 | 350 | 121 | 58.6 | 43.3 | 30.8 | 27.1 | 26.9 | 121,843
1987 279 | 335 | 448 | 146 | 142 | 55 344 | 243 | 159 | 16.1 | 19.7 | 25.6 | 35,314
1988 30.7 | 33.7 | 50.8 | 90.5 | 954 | 64.8 | 29.3 | 17.6 | 9.16 | 8.27 | 139 | 175 | 27,831
1989 18.6 | 19.9 | 158 | 326 | 229 | 148 | 453 | 35.6 | 30.7 | 23.2 | 22 19.5 | 64,986
1990 20.6 | 199 | 625 | 171 | 114 | 705 | 27.2 | 24.2 | 229 | 12.8 | 13.1 | 12.8 | 34,472
1991 155 | 17.1 | 29.4 | 107 | 238 | 136 | 35,5 | 20.4 | 153 | 15.2 | 21.2 | 19.1 | 40,523
1992 18.8 | 23.7 | 49 142 | 933 | 374 | 248 | 153 | 11.6 | 10 16.8 | 18.4 | 27,799
1993 219 | 256 | 90.7 | 268 | 575 | 313 | 129 | 47.6 | 34.7 | 25.1 | 21.3 | 22.9 | 95,416
1994 242 | 209 | 40.7 | 105 | 113 | 48.6 | 22.3 | 13.3 | 12 16.5 | 23.9 | 22.9 | 27,987
1995 37.4 | 604 | 160 | 241 | 743 | 738 | 426 | 132 | 53.7 | 33.4 | 30.6 | 50.2 | 163,901
1996 49 133 | 121 | 315 | 549 | 260 | 92.3 | 40.9 | 31.3 | 26.4 | 52.6 | 78.6 | 105,451
1997 621 | 109 | 188 | 335 | 399 | 219 | 79.2 | 39.1 | 30.5 | 27.2 | 26.9 | 26.5 | 127,289
1998 40.3 | 46 133 | 214 | 427 | 591 | 244 | 63.1 | 46.9 | 33.6 | 36.9 | 37.8 | 115,628
1999 35.7 | 44.1 | 60 160 | 574 | 353 | 105 | 50.2 | 34.6 | 26.2 | 29.7 | 26.2 | 90,745
2000 29.5 | 37 65.4 | 260 | 313 | 134 | 39.2 | 30.3 | 235 | 21.4 | 20.5 | 20.2 | 60,031
2001 209 | 223 | 53.7 | 121 | 207 | 43 215 | 165 | 12.7 | 124 | 19.4 | 22.6 | 34,711
2002 29.2 | 309 | 53.3 | 280 | 252 | 128 | 34.3 | 195 | 15 16.7 | 37.4 | 21.9 | 55,362
2003 318|359 | 73.1 | 127 | 369 | 265 | 49.6 | 25.7 | 19.6 | 20.8 | 21.3 | 26.3 | 64,419
2004 234 | 233|109 | 221 | 210 | 96.5 | 30.3 | 18.7 | 15.2
Mean | 53 56 78 207 | 374 | 256 | 104 | 47 30 27 39 46 78,265
Monthly mean streamflow, in ft*/s for 10310300 (Fredricksburg Canyon) Total
YEAR Acre-
Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | geet
1989 118 | 145 | 2.76 | 422 | 449 | 3.32 | 244 | 217 | 2.06 | 1.75 | 1.89 | 2 1,797
1990 181 | 1.95 | 213 | 237 | 225 | 1.8 1.5 145 | 132 | 1.3 158 | 1.49 | 1,263
1991 125 | 128 | 147 | 1.73 | 279 | 2.3 149 | 1.32 | 1.15 | 1.43 | 1.37 | 1.32 | 1,142
1992 148 | 1.28 | 1.35 | 218 | 1.85 | 1.14 | 1.03 | 1.2 1.3 1.06 | 1.18 | 1.54 | 1,001
1993 1.8 1.5 2,26 | 268 | 8.6 733 | 416 | 3.16 | 2.86 | 2.78 | 259 | 2.3 2,544
1994 204 | 229 | 216 | 245 | 2.6 179 | 168 | 1.57 | 165 | 1.4 152 | 1.48 | 1,363
1995 168 | 1.86 | 3.25 | 3.32 | 756 | 12.7 | 11.3 | 7.09 | 5.02 | 4.79 | 4.29 | 4.21 | 4,063
1996 3.9 422 | 416 | 461 | 8.12 | 867 | 6.08 | 5.06 | 5.01 | 465 | 473 | 5.2 3,890
1997 69.7 | 477 | 6.05 | 9.65 | 14 6.55 | 7.42 | 3.99 | 2.65 | 5.97 | 5.34 | 3.82 | 8,526
1998 3.66 | 3.5 436 | 5.16 | 6.97 | 12.7 | 10.6 | 9.46 | 6.92 | 5.44 | 574 | 5.39 | 4,832
1999 5.02 | 5.21 | 5.13 | 5.9 8.28 | 853 | 5.95 | 7.47 | 6.7 5.2 3.89 | 3.8 4,290
2000 3.82 | 413 | 393 | 4.1 448 | 5.09 | 4.1 3,53 | 351|358 | 36 3.37 | 2,848
2001 2.88 | 3.03 | 395|371 |319| 189|194 | 1.88 | 2.29
Mean | 7.7 2.8 3.3 4.0 5.8 5.7 4.6 3.8 3.3 3.3 3.1 3.0 3,130
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Monthly mean streamflow, in ft*/s for 10310402 (Lower Brockliss Slough)

YEAR
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1994 8.86 23.8 8.35 1.82 0.67 1.11 1.95 0.54 0.45
1995 4.6 1.81 56.8 104 156 211 42.8 12.9 13.3 7.29 1.84 12.4
1996 5.57 14.6 3.07 18.8 133 27.5 104 10.6 7.41 7.96 11.4 13.3
1997 189 15.1 19.7 56 61 34.4 15 12.3 10.1 6.64 2.44 151
1998 2.19 4.72 34.7 7.64 55.9 88.7 18.3 104 10.6
Mean 50.3 9.06 28.6 20.3 85.9 74 17.7 9.37 8.5 5.96 4.06 6.92
Monthly mean streamflow, in ft¥s for 10310403 (Upper Brockliss Slough)
VEAR Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1994 5.74 241 0.24 0.47 5.89 24.1 40
1995 96.7 80.3 216 186 404 448 285 52.9 30.5 44.6 56.2 113
1996 130 227 223 337 438 204 66.5 19.9 15.3 40.6 107 197
1997 473 187 204 261 309 174 42.6 21.7 225 48.3 62 62.6
1998 82.3 122 175 164 336 435 129 20.2 46.6
Mean 196 154 205 237 372 253 105 23 23.1 34.8 62.3 103
Monthly mean streamflow, in ft*/s for C76A (Snowshoe Thompson Ditch #1) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 8.5 15.1 17.6 9.6 7.5 3.1 3,708
1985 11.6 16.7 10.9 7.7 5.3 5.9 3,514
1986 12.3 20.1 16.9 11.6 7.8 55 4,489
1987 16.9 17.1 8.2 5.5 4.1 3.6 3,351
1988 17.2 15.1 10.0 7.7 4.2 2.7 0.2 3,466
1989 21.0 20.3 13.7 7.6 6.3 4.7 4,449
1990 20.5 19.8 10.9 8.8 6.9 5.6 4,382
1991 7.6 22.9 14.0 8.9 5.6 5.6 3,916
1992 20.5 17.7 8.3 5.1 4.9 4.7 3,698
1993 8.5 18.1 17.1 17.4 7.7 2.7 0.0 4,340
1994 16.3 22.4 9.4 7.0 4.9 6.8 4,049
1995 0.0 2.0 16.8 15.6 12.2 9.7 3,411
1996 8.1 9.1 12.8 12.9 11.5 10.0 0.6 3,934
1998 5.8 15.9 17.6 16.6 6.6 6.9 4,213
1999 5.2 11.5 19.0 15.3 10.1 5.7 4,044
2000 141 20.0 19.0 9.9 5.5 5.2 2.3 4,606
2001 6.8 8.4 18.1 8.8 6.6 5.1 4.6 17 3,638
2002 0.2 19.8 16.0 14.8 6.3 5.1 5.5 6.3 4,476
2003 8.3 17.7 11.3 5.7 5.0 6.2 2.0 3,404
2004 0.8 10.8 18.5 10.7 5.9 4.8 45 0.1 3,399
Mean 6.2 12.0 16.4 13.3 9.4 6.5 5.3 1.9 3,924

19

Z



Monthly mean streamflow, in ft*/s for C76B (Snowshoe Thompson Ditch #2) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1997 15 14.8 18.4 135 10.9 3.7 8.8 4,326
1998 9.6 9.8 11.3 20.8 5.5 1.9 3,579
1999 5.3 11.7 9.8 6.0 0.0 0.0 1,991
2000 13.9 11.8 9.2 0.0 0.0 0.0 2,101
2001 6.5 15.6 1.3 0.0 0.0 0.0 1,424
2002 6.5 10.1 9.8 0.0 0.0 0.0 1,587
2003 1.2 14.2 10.7 1.9 0.0 0.0 1,701
2004 7.1 9.5 7.6 0.6 0.0 0.0 1,493
Mean 15 8.1 12.6 9.2 5.0 1.2 1.3 2,275
Monthly mean streamflow, in ft*/s for C78 (Fredricksburg Ditch) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 23.6 42.8 37.3 25.9 15.2 11.6 9,472
1985 26.0 38.8 26.2 12.0 9.2 9.8 7,378
1986 314 42.7 35.9 31.0 21.0 15.5 10,751
1987 24.3 30.5 14.0 9.3 8.9 9.2 5,824
1988 24.6 16.8 12.6 10.8 11.3 10.3 0.7 5,257
1989 29.9 28.8 25.7 18.1 16.1 15.1 0.6 8,114
1990 34.8 335 15.9 14.3 145 12.0 7,563
1991 16.5 26.8 22.0 16.4 121 9.4 6,254
1992 31.1 24.6 16.2 13.2 11.3 4.7 6,109
1993 18.5 34.3 333 20.0 17.1 13.8 0.3 8,309
1994 0.0 18.1 13.2 14.3 104 4.0 3,648
1995 21.2 28.0 27.4 28.8 29.6 17.5 9,240
1996 24.9 40.5 37.3 23.6 14.8 17.1 7.2 10,010
1997 9.7 36.3 25.2 29.1 22.1 7.9 8.9 8,410
1998 11.2 18.7 28.2 30.3 18.9 19.8 2.9 7,875
1999 17.1 24.9 27.4 23.7 17.2 11.2 7,368
2000 15 30.6 29.4 24.7 15.4 12.0 9.5 2.9 7,614
2001 25 21.8 28.5 14.0 9.4 8.6 7.8 1.3 5,688
2002 4.2 29.1 27.8 24.4 11.2 7.9 7.1 1.3 6,826
2003 11.2 23.2 36.3 36.0 20.3 12.8 12.2 2.0 9,326
2004 12.0 27.7 29.9 23.4 17.2 11.0 6.7 1.3 7,834
Mean 6.8 24.0 29.8 25.0 18.4 13.7 11.1 2.0 7,565
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Monthly mean streamflow, in ft*/s for C79 (W. Fork at Dressler Lane Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 106.9 437.8 157.1 39.1 14.0 2.8 46,057
1985 135.5 82.4 23.4 4.7 2.8 1.0 15,047
1986 317.3 392.0 207.7 20.6 12.0 7.6 57,806
1987 13.5 13.0 10.0 4.2 3.2 25 2,807
1988 2.0 11.9 6.8 31 1.0 0.8 0.3 1,580
1989 203.9 140.7 53.4 10.8 5.9 6.8 1.1 25,460
1990 35.0 11.6 14.7 15.2 4.2 24 5,008
1991 21.7 88.6 41.2 9.0 4.6 3.6 10,241
1992 30.8 11.3 10.5 6.7 5.0 3.6 4,076
1993 0.0 0.0 5.0 40.3 7.1 7.6 1.9 3,783
1994 1.9 7.7 16.9 10.6 5.1 2.6 2.8 3.8 3,124
1995 219.0 831.4 1001.6 417.3 48.6 26.7 153,992
1996 200.5 600.6 128.7 33.0 6.2 5.2 11 59,304
1997 188.4 228.3 65.2 5.2 24 15 29,686
1998 46.9 250.3 460.0 60.7 25 2.7 1.8 49,704
1999 41.0 423.3 133.4 5.8 0.8 0.6 0.2 36,871
2000 3.8 39.5 74.8 6.4 11 0.9 0.3 0.0 7,714
2001 14 6.1 14.2 11 0.5 0.1 0.1 0.0 1,430
2004 56.9 25.2 11.7 8.6 6.3 4.8 6,915
Mean 24 89.8 194.0 124.3 36.5 7.0 45 15 27,400
Monthly mean streamflow, in ft¥s for C80 (Brockliss Slough at Ruhenstroth Dam) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 78.4 271.6 111.8 34.8 15.0 3.7 31,296
1985 93.7 51.7 23.8 8.4 7.7 6.5 11,544
1986 217.3 253.7 138.4 28.1 14.2 10.2 39,981
1988 0.6 5.9 3.2 2.6 2.9 2.3 0.2 1,078
1989 121.5 89.6 43.4 7.3 2.9 4.7 0.3 16,244
1990 29.9 9.1 13.8 9.4 3.3 3.0 4,121
1991 18.8 58.1 29.2 5.7 2.9 4.0 7,191
1992 11.4 4.4 4.1 4.0 5.0 4.4 2,006
1993 170.7 408.4 192.8 145 0.0 0.0 47,630
1994 1.8 21.4 215 18.5 5.5 35 31 3.9 4,778
1995 144.0 449.4 481.1 237.0 45.0 13.3 82,962
1996 158.8 3215 125.4 38.4 7.8 4.9 15 39,905
1997 196.8 182.5 102.7 29.8 20.7 15.6 33,065
1998 168.7 314.0 378.1 116.9 8.5 11.2 6.3 60,625
1999 140.5 269.2 172.3 41.0 49 4.8 4.0 38,512
2000 29.3 115.6 129.9 55.0 12.3 9.3 6.0 0.8 21,672
2001 16.1 425 55.9 12.8 4.2 2.3 34 4.2 8,585
2002 26.2 1134 102.1 46.7 134 9.6 9.3 3.3 19,593
2003 17.7 65.0 163.8 124.2 12.0 10.2 9.2 1.2 24,405
2004 42.6 51.9 67.3 21.2 8.0 3.9 7.7 7.0 12,729
Mean 223 98.1 161.5 104.9 317 9.0 6.4 3.0 25,396
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Monthly mean streamflow, in ft*/s for C81 (Brockliss Slough at Scossa Box) Total
YEAR Acre-

