Response to 6/4/2013 NRC RAI, Enclosure 2
UNC Church Rock Mill Site, Church Rock, New Mexico

TABLES

Chester Engineers 1/10/14



F’

imple Date Lab Lab TDS Ca Mg Na HCO3 S04 Chi NH3 NO3 Al
pH pH asN as N (Chloroform)
SuU suU mg/l mgli mg/l mg/l mg/l mgll mg/l mg/l mg/l mg/i ug/l mg/l
C Standard NA NA NA NA NA NA NA NA NA NA NA NA 80 NA
A Standard NA NA 4800 NA NA NA NA NA 2125 250 NA 190 NA 5
42 42 42 42 42 42 42 42 42 42 42 40 23 0 0
/4/2000 8.40 8.38 2280.00 35.10 16.30 665.00 7.50 326.00 | 1150.00 | 176.00 3.48 5.19 N/A N/A
'22/1989 6.70 7.12 903.00 19.10 6.40 273.00 2.40 195.00 458.00 15.40 0.07 0.06 N/A N/A
N/A 7.55 7.94 1074.33 25.82 11.49 323.69 3.58 252.43 532.83 48.25 0.48 0.47 N/A N/A
N/A 7.60 8.00 1037.00 25.55 11.35 305.50 3.30 254.50 515.00 31.65 0.37 0.25 N/A N/A
95 95 95 95 95 95 95 95 95 95 95 82 45 1 21
/16/2012 8.40 8.42 1500.00 82.20 46.80 362.00 11.90 309.00 797.00 26.60 2.04 1.40 7.09 1.18
/12/1989 6.50 7.09 986.00 18.20 8.50 272.00 2.50 220.00 481.00 12.00 0.06 0.10 7.09 0.10
N/A 7.70 7.90 1111.40 33.40 16.08 317.02 3.77 255.77 593.48 18.30 0.30 0.26 7.09 0.34
N/A 7.75 7.94 1080.00 31.00 14.00 317.00 3.50 251.00 580.00 18.00 0.25 0.20 7.09 0.20
43 43 43 43 43 43 43 43 43 43 43 42 31 0 0
/4/2000 8.00 8.41 1098.00 38.90 19.90 334.00 5.40 254.00 620.00 23.40 1.00 2.08 N/A N/A
'22/1989 6.50 7.07 857.00 25.10 12.80 256.00 1.70 207.00 457.00 9.50 0.10 0.06 N/A N/A
N/A 7.58 7.97 980.00 31.05 16.01 277.02 3.32 235.65 51891 16.14 0.31 0.29 N/A N/A
N/A 7.60 8.05 975.00 30.90 15.90 275.00 3.20 239.00 517.00 16.20 0.28 0.18 N/A N/A
234 233 234 234 234 234 234 234 234 234 234 233 66 1 31
.0/2007 7.42 8.09 5610 651 637 315 19 641 3882 252 2.23 '51.80 0.91 0.60
7/1989 6.14 5.89 2490 328 141 127 5.6 108 1410 19.40 0.13 0.01 0.91 0.10
N/A 6.61 7.16 4225 500.72 337.54 194.71 8.15 225.18 2703 37.13 0.77 1.77 0.91 0.19
N/A 6.60 7.17 4569 521 366 191 8 193.5 2952 37.90 0.75 0.16 0.91 0.14




Qe Date

Rad ‘h-230

Desc Co Pb Mn Mo \Y U Rad-226 Rad-228 Pb-21
Total

_ mg/l mg/l mg/l mg/l mg/l mgll mg/l mg/l pcill pcifl pcill pcill pcill

NRC Standard NA 0.05 NA NA 0.05 0.01 01 0.3 NA NA 9.4 5 1
EPA Standard 0.05 0.05 2.6 1 0.2 0.01 0.7 5 NA NA 5 NA NA

etect/count 42 1 0 41 3 1 15 0 41 25 5 42 3 7
1ax detect 1/4/2000 0.01 N/A 0.43 0.14 0.05 0.007 N/A 0.334 8.40 3.70 12.10 1.60 28.0
iin detect .7/22/1989 0.01 N/A 0.05 0.02 0.05 0.001 N/A 0.0006 0.20 1.40 0.00 0.60 1.0(
ve. detect N/A 0.01 N/A 0.17 0.06 0.05 0.002 N/A 0.0156 1.30 2.40 1.06 0.93 6.0:
iedian detect N/A 0.01 N/A 0.15 0.02 0.05 0.001 N/A 0.0050 0.60 2.50 0.45 0.60 2.0(

