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Table 1 Information of the wells sampled in this study. Wells sampled in 2006 have an ID
starting with a capital letter; wells sampled in 2007 have a numerical ID. Besides USGS NO.
1 which was a spring, all wells were production gas wells. For wells Federal 34-31 and Timble
Rock FED 23-15, two sets of fluid samples were taken.

Well ID Well Name Latitude Longitude Surface Mean Perfo. Formation
(%) (%) Elevation(ft) Depth(ft)

K1 Federal 31-1 39.4395 -109.2119 7714.0 6226.0 Dakoda

K2 Anderson No. 1 39.4248 -109.1839 8240.0 6988.0 Dakoda

K3 Federal 34-31 39.4538 -109.2079 7995.0 7444.0 Dakoda

K4 Federal 34-31 Tank 39.4538 -109.2079 7995.0 7444.0 Dakoda

I1 Timble Rock FED 23-15 A 39.8435 -109.1940 5600.0 4580.0 Mesaverde

12 Timble Rock FED 23-15 B 39.8435 -109.1940 5600.0 4580.0 Mesaverde

13 DWR 12-21 39.7573 -109.3549 5780.0 5704.0 Mesaverde

14 Archy Bench 12-23-42-16 39.7761 -109.3414 6023.1 6079.5 Wasa+Mesav

15 USGS NO. 1 39.8775 -109.2698 5350.0 0.0 Mesaverde

16 Rock house 4-36 39.9103 -109.3954 5601.6 6935.0 Mesaverde

17 Rock house 10-22-21-36 39.9100 -109.3910 5601.5 6797.5 Mesaverde

18 Rock house 10-22-14-36 39.8993 -109.3948 5511.0 6877.0 Mesaverde

19 Rock house 11-36 39.9039 -109.3908 5390.6 6593.5 Mesaverde

110 Rock house 5-32-10-23 39.9042 -109.3450 5249.2 6179.5 Mesaverde

G1 HCU 1-34F 39.9099 -109.6437 5241.0 6759.5 Wasa+Mesav

G2 HCU 12-34F 39.9023 -109.6572 5298.0 6829.5 Wasa+Mesav

G3 HCU 13-27F 39.9152 -109.6535 5171.0 7188.5 Wasa+Mesav

G4 HCU 11-27F 39.9156 -109.6537 5173.0 6910.0 Wasa+Mesav

G5 HCU 9-27F 39.9174 -109.6431 5163.0 6420.0 Wasa+Mesav

G6 HCU 3-27F 39.9250 -109.6530 5092.0 7060.0 Wasa+Mesav

G7 RBU 1-23F 39.9398 -109.6253 5090.0 5684.0 Wasatch

G8 RBU 12-11F 39.9634 -109.6370 5069.0 6295.0 Wasatch

1 Big Pack 11-21-11-28 39.8367 -109.5804 5893.0 7386.0 Mesaverde

2 Big Pack 12-21-22-2 39.8041 -109.5353 6036.0 7143.5 Mesaverde

3 Thurston FED 12-21-24-12 39.7828 -109.5183 6042.0 6460.0 Mesaverde

4 Buck Camp 12-22-21-2 39.8078 -109.4257 5664.0 3596.0 Wasatch

5 Buck Camp 12-22-31-2 39.8074 -109.4204 5599.0 5566.5 Wasa+Mesav