Mar Apr May Jun Jul Aug Sep Oct Feet
1984 59.1 227.2 82.0 16.1 4.3 1.2 23,688
1985 83.4 46.0 10.1 3.8 1.8 1.8 8,847
1986 179.8 205.3 127.2 13.3 6.9 8.6 32,651
1987 6.6 9.0 6.4 2.7 15 1.2 1,659
1988 0.1 0.4 2.4 2.6 0.7 0.2 0.2 399
1989 120.0 83.1 24.9 5.7 34 4.4 1.3 14,633
1990 23.7 6.6 10.2 10.8 3.2 1.2 3,356
1991 0.0 35.8 13.9 4.4 2.0 1.7 3,530
1992 155 5.1 3.9 25 21 1.0 1,809
1993 147.2 342.7 160.5 27.8 35 1.7 41,406
1994 0.0 4.7 15.4 9.8 3.1 1.2 1.2 3.3 2,358
1995 134.9 383.8 415.6 229.8 28.5 11.9 72,948
1996 181.0 311.4 128.4 40.3 9.4 6.4 1.6 41,093
1997 190.9 226.4 100.0 16.8 7.6 7.9 33,198
1998 78.3 242.8 320.7 100.7 9.9 13.4 11.5 46,979
1999 91.3 296.3 198.3 28.5 8.1 3.6 4.1 38,163
2000 16.8 102.7 133.0 30.1 35 2.6 2.9 0.2 17,670
2001 4.4 16.4 46.0 4.6 3.0 1.3 1.6 0.8 4,758
2002 5.9 77.6 66.7 29.9 7.1 4.6 3.9 2.3 11,954
2003 9.0 50.4 148.0 105.9 8.2 9.7 5.2 24 20,514
2004 9.0 50.4 148.0 105.9 8.2 9.7 5.2 24 20,514
Mean 7.5 76.9 141.9 90.0 25.7 5.8 4.1 2.7 21,054
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Appendix B: East Fork Historical Data



Monthly mean streamflow, in ft%s for 10308200 (E. Fork Headwaters) Total
YEAR Acre-

Jan Feb | Mar | Apr May Jun Jul Aug | Sep | Oct | Nov | DecC | peet
1961 56.3 83.9 | 103 | 358 556 390 103 53.5 | 39.7 | 39.8 | 42.9 | 49.8 | 113,200
1962 51.6 130 | 137 | 907 943 1,081 | 305 117 | 785 | 945 | 68.9 | 69.6 | 239,906
1963 262 710 | 211 | 363 1,237 | 1,267 | 450 150 | 121 | 83.9 | 200 | 130 | 310,717
1964 92.8 97.7 | 128 | 375 788 580 164 87.7 | 475 | 39 61.3 | 718 | 192,781
1965 335 252 | 250 | 689 1,185 | 1,285 | 637 310 | 185 | 125 | 130 | 132 | 333,069
1966 119 103 | 266 | 676 896 318 125 82.2 | 485 | 46.4 | 84 194 | 179,042
1967 155 187 | 445 | 317 1,670 | 2,175 | 1,175 | 292 | 153 | 102 | 84.4 | 76.4 | 413,551
1968 128 231 | 245 | 448 812 531 154 116 | 61.3 | 69.9 | 126 | 91 181,589
1969 345 177 | 288 | 1,050 | 2,447 | 1,825 | 662 239 | 146 | 135 | 103 | 158 | 458,526
1970 542 289 | 294 | 393 1,104 | 988 333 138 | 91.5 | 63.9 | 122 | 126 | 270,857
1971 198 209 | 239 | 450 926 1,359 | 517 162 | 103 | 84.3 | 101 | 130 | 270,128
1972 101 137 | 414 | 363 917 753 178 84.4 | 63.6 | 78.6 | 80.8 | 100 | 197,777
1973 142 124 | 165 | 570 1,649 | 955 217 133 | 94.7 | 72.2 | 333 | 201 | 281,673
1974 393 204 | 329 | 521 1,485 | 1,259 | 387 162 | 91.6 | 69 78.8 | 82.7 | 306,178
1975 91.6 105 | 191 | 252 1,340 | 1,655 | 528 155 | 120 | 138 | 134 | 87.8 | 290,074
1976 76.4 80.2 | 126 | 235 488 173 104 594 | 48.1 | 415 | 32.6 | 45 91,352
1977 44.2 48.7 | 58.7 | 183 197 243 58 33 21.1 | 24 36.8 | 78.9 | 61,862
1978 99.4 117 | 312 | 438 1,185 | 1,389 | 542 177 | 134 | 67.5 | 77.7 | 79.7 | 279,232
1979 172 156 | 273 | 509 1,439 | 803 211 118 | 71.5 | 71.5 | 80.8 | 80.9 | 241,242
1980 545 329 | 264 | 649 1,456 | 1,397 | 863 220 | 129 | 93.8 | 78,5 | 80.4 | 368,941
1981 68.9 135 | 150 | 486 665 345 86.9 65.9 | 425 | 58 264 | 435 | 169,244
1982 216 734 | 386 | 1,121 | 1,841 | 1,577 | 787 268 | 207 | 346 | 329 | 265 | 485,860
1983 230 290 | 483 | 470 2,135 | 2,996 | 1,428 | 477 | 239 | 168 | 476 | 463 | 595,951
1984 309 215 | 341 | 572 1,617 | 1,019 | 381 153 | 100 | 101 | 134 | 107 | 305,556
1985 93.8 112 | 164 | 758 871 459 142 92.3 | 89.8 | 89.8 | 83.4 | 128 | 186,151
1986 192 917 | 983 | 951 1,578 | 1,413 | 418 157 | 116 | 103 | 70.5 | 59.8 | 417,340
1987 57.9 111 | 137 | 477 537 197 89.3 478 | 18 36.2 | 52.1 | 65.5 | 110,129
1988 73.6 85.7 | 148 | 278 361 206 80.9 50.6 | 20.9 | 26.1 | 46.5 | 53.5 | 86,374
1989 455 88.6 | 457 | 857 885 743 170 89.9 | 75 73.1 | 65.9 | 67.1 | 218,430
1990 72 79.3 | 197 | 481 396 263 101 62.5 | 41.1 | 34 38.8 | 41.4 | 109,010
1991 48.5 439 | 110 | 267 630 573 128 679 | 55,5 | 57.7 | 81.8 | 66.7 | 128,771
1992 58.1 100 | 143 | 460 392 135 76.3 50.7 | 34.8 | 35.3 | 435 | 41.9 | 94,643
1993 101 101 | 463 | 662 1,702 | 1,237 | 532 158 | 93.2 | 71.4 | 62.9 | 63.3 | 317,941
1994 62.1 64.5 | 142 | 383 581 302 88.9 458 | 32.2 | 43.9 | 78.7 | 73.3 | 114,706
1995 188 229 | 718 | 726 1,684 | 2,601 | 1,721 | 459 | 180 | 108 | 86.8 | 146 | 535,485
1996 143 505 | 461 | 860 1,950 | 1,344 | 429 133 | 94.7 | 73.6 | 151 | 301 | 388,448
1997 1,722 | 367 | 514 | 826 1,431 | 946 293 146 | 97.2 | 73.7 | 74.8 | 86.4 | 398,376
1998 119 131 | 387 | 507 904 1,692 | 1,033 | 258 | 143 | 106 | 114 | 115 | 333,089
1999 137 238 | 261 | 528 1,628 | 1,535 | 482 158 | 93.3 | 73.9 | 789 | 719 | 319,117
2000 113 181 | 222 | 650 1,203 | 634 170 92.1 | 62 595 | 53.2 | 56 211,099
2001 51.9 61 195 | 418 943 228 93 544 | 32 31.7 | 57.7 | 75.7 | 135,998
2002 113 111 | 188 | 667 879 614 130 66.9 | 45.8 | 414 | 95 83.1 | 183,088
2003 157 151 | 227 | 359 1,073 | 1,112 | 199 944 | 59.8 | 415 | 46.2 | 74.7 | 217,000
2004 71.1 100 | 373 | 564 832 411 107 70.3 | 39.6
Mean | 191 203 | 286 | 547 1124 | 977 384 141 | 88 79 108 | 131 | 259,151
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Monthly mean streamflow, in ft*/s for 10308800 (Bryant Creek) Total
YEAR Acre-

Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec Feet
1962 2.23 594 | 7.04 | 25.1 115 504 | 2.7 2.27 2.18 286 | 2.64 264 | 4,331
1963 12.1 13 6 11 21 17 5.63 3.13 3.27 3.17 4.34 3.54 6,196
1964 3.22 3.06 4.32 6.76 5.57 3.24 2.19 2.08 2.6 2.5 2.88 4.6 2,596
1965 6.04 5.56 5.94 21.3 18.5 6.16 3.18 3.24 3.01 2.93 3.88 3.96 5,045
1966 3.93 3.44 8.66 11.6 6.62 3.94 2.49 2.32 2.59 2.7 3.06 5.51 3,434
1967 5.79 6 23.5 12 52.1 245 | 6.83 | 498 | 493 | 438 | 4.14 | 3.6 9,266
1968 3.64 7.23 7.85 8.97 6.77 3.97 2.87 2.71 2.94 2.91 3.23 3.1 3,374
1969 15.4 541 20.8 71.8 71.5 26 9.16 5.59 5.05
1978 4.36 5.99 13 14 13.1 5.39 3.04 2.85 3.04 2.93 3.1 2.52 4,422
1979 4.55 4.66 7.9 9.68 9.49 4.33 2.94 2.68 2.39 2.75 3.09 341 3,492
1980 13.3 11.8 | 983 | 27.2 | 31.2 8.74 | 453 | 3.46 3.51
1995 6.42 7.04 52 29.2 71.1 33.9 7.56 4.33 3.68 4.02 4.09 4.58 13,832
1996 5.04 21.2 29.3 37.6 23.2 6.69 6.25 4.18 3.93 3.75 4.44 10.7 9,379
1997 59.1 14.8 26.7 21.3 10 5.06 4.8 3.69 3.62 4.01 4.49 4.19 9,790
1998 4.55 5.09 26 19.5 33.9 14.3 5.71 3.97 4.42 4.43 4.62 4.37 7,931
1999 4.73 7.62 9.65 | 23.1 29.2 7.72 395 | 3.72 3.97 396 | 3.79 | 3.6 6,335
2000 4.23 5.32 6.79 | 6.71 | 4.12 3 2.53 2.36 2.56 286 | 351 | 351 2,858
2001 3.6 3.36 4.96 5.75 3.46 2.09 1.85 1.82 1.93 2.6 2.81 2.83 2,234
2002 3.52 3.51 4.87 6.7 4.09 2.81 1.9 1.81 2.04 2.37 3.37 3.37 2,431
2003 5.33 4.17 5.48 7 5.63 2.86 1.86 1.79 1.41 1.9 2.16 2.74 2,551
2004 2.89 291 11 7.27 | 3.15 3.38 | 214 1.73 1.81
Mean 7.9 7.1 13.9 15.4 18.3 8.4 3.8 3.0 3.0 3.2 35 4.0 5,528

