CONTENTS

AADSTIACE ..ttt ettt b ettt ettt s h e bbbt et e ae e s he bt e bt e et e e et e aa e b e e b e e bt e bt e bt eateeueeebe e bt e bt et e eanees 1
TIELOAUCTION ...ttt ettt e e e s bt e s bt e bt e et e atesateeb e e et em s e ea b e eaeeeb e e bt e b e enbe e bt embeeateeseenbeenneenteenteas 2
PUIPOSE AN SCOPE vttt ettt ettt ettt et e et e bt e e at e e s st e e ateessbeete e bbeesbeesbeensbeesteenabeens 2
ACKNOWIEAZIMEIES ...ttt ettt ettt ettt st e s a et e e bt eat e eateeb e e bt en b e eabeembesatesbeesbe e bt e bt enteenteentesntesbeenbeennes 2
Methods of Sample Collection, Preservation, and ANALYSIS........cueercueeriierieeniienieeiieenteeniteeseeesieeesieessbeeesreesiseesaneens 4
Sample Collection and PreSerVAION..........ccuoiiiriertieiieie ettt ettt et et sbte s bt e be e bt s stesatesaeesbeenaeeeeeneeas 4
ANALYHCAL MEASUTEIMEIILS ... .veeeueeeeiiieeieeitieeitesiteeeteesiteesateestteesateesateessseensteessseesseesssesnsaeenseesnseeenssesnsseenssesssseensseens 6
FIELAd IMEASUIEIMEINLS ...c.uveeueieueieeietieteete et et e et e st e e bt et e et e ate st e e bt embeeateesteebee bt e b e ambeeaeesaeesaeesaee bt enteenteenteentesbeenbeennes 6
PH MEASUTEINENES. ......eieiieiiiteiieeiie ettt ettt ettt e et e st eeabeesabaesabeesabaesabeesabaesaseesabeessbeesabaesasaesasaesnseesnsaesnsens 6
Hydrogen Sulfide Determinations. ..........coeuterueeiirierieieeieete ettt et ste st et eteete st e sbeesbeebeesbeebeeeesanesaeenee 7
Major-Cation and Trace-Metal Determinations ..........ceeecueeriueeriieriiieniieenieesteesteesteesibeesiteesieeesiteesisesnbeesbaesnneas 13
Major-Anion DELEITINAIONS ........eetertiertietieteeteeteste st et ettt e ettestee bt e beeateeseeeseesbeesbeebeensesatesaeesseenseeseenseensens 13
Nutrient and Dissolved Organic Carbon Determinations...........c.eevveerieerieenieenieenieeniieeseeerieeesieesveesieesveesnnees 13
Water ISOtOPE DEteIMINATIONS ... ..c.eeeuiertietieieeiteet ettt ettt sttt e bt et e eate st e e bt enteeateebeesbe e beenbesmtesaeesatesseeseenseensens 14
ACIAItY DEETININALIONS ....eeutieeiiieiiieeiteette et e stee et e sbeesteesiteestte e sttt estte e baeessteebteenseesnbeeenseesabaeenseesnbaesnseesnsaesnsens 14
ReVISEd PH MEASUICTIIENES ........eeeuietietieiieteeite ettt et et et e e te et e s teeste e bt eateesteebeeebe e be e beeabesasesatesaeesaeenseenseenseensens 15
Sample Locations and Cross-Reference InfOormation ...........cooueerieiiiiinieiiiiiieec ettt st s 18
Water-ChemUSTIY DALA.......oouiiitiiiieieeie ettt b e bt et e e bt s e tesaeesae e bt emteeateeseeebeesbeenbeebeenbesneesaeenne 35
RETEIENCES CIEA. ......eeutiiiiiiiieriiettet ettt ettt ettt et sat e st s bt e bt eatesae e s bt e bt et e eateeanesanesunenbeennes 67
Appendix 1, Quality Assurance and Quality CONLIOL.......cccoiririeiiiiiiiiinenineneee ettt s eaeene 69
Appendix 2, Sample Site PROLOZIAPIS ....cooviiiiiiiiiiiiieit ettt ettt ettt st e st e st e st e ebeesbaeesbeesbaeenneas 78
FIGURES
1. Map showing location of sampling areas in Yellowstone National Park, Wyoming. .........c.cccccocenenennnne. 3
2. Graph showing temperature dependence of hydrogen sulfide measurement using the methylene
0] TS5 111 o Yo OO USROS 7
3. Flow-chart showing the sample pH SElECtiON PrOCESS. ......cc.erirreruirieririeieieientenesre et eieeterentere e e ereeaeeae 16

4-16. Maps showing:

4. Sampling locations with sample code numbers for hot springs, geysers, and surface waters at

Norris Geyser Basin, Yellowstone National Park, WYoming .........ccoccceeceeviiiiniiiiniieniieenieeieeeeeeee e 22
5. Sampling locations with sample code numbers for thermal features and one surface-water sample

in the One Hundred Spring Plain area of Norris Geyser Basin, Yellowstone National Park,

WP OIMUIIE ettt ettt ettt ettt ea e e b e e bt e bt e bt et e e ateeaeesaee bt et e emteeaeeeaeeabeeebeenbeenbeenbeenteennesatene 23
6. Sampling locations with sample code numbers for hot springs and geysers in the southern part of

Norris Geyser Basin, Yellowstone National Park, Wyoming. ..........cececeevievieninieninininiienencnenesenceeeene 24
7. Sampling locations with sample code numbers for hot springs and one surface water sample in the

Ragged Hills area of Norris Geyser Basin, Yellowstone National Park, Wyoming..........cccccoceveencricnnenne. 25
8. Sampling locations with sample code numbers for Nymph Lake and Roadside Springs area, Bijah

Spring, and Frying Pan Spring, Yellowstone Park, WyOming ...........cccccceereerenienienieneencee e 26
9. Sampling locations with sample code numbers for Ojo Caliente Spring, Azure Spring, and Bath

Spring, Lower Geyser Basin, Yellowstone Park, Wyoming. ........c.cccccecevererirnieienienenienencnceeeeeeeeeneenes 27
10. Sampling locations with sample code numbers for Octopus Spring and Mushroom Spring, Lower

Geyser Basin, Yellowstone Park, WYOMING. .......c.coviuiiiiiiniiiiniiinieeieete ettt ettt s 28
11. Sampling locations with sample code numbers for Washburn Hot Springs, Inkpot overflow

channel, and Sulphur Creek, Yellowstone Park, Wyoming. ..........ccccoceriiiiiiiniiniinieeeeeeeeeee e, 29

il



12.

