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PREFACE

In the act that established the U.S. Geological Survey more than a century ago, the agency was charged by Congress with the
responsibility for "...classification of the public lands, and examination of the geologic structure, mineral resources, and products
of the national domain." This charge was simple recognition of the principle that factual information is essential to sound
development and management decisions involving natural resources. In keeping with this principle, the Water Resources Division
of the Survey publishes annually, by district, hydrologic records for water resources thought to be of particular usefulness to the

public and to the scientific community.

This report is the culmination of a concerted effort by dedicated personnel of the U.S. Geological Survey, who collected,
compiled, analyzed, verified, and organized the data, and who typed, edited, and assembled the report. In addition to the authors,
who had primary responsibility for assuring that the information contained herein is accurate, complete, and adheres to Geological
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Cynthia J. Harksen, Technical Editor

Terry L. Heinert, Hydrologic Technician
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Arthur W. Johnson, Hydrologic Technician
Philip L. Karper, Hydrologic Technician
Stacy M. Kinsey, Hydrologic Technician

John H. Lambing, Hydrologist
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This report is one of a series issued State by State under the general direction of R.M. Hirsch, Associate Director for Water.
This report was prepared by the U.S. Geological Survey in cooperation with the State of Montana and with other agencies, under
the supervision of R.E. Davis, District Chief, and W.J. Carswell, Jr., Regional Hydrologist, Central Region.
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SURFACE-WATER STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS
ARE PUBLISHED IN THIS VOLUME

[Letter after station name designates types of data: (d) discharge, (c) chemical, (b) biological, (m) microbiological,
(t) water temperature, (s) sediment, (e) elevations or contents]

Station
number
HUDSON BAY RIVER BASIN
SASKATCHEWAN RIVER BASIN
Old Man River:
St. Mary River:
Swiftcurrent Creek at Many GIacier (d) ....c.ooveviviieierieierieeiere ettt se e ese e 05014500
Lake Sherburne at Sherburne (€) ........vecveeieiirieierieierieeie ettt seeeneenees 05015500
Swiftcurrent Creek at Sherburne (AS) ....cveeceeeiierierie ettt sre e s aeesaeeseee e 05016000
St. Mary River near Babb () .....cccvecvivieiiiieie ittt st sb et seennes 05017500
St. Mary Canal at Intake, near Babb (d) .......ccoecveviiiieriiieiecieeceee e e 05018000
St. Mary Canal at St. Mary Crossing, near Babb (d) .......ccccoceriiiiniiiiniieeececeeee 05018500
St. Mary River at international boundary (d) ........c.ecceveevieriecienieiecee e 05020500
MISSOURI RIVER BASIN
RED ROCK RIVER BASIN
Red Rock Creek above Lakes, near LakeView (d).....ccovvverierieniinieieeeeie ettt sae e eeae s v s s e 06006000
Red Rock River below Lima Reservoir, near Monida (d) .........ccceeverienierieiienieieseeiee et 06012500
Clark Canyon ReServoir NEAT GTANE (€) .....eccveerveeiuierieeiiesieesieesieeseeesteeseeessesseessseesseesssesssessseesssesssesssessssesssesssees 06015300
Beaverhead River (continuation of Red Rock River):
Beaverhead River at Barretts (d)........oecverieierieieieiese ettt ettt sttt ae e esaesseen e seenaesseennenseenes 06016000
Beaverhead River at DILION () ......cccvieiieeiieiieiiieieesieete ettt e st e ettt e esaeetaessbaesseesseesnsaenseessseensaenseennses 06017000
Beaverhead River near TWin Brid@es (ACLS) ........ccviiieriirieriiiienieiieiteieie ettt et sre e te e sre e seesaesseessenseens 06018500
RUBY RIVER BASIN
Ruby River above reservoir, near AT (A).....c.cccierieeiieiie ettt e e s aeebe e saesebeessaessneennas 06019500
Ruby River below reservoir, Near ALAEr (d)........cccevieieriieieriiiierie ettt eeebe e e eaesreessesssesesseens 06020600
BIG HOLE RIVER BASIN
Big Hole River below Big Lake Creek, at WiSAOm (dt) .......cccveecvierieeiiieiieiieeiesie et ve e 06024450
Big Hole River below Mudd Creek, near WiSAom (d) ........cceevveruiiieiiiiieiiieiesieciee et ee e see e sae e senens 06024540
Big Hole River at Maiden Rock, near Divide (d) ......cocvevveeieriieiieieiieieeeeee et 06025250
Big Hole River Near MEITOSE (AL)......cccveiiiiieiiieiiieiiieiieeeieesieeseeeteesteeteesteeseteesseessseessaesssesnseesssenseesssesnseesssennses 06025500
Big Hole RiVEr NEAT GIEN () ..euviivieiieiieiiiiieie ettt ettt ettt et ste st ae e e saessaesbeesaesseessesseeseessesseessesssessesseans 06026210
Jefferson River (continuation of Beaverhead River):
Jefferson River near TWin Brid@eS (A)......ccvevvieriierieiiieiecie ettt ettt sveesaeesebeensaesaessseensaessnesnnas 06026500
BOULDER RIVER BASIN
Boulder River above Kleinsmith Gulch, near Basin (C8)......cccoecverieviirieiieniieieeieie ettt 06031450
Well 08NOOW2SAABBOT(C) - utetteteetertiateetestetete ettt ettt sttt see st et e e et eseeseebesaeeseneeanens 462517112173001
Well 08NOSW30BBECDOT (C) c.veuveueeuieiieiietieierieeteetete sttt ettt sttt st ebe e 462507112170601
Well 08NOOW2SADACO2 (€)..veveueeuremieiieiirienienieetentestesteste sttt est et ert et sbe ettt sae e saesteneeneeseeneene 462503112172302
Well 08NOOW2SADACOT (€).veeeueeueemieieuietieieeteeterte st stesie et et ese et st etesaeseeebesbeseensensenseneeneeseene e 462503112172301
Well 08NOSW30BCBDOT () .veuveueeuieiieiieiieieitesieetee sttt ettt st st st 462500112170701
Grub Creek No. 1 near RIMING (C) .cveeieriieieriieierie ettt eseeneennas 462458112170001
Grub Creek No. 2 near RIMIND (C) ..eccviiiieeiiiiiieeieeiieeiieeieesieeseteesieesteeeveesseesveeeaessaeebeessaesnseenseas 462457112170701
Unnamed Tributary of Grub Creek, SS No. 3, near Rimini (€) .....ccceoveevereerieneeiieieieseeeeseenen 462508112173601
Unnamed Tributary of Grub Creek, SS No. 2, near Rimini (€) .....cccvvveevereerieneeiesieieseeeeeeeneen 462505112173601
Unnamed Tributary of Grub Creek, SS No. 4A, near Rimini (€).....cccoceoveveeieneeiienieeeeeieeenee. 462503112173001
Unnamed Tributary of Grub Creek, SS No. 4, near Rimini (€) ......cceeveevereerieneeiieeeieseeeeeeenen 462501112173501
Grub Creek near RIMINT (C)...veverieierieieniieiesieiesteetestte ettt eeetesseesesneessesseessessaensesseenseeseenses 462442112174901
Basin Creek below Buckeye Mine near logging road, near Basin (s).......cccceevveveneeieneeneenennee. 462347112180401
Bullion Mine Adit Near Basin (CS) ...c.ccvervieieriiriieiesiieiieeerteeteereseeesseseeessesssessesssesseessesseessesseesses 462120112173701
Bullion Mine tributary at mouth, near Basin (CS).......cceoverierieriieririeniieieieene e seeennes 462153112181701
Jack Creek at mouth, near BaSin (CS) .....eevuiirieiiiierieiiiesiieeteeieeeeeeieeseveeseeeseveesreesaaeereessneesseeens 462047112201901
Basin Creek at BASIN (CS) .vvvevviecieriieieriieieiteeteieetesteeetesteestesteesseeseessesseessesseessesssessesssesseessessesseessesseensesses 06031600
Cataract Creek above Uncle Sam Gulch, near Basin (CS) ......cccevvvrvererierenienieeieieeeeseeeeseeeees 461905112144201
Uncle Sam Gulch at mouth, near Basin (CS) .......ccecveiiiiiiiiiiiieesiecis ettt 461904112144401
Cataract Creek at BaSIN (C5) ..vvvervirieriieieriiiietiieetest e et et et esteesaesseeseesbeessesseessesseessessaessesseessesssessesseessesses 06031960
High Ore Creek near BaSin (C5) ...veoverierierieieeiieieiieie ettt ste sttt te st se st ensesneeneesseensesseensensesssensennes 06032300
Boulder River below Little Galena Gulch, near Basin (CS) .......ccueivieiiieriieniieiieciieciieeie et seae s 06032400
Boulder River near BOULAET (A)......cciecieriiiieriiiierieeieie sttt ettt s e e e ste s e seessesseessesseessesseessessaessensenns 06033000
WILLOW CREEK BASIN:
Willow Creek near HarriSON (AE).......cc.eecuieiiieiiieiiieiiesieecieesteeteeteeeteeieesveesteesaseesseessseeseessseenseessseenssesseesnns 06035000
Jefferson River near Three FOTKS (ACS).....ouiiiiiiiiiieiieieieeiesie ettt ettt ettt sre et eesae e ss e beessesseensenseens 06036650
MADISON RIVER BASIN
Madison River near West YEIIOWStONE (A)....cccveiiiieiiieiieiiiecieeiieee ettt eveesaee s sae e aaeebeesaeseaeennas 06037500
Madison River below Hebgen Lake, near Grayling (d)........cccoceevercieniiiienieiesieeiee et se e sve e sne e eenens 06038500

Madison River at Kirby Ranch, near Cameron (dt) .........cccoceevueririenieiienieieeeee et 06038800

vii

Page

128
129
130
132
134
135
136

138
139
140
141
144

148
149

150

191
192
193



viii
SURFACE-WATER STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS
ARE PUBLISHED IN THIS VOLUME

Station
number
MISSOURI RIVER BASIN--Continued
MADISON RIVER BASIN--Continued
Madison River above Powerplant, near MCAIISEET (d) ....oovverveeieriieiiiieieeie ettt 06040800
Madison River below Ennis Lake, near MCAIStEr (At) .....eeivieciieiiieiiecie ettt 06041000
GALLATIN RIVER BASIN
Gallatin River near Gallatin GateWay (AL) ........ccvevverierierieieeieeiese ettt ettt se e eeessesaessesnnens 06043500
East Gallatin River below Bridger Creek, near Bozeman (dt) ..........cecveieiieoinininiee e 06048700
Gallatin RIVer at LOZan (ACES)......ccuieiuieiiieiieeiieiie et esteeste e st e etesbeeseeesaeeteessaeeseesseeesseenseesssesnseenseesssesssessssens 06052500
MisSOUri RIVEr at TOSTON (ACES) ...euveiereieiesiieietieteete et ettt et e et et et st e e s tte e eseesseeseensesseessesseenseseensenseensensennes 06054500
Canyon Ferry Lake near HElENna (€)........eceeieiirieieiieeeiee ettt ettt ettt e st e enee s 06058500
Prickly Pear Creek near ClanCy (ACS) ....ccvierverieiriieiieeteeiieeste et esiteesieesteeseveesseessseestaeesseessaesnseenseessseenseesssesnses 06061500
TENMILE CREEK BASIN
Well 08NOSW30BBBBO03 (€) +..eveueeieieieiieiieieetietisie sttt siestesteeeeseeseesessessestessessessessenseneenseseenens 462516112171201
Well 08NOSW30BBBBO02 (€) ...eveueeuieieiietieierieeteeteeie ettt es ettt see et et besee s e ssenseneeneeseene e 462518112171202
Well 08NOOW3SDDICDO02 (€)...ccveeveruiriinienieieieiteiteiteiesiesie st beste st testee et ebe et sre et sbesbeseessennensens 462522112172402
Well 08NOOW24ADDCDOT (€)..vveveereruirririenieieieeeieiieseeseseesessessessessessessessesseseeseeseesessessessessessessans 462522112172401
Tenmile Creek at Headwaters, near RIMini (€) .....ccceecveerierieeniienieeiiienieeeieeseesveesieesvesveesseesenens 462527112175201
Monitor Creek SS 08 near RIMING (C) ..vovevvereierierieeieieniieiesieeieetete st eae e estesseessesseensesseennes 462529112173301
Monitor Creek SS MS near RIMING (€)...veecvieiviiiiieiieiiecie et esiieesieeiee e esieeseveesreessaeesreessneesseesens 462531112172901
Monitor Creek SS 11 near RIMINT (€) .veoveeevierieeiieeieeiiesiecieeieeieeieeseveesieeseveesseessaeereesnessseennns 462535112173601
Monitor Creek SS 10 near RIMING (C) .vvvvevvereierieriieeieieriieciesieeteseteie e eaeseeee s essesseensesseensesseennes 462537112173301
Monitor Creek Adit near RIMING (€)...veeeiiiiiiiieiiieiiesieeie et see ettt e be e saeesebeesae e eae e 462541112172001
Monitor Creek 5-MC near RIMINi (C) ..vveeevierieeiiienieniieriiesieeiieereeieesieeesieesenesseesseesseesseessneennes 462542112173301
Ruby Creek No. 1A above Scott Reservoir, near Rimini (C) .....c.cceceeevererenenenenenereceieenenn 462520112165601
Ruby Creek No. 2 above Scott Reservoir, near RImini (€) .......cooevevereereriienenierieeieseeceeeeeene, 462538112163301
Ruby Creek No. 3 above Scott Reservoir, near Rimini (C) ......ccceevveriierieenieeciienieciie e eie e 462549112161401
Banner Creek at bridge, 0.5 mile above City diversion, near Rimini (€S) .......cccecvvveveervenerenenen. 462657112143501
Poison Creek at mouth, near RIMini (CS) .....cccvveiiiriiiciieriiecie ettt e e e 462838112143901
Tenmile Creek above City diversion, near Rimini (CS).......cceeevververiieereeerieeniesieeieesveesieeneesenens 462853112144101
Beaver Creek tributary No. 2 near RImMini (CS) .....veoveereeriereieiierieieneeiesiesteseseeseeseeeee e eseesseennes 462758112123001
Suzie Lode Adit discharge at RIMini (C) ......cvevvereerierieiieieie et 462913112144101
Tenmile Creek below Spring Creek, at RImini (CS) ......ccveveeeciienieniiieiieeieeiie e 462922112145401
Moores Spring Creek at mouth, near Rimini (C8) .......ccocevvererienienienienieiiieenenencseeesie e 462932112145801
Minnehaha Creek below Armstrong Mine, near Rimini (CS)........cocceveeeeriereneesiinieereeeeeeenen 462917112165601
Beattrice Mine tributary at mouth, near Rimini (CS) ......oovveeeveeriieerieeriienieenieesieeseeeveesiee e eveeens 462918112170801
Minnehaha Creek above City Diversion, near RImini (CS) ........cceevereervereesenieeienieieseeeneeseennes 463023112153701
Tenmile Creek near RIMING (A) vooouveeiiiciieiiiiie ettt et et e ve et eeveestaeebeestaeesseessaesnsaenseesseeas 06062500
Tenmile Creek at Tenmile Water Treatment Plant, near Rimini (dcs) ......cceeeveeevievieecieenieeieeie e 06062750
Tenmile Creek below Colorado Gulch, near Helena (Cs) .....oocvevvrvenieniesinieieeiesieeiee e 463438112091801
Tenmile Creek Near HEIENA (©5) ....uecuiiiieriiiiieiieiiee et eteesie et e teete et eebeesaeesebeestaeesseessaessseenseessseenseesssens 06063000
Sevenmile Creek at mouth near HElena (C8) ....cveeveeriieeiieiiieiieeieenieeeieeieesee st iee e eveesaeene e 463747112033801
Tenmile Creek at Green Meadow Drive, at HElena (CS) ......cvevvieeieriierieriieieiieie et 06064100
Missouri River below Hauser Dam, near Helena (d).........ccceecvieiieeiiieiie ettt 06065500
Missouri River below Holter Dam, near Wolf Creek (At) ......ccoeovveeeiieiieeniienie ettt 06066500
Little Prickly Pear Creek at Wolf Creek () ....vovieieiieieiiieiesiieieee ettt saeaeene e 06071300
Dearborn River near Craig (ACES) ......eeouirierieierie ettt ettt ettt ettt et se e te bt et e e s e e beese et e eneeeeeneeneesnean 06073500
Smith River below Eagle Creek, near Fort Logan (dt) .......c.oooveeieiiiiiiieiieieeeee et s 06077200
Missouri RivVer Near UM (A).....cveciieieiiiieie ettt sttt st b e e e sta e b e esaesessaesaesseessessaessenseessensennes 06078200
SUN RIVER BASIN
Sun River at STMIMS (A) ...veevvieeiieiieiie ettt et et ee st e et e staeesbeebeesbeesseesssessseesssessseenssennseenssessesnseees 06085800
Muddy Creek:
Muddy Creek near Vaughn (ACS) .....eoueeueiieieiieieetieie ettt ettt st e e e te e testeeneeneeenee 06088300
Muddy Creek at VAUGNN (ACS) ..veevieriieiiieiieiieeiteeie ettt e site et stte s teestaessbeestaesnaeesaesssaenseesnseensaessnesnses 06088500
Sun River near Vaughn (ACES) ......ecuiiieriiiiiieieieet ettt ettt sttt ettt e st e b e sseessessaessesssessesesssesesssensennns 06089000
Missouri River near Great Falls (A) .....ovvecieiiiiieiee ettt et ae b sveereessseensaessaeennas 06090300
Lake Creek:
Lake Creek Near POWET (A) ....occvieiiiieieiicieie sttt ettt ettt saesteesae st e sseessessaesaessesssesseaseessesseessessanssensenns 06090650
Missouri River at FOrt BENtOn (d).......cccueeciiiiiiiiieiieiiieie ettt ettt ettt aeeaeestaesebeesaesseesaseenseessseensaesseennnas 06090800
MARIAS RIVER BASIN
Two Medicine River below South Fork, near Browning (d) ...........ccoovvviiinciiniieiinieieeceeece e 06091700
Badger Creek below Four Horns Canal, near Browning (d)........ccooceeierieiinieniiiere e 06093200
Cut Bank Creek near BroOWNING ()........ooovieiiieiiiiriieeiieiiesie et este et esieeeveesee st saeeveestaesnseenseesnsasnsessseeas 06098500
Cut Bank Creek at Cut BanK (d) .....occveevereieriiiieeciesieeteie ettt sttt re e stee s e eseessesseessessnes 06099000
Marias River near SHEIDY (@) ...coueiiereeieieeiee ettt ettt ettt eae et eae e e eeenean 06099500
Marias River Near CHESTET () .......couerieiiiiiriieeieeitie et eiteste et ste et e st e s teesbeesseeesbeessbeenseessaesnsesnseensseenseenseesnses 06101500

Marias River Near Loma () .....c.cccvecueruireieriiiieiiieiestieiete ettt st et st estestae e ssae s e staessesseessesseesseessesseessensaessensenns 06102050
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SURFACE-WATER STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS
ARE PUBLISHED IN THIS VOLUME

Station
number
MISSOURI RIVER BASIN--Continued
MARIAS RIVER BASIN--Continued

Teton River below South Fork, near Choteau (dCS) ........vevverieeierieiiiieieee et 06102500

Teton River near DULtON (ACS) ..vvieiiiiieiiieiicciie ettt ettt et e v e e baesaeesbeeseaeesseebeasssessseennes 06108000

Teton River at Loma (ACES) .....iiiieieeiieiieeitertie ettt ste et estee st eteesea e e teesteesaeestaesseeesteessaeessesnseesssesnsennses 06108800

MisSouri RIVEr at VIrgelle (d) ...coveovieieeiieieiicieiecte ettt sttt sttt e e st eseeseensesneesseenaesesneensensnens 06109500
Judith River near mouth, near Winifred (dCtS) ......coovieieeciieiieciiecicee ettt et 06114700
Missouri River near LandusKy (AS)......ccueecueeiieiieiiiiiie ettt ettt et ste st eeiveeteessaeesbe e saesseessaesnseessnesnseenses 06115200
Armells Creek near Landusky (A) ....ooveeeeeiiieie ettt ettt ssa e s 06115270
Duval Creek near LandusKy (d) ......oceoeererieiiee ettt sttt 06115300
Rock Creek near LandusKy () .....cc.oecveeciieiieiiieiie ittt steeve et e ebe et e sstaesaeessseessaenssesnseessnesnsesnses 06115350
Fort Peck Lake:
MUSSELSHELL RIVER BASIN
Musselshell River at HarlowWton (At) .......c.eeeveeeiieiiieiieie ettt e ssveeae et e saeenseenes 06120500
Musselshell River above Mud Creek, near Shawmut (d)........c.ocveieriieiienieienieie e 06123030
Musselshell River near Lavina () .....cceecvverieeiiiiiieciieee sttt ettt ete st eesbeeseaeeseebeesssessseeseasssessseenses 06126050
Musselshell River near ROUNAUP (A) ...veeeveeiviiiiieiieiieeieeee ettt ettt etae e ebeessaeenseenes 06126500
Willow Creek above LMGA Reservoir, near RoOUndup (d)......ccocceevveeieienieniinieccieieceee e 06127020
Willow Creek at U.S. Canal, near Roundup (d) ......ccooeeieiiiieeeieeee e 06127060
Musselshell River at MUSSEISHEll () ....ooivvieiiiriiiiiieiieie ettt ettt sebeeae et essaeenseenees 06127500
Musselshell River at MOSDY (ACES) ...vevieieriieieiieiesit ettt sttt ettt et e ssaessessaesseeseensenseennesseennes 06130500
Hell Creek near JOrdan (A)........ceeeieeiieiieeie ettt ettt sttt veeete e v e estaessaeesbeessaeesseenseasssassseennes 06130650
BIG DRY CREEK BASIN
Big Dry Creek near Van NOTMAN () .....ccveevieieriieienieiiesiieiesie sttt et ettt sstesessaessessaenseessensesseensesseennes 06131000
Nelson Creek near Van NOTMAN (@) ....cveecieeiieiieiiieiieciiesieesie sttt sveesteesaeeteesveeaeessaessaesseesseesssessseessesans 06131200
Fort Peck Lake at FOIt PECK (€).....iccuiiiiiiiiieie ettt ettt ettt tte e te et eesbeetaesebaenseessseeseansaesnseenssesssennses 06131500
Missouri River below Fort Peck Dam (ACES).....cueiveruerieiieiieiieieie ettt enee e enaessesaessesnaens 06132000
MILK RIVER BASIN
South Fork Milk River near Babb (d)........cccecuieiiiiiiieiiiciieiiieeie ettt ettt steesae e e sseesveeseseenseennneens 06132200
Milk River at western crossing of international boundary (d) .........ccceeeeieriiriieneiieecee e 06133000
North Fork Milk River above St. Mary Canal, near Browning (d) ..........ccoceeeieieninieiienene e 06133500
North Milk River near international boundary (d) .......ccceeeueeeieiieeiieniieieee e 06134000
Milk River at Milk River, AIDErta () ......cccoovereriririniiicieieieieeerc ettt et 06134500
Verdigris Coulee near the mouth, near Milk River, Alberta (d).........ccocoeeerinieninieiieeceee e 06134700
Milk River at eastern crossing of international boundary (d).........cceevveevieerireiienieiiieee e 06135000

Big Sandy Creek:

Big Sandy Creek at reservation boundary, near Rocky Boy (d).....cccooveiieieninieiieeeeeeee 06137400

Big Sandy Creek near HAVI® (A)...veeeeieiieeiecii ettt et sete e e seaeeteessaeebeesnneenseennes 06139500

Beaver Creek:

West Fork Beaver Creek near Rocky BOY (d) -.oo.ceveieienieieiieeeee e 06139800
Beaver Creek above Elk Creek, near ROCky BOY (d) ....oovveeeiiiiiiiiiieiieciieieee et 06139850
Beaver Creek at Reservation Boundary, near Rocky Boy (d) .....cccoovieieriieciiniieieecieecee e 06139900

MIIK RIVET @t HAVIC (A) .eeivvieieieeiieiie ettt sttt et ette ettt et e et e esaeeteesebeesseessseensaasseeesseessaansseenseasssenssennses 06140500

Clear Creek near ChiNOOK (@) .. ...eecvieriierieeiieiieeiieee sttt esie et see st seeeeaeebeeseaeebeeseeesseesseenseesssesnseensns 06142400

Lodge Creek:

Altawan Reservoir near Govenlock, SaskatChewan (€).........cccevvieeiierieiiiieiiesieereeee et eve e e 06144260
Spangler Ditch near Govenlock, Saskatchewan (d)..........cceeeierieeiiieiiieieeie e 06144270
Middle Creek near Saskatchewan Boundary (d)...........ccceviiieriiiieniiiieiieieieeeeeee e 06144350
Middle Creek below Middle Creek Reservoir, near Govenlock, Saskatchewan (d) ...........cccceeveeunenne 06144395
Middle Creek near Govenlock, Saskatchewan (d).........cccevvvieieerieiiieerieeie e e 06144440
Middle Creek above Lodge Creek, near Govenlock, Saskatchewan (d) .........cceceeviecieniicienenceenienennns 06144450

Lodge Creek below McRae Creek, at international boundary (d).........ccceeeerinieniiieneiereeeee e 06145500

Battle Creek:

Gaff Ditch near Merryflat, Saskatchewan (d)..........cccceevieriirieniiiee e 06147950

Cypress Lake west inflow canal near West Plains, Saskatchewan (d) ..........ccooeiieeeniiiiiinienciees 06148500

Cypress Lake west inflow canal drain near Oxarat, Saskatchewan (d) ........ccccccoevveeviiiniencreecneenne. 06148700

Cypress Lake west outflow canal near West Plains, Saskatchewan (d) .........ccoceviecieniicieninceninnn, 06149000

Vidora Ditch near Consul, SaskatcheWan (d) ..........ccccveiireiieeriieiiiieciece et ens 06149100

Richardson Ditch near Consul, Saskatchewan (d)........cccccevvvieiieriieiiieriee e 06149200

McKinnon Ditch near Consul, Saskatchewan (d)..........ccoccveieviiiieniiicieceecceee e 06149300

Nashlyn Canal near Consul, Saskatchewan (d) .........ccccooieiiiiriinieeee e 06149400
Battle Creek at international boundary () ........ccveceerieiiienieiiie ettt st sae e sene b e 06149500
Battle Creek near ChinOOK (d) ......cocveriiiieriiiieiieieie ettt eie st ste st ebesieesse st essesseessesseessesssessessasssensesseenes 06151500

Milk River near Harlem () ......cc.eeiieeiiieii ittt te et be et essb e estaesaaeesbeessaessaeenbeasssessseenses 06154100

Peoples Creek:

Peoples Creek near HAYS (A)...ioveriiieriiiieiecieiieieie ettt sttt et et esbeeseesessaessessneeessessaensenseenns 06154400
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SURFACE-WATER STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS
ARE PUBLISHED IN THIS VOLUME

Station
number
MISSOURI RIVER BASIN--Continued
MILK RIVER BASIN--Continued

Little Peoples Creek near Hays (ACS) ....cvevievierieiieiiieiesieiesie ettt sttt sttt ene e esensesnnens 06154410

Peoples Creek below Kuhr Coulee, near Dodson (ACS) ......coveeeereerieniieieieeeeee e 06154550
Milk River near DOASOMN (@) .....ccveiiiieiieiieeiieeie ettt sttt ettt e et e et e e taesveesbaessbaeseessseeseenseessseensnensnennses 06155030
Milk River at Cree Crossing, N€Ar SACO (A) ....verveevereriieiieiereeieeeetestete st esaestestesreesbesseeseeseesseeseensesneensesnees 06155900

Belanger Creek (head of Frenchman River)

Belanger Creek diversion canal near Vidora, Saskatchewan (d).........cccccoveievieniiiecieniecieeciecieeeee 06156500