Monthly mean streamflow, in ft¥s for 10309035 (Indian Creek) Total
YEAR Acre-

Jan Feb Mar Apr May Jun Jul Aug | Sep | Oct Nov | Dec | Feet
1994 9.85 2.09 0.4 0.12 | 0.09 | 0.22 | 0.54 | 0.65
1995 6.06 5.02 73 19.7 8.64 9.96 13.8 | 10.2 | 497 | 245 | 1.56 | 4.85 | 9,749
1996 10.3 38.1 27.1 10.3 12.4 15.7 858 | 459 | 3.2 2.85 | 1.85 | 6.25 | 8,395
1997 78.2 17.2 6.85 8.61 9.35 8.06 1.77 | 0.31 | 0.26 | 0.77 | 0.65 | 0.74 | 8,027
1998 0.57 12.9 325 114 18.3 26.1 21 247 | 1
Mean 23.78 | 18.31 | 34.86 | 12,50 | 11.71 | 12.38 | 9.11 | 3.54 | 1.90 | 1.57 | 1.15 | 3.12 | 8,724




Monthly mean streamflow, in ft°/s for 10309000

YEAR | (E. Fork between state line and Dresslerville, NV) X?;tril.
Jan | Feb | Mar | Apr May Jun Jul Aug | Sep | Oct | Nov Dec Feet

1890 390 | 400 | 780 | 946 2,541 | 2,417 | 1,794 | 597 | 414 | 386 | 384 379 692,057
1891 388 | 402 | 456 | 530 1,429 | 1,328 | 618 408 | 388 | 385 | 385 438 432,340
1892 390 | 392 | 422 | 478 1,226 | 1,158 | 506 413 | 414 | 416 | 414 1,100 | 443,429
1893 545 | 424 | 749 | 1,139 | 1,628 | 2,021 | 1,461 | 507 | 416 | 408 | 424 404 612,176
1901 34.1 | 664 | 464 | 582 1,823 | 1,492 | 741 259 | 139 | 137 | 196 280 410,075
1902 81.2 | 77.8 | 101 | 601 1,204 | 955 178 131 | 541 | 51.4 | 86.1 53.6 215,945
1903 324 | 31.1 | 135 | 890 1,792 | 1,714 | 356 143 | 72.8 | 93 229 57.5 335,054
1908 250 | 148 | 183 | 470 555 539 221 131 | 128 | 116 | 106 111 178,537
1909 508 | 200 | 199 | 754 1,377 | 2,016 | 665 169 | 125 | 127 | 282 313 406,633
1910 200 | 206 | 534 | 1,069 | 1,243 | 703 252 82.4 | 94.3 | 90 92.1 128 283,504
1925 73.5 | 202 | 277 | 738 1,434 | 949 393 126 | 86.6 | 80.9 | 75.2 76.1 272,524
1926 79.7 | 86.4 | 192 | 647 708 260 82.9 43 37 47.1 | 88.7 65 141,124
1927 75 305 | 321 | 684 1,377 | 1,571 | 549 146 | 84.3 | 87.7 | 128 93.9 326,676
1940 165 | 197 | 389 | 749 1,521 | 890 209 103 | 76.4 | 64.5 | 70 115 274,991
1941 97.3 | 139 | 217 | 330 1,435 | 1,069 | 380 124 | 80.4 | 86.8 | 128 325 267,241
1942 314 | 235 | 338 | 787 1,178 | 1,623 | 606 160 | 101 | 85 156 169 346,993
1943 333 | 230 | 410 | 1,011 | 1,416 | 1,015 | 422 142 | 93.2 | 72 73.3 81.9 320,135
1944 79.7 | 85.3 | 162 | 326 1,018 | 643 237 92.9 | 555 | 55.2 | 127 112 181,280
1945 114 | 362 | 216 | 678 1,468 | 1,229 | 492 138 | 103 | 120 | 170 221 320,087
1946 196 | 143 | 237 | 791 1,215 | 719 225 103 | 71.4 | 90.9 | 182 133 248,142
1947 88.4 | 155 | 235 | 470 992 408 133 60 442 | 77.7 | 77 64.3 169,546
1948 101 | 79.4 | 86 344 882 988 289 88.8 | 58.9 | 53.6 | 61.9 54.1 186,442
1949 53.1 | 75.1 | 112 | 730 1,137 | 703 152 742 | 47.6 | 57.5 | 68.2 58.1 197,413
1950 141 | 189 | 207 | 662 1,174 | 1,146 | 318 108 | 80.8 | 87.5 | 1,110 | 1,127 | 383,398
1951 284 | 284 | 253 | 565 914 750 227 105 | 81.9 | 70.5 | 85.9 124 225,600
1952 129 | 204 | 250 | 1,208 | 2,162 | 1,933 | 1,035 | 313 | 162 | 106 | 94.4 112 460,075
1953 201 | 154 | 185 | 588 727 1,189 | 617 163 | 100 | 81.5 | 87.8 81.7 251,901
1954 82.6 | 118 | 341 | 723 1,046 | 435 170 90.9 | 52.2 | 495 | 69.6 77.2 196,904
1955 74.9 | 935 | 125 | 241 817 778 185 924 | 51.7 | 48.9 | 61.8 914 211,374
1956 515 | 259 | 379 | 782 1,503 | 1,671 | 696 209 | 151 | 126 | 115 108 393,602
1957 108 | 237 | 239 | 413 908 1,091 | 271 104 | 654 | 75 83 86.5 221,645
1958 79.8 | 192 | 199 | 688 1,908 | 1,418 | 544 211 | 133 | 794 | 814 70.7 338,855
1959 129 | 143 | 220 | 494 545 410 126 65.9 | 70.2 | 55.5 | 49.9 457 141,874
1960 51 117 | 204 | 467 554 388 104 51.7 | 31.2 | 40.9 | 58.8 66.7 128,664
1961 57.4 | 90.7 | 111 | 370 566 407 111 57.1 | 45.7 | 46,5 | 46.1 51.2 118,236
1962 51.3 | 153 | 152 | 885 923 1,050 | 322 120 | 74.7 | 102 | 72.1 76.7 239,795
1963 255 | 800 | 224 | 380 1,333 | 1,300 | 488 167 | 145 | 99 207 147 332,163
1964 108 | 106 | 131 | 383 748 567 172 948 | 57.3 | 488 | 73.2 703 193,504
1965 378 | 284 | 260 | 702 1,224 | 1,318 | 648 325 | 192 | 133 | 147 152 347,989
1966 146 | 121 | 288 | 688 914 313 130 83.4 | 51.3 | 495 | 89.6 206 186,387
1967 170 | 198 | 487 | 308 1553 | 2,031 | 1,176 | 296 | 172 | 119 | 106 95.1 406,286
1968 134 | 234 | 260 | 458 815 545 144 108 | 63.9 | 65.4 | 127 94.9 183,730
1969 400 | 198 | 354 | 1,140 | 2,516 | 1,967 | 811 261 | 151 | 137 | 109 185 498,132
1970 594 | 299 | 303 | 410 1,212 | 1,075 | 351 141 | 98.1 | 70.9 | 127 136 291,019
1971 217 | 221 | 261 | 486 1,001 | 1,360 | 537 163 | 108 | 92.5 | 118 131 283,294
1972 104 | 140 | 425 | 364 910 738 174 87.3 | 69.3 | 894 | 87.2 159 202,485
1973 166 | 143 | 180 | 596 1,615 | 951 224 138 | 93.1 | 83.5 | 362 223 288,761
1974 405 | 211 | 353 | 556 1,510 | 1,291 | 407 172 | 103 | 78.7 | 89.3 90.4 318,523
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Monthly mean streamflow, in ft°/s for 10309000 Total
YEAR | (E. Fork between state line and Dresslerville, NV) Cont. Acre-