13.

14.

15.

16.

Sampling locations with sample code numbers for Canary Spring and its overflow channel,

Mammoth Hot Springs area, Yellowstone Park, WyOMing. .......ccccocceverererienienenenienineneeieicnienene e 30
Sampling locations with sample code numbers for thermal features at West Thumb Geyser Basin,
Yellowstone Park, WYOMING. .....c.ccoiuieiiiiiiiieeiieiiteeiee sttt ettt e sttt e et e e bae e bt esbaeebeesbaesnseesbeeenseas 31
Sampling locations with sample code numbers for thermal features in the Sulphur Springs area at

Crater Hills, Yellowstone Park, WYOMING. .........coouieiiiiiiiiinieieeieee ettt et sbe e 32
Sampling location with sample code numbers for an unnamed spring downstream from Calcite

Spring, Yellowstone Park, WYOIMING. .........cccouiriiriririririetcentesentesteeee ettt sttt s eae 33

Sampling locations with sample code numbers for Alluvium Creek and one of its tributaries,
Brimstone Basin, Yellowstone National Park, Wyoming. ..........cccccovvieeriiiiniieniieenieenieenieenieeneeeee e 34

17-23. Graphs showing:

17.

18.

19.

20.

21.

22.
23.

Sample pH, temperature, Eh, and concentrations of H,S, As(T), As(III), Fe(T), and Fe(Il) as a

function of drainage distance for Nymph Creek ..........cccoeoieiiiiiiiiiiiiiieiecee e 36
Sample pH, temperature, Eh, and concentrations of H,S, NH,, NO,, and alkalinity as a function of

drainage distance for Inkpot #1 in Washburn SPrings. ........ccccceeveririenirenienieieneneneneeeeeeeeeeneesie e 37
Sample pH, temperature, and concentrations of As(T), As(Ill), and NO, as a function of drainage

distance fOr MUSHIOOM SPIINE. .....eiiuiiriiiiiiieeiie ettt ettt st et e st e e siteesbte e bt e sbteebeesbaessbeesbeesneeas 38
Sample pH, temperature, and concentrations of As(T), As(IlT), and NO, as a function of drainage

distance fOr OCLOPUS SPIINE. ....veveriiriiriiriirieieietete sttt ettt ettt et st sttt eas et et esbesae et saeeanesenaesbesueennene 39
Sample pH, temperature, and concentrations of As(T), As(IlI), NH, and NO, as a function of

drainage distance for Ojo Caliente SPIiNE..........cccecueririiriririeiieiententene ettt st ae e saesbesaeeaeene 40
Frequency of charge imbalance for samples having major cation and anion determinations ..........c........... 70

Fluoride, total dissolved arsenic, and total dissolved iron concentrations determined by alternative

TABLES

10.
11.
12.
13.

Container preparation and stabilization methods for filtered samples ............ccooceerieiiriieniienieniecee e 5
Analytical techniques, detection limits, typical precision, equipment used, and analytical method

TEECTEIICES ...eenveeutieuieeeieeteeetee it et et e et e s tt e et et e eaeeea e e et ee st enseeasesaeesaeess e e st anseenseeneeeseenseenseenseenseensesntesneenseenseanseansenn 8
Sample pH measured in the field and laboratory and calculated from acidity titration and speciated

charge imbalance, for samples with @ pH 1ess than S........ccccoviiiiiiiiniiiiniii e 17
Detailed sample site descriptions, locations, and map, photograph, and chemical data table

() (51 (511 Lo SO RO PRUOURRURONt 19
Results of water analyses for Norris Geyser Basin, 2001-2002 .........cc.ccceoerineneneninneenieneeneneneseneeeeeene 41
Results of water analyses for Nymph Lake and Roadside, Frying Pan, and Bijah Springs, 2001-
2002 et s h e e a e b s e h et sa b b saeeneene 51
Results of water analyses for Lower Geyser Basin, 2001-2002.........cccccociriiniinieiinienieneeieeie e 58
Results of water analyses for Washburn Hot Springs, 2001-2002 .......c..ccceeoverierininenenenieeeieieneneneniene 62
Results of water analyses for Calcite Springs, Crater Hills, Mammoth Hot Springs, and West

Thumb Geryser Basin, 2001-2002 ......c.c.cooruieiiieiiieeiee ittt sttt et e steesbaeebeesbeesbeessbeesseesssaesnsees 64
Results of water analyses for Brimstone Basin, 2001-2002.........c.cccoeriirierienieieeeeeieneeeee et 66
Measurement of standard reference water SAMPIES..........ccuevueerieriererie ettt 72
Water analyses fOr field DLank ............oooiiiiiiiiiiii ettt st 75
SPIKE TECOVETY TESULES ...ttt ettt ettt ettt et esb e b e bt et e e etesaeesbeenaeemeesaeesatesbeenaeeneeeneeas 76

v



	Conversion Factors
	SI to Inch/Pound