etect/count 95 1 1 81 5 0 12 0 47 64 18 95 4 9
1ax detect 10/16/2012 0.01 0.05 0.39 0.76 N/A 0.007 N/A 0.015 2.40 3.40 5.10 0.60 6.1(
iin detect 10/12/1989 0.01 0.05 0.01 0.02 N/A 0.001 N/A 0.0003 0.20 1.10 0.00 0.30 1.2
ve. detect N/A 0.01 0.05 0.04 0.22 N/A 0.002 N/A 0.0026 0.74 2.14 1.04 0.40 2.6(
iedian detect N/A 0.01 0.05 0.03 0.14 N/A 0.001 N/A 0.0012 0.63 1.90 0.70 0.35 2.6(

etect/count 43 2 0 39 4 1 9 0 36 28 10 43 3 5
1ax detect 1/4/2000 0.01 N/A 0.10 0.11 0.19 0.007 N/A 0.068 2.00 3.70 4.00 3.00 2.2
iin detect 7/22/1989 0.01 N/A 0.01 0.01 0.19 0.001 N/A 0.0009 0.20 1.20 0.00 0.40 1.0(
ve. detect N/A 0.01 N/A 0.03 0.08 0.19 0.002 N/A 0.0058 0.67 1.95 0.89 143 1.6¢
iedian detect N/A 0.01 N/A 0.02 0.10 0.19 0.001 N/A 0.0025 0.60 1.70 0.60 0.90 1.5¢
stect/count 234 24 1 225 5 3 10 0 194 229 164 213 19 45
iax detect 10/2007 0.06 0.05 4.15 0.27 0.07 0.004 N/A 0.975 5.40 13.8 14.80 490 9.1(
iin detect 7/1989 0.01 0.05 0.66 0.03 0.06 0.001 N/A 0.0004 0.20 1.00 0.20 0.20 1.1¢
ve. detect N/A 0.02 0.05 243 0.12 0.07 0.002 N/A 0.0086 1.27 3.46 3.62 0.97 2.5¢
iedian detect N/A 0.01 0.05 2.65 0.13 0.07 0.002 N/A 0.0013 1.20 3.10 3.35 0.70 2.1(




0113 A

) 0006 A D [ 0029 A | 0030D | 0101A | 0102A | 0104D ' A | 0109A | 0110D 0330 0331 'D 0509 D
878] 6929.325| 6925.675] 6879.775| 6880.6 |6930.225| 6901.3 6928.2 |6926.275 6917.125 | 6932.275
864 | 6929.65 | 6926.143 | 6881.264 | 6880.385 | 6930.443 | 6909.723 | 6928.607 | 6926.731 6918.3 | 6933.207
672] 6931.207 | 6926.994 | 6883.043 | 6879.114 | 6931.271 | 6907.521 | 6929.427 | 6927.475 6921.062 | 6933.133 | 6939.475] 6937.6
024] 6930.139| 6925.64 | 6884.287 | 6874.112| 6930.725 | 6912.662 | 6928.728 | 6926.876 6921.415] 6932.473 | 6937.774 ]| 6935.953
735] 6930.379] 6925.295| 6885 6873.3 6930.2 | 6909.053 | 6928.443 | 6926.639 6922.505 | 6933.685 | 6937.452 | 6935.635
456] 6931.196 | 6926.537 | 6885.629 | 6873.629 | 6930.792 | 6912.715] 6929.275 | 6927.222 6923.225 | 6936.517 | 6937.172 | 6935.316
883] 6931.631] 6927.172 | 6885.98 | 6873.68 | 6931.26 | 6913.24 | 6929.823 | 6927.854 6923.829 | 6932.886 | 6937.128] 6935.183| 6931.8 | 6932.946
6930.767| 6926.9 69274 |6927.633 6922.267 | 6935.7 6937.3 | 6933.933| 6932.35 | 6932.72
6931.1 [ 6927.533 6930.6 6912.5 |]6929.867| 6928.1 6920.55 | 6935.033| 6937.65 | 6933.95
902| 6932.933 | 6928.967 | 6886.7 6873.8 | 6930.6 6912.5 | 6931.567 | 6929.567 6925.333 | 6940.233 | 6937.967 | 6935.4
6935.8
) 6935.6 6932.1 6884.7 6875.4 6934 6916.1 6934.8 6932.8 6928.7 6928.9 6935.7 6932.3 -] 6933.3
6935.85 | 6933.1 6933.9
6935.4 6932.3 | 6884.5 6875.5 6916 6934.5 6933 6928.9 6941 6932.9 | 6938.2
6934.529 6935.46 | 6931.747 | 6931.424 6936.2
6937.9 |[6933.496] 6883.5 6936.8 | 6934.536 | 6931.496 | 6930.338 | 6940.6
6932.45 6933.386 | 6930.723 | 6929.431 6935.4
69359 | 6932.15 | 6883.2 6874.9 6934.4 6911.8 6934.9 | 6933.15 | 6930.217 } 6929.125 6935.3 6932.4 6933
6932.8 6933.846 | 6930.746} 6929.9 6935.2
098] 69356 | 6931.94 | 6882.9 6874.9 6934.1 6934.7 | 6932.94 | 6930.425] 6929.12 | 6945.8 6934.6 6931.8 6932.4
6930.9 6931.967 | 6929.933| 6928.1 6934
6932.3 | 6930.367{ 6883.4 6874.7 6932.9 6936.6 | 6931.333 ] 6929.633 | 6927.733| 6943.5 |6933.675]6932.743| 6931.2 6931.6
6931.267 6932.233 | 6929.467 | 6928.8 6932.636
6935 |6930.133] 6882 6874 6933.5 6933.5 6931.1 | 6929.533] 6927.833| 6942.1 6932.025| 6930.6 6931
6928 6929 6929 | 6925.567 6930.15
6926.733| 6881.6 6927.7 6927.9 6926.6 | 6924.95 | 6923.6 6927.25 | 6926.7 | 6927.2
6924.3 6881.2 6925.2 6925.8 6924.7 6925.2
6924 .1 6881.1 6924.9 6925.1 6924.4 6920.7 6925.3 6924.1 6924.6
6924 6881.1 6922.8 6924.2 6924.8 6926.9 6920 6924.4 6923.2 | 6923.7
6922.2 6880.9 6921.9 6922.7 6922.3 6925.2 6918.4 6923.5 6922.5 6923
6920.3 6880.7 6920.8 6921.5 6920.9 69171 6922.9 6921.6 6922
6918.9 6880.6 6919.7 6920.2 6919.6 6915.9 6922.3 6920.9 | 6921.2
6917.8 6880.5 6918.3 6918.5 6914.7 6921.4 6919.9 | 6920.15
6916.6 6880.2 69171 6917.6 6917.1 6913.3 6920.5 6919.1 | 6919.25
6918.6
6879.6 6915 6911.3 6917.9
6879.7 6914.7 6910.4 6917.6
6879.4 6916.6
6879.1 6915.8