Jan Feb | Mar Apr May Jun Jul Aug | Sep | Oct | Nov | Dec | Feet
1975 92.2 115 | 219 276 1,431 | 1,728 | 556 164 124 142 146 108 308,470
1976 91.3 94.3 | 135 234 515 182 121 729 | 614 | 62.8 | 52.5 | 48.8 | 101,135
1977 49.2 59 67.8 185 205 259 62.9 295 | 19.4 | 319 | 445 | 85.2 | 66,180
1978 122 146 | 359 471 1,224 | 1,392 | 533 169 136 76.3 | 85.4 | 91.1 | 290,437
1979 199 166 | 290 516 1,369 | 820 216 126 | 80.8 | 78.7 | 88 85.5 | 244,134
1980 557 380 | 304 810 1,463 | 1,364 | 831 211 | 124 | 93.3 | 76.1 | 81.7 | 380,106
1981 78.4 139 | 148 495 687 370 98.3 705 | 448 | 61.1 | 282 | 437 | 175,808
1982 223 833 | 392 1,127 | 1,845 | 1,637 | 794 260 | 201 | 328 | 330 | 295 | 496,710
1983 270 340 | 555 519 2,273 | 3,056 | 1,479 | 529 | 280 | 183 | 505 | 509 | 634,835
1984 342 237 | 374 601 1,538 | 1,019 | 390 160 112 120 159 136 313,841
1985 117 130 176 747 833 437 142 98 96 96.7 | 97 149 188,259
1986 201 947 1,038 | 1,087 | 1,595 | 1,369 | 438 166 124 115 | 90.9 | 85.5 | 435,252
1987 80.3 106 120 452 545 190 87.3 52.8 | 33.6 | 46.6 | 63.4 | 93.8 | 112,936
1988 88.7 90.6 | 150 272 352 207 91.5 62 235 | 31.2 | 50 52.2 | 88,796
1989 48.1 101 | 439 805 819 718 179 97.3 | 79.2 | 78.7 | 76.9 | 77.5 | 212,428
1990 78.8 86.4 | 215 477 386 256 96.6 62.7 | 47.2 | 40.7 | 37.9 | 43.2 | 110,233
1991 52.4 45.8 | 117 270 635 574 144 76.6 | 57.1 | 60.7 | 96.2 | 84.6 | 133,848
1992 68.2 103 146 444 379 138 78 51.1 | 36 39.6 | 48.9 | 48.4 | 95,228
1993 110 118 | 551 725 1,693 | 1,259 | 514 157 102 78.7 | 71 74.4 | 330,322
1994 72.3 73.1 | 148 393 584 309 93.1 48.8 | 37.9 | 55.6 | 92.6 | 90.4 | 120,755
1995 239 256 | 749 760 1,704 | 2,411 | 1,731 | 495 193 119 | 96.5 | 158 539,568
1996 153 531 | 500 916 1,890 | 1,255 | 404 151 | 101 | 84.3 | 166 | 372 | 393,112
1997 1,789 | 413 | 543 902 1,442 | 924 294 163 | 102 | 78.1 | 86.9 | 93.3 | 413,531
1998 128 146 | 493 510 1,027 | 1,901 | 1,016 | 215 | 161 | 109 | 112 | 140 | 360,156
1999 158 281 | 279 535 1,613 | 1,421 | 437 166 | 106 | 77.1 | 86 77.2 | 316,040
2000 121 186 | 233 613 1,078 | 619 171 106 | 64.3 | 64.2 | 67.1 | 68.8 | 204,721
2001 63.1 72.9 | 198 419 1,000 | 223 92.8 54.6 | 405 | 45.2 | 63.5 | 82.4 | 142,892
2002 124 114 | 184 656 880 614 146 78.3 | 59.4 | 58.,5 | 107 | 90.7 | 187,819
2003 163 145 | 229 355 1,081 | 1,103 | 211 117 75.4 | 62 61.7 | 88.5 | 222,964
2004 101 146 | 477 615 829 448 125 79 46.5
Mean 201 219 | 298 607 1,192 | 1,043 | 421 158 108 101 143 181 282,170
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Monthly mean streamflow, in ft/s for 10309050 (Pine Nut Creek) Total
Year Acre-
Jan Feb | Mar | Apr May | Jun | Jul Aug | Sep | Oct Nov | Dec | Feet
1981 0.74 | 085 | 086 | 097 | 064 | 0.27 | 0.07 | 008 | 0.13 | 0.33 | 0.67 | 0.57 | 371
1982 043 | 161 | 095 |262 | 101 |071 |037 |011 | 023 |05 0.67 | 1.02 | 611
1983 121 | 131 |41 504 | 944 | 726 |7.78 | 116 | 1.18 | 203 |57 3.33 | 3,642
1984 205 | 163 | 212 | 206 | 265 | 107 (069 | 065 | 073 |[1.22 |228 | 171 | 1,138
1985 133 | 126 |21 277 | 138 | 0.8 0.42 | 0.3 042 | 056 | 0.82 | 0.95 | 789
1986 096 | 6.78 | 10.2 | 3.79 | 292 | 163 | 092 | 055 | 0.6 0.97 | 1.38 | 2.24 | 1,970
1987 188 | 179 |167 | 113 |11 078 | 035 | 024 | 029 | 057 |116 | 089 | 711
1988 129 | 194 (067 | 134 | 073 | 036 |02 0.16 | 0.23 | 0.24 | 1.07 | 0.72 | 533
1989 068 | 1.09 | 161 | 096 | 093 | 073 | 0.2 0.13 | 039 | 098 | 0.73 | 0.6 543
1990 0.5 093 | 1.11 | 0.9 055 | 026 | 013 |0.21 |015 | 0.15 | 0.25 | 0.36 | 330
1991 0.33 | 042 | 0.8 096 | 056 | 034 | 011 | 008 | 011 |0.13 | 0.33 | 0.44 | 277
1992 048 | 063 | 051 |055 |032 |014 (015 |0.09 | 009 |011 |0.16 | 029 | 211
1993 0.36 | 049 | 208 |1.71 | 174 | 092 |0.13 |0.08 | 0.07 |0.17 | 0.24 | 0.22 | 496
1994 039 | 046 | 072 | 047 | 041 | 014 | 005 |002 | 021 | 037 | 041 | 061 | 257
1995 104 | 109 (174 | 166 | 106 | 841 | 199 | 037 | 034 | 048 | 062 | 0.87 | 1,768
1996 0.79 | 269 | 472 | 3.2 243 | 103 [ 042 | 025 | 038 |04 0.87 | 1.07 | 1,095
Mean | 090 | 1.56 | 225 |1.88 | 234 | 155 |0.87 | 093 |035 |058 | 109 | 099 | 921
Monthly mean streamflow, in ft¥/s for 10309070 (Buckeye Creek) Total
Year Acre-
Jan Feb | Mar | Apr May | Jun | Jul Aug | Sep | Oct Nov | Dec | Feet
1981 0.04 | 0.04 | 0.06 | 0.1 0.06 | 001 |O 0 0.01 | 017 | 0.12 |01 43
1982 0.09 | 239 | 003 |245 | 014 | 018 004 |O 0.06 | 0.24 | 0.18 | 0.51 | 368
1983 146 | 323 (688 | 708 | 6.07 |423 | 011 | 051 |[059 | 047 | 096 | 1.64 | 1,999
1984 033 | 074 | 119 | 0.7 0.73 | 0.6 0.27 | 366 | 035 | 024 | 025 | 0.15 | 558
1985 0.06 | 0.09 | 124 |1.77 | 0.16 | 0.06 | 0.03 | 0.06 | 0.6 0.32 | 0.08 | 0.11 | 275
1986 0.14 | 133 | 986 | 169 | 206 | 062 |0.18 | 0.02 | 0.05 |0.09 |0.1 0.16 | 1,654
1987 0.24 | 038 | 066 | 0.12 | 0.5 0.07 | 0.06 | 0.02 |0.04 | 045 | 0.13 | 0.13 | 169
1988 0.46 | 04 0.06 | 0.07 | 0.08 | 0.05 | 1.54 | 0.02 | 0.03 | 0.07 | 0.07 | 0.04 | 175
1989 0.05 | 096 | 045 | 0.08 | 024 | 04 0.01 | 005 | 045 | 031 | 035 | 035 | 219
1990 0.14 | 0.09 | 0.09 [ 0.04 | 001 |O 0 0.22 | 0.02 | 0.01 | 0.02 | 001 | 39
1991 0.01 | 0.02 | 0.04 | 0.04 | 009 | 0.1 0.68 | 0.25 | 0.14 | 0.21 | 0.08 | 0.02 | 102
1992 0.01 | 0.03 | 0.02 | 0.07 | 004 |O 0.1 0 0 0 0 0 17
1993 0 322 | 15 075 | 001 |O 0 0 0 0 0 0 1,146
1994 0 0.07 | 001 | O 0 0 0.05 | O 0 0 0 0.25 | 23
1995 175 | 099 |10.1 | 231 | 109 |267 | 044 | 005 |O 0.04 | 0.07 | 0.31 | 1,806
1996 0.26 | 5.5 131 | 091 (069 | 056 | 037 (011 |0.14 | 022 |0.26 | 0.62 | 1,362
Mean | 031 | 197 |367 | 114 | 136 | 060 |024 | 031 |0.16 | 0.18 | 0.17 | 0.27 | 622
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Monthly mean streamflow, in ft%s for 10309100 (E. Fork at Minden, NV) Total
YEAR Acre-
Jan Feb | Mar Apr May Jun Jul Aug | Sep | Oct | Nov | Dec | geet
1974 330 993 896 81 401 | 29 172 | 121 | 32.2
1975 37.3 74.9 | 159 201 998 1,321 | 155 294 | 235 | 39.8 | 75.3 | 66.5 | 189,030
1976 54 28.3 | 60.3 12.2 102 4.78 2.8 156 | 1.3 1.17 | 0.82 | 1.17 | 16,420
1977 1.48 259 | 1.45 141 9.49 18.6 0.75 0.35 | 0.14 | 0.23 | 2.83 | 29 4,140
1978 67.9 78.4 | 285 317 833 988 186 2.67 | 535 | 2.66 | 22.6 | 22.6 | 169,745
1979 165 169 | 221 309 955 393 6.15 164 | 143 | 10.2 | 54.2 | 68.2 | 142,224
1980 655 352 | 257 596 1,079 | 944 484 136 | 3.4 3.7 3.14 | 129 | 265,617
1981 15.9 72 57.6 199 258 69.5 131 108 | 1.22 | 3 193 | 406 | 77,212
1982 221 725 | 313 1,037 | 1,506 | 1,154 | 472 36.5 | 61.8 | 215 | 244 | 236 | 373,272
1983 255 334 | 527 420 1,387 | 1,854 | 1,124 | 257 | 45.7 | 80.9 | 405 | 528 | 436,407
1984 335 217 | 297 397 1,220 | 636 80.9 3.15 | 3.07
1994 57.9 136 275 62.8 2.56 138 | 153 | 5.1 25.8 | 46.8
1995 170 116 | 1,011 | 921 2,033 | 2,554 | 1,502 | 149 | 16.9 | 25.9 | 45.8 | 154 | 527,157
1996 157 667 | 521 798 1,786 | 1,128 | 294 214 | 8 4.69 | 118 | 304 | 349,030
1997 1,221 | 378 | 413 668 1,090 | 903 80.3 5.14 | 3.24 | 22.7 | 47.2 | 41.7 | 294,185
1998 76.9 111 | 412 392 678 1,577 | 564 48.6 | 114
Mean | 245 238 | 306 421 950 906 315 34 11 30 89 139 | 237,037
Monthly mean streamflow, in ft¥s for 10310448 (Ambrosetti Pond Outlet) Total
YEAR Acre-
Jan | Feb | Mar | Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | Feet
1992 2 2 213 | 2.24
1993 2.02 | 1.76 | 1.61 | 0.58 | 0.53 182 | 162 | 165 | 145 | 108 | 6.78
1994 8.12 | 126 | 112 | 114 | 169 |7 053 [ 059 |0 365 | 74 9.13 | 5,317
1995 239 | 19 29.7 | 7.8 182 | 16.1 | 156 | 9.34 | 7.36 | 13 15.6 | 18.2 | 11,710
1996 311 | 335 | 29.7 | 893 | 423 | 257 | 981 | 219 | 074 | 12 36.2 | 34.2 | 16,037
1997 816 | 16.1 | 122 | 288 | 295 | 506 | 10.8 | 2.32 | 6.43
1998 29.3 | 30.1 | 10.6
1999 18.3 8.83 | 969 | 221 | 105 | 154 | 138
2000 7.03 | 8.65 | 24.9 27 8.27 | 167 | 033 | 1.63 | 16.8 | 15.2
2001 115 | 133 | 9.3 239 | 128 | 124 | 125 | 005 | O 0 474 | 7.95 | 5,815
2002 592 | 529 | 418 | 13.7 | 269 | 202 |6.73 | 015 | O 0 4.44 | 13.4 | 6,097
2003 16.2 | 128 | 8.87 | 206 | 20.1 | 22.2 | 865 | 957 | 1.54 | 0.6 6.78 | 9.13 | 8,249
2004 8.01 | 8.95 | 13 17 288 | 258 | 2.1 0.04 | O
Mean 16.1 | 16.1 | 155 | 144 | 229 | 173 |71 365 | 1.61 | 488 | 125 | 153 | 8,871

Z
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Monthly mean streamflow, in ft¥/s for C82 (Allerman Canal) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet

1984 67.7 111.0 91.0 96.1 51.7 24.8 26,829
1985 61.1 111.0 98.5 47.2 33.2 29.1 23,004
1986 45.4 103.9 78.1 92.9 54.3 32.3 24,705
1987 57.8 98.2 74.6 31.6 21.7 12.0 17,912
1988 86.9 97.5 68.6 31.0 21.4 6.5 0.0 18,852
1989 94.6 106.2 81.5 67.0 28.1 22.0 19 24,287
1990 110.7 114.0 99.8 50.7 20.3 14.2 3.6 24,978
1991 35.5 78.3 115.3 130.7 46.5 28.3 25.0 0.0 27,800
1992 26.7 96.1 106.7 46.7 21.8 14.0 14.3 4.9 20,051
1993 1.4 68.9 90.1 74.6 92.5 46.7 29.4 6.8 24,894
1994 4.2 84.0 86.4 79.0 329 32.0 23.7 6.1 21,047
1995 46.7 62.8 127.7 123.8 138.4 114.3 26.0 38,761
1996 70.8 105.5 109.4 118.4 70.4 63.9 30.3 34,481
1997 17.6 68.7 91.7 93.3 105.4 55.8 49.6 13.2 30,029
1998 40.3 76.4 94.4 104.1 81.6 62.7 21.0 29,160
1999 0.7 24.2 78.2 83.9 88.1 61.5 39.7 19.2 24,020
2000 7.6 62.7 92.9 90.9 57.6 36.6 30.1 9.7 23,493
2001 12.1 72.3 100.8 64.9 27.2 14.5 14.8 6.9 18,977
2002 7.7 81.0 98.7 90.8 54.2 34.2 23.4 3.9 23,824
2003 13.0 51.1 83.8 89.4 75.6 44.6 40.0 14.7 24,985
2004 16.0 72.1 80.3 94.4 47.2 30.6 21.8 7.2 22,360
Mean 12.9 68.6 95.8 88.7 67.2 43.8 33.0 10.3 24,974