Cypress Lake:

Cypress Lake east outflow canal near Vidora, Saskatchewan (d).........ccooceeviriininieienieeeeee, 06157500
Frenchman River:

Eastend Reservoir:

Eastend Canal at Eastend, Saskatchewan (d) .........ccccceeviiiiiiiiiiecie e 06158500
Huff Lake:

Huff Lake pumping canal near Val Marie, Saskatchewan (d) .........ccccoevieiiininininininccnccccecnen 06161300

Huff Lake gravity canal near Val Marie, Saskatchewan (d) ........cc.ccooirieiiniininiie e 06161500
Newton Lake:

Newton Lake Main Canal near Val Marie, Saskatchewan (d) .........ccoocveverieiieniniienieieccee e 06162500
Frenchman River at international boundary (d) .......cooceeoerieirieeeeee e 06164000
Reservoirs in Frenchman River basin in SaskatChewWan (€) .........ccvevieeiieiiieiiieiienie ettt et sae e eseeenne e

Milk River at Juneberg Bridge, near SACO (d).......ververiiererieiieieri ettt ettt ee s 06164510

Beaver Creek:

Beaver Creek below Guston Coulee, near SACO (A) ...ovviereeriiiiieiiieiierieee ettt sae e 06166000

ROCK CREEK BASIN

Rock Creek below Horse Creek, near international boundary (d) ........cecceeeeeieririeninienceeeeee e 06169500
Milk River at TAMPICO () .veeoveerrrieiieiieiieeriieeieesteeeteesteesteesteestteesbeessaeesseesseeesseesssesssaesseesssaenseeseessseenseenssesnses 06172310
Milk River at NaShUua (ACES) ....ecueeieriieieeieieseerie sttt ettt et e ettt et et esteesae s e essesseensessaenseeseenseeneensesneensesnnan 06174500

Missouri River near WoOlf POINt (ACES) .. .ccuuiiiiiiieeieeiiecie ettt ettt ettt et e e e et esebeeseesebeesseeseessseessaessseensas 06177000
REDWATER RIVER BASIN
Redwater RIVEr @t CIrcle (A) c.veooviiiiieeieiie ettt ettt ettt et e ete e eab e e s tbeebeesteeeabeenseesaseensaeseneenres 06177500
POPLAR RIVER BASIN
Poplar River at international boundary (ACS) .....cccuierieriieiieeieeeecie ettt re e s eeae s 06178000

East Poplar River at international boundary (dCS).........ccveeverieriiereeieiieiereee ettt 06178500
Poplar River near POPIar (ACES) ......oouieiieieieieee ettt sttt sttt ene et eneenee e eeeenean 06181000
BIG MUDDY CREEK BASIN
Big Muddy Creek near ANtloPe (). .. coeeruieierieiieieeieieeee ettt ettt te st be e et e st enseeneesesneenseenees 06183450

Big Muddy Creek diversion canal near Medicine Lake (d) ........cccoeveoirieiiniiniieeeeeeeeee e 06183700

Lake Creek near Dagmar () ....c.cocveecuieiieeiieeiieiieeiieste et estte et steesteeteesaeeteessaaeseessaeenseensaesnseenssesssennses 06183750

Cottonwood Creek near Dagmar () .....c.eeeecvieierierieieeieie ettt ettt e st a et s nae s eensesseeneensesnnes 06183800

Sand Creek near Dagmar (d) ........ooeeieiieieee ettt ettt ettt sae et et eteereens 06183850

Missouri River near CulbertSON (ACES).....c.uirueiriierieriiieiieeteeseeeie et e st esteeeteeteesaeebeeseaeeseessseenseeseesssesnseesssesnses 06185500
YELLOWSTONE RIVER BASIN
Yellowstone River:
Yellowstone River at lake outlet, Yellowstone National Park (d).......cccecvevienciiicieiiieriecicece e 06186500

Lamar River:

Soda Butte Creek at Park Boundary, at Silver Gate (d) ........cccoeeeeerieienieereeeseeeeee e 06187915
Soda Butte Creek near Lamar Ranger Station, Yellowstone National Park (d)........cccccceevviriieneennnns 06187950
Lamar River near Tower Falls Ranger Station, Yellowstone National Park (d).........ccccceevveviievieninvennnnnen. 06188000
Gardner River near Mammoth, Yellowstone National Park (d) ........cccccoeveeeiieiieniieieecieciecee e 06191000
Yellowstone River at Corwin SPrings (At)......cceerierveeiiieiieeieeriie ettt esee s e eteesereesteeseaeesseesssesseesssesnseeses 06191500
Yellowstone River near LivIngSton (ACES) .....c.ivveruirierieiieriiiieieeteeteetesreeeesteesaesteeseessesssesseessessaessesseessesseeseas 06192500
Shields River near LivIngSton (ACES) ......coeeruerierieitieieeti ettt sttt et eseeeseentesseeeesaeens 06195600

Boulder River at Big Timber (ACES)......cccuieriieiiieiieeiieiieeie ettt et este et see s stae e e et essbeesaesnseensaessneennas 06200000

East Rosebud Creek (head of Rosebud Creek):

West Rosebud Creek near ROSCOE (@) ...oevieviiiiiiiieeiieiieeie ettt et st 06204050
Stillwater River near AbSArokKee (ACES) ...ccveevvieiiieiieriiiiieiie ettt ettt te et eseesbeestaesaeeseessaesnseeneenes 06205000
Clarks Fork Yellowstone River at Montana-Wyoming State line, near Cooke City (¢).....ccccvvvverervernennen. 06205450
Clarks Fork Yellowstone River near Belfry (d) ......cooveouirieiieieiieee e 06207500
Clarks Fork Yellowstone River at EAgar (ACmtS) ......c.cecuieiiieiiiiiiienieciierie ettt 06208500

Rock Creek:

Rock Creek near Red Lodge (At) ......ooeeierieeieeereee ettt 06209500

Red Lodge Creek above Cooney Reservoir, near Boyd (d) .....ooovevveeiieniieieeniiiieecie e 06211000

Willow Creek near BOYd (A) ...cveovieieriieiiiieie sttt ene 06211500
Red Lodge Creek below Cooney Reservoir, near Boyd (d) .....ooeeveieeniiienenenieeeeceeeen 06212500
Yellowstone River at BilliNgS (At) ....ccoveiivieiiiiiiieiiesieeie sttt ee ettt e teesae e teesaaeseessbeensaessneennes 06214500

Pryor Creek at PryOr () ..ovioveie ettt sttt ettt et ste e b e sse e s e seessessaessensenssesesssensensnes 06216000
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xi
SURFACE-WATER STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS
ARE PUBLISHED IN THIS VOLUME

Station
number Page

MISSOURI RIVER BASIN--Continued
YELLOWSTONE RIVER BASIN--Continued

Bighorn River at Kane, WY (dCIMS) ....ecveiiiieiieiiei ettt et e sbeeesesteeneenee e 06279500 453

Bighorn Lake:

Shoshone River near Lovell, WY (ACIM) c..ooeviiiiiiiiciieiieeieeiee ettt et saeeseae s taesaeesnneens 06285100 456

Bighorn Lake near St. XAVIET (€)...ecuvecvereerieeieiietiesieeeetesteesaesseestesseessesseessesseessesseansessessessesssessesssensesseenes 06286400 458

Bighorn River near St. XaVIier (d).....cooiiieieeeie ettt ettt ae e st sa et ene e ene s 06287000 459

Little Bighorn River at State Line, near Wyola (d) ......cocooiiieniiiiiinieeeeceeeee e 06289000 461

Pass Creek:
West Pass Creek near Parkman, WY (d).....cccoecuieiiieiiiiiieeeie ettt ae e 06289600 462
East Pass Creek near Dayton, WY (d)...cccceeceerieriiiieneeeiieee ettt 06289820 463
Pass Creek near WY0la (d) ...cccveeieiirieieceeeee ettt sttt ene s 06290000 464
Little Bighorn River below Pass Creek, near Wyola (d) ......coooveieeieiinieiieeeeiee e 06290500 465
Lodge Grass Creek above Willow Creek Diversion, near Wyola (d)......c.cccccevevieniencieeniencneecieenne, 06291500 466
Little Bighorn River near Hardin (d) ........ccoocveveiieiieiieiecieieceeee et 06294000 467

Bighorn River above Tullock Creek, near Bighorn (dets)......cooveeeeierieiienieriiiee e 06294500 469
Yellowstone River at FOTSYth (ACS) ....ecuiiriieiiieiieiiieie ettt et ste et saeesbe e s taeebeebeessaeenseenseeses 06295000 473

Rosebud Creek at reservation boundary, near Kirby (d) .......ccocveveerieiiieieieeiee e 06295113 477

Rosebud Creek near COISIP (A) «.vevveeierieeeieeet ettt et ettt e ee e e e ene s 06295250 478

Rosebud Creek at mouth, near ROSEDUA (ACS)......ievuiiiiiiiiieiieiiecie ettt ettt ae e e sae b e 06296003 479

TONGUE RIVER BASIN

Tongue River at State line, near DecKer (ACS) .......oviiuiiieriiieiciee e 06306300 481

Tongue River at Tongue River Dam, near Decker (d) .......occeevvieriieciieiiieieeie et 06307500 486

Tongue River at Birney Day School Bridge, near Birney (d) ........cccoeveveirieriinieieciee e 06307616 487

Tongue River below Brandenberg Bridge, near Ashland (dcs).......ccoeveierieiinieniiiee e 06307830 488

Tongue River at Miles City (ACES) ..ecvvieriieriiiriieiiieiiesieeiteete et e ste et e steeteesteesebeeseessseesseessseeseesssessseenses 06308500 493
Yellowstone River at MIles City () ..ec.eecveeieierieierieiesieee ettt ettt se s e e e enseeneennenneennes 06309000 497

POWDER RIVER BASIN

Powder River at MOOThead (ACS) .....ccuuiiiierieeiieiieeie ettt sttt ettt e aesaeeteessbeenbaesenesnneenseennes 06324500 499

Little Powder River above Dry Creek, near Weston, WY (dCs)......ceovveererieriinieniinieeeeee e 06324970 504
Little Powder River near Broadus (CS)......c.icoierieriiiiiieeiecieesteeteesiieeteeieesveesaeeseveesraessseeseessneenseennns 06325500 509
Little Powder River at mouth, near Broadus (CS) .......cceecueeriierieeiiieriieeieertesieenee e eseee e e e seeeaee e 06325550 511
Powder River near Locate (ACS) ....ooviieriieieiieiieii ettt sttt ettt e e et essesaesseenaesseesaensesneenes 06326500 513
Yellowstone River near Sidney (ACIMS) .....coouiiuieiuirieieiieierte ettt sttt sae e e e e enes 06329500 516
Smaller reservoirs in Missouri River basin in MONtana (€) ......cccecveerueerieriierieeiieseesiesieesveeaeessseeseesseessseessessssessseessesssnes 523
LITTLE MISSOURI RIVER BASIN
Little Missouri River at Camp Crook, SD (d) ....coeiieiiiieeeiee ettt 06334500 526
Beaver Creek:
Beaver Creek near TrotterS, ND (AC).....ouerviroieriieieiieieteiese ettt ettt st sae s ene e e sne s 06336600 527
COLUMBIA RIVER BASIN
Columbia River:
KOOTENAI RIVER BASIN
Kootenai River:
Lake Koocanusa at international bouNdary (C).......cccveereeriiiniierieeiiiesie et esieeieetee e eseeseveesreessaeesseesneenseenens 12300110 529

Tobacco River near EUIEKa (A).......covieciiriieieriieiirie ettt ettt ere s seeessesaaesassaeseesaensesseenes 12301300 532
Lake Koocanusa at Tenmile Creek, near LibbY (CIM)....cc.eeoueeieriirieniieiiei et 12301830 533
Lake Koocanusa at forebay, near LiDDY (C) ...ccveeviiiiiieriieiiieiierie ettt ettt sve e s saeesaae et eessaeenseenes 12301919 538
Lake Koocanusa Near LIDDY (€) ...c.ecvecierieriiiieiiieeiesieete sttt et steestesteesaesreesaesaeessassaessesseessesaessesseessessessens 12301920 542
Kootenai River below Libby Dam, near Libby (dCtS).......cccoeieriiriiiiiiene et 12301933 543

Fisher River near LiDDY (ACS) ...uiiriiriiiiieiiieie ittt ettt ettt e et e ae et sebaeaeessaeebeessaeensaessneenseennns 12302055 547

Yaak River:

Yaak River N€ar TTOY (ACES) ...eeueeiueeuieiiiieitie ettt sttt sttt sttt st e e st et e eseeeeeneesteeseenneeneeneeeneans 12304500 549
Kootenai River at Leonia, ID (A)....c.ccoieririiieieeiecie ettt ettt e et e sev e eaeesnaesseessaeensaensneenseenees 12305000 553
PEND OREILLE RIVER BASIN

Blacktail Creek at Harrison Avenue, at BUutte (CS) ...c.iovieriiiiieiiieieeieeie ettt eve e 12323230 555

Blacktail Creek at BUtte () ....cccveeeeeriieiieeie ettt ettt e eae ettt saeesaeestaesseeenteesssaesaesnseesssesssennnes 12323240 556
Silver Bow Creek above Wastewater Treatment Plant, at Butte (d) ........cccevvieieviieiieniieieie e 12323248 557
Silver Bow Creek below Blacktail Creek, at Butte (ACS) ......eevieriiiiieiiieiiieiieeiecie et eeie et et ens 12323250 558
Silver Bow Creek at Opportunity (ACS) ...ecvierieeeueeeiieiieeitiesiieeieesteesieeteesteesveesseesssessseessaessseesseessessssesssessseenns 12323600 560
Silver Bow Creek at Warm SPrings (ACS) .eevevuieiirieiieriieieritiiesieste sttt ettt eteereessesseesaesreesaessesssesseessessenseenes 12323750 562

Warm Springs Creek near Anaconda (d) ........ooeeeiriiieiieeieee e 12323760 564

Warm Springs Creek at Warm SPrings (ACES) ..e.vievueerieiieeeieeiieiie et eriie e eeesveeseee e esteesaessreessreeaseenens 12323770 565
Clark FOrk near Galen (ACLS) .....cceovieieriieieriieiieniietesteeeesteetessesesesteessesseeseesseessesseessessesssessesssassansaessensesssesseesses 12323800 569
Clark Fork at Deer LodZe (ACES) .. .eeouieuieieiieieetiee ettt ettt et ettt ettt steese et en e steene e s e entesaeeneenneenees 12324200 573

Little Blackfoot River near GarriSOn (ACES) ........cvierueriiierieeiierieeteesteesteerieeseesreeseeessreesteessseesseesnseesseessns 12324590 578

Clark FOrk at GOLACTEEK (ACS) ..uverviriieiieiiiieieitteie sttt ettt ettt et saeese e beesaesaeessebaessesseessansaessenseesseseenees 12324680 582
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Station
number
COLUMBIA RIVER BASIN--Continued
PEND OREILLE RIVER BASIN--Continued

Flint Creek near SOUthern CroSs (d).......ceicuereriieriieieie ettt ettt ettt et e steenaesseeaeseesseensenseenes 12325500

Flint Creek at MaxVIIle () ....oeocieeiiiiiiieiieeie ettt ettt ettt e e te e st e st e etaeeaseessaesssansaessseessaensnennses 12329500
Boulder Creek at MaXville (A).....cveeveeiieiiieieeieeciie ettt ettt et see et eeve et esnbeesaesnseensaessseennas 12330000

Flint Creek near Drummond (ACS)........eevueiieriirieiieiieie ettt sttt ettt et e nsesneesesseessesseensenseenes 12331500

Clark Fork near Drummond (ACS) ........cecuieiieeiiieriieeieeeieeeie et esee et e steeeveesteesaeesveesseeesseessesssseesseesseesssessseesseeas 12331800
Middle Fork Rock Creek near Philipsburg (d).......cc.oooueriiiiniiieiiiieieeeeeee e 12332000
Rock Creek near CINtON (ACES) .....eveeierieieriieiieiteiesiteie sttt ettt et et s aeseessaessesssesseensesseensenseenes 12334510

Clark Fork at Turah Bridge, near Bonner (dCS) ........coeerieieririee ettt et s 12334550

Blackfoot River:

Blackfoot River above Nevada Creek, near Helmville (deS) .....vooverieiieieniinieniiiereee e 12335100
Nevada Creek above reservoir, near Helmville (d) .......oocvveeiiiiiieiiiiiieeeeeceeeee e 12335500
Nevada Creek at mouth, near HEImvile (dCS) ....eevvveeiieiiieiiieiiiieiiecie ettt 12337800
North Fork Blackfoot River:

North Fork Blackfoot River above Dry Gulch, near Ovando (dt)........ccceeeeeinieiiininieneieeeeeees 12338300

Blackfoot River near BoNNer (ACES).......ccuierieiiieiiieiiieieeeieeieerte ettt e s ve et et e seessbeessaeeseesseesaesnnesnnas 12340000

Clark FOrk above MiSSOULA (ACES) ....vveuveriieieriieiesieeieseeee st ete sttt et et e tesaeesaeseesaesseesaeseeseessesseensesseensenseans 12340500

Bitterroot River:

West Fork Bitterroot River near Conner (ACS) ......eccvierieeiieerieniieniieeieeieeeeeeieesiteeieestaeeveessaesseesssessseenses 12342500
Mo008E Creek NEAr SULA (CS)..vevieieriieieriieierieste st eee st ete st eteseeeseesteeeesseesaessesssessesssensesnnensenns 455550113432001

East Fork Bitterroot River near Conner (ACS) .....c.ecvieriierieeiiienieeieesieereeseeeveesieeesaeesteesveessaesveessaessseenns 12343400

Bitterroot River near Darby (ACES)......ueivieriieriieiiieeieeciiesie et ete et esee et e seeete e staeeae et e ssbeesaesnseensaessneennes 12344000
Skalkaho Creek near Hamilton (ACS)........ccereerieriieiieieiieieiieiesee sttt nne s 12346500

Bitterroot River at Bell Crossing, near VICtor (d) .......ccooeieeririeneeieieeese et 12350250

Bitterroot River near MiSSOUIA (ACTS) ....cuuirieiiiieiieniieiiiesie et erite et este et eseeeveestaeeaeesteesnsaesaesnseensaessnennnas 12352500

Clark FOrk below MiSSOULA (d) ...veevieieeiieieeiieie ettt ettt e st enbesseensensesseensesseensenseens 12353000

St. Regis River near S. REEIS (A)...eueiuiiiiiiieiitieeeie ettt ettt st et et e s be et esteeneeneeenes 12354000

Clark Fork at St. REZIS (ACTS) ..eeuvieiurieiieitieeieeiie st eieeette et e steeteestteeteeteessbeeseesssaenseensseesseesaesnseenseesnsesseenssens 12354500

Flathead River:

Flathead River at Flathead, British Columbia (ACS) ........cceveeciieiireiieiiicie ettt 12355000

North Fork Flathead River near Columbia Falls (dCtS)........ccvuereiiirieriiiiiieeieeieeiecie e e 12355500
Middle Fork Flathead River near West Glacier (ACS)......cocvevieriereiierierieieeeeie ettt 12358500
South Fork Flathead River above Twin Creek, near Hungry Horse (d).......ccceoveieiinieiineniceeee 12359800
Hungry Horse Reservoir:

Hungry Horse Reservoir near HUNGry HOTSE (€).....veveveeerieiienieeieieeiesieeieie et seeeeaens 12362000

South Fork Flathead River near Columbia Falls (dt) ......ccceevirriieiiieiiieiieciceeeeee e 12362500

Flathead River at Columbia Falls (ACtS).....c.ccviiriiiriieiiieiie ettt ettt st eene e 12363000
Stillwater River near Whitefish (d) ....c..ooviiiiiiiiiii et 12365000

Whitefish River near KaliSpell (ACS) .....ooveruiiieriiiieeieeee et 12366000

Flathead Lake:

Swan River near Bigfork (ACS) ....c.coieiiririiiiieiecieiese ettt e enees 12370000
Flathead LaKe at POISOMN (€)...cviiiiieiiieitiiiiieiieciie et ettt et et e vt seaeebeesteesebeeseessbeessaesseeessesssaenseessseenssessseenses 12371550
Flathead River near POISON (A)......cccuiiriiiiiieiieie ettt ste et et e et esebeesbaenseeseseensaennnesnnas 12372000

Little Bitterroot River:

Mill Creek above Bassoo Creek, near Niarada (d)......cccccveveeeiienieiieeiiesie et e e 12374250

Crow Creek:

South Crow Creek near RonNan (d) ......c.eovveierieiiniiiieiieeieseeiese ettt ettt st esse s eseennas 12375900

Mission Creek above reservoir, near St. IZnatius (d) ......ooeeeerieienieieee e 12377150
Jocko River:

South Fork Jocko River near Arlee (d)........ccvevererieriieieiieieiteiesie et sre e 12381400
Big Knife Creek near Arlee (d)......ueoeeierieieiieiese ettt st 12383500
Valley Creek near ATIEE () ...cvieeveecieeiieeieeieecee ettt ettt ettt e et eeaeestaessbeeseesnse e snesnseennes 12387450

JOCKO RiIVEr at DIXON (A) 1.vvevieiieiieiieiieierie ettt ettt e st et se e b e tae b e sseesseeseesseeseessesseensessnensenseens 12388200

Revais Creek below West Fork, near DiXon (d).......ccceeevieriierieeeireiiesieeriesieeie et sveesaeseve s 12388400

Flathead River at Perma (ACES) ....cccviiiiieiieiie ittt ettt ettt et teeaeestaeesteesaeesebeessaesssesnseensnensnennsas 12388700

Clark FOrk near P1ains () .......ccueriecierieieriiiieieeiet ettt ettt esaestestessaestessaessaesseseessesseessesseessesssessesssessensenns 12389000
Thompson River near Thompson Falls (d)........cooirieriiioiieeee e 12389500
Prospect Creek at Thompson Falls (@) .....eccvierieeiieiieiieeieeie ettt st snaeeeve e 12390700

Clark Fork below Noxon Rapids Dam, near NOXomn () .......cceecveririieriieiieniiniecieciiseeeeere e se e seeeaesne e senens 12391400

Smaller reservoirs in Pend Oreille River basin in MONtANa (€) .......ccvverveecieeriieiieniieiieesieecreereesereeseessaeeseessaessveesseessnes

Clark Fork below Cabinet Gorge Dam, near Cabinet, ID (dCtS)........cceevuereiieriieeiiieniecieeee e 12391950

Clark Fork at Whitehorse Rapids, near Cabinet, ID (d)........cccoeieiiiieiiiiieiececiesteie ettt 12392000

NATIONAL ATMOSPHERIC DEPOSITION PROGRAM/NATIONAL TRENDS NETWORK:
McBeath 1esidence Near CIANCY ........cccuieiiieieeiiieiiieieerie ettt et esaeeaeestaessseeseessseesseenseenses 462905112035401

Northern Montana Agricultural Research Center near Havre............coeeveviieieiienenieieeieeeeeee e 482958109475101

Page



WATER RESOURCES DATA FOR MONTANA, 2002

INTRODUCTION

The U.S. Geological Survey (USGS), in cooperation with
other Federal, State, and local agencies and Tribal
governments, collects a large amount of data pertaining to the
water resources of Montana each water year. These data,
accumulated over many years, constitute a valuable data base
for developing an improved understanding of the water
resources of the State. To make these data readily available to
interested parties outside the USGS, the data are published
annually, by water year, in this report series entitled, "Water
Resources Data, Montana."

This report includes records on both surface and ground
water from stations within the State and selected stations near
the Montana border in adjacent states and Canada.
Specifically, it contains (1) discharge records for 244
streamflow-gaging stations; (2) stage or content records for 9
lakes and large reservoirs and content records for 31 smaller
reservoirs; (3) water-quality records for 142 stream sites (42
ungaged), 9 ground-water wells, and 3 lake sites; (4)
precipitation records for 2 atmospheric-deposition stations;
and (5) water-level records for 53 observation wells.
Additional data for water year 2002 were collected at crest-
stage gage and miscellanecous-measurement sites but are not
published in this report. These data are stored within files in
the USGS office in Helena and are available on request. The
locations of streamflow-gaging stations are shown later in the
report in figure 6, locations of water-quality stations are shown
in figure 7, and locations of observation wells are shown in
figure 8.

Records of discharge or stage of streams and contents or
stage of lakes and reservoirs were first published in a series of
USGS Water-Supply Papers entitled "Surface Water Supply of
the United States." These Water-Supply Papers were
published in an annual series for water years 1899-1960 and
then in a 5-year series for water years 1961-65 and 1966-70.
Records of chemical quality, water temperatures, and
suspended sediment were published from 1941 to 1970 in an
annual series of Water-Supply Papers entitled "Quality of
Surface Waters of the United States." Records of ground-
water levels were published from 1935 to 1974 in a series of
Water-Supply Papers entitled "Ground-Water Levels in the
United States." Water-Supply Papers may be consulted in the
libraries of the principal cities of the United States or may be
purchased from USGS, Branch of Information Services, Box
25286, Denver, Colorado 80225.

For water years 1961 through 1970, streamflow data were
released by the USGS in annual reports for each State. Water-
quality records for water years 1964 through 1970 were
similarly released either in separate reports or in conjunction
with streamflow records.

Beginning with the 1971 water year, data for streamflow,
water quality, and ground water are published as a single or
multi-volume USGS annual water-data reports for each State.
These reports carry an identification number consisting of the

two-letter State abbreviation, the last two digits of the water
year, and the volume number. For example, this volume is
identified as "U.S. Geological Survey Water-Data Report MT-
02-1." These water-data reports are for sale, in paper copy or
on microfiche, by the National Technical Information Service,
U.S. Department of Commerce, Springfield, VA 22161,
telephone 1-800-553-6847.

Water-resources information for Montana and the rest
of the Nation are available through the World Wide Web as
part of the USGS National Water-Information System (NWIS)
at:

http://water.usgs.gov/nwis
For Montana, this information includes surface-water, water-
quality, and ground-water data. Surface-water information
available from the USGS includes provisional realtime
streamflow data for stations with satellite telemetry,
provisional daily data for the previous 18 months, and daily
data for the period of record at each site. Daily, monthly, and
annual streamflow statistics also are available as well as
annual peak streamflow data. In addition, flood-frequency and
basin-characteristics information for selected sites in Montana
is available at:
http://montana.usgs.gov/freq

Water-quality information available from the USGS includes
provisional realtime specific-conductance and temperature
data for selected sites with satellite telemetry and historical
water-quality data for many surface- and ground-water sites in
Montana.  Ground-water information available from the
USGS includes descriptive information for wells, springs, and
test holes such as location (latitude and longitude), well depth,
site use, water levels, and aquifer.

Additional information, including current prices, for
ordering specific reports may be obtained from the District
Chief at the address given on the back of the title page or by
telephone at (406) 457-5900 or 1-888-ASK-USGS.

COOPERATION

The USGS has had cooperative agreements with other
agencies and organizations for the systematic collection of
streamflow records since 1906, for water-quality records since
1946, and for ground-water levels since 1964. In water year
2002, agencies and organizations that supported data
collection through cooperative agreements with the USGS are:

Federal Agencies
Bonneville Power Administration
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Reclamation
Department of State, International Joint Commission
National Park Service
U.S. Army Corps of Engineers
U.S.D.A. Forest Service
U.S. Environmental Protection Agency
U.S. Fish and Wildlife Service
U.S. Geological Survey
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Tribal Governments
Blackfeet Nation
Chippewa Cree Tribe
Confederated Salish and Kootenai Tribes of the
Flathead Reservation
Fort Peck Tribes
Northern Cheyenne Tribe

State Agencies
Montana Bureau of Mines and Geology
Montana Department of Environmental Quality
Montana Fish, Wildlife and Parks
Montana Department of Natural Resources and

Conservation

Montana Department of Transportation
Wyoming Department of Environmental Quality
Wyoming State Engineer

Federal Energy Regulatory Commission Licensees
Avista Corporation
Pacific Power and Light

Local Agencies
Cascade County Conservation District
City of Bozeman
East Bench Irrigation District
Lewis and Clark County Water Quality Protection
District
Northern Powell Conservation District
Teton County Conservation District

GENERAL HYDROLOGIC SETTING

Montana, with an area of about 147,200 square miles
(mi%), is the fourth largest State in the Union (fig. 1). The
major river basins in the State are the Hudson Bay basin (465
mi”) and the upper Missouri River basin (120,700 mi?) east of
the Continental Divide, and the upper Columbia River basin
(26,000 mi%) west of the divide. The Hudson Bay and upper
Missouri River basins drain about 82 percent of the State and
provide slightly less than 50 percent of the total streamflow.
The upper Columbia River basin drains 18 percent of the State
and provides slightly more than 50 percent of the total
streamflow.