0006 A D | 0029A | 0030D | 0101 A | 0102A | 0104D A | 0109A | 0110D | 0113 A 0330 0331 D| 0509D
6878.4 6915.3
6914.3
6913.4
6877.4 6912.6
6877 6908
6876.8 6907.5
6876.2 6906.8
6875.4 6906.2
6875 6905.5
6874.8 6904.8
6873.5 63904
6872.3 6903.4
6872.1 6902.9
6872.2 6902.3
6865.9 6901.3
6868.3 6900.6
6870.3 6900.2
6870.2 6899.5
6869.5 6898.9
6869.1 6898.6
6869 6898
6868.7 6897.3
6868.1 6896.6
6867.5 6896.2
6895.7
6895.1
6890.1
6889.6
6889.2
6888.5
6888
6887.8
6887.2
6887
6886.6
6886.2
6885.7
6885.4
6884.84
6884.6

6884.2




514 AD| 0514 ‘0521 0524 0525 0624 0625 062‘0627 0631 0632 0634 0635 0637 ‘639 064
5876.1
6875
69258 | 6917.9
875.25 6936.9 .
3876.6 6930.5 6936.5
5876.1 | 6874.3
6876 | 68742 | 69314 6937.2
38750 | 6874.1
8750 | 6874.2 | 69322 6937
6876 6874
3875.7 | 6873.8 | 6930.8 6935.4 6961.684 | 6962.917
58751 | 6873.3 6962.8 6961.608 | 6962.992 | 6930.30 | 6954.10 | 6949.
8752 | 6873.4 | 69326 6936.9 6960.4 | 6962.033| 6930.20 | 6953.20 | 6948.
58749 | 6873.1 68590 | 68624 | 68551 | 6844.4 | 6862.1 | 68750 | 6960.7 | 6964.2 | 6927.90 | 6950.20 | 6947.
3874.8 6928.12 6860.1 | 6862.3 | 68552 | 68445 6962.3 | 6926.00 | 6949.00
3874.3 6926 68602 | 6862.3 | 68556 | 6844.8 6924.30 | 6947.90
3874 .4 6924.95 6860.65 | 68625 | 68559 | 6845 6960 6963 | 6923.15 | 6947.25
5874.7 6924.2 68605 | 6862.6 | 6856 | 68452 6960.3 | 6963.1 | 6922.40 | 6947.00
5874.5 6922.9 68605 | 6862.6 | 6856 | 68455 6961.4 | 6962.4 | 6921.00 | 6946.00
58742 6921.7 68611 | 6862.7 | 6856.1 6962.1 6962 | 6919.80 | 6945.40
3874.2 6920.3 6860.5 | 6862.6 | 6856.1 6846 69615 | 69612 | 6918.40 | 6944.70
58741 6919.1 6860.4 | 68625 | 68561 | 68462 6874.867| 69609 | 6961.35 | 6917.10 | 6944.10
5873.8 6917.7 68614 | 6855.8 | 68462 6965.3 | 6961.2 | 6916.00 | 6943.30
6845.8 6874.6
6874.3
6874.5
6860.4 6846 4 6874.2 6940.70
5873.1 6860.4 6846.8 6874 6940.30