~
-
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Monthly mean streamflow, in ft%/s for C83 (Virginia Ditch) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 51.1 57.7 48.2 45.5 7.6 0.2 12,737
1985 33.3 63.5 53.7 5.1 1.6 24 9,636
1986 35.9 82.4 66.3 57.8 10.5 8.4 15,843
1987 50.4 80.9 18.3 5.1 1.2 0.0 9,452
1988 35.5 50.6 30.0 14.9 9.5 0.0 8,510
1989 52.6 76.9 75.5 135 0.2 0.0 13,189
1990 39.8 48.0 245 1.6 2.0 2.6 0.7 7,201
1991 18.0 68.1 57.3 14.8 4.4 9.3 10,408
1992 0.6 51.8 43.7 7.3 6.8 6.9 1.6 7,185
1993 0.0 31.1 65.7 59.3 47.0 3.4 0.8 0.7 12,613
1994 0.6 44.2 47.8 32.3 0.6 1.0 0.0 7,621
1995 5.0 34.2 55.8 54.8 45.0 1.9 0.0 11,969
1996 294 51.2 55.3 46.5 5.2 5.0 3.3 11,872
1997 5.1 67.1 82.0 75.1 48.1 5.4 45 0.8 17,428
1998 13.3 40.3 494 75.5 25.9 3.7 0.8 12,709
1999 0.2 18.7 69.4 63.4 27.5 14.7 7.6 1.7 12,318
2000 5.9 62.7 76.9 82.0 17.6 7.6 1.6 0.6 15,386
2001 7.5 39.3 77.1 35.0 2.9 3.9 0.7 0.0 10,076
2002 3.3 68.1 87.5 90.2 11.7 4.2 0.2 0.0 15,990
2003 5.5 49.2 82.5 83.5 20.5 7.0 2.1 0.0 15,126
2004 3.1 38.5 67.0 70.1 5.3 1.7 0.3 0.0 11,220
Mean 3.2 39.8 64.5 53.9 24.9 8.0 25 0.7 11,833
Monthly mean streamflow, in ft¥s for C84 (Rocky Slough) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 52.9 128.3 104.6 60.9 28.0 18.4 23,821
1985 46.3 120.2 72.1 25.5 11.7 115 17,408
1986 55.3 139.3 96.3 80.7 36.6 25.8 26,334
1987 75.8 94.1 43.7 18.9 8.9 3.0 14,787
1988 69.2 78.3 47.3 18.3 11.2 8.2 0.7 14,097
1989 80.8 97.9 93.6 43.4 26.0 14.6 1.6 21,635
1990 62.7 70.3 48.6 9.8 3.2 0.2 0.0 11,749
1991 1.8 27.9 70.4 78.7 20.0 2.2 0.6 0.0 12,178
1992 1.1 71.9 76.6 26.7 13.2 5.2 3.7 1.6 12,098
1993 0.4 30.6 77.4 83.7 70.6 33.2 16.3 1.3 19,009
1994 17 69.1 854 73.3 11.2 0.0 0.0 0.0 14,516
1995 0.0 28.7 61.5 72.1 84.1 717 43.9 34 22,180
1996 0.0 43.4 72.5 70.8 76.9 37.6 255 15.5 20,760
1997 9.9 63.5 75.5 70.8 65.2 31.7 21.7 6.3 20,874
1998 17.5 69.1 73.6 84.4 50.6 41.3 2.3 20,572
1999 0.5 26.9 74.0 80.3 76.3 34.6 12.7 0.6 18,565
2000 45 62.7 69.4 68.6 29.6 1.6 0.1 0.0 14,282
2001 11.7 61.0 90.4 40.8 15.5 0.5 0.1 0.0 13,332
2002 3.1 60.5 87.0 74.8 20.7 0.3 0.3 0.2 14,908
2003 0.0 43.7 63.8 44.4 33.8 11.3 1.9 0.5 12,084
2004 5.1 68.9 73.2 53.1 4.3 5.1 0.2 0.2 12,681
Mean 31 53.3 84.5 67.5 41.1 19.6 11.9 2.0 17,042
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Monthly mean streamflow, in ft%/s for C85 (Edna Slough) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 22.3 40.1 34.8 26.2 5.7 14 7,916
1985 19.6 41.9 36.1 18.6 11.7 6.7 8,149
1986 15.9 37.3 37.0 30.1 6.7 3.8 7,933
1987 24.4 31.7 13.1 5.4 2.0 0.0 4,632
1988 17.2 27.3 12.3 9.1 5.0 0.0 4,294
1989 33.9 39.0 36.5 11.4 7.7 3.3 7,959
1990 0.8 21.0 20.3 12.6 2.7 1.2 0.8 3,585
1991 8.7 15.2 19.8 4.0 1.3 0.6 3,001
1992 0.2 18.2 19.5 3.8 14 0.9 0.2 2,669
1993 7.4 18.9 19.3 135 6.2 3.8 0.4 4,208
1994 11 16.5 17.7 16.8 34 0.1 0.0 3,358
1995 11.4 21.6 22.2 22.6 21.3 17.0 2.2 7,170
1996 21.3 26.7 32.3 40.0 7.3 3.8 14 8,049
1997 1.6 235 28.5 28.9 24.4 5.1 1.0 0.1 6,847
1998 8.8 20.8 22.5 30.1 18.7 5.4 0.1 6,476
1999 0.3 14.5 20.3 21.2 21.3 3.1 0.8 0.1 4,950
2000 7.4 21.7 21.0 25.9 9.6 2.6 1.2 0.2 5,415
2001 4.0 16.8 23.1 104 11 0.0 0.0 0.0 3,347
2002 0.0 22.7 26.0 27.1 4.0 0.0 0.0 0.0 4,804
2003 0.3 15.3 21.6 245 10.6 4.3 0.6 0.0 4,670
2004 0.0 19.8 22.3 215 1.8 2.6 0.0 0.0 4,105
Mean 16 18.1 25.8 22.8 13.9 5.4 2.4 0.4 5,407
Monthly mean streamflow, in ft*s for C87 (Cottonwood Slough) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 26.0 43.0 53.6 29.6 13.4 7.8 10,489
1985 21.7 36.2 35.1 18.2 0.0 0.0 6,723
1986 29.3 50.1 43.6 35.9 10.7 10.1 10,887
1987 29.3 36.8 15.3 8.2 6.3 4.8 6,097
1988 18.4 24.1 11.6 9.1 7.8 21 0.0 4,427
1989 25.9 24.6 35.0 15.9 10.1 8.9 0.5 7,291
1990 21.8 20.8 13.4 12.0 8.1 3.2 15 4,893
1991 5.2 17.8 27.2 27.4 20.0 7.0 35 0.0 6,544
1992 0.2 22.2 35.9 16.0 12.1 0.6 0.3 0.0 5,291
1993 0.1 5.9 18.9 20.0 14.7 7.1 13.6 25 5,011
1994 0.4 16.6 8.8 23.2 8.9 2.2 0.0 0.0 3,617
1995 4.8 16.8 18.7 19.8 15.9 5.4 4.3 5,206
1996 9.2 31.2 29.1 22.6 16.1 135 3.3 7,585
1997 0.1 12.5 19.0 23.9 14.2 11.6 2.2 11 5,128
1998 5.9 11.8 9.4 19.5 9.7 13.3 5.4 4,555
1999 0.0 9.8 30.3 20.7 21.3 20.3 16.2 2.3 7,336
2000 0.3 9.5 22.6 16.1 17.7 17.4 10.7 1.9 5,840
2001 1.9 12.3 26.3 249 26.5 22.1 14.2 8.6 8,303
2002 0.8 12.5 27.6 23.2 16.8 6.7 9.4 2.0 6,003
2003 0.5 28.0 13.0 11.5 35 1.2 0.0 3,525
2004 2.2 11.5 31.2 23.0 20.5 3.9 35 1.2 5,886
Mean 11 15.4 27.2 23.6 17.9 9.5 6.8 2.0 6,221
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Monthly mean streamflow, in ft%/s for C88 (Henningson Slough) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 8.6 26.3 19.4 17.9 12.2 3.7 5,349
1985 11.7 23.0 20.5 7.3 4.4 5.1 4,353
1986 12.1 21.3 17.0 17.7 11.6 10.6 5,471
1987 21.2 20.8 10.0 5.0 0.0 0.0 3,437
1988 145 16.5 14.0 3.7 2.2 0.4 3,099
1989 13.4 14.8 14.2 10.2 5.0 3.0 3,671
1990 23.7 21.8 18.2 135 9.7 5.9 0.2 5,614
1991 8.5 18.1 18.0 7.7 2.4 3.0 3,486
1992 0.1 13.7 17.2 8.3 3.8 1.7 1.2 2,786
1993 11.3 17.1 11.9 13.3 10.8 7.1 0.6 4,375
1994 0.6 14.7 14.4 8.8 3.3 0.9 0.0 2,583
1995 8.1 12.2 15.2 19.4 15.9 14.5 5,173
1996 9.3 25.2 23.2 21.3 16.6 11.8 4.6 6,801
1997 2.8 21.3 294 23.0 18.9 104 8.8 2.8 7,117
1998 5.7 18.5 12.8 23.1 14.3 13.1 0.7 5,357
1999 0.2 11.1 18.5 19.0 18.2 12.1 104 3.2 5,619
2000 0.6 22.0 234 20.2 154 5.9 2.3 0.3 5,447
2001 2.7 20.7 27.3 18.2 5.2 1.2 0.5 0.1 4,588
2002 2.9 27.6 21.1 23.9 10.2 4.0 2.3 1.6 5,640
2003 4.4 16.2 247 22.9 16.4 8.6 35 0.6 5,895
2004 6.2 24.2 28.1 22.4 11.6 5.4 3.2 14 6,208
Mean 23 15.2 20.9 17.2 125 7.4 5.3 15 4,860
Monthly mean streamflow, in ft¥s for C89 (Heyburn Ditch) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 28.1 48.9 44.9 39.7 7.1 2.2 10,360
1985 25.8 455 39.4 3.2 1.2 0.0 6,946
1986
1987 255 62.5 23.6 5.5 25 0.0 7,258
1988 18.8 29.9 16.9 4.2 5.1 0.0 4,536
1989 38.5 54.8 40.8 10.4 6.3 1.3 9,191
1990 37.8 475 34.3 4.7 3.4 2.6 7,863
1991 13.4 46.7 445 6.8 25 0.0 6,888
1992 0.7 30.6 29.1 7.8 24 15 1.9 4,465
1993 16.8 37.6 38.1 35.5 5.4 0.9 8,144
1994 1.2 33.1 40.0 24.4 0.7 0.9 0.1 6,059
1995 13.7 304 52.1 37.6 29.8 9.6 3.3 10,701
1996 22.0 35.3 34.3 29.9 0.1 0.4 7,388
1997 2.1 26.2 46.2 56.8 23.3 8.8 9.8 10,466
1998 2.7 17.2 22.9 40.8 14.0 1.9 0.2 6,077
1999 0.2 9.5 26.3 30.1 20.5 6.2 0.5 0.4 5,687
2000 2.2 23.7 34.3 30.3 5.4 2.2 11 5,985
2001 25 18.0 24.1 10.4 0.8 0.5 0.0 3,407
2002 17 26.0 29.6 311 3.8 1.0 0.2 0.1 5,637
2003 0.5 12.0 26.3 29.7 7.6 14 1.0 0.3 4,759
2004 5.6 18.0 21.8 22.9 2.6 0.7 0.1 0.0 4,326
Mean 1.8 22.0 36.7 31.8 143 5.0 17 0.7 6,807