The western and southwestern parts of the State are in the
Northern and Middle Rocky Mountains physiographic
provinces. The central and eastern parts are in the Great Plains
physiographic province. The Northern and Middle Rocky
Mountains are characterized by rugged mountains and
intermontane valleys, whereas the Great Plains consists of
rolling to dissected plains and small mountain ranges. Altitude
in Montana ranges from more than 12,000 feet in the
mountains northeast of Yellowstone National Park to about
1,850 feet where the Kootenai River flows from the
northwestern part of the State.

Climate and hydrologic conditions differ substantially
across the State. Annual precipitation varies considerably
throughout the basins, from about 100-120 inches along the

Continental Divide in Glacier National Park to about 6-12
inches in eastern and south-central Montana and in some of the
western intermontane valleys. The diverse precipitation
patterns in Montana result from the effects of geographic and
topographic features on warm, moist air from either the Gulf
of Mexico or the Pacific Ocean. In mountainous areas, much
of the annual precipitation falls as snow during the winter.
Although much of the annual precipitation on the Great Plains
also falls as snow during the winter, intense rainstorms during
the summer can add substantial quantities of precipitation to
the annual totals in a short time. In areas east of the mountains,
generally one-half of the annual precipitation falls from May
through July.

Peak runoff from the basins can result from spring
snowmelt, snowmelt mixed with rain, or intense rainfall. In
addition, backwater from ice jams commonly creates flooding
in many rivers throughout the State. The record flood of April
1952 in northeastern Montana is an example of spring
snowmelt flooding. The flood in May 1981 in west-central
Montana is an example of flooding caused by snowmelt mixed
with rain. The floods of June 1964, June 1975, and May 1978
are examples of flooding predominantly caused by intense
rainfall. Flash floods, although restricted in areal extent, are at
times numerous in the north-central and eastern parts of the
State. In many areas, peak runoff is stored in reservoirs to
decrease flooding. The stored water is used for irrigation (the
predominant consumptive use of water statewide), power
generation, and recreation.

Surface water throughout the State generally is suitable
for most uses except in parts of eastern Montana where,
because of large concentrations of dissolved solids and some
individual constituents, recommended standards or criteria for
domestic and agricultural uses may be exceeded. The ionic
composition of surface water can vary markedly between the
western mountains and the eastern plains. In the western
mountains, where the rocks generally are older and more resis-
tant to weathering, the streamflow characteristically is a cal-
cium bicarbonate type. The dissolved-solids concentrations
in mountain streams seldom exceed 500 milligrams per liter
(mg/L), even during base-flow conditions. In the eastern
plains, where sedimentary rocks are dominant, streamflow
commonly is a sodium sulfate type, with dissolved-solids con-
centrations ranging from about 100 to 8,000 mg/L. Snowmelt
and intense rainstorms sometimes produce large quantities of
runoff that can dilute concentrations of dissolved solids and
modify chemical composition. Calcium and bicarbonate typi-
cally occur in greater proportions in streams in the eastern
plains during runoff. An exception to these general character-
istics is in the northeastern part of the State, where streamflow
typically is a sodium bicarbonate type.

The availability and quality of ground water throughout
the State are primarily controlled by the distribution and nature
of deposits and rocks. In western Montana, ground water is
available in unconsolidated alluvial and glacial deposits in
intermontane valleys, and in consolidated rocks near the valley
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margins. In eastern Montana, ground water is available in
alluvial deposits along larger rivers and streams. Outside of
the alluvial valleys, ground-water availability in sedimentary
rock is variable. Throughout Montana, alluvial deposits along
streams generally are the most productive aquifers, and yields
to wells along the major streams may be several hundred
gallons per minute. These deposits are readily recharged by
precipitation, by streams during periods of high flow, and by
applied irrigation water. The particle size distribution of
glacial deposits largely determines their potential for yielding
water to wells. Where coarse outwash gravels are present, the
potential for developing large-yield wells is good, whereas
yields from wells completed in fine glacial till generally are
limited to a few gallons per minute. Many consolidated-rock
formations yield water but, because of the complexity of the
geology, rocks might not yield water in all areas. Yields from
wells completed in consolidated rocks generally are only a few
gallons per minute. However, several hundred gallons per
minute can be obtained from fractured or cavernous
formations in some areas. The well depth required to reach a
given aquifer varies with location.

HYDROLOGIC-MONITORING ACTIVITY,
WATER YEAR 2002

Five streamflow-gaging stations were established during
water year 2002 to aid in the assessment of the State's water
resources. The new stations were:

06017000, Beaverhead River at Dillon

06040800, Madison River above powerplant, near
McAllister

06048700, East Gallatin River below Bridger Creek, near
Bozeman

12337800, Nevada Creek at mouth, near Helmville

12354000, St. Regis River at St. Regis

Four surface-water-quality stations were established
during water year 2002 to obtain data to characterize the
effects of mining, agriculture, and residential development in
the lower Tenmile Creek basin. These stations are:

463438112091801, Tenmile Creek below Colorado
Gulch, near Helena

06063000, Tenmile Creek near Helena

463747112033801, Sevenmile Creek at mouth, near
Helena

06064100, Tenmile Creek at Green Meadow Drive, at
Helena

Water-quality sampling began at 17 surface-water sites
and 9 ground-water wells in the headwaters of Tenmile Creek
and Basin Creek near a repository (Luttrell Pit) where mine
wastes and mill tailings from nearby abandoned-mine sites are
being placed for long-term storage. The sampling of streams
and ground water in the area surrounding the respository is
intended to detect any migration of contaminants from the
disposal area. These stations are:

462517112173001, 0BNO6W25AABBO01
462507112170601, 08N05W30BBCDO1
462503112172302, 0BNO6W25ADAC02
462503112172301, 08NO6W25ADACO1
462500112170701, 08N0O5W30BCBDO1
462458112170001, Grub Creek No. 1 near Rimini
462457112170701, Grub Creek No. 2 near Rimini
462508112173601, Unnamed Tributary of Grub Creek
SS 3 near Rimini
462505112173601, Unnamed Tributary of Grub Creek
SS 2 near Rimini
462503112173001, Unnamed Tributary of Grub Creek
SS 4A near Rimini
462501112173501, Unnamed Tributary of Grub Creek
SS 4 near Rimini
462442112174901, Grub Creek near Rimini
462516112171201, 08N05W30BBBB03
462518112171202, 08N05W30BBBB02
462522112172402, 08N06W24DDCDO02
462522112172401, 08N06W24DDCDO1
462527112175201, Tenmile Creek at Headwaters, near
Rimini
462529112173301, Monitor Creek SS 8 near Rimini
462531112172901, Monitor Creek SS MS near Rimini
462535112173601, Monitor Creek SS 11 near Rimini
462537112173301, Monitor Creek SS 10 near Rimini
462541112172001, Monitor Creek Adit near Rimini
462542112173301, Monitor Creek 5-MC near Rimini
462520112165601, Ruby Creek No. 1A above Scott
Reservoir, near Rimini
462538112163301, Ruby Creek No. 2 above Scott
Reservoir, near Rimini
462549112161401, Ruby Creek No. 3 above Scott
Reservoir, near Rimini

Three water-temperature monitoring stations were
established at the following gaging stations for water year
2002 to obtain data to characterize daily and seasonal thermal
fluctuations that can affect aquatic biota:

06035000, Willow Creek near Harrison

06048700, East Gallatin River below Bridger Creek, near
Bozeman

06077200, Smith River below Eagle Creek, near Fort
Logan

Two water-quality sampling sites were established in the
Blackfoot River basin to collect data to characterize nutrients,
trace elements, and suspended sediment:

12335100, Blackfoot River above Nevada Creek, near
Helmville
12337800, Nevada Creek at mouth, near Helmville

Five streamflow-gaging stations were discontinued
during or at the end of water year 2002:

06025250, Big Hole River at Maiden Rock, near Divide
06035000, Willow Creek near Harrison
06061500, Prickly Pear Creek near Clancy
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06062750, Tenmile Creek at Water Treatment Plant, near
Rimini

12331500, Flint Creek near Drummond

Three water-quality stations were discontinued:

06289000, Little Bighorn River at State Line, near Wyola
06289500, Little Bighorn River near Wyola
12331500, Flint Creek near Drummond

SUMMARY OF HYDROLOGIC CONDITIONS,
WATER YEAR 2002

Temperature and Precipitation

Temperatures throughout Montana were warmer than
normal from October through January. Several days had
record-breaking high temperatures at Helena, Glasgow, and
Great Falls during November. At the end of February, an
Arctic cold front moved across Montana. Temperatures fell
below normal and remained below normal through June.
These below-normal temperatures delayed the snowmelt in the
mountains by about 2 weeks. Temperatures in July were
warmer than normal, temperatures in August were colder than
normal, and temperatures in September were warmer than
normal.

Precipitation, departure from normal precipitation, and
percentage of normal precipitation for seven climatological
divisions of the State are listed in table 1. The precipitation
data listed in table 1 are averages of the total monthly
precipitation for the National Weather Service (NWS)
reporting stations within each of the climatological divisions.
No attempt was made to area-weight the division totals. As
shown in table 1, total precipitation for water year 2002 varied
across the State from 76 percent of normal in southeastern

Montana to 115 percent of normal in north-central Montana.
For October 2001 through March 2002, precipitation ranged
from 59 percent of normal in the southeastern division to 95
percent of normal in the western division. For April 2002
through September 2002, precipitation ranged from 81 percent
of normal in the southeastern division to 129 percent of normal
in the north-central division. Total average precipitation
amounts for water year 2002 ranged from 10.59 inches for the
southeastern division to 19.47 inches for the western division.

Most NWS stations in Montana measure precipitation in
valley or non-mountainous locations. Data for precipitation
falling as snow in the mountainous parts of the State during the
winter are published by the U.S. Department of Agriculture,
Natural Resources Conservation Service, in the report
"Montana Water Supply Outlook." Percentages of normal
water content of snowpack, by drainage basin, are listed in
table 2.

By March 1, 2002, the percentage-of-normal water con-
tent of mountain snowpack ranged from 48 to 106 percent. By
April 1, the percentage-of-normal water content increased in
most basins from the previous month and ranged from 75 to
118 percent. By May 1, the percentage-of-normal water con-
tent ranged from 62 to 134 percent. Overall, the percentage-
of-normal water content in snowpack on May 1, 2002, was
below normal in the Bighorn (75 percent), Tongue (77 per-
cent) and Powder River (62 percent) basins; above normal in
the St. Mary (124 percent), Sun-Teton-Marias (134 percent),
and Kootenai (121 percent) basins; and near normal (£ 20 per-
cent) in the remaining basins.

Table 1. Precipitation and departure from normal, in inches, and percentage of normal, Montana, water year 2002

October 2001 through March 2002 April through September 2002 Water year 2002
Clim'at.o!ogical Total Departure Total Departure Total Departure
division Percentage Percentage
X monthly from monthly from average from Percentage
(number of stations) . . of .. of .
precipi- normal, | precipi- normal, normal precipi- normal, of normal
tation 19712000  "*™™* tation  1971-2000 tation  1971-2000
Western (45) 9.86 -0.47 95 9.61 -0.18 99 19.47 -0.65 97
Southwestern (22) 3.71 -1.75 68 9.10 -1.91 87 12.81 -3.66 80
North Central (42) 2.35 -0.96 71 12.93 3.20 129 15.28 2.24 115
Central (35) 2.81 -1.43 66 11.51 0.83 107 14.32 -0.60 95
South Central (26) 3.52 -1.91 65 9.80 -1.32 88 13.32 -3.23 80
Northeastern (27) 1.69 -0.95 64 10.74 0.24 105 12.43 -0.71 97
Southeastern (22) 2.11 -1.44 59 8.48 -1.85 81 10.59 -3.29 76

Data from U.S. Department of Commerce, National Oceanic and Atmospheric Administration, National Weather Service, 2002, Climatolog-
ical Data, Montana: v. 104, no. 10 through v. 105, no. 9. Normals of precipitation are determined from the base period 1971-2000.
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Table 2. Water content of mountain snowpack in Montana, 2002, as percentage of normal’

Drainage basin

Jan. 1 Feb. 1 Mar. 1 Apr. 1 May 1
Hudson Bay
St. Mary 82 74 104 118 124
Missouri
Upper Missouri 84 82 80 82 85
Sun-Teton-Marias 59 81 87 110 134
Smith-Judith-Musselshell 65 80 84 83 99
Milk 6 25 48 111 84
Upper Yellowstone 80 80 77 81 89
Bighorn 72 72 70 78 75
Tongue 76 71 74 75 77
Powder 73 71 70 75 62
Upper Columbia
Kootenai 103 112 106 118 121
Clark Fork 87 95 91 104 110
Flathead 84 96 97 110 119

Data from U.S. Department of Agriculture, Natural Resources Conservation Service (J. L. Ward, written commun., 2003).
Normals for snowpack are determined from the base period 1971-2000.

Streamflow

Streamflow data for water year 2002 are compared to
long-term data for water years 1971-2000 and maximum and
minimum monthly mean discharge for the period of record at
seven streamflow-gaging stations (fig. 2). Compared to the
mean annual discharge (average of the annual mean
discharges) for water years 1971-2000, the annual mean
discharge as given on figure 2 during water year 2002 was 115
percent of average at Middle Fork Flathead River near West
Glacier (station 12358500); 96 percent of average at Clark
Fork at St. Regis (station 12354500); 60 percent of average at
Missouri River at Toston (station 06054500); 82 percent of
average at Yellowstone River at Corwin Springs (station
06191500); 67 percent of average at Yellowstone River at
Billings (station 06214500); 48 percent of average at Rock
Creek below Horse Creek, near International Boundary
(station 06169500); and 129 percent of average at Marias
River near Shelby (station 06099500).

The annual departure from mean annual discharge at two
streamflow-gaging stations on unregulated streams is shown
in figure 3. At Yellowstone River at Corwin Springs, the
annual mean discharge during water year 2002 was less than
the long-term average for the period of record, but at Middle
Fork Flathead River near West Glacier, annual mean discharge
during water year 2002 was greater than the long-term average
for the period of record.

Extraordinary flooding did not occur in any major river
basins in Montana during water year 2002. However, flash

flooding did occur in several small, ungaged drainages during
intense storms that moved across the northeastern, central, and
southeastern parts of the State in July. Damage from this flash
flooding was mainly confined to roads, bridges, and
streambanks. A comparison of peak discharges at 24 selected
streamflow-gaging stations for water year 2002 to peak
discharges for the period of record are presented in table 3.
Record peak discharges were not recorded for any of these
stations in water year 2002. The recurrence intervals for peaks
during water year 2002 were less than 2 years at 12 stations, 2-
S years at 7 stations, 5-10 years at 1 station, and 10-25 years at
2 stations.

A comparison of minimum daily mean discharge for 22
selected long-term streamflow-gaging stations for water year
2002 to minimum instantaneous discharge for the period of
record is presented in table 4. Record minimum daily mean
discharges were not recorded during water year 2002,
although below-normal conditions prevailed through the year
in many areas of Montana. Minimum daily discharges had
recurrence intervals of less than 2 years at five sites, recurrence
intervals of 2-5 years at nine sites, recurrence intervals of 5-
10 years at eight sites, and recurrence intervals of 10-20 years
at two sites.

The percentage-of-normal (based on water years 1971-
2000) storage by month for major reservoirs is listed in table
5. At the end of water year 2002, storage was normal or near
normal in four of the six major reservoirs used to supply water
primarily for hydroelectric power generation, but much less
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Figure 3. Annual departure from mean annual discharge at two streamflow-gaging stations on unregulated streams in Montana.
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Table 3. Comparisons of instantaneous peak discharge for water year 2002 with instantaneous peak discharge for period of record at selected
stations in Montana

[Symbols: <, less than; *, outside period of record]

Peak discharge, Peak discharge,
Drainage water year 2002 period of record
Station Stati area Recur-
number ation name (square Cubic feet rence Cubic feet
miles) Date per interval Date per
second Inferva second
(years)
05014500 Swiftcurrent Creek at Many Glacier 30.9 05/30 1,250  2-5 06/08/64 6,700
05017500 St. Mary River near Babb 276 06/30 5,790  5-10 06/09/64 16,500
06025500 Big Hole River near Melrose 2,476 06/03 5,300 <2 06/10/72 14,300
06054500 Missouri River at Toston 14,669 06/03 16,200 <2 06/12/97 34,000
06089000 Sun River near Vaughn 1,854 06/11 5,590 2-5 06/09/64 53,500
06099500 Marias River near Shelby 3,242 06/11 20,700 10-25 06/09/64 241,000
06115200 Missouri River near Landusky 40,987 06/16 18,900 <2 06/03/53 137,000
06120500 Musselshell River at Harlowton 1,125 06/04 398 <2 06/20/75 7,270
06174500 Milk River at Nashua 22,332 08/23 2,840 <2 04/18/52 45,300
06191500 Yellowstone River at Corwin Springs 2,623 06/01 21,400 2-5 06/10/96, 32,200
06/06/97 32,200
06200000 Boulder River at Big Timber 523 06/02 5,130 <2 06/05/97 9,940
06214500 Yellowstone River at Billings 11,795 06/03 42,600 2-5 06/12/97 82,000
06308500 Tongue River at Miles City 5,397 06/25 335 <2 06/15/62 13,300
06329500 Yellowstone River near Sidney 69,103 06/06 43,600 <2 06/21/21 159,000
12301300 Tobacco River near Eureka 440 05/22 1,710  2-5 05/13/91 3,180
12304500 Yaak River near Troy 766 05/22 11,800 10-25 05/17/97, 12,600
*05/54 *13,400
12332000 Middle Fork Rock Creek near Philipsburg 123 06/02 775 <2 06/16/74 1,680
12335500 Nevada Creek above reservoir, near Finn 116 04/10 196 <2 06/02/53 1,800
12340000 Blackfoot River near Bonner 2,290 05/31 8,170 <2 06/10/64 19,200
12354500 Clark Fork at St. Regis 10,709 06/01 38,700  2-5 05/24/48, 68,900
05/18/97 68,900
12358500 Middle Fork Flathead River near West Glacier 1,128 05/31 22,400 2-5 06/09/64 140,000

12370000 Swan River near Bigfork 671 06/03 4480 <2 06/20/74 8,890
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Table 4. Comparisons of minimum daily mean discharge for water year 2002 with minimum instantaneous discharge for period of record at

selected stations in Montana

[Abbreviation: e, estimated. Symbol: <, less than]

Minimum instantaneous

Minimum daily mean discharge, discharge
b

Drainage water year 2002 period of record
Station Station name area
number (square Cubic feet Recur- Cubic feet
miles) Date per rence Date per
second interval second
(years)
05014500  Swiftcurrent Creek at Many Glacier 30.9 01/03 15 <2 11/14,16/76 0
06025500  Big Hole River near Melrose 2,476 08/20 197 <2 08/17/31 49
06054500  Missouri River at Toston 14,669 08/20 1,270 2-5 07/31/89 450
06061500  Prickly Pear Creek near Clancy 192 08/20 e8 5-10 01/26/58 0.5
06089000  Sun River near Vaughn 1,854 05/05 69 5-10 04/24/44 20
06099500  Marias River near Shelby 3,242 10/01 60 5-10 08/20/19 10
06115200  Missouri River near Landusky 40,987 10/01 3,330 2-5 07/08/36 1,120
06120500  Musselshell River at Harlowton 1,125 10/03 34 5-10 (1) 0
06174500  Milk River at Nashua 22,332 05/05 13 2-5 @) 0
06181000  Poplar River near Poplar 3,174 01/24 8.0 <2 (1) 0
06191500  Yellowstone River at Corwin Springs 2,623 12/15 564 2-5 02/02/89 343
06200000  Boulder River at Big Timber 523 10/01 33 5-10 08/26/61 10
06214500  Yellowstone River at Billings 11,795 02/26 850 5-10 12/12/32 430
06289000  Little Bighorn River at State Line, near Wyola 193 03/31 40 <2 02/02/89 18
06308500  Tongue River at Miles City 5,397 07/16 73 5-10 07/09/40 0
06329500  Yellowstone River near Sidney 69,103 01/03 2,300 2-5 05/17/61 470
12301300  Tobacco River near Eureka 440 12/28 35 5-10 01/11/63 220
12304500  Yaak River near Troy 766 10/04-06 53 10-20 12/09/72 50
12332000  Middle Fork Rock Creek near Philipsburg 123 02/25 26 <2 02/09/53 53
12335500  Nevada Creek above reservoir, near Finn 116 12/26 e3 2-5 @) <2.0
12340000  Blackfoot River near Bonner 2,290 02/25 €320 2-5 02/02/89 156
12354500  Clark Fork at St. Regis 10,709 12/28 1,500 2-5 02/03/89 732
12358500  Middle Fork Flathead River near West Glacier 1,128 01/02 284 2-5 11/27/52 <173
12370000  Swan River near Bigfork 671 10/07 250 10-20 01/26-29/30 193

I At various times.
Minimum daily mean discharge.

than normal in two of four reservoirs used to supply water
primarily for irrigation.

Water Quality

The USGS operates a network of water-quality stations
throughout Montana in cooperation with numerous Federal,
State, and local agencies and Tribal governments. The
network changes from year to year as objectives are achieved
or modified, or funding levels change. Some stations are
operated for only a few years and commonly are part of a
short-term investigation to examine water quality related to a
specific condition. Other stations have been in operation for
many years and provide a basis for description of long-term
water-quality conditions or trends that represent a wide range
of hydrologic or land-use variability. Long-term stations
typically are located on major streams that represent an

important water resource in the area and require data on an
ongoing basis for various management concerns. A statewide
network of 37 water-quality stations established in 1999
continued in operation through 2002. The network
supplements the long-term record of water quality across the
State and provides a reference for trends over time. Water-
quality sampling started in 2001 at four sites in southeastern
Montana (Tongue and Powder River basins) continued in 2002
to assist the States of Montana and Wyoming with assessing
the potential effects of discharge from wells used to develop
coalbed-methane resources.

Various water-quality measurements are made, either
onsite or by laboratory analysis of samples, depending on the
objective of the investigation. Several types of water-quality
data that describe physical and chemical characteristics are
routinely obtained in many sampling programs. Examples of
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Table 5. Percentage of normal storage, by month, during water year 2002 for major reservoirs in Montana used to supply water principally for

hydroelectric-power generation and irrigation

Percentage-of-normal storage based on 1971-2000 period of record

Usable
Reservoir capacity 2001 2002
(acre-feet)
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
Hydroelectric-power generation
Canyon Ferry Lake 2,043,000 81 81 83 89 92 95 97 89 99 101 101 101
Fort Peck Lake 18,910,000 75 76 77 77 79 80 78 73 73 72 72 73
Bighorn Lake 1,356,000 75 78 80 81 81 82 83 74 69 64 66 64

Lake Koocanusa 5,748,000 98 108 119
3,451,000 101 102 106

1,791,000 94 110 120

Hungry Horse Reservoir
Flathead Lake

128 132 119 116 116 119 104 94 97
113 118 125 126 108 107 105 104 103
122 122 95 88 105 100 99 101 100

Irrigation

Lima Reservoir 84,050 25 32 36
255,600 33 38 43
99,050 37 47 51

103,000 27 22 18

Clark Canyon Reservoir
Gibson Reservoir
Fresno Reservoir

39 41 41 41 42 11 8.9 12 16
49 52 55 55 44 31 15 9.5 14
56 58 61 74 94 104 102 73 87
14 10 4.3 22 33 84 80 78 86

commonly measured water-quality characteristics are
dissolved solids, dissolved oxygen, dissolved nitrite plus
nitrate, total phosphorus, and suspended sediment. Guideline
concentrations established by the State of Montana! serve to
illustrate the general range of values protective of human
health and aquatic organisms.

The concentration of dissolved solids, which represents
the mass (milligrams) of all constituents dissolved in a unit
volume (liter) of water, can be determined either from the
weight of dry residue that remains after evaporation of a
known volume of water that has been filtered to remove
particulate material, or estimated from the sum of the
individual dissolved major-ion concentrations. An excessive
concentration of dissolved solids can render the water
unsuitable for certain uses such as human consumption,
irrigation of crops, or livestock watering. Water-quality
criteria established by the State of Montana® indicate that
water might not be suitable when dissolved-solids
concentrations exceed 500 mg/L if used for human
consumption, 1,200 mg/L if used for crop irrigation, and
10,000 mg/L if used for livestock watering.

Dissolved oxygen in surface water is essential for most
aquatic organisms and is an indicator of the biochemical
condition of the stream or lake. The solubility of oxygen in

'Montana Department of Health and Environmental Sciences, 1986,
Montana water quality, 1986: Helena, Montana Department of
Health and Environmental Sciences, 1986 Montana 305(b) Report,
198 p.

“Montana Department of Environmental Quality, 1999, Montana
numeric water quality standards: Helena, Mont., Planning,
Prevention and Assistance Division, Standards and Economic
Analysis Section Circular WBQ-7, 41 p.

water is a function of water temperature and barometric
pressure; therefore, the oxygen content in surface water is
subject to considerable daily and seasonal change. Biological
activities such as photosynthesis and decomposition also can
cause rapid and large changes in dissolved-oxygen
concentration. Dissolved-oxygen concentrations less than 5.0
mg/L for warm-water fish or 8.0 mg/L for cold-water fish may
be detrimental if sustained for extended periods of time.?

Nitrogen (N) is an essential plant nutrient that occurs in
several forms in surface water. Common sources of nitrogen
are plant fertilizers, animal waste, and sewage or septic
effluent. Nitrite and nitrate are forms of nitrogen that can
occur in surface water, although nitrite is seldom present in
large amounts in oxygenated water. Dissolved nitrate is a
major nutrient for plants; consequently, large concentrations
of nitrate in streams and lakes can cause rapid growth of
aquatic plants. Nitrate concentrations in excess of 0.3 mg/L as
N have the potential to cause nuisance growths of algae and
other aquatic plants (Ivalou O'Dell, U.S. Geological Survey,
written communication, 1994). In addition, human health can
be adversely affected if the nitrate concentration exceeds 10
mg/L as N in drinking water.>

Phosphorus (P) is an essential plant nutrient that can
stimulate excessive growth of aquatic plants.  Total
phosphorus includes the inorganic and organic forms of
dissolved and suspended phosphorus and is commonly
analyzed as an indicator of eutrophication potential. Although

3US. Environmental Protection Agency, 1991, Maximum
Contaminant Levels (section 141.62 of subpart G of part 141,
National Revised Primary Drinking Water Regulations): U.S. Code
of Federal Regulations Title 40, Parts 100 to 149, revised as of July
1, 1991, p. 673.
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phosphorus can originate naturally from igneous and
sedimentary rock formations, more common sources include
sewage, detergents, fertilizer, and livestock waste. Total
phosphorus in streams should not exceed 0.1 mg/L as P to
prevent nuisance plant growth according to water-quality
criteria established by the State of Montana.’ Water-quality
criteria established by the EPA* also indicate that total
phosphorus should not exceed 0.05 mg/L as P in streams
discharging directly to lakes or 0.025 mg/L as P within lakes.