6 Buck Camp 11-22-14-36 39.8120 -109.4111 5413.0 6091.0 Mesaverde

7 Buck Camp 11-22-11-26 39.8369 -109.4293 5557.0 5921.5 Wasa+Mesav

8 Buck Camp 11-22-11-36 39.8231 -109.4111 5408.0 5549.0 Wasa+Mesav

9 Buck Camp 11-22-11-25 39.8368 -109.4103 5361.0 6462.0 Mesaverde

10 Buck Camp 11-23-44-32 39.8120 -109.3603 5904.0 5366.5 Wasa+Mesav

11 Buck Canyon 6-15 39.7971 -109.4956 5881.0 6134.5 Wasa+Mesav

12 Buck Camp 31-5 39.8086 -109.4775 6155.0 7324.5 Mesaverde

13 Uinta Oil Assn. 1321-8C 39.7069 -109.5943 5918.0 6468.0 Mesaverde

14 Mustang 1320-24E 39.6735 -109.6351 6288.0 7288.0 Mesav+Mancos

15 Mustang 1320-14P 39.6817 -109.6396 6212.0 6803.0 Mesaverde

16 Mustang 1320 11H 39.7037 -109.6391 5985.0 7199.0 Mesav+Mancos

17 Pine Springs 13-26-14-22 39.5764 -109.4291 7128.0 4922.0 Mesaverde

18 Main Canyon 2-8-15-23 39.5227 -109.3632 7579.0 5586.5 Mesaverde

19 Main Canyon 15-8-15-23 39.5243 -109.3849 7502.0 8570.0 Mancos

20 Divide NO.1 39.4496 -109.2773 8286.0 7772.0 Dakota

21 Lindisfarn 1-26 39.4801 -109.3155 8097.0 7505.5 Mancos+Dakota

22 Federal 13-17-14-23 39.6057 -109.3735 6902.0 9207.0 Mesav+Mancos

23 Pine Springs 15-36-14S-22E 39.5603 -109.4011 7150.0 5675.0 Mesaverde

24 SRU NO. 8 39.6663 -109.4161 6693.0 10241.5 Dakota

25 Bonanza 9-24-21-8 40.0562 -109.2423 5050.0 6285.5 Wasa+Mesav

26 Southman Canyon 9-24-11-30 40.0124 -109.2641 5371.0 7580.0 Mesaverde

27 Southman Canyon 9-24-42-30 40.0088 -109.2504 5399.0 6195.0 Wasa+Mesav

28 Southman Canyon 9-23-14-36 39.9866 -109.2815 5373.0 8165.0 Mesaverde

29 Southman Canyon 9-23-12-36 39.9943 -109.2827 5381.0 7531.0 Mesaverde

30 Southman Canyon 9-23-11-36 39.9963 -109.2808 5376.0 7298.0 Mesaverde

31 Southman Canyon 9-23-33-36 39.9898 -109.2721 5401.0 7441.5 Mesaverde

32 Southman Canyon 9-23-34-36 39.9868 -109.2726 5422.0 7338.0 Mesaverde

33 Southman Canyon 9-23-43-36 39.9908 -109.2684 5499.0 7417.0 Mesaverde

34 Southman Canyon 9-23-32-36 39.9939 -109.2734 5460.0 7447.5 Mesaverde

35 Redwash 9-24-34-30 40.0016 -109.2546 5411.0 7178.0 Mesaverde

36 Red Wash 9-24-23-30 40.0019 -109.2487 5457.0 6446.0 Wasa+Mesav




40

‘pozATeUR JOU SUOIPRD ‘SUISSTUN [RIA I0JBAN o {199%] sanoy g passedoad :g] ‘991s uo pessesord