Appendix C: Main Carson River Historical Data
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Monthly mean streamflow, in ft*/s for 10311000 (Carson River s. of Carson City) Total
VEAR Jan Feb Mar Apr May Jun Jul Aug | Sep | Oct | Nov Dec é:;?_
1939 86 10.7 6.77 | 14.3 | 65 65.2 92.9
1940 372 349 523 883 1,559 | 690 74.8 13.9 | 19.9 | 499 | 86.3 197 290,832
1941 219 243 311 323 1,653 | 993 209 35.7 | 31.5 | 100 | 181 472 288,896
1942 780 484 460 936 1,405 | 1,719 | 465 455 | 472 | 77.2 | 314 327 425,240
1943 865 449 769 1,316 | 1,528 | 1,046 | 265 425 | 37.7 | 78.3 | 131 168 404,005
1944 197 207 293 283 950 486 92.9 19.6 | 14.8 | 39.8 | 201 206 180,672
1945 200 602 352 688 1,661 | 1,176 | 329 36.5 | 30.2 | 136 | 299 425 356,983
1946 375 266 357 928 1,288 | 536 95.7 20.9 | 31.4 | 84.5 | 330 256 275,707
1947 187 256 303 372 886 257 25.2 12.2 | 129 | 51.2 | 106 99.4 154,890
1948 159 113 78.6 217 886 913 157 159 | 149 | 35.2 | 71.4 86.7 165,867
1949 80.6 165 203 662 1,273 | 461 33.9 15.1 | 12.1 | 32,5 | 83.7 86.4 187,725
1950 262 279 253 733 1,238 | 1,186 | 167 229 | 228 | 82.1 | 1,693 | 1,991 | 478,722
1951 582 469 395 493 806 553 72.7 24.1 | 29.2 | 75.9 | 152 293 237,341
1952 297 475 497 1,397 | 2,623 | 2,327 | 1,008 | 275 | 108 | 124 | 165 247 576,030
1953 396 275 289 673 788 1,240 | 453 47 54.8 | 85.1 | 150 156 277,434
1954 174 226 485 742 944 235 36.4 19.2 | 16.8 | 29.7 | 91 138 189,399
1955 129 161 149 129 686 634 51.1 146 | 16.5 | 31.5 | 66.5 1,688 | 228,327
1956 905 494 503 953 1,782 | 1,910 | 572 92.9 | 75.1 | 167 | 210 183 473,316
1957 178 435 378 374 967 999 113 21.8 | 21.8 | 58.9 | 121 150 229,137
1958 154 328 341 808 2,219 | 1,495 | 397 84.3 | 62.4 | 83.7 | 133 143 377,297
1959 234 325 293 311 415 159 21.4 7.33 | 13.2 | 32.1 | 55.6 73.9 116,318
1960 99.6 208 184 312 336 155 19.4 13.7 | 457 | 20.9 | 63.2 94.5 90,603
1961 83.2 115 86.1 153 332 266 18.1 7.46 | 12.4 | 26.8 | 58.8 82 74,642
1962 76.5 382 245 939 1,037 | 944 161 21.6 | 188 | 120 | 91.3 119 249,271
1963 190 1,704 | 327 509 1,383 | 1,455 | 261 346 | 36.6 | 101 | 321 217 387,341
1964 166 152 196 285 697 427 34.5 10.8 | 13.7 | 23.3 | 934 986 187,144
1965 754 399 354 829 1,366 | 1,414 | 487 287 | 174 | 175 | 294 239 408,649
1966 251 216 345 613 784 150 17.9 9.03 | 95 328 | 96 297 170,465
1967 335 338 776 461 1,775 | 2,402 | 1,162 | 156 | 145 | 166 | 172 167 486,971
1968 206 412 398 371 753 335 26.9 11.5 | 18.2 | 48.7 | 149 148 172,737
1969 714 410 563 1,312 | 3,129 | 2,430 | 641 97 81.2 | 198 | 187 362 612,128
1970 1,042 | 520 445 485 1,151 | 1,017 | 184 235 | 38.4 | 94.4 | 230 285 332,522
1971 375 362 427 558 1,206 | 1,442 | 373 72.5 | 49.8 | 130 | 190 242 327,120
1972 254 257 578 316 829 638 35.3 13.4 | 28.6 | 118 | 141 234 207,904
1973 380 355 334 618 1,674 | 863 71.7 30 23.6 | 84.4 | 508 407 322,779
1974 725 346 531 614 1,626 | 1,208 | 228 59.3 | 35.1 | 82.4 | 158 159 348,844
1975 153 270 427 423 1,392 | 1,857 | 362 63.8 | 45.6 | 163 | 250 212 338,752
1976 168 167 208 96 282 117 12.9 20.4 | 22.3 | 48,5 | 64.9 62.3 76,458
1977 77.5 108 73.7 46.4 93.9 115 11.6 2.81 | 1.96 | 7.69 | 46.6 141 43,591
1978 217 243 471 504 1,267 | 1,432 | 331 39.3 | 79.8 | 78.4 | 167 132 299,300
1979 458 317 372 527 1,421 | 607 75.8 17.7 | 16.2 | 87.2 | 165 187 256,886
1980 1,087 | 741 465 919 1,775 | 1,399 | 758 93.4 | 108 | 125 | 133 177 468,920
1981 168 267 214 419 538 213 11.9 468 | 5.65 | 47.7 | 406 650 177,420
1982 445 1,201 | 560 1,467 | 2,111 | 1,754 | 728 144 | 242 | 527 | 616 601 623,997
1983 607 677 985 707 2,368 | 4,099 | 1,569 | 657 | 281 | 379 | 1,014 | 921 860,942
1984 650 496 594 724 1,751 | 1,081 | 270 71.8 | 68.3 | 224 | 344 274 395,283
1985 240 272 288 895 704 258 28.4 145 | 51.4 | 140 | 164 217 196,876
1986 342 2,115 | 1,573 | 1,263 | 1,666 | 1,469 | 290 70 102 | 192 | 171 172 560,983
1987 187 204 201 252 361 834 19.7 135 | 148 | 345 | 80.1 93.1 92,877




Monthly mean streamflow, in ft%s for 10311000 (Carson River s. of Carson City) cont. Total
YEAR Acre-
Jan Feb | Mar Apr May | Jun Jul Aug | Sep | Oct | Nov | Dec | Feet
1988 140 111 | 105 98.5 153 47.7 13.3 791 | 6.11 | 14.1 | 50.5 | 52.4 | 48,099
1989 137 185 | 491 859 705 552 30.1 10.3 | 16.4 | 79.7 | 113 | 123 | 198,848
1990 160 157 | 180 278 201 66.7 35.2 21.7 | 19.8 | 49.8 | 108 | 79.6 | 81,556
1991 76.4 62.7 | 189 193 458 371 43.8 215 | 20.2 | 66.7 | 130 | 126 | 106,326
1992 128 145 | 162 236 170 48.2 18.7 548 | 8.28 | 17.6 | 50.4 | 65.6 | 63,343
1993 203 303 | 633 742 1,879 | 1,258 | 313 41.2 | 27 99.8 | 112 | 129 | 346,898
1994 143 146 | 172 184 393 122 15.7 559 | 5.75 | 42.8 | 90.2 | 137 | 87,925
1995 372 324 | 1,303 | 920 2,300 | 2,984 | 1,764 | 289 | 829 | 140 | 161 | 300 | 662,523
1996 371 930 | 842 1,106 | 2,128 | 1,237 | 299 719 | 57.6 | 101 | 303 | 706 | 490,388
1997 3,171 | 738 | 819 1,084 | 1,603 | 1,031 | 145 58.7 | 73 127 | 161 | 180 | 556,072
1998 258 377 | 848 711 1,337 | 2,296 | 1,031 | 129 | 153 | 237 | 239 | 277 | 476,343
1999 354 601 | 421 679 1,951 | 1,555 | 288 74.4 | 62.7 | 118 | 161 | 158 | 386,496
2000 244 354 | 339 561 1,069 | 440 61.1 237 | 269 | 56.5 | 126 | 128 | 206,461
2001 125 148 | 241 294 696 68.2 175 6.97 | 431 | 18.6 | 81.1 | 134 | 111,043
2002 195 160 | 214 625 743 422 34.1 125 | 11.7 | 342 | 161 | 175 | 168,028
2003 246 244 | 252 353 1,014 | 1,014 | 75.9 28.1 | 22.6 | 29.5 | 84.4 | 147 | 211,480
2004 159 226 | 489 486 591 210 21 7.05 | 6.51
Mean | 364 386 | 418 604 1,181 | 946 258 57 46 96 203 | 281 | 295,115
Monthly mean streamflow, in ft®s for 10311300 (Eagle Valley Creek) Total
YEAR Acre-
Jan Feb Mar | Apr May | Jun Jul Aug | Sep | Oct Nov | Dec Feet
1985 10.7 | 14 10.8 | 697 | 323 | 281 | 213 | 236 | 477 | 599 | 794 | 9.46 | 4,862
1986 10.7 | 919 | 245 | 115 | 9.2 9.67 | 552 | 3.84 | 441 | 118 | 798 | 9.21 | 11,698
1987 104 | 101 | 943 | 373 | 236 |1.83 | 202 | 233 |552 | 052 | 123 | 1.02 | 3,020
1988 3.88 | 1.8 035 | 194 | 021 | 0.13 | 0.02 | 0.01 | 0.02 | 0.12 | 2.43 | 0.26 | 667
1989 064 | 1.75 | 1.5 0.23 | 076 | 099 | 0.04 | 0.37 | 0.65 | 1.04 | 1.38 | 0.63 | 597
1990 103 | 144 | 126 | 116 | 021 | 013 | 032 | 014 | 036 |01 0.24 | 0.42 | 406
1991 0.32 | 042 | 201 | 05 0.44 | 0.2 0.14 | 013 | 0.1 0.52 | 1.23 | 0.73 | 408
1992 0.57 | 091 | 1.09 | 034 | 017 | 025 | 0.1 0.15 | 0.17 | 0.24 | 0.25 | 2.81 | 426
1993 4.9 287 | 21 045 | 036 | 061 | 0.18 | 0.25 | 0.2 173 | 041 | 05 875
1994 0.25 | 0.83 | 041 | 015 | 139 | 008 | 0.1 0.03 | 0.07 | 0.25 | 0.89 | 0.25 | 282
1995 8.3 0.7 16.2 | 115 | 1.8 0.5 0.12 | 0.08 | 0.13 | 0.13 | 0.27 | 4.1 2,050
1996 6.89 | 25 176 | 2.7 264 | 058 | 014 | 021 | 008 | 041 | 6.08 | 25.4 | 5,227
1997 819 | 148 | 642 | 265 | 354 | 851 | 023 | 0.07 | 053 | 041 | 145 | 1.64 | 7,397
1998 537 | 818 | 143 | 2.09 | 284 | 6.34 | 0.67 | 0.15 | 2.8 0.65 | 3.2 2.09 | 2,916
1999 786 | 964 | 453 | 391 | 164 | 076 | 041 | 041 | 022 | 0.73 | 0.73 | 0.41 | 1,853
2000 798 | 7.1 249 | 167 [ 199 |075 | 015 | 0.09 | 014 | 027 | 211 | 1.13 | 1,539
2001 0.71 | 0.67 | 0.75 | 191 | 0.67 | 0.19 | 0.15 | 0.01 | 0.02 | 0.1 173 | 6.11 | 789
2002 163 | 114 | 116 | 074 | 036 | 0.05 | 029 | 0.07 | O 0.04 | 295 | 7.78 | 982
2003 199 | 0.7 0.78 | 1.58 | 0.49 | 0.17 | 0.07 | 0.25 | 0.04 | 0.08 | 0.59 | 2 529
2004 119 | 182 | 051 | 0.34 | 0.36 | 0.29 | 0.04 | 0.09 | 0.07
Mean 8.4 9.8 5.9 23 1.7 1.7 0.6 0.6 1.0 1.3 2.3 4.0 2,449
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Monthly mean streamflow, in ft¥/s for 10310500 (Clear Creek) Total
YEAR Acre-