Suspended sediment is particulate material eroded from
the land surface by either wind or water and maintained in
suspension in streams by hydraulic energy. The quantity of
suspended sediment in streams typically increases during
periods of increased runoff, when large amounts of rainfall or
snowmelt can rapidly erode soil and the increased streamflow
can scour channel sediments. Although large suspended-
sediment concentrations can occur naturally in areas underlain
by easily erodible geologic materials, land use that disturbs
soils also can contribute substantial quantities of sediment to
streams and lakes. The quantity of sediment in suspension has
important physical and chemical implications for aquatic life.
Sediment in suspension during high flow may be deposited in
stream channels or lakes where water velocities decrease. In
areas of sediment deposition, aquatic insects or fish eggs can
be smothered, thereby rendering the bottom habitat unsuitable
for their survival. Many chemical constituents such as some
metals, phosphorus, and some pesticides tend to sorb strongly
to sediment. As a result, chemicals may be readily transported
from land sources into river systems where aquatic organisms
could be exposed to toxic concentrations.

Statistical ~summaries of selected water-quality
measurements made at eight long-term water-quality stations
in Montana are presented in table 6. The range of values for
each type of measurement is described by the minimum and
maximum values. To compare current and long-term water-
quality conditions, the range of values are summarized for
both water year 2002 and the period of record through water
year 2001. In addition, the central tendency of data collected
over the period of record is described by the median (50th
percentile).

Ground-Water Levels

Water levels were measured in 53 observation wells
during water year 2002. Water levels in most of these wells
primarily reflect the response of the ground-water system in
the area to natural climatic conditions or human activities.
However, several wells are within the zone of influence of
human activities, and water levels in these wells can be
affected by pumping or infiltration of applied irrigation water.
Seventeen of the observation wells are equipped with
continuous water-level recorders and have varying lengths of

4U.S. Environmental Protection Agency, 1986, Quality criteria for
water, 1986: Washington, D.C., Office of Water Regulations and
Standards, EPA 440/5-86-001, unpaged.

record. Individual data values from the continuous recorders
are not presented in this report but are available at the District
Office. Hydrographs for the 17 wells equipped with recorders
are shown in figure 4, and periodic water-level data for all 53
wells are presented in table 7. Some of the hydrographs show
the effects of the below-normal precipitation in many
climatological divisions across Montana during water year
2002 (table 1).
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Table 6. Statistical summaries of selected water-quality measurements for long-term water-quality stations in Montana for water year 2002 and
the period of record through water year 2001

[Symbols: <, less than; --, no data]

Water year 2002 Period of record through water year 2001
nsltl?:,ll(,); Station name :e“r";f Mini-  Maxi- N “’;‘fber Mini-  Maxi- oL
samples mum mum samples mum mum
Dissolved solids, in milligrams per liter
06054500 Missouri River near Toston 2 203 244 165 123 299 238
06178500 East Poplar River at International Boundary 6 702 1,080 257 97 1,480 940
06185500 Missouri River near Culbertson 8 336 381 223 221 579 407
06192500  Yellowstone River near Livingston 2 55 184 258 58 251 154
06326500 Powder River near Locate 8 1,160 2,140 198 408 3,450 1,460
06329500  Yellowstone River near Sidney 2 340 475 293 142 863 469
12301933  Kootenai River below Libby Dam, near Libby 2 109 141 238 55 211 139
12388700  Flathead River at Perma 2 94 100 67 89 106 96
Dissolved oxygen, in milligrams per liter
06054500 Missouri River near Toston 0 - - 321 6.2 13.8 9.6
06178500  East Poplar River at International Boundary 6 8.2 11.1 253 9 17.2 9.2
06185500 Missouri River near Culbertson 8 8.2 11.6 269 6.0 14.2 9.3
06192500  Yellowstone River near Livingston 0 -- -- 198 7.0 14.6 9.5
06326500 Powder River near Locate 0 -- -- 311 2.7 15.7 8.6
06329500  Yellowstone River near Sidney 10 8.2 14.3 480 4.4 15.0 8.6
12301933  Kootenai River below Libby Dam, near Libby 8 8.2 11.1 432 6.9 18.3 10.8
12388700 Flathead River at Perma 0 - - 99 7.4 18.1 10.5
Dissolved nitrite plus nitrate as nitrogen, in milligrams per liter
06054500 Missouri River near Toston 4 .014 147 93 <.05 .38 .08
06178500 East Poplar River at International Boundary 6 <013 175 55 <.05 29 .07
06185500 Missouri River near Culbertson 8 <013 .077 149 <.005 .38 .007
06192500  Yellowstone River near Livingston 4 .044 191 235 <.05 1.2 .10
06326500 Powder River near Locate 8 <.013 1.24 136 <.05 1.8 27
06329500  Yellowstone River near Sidney 11 <.05 .61 224 <.005 73 20
12301933  Kootenai River below Libby Dam, near Libby 9 .065 .108 293 <.05 79 .10
12388700 Flathead River at Perma 4 .011 .085 32 <.005 21 .02
Total phosphorus, in milligrams per liter
06054500 Missouri River near Toston 4 .02 .06 173 <.01 44 .04
06178500 East Poplar River at International Boundary 6 .01 .09 259 <.01 40 .03
06185500 Missouri River near Culbertson 8 .08 .63 209 .01 .93 .08
06192500  Yellowstone River near Livingston 4 .02 1.2 113 <.01 47 .03
06326500 Powder River near Locate 8 .04 33 199 .008 26 17
06329500  Yellowstone River near Sidney 11 .02 .52 355 <.01 2.7 .09
12301933  Kootenai River below Libby Dam, near Libby 9 .002 .008 506 <.001 26 .009
12388700  Flathead River at Perma 4 .003 .01 79 <.008 24 .004
Suspended sediment, in milligrams per liter

06054500 Missouri River near Toston 4 7 20 227 4 491 18
06178500 East Poplar River at International Boundary 6 51 141 223 4 322 54
06185500 Missouri River near Culbertson 8 95 917 175 19 2,370 249
06192500  Yellowstone River near Livingston 4 5 1,090 156 2 643 9
06326500 Powder River near Locate 8 122 5,270 271 8 41,400 751
06329500  Yellowstone River near Sidney 19 30 1,760 389 10 15,500 326
12301933  Kootenai River below Libby Dam, near Libby 5 2 3 12 1 2 1
12388700 Flathead River at Perma 4 5 18 68 1 65 4
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BEAVERHEAD COUNTY

SITE IDENTIFICATION.--450937112393701. Local number 08S09W01CCCCO1.

LOCATION.--Lat 45°09'37", long 112°39'37" (NAD 27), Hydrologic Unit 10020002. Owner: U.S. Geological Survey.
HYDROGEOLOGIC UNIT.--Tertiary sediments.

WELL CHARACTERISTICS.--Drilled in 1966, casing diameter 6 in., depth 47 ft.

INSTRUMENTATION.--Graphical water-level recorder from April 1967 to January 1981. Digital water-level recorder set to
record every hour from July 1991 to current year.

DATUM.--Elevation of land surface is 5,240 ft NGVD 29). Measuring point: top of casing, 2.15 ft above land surface.
REMARKS.--Water levels affected by irrigation. All water levels are reported below land surface.
PERIOD OF RECORD.--August 1966 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 10.43 ft, Aug. 10, 1971 (from recorder); lowest, 36.07 ft, Sept.
20, 1989 (measured).

EXTREMES FOR WATER YEAR 2002.--Highest water level 26.76 ft, July 1 and 2 (from recorder); lowest, 34.61 ft, Mar. 25
and 26 (from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL
Oct 2 31.22 Jan 23 33.65 Jul 17 27.03
Nov 2 31.94 Mar 26 34.59 Aug 30 31.18
Dec 4 32.13 Jun 5 29.22 Sep 2 32.44

08S09W01CCCCO01 (BEAVERHEAD COUNTY)

Tertiary sediments
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002.
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BEAVERHEAD COUNTY

SITE IDENTIFICATION.--450524112380701. Local number 08SO8W31CCAAO]1.

LOCATION.--Lat 45°05"24", long 112°38'07" (NAD 27), Hydrologic Unit 10020002. Owner: Matador Cattle Company.
HYDROGEOLOGIC UNIT.--Tertiary sediments.

WELL CHARACTERISTICS.--Drilled in December 1992, casing diameter 5 in., depth 217 ft.
INSTRUMENTATION.--Digital water-level recorder set to record every 4 hours from November 1997 to present.

DATUM.--Elevation of land surface is 5,520.7 ft (NGVD 29). Measuring point: top of PVC cap, 2.00 ft above land surface.
Prior to Feb. 3, 2000, measuring point was top of PVC casing 2.20 ft above land surface. Reference point of 8.71 ft established
on May 20, 1999 (top of steel rod).

REMARKS.--All water levels are reported below land surface.

PERIOD OF RECORD.--Measured periodically December 1992 to November 1997 and continuously recorded every 4 hours from
November 1997 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 138.72 ft, Oct. 23, 1995 (measured); lowest, 165.90 ft, Sept. 25,
2002 (from recorder)
EXTREMES FOR WATER YEAR 2002.--Highest water level 163.04, Oct. 23 (from recorder); lowest 165.90 Sept. 25 (from

recorder).
MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL
Oct 2 163.09 Mar 26 163.69 Aug 30 165.18 Sep 19 165.55
Dec 4 163.24 Jun 5 163.88 Sep 12 165.35 Sep 25 165.76

Jan 23 163.50 Jul 17 164.41

08S08W31CCAA01 (BEAVERHEAD COUNTY)
1630 Tertiary sediments

163.5

164.0

164.5

165.0

MEAN DAILY WATER LEVEL, IN FEET
BELOW LAND SURFACE

165.5

166.0

2001 2002
WATER YEAR 2002

Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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CASCADE COUNTY

SITE IDENTIFICATION.--473031111185001. Local number 20NO3E11ABADO].

LOCATION.--Lat 47°03'03", long 111°11'85" (NAD 27), Hydrologic Unit 10030102. Owner: R. Volk.
HYDROGEOLOGIC UNIT.--Mississippian Madison Group.

WELL CHARACTERISTICS.--Drilled in October 1959, casing diameter 8 in. to depth of 206 ft, 6 in. from 206-369 ft.
INSTRUMENTATION.--Digital water-level recorder set to record every 4 hours from Dec. 18, 2001 to present.
DATUM.--Elevation of land surface is 3,320 ft (NGVD 29). Measuring point: top of casing, 1.80 ft above land surface.
REMARKS.--All water levels are reported below land surface.

PERIOD OF RECORD.--December 2001 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 12.10 ft, June 22 and 29, 2002 (from recorder); lowest, 12.90 ft,
Aug. 6 and 7, 2002 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 12.10 ft, June 22 and 29 (from recorder); lowest, 12.90 ft, Aug. 6
and 7 (from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER
DATE LEVEL DATE LEVEL
Dec 18 12.59 May 14 12.61
Jan 9 12.46 Jul 25 12.69
Mar 19 12.53 Sep 10 12.65

20NO3E11ABADO1 (CASCADE COUNTY)

Mississippian Madison Group
12.0 e e
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NO DATA

MEAN DAILY WATER LEVEL, IN FEET
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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CASCADE COUNTY

SITE IDENTIFICATION.--472203111112602. Local number 19NO4E26CACCO02.

LOCATION.--Lat 47°22'03", long 111°11'26" (NAD 27), Hydrologic Unit 10060006. Owner: E. Chartier.
HYDROGEOLOGIC UNIT.--Lower Cretaceous Kootenai Formation.

WELL CHARACTERISTICS.--Drilled in December 1992, casing diameter 4 in., depth 198 ft.

INSTRUMENTATION.--Digital water-level recorder set to record every 4 hours from Dec. 16, 1998 to present (Montana Bureau
of Mines and Geology operated site from May 1987 to October 1998).

DATUM.--Elevation of land surface is 3,817 ft (NGVD 29). Measuring point: top of casing, 1.10 ft above land surface. Reference
point of 3,817.19 established on Apr. 26, 1999 (top of steel rod).

REMARKS.--All water levels are reported below land surface.
PERIOD OF RECORD.--August 1984 to May 1987 and December 1998 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 137.03 ft, Apr. 8-13, 1999 (from recorder); lowest, 138.15 ft,
Mar. 21, 2002 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 137.36 ft, Oct. 15 (from recorder); lowest, 138.15 ft, Mar. 21 (from

recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER DATE WATER
DATE LEVEL DATE LEVEL D LEVEL
Oct 11 137.47 Mar 19 137.98 Jul 25 137.86
Oct 15 137.41 May 14 137.86 Sep 10 137.82

Jan 10 137.78

19N04E26CACC02 (CASCADE COUNTY)
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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GALLATIN COUNTY

SITE IDENTIFICATION.--454809111095401. Local number 01N04E25DCDDOL1.
LOCATION.--Lat 45°48'09", long 111°09'54" (NAD 27), Hydrologic Unit 10020008. Owner: U.S. Geological Survey.
HYDROGEOLOGIC UNIT.--Quaternary alluvium.

WELL CHARACTERISTICS.--Drilled in August 1951, casing diameter 6 in. to depth of 400 ft. Well filled with gravel to within
101 ft of land surface.

INSTRUMENTATION.--Graphic recorder from May 1954 to August 1977. Digital water-level recorder set to record every hour
from May 1991 to present.

DATUM.--Elevation of land surface is 4,385 ft NGVD 29). Measuring point: top of casing 1.60 ft above land surface.
REMARKS.--All water levels are reported below land surface.
PERIOD OF RECORD.--1954 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level 5.91 ft, Aug. 13, 1968 (from recorder); lowest, 19.86 ft, May 6,
2002 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level 13.76, Oct. 26 (from recorder); lowest, 19.86 ft, May 6 (from

recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER
DATE LEVEL DATE LEVEL
Oct 15 14.78 Jan 11 17.25
Nov 2 14.81 Jan 23 17.52
Nov 29 15.87 Mar 15 18.62

01N04E25DCDDO1 (GALLATIN COUNTY)

Quaternary alluvium
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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GARFIELD COUNTY

SITE IDENTIFICATION.--470709106061401. Local number 16N44E25BBACO1.

LOCATION.--Lat 47°07'09", long 106°06'14" (NAD 27), Hydrologic Unit 10040104. Owner: Burlington Northern Santa Fe
Railroad.

HYDROGEOLOGIC UNIT.--Paleocene Tongue River Member of Fort Union Formation.
WELL CHARACTERISTICS.--Drilled in October 1980, casing diameter 4 in., depth 103 ft.
INSTRUMENTATION.--Digital water-level recorder set to record every 4 hours from Apr. 13, 1998 to present.

DATUM.--Elevation of land surface is 2,645 ft (NGVD 29). Measuring point: top of casing, 1.10 ft above land surface. Reference
point of 2.99 ft established Oct. 12, 1999 (top of steel rod).

REMARKS.--All water levels are reported below land surface.
PERIOD OF RECORD.--Measured annually from 1984 to 1992 and recorded every 4 hours from Apr. 13, 1998 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 29.73 ft, Apr. 13, 1999 (from recorder); lowest, 32.08 ft, Oct.
20, 2001 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level 30.59 ft, Apr. 19 (from recorder); lowest, 32.08 ft, Oct. 20 (from

recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER
DATE LEVEL DATE LEVEL
Oct 10 31.90 May 30 30.78
Jan 8 31.08 Jul 2 31.58
Mar 12 30.70

16N44E25BBACO1 (GARFIELD COUNTY)
Paleocene Tongue River Member
of Fort Union Formation
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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LAKE COUNTY

SITE IDENTIFICATION.--470946114013201. Local number 16N19WO0SACBDOI.
LOCATION.--Lat 47°09'46", long 114°01'32" (NAD 27), Hydrologic Unit 17010212. Owner: Makespeace.
HYDROGEOLOGIC UNIT.--Pleistocene alluvium.

WELL CHARACTERISTICS.--Drilled in August 1988, casing diameter 6 in. to depth of 322 ft and 5 in. from 322-398 ft. Total
depth is 398 ft.

INSTRUMENTATION.--Digital water-level recorder set to record every hour from Sept. 13, 1990 to present.
DATUM.--Elevation of land surface is 3,300 ft NGVD 29). Measuring point: top of casing, 1.50 ft above land surface.
REMARKS.--No data Oct. 2 and 3, 2001 and Mar. 25 and 26, 2002. All water levels are reported below land surface.
PERIOD OF RECORD.--Measured annually from 1988 to 1990 and recorded every hour from Sept. 13, 1990 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 137.92 ft, July 14, 1993 (from recorder); lowest, 189.22 ft, Apr.
11 and 12, 2002 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 139.29 ft on July 3 (from recorder); lowest, 189.22 ft, Apr. 11 and
12 (from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER

DATE LEVEL DATE LEVEL
Oct 11 158.75 May 30 145.23
Dec 5 168.88 Aug 7 140.85

Feb 14 184.59

16N19WO0BACBDO1 (LAKE COUNTY)

Pleistocene alluvium
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.



21
WATER RESOURCES DATA FOR MONTANA, 2002

MC CONE COUNTY
SITE IDENTIFICATION.--480034105195401. Local number 26N49E13ACABO1.

LOCATION.--Lat 48°00'34", long 105°19'54" (NAD 27), Hydrologic Unit 10060002. Owner: U.S. Geological Survey and
Bureau of Land Management.

HYDROGEOLOGIC UNIT.--Upper Cretaceous Hell Creek Formation and Fox Hills Sandstone.

WELL CHARACTERISTICS.--Drilled in August 1981, casing diameter 4 in., depth 180 ft.

INSTRUMENTATION.--Digital water-level recorder set to record every 6 hours from April 1998 to Aug. 3, 1999. Electronic
water-level recorder set to record every 4 hours from Aug. 3, 1999 to present.

DATUM.--Elevation of land surface is 2,040 ft (NGVD 29). Measuring point: top of casing, 1.60 ft above land surface. Reference
point of 41.72 established May 11, 1999 (top of steel rod).

REMARKS.--All water levels are reported below land surface.

PERIOD OF RECORD.--Measured annually from 1982 to 1992, recorded every 6 hours from Apr. 14, 1998 to Aug. 3, 1999 and
recorded every 4 hours from Aug. 3, 1999 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 42.37 ft, Aug. 28, 1992 (measured); lowest, 44.04 ft, Sept. 21,
1990 (measured).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 43.48 ft on Oct. 23 (from recorder); lowest, 43.89 ft on Feb. 25

(from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER

DATE LEVEL DATE LEVEL
Oct 10 43.59 Mar 12 43.60
Jan 8 43.62 Jul 2 43.69

Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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POWDER RIVER COUNTY

SITE IDENTIFICATION.--453107106110601. Local number 04S45E04BDDBOI1.

LOCATION.--Lat 45°31'07", long 106°11'06" (NAD 27), Hydrologic Unit 10090102. Owner: U.S. Geological Survey.
HYDROGEOLOGIC UNIT.--Quaternary alluvium.

WELL CHARACTERISTICS.--Drilled in December 1979, casing diameter 4 in., depth 68 ft.

INSTRUMENTATION.--Graphical water-level recorder from April 1980 to October 1982. Digital water-level recorder set to
record every 12 hours from October 1982 to November 1996, and reset to record every hour from November 1996 to present.

DATUM.--Elevation of land surface is 3,020 ft (NGVD 29). Measuring point: top of casing, 1.70 ft above land surface.
REMARKS.--All water levels are reported below land surface.
PERIOD OF RECORD.--Measured intermittently from December 1979 to April 1980 and recorded April 1980 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 3.67 ft, Apr. 11, 1997 (from recorder); lowest, 11.45 ft, Oct. 5,
1992 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 5.37 ft, Sep. 10 (from recorder); lowest, 8.67 ft, Aug. 21 and 22

(from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER WATER

DATE LEVEL DATE LEVEL DATE LEVEL

Oct 2 7.90 Mar 14 6.64 May 16 7.28

Nov 14 7.71 May 14 7.11 Jul 1 7.63
Jan 7 7.31

04S45E04BDDB01 (POWDER RIVER COUNTY)

Quaternary alluvium
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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POWELL COUNTY

SITE IDENTIFICATION.--470049113035401. Local number 15N12W36BCDDO1.

LOCATION.--Lat 47°00'49", long 113°03'54" (NAD 27), Hydrologic Unit 17010203.
Transportation.

HYDROGEOLOGIC UNIT.--Cenozoic rocks.
WELL CHARACTERISTICS.--Drilled in September 1964, casing diameter 6 in., depth 206 ft.
INSTRUMENTATION.--Digital water-level recorder installed April 1991 and set to record every hour from April 1991 to present.

Owner: Montana Department of

DATUM.--Elevation of land surface is 4,278 ft (NGVD 29). Measuring point: top of casing, 1.0 ft above land surface.
REMARKS.--All water levels are reported below land surface.

PERIOD OF RECORD.--Measured periodically from 1975 to 1991 and continuously recorded every hour from April 1991 to
present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 95.90 ft, Dec. 12, 1991 (measured); lowest, 126.72 ft, Oct. 11,
1984 (measured).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 105.51, Sept. 30 (from recorder); lowest, 106.98 ft, Oct. 4

(measured and from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL
Ooct 4 106.98 Feb 28 106.13 Apr 9 105.83
oct 30 106.58 Apr 8 105.83 May 13 105.94
Jan 3 106.29

15N12W36BCDD01 (POWELL COUNTY)

Cenozoic rocks
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MEAN DAILY WATER LEVEL, IN FEET
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.

2002
WATER YEAR 2002




24
WATER RESOURCES DATA FOR MONTANA, 2002

RAVALLI COUNTY

SITE IDENTIFICATION.--463750114033001. Local number 10N20W13BBA 01.

LOCATION.--Lat 46°37'50", long 114°03'30" (NAD 27), Hydrologic Unit 17010205. Owner: Bonneville Power Administration.
HYDROGEOLOGIC UNIT.--Quaternary alluvium.

WELL CHARACTERISTICS.--Drilled in September 1959, casing diameter 6 in., depth 50 ft.

INSTRUMENTATION.--Digital water-level recorder set to record every hour from April 1991 to present.

DATUM.--Elevation of land surface is 3,204 ft (NGVD 29). Measuring point: top of casing, 2.00 ft above land surface.
REMARKS.--All water levels are reported below land surface.

PERIOD OF RECORD.--Measured periodically from 1959 to 1982 and recorded every 1 hour from April 1991 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 2.48 ft, June 15, 1959 (measured); lowest, 7.21 ft, Sept. 21, 1977
(measured).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 3.99 ft, June 3 (from recorder); lowest, 6.53 ft, Mar. 9 (from
recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER
DATE LEVEL DATE LEVEL
Oct 1 6.29 Feb 20 6.40
Nov 19 6.16 Apr 3 6.22
Jan 4 6.37 Aug 22 5.62

10N20W13BBA 01 (RAVALLI COUNTY)

Quaternary alluvium
3 e e

T T T
T R '

MEAN DAILY WATER LEVEL, IN FEET
BELOW LAND SURFACE

2001 2002
WATER YEAR 2002

Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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RAVALLI COUNTY

SITE IDENTIFICATION.--461518114090802. Local number 06N20W19CCCCO02.

LOCATION.--Lat 46°15'18", long 114°09'08" (NAD 27), Hydrologic Unit 17010205. Owner: Bonneville Power Administration.
HYDROGEOLOGIC UNIT.--Quaternary alluvium.

WELL CHARACTERISTICS.--Drilled in September 1970, casing diameter 6 in., depth 40 ft.

INSTRUMENTATION.--Graphic recorder from September 1970 to January 1985. Digital water-level recorder set to record every
hour from January 1985 to present.

DATUM.--Elevation of land surface is 3,558.3 ft (NGVD 29). Measuring point: top of casing, 1.30 ft above land surface.
REMARKS.--All water levels are reported below land surface.
PERIOD OF RECORD.--September 1970 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 5.48 ft, Sept. 2, 1979 (from recorder); lowest, 18.32 ft, May 1,
1985 (measured).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 7.85 ft, July 26 and 27 (from recorder); lowest, 17.95 ft, Apr. 28

(from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL
Oct 2 9.72 Dec 31 14.78 Feb 20 17.08 Jul 17 7.97
Nov 20 13.46 Jan 3 15.70 Apr 2 17.67 Aug 21 8.33
Dec 5 14.31 Jan 15 16.05

06N20W19CCCCO02 (RAVALLI COUNTY)

Quaternary alluvium
6 e e

MEAN DAILY WATER LEVEL, IN FEET
BELOW LAND SURFACE

2001 2002
WATER YEAR 2002

Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.



26
WATER RESOURCES DATA FOR MONTANA, 2002

ROSEBUD COUNTY

SITE IDENTIFICATION.--451746106301101. Local number 06S43E19DDBAOQ2.

LOCATION.--Lat 45°17'46", long 106°30'11" (NAD 27), Hydrologic Unit 10090101. Owner: U.S. Geological Survey and Art
Hayes.

HYDROGEOLOGIC UNIT.--Quaternary alluvium.

WELL CHARACTERISTICS.--Drilled in October 1986, casing diameter 4 in., depth 67 ft.
INSTRUMENTATION.--Digital water-level recorder from April 1989 to current year.

DATUM.--Elevation of land surface is 3,170 ft (NGVD 29). Measuring point: top of casing, 1.40 ft above land surface.
REMARKS.--All water levels are reported below land surface.

PERIOD OF RECORD.--April 1987 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 6.47 ft, Apr. 7, 1987 (measured); lowest, 11.40 ft, Jan. 11, 1995
(measured).

EXTREMES FOR WATER YEAR 2002.--Highest water level 9.16 ft, May 13-16, 18-21 (from recorder); lowest, 10.67 ft, Sept.
23-30 (from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER
DATE LEVEL DATE LEVEL
Oct 1 9.86 Mar 14 9.78
Nov 15 9.70 May 16 9.18
Jan 7 9.81 Jul 1 9.73

06S43E19DDBA02 (ROSEBUD COUNTY)
Quaternary alluvium
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2001 2002
WATER YEAR 2002

Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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SANDERS COUNTY

SITE IDENTIFICATION.--474251114385201. Local number 23N24W34ADAAO]1.
LOCATION.--Lat 47°42'51", long 114°38'52" (NAD 27), Hydrologic Unit 17010212. Owner: Bureau of Indian Affairs.
HYDROGEOLOGIC UNIT.--Quaternary alluvium.

WELL CHARACTERISTICS.--Drilled in February 1941, casing diameter 20 in. from 1.00 ft above land surface to 300 ft below
land surface, and 18 in. from 300-377 ft. Total depth is 377 ft.

INSTRUMENTATION.--Graphical water-level recorder from January 1971 to January 1985. Digital water-level recorder set to
record every hour from January 1985 to present.

DATUM.--Elevation of land surface is 2,878.57 ft (NGVD 29). Measuring point: top of casing, 1.00 ft above land surface.
REMARKS.--Water levels affected by pumpage. Well located near Lonepine. All water levels are reported below land surface.
PERIOD OF RECORD.--March to May 1943, October 1970 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 102.43 ft, Mar. 20, 1981 (from recorder); lowest, 119.96 ft, Sept.
6, 1995 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 110.95 ft, Mar. 27 (from recorder); lowest, 115.53 ft, Sept. 20

(from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER
DATE LEVEL DATE LEVEL
Oct 16 113.59 Apr 4 111.12
Feb 13 111.27 May 6 111.78
Feb 14 111.41 Aug 8 113.88

23N24W34ADAAO1 (SANDERS COUNTY)
Quaternary alluvium
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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SHERIDAN COUNTY

SITE IDENTIFICATION.--483650104084001. Local number 33N58E17ADDDO1.

LOCATION.--Lat 48°36'50", long 104°08'40" (NAD 27), Hydrologic Unit 10060006. Owner: Vern Guenther.
HYDROGEOLOGIC UNIT.--Pleistocene outwash.