(I :[[eM dwIes 91} WOIJ pajoo[[od sojdures omy) aIe gl pue ] z {(197em I10p[O) ue) 08RIOYS Y] ‘10jeredos (g3 ([[oM OUWIRS O WIOIJ Pjod[[0d sojdures omy oIe F3] pue £3] T
660 670 aze 10°0 ¥G°0 60°9 6£'8  ¥8'CE  61°GGCT  GE6I €T 9979601  G8°€ 8LVT co'T TT’L  Te6S L
9¢'0  T¥0 ¥0'T 00'0 ¥€'0 ¥2'g €9°L  8FP'IE  LL'8L0T  9€0€  IS'T  ¥S'890T  8LF 8T'8T S0'T S0’L 1609 9
va1 00°0 00°0 00°0 z1ro 68°0 ev'e  Ge'FT  11°6ES 9T'6E€  TVO GT'9LE  GG'SE TT L8 20T 99'L 1999 g
L8°T- 000 00°0 00°0 000 T0°T 1270 020 9.°60C  G9'6T 12°0 90°9GT ge0 LY ¥6°0 8€'L  968€ iz
egT 0€°0 2070 00°0 110 iZ&] Tee 2T6 28'€9¢  GLTE  €V0 0T°06% 926 Z0'TT 20T 07’8 09%9 €
16T ¥9°0 ¥9°0 ¥0°0 290 g0°¢g gL'9 10  86FE6  L9TT  OE'T 26636  99°0T LO°LT Y0'T 08'L  FPIL 4
86'T 19°0 200 00°0 6€°0 A €9y CU'AT  0€'€8¢  ©88C  g¢E'l 19°61¢ g€l qLer €0'T 188 98€L 1
8L°T-  CT°0 040 €0°0 €0°0 95°0 12°0 16°0 06'1 01'0 ¥1°0 ¥9°28 VLT 0L'T 00'T Te'9 9629 8D
¢L'0-  SF0 €L0 02°0 vZ'0 e 00°€ 6.9 78°26¢ ¥0°0 ¥6°0 YL VOV vLE sv'e zo0'1 099  ¥899 1D
Y00 690 z10 10°0 60°0 007 69T 8T'€ £€°L9¢ 6L°C 29°0 TL Ve 8LV €7’ 20’1 1€°L 0904 9D
120 280 S0°0 100 8T°0 6€°¢ 1€°¢C 69°9 8€°86¢ €L°8 ¥6°0 09'18€ qpg 89'8 z0'T gL 0TF9 o
820 090 L0°0 00°0 90°0 0L'E 88'T £8'¥ 0L'TLE 0T8T 8.0 89°0€€ 96°9 86°TT z0'1 LT 0169 [29)
6%°0- 220 19°1 00°0 60°0 & 0€'C 89'g 16°18¢ 60T 9870 67°09€ 8G'¥ 69'8 zo'T 189 68TL €D
€€'0 290 €00 00°0 01°0 €L 6€°C 8L°6 0£'66€  896E 290 vI'8TE 8TV 9g'TT zo0'T L0°L  0€89 o
¢ €0°0T  OT'T 187007 60°G 88°9 20’1 7L 09.9 1)
ve'1 280 €40 9¢°0 v€0 9g'e gre  PUIT 0Z°€09 zs0 10°T ¥9°68¢  02°0% €0°9% €0'T €9°L 0819 0TI
680 890 69'T 10°0 18°0 07’6 L. TLST  LVLE6  SOFT OV £8°2E6 18°8 €g°gT Y0'T 0z'L 7699 61
160 090 16°0 €0°0 82°0 62°€ ST'e  ¥6'CT  SP00S S0'6 £8°0 Th 98y 608 6L°CT z0'T 9L LL89 ST
110 290 L1 10°0 vE0 €g'e VLY VULT 02°.89  LTLT G670 T€°66G 02T L¥°91 €0'T ST'L 869 L1
9¢'T 29°0 200 10°0 qz'0 68°9 89'z  IT'TT  8G'GIG  ST'IT 060 167 €0°¥T 69°CC €0'T T0's  S€69 91
61°0 €0 00°0 00°0 000 €0°0 200 £0°0 vL9T ave 00°0 85°0 ) v1'6 00'T L1°6 0 a1
ve'1 Zr0 6£°0 00°0 90°0 950 L9°T gg'g €1CLT  01'8¢ 000 Te 1Y 0T°LT 69°0¢ 10°T 86°L 0809 v1
€20 990 LG°T 06°0 ¥€'0 ) g6'g 89'6 67665 90°0 g8'0 07’109  90°2T 1L°61 €0'T 60°L  TOLG €1
9F'0 870 100 200 S0°0 19'1 €L T 0e'¥y y1°EsT ¥0°0 92°0 ze 18T ap's eT'6 T0°T €7'L  08SY 1
€0 790 1270 1070 G0°0 9¢'1 €81 a7 09°28T ¥0°0 qz'0 0z 18T 0.8 ze6 T0°T 0v'L  08SF LTI
1T°0-  AT°0 €6°0 00°0 99°0 ce'e 66'¢  L6'GT €891 v0'C L€°0 0€'10Z 90°'¢ 87 T0°T 99’9 FIL 251
09'0- 070 810 10°0 LT°0 090 66°0 0¥ 1T LY €€'0 00°0 689G L0°T 09T 00'T €9 VhVL £
9L'T- 200 1670 00°0 10°0 €10 20°0 €2°0 e ¥0°0 10°0 8T'€E 0L°T 00'T €09 8869 e
Ir'e- 200 10°0 00°0 000 ¥0°0 10°0 €0°0 6£°0 €00 00°0 c10 €91 18T 00T 9.9 9229 3
(Ww)  (Nw)  (Nw)  (Nw) (W) (W) (Nw) (Nur) (Ww) — (nw) (Wur) (Wwr)  (1/bowr)  ( wd/3) (%)
IS 1S a1 eq g M SN ®D BN ros g 1) DI Ajuery  Aysueq  pd  ysde@ I [1PMA