Jan Feb | Mar | Apr May | Jun | Jul Aug | Sep | Oct Nov | Dec | Feet
1948 4.16 6.48 7.7 4.22 1.82 1.46 1.43 1.99 2.79 3.96
1949 4.15 5.18 6.38 9.42 6.97 3.05 1.45 1.22 1.56 2 3.46 3.45 2,904
1950 6.93 6.55 7.99 11.5 9.44 5.78 3.39 2.42 2.3 3.36 11.2 15.3 5,198
1951 10.2 10.2 8.04 7.81 6.27 3.48 2.66 2.52 2.46 3.92 5.6 6.18 4,165
1952 5.59 9.6 11.6 30.9 26.8 15 8.09 5.75 5.73 6.54 7.48 8.79 8,549
1953 12 9.44 9.65 10.8 8.61 6.94 3.79 2.99 3.05 3.84 | 454 5.73 4,898
1954 6.21 7.15 8.3 7.97 4.16 2.99 2.27 2.03 2.23 2.63 3.45 5.14 3,277
1955 4.88 5.27 5.72 5.33 5.3 3.14 2.12 1.8 1.82 2.13 3.27 11.3 3,144
1956 11.1 9.59 11.2 12.4 14 8 3.99 3.1 2.83 4.21 4.7 5.78 5,477
1957 5.48 7.29 7.75 7.27 6.4 3.73 2.25 1.82 1.96 2.82 4.49 5.4 3,406
1958 6.07 8.97 7.3 12.4 15.8 6.82 4.36 3.08 3.04 3.35 4.85 5.17 4,886
1959 6.96 5.74 6.2 5.21 3.83 2.25 1.69 1.85 2.42 2.47 3.11 3.49 2,721
1960 4.27 6.11 5.41 4.21 2.66 1.73 1.25 1.13 1.15 1.54 3.27 3.35 2,162
1961 3.54 4.25 3.82 3.3 2.78 1.71 1.1 1.07 1.4 1.57 1.89 2.31 1,725
1962 2.13 5.59 5.69 7.24 | 4.44 2.66 1.67 1.32 1.3
1989 7.03 9.28 8.86 4.92 3.45 1.93 1.98 2.04 2.64 3.33 3.61
1990 3.65 491 4.73 3.94 2.75 1.51 1.28 1.74 1.55 1.56 1.97 2.46 1,924
1991 3.07 3.24 4.25 3.59 2.63 1.67 1.07 1.12 1.93 1.69 2.48 2.77 1,776
1992 3.04 3.42 3.36 2.8 1.39 1.46 0.94 0.71 1.05 1.41 2.05 4.04 1,543
1993 4.84 414 10.2 9.21 7.68 3.86 1.93 1.4 1.56 2.15 2.35 2.48 3,127
1994 2.89 3.85 3.4 3.48 2.8 1.12 0.75 0.67 1 1.31 2.22 2.77 1,576
1995 4.79 4.65 10.6 9.1 15.5 12.2 5.85 3.31 2.35 2.52 3.38 4.65 4,770
1996 5.26 11.8 14.1 14.1 15.7 8.28 4.65 3.75 3.59 4.45 7.47 12.3 6,347
1997 36.3 16.4 19.3 19.2 15 11.1 7.68 6.01 5.77 6.14 7.1 5.67 9,389
1998 8.92 8.35 14.9 15.6 15.9 15.5 8 5.49 5.41 6.37 7.88 8.89 7,315
1999 10.2 13.5 14.5 15.4 16.7 11.3 6.45 4.87 4.5 4.95 6.54 6.91 6,966
2000 8.3 10.2 9.89 9.62 7.92 4.53 3.06 2.48 3.23 3.9 5.33 5.63 4,450
2001 5.41 5.82 6.39 6.05 4.07 2.69 2.18 1.84 1.79 1.98 3.75 5.65 2,865
2002 5.66 5.07 5.99 6.6 4.63 2.44 2.05 1.73 1.73 211 3.71 3.8 2,740
2003 5.74 5.22 5.07 5.34 5.01 2.62 1.95 1.86 1.85 2.06 3.07 4.16
2004 4.28 4.86 6.14 4.18 3.24 2.07 1.81 1.71 1.55
Mean 7.0 7.1 8.1 9.0 8.1 5.1 3.0 2.4 2.4 3.0 4.4 5.6 4,127
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Monthly mean streamflow, in t*/s for 10311400 (Carson River at Deer Run Road) Total
VEAR Jan Feb Mar Apr May Jun Jul Aug | Sep | Oct | Nov Dec é:;?_
1979 1,421 | 602 72.8 16 16.2 | 71.3 | 136 166
1980 1,040 | 755 507 919 1,703 | 1,403 | 741 849 | 109 | 126 | 137 187 | 464,607
1981 177 276 220 404 523 201 12 3.97 | 2.63 | 40.3 | 392 680 | 176,653
1982 450 1,134 | 581 1407 | 2,114 | 1,826 | 756 116 | 227 | 534 | 633 641 | 625,782
1983 656 674 1,061 | 718 2,273 | 4319 | 1,694 | 669 | 259 | 354 | 1,086 | 987 | 890,286
1984 649 472 559 704 1,801 | 1,126 | 262 73.7 | 70.3 | 241 | 368 284 | 399,131
1985 252 282 291 912 701 256 233 9.58 | 41.5
1990 105 | 7.87 | 185 | 44.6 57.7
1991 83.4 64.8 189 200 464 371 26.1 7.1 8.32 | 554 | 125 133 | 104,415
1992 114 121 146 220 144 235 4.37 2.63 | 292 | 19.7 | 60.1 80.1 | 56,368
1993 227 333 625 690 1,946 | 1,156 | 308 216 | 7.03 | 76.3 | 106 124 | 339,694
1994 131 137 151 168 364 98 3.75 249 | 0.7 315 | 95.2 132 | 79,302
1995 345 349 1,147 | 810 2,211 | 2,871 | 1,770 | 355 | 78.9 | 139 | 159 284 | 636,942
1996 430 981 887 1127 | 2,070 | 1,231 | 340 57.7 | 47.8 | 91.7 | 266 729 | 496,647
1997 3,106 | 840 877 1127 | 1,555 | 936 137 46.9 | 62 125 | 178 169 | 553,601
1998 293 377 835 728 1,395 | 2,207 | 1,037 | 118 | 144 | 240 | 238 299 | 477,613
1999 364 587 430 629 1,918 | 1,509 | 271 66.3 | 50.9 | 109 | 158 158 | 376,167
2000 258 383 347 529 992 418 43.2 18.1 | 16.3 | 47.9 | 117 129 | 198,398
2001 120 145 231 293 681 61.5 10.1 043 | 0 115 | 73.1 156 | 107,264
2002 197 171 230 576 672 390 19.2 274 | 3.74 | 244 | 152 163 | 156,694
2003 221 235 247 359 948 952 43.1 15.1 | 8.07 | 21.8 | 57.9 119 | 194,292
2004 148 202 487 529 582 210 8.26 0.04 | O
Mean | 463 426 502 652 1261 | 1056 | 361 77 53 118 | 229 284 | 351,881
Monthly mean streamflow, in ft¥s for 10311700 (Carson River at Dayton, NV) Total
YEAR Acre-
Jan Feb | Mar Apr May | Jun Jul Aug | Sep | Oct | Nov | Dec | Feet
1994 155 366 98.2 1.22 0.26 | 0.14 | 179 | 79.7 | 124
1995 364 323 | 1,315 | 912 2,206 | 2,854 | 1,786 | 314 | 57.9 | 120 | 152 | 314 | 649,219
1996 403 981 | 851 1,119 | 2,157 | 1,283 | 268 34.1 | 29 88.1 | 305 | 660 | 491,601
1997 3,125 | 788 | 838 1,100 | 1,607 | 999 126 349 | 438
2002 11.5 | 156 | 170
2003 229 230 | 235 308 941 978 28.8 9.77 | 3.76 | 10.6 | 70.4 | 141 | 191,795
2004 144 204 | 454 443 580 200 5.77 0.71 | 0.1
Mean | 853 505 | 739 673 1,310 | 1,069 | 369 66 22 50 153 | 282 | 444,205
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Monthly mean streamflow, in ft%s for 10312000 (Carson River w. of Fort Churchill, NV) Total
VEAR Jan Feb Mar Apr May Jun Jul Aug | Sep | Oct | Nov Dec ﬁgé?_
1911 1,786 | 3,266 | 1,429 | 169 | 59.2 | 151 | 207 194
1912 198 228 185 79.3 577 879 135 29.4 | 195 | 72.4 | 148 162 163,204
1913 189 232 223 231 761 487 87.4 432 | 33 40 91.6 146 154,617
1914 1,487 | 776 993 1,454 | 2,510 | 1,900 | 716 102 | 18.2 | 102 | 154 204 628,865
1915 249 417 367 591 1,023 | 1,363 | 432 343 | 141 | 504 | 188 318 303,562
1916 709 1,286 | 1,032 | 1,475 | 1,721 | 1,660 | 605 35.2 | 41.1 | 324 | 310 324 570,945
1917 313 536 455 849 1,480 | 2,304 | 796 44 29.8 | 36.9 | 126 200 431,102
1918 140 182 521 734 822 887 40.2 448 | 8.8 143 | 151 183 230,054
1919 183 253 250 762 1,813 | 465 22.8 787 | 2 319 | 935 215 247,917
1920 159 162 176 191 709 499 149 10.7 | 6.83 | 31.9 | 152 226 149,378
1921 329 343 475 475 1,265 | 1,326 | 280 211 |9 35.7 | 128 197 294,412
1922 288 505 623 722 1,946 | 2,490 | 603 59 37 80.8 | 253 562 492,336
1923 351 367 457 631 1,401 | 904 400 371 | 0 259 | 271 360 314,282
1924 195 155 135 136 224 10.3 0 0 0 0 131 164 69,258
1925 183 458 336 674 1,329 | 822 303 30 10 80.8 | 118 134 269,387
1926 132 221 210 455 468 70.1 9.74 0 0 0 144 263 118,665
1927 252 497 413 745 1,427 | 1,537 | 348 237 | 11 61.9 | 196 143 339,799
1928 122 133 425 608 873 201 36.4 0 0 0 60 240 163,405
1929 113 121 87.2 106 476 266 28.7 7.61 | 8.4 11.3 | 27.4 127 83,301
1930 162 206 232 478 609 564 375 11.7 | 11 33.4 | 93.9 105 152,895
1931 135 141 105 142 262 415 13.1 413 | 41 6.19 | 21.1 99.5 58,675
1932 214 356 479 649 1,340 | 1,497 | 386 18 18 41 67 81 309,876
1933 121 137 206 154 264 819 97.6 245 | 135 | 26 137 178 130,854
1934 189 161 238 219 56.8 63.1 1.32 0 0 0 50.2 84.4 63,734
1935 96.2 151 153 668 1,096 | 1,030 | 155 352 |0 8.84 | 111 116 216,168
1936 188 521 412 806 1,288 | 973 139 0 0 253 | 111 130 275,586
1937 167 802 387 496 1,375 | 782 101 6.58 | 0 14.2 | 82.8 769 298,900
1938 318 416 991 1,416 | 2,410 | 2,384 | 698 753 | 22 166 | 217 229 563,957
1939 226 221 298 564 321 74.3 2.16 0 0 59 86.8 115 118,211
1940 406 347 531 884 1,444 | 679 60.8 0 0 30.7 | 110 214 284,012
1941 232 252 306 257 1,487 | 939 206 0 0 849 | 191 436 265,739
1942 770 538 466 870 1,259 | 1,612 | 458 758 | 0 42 308 343 401,613
1943 776 530 791 1,235 | 1,403 | 993 271 0 0 63.1 | 160 213 387,794
1944 217 230 314 280 795 457 68 0 0 4.87 | 208 237 169,593
1945 236 610 386 616 1,466 | 1,071 | 325 0 0 61 299 405 329,081
1946 394 286 350 824 1,198 | 471 495 0 0 20.8 | 307 285 252,468
1947 229 277 308 305 772 234 0 0 0 0 85.9 135 141,358
1948 188 141 82.7 168 733 839 137 0 0 0 62.1 127 149,397
1949 79.8 171 214 543 1,166 | 409 0 0 0 0 50.8 115 166,001
1950 322 336 263 665 1,155 | 1,252 | 165 0 0 65.7 | 1,653 | 2,540 | 508,450
1951 611 467 341 303 592 414 22.3 0 0 19.9 | 123 200 185,751
1952 494 491 495 1,381 | 2,771 | 2,507 | 909 259 | 50.7 | 75.8 | 123 211 589,611
1953 378 293 296 560 719 996 341 0 0 40.1 | 103 156 233,670
1954 166 238 463 657 878 224 0 0 0 0 43 131 168,919
1955 141 176 149 109 518 633 2.52 0 0 0 30.9 1,326 | 187,138
1956 914 539 542 1,068 | 1,816 | 1,940 | 510 89 34.8 | 125 | 167 148 475,742
1957 137 333 278 286 1,014 | 1,119 | 110 0 0 17.7 | 120 163 214,981
1958 139 305 349 749 2,012 | 1,408 | 348 29.7 | 8.37 | 48.6 | 132 148 342,678
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Monthly mean streamflow, in ft°/s for 10312000 Total
YEAR | (Carson River w. of Fort Churchill, NV) cont. Acre-