WELL CHARACTERISTICS.--Drilled in 1984, casing diameter 4 in., depth 130 ft.

INSTRUMENTATION.--Digital water-level recorder set to record every hour from April to Oct. 18 1985, every 12 hours from
Oct. 19, 1985 to Apr. 7, 1993, and every 4 hours from Apr. 8, 1993 to present.

DATUM.--Elevation of land surface is 1,992 ft (NGVD 29). Measuring point: top of casing, 2.10 ft above land surface.
REMARKS.--No record May 2-4 and June 22-30, 2002. All water levels are reported below land surface.
PERIOD OF RECORD.--August 1984 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 11.73 ft, June 19-26, 1999 (from recorder); lowest, 15.51 ft, Aug.
20-23, 1992 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 12.64 ft, Oct. 1 and 2 (from recorder); lowest, 13.39 ft, Sept. 30

(from recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL
Oct 10 12.69 Mar 13 13.15 Jul 2 13.02
Jan 8 12.98 Jul 1 13.02 Aug 13 13.22
Feb 25 13.15

33N58E17ADDDO1 (SHERIDAN COUNTY)

Pleistocene outwash
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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SHERIDAN COUNTY

SITE IDENTIFICATION.--483318104105402. Local number 32N58E04DBBDO2.

LOCATION.--Lat 48°33'18", long 104°10'54" (NAD 27), Hydrologic Unit 10060006. Owner: U.S. Fish and Wildlife Service.
HYDROGEOLOGIC UNIT.--Pleistocene outwash.

WELL CHARACTERISTICS.--Drilled in July 1984, casing diameter 4 in., depth 143 ft.

INSTRUMENTATION.--Graphical water-level recorder from August 1984 through May 1985. Digital water-level recorder set
to record every 24 hours from May 1985 to April 1996. Digital recorder set to record every hour from April 1996 to present.

DATUM.--Elevation of land surface is 1,977 ft (NGVD 1929). Measuring point: top of recorder shelf, 2.20 ft above land surface.
From August 1984 to April 1994, measuring point was top of PVC casing, 1.50 ft above land surface.

REMARKS.--No record from Jan. 27 to Mar. 13, 2002. All water levels are reported below land surface.
PERIOD OF RECORD.--August 1984 to current year.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 22.46 ft, Apr. 27 and 28, 2001 (from recorder); lowest, 25.90 ft,
Aug. 18 and 19, 1992 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 22.73 ft, May 14 (from recorder); lowest, 23.60 ft, Sept. 3 (from

recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL
Oct 10 23.48 Mar 13 22.94 Jul 2 23.00
Jan 8 23.10 Jul 1 23.00 Aug 12 23.40
Feb 25 22.98

32N58E04DBBDO02 (SHERIDAN COUNTY)

Pleistocene outwash
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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TETON COUNTY

SITE IDENTIFICATION.--474005111583803. Local number 22N0O3W15BAADO3.

LOCATION.--Lat 47°40'05", long 111°58'38" (NAD 27), Hydrologic Unit 10030104. Owner: Marvin Klinker.
HYDROGEOLOGIC UNIT.--Pleistocene terrace deposits.

WELL CHARACTERISTICS.--Drilled in 1991, casing diameter 4 in., depth 47 ft.
INSTRUMENTATION.--Digital water-level recorder set to record every hour from November 1991 to present.

DATUM.--Elevation of land surface is 5,240 ft (NGVD 29). Measuring point: top of casing, 1.90 ft above land surface from
November 1991 to Mar. 12, 2001 and 1.80 ft above land surface from Mar. 12, 2001 to present.

REMARKS.--Water levels affected by irrigation. All water levels are reported below land surface.
PERIOD OF RECORD.--November 1991 to present.

EXTREMES FOR PERIOD OF RECORD.--Highest water level, 10.03 ft, Aug. 5, 1999 (from recorder); lowest, 28.74 ft, May 6
and 7, 2002 (from recorder).

EXTREMES FOR WATER YEAR 2002.--Highest water level, 9.69 ft, Aug. 8 (from recorder); lowest, 28.74 ft, May 6 and 7 (from
recorder).

MEASURED WATER LEVEL, IN FEET BELOW LAND SURFACE,
WATER YEAR OCTOBER 2001 THROUGH SEPTEMBER 2002

WATER WATER
DATE LEVEL DATE LEVEL
Oct 11 17.61 May 14 28.48
Jan 10 23.83 Jul 25 14.85
Mar 19 27.04 Sep 10 14.24

22N03W15BAADO3 (TETON COUNTY)

5 Pleistocene terrace deposits
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Figure 4. Fluctuations of water levels in selected observation wells in Montana for water year 2002--Continued.
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002

[Local number--composed of township, range, section, position within a section, and a sequence number. Depth of well--in feet below land
surface. Water level--in feet below or above (+) land surface. --, no data]

Depth of Aquifer Date of Water level
well

Local number
measurement

BEAVERHEAD COUNTY

07S08W17DDC 02 50 Tertiary sediments 10-02-01 28.73
06-05-02 34.02
08S09WO01CCCCO01 47 Tertiary sediments 10-02-01 31.22
11-02-01 31.94
12-04-01 32.13
01-23-02 33.65
03-26-02 34.59
06-05-02 29.22
07-17-02 27.03
08-30-02 31.18
09-02-02 32.44
08S08W31CCAAO01 217 Tertiary sediments 10-02-01 163.09
12-04-01 163.24
01-23-02 163.50
03-26-02 163.69
06-05-02 163.88
07-17-02 164.41
08-30-02 165.18
09-12-02 165.35
09-19-02 165.55
09-25-02 165.76
CASCADE COUNTY
20NO3E11ABADO1 369 Mississippian Madison Group 12-18-01 12.59
01-09-02 12.46
03-19-02 12.53
05-14-02 12.61
07-25-02 12.69
09-10-02 12.65
19NO04E26CACCO02 198 Lower Cretaceous Kootenai Formation 10-11-01 137.47
10-15-01 137.41
01-10-02 137.78
03-19-02 137.98
05-14-02 137.86
07-25-02 137.86
09-10-02 137.82
GALLATIN COUNTY
01INO4E25DCDDO01 101 Quaternary alluvium 10-15-01 14.78
11-02-01 14.81
11-29-01 15.87
01-11-02 17.25
01-23-02 17.52
03-15-02 18.62
GARFIELD COUNTY
16N44E25BBACO1 103 Paleocene Tongue River Member of Fort Union Formation 10-10-01 31.90
01-08-02 31.08
03-12-02 30.70
05-30-02 30.78

07-02-02 31.58
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002 (Continued)

Local number Depth of Aquifer Date of Water level
well measurement
JEFFERSON COUNTY

09NO3W14DACCO1 145 Upper Cambrian Hasmark Formation 10-01-01 26.50
11-09-01 25.61

11-28-01 25.25

01-03-02 21.58

01-29-02 23.17

02-25-02 21.73

03-28-02 25.53

05-01-02 27.56

05-30-02 30.65

06-26-02 27.71

07-26-02 2191

08-27-02 31.47

09-26-02 25.77

09NO03W17DBC 01 207 Upper Cretaceous Boulder batholith intrusives 10-01-01 36.85
11-09-01 37.00

11-28-01 38.11

01-03-02 40.09

01-29-02 37.01

02-25-02 37.59

03-28-02 36.89

05-01-02 36.89

05-30-02 39.04

06-26-02 35.00

07-26-02 35.39

08-27-02 36.21

09-26-02 36.89

LAKE COUNTY

16N19WO0SACBDO1 398 Pleistocene alluvium 10-11-01 158.75
12-05-01 168.88

02-14-02 184.59

05-30-02 145.23

08-07-02 140.85

LEWIS AND CLARK COUNTY

12N06W36BCDDO01 70 Upper Cretaceous Marysville intrusives 10-01-01 19.74
11-09-01 20.73

11-28-01 22.15

01-03-02 22.84

01-29-02 23.11

02-26-02 23.13

03-28-02 23.34

05-01-02 20.37

05-30-02 20.60

06-27-02 19.47

08-27-02 17.35

09-26-02 20.21

1INO5W14DDDDO1 500 Middle Proterozoic Helena Formation 10-01-01 36.42
11-09-01 34.89

11-28-01 34.21

01-03-02 33.69

01-29-02 33.59

02-26-02 33.47

03-28-02 33.30

05-01-02 32.88
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002 (Continued)

Depth of Aquifer Date of Water level
well

Local number
measurement

LEWIS AND CLARK COUNTY--Continued

1INO5SW14DDDDO1 500 Middle Proterozoic Helena Formation 05-30-02 32.76
Continued 06-27-02 32.58
07-28-02 32.40

08-27-02 32.06

09-26-02 32.31

11N04W06DACAO01 114 Middle Proterozoic Spokane Formation 10-01-01 43.89
11-09-01 44.64

11-28-01 45.02

01-03-02 43.73

01-29-02 43.69

02-26-02 43.74

03-28-02 43.67

05-01-02 43.71

05-30-02 43.60

06-27-02 44.03

07-29-02 51.50

09-26-02 44.35

1IN04W12CDDDO1 176 Middle Proterozoic Spokane Formation 10-01-01 139.19
11-13-01 131.59

11-28-01 136.37

01-03-02 135.58

01-29-02 13091

02-26-02 129.47

03-28-02 133.90

05-01-02 130.47

05-30-02 136.14

06-27-02 141.11

07-02-02 140.86

07-29-02 138.39

08-27-02 140.23

09-26-02 140.00

11N04W24BBABO1 120 Middle Proterozoic Spokane Formation 07-26-02 93.89
11N04W34DCBAO1 125 Upper Cretaceous Scratchgravel Hills intrusives 10-01-01 16.59
11-09-01 16.19

11-28-01 18.99

01-03-02 18.01

01-29-02 18.20

02-25-02 18.22

03-28-02 17.75

05-01-02 16.71

05-30-02 17.59

06-26-02 15.49

08-27-02 16.29

09-26-02 16.70

1INO3WO05CCBCO1 110 Middle Proterozoic Spokane Formation 10-01-01 64.51
11-28-01 66.84

01-03-02 67.39

01-29-02 67.75

02-26-02 65.17

03-28-02 66.20

05-01-02 64.35

05-30-02 64.57

06-27-02 69.23
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002 (Continued)

Local number Depth of Aquifer Date of Water level
well measurement
LEWIS AND CLARK COUNTY--Continued
1INO3WO05CCBCO1 110 Middle Proterozoic Spokane Formation 07-02-02 69.01
Continued 07-29-02 67.95
08-27-02 Dry
09-26-02 Dry
11NO3WO08BCBAO1 208 Middle Proterozoic Spokane Formation 10-01-01 57.54
11-13-01 57.30
11-28-01 57.12
01-03-02 56.94
01-29-02 56.94
02-26-02 56.91
03-28-02 57.89
05-01-02 56.78
05-30-02 57.79
06-27-02 62.65
08-27-02 58.14
09-26-02 58.14
11INO3WI11BBBAO1 350 Middle Proterozoic Spokane Formation 10-01-01 170.74
11-13-01 166.55
11-28-01 168.05
01-03-02 165.11
01-29-02 162.58
02-26-02 163.87
03-28-02 164.35
05-01-02 164.55
05-30-02 164.18
06-27-02 166.39
07-28-02 166.79
08-27-02 164.44
09-26-02 164.62
10NO5SW03ABDDO1 140 Middle Cambrian Wolsey Shale 10-01-01 23.52
11-09-01 23.06
11-28-01 23.08
01-03-02 23.19
01-29-02 23.24
02-26-02 22.97
03-28-02 22.32
05-01-02 22.46
05-30-02 21.51
06-27-02 25.21
07-02-02 24.11
07-29-02 24.64
08-27-02 24.09
09-26-02 23.65
10NO5SWO09BDBCO1 280 Upper Cretaceous Boulder batholith intrusives 10-01-01 55.20
11-09-01 4391
11-28-01 45.19
01-03-02 47.98
01-29-02 54.81
02-26-02 57.91
03-28-02 48.03
05-01-02 34.26
05-30-02 33.41
07-29-02 43.26
08-27-02 56.26

09-26-02 49.39
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002 (Continued)

Depth of Aquifer Date of Water level
well

Local number
measurement

LEWIS AND CLARK COUNTY--Continued

10NO5W25DBDA02 100 Upper Cretaceous Boulder batholith intrusives 10-01-01 79.24
11-09-01 79.41
11-28-01 78.32
01-03-02 79.40
01-29-02 79.44
02-25-02 79.49
03-28-02 79.89
05-01-02 78.91
05-30-02 78.94
06-26-02 79.32
07-26-02 79.37
08-27-02 79.17
09-26-02 79.21

10NO5W33CDCDO1 135 Upper Cretaceous Boulder batholith intrusives 10-01-01 20.98
11-09-01 18.77
11-28-01 18.49
01-03-02 18.56
01-29-02 19.17
02-25-02 18.43
03-28-02 18.73
05-01-02 17.26
05-30-02 17.19
06-26-02 16.51
07-26-02 16.28
08-27-02 17.32
09-26-02 17.36

10N04WO02CBAAO1 110 Upper Cretaceous Scratchgravel Hills intrusives 11-07-01 38.05
02-09-02 38.19
03-29-02 38.15
05-28-02 38.45
07-05-02 37.24
08-18-02 37.10
09-26-02 37.06

10NO4WO03CDBAO1 206 Upper Cretaceous Scratchgravel Hills intrusives 10-01-01 30.41
11-09-01 27.66
11-28-01 27.36
01-03-02 27.66
01-29-02 28.11
02-25-02 28.87
03-28-02 27.93
05-01-02 29.42
05-30-02 29.19
06-27-02 28.11
07-29-02 27.69
08-27-02 27.95
09-26-02 27.77

10N04WO08DCACO1 120 Middle Proterozoic Helena Formation 10-01-01 55.74
11-09-01 52.87
11-28-01 51.95
01-03-02 50.87
01-29-02 50.27
02-26-02 49.88
03-28-02 49.31
05-01-02 48.85

05-30-02 49.35
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002 (Continued)

Local number Depth of Aquifer Date of Water level
well measurement
LEWIS AND CLARK COUNTY--Continued
10N04WOSDCACO1 120 Middle Proterozoic Helena Formation 06-27-02 49.06
Continued 07-29-02 47.59
08-27-02 50.41
09-26-02 50.05
10N04W15BDACO1 260 Middle Proterozoic Spokane Formation 10-01-01 38.35
11-09-01 35.57
11-28-01 38.12
01-03-02 39.76
01-29-02 3991
02-26-02 40.47
03-28-02 40.19
05-02-02 35.88
05-30-02 35.70
06-27-02 40.29
07-02-02 40.40
07-29-02 41.93
08-27-02 41.11
09-26-02 41.27
10N04W23CADDO1 130 Middle Proterozoic Helena Formation 10-01-01 54.22
11-09-01 54.29
11-28-01 54.61
01-03-02 57.14
01-29-02 57.16
02-25-02 57.84
03-28-02 57.13
05-01-02 57.09
05-30-02 58.14
06-26-02 55.47
07-26-02 55.86
08-27-02 55.79
09-26-02 57.47
10NO3W20CCAAO01 100 Middle Proterozoic Helena Formation 10-01-01 38.43
11-09-01 39.48
11-28-01 40.54
01-03-02 40.65
01-29-02 41.29
02-25-02 41.94
03-28-02 41.92
05-01-02 41.31
05-30-02 40.46
06-26-02 36.09
07-26-02 35.80
08-27-02 3597
09-18-02 36.75
09-26-02 36.74
10NO3W32BCBDO1 140 Middle Proterozoic Helena Formation 10-01-01 40.38
11-09-01 42.80
11-28-01 43.51
01-03-02 44.11
01-29-02 45.09
02-25-02 46.14
03-28-02 46.82
05-01-02 45.80
05-30-02 44.27
06-26-02 37.81
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002 (Continued)
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Local number Depth of Aquifer Date of Water level
well measurement
LEWIS AND CLARK COUNTY--Continued
10N03W32BCBDO1 140 Middle Proterozoic Helena Formation 07-26-02 37.93
Continued 08-27-02 34.51
09-26-02 33.72
09NO5SW12CCDAO1 260 Upper Cretaceous Boulder batholith intrusives 10-01-01 56.18
11-09-01 45.24
11-28-01 38.76
01-03-02 39.79
01-29-02 37.74
02-25-02 41.12
03-28-02 36.24
05-01-02 34.03
05-30-02 34.83
06-26-02 32.29
07-26-02 43.32
08-27-02 38.90
09-26-02 35.82
09N04W11CCCBO1 122 Upper Cretaceous Boulder batholith intrusives 10-01-01 28.07
11-09-01 27.58
11-28-01 27.31
01-03-02 28.06
01-29-02 26.87
02-25-02 26.73
03-28-02 26.41
05-01-02 23.22
05-30-02 20.67
06-26-02 18.74
07-26-02 20.05
08-27-02 19.24
09-26-02 22.24
09N04W11CDBDO1 124 Upper Cretaceous Boulder batholith intrusives 10-01-01 75.55
11-09-01 74.70
11-28-01 74.55
01-03-02 74.81
01-29-02 75.22
02-25-02 76.07
03-28-02 75.71
05-01-02 75.05
05-30-02 75.14
06-26-02 74.99
07-26-02 76.04
08-27-02 75.45
09-26-02 76.80
MC CONE COUNTY
26N49E13ACABO1 180 Upper Cretaceous Hell Creek Formation and Fox Hills Sandstone 10-10-01 43.59
01-08-02 43.62
03-12-02 43.60
07-02-02 43.69
MINERAL COUNTY
18N28W24DCBAO1 199 Quaternary alluvium 11-14-01 +20.48
02-05-02 +20.48
05-16-02 +25.55
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002 (Continued)

Depth of Aquifer Date of Water level
well

Local number
measurement

MINERAL COUNTY--Continued

18N27W19CBBDO01 58 Quaternary alluvium 11-14-01 13.20
02-02-02 12.76
05-16-02 10.06
18N27W30ABBAO1 192 Quaternary alluvium 11-14-01 146.88
02-05-02 147.48
05-05-02 142.93
17N26W30DAADO1 318 Quaternary alluvium 11-14-01 192.66
05-16-02 189.05
POWDER RIVER COUNTY

04S45E04BDDBO01 68 Quaternary alluvium 10-02-01 7.90
11-14-01 7.71
01-07-02 7.31
03-14-02 6.64
05-14-02 7.11
05-16-02 7.28
07-01-02 7.63

POWELL COUNTY
15N12W36BCDDO1 206 Cenozoic rocks 10-04-01 106.98
10-30-01 106.58
01-03-02 106.29
02-28-02 106.13
04-08-02 105.83
04-09-02 105.83
05-13-02 105.94

RAVALLI COUNTY
10N20W13BBA 01 50 Quaternary alluvium 10-01-01 6.29
11-19-01 6.16
01-04-02 6.37
02-20-02 6.40
04-03-02 6.22
08-22-02 5.62
06N20W19CCCC02 40 Quaternary alluvium 10-02-01 9.72
11-20-01 13.46
12-05-01 14.31
12-31-01 14.78
01-03-02 15.70
01-15-02 16.05
02-20-02 17.08
04-02-02 17.67
07-17-02 7.97
08-21-02 8.33

ROSEBUD COUNTY
06S43E19DDBA02 67 Quaternary alluvium 10-01-01 9.86
11-15-01 9.70
01-07-02 9.81
03-14-02 9.78
05-16-02 9.18
07-01-02 9.73

SANDERS COUNTY
26N34WO03BDADO1 400 Quaternary alluvium 11-14-01 236.10
02-13-02 253.60

05-06-02 248.70
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Table 7. Periodic water levels in selected observation wells in Montana, water year 2002 (Continued)

Depth of Aquifer Date of Water level
well

Local number
measurement

SANDERS COUNTY--Continued

25N31W30DCCCO1 282 Quaternary alluvium 11-14-01 222.79
02-13-02 223.15
05-06-02 223.60
08-08-02 223.02
23N24W34ADAAO1 377 Quaternary alluvium 10-16-01 113.59
02-13-02 111.27
02-14-02 111.41
04-04-02 111.12
05-06-02 111.78
08-08-02 113.88
22N29W32ACDDO1 308 Quaternary alluvium 11-14-01 244.64
02-13-02 239.42
05-06-02 236.74
20N26W22CBBAO1 50 Quaternary alluvium 11-14-01 18.71
02-13-02 18.13
05-06-02 16.88
08-08-02 16.66
19N25W07CDDAO1 - Quaternary alluvium 11-14-01 +11.78
02-13-02 +9.96
05-06-02 +16.19
08-08-02 +13.19
19N25W28BABBO01 369 Middle Proterozoic Belt Supergroup 11-14-01 18.47
02-13-02 19.38
05-06-02 3.76
08-08-02 14.46
SHERIDAN COUNTY
33N58E17ADDDO1 130 Pleistocene outwash 10-10-01 12.69
01-08-02 12.98
02-25-02 13.15
03-13-02 13.15
07-01-02 13.02
07-02-02 13.02
08-13-01 13.22
32N58E04DBBDO02 143 Pleistocene outwash 10-10-01 23.48
01-08-02 23.10
02-25-02 22.98
03-13-02 22.94
07-01-02 23.00
07-02-02 23.00
08-12-02 23.40
TETON COUNTY
22N03W15BAADO3 47 Pleistocene terrace deposits 10-11-01 17.61
01-10-02 23.83
03-19-02 27.04
05-14-02 28.48
07-25-02 14.85

09-10-02 14.24
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SPECIAL NETWORKS AND PROGRAMS

Hydrologic Benchmark Network is a network of 50 sites
in small drainage basins around the country whose purpose is
to provide consistent data on the streamflow representative of
undeveloped watersheds nationwide, and to provide analyses
on a continuing basis to compare and contrast conditions
observed in basins more obviously affected by human
activities. At 10 of these sites, water-quality information is
being gathered on major ions and nutrients, primarily to assess
the effects of acid deposition on stream chemistry. Additional
information on the Hydrologic Benchmark Program can be
found at:

http://water.usgs.gov/hbn/

National Stream-Quality Accounting Network (NASQAN)

monitors the water quality of large rivers within the Nation’s
largest river basins. From 1995 through 1999, a network of
approximately 40 stations was operated in the Mississippi,
Columbia, Colorado, and Rio Grande basins. For the period
2000 through 2004, sampling was reduced to a few index
stations on the Colorado and Columbia so that a network of
five stations could be implemented on the Yukon River.
Samples are collected with sufficient frequency that the flux of
a wide range of constituents can be estimated. The objective of
NASQAN is to characterize the water quality of these large
rivers by measuring concentration and mass transport of a
wide range of dissolved and suspended constituents, including
nutrients, major ions, dissolved and sediment-bound heavy
metals, common pesticides, and inorganic and organic forms
of carbon. This information will be used (1) to describe the
long-term trends and changes in concentration and transport of
these constituents; (2) to test findings of the National Water-
Quality Assessment Program (NAWQA); (3) to characterize
processes unique to large-river systems such as storage and re-
mobilization of sediments and associated contaminants; and
(4) to refine existing estimates of off-continent transport of
water, sediment, and chemicals for assessing human effects on
the world’s oceans and for determining global cycles of
carbon, nutrients, and other chemicals. Additional information
about the NASQAN Program can be found at:
http://water.usgs.gov/nasqan/

The National Atmospheric Deposition Program/National
Trends Network (NADP/NTN) provides continuous
measurement and assessment of the chemical constituents in
precipitation throughout the United States. As the lead federal
agency, the USGS works together with over 100 organizations
to provide a long-term, spatial and temporal record of
atmospheric deposition generated from a network of 225
precipitation chemistry monitoring sites. This long-term,
nationally consistent monitoring program, coupled with
ecosystem research, provides critical information toward a
national scorecard to evaluate the effectiveness of ongoing and
future regulations intended to reduce atmospheric emissions
and subsequent impacts to the Nation’s land and water
resources. Reports and other information on the NADP/NTN

Program, as well as all data from the individual sites, can be
found at http://bgs.usgs.gov/acidrain/.

The National Water-Quality Assessment (NAWOQA)
Program of the U.S. Geological Survey is a long-term program
with goals to describe the status and trends of water-quality
conditions for a large, representative part of the Nation’s
ground- and surface-water resources; provide an improved
understanding of the primary natural and human factors
affecting these observed conditions and trends; and provide
information that supports development and evaluation of
management, regulatory, and monitoring decisions by other
agencies.

Assessment activities are being conducted in 59 study
units (major watersheds and aquifer systems) that represent a
wide range of environmental settings nationwide and that
account for a large percentage of the Nation’s water use. A
wide array of chemical constituents will be measured in
ground water, surface water, streambed sediments, and fish
tissues. The coordinated application of comparative
hydrologic studies at a wide range of spatial and temporal
scales will provide information for decision making by water-
resources managers and a foundation for aggregation and
comparison of findings to address water-quality issues of
regional and national interest.

Communication and coordination between USGS
personnel and other local, State, and federal interests are
critical components of the NAWQA Program. Each study unit
has a local liaison committee consisting of representatives
from key federal, State, and local water resources agencies,
Indian nations, and universities in the study unit. Liaison
committees typically meet semiannually to discuss their
information needs, monitoring plans and progress, desired
information products, and opportunities to collaborate efforts
among the agencies. Additional information about the
NAWQA Program can be found at:

http://water.usgs.gov/nawqa/

EXPLANATION OF THE RECORDS

The surface-water and ground-water records published in
this report are for water year 2002 that began October 1, 2001,
and ended September 30, 2002. A calendar of the water year is
provided on the inside of the front cover. The records contain
streamflow data, stage and content data for lakes and
reservoirs, water-quality data for surface and ground water,
and ground-water-level data. The locations of the stations and
wells where the data were collected are shown in figures 6
through 8. The following sections of the introductory text are
presented to provide users with a more detailed explanation of
how the hydrologic data published in this report were
collected, analyzed, computed, and arranged for presentation.

Station Identification Numbers

Each data station, whether stream site or well, in this
report is assigned a unique identification number. The number
usually is assigned when a station is first established and is
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retained for that station indefinitely. The systems used by the
USGS to assign identification numbers for surface-water
stations and for ground-water well sites differ, but both are
based on geographic location. Generally, the "downstream-
order" system is used for regular surface-water stations, the
"latitude-longitude" system is used for miscellaneous surface-
water stations where discharge measurements or water
samples are obtained infrequently. The rectangular-grid
system is used to assign identification numbers for wells.

Downstream-Order System

Since October 1, 1950, the order of listing hydrologic-
station records in USGS reports is in a downstream direction
along the main stream. All stations on a tributary entering
upstream from a mainstream station are listed before that
station. A station on a tributary that enters between two
mainstream stations is listed between them. A similar order is
followed in listing stations on tributaries to tributaries. The
rank of any tributary with respect to the stream to which it is
immediately tributary is indicated by an indention in the "List
of Stations" in the front of this report. Each indention
represents one rank. This downstream order and system of
indention shows which stations are on tributaries between any
two stations and the rank of the tributary on which each station
is situated.

The station-identification number is assigned according to
downstream order. In assigning station numbers, no
distinction is made between partial-record stations and other
stations; therefore, the station number for a partial-record
station indicates downstream-order position in a list made up
of both types of stations. Gaps are left in the series of numbers
to allow for new stations that may be established; hence, the
numbers are not consecutive. The complete eight-digit number
for each station, such as 06090300, which appears just to the
left of the station name, includes the two-digit Part number
"06" plus the six-digit downstream-order number "090300."
The Part number designates the major river basin; for example,
Part "06" is the Missouri River basin. All records for a
drainage basin encompassing more than one State can be
arranged in downstream order by assembling pages from the
various State reports by station number to include all records
in the basin.