"e)03R(] PUR SOOURIA o) Ul pajelojiad S[[om S91edIpUl  R(JOOUR]N],, ‘SOOURJN PUR 9PISARSIIN 9Yj) Ul pajeiofiod
S[[oM S9JBDTPUT OOURINBSITN,, ‘OPIOARSOIN PUE [DJESBA\ 973} Ul pajelojrod S[[om S9)edIpul  BSOJNBSBAA, ‘JURISUOD wnLIqInbs oYy st I3[ pue ‘jonpord A)1ar3oe-uor st
dVI 21ym ‘[ 13 /dVI]60] = [[S] St 9310[ed 10} Xopul uoljeinjeg ‘G Si,{ Ul UMOYS dIe SUOIIRIO] [[oA\ Pojdures siojem UOIIRULIOJ 9} JO UOI)IsSOdUIOd [eJUSWL[H g O[qeL



41

660 990 67°0 280 840 aLe eV ¥9ST  6£°669 zro €a'1 98°LTL  STET 68°6T €01 0S°L  9%¥9 9¢
690 980 020 LT°0 810 ey ey 68'8T  6£°099 1270 LET €L°62L 618 8291 €0'T 0v'L  8LIL ag
960  SL0 Lv'0 200 080 0% 8%  LTET 99069 tatd 96'T 6G°GEL qey ina Y0'T L9°L  8FVL ve
160 190 9€°0 v0'C eT'T LUV 909 T1€G9C  89°€9L €00 T6'C 9'€98  PETFI LE°GT v0'1 09°L  LTVL €€
z0'T 29°0 €9°0 10°0 zyo 96'C L9% 9607 €8'¥8¢  ©0'TI  OF'T TL'TO9  CLTT ey gl €0'T 89'L  8€EL 43
€60 680 ¥0°0 10°0 v€0 1T 88°Cc  TVEl  6LT8Y LIR7 82°0 0270 69°9 87°TC z0'T 0L T¥VL €
990  €L°0 12°0 200 LT L6'IT LEL €8°.T  99°8STT LET grc  86°TLIT 206 16°6 S0'T 0v'L  862. o€
10 0.0 qT'T 12T 9T'T €29 T8’L  €8°6% 99906 070 6c'c  PI'LIOT  ST'CT €Tl S0'T ov'L 1€ 62
160 8.0 ez'0 10°0 870 Tey 08'%  92'1¢  S8°069 QLY ce'T YeTEL 20T £6°91 €0'T 09, €918 8%
29'0-  2L0 v4°0 ¢80 99°0 0z'¢ 88'¢ 09T 09°G09 000 81°0 97°289  89'TT eLoT €0'T 9¢'L G619 1
€8°0 0.0 LLT 0€'T ¢80 607 667  ©98T  PTL89 L0°0 8T'¢ ve'gel SOV 60°LT €0'T 0L  08SGL 9%
Y0 €L°0 00'T €2°0 qT°0 €1'C L0°T 0g'e L8VEE S0°0 87T €IeIe  18°CT £7°€T 10°T ge’L 9829 <14
89°0-  TF0 66'€ 00°0 200 VLT YI'T 671 ¥S0¢ ¥2'0 ¥0°0 12°61 110 8.'8 00'T L6'9  T¥eoTl %4
€0 620 99°0 10°0 ¥9°0 86'9 67 €811 7’209 QLe c0'g ¥9'82¢ 000 9y zo'T 9¢'L  €L99 €2
10 06T €L0 10°0 120 LT'€T 6970 eLe 18°09% 99'1 co'T 09'T€C  60°0T 092 T0°T 0g'L  L0T6 44
9L'T ¥6°0 Lv'T 070 ¢TI’ ©8'8e €IV 9LVE  €SIsY 6¢°1 €60 00°8.¢ ere 09'8 €0'T €L°8  90GL 12
1000 000 00°0 00°0 000 200 00°0 16°0 9z°0 L1°0 00°0 €20 ¥Z'0 eT'T 00'T 02’8  TLLL 0z
90°0-  0%°0 66'T 00°0 1€0 €901  ¥.°0 67 %9°86 L6°0 61°0 YOITT 1270 L9°€ 10°T 09°L  0.88 61
99°0-  TT0 11°0 92°0 1270 8€'9 98'T z0'9 08’712 170 06'T 8T'81% 1T 202 T0°T 08'9 18S9 8T
89°0 LV 09°¢ 00°0 €0 T6'9F  0€eE  0€96  L0O¥VG  6F°0C 960 8€'TGL €6'C 06°'8S v0'T 00°L  CT6¥ LT
v.0 TS0 96°0 10°0 860 ¢g’9  IT'TT  CI'6F  8G0€0T  O0%LT 62T  80°480T  68%C yI°el Go'T 0v'L  661L 91
160 050 90'T 00°0 8T°'0  IT'ZF 809  8LF%T  06%6F  8€SE 9.0 17'29% 80T 86°LT €0'T gg’L €089 qT
00°'T GL0 79°0 00°0 ge0 98°¢€C 11°8 96°LC 00°169 VL €T LG9°T 20°'669 0€°'qt1 16°0C 70T Vel {8TL 71
080  9€0 99°0 00°0 ve'0 289 LT'S  ISLT 18629 E€FVI 121 ce'e09  AT'ET aLet €0'T 8¥'L  89%9 €1
10°0- 290 19°C 00°0 1870 €r'8 1’8 P8T€  SPPSIT  86'9T 92T  6L°188l 1972 010 90°T 07’9 GTEL 4
Y00 100 00°0 00°0 8€°0 967 06'¢ 20T €V 0LL 9T°¢ 2 08°099 0g'T 07T €0'T 608 GET9 11
88°0 €70 01°0 000 60°0 VLT 09’1 187 ¥9'LTE €T L 8€°0 ST'86¢ 96°C g9'ze z0'T €9°L  L9g9 0T
8%°0 L0 18°1 10°0 zyo vee 82’9  GT'ET  SP'GTIOT  16'S 62°C 90096  T0°GT €Lz Y0'T 969 29¥9 6
61°T  LVO 90°0 00°0 0€°0 €z'e T0'S  TT6T  TE€'8LL  L0°GC  G8°0 09024 0.2l 1718 ¥0'1 L9k 6¥SS 8
(Nw)  (Nw) (Ww) (Nw) (Nwm)  (Nw)  (Nw) () (Ww) — (nw) (W) (Wuwr) — (1/bowr)  ( wd/3) (%)
IS 1S o eg g | SN ®D BN rOs g jfe) oIa  Ajurenry Sswog  md  pded a1 rem