Jan Feb Mar Apr May Jun Jul Aug | Sep | Oct | Nov Dec Feet
1959 237 317 286 221 319 97.8 0.22 0.02 | 0.17 | 0.38 | 0.54 44.4 91,159
1960 85.5 205 162 194 217 80.5 0.25 0.07 | O 0 19.5 81.2 62,454
1961 72.4 88.6 36.6 40.8 193 203 0.02 276 | 0 0.21 | 30.1 84.4 45,162
1962 83.1 402 258 857 954 851 115 0.1 0.07 | 84.2 | 61.7 104 225,920
1963 92.9 1,605 | 326 455 1,343 | 1,438 | 206 0.06 | 5.46 | 37.9 | 304 226 357,429
1964 183 164 177 186 590 381 5.91 0.03 | 0.08 | 0.02 | 48.8 844 156,433
1965 733 412 339 724 1,225 | 1,241 | 415 250 92.3 | 118 293 266 368,477
1966 276 228 326 528 678 121 0.1 0.05 | 0.06 | 0.02 | 33.4 319 151,602
1967 323 394 737 469 1,530 | 2,292 | 1,104 | 128 | 98.4 | 123 | 157 153 453,353
1968 210 398 402 314 638 295 2.6 0.65 | 0.82 | 2.04 | 116 150 151,703
1969 680 494 583 1,246 | 2,923 | 2,439 | 596 51.3 | 11.2 | 165 201 369 589,366
1970 1,030 | 538 449 452 1,014 | 963 161 2.68 | 2.17 | 39.9 | 207 305 311,088
1971 403 367 398 501 1,034 | 1,300 | 334 9.21 | 1.23 | 86.3 | 172 236 291,612
1972 244 256 554 250 684 613 4.88 0.49 | 042 | 77.3 | 126 245 184,367
1973 398 358 339 576 1,595 | 819 35.9 4,34 | 1.89 | 47.3 | 485 405 305,541
1974 688 355 490 528 1,451 | 1,185 | 211 156 | 3.43 | 59.4 | 161 163 320,694
1975 161 244 352 367 1,492 | 1,989 | 300 20.2 | 22.7 | 139 224 219 333,411
1976 180 174 190 46.9 144 13.2 0.79 0.31 | 0.14 | 10.3 | 58.5 64.4 52,995
1977 83.2 89.1 46.3 7.41 38.6 40.2 1.12 001 |0 0 10.2 113 25,743
1978 230 252 456 429 1,106 | 1,343 | 294 13.1 | 25.7 | 21.2 | 140 125 267,359
1979 439 347 359 412 1,427 | 580 384 4,22 | 0.98 | 33.1 | 110 150 235,596
1980 1,060 | 742 495 846 1,611 | 1,268 | 708 58.5 | 60.2 | 95.5 | 125 193 437,566
1981 194 266 193 329 449 169 3.63 0.13 | 0.08 | 2.11 | 346 593 153,228
1982 418 1,076 | 584 1,432 | 2,042 | 1,699 | 716 96.8 | 189 | 481 | 616 612 598,326
1983 592 664 1,013 | 733 2,135 | 4,141 | 1,497 | 613 | 238 | 362 | 1,067 | 1,031 | 849,920
1984 729 494 577 693 1,646 | 1,075 | 234 255 | 44.7 | 216 | 332 274 382,656
1985 247 291 288 775 625 222 5.54 0.91 | 6.11 | 106 | 148 208 175,689
1986 333 2,378 | 1,414 | 1,132 | 1,505 | 1,442 | 303 40.6 | 50.4 | 189 | 177 189 543,097
1987 190 241 243 207 359 45.9 0.7 0.03 | 0.01 | 0.11 | 65.6 112 87,975
1988 159 132 92.4 48.2 79.6 26.8 0.25 0.02 | 0.03 | 0.11 | 29 76.3 38,589
1989 108 166 502 712 658 499 12.8 0.07 | 0.01 | 38.3 | 102 122 175,965
1990 144 151 179 244 169 42.6 0.17 0.05 | 0.04 | 0.06 | 13.6 56 59,965
1991 74.5 65.1 162 157 352 310 18.1 0.13 | 0.16 | 10.1 | 88.2 110 81,354
1992 119 125 123 171 114 4.8 0.22 004 | O 0 1.9 79 44,280
1993 237 345 682 742 1,937 | 1,283 | 313 5.75 | 1.02 | 71.3 | 109 132 353,916
1994 127 134 148 123 317 91.5 3.77 039 | 0 0.9 64.7 114 67,778
1995 407 376 1,674 | 902 2,107 | 2,824 | 1,600 | 327 | 63.6 | 128 | 168 309 659,252
1996 400 1,079 | 1,066 | 1,230 | 2,220 | 1,255 | 320 345 | 194 | 66.9 | 319 697 523,347
1997 3,001 | 820 901 1,152 | 1,693 | 1,146 | 136 28.9 | 30.7 | 97.6 | 162 202 566,340
1998 294 442 848 706 1,340 | 2,190 | 969 119 90.6 | 251 266 300 471,488
1999 375 621 477 690 1,989 | 1,676 | 339 475 | 29.6 | 69.7 | 181 179 401,556
2000 258 397 361 546 1,149 | 432 31.7 6.21 | 5.03 | 10.6 | 104 127 206,236
2001 133 145 216 258 695 55.3 7.05 139 | 1.15 | 1.26 | 28.1 130 101,220
2002 179 144 185 505 586 369 6.44 151 | 1.18 | 1.84 | 111 140 134,305
2003 219 230 221 322 914 1,089 | 37.7 452 | 3.11 | 3.37 | 60.8 133 194,775
2004 144 192 455 402 524 196 5.01 2.18 | 1.16
Mean | 336 387 410 561 1,092 | 953 246 33 17 60 170 264 271,279




Monthly mean streamflow, in ft%s for C61 (Mexican Ditch) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1989 25.4 26.8 19.0 12.0 8.1 4.9 5,818
1990 25.1 18.9 40.2 14.9 14 1.2 6,113
1991 25.3 15.4 31.3 13.0 2.2 0.0 5,252
1992 32.2 34.8 11.9 2.8 0.0 0.0 4,931
1993 26.3 26.8 20.7 18.3 24.6 13.9 7,906
1994 27.1 14.2 17.2 1.8 0.0 0.0 3,618
1995 26.2 23.2 20.5 11.4 34.3 215 8,293
1996 12.0 22.3 32.8 12.9 39.1 39.2 9,574
1997 25.8 34.0 3.3 14.7 42.1 37.0 9,517
1998 0.0 5.7 375 20.5 51.7 52.0 10,116
1999 23.1 27.2 38.4 21.3 48.3 42.6 12,144
2000 18.0 211 36.4 6.4 8.5 10.5 6,082
2001 8.2 16.0 11.4 3.3 0.0 0.0 2,349
2002 14.1 19.4 16.6 11.2 2.6 21 3,988
2003 18.3 18.7 6.4 24.0 8.0 15.4 5,505
2004 14.8 18.8 19.0 8.5 0.0 0.0 3,693
Mean 20.1 21.4 22.7 12.3 16.9 15.0 6,556
Monthly mean streamflow, in ft¥/s for C62 (Rose Ditch) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 0.9 6.4 7.5 7.5 9.3 6.7 2,326
1985 3.9 5.0 4.4 6.0 2.6 47 1,606
1986 2.2 6.9 5.5 5.5 5.2 5.1 1,844
1987 2.9 4.0 45 2.9 2.3 2.6 1,160
1988 3.1 5.0 5.7 24 21 0.0 1,114
1989 3.3 7.0 6.3 5.0 5.7 45 1,921
1990 3.8 5.3 6.8 3.8 3.8 25 1,579
1991 3.2 5.7 5.8 4.7 4.1 0.0 1,429
1992 5.1 4.0 4.4 3.6 0.8 0.0 1,088
1993 2.9 6.9 5.5 4.8 6.1 5.0 1,887
1994 5.7 3.0 5.7 0.6 0.0 0.0 901
1995 0.5 2.2 3.3 4.0 5.4 5.7 1,275
1996 1.3 2.6 15 2.8 7.0 7.4 1,368
1997 5.0 8.1 2.3 2.6 3.0 6.5 1,661
1998 0.6 4.3 1.7 3.6 3.8 6.9 1,265
1999 1.3 5.1 3.2 5.6 3.8 3.7 1,374
2000 25 3.9 3.9 1.8 4.2 0.0 995
2001 33 4.2 4.1 2.3 0.0 0.0 839
2002 12 5.0 4.0 3.7 0.0 1.0 912
2003 0.0 3.1 1.3 0.9 0.0 0.0 321
2004
Mean 2.6 4.9 4.4 3.7 35 31 1,343
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Monthly mean streamflow, in ft%s for C64 (Fish Ditch) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 0.0 5.5 4.1 5.2 5.7 7.9 1,725
1985 1.7 6.7 3.3 4.4 3.6 3.7 1,426
1986 0.5 6.4 5.4 5.8 5.1 8.3 1,908
1987 3.1 4.9 5.4 45 2.7 3.3 1,450
1988 4.2 54 6.0 3.7 1.2 0.7 1,281
1989 1.1 7.7 3.9 35 3.8 34 1,423
1990 5.6 4.7 5.7 45 4.4 3.2 1,704
1991 2.0 6.5 4.9 3.0 25 0.0 1,147
1992 4.2 5.5 3.9 4.7 24 0.0 1,253
1993 2.8 4.9 2.2 4.2 7.3 4.9 1,591
1994 5.9 4.2 4.8 1.8 0.0 0.0 1,007
1995 5.6 5.6 5.8 8.6 4.2 6.5 2,193
1996 3.7 6.4 34 5.2 5.8 8.0 1,970
1997 6.3 49 0.6 14 0.6 1.8 947
1998 1.0 12 0.0 2.9 6.5 5.4 1,030
1999 0.0 24 7.5 3.6 3.6 5.2 1,348
2000 2.3 9.1 6.4 8.0 7.5 1.6 2,117
2001 0.6 35 2.6 1.9 0.0 0.0 520
2002 5.9 5.9 3.0 24 0.0 0.5 1,066
2003 0.0 45 2.2 14 1.3 1.3 655
2004 0.7 4.0 4.4 24 0.0 0.0 697
Mean 2.7 5.2 4.1 4.0 33 31 1,355
Monthly mean streamflow, in ft*/s for C65 (Baroni Ditch) Total
YEAR Acre-
Mar Apr May Jun Jul Aug Sep Oct Feet
1984 0.2 8.1 7.8 12.8 11.7 8.8 3,000
1985 6.8 11.3 9.8 6.9 2.2 7.1 2,657
1986 4.7 10.5 13.7 9.3 12.4 10.4 3,693
1987 8.6 9.6 10.1 3.3 1.9 0.9 2,074
1988 10.6 11.9 7.9 35 0.4 0.1 2,082
1989 9.8 11.2 11.4 6.7 4.5 2.2 2,767
1990 7.2 8.5 12.9 4.6 25 2.8 2,318
1991 7.6 13.6 12.8 5.7 4.0 0.0 2,645
1992 8.2 7.9 7.7 4.0 1.0 0.0 1,734
1993 10.3 11.8 9.0 14.4 9.3 9.8 3,909
1994 10.0 11.9 9.4 1.7 0.0 0.0 1,989
1995 4.0 7.0 9.7 55 10.0 9.6 2,767
1996 1.8 5.2 4.0 8.9 14.4 6.2 2,477
1997 0.0 2.8 1.6 8.4 3.6 5.3 1,324
1998 0.6 15 4.6 11.1 7.9 7.6 2,018
1999 24 3.6 6.1 10.6 11.2 8.3 2,558
2000 4.1 5.9 10.6 6.8 5.7 4.1 2,254
2001 4.0 10.6 55 0.1 0.0 0.0 1,228
2002 4.3 8.9 10.0 3.7 0.0 0.0 1,633
2003 4.7 8.2 8.5 8.9 6.3 34 2,430
2004 8.1 7.6 6.6 0.7 0.0 0.0 1,382
Mean 5.6 8.5 8.6 6.6 5.2 4.1 2,330
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