Latitude-Longitude System

The identification numbers for miscellaneous surface-
water sites are assigned according to the grid system of latitude
and longitude. The number consists of 15 digits. The first six
digits denote the degrees, minutes, and seconds of latitude, the
next seven digits denote degrees, minutes, and seconds of
longitude, and the last two digits (assigned sequentially)
identify the sites within a 1-second grid. This site-
identification number, once assigned, is a pure number and has
no locational significance. In the rare instance where the
initial determination of latitude and longitude are found to be
in error, the station will retain its initial identification
number; however, its true latitude and longitude will be

listed in the LOCATION paragraph of the station description.
(See figure 5.) The North America Datum of 1927 (NAD 27)
or 1983 (NAD 83) were used to determine the latitude and
longitudes listed in the LOCATION paragraph.

Coordinates for site A (464214110193701)
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Coordinates for site C (464213110193701)

Coordinates for site B (464213110193801)

Figure 5. System for numbering miscellaneous sites (latitude
and longitude).

Rectangular-Grid System

In this report, wells are numbered according to geographic
position within the rectangular-grid system of land
subdivision. The location (local) number consists of as many
as 14 characters. The first three characters specify the
township and its position north (N) or south (S) of the Montana
Base Line. The next three characters specify the range and its
position west (W) or east (E) of the Montana Principal
Meridian. The next two characters are the section number.
The next one to four characters designate the quarter section
(160-acre tract), quarter-quarter section (40-acre tract),
quarter-quarter-quarter section (10-acre tract), and quarter-
quarter-quarter-quarter section (2.5-acre tract), respectively, in
which the well is located. The subdivisions of the section are
designated A, B, C, and D in a counterclockwise direction,
beginning in the northeast quadrant. The last two characters
form a sequence number based on the order of inventory. For
example, well 30N33WO05SABABO1 is the first well
inventoried in the NW'/, NE!/, NW!/,NE!/; sec.5, T.30N,,
R.33 W.

Records of Stage and Water Discharge

Records of stage and water discharge may be complete or
partial. Complete records of discharge are those obtained
using a continuous stage-recording device through which
either instantaneous or mean daily discharges may be
computed for any time, or any period of time, during the period
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of record. Complete records of lake or reservoir content,
similarly, are those for which stage or content may be
computed or estimated with reasonable accuracy for any time,
or period of time. They may be obtained using a continuous
stage-recording device, but need not be. Because daily mean
discharges and end-of-day contents commonly are published
for such stations, they are referred to as "daily stations."
Location of streamflow-gaging stations for which data are
given in this report are shown in figure 6.

Data Collection and Computation

The data obtained at a complete-record gaging station on
a stream or canal consist of a continuous record of stage,
individual measurements of discharge throughout a range of
stages, and notations regarding factors that may affect the
relation between stage and discharge. These data, together
with supplemental information, such as weather records, are
used to compute daily discharges. The data obtained at a
complete-record gaging station on a lake or reservoir consist of
a record of stage and of notations regarding factors that may
affect the relation between stage and lake content. These data
are used with stage-area and stage-capacity curves or tables to
compute water-surface areas and lake storage.

Continuous records of stage are obtained with analog
recorders that trace continuous graphs of stage or with digital
recorders that punch stage values on paper tapes at selected
time intervals. Measurements of discharge are made with
current meters using methods adopted by the USGS as a result
of experience accumulated since 1880. These methods are
described in standard textbooks, in Water-Supply Paper 2175,
and in U.S. Geological Survey Techniques of Water-
Resources Investigations, Book 3, Chapter A6.

In computing discharge records, results of individual
measurements are plotted against the corresponding stages,
and stage-discharge relation curves are then constructed.
From these curves, rating tables indicating the approximate
discharge for any stage within the range of the measurements
are prepared. Ifiit is necessary to define extremes of discharge
outside the range of the current-meter measurements, the
curves are extended using: (1) logarithmic plotting; (2)
velocity-area studies; (3) results of indirect measurements of
peak discharge, such as slope-area or contracted-opening
measurements, and computations of flow over dams or weirs;
or (4) step-backwater techniques.

Daily mean discharges are computed by applying the
daily mean stages (gage heights) to the stage-discharge curves
or tables. If the stage-discharge relation is subject to change
because of frequent or continual change in the physical
features that form the control, the daily mean discharge is
determined by the shifting-control method, in which
correction factors based on the individual discharge
measurements and notes of the personnel making the
measurements are applied to the gage heights before the
discharges are determined from the curves or tables. This
shifting-control method also is used if the stage-discharge

relation is changed temporarily because of aquatic growth or
debris on the control. For some stations, formation of ice in
the winter may so obscure the stage-discharge relations that
daily mean discharges must be estimated from other
information such as temperature and precipitation records,
notes of observations, and records for other stations in the
same or nearby basins for comparable periods.

At some streamgaging stations, the stage-discharge
relation is affected by the backwater from reservoirs, tributary
streams, or other sources. This necessitates the use of the slope
method in which the slope or fall in a reach of the stream is a
factor in computing discharge. The slope or fall is obtained by
means of an auxiliary gage set at some distance from the base
gage. At some stations the stage-discharge relation is affected
by changing stage; at these stations the rate of change in stage
is used as a factor in computing discharge.

At some streamgaging stations in Montana the stage-
discharge relation is usually affected by ice from November to
March, and it becomes impossible to compute the discharge in
the usual manner. Discharge for periods of ice effect is
computed on the basis of gage-height record and occasional
winter discharge measurements. Consideration is given to the
available information on temperature and precipitation, notes
by gage observers and hydrologists, and comparable records
of discharge for other stations in the same or nearby basins.

In computing records of lake or reservoir contents, it is
necessary to have available from surveys, curves or tables
defining the relation of stage and content. The application of
stage to the stage-content curves or tables gives the contents
from which daily, monthly, or yearly changes then are
determined. If the stage-content relation changes because of
deposition of sediment in a lake or reservoir, periodic
resurveys may be necessary to redefine the relation. Even
when this is done, the contents computed may become
increasingly in error as the lapsed time since the last survey
increases. Discharges over lake or reservoir spillways are
computed from stage-discharge relation much as other stream
discharges are computed.

For some gaging stations, there are periods when no gage-
height record is obtained, or the recorded gage height is so
faulty that it cannot be used to compute daily discharge or
contents. This happens when the recorder stops or otherwise
fails to operate properly, intakes are plugged, the float is
frozen in the well, or for various other reasons. For such
periods, the daily discharges are estimated from the recorded
range in stage, previous or following record, discharge
measurements, weather records, and comparison with other
station records from the same or nearby basins. Likewise,
daily contents may be estimated from operator's logs, previous
or following record, inflow-outflow studies, and other
information. Information explaining how estimated daily
discharge values are identified in station records is included in
the next two sections, "Data Presentation" (REMARKS
paragraph) and "Identifying Estimated Daily Discharge."
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Data Presentation

Records published for each continuous-record surface-
water discharge station (streamflow-gaging station) consist of
four parts: the manuscript or station description; the data table
of daily mean values of discharge for the current water year
with summary data; a tabular statistical summary of monthly
mean flow data for a designated period, by water year; and a
summary statistics table that includes statistical data of annual,
daily, and instantanecous flows as well as data pertaining to
annual runoff, 7-day low-flow minimums, and flow duration.

Station manuscript

The manuscript provides, under various headings,
descriptive information, such as station location; period of
record; historical extremes outside the period of record, record
accuracy, and other remarks pertinent to station operation and
regulation. The following information, as appropriate, is
provided with each continuous record of discharge or lake
content. Comments to follow clarify information presented
under the various headings of the station description.

LOCATION.--Information on locations is obtained from the
most accurate maps available. The North America Datum of
1927 (NAD 1927) or 1983 (NAD 1983) reference is used for
all latitudes and longitudes listed. The location of the
streamflow-gaging station with respect to the cultural and
physical features in the vicinity and with respect to the
reference place mentioned in the station name is given. River
mileages were determined by methods given in "River
Mileage Measurement," Bulletin 14, Revision of October
1968, prepared by the Water Resources Council or were
provided by the U.S. Army Corps of Engineers or river mile
indexes supplied by the Montana Department of Natural
Resources and Conservation.

DRAINAGE AREA.--Drainage areas are measured using the
most accurate maps available. Because the type of maps
available varies from one drainage basin to another, the
accuracy of drainage areas likewise varies. Drainage areas are
updated as better maps become available.

PERIOD OF RECORD.--This indicates the period for which
records have been published for the station or for an equivalent
station. An equivalent station is one that was in operation at a
time that the present station was not and whose location was
such that flow at it can reasonably be considered equivalent to
flow at the present station.

REVISED RECORDS.--Because of new information,
published records occasionally are found to be incorrect, and
revisions are printed in later reports. Listed under this heading
are all the reports in which revisions have been published for
the station and the water years to which the revisions apply. If
a revision did not include daily, monthly, or annual figures of
discharge, that fact is noted after the year dates as follows:
"(M)" means that only the instantaneous maximum discharge
was revised; "(m)" that only the instantaneous minimum was
revised; and "(P)" that only peak discharges were revised. If
the drainage area has been revised, the report in which the
most recently revised figure was first published is given.

GAGE.--The type of gage in current use, the datum of the
current gage, and a condensed history of the types, locations,
and datums of previous gages are given under this heading.
Most datums are referenced to the National Geodetic Vertical
Datum of 1929 (NGVD 29), but the Canadian Geodetic
Vertical Datum 1928 and the International Boundary
Commission Survey Datum are also referenced.

REMARKS.--All periods of estimated daily discharge will
either be identified by date in this paragraph of the station
description for water-discharge stations or flagged in the daily
discharge table. (See next section, "Identifying Estimated
Daily Discharge.") If a REMARKS paragraph is used to
identify estimated record, the paragraph will begin with this
information presented as the first entry. The paragraph is also
used to present information relative to the accuracy of the
records, to special methods of computation, and to conditions
that affect natural flow at the station. In addition, information
may be presented pertaining to average discharge data for the
period of record; to extremes data for the period of record and
the current year; and, possibly, to other pertinent items. For
reservoir stations, information is given on the dam forming the
reservoir, the capacity, outlet works and spillway, and purpose
and use of the reservoir.

COOPERATION.--Records provided by a cooperating
organization or obtained for the USGS by a cooperating
organization are identified here.

EXTREMES OUTSIDE PERIOD OF RECORD.--Included
here is information concerning major floods or unusually low
flows that occurred outside the stated period of record. The
information may or may not have been obtained by the USGS.

REVISIONS.--If a critical error in published records is
discovered, a revision is included in the first report published
following discovery of the error.

Although rare, occasionally the records of a discontinued
gaging station may need revision. Because, for these stations,
there would be no current or, possibly, future station
manuscript published to document the revision in a "Revised
Records" entry, users of data for these stations who obtained
the record from previously published data reports may wish to
contact the District Office (address given on the back of the
title page of this report) to determine if the published records
were ever revised after the station was discontinued. Of
course, if the data for a discontinued station were obtained by
computer retrieval, the data would be current and there would
be no need to check because any published revision of data is
always accompanied by revision of the corresponding data in
computer storage.

Manuscript information for lake or reservoir stations
differs from that for stream stations in the nature of the
"Remarks" and in the inclusion of a skeleton stage-capacity
table when daily contents are given.

Headings for AVERAGE DISCHARGE, EXTREMES
FOR PERIOD OF RECORD, AND EXTREMES FOR
CURRENT YEAR have been deleted and the information
contained in these paragraphs is now presented in the tabular
summaries following the discharge table or in the REMARKS
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paragraph. No changes have been made to the data
presentations of lake contents.

Data table of daily mean values

The daily table of discharge records for streamflow-
gaging stations gives mean discharge for each day of the water
year. In the monthly summary for the table, the line headed
"TOTAL" gives the sum of the daily figures for each month;
the line headed "MEAN" gives the average flow in cubic feet
per second for the month; and the lines headed "MAX" and
"MIN" give the maximum and minimum daily mean
discharges, respectively, for each month. Discharge for the
month also is usually expressed in cubic feet per second per
square mile (line headed "CFSM"); or in inches (line headed
"IN."); or in acre-feet (line headed "AC-FT"). Figures for
cubic feet per second per square mile and runoff in inches or
in acre-feet may be omitted if there is extensive regulation or
diversion or if the drainage area includes large noncontributing
areas. At some stations monthly and (or) yearly observed
discharges are adjusted for reservoir storage or diversion, or
diversion data or reservoir contents are given. These figures
are identified by a symbol and corresponding footnote.

Statistics of monthly mean data

A tabular summary of the mean (line headed "MEAN"),
maximum (line headed "MAX"), and minimum (line headed
"MIN") of monthly mean flows for each month for a
designated period is provided below the mean values table.
The water years of the first occurrence of the maximum and
minimum monthly flows are provided immediately below
those figures. The designated period will be expressed as
"FOR WATER YEARS - , BY WATER YEAR
(WY)," and will list the first and last water years of the range
of years selected from the PERIOD OF RECORD paragraph
in the station manuscript. It will consist of all of the station
record within the specified water years, inclusive, including
complete months of record for partial water years, if any, and
may coincide with the period of record for the station. The
water years for which the statistics are computed will be
consecutive, unless a break in the station record is indicated in
the manuscript.

Summary statistics

A table titled "SUMMARY STATISTICS" follows the
statistics of monthly mean data tabulation. This table consists
of four columns, with the first column containing the line
headings of the statistics being reported. The table provides a
statistical summary of yearly, daily, and instantanecous flows,
not only for the current water year but also for the previous
calendar year and for a designated period, as appropriate. The
designated period selected, "WATER YEARS - "
will consist of all of the station record within the specified
water years, inclusive, including complete months of record
for partial water years, if any, and may coincide with the
period of record for the station. The water years for which the
statistics are computed will be consecutive, unless a break in

the station record is indicated in the manuscript. All of the
calculations for the statistical characteristics designated
ANNUAL (See line headings below.), except for the
"ANNUAL SEVEN-DAY MINIMUM" statistic, are
calculated for the designated period using complete water
years. The other statistical characteristics may be calculated
using partial water years.

The date or water year, as appropriate, of the first
occurrence of each statistic reporting extreme values of
discharge is provided adjacent to the statistic. Repeated
occurrences may be noted in the REMARKS paragraph of the
manuscript or in footnotes. Because the designated period
may not be the same as the station period of record published
in the manuscript, occasionally the dates of occurrence listed
for the daily and instantaneous extremes in the designated-
period column may not be within the selected water years
listed in the heading. When this occurs, it will be noted in the
REMARKS paragraph or in footnotes. Selected streamflow
duration curve statistics and runoff data are also given. Runoff
data may be omitted if there is extensive regulation or
diversion of flow in the drainage basin.

The following summary statistics data, as appropriate, are
provided with each continuous record of discharge. Comments
to follow clarify information presented under the various line
headings of the summary statistics table.

ANNUAL TOTAL.--The sum of the daily mean values of
discharge for the year. At some stations the annual
total discharge is adjusted for reservoir storage or
diversion. The adjusted figures are identified by a
symbol and corresponding footnotes.

ANNUAL MEAN.--The arithmetic mean of the
individual daily mean discharges for the year noted or
for the designated period. At some stations the yearly
mean discharge is adjusted for reservoir storage or
diversion. The adjusted figures are identified by a
symbol and corresponding footnotes.

HIGHEST ANNUAL MEAN.--The maximum annual
mean discharge occurring for the designated period.

LOWEST ANNUAL MEAN.--The minimum annual
mean discharge occurring for the designated period.

HIGHEST DAILY MEAN.--The maximum daily mean
discharge for the year or for the designated period.

LOWEST DAILY MEAN.--The minimum daily mean
discharge for the year or for the designated period.

ANNUAL SEVEN-DAY MINIMUM.--The lowest mean
discharge for 7 consecutive days for a calendar year or
a water year. Note that most low-flow frequency
analyses of annual 7-day minimum flows use a climatic
year (April 1-March 31). The date shown in the
summary statistics table is the initial date of the 7-day
period. (This value should not be confused with the 7-
day 10-year low-flow statistic.)
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MAXIMUM PEAK FLOW.--The maximum instanta-
neous discharge occurring for the water year or for the
designated period. Note that secondary instantaneous
peak discharges above a selected base discharge are
stored in District computer files for stations meeting
certain criteria. Those discharge values may be
obtained by writing to the District Office. (See address
on back of title page of this report.)

MAXIMUM PEAK STAGE.--The maximum
instantaneous stage occurring for the water year or for
the designated period. Ifthe dates of occurrence for the
instantaneous peak flow and instantaneous peak stage
differ, the REMARKS paragraph in the manuscript or
a footnote may be used to provide further information.

INSTANTANEOUS LOW FLOW.--The minimum
instantaneous discharge occurring for the water year or
for the designated period.

ANNUAL RUNOFF.--Is the total quantity of water that is
discharged ("runs off") from a drainage area in a year.
Data reports may use any of the following units of
measurement in presenting annual runoff data:

Acre-foot (AC-FT) is a unit of volume commonly used
to measure quantities of water used or stored,
equivalent tot he volume of water required to cover
1 acre to a depth of 1 foot and is equal to 43,560
cubic feet, 325,851 gallons, or 1,233 cubic meters.

Cubic feet per second per square mile (CFSM) is the
average number of cubic feet of water flowing per
second from each square mile area drained,
assuming the runoff is distributed uniformly in time
and area.

Inches (INCHES) indicates the depth to which the
drainage area would be covered if all of the runoff
for a given time period were uniformly distributed
on it.

10 PERCENT EXCEEDS.--The discharge that has been
exceeded 10 percent of the time for the designated period.

50 PERCENT EXCEEDS.--The discharge that has been
exceeded 50 percent of the time for the designated period.

90 PERCENT EXCEEDS.--The discharge that has been
exceeded 90 percent of the time for the designated period.

Identifying Estimated Daily Discharge

Estimated daily-discharge values published in the water-
discharge tables of annual Montana data reports are identified
either by flagging individual daily values with the letter
symbol "e" and printing a table footnote (e-- Estimated) or by
listing the dates of the estimated record in the REMARKS
paragraph of the station description.

Currently, statistics are not computed for seasonal
Canadian stations, which are published by calendar year.

Monthly statistics can be obtained for these stations by
contacting the District Office in Helena.

Accuracy of the Records

The accuracy of streamflow records depends primarily
on: (1) The stability of the stage-discharge relation or, if the
control is unstable, the frequency of discharge measurements;
and (2) the accuracy of measurements of stage, measurements
of discharge, and interpretation of records.

The accuracy attributed to the records is indicated under
"REMARKS." "Excellent" means that about 95 percent of the
daily discharges are within 5 percent of their true values;
"good," within 10 percent; and "fair," within 15 percent.
Records that do not meet the criteria mentioned are rated
"poor." Different accuracies may be attributed to different
parts of a given record.

Daily mean discharges in this report are given to the
nearest hundredth of a cubic foot per second for values less
than 1 ft/s; to the nearest tenth between 1.0 and 10 ft>/s; to
whole numbers between 10 and 1,000 ft3/s; and to 3 significant
figures for more than 1,000 ft3/s. The number of significant
figures used is based solely on the magnitude of the discharge
value. No rounding rules apply to discharges listed for partial-
record stations and miscellaneous sites. Listed discharges are
those actually computed.

Discharge at many stations, as indicated by the monthly
mean, may not reflect natural runoff due to the effects of
diversion, consumption, regulation by storage, increase or
decrease in evaporation due to artificial causes, or to other
factors. For such stations, figures of cubic feet per second per
square mile and of runoff, in inches, are not published unless
satisfactory adjustments can be made for diversions, for
changes in contents of reservoirs, or for other changes incident
to use and control. Evaporation from a reservoir is not
included in the adjustments for changes in reservoir contents,
unless it is so stated. Even at those stations where adjustments
are made, large errors in computed runoff may occur if
adjustments or losses are large in comparison with the
observed discharge.

Other Records Available

Information used in the preparation of the records in this
publication, such as discharge-measurement notes, gage-
height records, temperature measurements, and rating tables is
on file in the Montana District office. Also, most of the daily
mean discharges are in computer-readable form and have been
analyzed statistically. Information on the availability of the
unpublished information or on the results of statistical
analyses of the published records may be obtained from the
office whose address is given on the back of the title page of
this report.

Publications

The annual series of Water-Supply Papers that give
information on quantity of surface waters in Montana are
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given in table 8. Data for the Hudson Bay basin is given in Part
5, for the Missouri River basin in Part 6, and for the Columbia
River basin in Part 12.

Records of Surface-Water Quality

Records of surface-water quality in this report represent a
variety of data types and measurement frequencies. Whenever
possible, records of surface-water quality are obtained at or
near streamflow-gaging stations because interpretation of
surface-water quality and seasonal variation is enhanced by
knowledge of corresponding discharge data. Locations of
stations for which records on the quality of surface water
appear in this report are shown in figure 7.

Classification of Records

Water-quality data for surface-water sites are grouped
into one of three classifications. A daily-record station is a site
where data are collected with sufficient frequency to develop
a daily record of water-quality values, such as water
temperature, suspended sediment, and specific conductance.
A periodic-record station is a site where water-quality data are
collected systematically over a period of years. A
miscellaneous sampling site is a location where samples are
collected one time or intermittently to provide better areal
coverage for defining water-quality conditions over a broad
area in a river basin.

A careful distinction needs to be made between
"continuing records," as used in reference to data for daily-
record stations, and "continuous record," which refers to a
continuous graph over time or a series of discrete values
recorded at short time intervals on a paper tape. Some records
of water quality, such as water temperature and specific
conductance, may be obtained through continuous recordings;
however, most water-quality data are obtained on a monthly or
less frequent basis.

Onsite Measurements and Sample Collection

When obtaining water-quality data, a major concern is
assuring that onsite water-quality measurements and the
samples collected for laboratory analysis are representative of
the actual quality of the water. Measurements such as water
temperature, pH, and dissolved oxygen are made onsite when
the samples are taken because of the potential for significant
change with time. To assure that measurements made in the
laboratory also represent the actual environmental
concentrations of constituents, prescribed procedures need to
be followed in collection and processing of samples.
Procedures for onsite measurements and for collecting,
treating, and shipping samples are given in publications on
"Techniques of Water-Resources Investigations," (TWRI)
Book 1, Chapter D2; Book 3, Chapter C2; Book 5, Chapter
A4. All of these references are listed under "TECHNIQUES
OF WATER-RESOURCES INVESTIGATIONS OF THE
U.S. GEOLOGICAL SURVEY" which appears at the end of
the introductory text. Also, detailed information on collecting,

treating, and shipping samples may be obtained from other
references and from the USGS Montana District office.

Chemical data published in this report are considered to
represent water-quality conditions at the time of sampling as
much as possible, consistent with available sampling
techniques and methods of analysis. A sample collected from
a single point in a stream or lake can adequately define the
water quality at a given time if the mixture of dissolved and
suspended constituents is homogeneous throughout the stream
cross section or lake volume. However, the concentration of
constituents at different locations in the stream cross section or
at different depths in a lake may vary widely with different
rates of water discharge or lake stratification. Most streams
must be sampled through several vertical sections to obtain a
representative composite sample needed for an accurate mean
concentration and for calculating loads. Samples of the water-
sediment mixture in streams typically are collected using
suspended-sediment samplers modified to prevent chemical
contamination. Samples of the water-sediment mixture in
lakes typically are collected near mid-depth in shallow (less
than 10 feet deep) lakes or at multiple depths in deeper lakes
that are thermally stratified.

For water-quality stations equipped with electronic
monitors and digital recorders, the record consists of a daily
maximum, minimum, and mean values for each constituent
measured and are based upon hourly punches beginning at
0100 hours and ending at 2400 hours for the day of record.
More detailed records of the individual hourly values (unit
values) may be obtained from the USGS Montana District
office whose address is given on the back of the title page of
this report.

Water Temperature

Water temperatures are measured at water-quality stations
at the time of sampling. In addition, water temperatures are
taken at the time of discharge measurements for streamflow-
gaging stations. Large streams commonly have a small diurnal
temperature change, whereas shallow streams may have a
daily range of several degrees that closely follows the changes
in air temperature. The water temperature in some streams
may be affected by industrial discharges of warm water. For
stations where recording instruments are used, the record
consists of daily maximum, minimum, and mean temperatures
for each day.

Sediment

Suspended-sediment concentrations are determined from
samples collected by using depth-integrating samplers.
Samples usually are obtained from several verticals in the
cross section. At daily sediment stations, daily samples may
be obtained from a single vertical and a coefficient applied to
determine the mean concentration in the cross section. Daily
mean suspended-sediment concentrations are computed using
sample concentrations and the continuous streamflow record
according to the methods described in TWRI Book 3, Chapter
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Table 8. Water-Supply Paper numbers and parts for surface-water stations, 1899-1970

Year Part 5 Part 6 Part 12 Year Part 5 Part 6 Part 12
1899 36,37 38

1900 49 49 51,52

1901 66,75 66,75 66,75 1936 805 806 812
1902 83,85 84 85 1937 825 826 832
1903 98,99,100 99 100 1938 855 856 862
1904 130 130 135 1939 875 876 882
1905 171 172 178 1940 895 896 902
1906 207 208 214 1941 925 926 932
1907 245 246 252 1942 955 956 962
1908 245 246 252 1943 975 976 982
1909 265 266 272 1944 1005 1006 1012
1910 285 286 292 1945 1035 1036 1042
1911 305 306 312 1946 1055 1056 1062
1912 325 326 332A 1947 1085 1086 1092
1913 355 356 362A 1948 1115 1116 1122
1914 385 386 392 1949 1145 1146 1152
1915 405 406 412 1950 1175 1176 1182
1916 435 436 442 1951 1208 1209 1216
1917 455 456 462 1952 1238 1239 1246
1918 475 476 482 1953 1278 1279 1286
1919 505 506 512 1954 1338 1339 1346
1920 505 506 512 1955 1388 1389 1396
1921 525 526 532 1956 1438 1439 1446
1922 545 546 552 1957 1508 1509 1516
1923 565 566 572 1958 1558 1559 1566
1924 585 586 592 1959 1628 1629 1636
1925 605 606 612 1960 1708 1709 1716
1926 625 626 632 1961-65 1913 1916 1933
1927 645 646 652 1966-70 2113 2116 2133
1928 665 666 672

1929 685 686 692 1950 1308 1309 1316
1930 700 701 707 Compilation

1931 715 716 722 1960 1728 1729 1736
1932 730 731 737 Compilation

1933 745 746 752

1934 760 761 767

1935 785 786 792




300110 \ 05 ///
3550007, ™ s
\, J
304500 301830 J 016000
v L
¥ ao1g1g 355500 358500
301933 v .
w 302055 363000 W ¥'362500
391950 v
366000 N
370000 \\
/ 108000
v 108800
1 102500 v
1 OBSSOOV 088300
388700 \
N 089000
354500 N 073500
338300
340000 W 3351 00\.
340500
.Y ] 0713007066500
3625007 "V 331800 |337800; 077200
334550 324680
334510 v N
324200%
346500 323800
344000 ¥ 323770 750 y°545°°
V- 456550113432001, ¥ <9 323250
— — MAJOR ~ 323600 Wi 036650
TN W w 052500
DRAIN- 343400 .~ ~ 323230 A 4
AGE . 427500 e BN V048700 195600
DIVIDE v 035000V v
192500
05 Hubson 024450 025500' v v
BAY DRAINAGE v 043500
BASIN 018500 041000
06  MISSOURI RIVER 191500
DRAINAGE BASIN
12  coLumBiARIVER 0388°°v
DRAINAGE BASIN 187915
025500
VW WATER-QUALITY STATION AND
453839113390801  NUMBER( 17 stations designated by
latitude and longitude) X
MTO07 Base from U.S. Geological Survey
+ PRECIPITATION STATION AND 0 20 40 60 MILES
NUMBER 0 20 40 60KILOMETERS

MT98

1147
v 00

06

120500
v

v
200000

'W205000

v1 54550

v 154410

115200
v

v
214500

'V 208500

209500
v

v
205450

285100 v

130500

294500

V289000

279500
v

=]

. 06031450
462517112173001
462507112170601
462503112172302
462503112172301
462500112170701
462458112170001
462457112170701

462508112173601
462505112173601
462503112173001
462501112173501
462442112174901
462347112180401
462120112173701
462153112181701

462047112201901
06031600
461905112144201
461904112144401
06031960
06032300
06032400

178000
V178500
181000 185500
174500 v
Vi77000
Y3200
329500
336600
326500
295000
v V308500
V296003
¥ 307830
325550
¥ao5500
324500
v
\ ¥ 324970

2. 06061500 462541112172001 462922112145401
462516112171201 462542112173301 462932112145801
462518112171202 462520112165601 462917112165601
462522112172402 462538112163301 462918112170801
462522112172401 462549112161401 463023112153701
462527112175201 462657112143501 06062750
462529112173301 462838112143901 463438112091801
462531112172901 462853112144101 06063000
462535112173601 462758112123001 463747112033801
462537112173301 462913112144101 06064100

Figure 7. Location of surface-water-quality stations in Montana and adjacent areas, water year 2002.