‘(panuryuod g o[qe],) pordures siojem uorjeurioj oyj jo uolyisodwod [ejyuowo[y ¢ S[qel,



42

Table 4 Stable isotope composition of formation waters. Note that only a select subset of the
original 56 samples are analyzed for stable isotopes.

Well ID "%0m,0 éDmy0 §"Cpic
(%o VSMOW) (%, VSMOW) (%, VPDB)

K3 -5.20 -61.20 3.28
I -13.71 -111.10 15.91
13 -1.69 -43.10 3.71
16 -2.55 -42.00 -2.12
19 -2.98 -46.10 6.48
G3 -4.33 -44.10 5.49
G4 -3.69 -41.60 -3.78
G5 -3.81 -40.10 -6.83
G7 -3.43 -40.20 -0.22
1 -3.80 -39.3 -4.51
2 -3.17 -42.0 1.05
3 -3.71 -41.8 -13.05
4 - - -

8 -3.74 -43.9 0.29
12 -3.97 -45.1 2.35
13 -4.77 -56.1 -4.26
17 -2.99 -23.4 10.29
22 1.23 -48.2 -3.89
24 -2.52 -59.7 9.28
25 -1.44 -50.0 -3.22
26 -2.61 -52.6 0.72
28 -2.60 -46.8 0.35
34 -3.27 -49.2 2.48

! Water sample is dominated by organic solvent, thus no isotope data were available.
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