2007 ‘VNVINOW 404 VIVA SAOYNOSTI YAIVA

(914



50

WATER RESOURCES DATA FOR MONTANA, 2002

C3. Daily suspended-sediment discharge is then computed as
the product of stream discharge times the daily mean
concentration times a unit conversion factor of 0.0027.

During periods of rapidly changing flow or rapidly
changing concentration, samples may have been collected
more frequently (twice daily or, in some instances, hourly).
The published sediment discharges for days of rapidly
changing flow or concentration were computed by the
subdivided-day method (time-discharge weighted average).
Therefore, for those days when the published sediment
discharge value differs from the value computed as the product
of discharge times mean concentration times 0.0027, the
reader can assume that the sediment discharge for that day was
computed by the subdivided-day method. For periods when
no samples were collected, daily discharges of suspended
sediment were estimated on the basis of water discharge,
sediment concentrations observed immediately before and
after the periods, and suspended-sediment loads for other
periods of similar discharge.

At water-quality stations that are not daily sediment
stations, suspended-sediment samples are collected
periodically during the year. Although data collected
periodically may represent conditions only at the time of
observations, such data are useful in establishing seasonal
relations between suspended-sediment concentration and
streamflow and in predicting long-term sediment-discharge
characteristics of the stream.

In addition to the records of suspended-sediment
discharge, records of particle-size distribution of the
suspended sediment and bed material for periodic samples are
included for some stations.

Laboratory Analyses

Suspended-sediment samples, samples for indicator
bacteria, and daily samples for specific conductance are
analyzed locally. Samples of precipitation and dry
atmospheric deposition collected at National Atmospheric
Deposition Program/National Trends Network sites are
analyzed by the Illinois State Water Survey laboratory in
Champaign, Illinois. Other samples are analyzed at the USGS
National Water-Quality Laboratory in Denver, Colorado.
Methods used in analyzing sediment samples and computing
sediment records are given in TWRI, Book 3, Chapter C3 and
Book 5, Chapter C1. Methods used by the National Water-
Quality Laboratory are given in TWRI, Book 5, Chapter Al-
AG.

In March 1989, the National Water-Quality Laboratory
discovered a bias in the turbidimetric method for sulfate
analysis, indicating that values below 75 mg/L have a median
positive bias of 2 mg/L above the true value for the period
between 1982 and 1989.

New protocols have been established by the USGS for the
collection and processing of surface-water samples that are
analyzed for dissolved inorganic constituents’.  These

protocols are designed to produce trace-element data that are
free of potential contamination associated with sample
collection and filtration procedures. Because of the very low
concentrations of some trace constituents in the environment,
special precautions are necessary to protect the sample during
processing from the introduction of trace constituents that
could lead to a positive bias in reported concentrations. The
protocols have been tested to assure reliable results at the
microgram per liter (parts per billion) level. Dissolved trace-
element data published prior to implementation of the
protocols in 1993 may have a potential positive bias ranging
from negligible to several micrograms per liter, depending on
the procedures and sampling equipment used at the site.

Traditionally, dissolved trace-element concentrations
have been reported at the microgram per liter (ug/L) level.
Recent evidence, mostly from large rivers, indicates that actual
dissolved-phase concentrations for a number of trace elements
are commonly within the range of 10’s to 100’s of nanograms
per liter (ng/L, parts per trillion) in many streams. Data above
the pg/L level may actually represent elevated environmental
concentrations resulting from natural or human causes;
however, past data could reflect trace levels of contamination
introduced during sampling, processing, or analysis. To
confidently produce dissolved trace-element data with
insignificant contamination, the USGS began using new trace-
element protocols at some stations in water year 1993.

Explanation of the Reporting Convention
for Long-Term Method Detection Levels

The U.S. Geological Survey National Water Quality
Laboratory collects quality-control data on a continuing basis
to evaluate selected analytical methods to determine long-term
method detection levels (LT-MDL’s) and laboratory reporting
levels (LRL’s). These values are re-evaluated each year on the
basis of the most recent quality-control data and,
consequently, may change from year to year.

This reporting procedure limits the occurrence of false
positive error. The chance of falsely reporting a concentration
greater than the LT-MDL for a sample in which the analyte is
not present is 1 percent or less. Application of the LRL limits
the occurrence of false negative error. The chance of falsely
reporting a non-detection for a sample in which the analyte is
present at a concentration equal to or greater than the LRL is 1
percent or less.

Accordingly, concentrations are reported as <LRL for
samples in which the analyte was either not detected or did
not pass identification. Analytes that are detected at concen-
trations between the LT-MDL and LRL and that pass identifi-
cation criteria are estimated. Estimated concentrations will be

5Horowitz, AlJ., Demas, C.R., Fitzgerald, K.K., Miller, T.L., and
Rickert, D.A., 1994, U.S. Geological Survey Protocol for the
Collection and Processing of Surface-Water Samples for the
Subsequent Determination of Inorganic Constituents in Filtered
Water: U.S. Geological Survey Open-File Report 94-539, 57 p.
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noted with a remark code of "E." These data should be used
with the understanding that their uncertainty is greater than
that of data reported without the "E" remark code.

Presentation of Water-Quality Records

Water-quality records collected at a streamflow-gaging
station are published immediately following the daily
discharge record. Station number and name are the same for
both records. Where a daily discharge record is not available
or where the location of the water-quality station differs
significantly from that of the nearby streamflow-gaging
station, the water-quality record is published with its own
station number and name in the standard downstream-order
sequence.

For continuing-record stations, information pertinent to
the history of station operation is provided in descriptive
headings preceding the tabular data. These descriptive
headings give details regarding location, drainage area, period
of record, type of data available, instrumentation, general
remarks, cooperating agencies, and extremes for parameters
measured on a daily basis. Tables of chemical, physical,
biological, and radiochemical data obtained at a frequency less
than daily are presented first. Tables of "daily values" of
specific conductance, water temperature, and suspended
sediment then follow in sequence.

In the descriptive headings, if the location is identical to
that of the streamflow-gaging station, neither the LOCATION
nor the DRAINAGE AREA statements are repeated. The
following information, as appropriate, is provided with each
continuous-record station. Comments that follow clarify
information presented under the various headings of the
station description.

LOCATION.--See Data Presentation under "Records of
Stage and Water Discharge"; same comments apply.

DRAINAGE AREA.--See Data Presentation under
"Records of Stage and Water Discharge"; same comments

apply.

PERIOD OF RECORD.--This indicates the periods for
which there are published water-quality records for the station.
The periods are shown separately for records of parameters
measured daily or continuously and those measured less than
daily. For those measured daily or continuously, periods of
record are given for the parameters individually.

INSTRUMENTATION.--Information on instrumentation
is given only if a water-quality monitor, temperature monitor,
pumping sampler, or other sampling device is in operation at a
station.

REMARKS.--Remarks provide added information
pertinent to the collection, analysis, or computation of the
records.

COOPERATION.--Records provided by a cooperating
organization or obtained for the USGS by a cooperating
organization are identified here.

EXTREMES.--Maximums and minimums are given only
for parameters measured daily or more frequently. None are
given for parameters measured weekly or less frequently,
because the true maximums or minimums may not have been
sampled. Extremes, when given, are provided for both the
period of record and for the current water year.

Remark Codes

The following remark codes may appear with the water-
quality data in this report:

PRINTED

TPUT REMARK

E Value is estimated.

> Actual value is known to be greater than the value
shown.

< Actual value is known to be less than the value shown.

M Presence of material verified, but not quantified.

N Presumptive evidence of presence of material.

U Material specifically analyzed for, but not detected.

A Value is an average.

\% Analyte was detected in both the environmental

sample and the associated blanks.

S Most probable value.
Quality-Control Data

Water-quality data generated from quality-control (QC)
samples are used to evaluate the quality of the sampling and
processing techniques, as well as data from the actual samples
themselves. Interpretation of environmental sample data is
aided when the errors associated with sample measurements
are known. The various types of QC samples collected by this
district are described in the following section. Procedures have
been established for the storage of QC data within the USGS.
These procedures allow for identification of various types of
QC data so that they can be related to corresponding
environmental samples.

Blank Samples

Blank samples are collected and analyzed to ensure that
environmental samples have not been contaminated by the
overall data-collection process. The blank solution used to
develop specific types of blank samples is a solution of
deionized water that is free of the constituents of interest. Any
detectable concentration of a constituent in the blank solution
is believed to be due to contamination introduced at some
point during sample collection, processing, or analysis. There
are many types of blank samples possible, each designed to
test a different part of the overall data-collection process. The
types of blank samples collected in this district are:
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Field blank - a blank solution that is subjected to all
aspects of sample collection, field processing, preservation,
transportation, and laboratory handling as an environmental
sample.

Trip blank - a blank solution that is not processed in the
field, but is put in the same type of bottle used for an
environmental sample and transported with the set of sample
bottles before and after sample collection.

Source solution blank - a blank solution that is not
processed through any equipment or treated with preservative.
It is transferred directly to a clean sample bottle in the office
laboratory and analyzed to confirm that the solution is free of
detectable concentrations of analytes.

Equipment blank - a blank solution that is processed
through all equipment used for collecting and processing an
environmental sample (similar to a field blank but normally
done in the more controlled conditions of the office using
recently cleaned equipment).

Sampler blank - a blank solution that is poured or pumped
through the same field sampler used for collecting an
environmental sample.

Filter blank - a blank solution that is filtered in the same
manner and through the same filter apparatus used for an
environmental sample.

Splitter blank - a blank solution that is mixed and
separated using a field splitter in the same manner and through
the same apparatus used for splitting an environmental sample.

Preservation blank - a blank solution that is treated with
the same preservatives used for an environmental sample.

Pump blank - a blank solution that is processed through
the same pump-and-tubing system used for an environmental
sample.

Reference Samples

Reference material is a solution or material prepared by a
laboratory whose composition is certified for one or more
properties so that it can be used to assess a measurement
method. Samples of reference material are submitted for
analysis to ensure that an analytical method is accurate for the
known properties of the reference material. Generally, the
selected reference material properties are similar to the
environmental sample properties.

Replicate Samples

Replicate samples are two or more sets of environmental
samples collected in the same manner such that the samples
are considered to be essentially identical in composition.
Replicate samples are collected and analyzed to establish the
amount of variability in the data, which can be contributed by
either the collection or analytical process or both. There are
many types of replicate samples possible, each of which may
yield slightly different results in a dynamic hydrologic setting,

such as a flowing stream. The types of replicate
collected in this district are:

samples

Sequential samples - a type of replicate sample in which
the samples are collected one after the other, typically over a
short time (pumped samples).

Split sample - a type of replicate sample in which a single
composite sample is split into subsamples.

Concurrent replicate sample - two sets of samples,
collected independently, but at the same time and place. The
samples are collected simultaneously with two or more
samplers or by using one sampler and alternating collection of
samples into two or more compositing containers.

Spike Samples

Spike samples are samples to which known quantities of
a solution with one or more well-established constituent
concentrations have been added. These samples are analyzed
to determine the extent of matrix interference or degradation
on the constituent concentration during sample processing and
analysis.

Publications

The annual series of Water-Supply Papers that give
information on quality of surface waters in Montana are shown
in the following table. Data for Hudson Bay and Missouri
River basins are given in parts 5-6 and data for Upper
Columbia River basin are given in part 12.

Table 9. Water-Supply Paper numbers and parts for water-quality
stations, 1947-70

Parts Part Parts Part
Year 5.6 12 Year 5.6 12
1946 1050 - 1961 1883 1885
1947 1102 - 1962 1943 1945
1948 1132 - 1963 1949 1951
1949 1162 1163 1964 1956 1959
1950 1187 1189 1965 1963 1966
1951 1198 1200 1966 1993 1996
1952 1251 1253 1967 2013 2016
1953 1291 1293 1968  2094,2095 2100
1954 1351 1353 1969 2145 2150
1955 1401 1403 1970 2155 2160

1956 1451 1453
1957 1521 1523
1958 1572 1574
1959 1643 1645
1960 1743 1745

Records of Ground-Water Levels

Water-level data from a network of observation wells are
given in this report. These data are intended to provide a
sampling and historical record of water-level changes in the
Nation's most important aquifers. Locations of the
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observation wells in this network in Montana are shown in
figure 8.

Data Collection and Computation

Measurements of water levels are made in many types of
wells under varying conditions, but the methods of
measurement are standardized to the extent possible. The
equipment and measuring techniques used at each observation
well ensure that measurements at each well are of consistent
accuracy and reliability. Water-level records are obtained
primarily from direct measurements with a steel or electric
tape.

Water levels are reported to as many significant figures
as can be justified by the local conditions. For example, in a
measurement of a depth to water of several hundred feet, the
error of determining the absolute value of the total depth to
water may be a few tenths of a foot, whereas the error in
determining the net change of water level between successive
measurements may be only a hundredth or a few hundredths of
a foot. For lesser depths to water, the accuracy is greater.
Accordingly, most measurements are reported to a hundredth
of a foot, but some are given to a tenth of a foot or a larger unit.

Publications

Publication of ground-water level data for the United
States in Water-Supply Papers was begun by the USGS in
1935. From 1935 through 1939, a single Water-Supply Paper
for each year covering the entire nation was issued (Water-
Supply Papers 777, 817, 840, 845, and 886). From 1940
through 1974, separate Water-Supply Papers were issued for 6
sections of the United States. Water-level data for Montana
are in the Water-Supply Papers listed in the following table,
each report containing one or more calendar years (January-
December) of data. Data in this report are for the 12-month
water year ending September 30. Information about reports
and other data on ground water in Montana may be obtained
from the District office, at the address given on the back of the
title page.

Table 10. Water-Supply Paper numbers and parts for ground-water
stations, 1940-74

WSP WSP WSpP
Year No. Year No. Year No.

Pt.5 Pt.5 Pt.5
1940 910 1947 1100 1954 1325
1941 940 1948 1130 1955 1408
1942 948 1949 1160 1956-60 1760
1943 990 1950 1169 1961-65 1845
1944 1020 1951 1195 1966-70 1980
1945 1027 1952 1225 1971-74 2161
1946 1075 1953 1269

ACCESS TO USGS WATER DATA

The USGS provides near real-time stage and discharge
data for many of the gaging stations equipped with the

necessary telemetry and historic daily mean and peak-flow
discharge for most current or discontinued gaging stations
through the world wide web (WWW). These data for Montana
may be accessed at:

http://montana.usgs.gov
or for the nation at:

http://water.usgs.gov

Some water-quality and ground-water data also are

available through the WWW. In addition, data can be
provided in various machine-readable formats on 3.5-in.
floppy disk or compact disc. Information about the
availability of specific types of data or products, and user
charges, can be obtained locally from each of the Water
Resources Division District Offices (see address on the back of
the title page).

DEFINITION OF TERMS

Specialized technical terms related to streamflow, water-
quality, and other hydrologic data, as used in this report, are
defined below. Definitions of common terms such as algae,
water level, and precipitation are given in standard
dictionaries. Not all terms defined in this alphabetical list
apply to every State. See also table for converting inch/pound
units to International System (SI) units on the inside of the
back cover.

Acid neutralizing capacity (ANC) is the equivalent sum of
all bases or base-producing materials, solutes plus
particulates, in an aqueous system that can be titrated with
acid to an equivalence point. This term designates titration
of an “unfiltered” sample (formerly reported as alkalinity).

Acre-foot (AC-FT, acre-ft) is a unit of volume, commonly
used to measure quantities of water used or stored,
equivalent to the volume of water required to cover 1 acre to
a depth of 1 foot and equivalent to 43,560 cubic feet,
325,851 gallons, or 1,233 cubic meters. (See also “Annual
runoff™)

Adenosine triphosphate (ATP) is an organic, phosphate-rich
compound important in the transfer of energy in organisms.
Its central role in living cells makes ATP an excellent
indicator of the presence of living material in water. A
measurement of ATP therefore provides a sensitive and
rapid estimate of biomass. ATP is reported in micrograms
per liter.

Algal growth potential (AGP) is the maximum algal dry
weight biomass that can be produced in a natural water
sample under standardized laboratory conditions. The
growth potential is the algal biomass present at stationary
phase and is expressed as milligrams dry weight of algae
produced per liter of sample. (See also “Biomass” and “Dry
weight”)

Alkalinity is the capacity of solutes in an aqueous system to
neutralize acid. This term designates titration of a “filtered”
sample.
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Annual runoff is the total quantity of water that is discharged
(“runs off”) from a drainage basin in a year. Data reports
may present annual runoff data as volumes in acre-feet, as
discharges per unit of drainage area in cubic feet per second
per square mile, or as depths of water on the drainage basin
in inches.

Annual 7-day minimum is the lowest mean value for any
7-consecutive-day period in a year. Annual 7-day minimum
values are reported herein for the calendar year and the
water year (October 1 through September 30). Most low-
flow frequency analyses use a climatic year (April 1-March
31), which tends to prevent the low-flow period from being
artificially split between adjacent years. The date shown in
the summary statistics table is the initial date of the 7-day
period. (This value should not be confused with the 7-day,
10-year low-flow statistic.)

Aroclor is the registered trademark for a group of poly-
chlorinated biphenyls that were manufactured by the
Monsanto Company prior to 1976. Aroclors are assigned
specific 4-digit reference numbers dependent upon
molecular type and degree of substitution of the biphenyl
ring hydrogen atoms by chlorine atoms. The first two digits
of a numbered aroclor represent the molecular type, and the
last two digits represent the percentage weight of the
hydrogen-substituted chlorine.

Artificial substrate is a device that is purposely placed in a
stream or lake for colonization of organisms. The artificial
substrate  simplifies the community structure by
standardizing the substrate from which each sample is
collected. Examples of artificial substrates are basket
samplers (made of wire cages filled with clean streamside
rocks) and multiplate samplers (made of hardboard) for
benthic organism collection, and plexiglass strips for
periphyton collection. (See also “Substrate™)

Ash mass is the mass or amount of residue present after the
residue from the dry mass determination has been ashed in a
muffle furnace at a temperature of 500 °C for 1 hour. Ash
mass of zooplankton and phytoplankton is expressed in
grams per cubic meter (g/m?), and periphyton and benthic
organisms in grams per square meter (g/m?). (See also
“Biomass” and “Dry mass”)

Aspect is the direction toward which a slope faces with
respect to the compass.

Bacteria are microscopic unicellular organisms, typically
spherical, rodlike, or spiral and threadlike in shape, often
clumped into colonies. Some bacteria cause disease,
whereas others perform an essential role in nature in the
recycling of materials; for example, by decomposing
organic matter into a form available for reuse by plants.

Bankfull stage, as used in this report, is the stage at which a
stream first overflows its natural banks formed by floods
with 1- to 3-year recurrence intervals.

Base discharge (for peak discharge) is a discharge value,
determined for selected stations, above which peak
discharge data are published. The base discharge at each
station is selected so that an average of about three peak
flows per year will be published. (See also “Peak flow”)

Base flow is sustained flow of a stream in the absence of
direct runoff. It includes natural and human-induced
streamflows. Natural base flow is sustained largely by
ground-water discharge.

Bedload is material in transport that is supported primarily by
the streambed. In this report, bedload is considered to
consist of particles in transit from the bed to an elevation
equal to the top of the bedload sampler nozzle (ranging
from 0.25 to 0.5 foot) that are retained in the bedload
sampler. A sample collected with a pressure-differential
bedload sampler also may contain a component of the
suspended load.

Bedload discharge (tons per day) is the rate of sediment
moving as bedload, reported as dry weight, that passes
through a cross section in a given time. NOTE: Bedload
discharge values in this report may include a component of
the suspended-sediment discharge. A correction may be
necessary when computing the total sediment discharge by
summing the bedload discharge and the suspended-
sediment discharge. (See also “Bedload,” “Dry weight,”
“Sediment,” and “Suspended-sediment discharge”)

Bed material is the sediment mixture of which a stream-bed,
lake, pond, reservoir, or estuary bottom is composed. (See
also “Bedload” and “Sediment”)

Benthic organisms are the group of organisms inhabiting the
bottom of an aquatic environment. They include a number
of types of organisms, such as bacteria, fungi, insect larvae
and nymphs, snails, clams, and crayfish. They are useful as
indicators of water quality.

Biochemical oxygen demand (BOD) is a measure of the
quantity of dissolved oxygen, in milligrams per liter,
necessary for the decomposition of organic matter by
microorganisms, such as bacteria.

Biomass is the amount of living matter present at any given
time, expressed as mass per unit area or volume of habitat.

Biomass pigment ratio is an indicator of the total proportion
of periphyton that are autotrophic (plants). This is also
called the Autotrophic Index.

Blue-green algae (Cyanophyta) are a group of phytoplankton
organisms having a blue pigment, in addition to the green
pigment called chlorophyll. Blue-green algae often cause
nuisance conditions in water. Concentrations are expressed
as a number of cells per milliliter (cells/mL) of sample. (See
also “Phytoplankton’)

Bottom material (See “Bed material”)
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Bulk electrical conductivity is the combined electrical
conductivity of all material within a doughnut-shaped
volume surrounding an induction probe. Bulk conductivity
is affected by different physical and chemical properties of
the material including the dissolved solids content of the
pore water and lithology and porosity of the rock.

Cells/volume refers to the number of cells of any organism
that is counted by using a microscope and grid or counting
cell. Many planktonic organisms are multicelled and are
counted according to the number of contained cells per
sample volume, and are generally reported as cells or units
per milliliter (mL) or liter (L).

Cells volume (biovolume) determination is one of several
common methods used to estimate biomass of algae in
aquatic systems. Cell members of algae are frequently used
in aquatic surveys as an indicator of algal production.
However, cell numbers alone cannot represent true biomass
because of considerable cell-size variation among the algal
species. Cell volume (um?®) is determined by obtaining
critical cell measurements or cell dimensions (for example,
length, width, height, or radius) for 20 to 50 cells of each
important species to obtain an average biovolume per cell.
Cells are categorized according to the correspondence of
their cellular shape to the nearest geometric solid or
combinations of simple solids (for example, spheres, cones,
or cylinders). Representative formulae used to compute
biovolume are as follows:

cylinder nr*h.

sphere 4/3 nr*  cone 1/3 mr’h

pi (m) is the ratio of the circumference to the diameter of a
circle; pi = 3.14159....

From cell volume, total algal biomass expressed as
biovolume (um?/mL) is thus determined by multiplying the
number of cells of a given species by its average cell
volume and then summing these volumes for all species.

Canadian Geodetic Vertical Datum 1928 is a geodetic
datum derived from a general adjustment of Canada’s first
order level network in 1928.

Cfs-day (See “Cubic foot per second-day”)

Channel bars, as used in this report, are the lowest prominent
geomorphic features higher than the channel bed.

Chemical oxygen demand (COD) is a measure of the
chemically oxidizable material in the water and furnishes an
approximation of the amount of organic and reducing
material present. The determined value may correlate with
BOD or with carbonaceous organic pollution from sewage
or industrial wastes. [See also “Biochemical oxygen
demand (BOD)”]

Clostridium perfringens (C. perfringens) is a spore-forming
bacterium that is common in the feces of human and other
warmblooded animals. Clostridial spores are being used
experimentally as an indicator of past fecal contamination

and presence of microorganisms that are resistant to
disinfection and environmental stresses. (See also
“Bacteria”)

Coliphages are viruses that infect and replicate in coliform
bacteria. They are indicative of sewage contamination of
water and of the survival and transport of viruses in the
environment.

Color unit is produced by 1 milligram per liter of platinum in
the form of the chloroplatinate ion. Color is expressed in
units of the platinum-cobalt scale.

Confined aquifer is a term used to describe an aquifer
containing water between two relatively impermeable
bound-aries. The water level in a well tapping a confined
aquifer stands above the top of the confined aquifer and can
be higher or lower than the water table that may be present
in the material above it. In some cases, the water level can
rise above the ground surface, yielding a flowing well.

Contents is the volume of water in a reservoir or lake. Unless
otherwise indicated, volume is computed on the basis of a
level pool and does not include bank storage.

Continuous-record station is a site where data are collected
with sufficient frequency to define daily mean values and
variations within a day.

Control designates a feature in the channel that physically
affects the water-surface elevation and thereby determines
the stage-discharge relation at the gage. This feature may be
a constriction of the channel, a bedrock outcrop, a gravel
bar, an artificial structure, or a uniform cross section over a
long reach of the channel.

Control structure, as used in this report, is a structure on a
stream or canal that is used to regulate the flow or stage of
the stream or to prevent the intrusion of saltwater.

Cubic foot per second (CFS, ft3/s) is the rate of discharge
representing a volume of 1 cubic foot passing a given point
in 1 second. It is equivalent to approximately 7.48 gallons
per second or approximately 449 gallons per minute, or
0.02832 cubic meters per second. The term “second-foot”
sometimes is used synonymously with “cubic foot per
second” but is now obsolete.

Cubic foot per second-day (CFS-DAY, Cfs-day, [(ft¥/s)/d]) is
the volume of water represented by a flow of 1 cubic foot
per second for 24 hours. It is equivalent to 86,400 cubic
feet, 1.98347 acre-feet, 646,317 gallons, or 2,446.6 cubic
meters. The daily mean discharges reported in the daily
value data tables are numerically equal to the daily volumes
in cfs-days, and the totals also represent volumes in cfs-
days.

Cubic foot per second per square mile [CFSM, (ft*/s)/mi?]
is the average number of cubic feet of water flowing per
second from each square mile of area drained, assuming the
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runoff is distributed uniformly in time and area. (See also
“Annual runoff”)

Daily mean suspended-sediment concentration is the time-
weighted concentration of suspended sediment passing a
stream cross section during a 24-hour day. (See also
“Sediment” and “Suspended-sediment concentration’)

Daily-record station is a site where data are collected with
sufficient frequency to develop a record of one or more data
values per day. The frequency of data collection can range
from continuous recording to periodic sample or data
collection on a daily or near-daily basis.

Data collection platform (DCP) is an electronic instrument
that collects, processes, and stores data from various
sensors, and transmits the data by satellite data relay, line-
of-sight radio, and/or landline telemetry.

Data logger is a microprocessor-based data acquisition
system designed specifically to acquire, process, and store
data. Data are usually downloaded from onsite data loggers
for entry into office data systems.

Datum is a surface or point relative to which measurements
of height and/or horizontal position are reported. A vertical
datum is a horizontal surface used as the zero point for
measurements of gage height, stage, or elevation; a
horizontal datum is a reference for positions given in terms
of latitude-longitude, State Plane coordinates, or UTM
coordinates. (See also “Gage datum,” “Land-surface
datum,” “National Geodetic Vertical Datum of 1929,” and
“North American Vertical Datum of 1988)

Diatoms are the unicellular or colonial algae having a
siliceous shell. Their concentrations are expressed as
number of cells per milliliter (cells/mL) of sample. (See also
“Phytoplankton™)

Diel is of or pertaining to a 24-hour period of time; a regular
daily cycle.

Discharge, or flow, is the rate that matter passes through a
cross section of a stream channel or other water body per
unit of time. The term commonly refers to the volume of
water (including, unless otherwise stated, any sediment or
other constituents suspended or dissolved in the water) that
passes a cross section in a stream channel, canal, pipeline,
etc., within a given period of time (cubic feet per second).
Discharge also can apply to the rate at which constituents,
such as suspended sediment, bedload, and dissolved or
suspended chemicals, pass through a cross section, in which
cases the quantity is expressed as the mass of constituent
that passes the cross section in a given period of time (tons

per day).

Dissolved refers to that material in a representative water
sample that passes through a 0.45-micrometer membrane
filter. This is a convenient operational definition used by
Federal and State agencies that collect water-quality data.

Determinations of “dissolved” constituent concentrations
are made on sample water that has been filtered.

Dissolved oxygen (DO) is the molecular oxygen (oxygen gas)
dissolved in water. The concentration in water is a function
of atmospheric pressure, temperature, and dissolved-solids
concentration of the water. The ability of water to retain
oxygen decreases with increasing temperature or dissolved-
solids concentration. Photosynthesis and respiration by
plants commonly cause diurnal variations in dissolved-
oxygen concentration in water from some streams.

Dissolved-solids concentration in water is the quantity of
dissolved material in a sample of water. It is determined
either analytically by the “residue-on-evaporation” method,
or mathematically by totaling the concentrations of
individual constituents reported in a comprehensive
chemical analysis. During the analytical determination, the
bicarbonate (generally a major dissolved component of
water) is converted to carbonate. In the mathematical
calculation, the bicarbonate value, in milligrams per liter, is
multiplied by 0.4926 to convert it to carbonate.
Alternatively, alkalinity concentration (as mg/L CaCOs;) can
be converted to carbonate concentration by multiplying by
0.60.

Diversity index (H) (Shannon index) is a numerical
expression of evenness of distribution of aquatic organisms.
The formula for diversity index is:

— n n.
d == ~tlog, .

i~l

where n; is the number of individuals per taxon, # is the total
number of individuals, and s is the total number of taxa in
the sample of the community. Index values range from zero,
when all the organisms in the sample are the same, to some
positive number, when some or all of the organisms in the
sample are different.

Drainage area of a stream at a specific location is that area
upstream from the location, measured in a horizontal plane,
that has a common outlet at the site for its surface runoff
from precipitation that normally drains by gravity into a
stream. Drainage areas given herein include all closed
basins, or noncontributing areas, within the area unless
otherwise specified.

Drainage basin is a part of the Earth’s surface that contains a
drainage system with a common outlet for its surface runoff.
(See “Drainage area”)

Dry mass refers to the mass of residue present after drying in
an oven at 105 °C, until the mass remains unchanged. This
mass represents the total organic matter, ash and sediment,
in the sample. Dry-mass values are expressed in the same
units as ash mass. (See also “Ash mass,” “Biomass,” and
“Wet mass”)
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Dry weight refers to the weight of animal tissue after it has
been dried in an oven at 65 °C until a constant weight is
achieved. Dry weight represents total organic and inorganic
matter in the tissue. (See also “Wet weight™)

Embeddedness is the degree to which gravel-sized and larger
particles are surrounded or enclosed by finer-sized particles.
(See also “Substrate embeddedness class™)

Enterococcus bacteria are commonly found in the feces of
humans and other warmblooded animals. Although some
strains are ubiquitous and not related to fecal pollution, the
presence of enterococci in water is an indication of fecal
pollution and the possible presence of enteric pathogens.
Enterococcus bacteria are those bacteria that produce pink
to red colonies with black or reddish-brown precipitate after
incubation at 41 °C on mE agar (nutrient medium for
bacterial growth) and subsequent transfer to EIA medium.
Enterococci include Streptococcus feacalis, Streptococcus
feacium, Streptococcus avium, and their variants. (See also
“Bacteria”)

EPT Index is the total number of distinct taxa within the
insect orders Ephemeroptera, Plecoptera, and Trichoptera.
This index summarizes the taxa richness within the aquatic
insects that are generally considered pollution sensitive; the
index usually decreases with pollution.

Escherichia coli (E. coli) are bacteria present in the intestine
and feces of warmblooded animals. E. coli are a member
species of the fecal coliform group of indicator bacteria. In
the laboratory, they are defined as those bacteria that
produce yellow or yellow-brown colonies on a filter pad
saturated with urea substrate broth after primary culturing
for 22 to 24 hours at 44.5 °C on mTEC medium (nutrient
medium for bacterial growth). Their concentrations are
expressed as number of colonies per 100 mL of sample.
(See also “Bacteria”)

Estimated (E) concentration value is reported when an
analyte is detected and all criteria for a positive result are
met. If the concentration is less than the method detection
limit (MDL), an ‘E’ code will be reported with the value. If
the analyte is qualitatively identified as present, but the
quantitative determination is substantially more uncertain,
the National Water Quality Laboratory will identify the
result with an ‘E’ code even though the measured value is
greater than the MDL. A value reported with an ‘E’ code
should be used with caution. When no analyte is detected in
a sample, the default reporting value is the MDL preceded
by a less than sign (<).

Euglenoids (Euglenophyta) are a group of algae that are
usually free-swimming and rarely creeping. They have the
ability to grow either photosynthetically in the light or
heterotrophically in the dark. (See also “Phytoplankton’)

Extractable organic halides (EOX) are organic compounds
that contain halogen atoms such as chlorine. These organic
compounds are semivolatile and extractable by ethyl acetate

from air-dried streambed sediment. The ethyl acetate extract
is combusted, and the concentration is determined by
microcoulometric determination of the halides formed. The
concentration is reported as micrograms of chlorine per
gram of the dry weight of the streambed sediment.

Fecal coliform bacteria are present in the intestines or feces
of warmblooded animals. They often are used as indicators
of the sanitary quality of the water. In the laboratory, they
are defined as all organisms that produce blue colonies
within 24 hours when incubated at 44.5 °C plus or minus
0.2 °C on M-FC medium (nutrient medium for bacterial
growth). Their concentrations are expressed as number of
colonies per 100 mL of sample. (See also “Bacteria”)

Fecal streptococcal bacteria are present in the intestines of
warmblooded animals and are ubiquitous in the
environment. They are characterized as gram-positive, cocci
bacteria that are capable of growth in brain-heart infusion
broth. In the laboratory, they are defined as all the
organisms that produce red or pink colonies within 48 hours
at 35 °C plus or minus 1.0 °C on KF-streptococcus medium
(nutrient medium for Dbacterial growth). Their
concentrations are expressed as number of colonies per 100
mL of sample. (See also “Bacteria”)

Fire algae (Pyrrhophyta) are free-swimming unicells
characterized by a red pigment spot. (See also
“Phytoplankton”)

Flow-duration percentiles are values on a scale of 100 that
indicate the percentage of time for which a flow is not
exceeded. For example, the 90th percentile of river flow is
greater than or equal to 90 percent of all recorded flow rates.

Gage datum is a horizontal surface used as a zero point for
measurement of stage or gage height. This surface usually is
located slightly below the lowest point of the stream bottom
such that the gage height is usually slightly greater than the
maximum depth of water. Because the gage datum itself is
not an actual physical object, the datum usually is defined
by specifying the elevations of permanent reference marks
such as bridge abutments and survey monuments, and the
gage is set to agree with the reference marks. Gage datum is
a local datum that is maintained independently of any
national geodetic datum. However, if the elevation of the
gage datum relative to the national datum (North American
Vertical Datum of 1988 or National Geodetic Vertical
Datum of 1929) has been determined, then the gage
readings can be converted to elevations above the national
datum by adding the elevation of the gage datum to the gage
reading.

Gage height (GH.) is the water-surface elevation, in feet
above the gage datum. If the water surface is below the gage
datum, the gage height is negative. Gage height often is
used interchangeably with the more general term “stage,”
although gage height is more appropriate when used in
reference to a reading on a gage.
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Gage values are values that are recorded, transmitted, and/or
computed from a gaging station. Gage values typically are
collected at 5-, 15-, or 30-minute intervals.

Gaging station is a site on a stream, canal, lake, or reservoir
where systematic observations of stage, discharge, or other
hydrologic data are obtained.

Gas chromatography/flame ionization detector (GC/FID)
is a laboratory analytical method used as a screening
technique for semivolatile organic compounds that are
extractable from water in methylene chloride.

Geomorphic channel units, as used in this report, are fluvial
geomorphic descriptors of channel shape and stream
velocity. Pools, riffles, and runs are types of geomorphic
channel units considered for National Water-Quality
Assessment (NAWQA) Program habitat sampling.

Green algae have chlorophyll pigments similar in color to
those of higher green plants. Some forms produce algae
mats or floating “moss” in lakes. Their concentrations are
expressed as number of cells per milliliter (cells/mL) of
sample. (See also “Phytoplankton’)

Habitat, as used in this report, includes all nonliving
(physical) aspects of the aquatic ecosystem, although living
components like aquatic macrophytes and riparian
vegetation also are usually included. Measurements of
habitat are typically made over a wider geographic scale
than are measurements of species distribution.

Habitat quality index is the qualitative description (level 1)
of instream habitat and riparian conditions surrounding the
reach sampled. Scores range from 0 to 100 percent with
higher scores indicative of desirable habitat conditions for
aquatic life. Index only applicable to wadable streams.

Hardness of water is a physical-chemical characteristic that
commonly is recognized by the increased quantity of soap
required to produce lather. It is computed as the sum of
equivalents of polyvalent cations (primarily calcium and
magnesium) and is expressed as the equivalent
concentration of calcium carbonate (CaCOs).

High tide is the maximum height reached by each rising tide.
The high-high and low-high tides are the higher and lower
of the two high tides, respectively, of each tidal day.
See NOAA web site http://www.co-ops.nos.noaa.gov/
tideglos.html.

Hilsenhoff’s Biotic Index (HBI) is an indicator of organic
pollution that uses tolerance values to weight taxa
abundances; usually increases with pollution. It is
calculated as follows:

HBI :SumM ,
N

where 7 is the number of individuals of each taxon, a is the
tolerance value of each taxon, and N is the total number of
organisms in the sample.

Horizontal datum (See “Datum”)

Hydrologic index stations referred to in this report are
continuous-record gaging stations that have been selected as
representative of streamflow patterns for their respective
regions. Station locations are shown on index maps.

Hydrologic unit is a geographic area representing part or all
of a surface drainage basin or distinct hydrologic feature as
defined by the former Office of Water Data Coordination
and delineated on the State Hydrologic Unit Maps by the
USGS. Each hydrologic unit is identified by an 8-digit
number.

Inch (IN., in.), as used in this report, refers to the depth to
which the drainage area would be covered with water if all
of the runoff for a given time period were uniformly
distributed on it. (See also “Annual runoff”)

Instantaneous discharge is the discharge at a particular
instant of time. (See also “Discharge”)

International Boundary Commission Survey Datum refers
to a geodetic datum established at numerous monuments
along the United States-Canada boundary by the
International Boundary Commission.

Island, as used in this report, is a mid-channel bar that has
permanent woody vegetation, is flooded once a year on
average, and remains stable except during large flood
events.

Laboratory reporting level (LRL) is generally equal to
twice the yearly determined long-term method detection
level (LT-MDL). The LRL controls false negative error. The
probability of falsely reporting a nondetection for a sample
that contained an analyte at a concentration equal to or
greater than the LRL is predicted to be less than or equal to
1 percent. The value of the LRL will be reported with a
“less than” (<) remark code for samples in which the
analyte was not detected. The National Water Quality
Laboratory (NWQL) collects quality-control data from
selected analytical methods on a continuing basis to
determine LT-MDLs and to establish LRLs. These values
are reevaluated annually on the basis of the most current
quality-control data and, therefore, may change. [Note: In
several previous NWQL documents (NWQL Technical
Memorandum 98.07, 1998), the LRL was called the
nondetection value or NDV—a term that is no longer used.]

Land-surface datum (Isd) is a datum plane that is
approximately at land surface at each ground-water
observation well.

Latent heat flux (often used interchangeably with latent heat-
flux density) is the amount of heat energy that converts
water from liquid to vapor (evaporation) or from vapor to
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liquid (condensation) across a specified cross-sectional area
per unit time. Usually expressed in watts per square meter.

Light-attenuation coefficient, also known as the extinction
coefficient, is a measure of water clarity. Light is attenuated
according to the Lambert-Beer equation:

_ 7 A
I=1e",
where 1, is the source light intensity, / is the light intensity
at length L (in meters) from the source, A is the light-
attenuation coefficient, and e is the base of the natural
logarithm. The light-attenuatin coefficient is defined as:

1, T
A=——log,—
L%

o

Lipid is any one of a family of compounds that are insoluble
in water and that make up one of the principal components
of living cells. Lipids include fats, oils, waxes, and steroids.
Many environmental contaminants such as organochlorine
pesticides are lipophilic.

Long-term method detection level (LT-MDL) is a detection
level derived by determining the standard deviation of a
minimum of 24 method detection limit (MDL) spike sample
measurements over an extended period of time. LT-MDL
data are collected on a continuous basis to assess year-to-
year variations in the LT-MDL. The LT-MDL controls false
positive error. The chance of falsely reporting a
concentration at or greater than the LT-MDL for a sample
that did not contain the analyte is predicted to be less than or
equal to 1 percent.

Low tide is the minimum height reached by each falling tide.
The high-low and low-low tides are the higher and lower
of the two low tides, respectively, of each tidal day.
See NOAA web site http://www.co-ops.nos.noaa.gov/
tideglos.html.

Macrophytes are the macroscopic plants in the aquatic
environment. The most common macrophytes are the rooted
vascular plants that usually are arranged in zones in aquatic
ecosystems and restricted in the area by the extent of
illumination through the water and sediment deposition
along the shoreline.

Mean concentration of suspended sediment (Daily mean
suspended-sediment concentration) is the time-weighted
concentration of suspended sediment passing a stream cross
section during a given time period. (See also “Daily mean
suspended-sediment concentration” and “Suspended-
sediment concentration”)

Mean discharge (MEAN) is the arithmetic mean of
individual daily mean discharges during a specific period.
(See also “Discharge”)

Mean high or low tide is the average of all high or low tides,
respectively, over a specific period.

Mean sea level is a local tidal datum. It is the arithmetic mean
of hourly heights observed over the National Tidal Datum
Epoch. Shorter series are specified in the name; for
example, monthly mean sea level and yearly mean sea level.
In order that they may be recovered when needed, such
datums are referenced to fixed points known as
benchmarks. (See also “Datum”)

Measuring point (MP) is an arbitrary permanent reference
point from which the distance to water surface in a well is
measured to obtain water level.

Membrane filter is a thin microporous material of specific
pore size used to filter bacteria, algae, and other very small
particles from water.

Metamorphic stage refers to the stage of development that
an organism exhibits during its transformation from an
immature form to an adult form. This developmental
process exists for most insects, and the degree of difference
from the immature stage to the adult form varies from
relatively slight to pronounced, with many intermediates.
Examples of metamorphic stages of insects are egg-larva-
adult or egg-nymph-adult.

Method detection limit (MDL) is the minimum
concentration of a substance that can be measured and
reported with 99-percent confidence that the analyte
concentration is greater than zero. It is determined from the
analysis of a sample in a given matrix containing the
analyte. At the MDL concentration, the risk of a false
positive is predicted to be less than or equal to 1 percent.

Methylene blue active substances (MBAS) are apparent
detergents. The determination depends on the formation of a
blue color when methylene blue dye reacts with synthetic
anionic detergent compounds.

Micrograms per gram (UG/G, pg/g) is a unit expressing the
concentration of a chemical constituent as the mass
(micrograms) of the element per unit mass (gram) of
material analyzed.

Micrograms per kilogram (UG/KG, pgkg) is a unit
expressing the concentration of a chemical constituent as
the mass (micrograms) of the constituent per unit mass
(kilogram) of the material analyzed. One microgram per
kilogram is equivalent to 1 part per billion.

Micrograms per liter (UG/L, pg/L) is a unit expressing the
concentration of chemical constituents in water as mass
(micrograms) of constituent per unit volume (liter) of water.
One thousand micrograms per liter is equivalent to
1 milligram per liter. One microgram per liter is equivalent
to 1 part per billion.

Microsiemens per centimeter (US/CM, puS/cm) is a unit
expressing the amount of electrical conductivity of a
solution as measured between opposite faces of a centimeter
cube of solution at a specified temperature. Siemens is the
International System of Units nomenclature. It is
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synonymous with mhos and is the reciprocal of resistance in
ohms.

Milligrams per liter (MG/L, mg/L) is a unit for expressing
the concentration of chemical constituents in water as the
mass (milligrams) of constituent per unit volume (liter) of
water. Concentration of suspended sediment also is
expressed in milligrams per liter and is based on the mass of
dry sediment per liter of water-sediment mixture.

Minimum reporting level (MRL) is the smallest measured
concentration of a constituent that may be reliably reported
by using a given analytical method.

Miscellaneous site, miscellaneous station, or miscellaneous
sampling site is a site where streamflow, sediment, and/or
water-quality data or water-quality or sediment samples are
collected once, or more often on a random or discontinuous
basis to provide better areal coverage for defining
hydrologic and water-quality conditions over a broad area in
a river basin.

Most probable number (MPN) is an index of the number of
coliform bacteria that, more probably than any other
number, would give the results shown by the laboratory
examination; it is not an actual enumeration. MPN is
determined from the distribution of gas-positive cultures
among multiple inoculated tubes.

Multiple-plate samplers are artificial substrates of known
surface area used for obtaining benthic invertebrate
samples. They consist of a series of spaced, hardboard
plates on an eyebolt.

Nanograms per liter (NG/L, ng/L) is a unit expressing the
concentration of chemical constituents in solution as mass
(nanograms) of solute per unit volume (liter) of water. One
million nanograms per liter is equivalent to 1 milligram per
liter.

National Geodetic Vertical Datum of 1929 (NGVD 29) is a
fixed reference adopted as a standard geodetic datum for
elevations determined by leveling. It was formerly called
“Sea Level Datum of 1929 or “mean sea level.” Although
the datum was derived from the mean sea level at 26 tide
stations, it does not necessarily represent local mean sea
level at any particular place. See NOAA web site http://
www.ngs.noaa.gov/faq.shtml#WhatVD29VDSS. (See “North
American Vertical Datum of 1988”)

Natural substrate refers to any naturally occurring immersed
or submersed solid surface, such as a rock or tree, upon
which an organism lives. (See also “Substrate”)

Nekton are the consumers in the aquatic environment and
consist of large free-swimming organisms that are capable
of sustained, directed mobility.

Nephelometric turbidity unit (NTU) is the measurement for
reporting turbidity that is based on use of a standard
suspension of formazin. Turbidity measured in NTU uses

nephelometric methods that depend on passing specific light
of a specific wavelength through the sample.

North American Datum of 1927 (NAD 27) is the horizontal
control datum for the United States that was defined by a
location and azimuth on the Clarke spheroid of 1866.

North American Datum of 1983 (NAD 83) is the horizontal
control datum for the United States that is based on the
adjustment of 250,000 points including 600 satellite
Doppler stations which constrain the system to a geocentric
origin.

North American Vertical Datum of 1988 (NAVD 88) is a
fixed reference adopted as the official civilian vertical
datum for elevations determined by Federal surveying and
mapping activities in the United States. This datum was
established in 1991 by minimum-constraint adjustment of
the Canadian, Mexican, and United States first-order
terrestrial leveling networks.

Open or screened interval is the length of unscreened
opening or of well screen through which water enters a well,
in feet below land surface.

Organic carbon (OC) is a measure of organic matter present
in aqueous solution, suspension, or bottom sediment. May
be reported as dissolved organic carbon (DOC), particulate
organic carbon (POC), or total organic carbon (TOC).

Organic mass or volatile mass of a living substance is the
difference between the dry mass and ash mass and
represents the actual mass of the living matter. Organic
mass is expressed in the same units as for ash mass and dry
mass. (See also “Ash mass,” “Biomass,” and “Dry mass”)

Organism count/area refers to the number of organisms
collected and enumerated in a sample and adjusted to the
number per area habitat, usually square meter (m?), acre, or
hectare. Periphyton, benthic organisms, and macrophytes
are expressed in these terms.

Organism count/volume refers to the number of organisms
collected and enumerated in a sample and adjusted to the
number per sample volume, usually milliliter (mL) or liter
(L). Numbers of planktonic organisms can be expressed in
these terms.

Organochlorine compounds are any chemicals that contain
carbon and chlorine. Organochlorine compounds that are
important in investigations of water, sediment, and
biological quality include certain pesticides and industrial
compounds.

Parameter code is a 5-digit number used in the USGS
computerized data system, National Water Information
System (NWIS), to uniquely identify a specific constituent

or property.
Partial-record station is a site where discrete measurements

of one or more hydrologic parameters are obtained over a
period of time without continuous data being recorded or
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computed. A common example is a crest-stage gage partial-
record station at which only peak stages and flows are
recorded.

Particle size is the diameter, in millimeters (mm), of a
particle determined by sieve or sedimentation methods. The
sedimentation method utilizes the principle of Stokes law to
calculate sediment particle sizes. Sedimentation methods
(pipet, bottom-withdrawal tube, visual-accumulation tube,
sedigraph) determine fall diameter of particles in either
distilled water (chemically dispersed) or in native water (the
river water at the time and point of sampling).

Particle-size classification, as used in this report, agrees with
the recommendation made by the American Geophysical
Union Subcommittee on Sediment Terminology. The
classification is as follows:

Classification  Size (mm) Method of analysis
Clay >0.00024 - 0.004  Sedimentation
Silt >(.004 - 0.062 Sedimentation
Sand >0.062 - 2.0 Sedimentation/sieve
Gravel >2.0 - 64.0 Sieve
Cobble >64 - 256 Manual measurement
Boulder >256 Manual measurement

The particle-size distributions given in this report are not
necessarily representative of all particles in transport in the
stream. For the sedimentation method, most of the organic
matter is removed, and the sample is subjected to
mechanical and chemical dispersion before analysis in
distilled water. Chemical dispersion is not used for native
water analysis.

Peak flow (peak stage) is an instantaneous local maximum
value in the continuous time series of streamflows or stages,
preceded by a period of increasing values and followed by a
period of decreasing values. Several peak values ordinarily
occur in a year. The maximum peak value in a year is called
the annual peak; peaks lower than the annual peak are called
secondary peaks. Occasionally, the annual peak may not be
the maximum value for the year; in such cases, the
maximum value occurs at midnight at the beginning or end
of the year, on the recession from or rise toward a higher
peak in the adjoining year. If values are recorded at a
discrete series of times, the peak recorded value may be
taken as an approximation of the true peak, which may
occur between the recording instants. If the values are
recorded with finite precision, a sequence of equal recorded
values may occur at the peak; in this case, the first value is
taken as the peak.

Percent composition or percent of total is a unit for
expressing the ratio of a particular part of a sample or
population to the total sample or population, in terms of
types, numbers, weight, mass, or volume.

Percent shading is a measure of the amount of sunlight
potentially reaching the stream. A clinometer is used to
measure left and right bank canopy angles. These values are
added together, divided by 180, and multiplied by 100 to
compute percentage of shade.

Periodic-record station is a site where stage, discharge,
sediment, chemical, physical, or other hydrologic
measurements are made one or more times during a year but
at a frequency insufficient to develop a daily record.

Periphyton is the assemblage of microorganisms attached to
and living upon submerged solid surfaces. Although
primarily consisting of algae, they also include bacteria,
fungi, protozoa, rotifers, and other small organisms.
Periphyton are useful indicators of water quality.

Pesticides are chemical compounds used to control
undesirable organisms. Major categories of pesticides
include insecticides, miticides, fungicides, herbicides, and
rodenticides.

pH of water is the negative logarithm of the hydrogen-ion
activity. Solutions with pH less than 7.0 standard units are
termed “acidic,” and solutions with a pH greater than 7.0
are termed “basic.” Solutions with a pH of 7.0 are neutral.
The presence and concentration of many dissolved chemical
constituents found in water are affected, in part, by the
hydrogen-ion activity of water. Biological processes
including growth, distribution of organisms, and toxicity of
the water to organisms also are affected, in part, by the
hydrogen-ion activity of water.

Phytoplankton is the plant part of the plankton. They are
usually microscopic, and their movement is subject to the
water currents. Phytoplankton growth is dependent upon
solar radiation and nutrient substances. Because they are
able to incorporate as well as release materials to the
surrounding water, the phytoplankton have a profound
effect upon the quality of the water. They are the primary
food producers in the aquatic environment and commonly
are known as algae. (See also “Plankton”)

Picocurie (PC, pCi) is one trillionth (1 x 10'12) of the amount
of radioactive nuclide represented by a curie (Ci). A curie is
the quantity of radioactive nuclide that yields 3.7 x 1010
radioactive disintegrations per second (dps). A picocurie
yields 0.037 dps, or 2.22 dpm (disintegrations per minute).

Plankton is the community of suspended, floating, or weakly
swimming organisms that live in the open water of lakes
and rivers. Concentrations are expressed as a number of
cells per milliliter (cells/mL) of sample.

Polychlorinated biphenyls (PCBs) are industrial chemicals
that are mixtures of chlorinated biphenyl compounds having
various percentages of chlorine. They are similar in
structure to organochlorine insecticides.

Polychlorinated naphthalenes (PCNs) are industrial
chemicals that are mixtures of chlorinated naphthalene
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compounds. They have properties and applications similar
to polychlorinated biphenyls (PCBs) and have been
identified in commercial PCB preparations.

Pool, as used in this report, is a small part of a stream reach
with little velocity, commonly with water deeper than
surrounding areas.

Primary productivity is a measure of the rate at which new
organic matter is formed and accumulated through photo-
synthetic and chemosynthetic activity of producer
organisms (chiefly, green plants). The rate of primary
production is estimated by measuring the amount of oxygen
released (oxygen method) or the amount of carbon
assimilated (carbon method) by the plants.

Primary productivity (carbon method) is expressed as
milligrams of carbon per area per unit time [mg C/(m?/time)]
for periphyton and macrophytes or per volume [mg C/(m3/time)]
for phytoplankton. The carbon method defines the amount
of carbon dioxide consumed as measured by radioactive
carbon (carbon-14). The carbon-14 method is of greater
sensitivity than the oxygen light and dark bottle method and
is preferred for use with unenriched water samples. Unit
time may be either the hour or day, depending on the
incubation period. (See also “Primary productivity’)

Primary productivity (oxygen method) is expressed as
milligrams of oxygen per area per unit time [mg O/(m?/
time)] for periphyton and macrophytes or per volume [mg
O/(m>/time)] for phytoplankton. The oxygen method defines
production and respiration rates as estimated from changes
in the measured dissolved-oxygen concentration. The
oxygen light and dark bottle method is preferred if the rate
of primary production is sufficient for accurate
measurements to be made within 24 hours. Unit time may
be either the hour or day, depending on the incubation
period. (See also “Primary productivity’)

Radioisotopes are isotopic forms of elements that exhibit
radioactivity. Isotopes are varieties of a chemical element
that differ in atomic weight but are very nearly alike in
chemical properties. The difference arises because the
atoms of the isotopic forms of an element differ in the
number of neutrons in the nucleus; for example, ordinary
chlorine is a mixture of isotopes having atomic weights of
35 and 37, and the natural mixture has an atomic weight of
about 35.453. Many of the elements similarly exist as
mixtures of isotopes, and a great many new isotopes have
been produced in the operation of nuclear devices such as
the cyclotron. There are 275 isotopes of the 81 stable
elements, in addition to more than 800 radioactive isotopes.

Reach, as used in this report, is a length of stream that is
chosen to represent a uniform set of physical, chemical, and
biological conditions within a segment. It is the principal
sampling unit for collecting physical, chemical, and
biological data.

Recoverable from bed (bottom) material is the amount of a
given constituent that is in solution after a representative
sample of bottom material has been digested by a method
(usually using an acid or mixture of acids) that results in
dissolution of readily soluble substances. Complete
dissolution of all bot