5144 AD | 0514 0521 0524 0525 0624 0625 062 0627 0631 0632 0634 0635 0637 639 064
6872 . 6860.3 846.55 6871.8 39.60
6860.4 6846.4 6870.4 939.00
6859.7 6846.2 6871.1 6938.60
6859.8 6846.2 6870.4 6938.40
6860 6846.2 6869.9 6938.00
6860.1 6846.2 6869.9 6937.80
6859.2 6845.9 '6868.3 6937.40
6858.8 6845.6 6867.5 6937.00
6858.5 6845.4 6867.6 6936.80
6858.3 6845.1 6868.3 6936.70
6857.9 6844.9 6864.5 6936.50
6857.5 6844.6 6863 6936.40
6857.1 6844.4 6864.8 6936.10
6857.1 6844.3 6865.6 6936.00
6856.6 6843.8 6862.2 6935.70
6856.4 6843.6 6860.4 6934.60
6856 6843.4 6862.4 6935.60
6855.6 6843.2 6862.5 6935.30
6855.2 6842.9 6862.7 6935.10
6855 6842.9 6861.1 6935.50
6854.7 6842.6 6861.7
6854.4 6842.5 6860.9 6934.60
6854.4 6842 6860.3 6934.40
6853.8 6841.8 6860.3 6934.10
6853.6 6841.7 6859.1
6853.2 6841.5 6859.3
6852.9 6841.2 6858.8
6852.9 6841 6859.3
6852.6 6840.8 6858.6
6852.4 6840.5 6858.3
6852 6840.2 6858.8
6852.5 6840.2 6858.4
6852.4 6840 6858.1
6851.9 6840.2 6857.9
6851.7 6840 6858.1
6851.3 6839.8 6859
6851.2 6839.5 6857 .4
6851.1 6839.5 6857.3
6850.77 6839.22 6857.09
6851.8 6839.2 6858.1
6851.2 6839.1 6857.6




0648 0649’0650 0656 0663 0664 0801 oao' 0803 0804 0805 0806 0807 Booo1Qoooz B 00!
6944.2 1©941.507 | 6950.(
6947 256 | 6947.232 | 6957
6947.629 | 6949.412 | 6955.:
6946.498 | 6950.134 | 6951.
6944.911| 6962.72 | 6948.(
6943.303 | 6967.811 | 6946.2
6943.588 | 6968.076 | 6946.-
6944,
6944,
6946.
6945 .¢
6944
6942
6943 .(
6941
6941
6940
6939.2
6939.
69382
6937 ¢
6940.375| 6958.68 | 6937.;
934.50 | 6933.00 | 6932.00 | 69355 6937.4 | 6953.338| 6937
934.33 | 6932.93 | 6932.00 | 6934.633 6937 | 6953.067 | 6936.¢
932.70 | 6931.57 | 6930.77 | 69311 6936.9 | 6952.867| 6935

6930.10 6865.2 | 6838.2 6937.1 | 6952.65

6928.90 6865 | 6844.8
6928.05 6865.4 | 6845.65 6937.2 | 69525 | 6939
6927.50 6865.5 | 6844.9 6937.3 | 69524 | 6941
6926.70 6865.4 | 6847.1 69454 | 69522 | 6943
6924.60 6865.3 | 68452 6946.8 | 69521 | 6942
6924.10 6865.3 | 6847.3 69459 | 69521 | 6941
6923.00 6865.1 | 6847.3 69456 | 6951.9 | 6942
6921.50 6865.1 | 6847.1 69454 | 69518 | 694
6936
6935
68734 | 6874.8 | 68804 | 68745 | 6879.3 | 6879.8 | 6884.5




0648 0649, 0650 0656 0663 0664 0801 080 0803 0804 0805 0806 0807 B 000 0002 | B 00
' 6871.85 | 6877.85 | 6878.25 | 6883.45
6870.7 6877.2 6877.6 6882.9
6871 6877.1 6877.6 6882.7
6870.7 6876.6 6877 6882.1
6870.1 6876.2 6876.5 6881.6
6870.2 6876 6876.1 6881.4
6868.5 6872.9 6873.9 6880.5
6867.6 6872.4 6873.6 6879.7
6868.1 6872.5 6873.1 6879.4
6868.4 6873.2 6873.7 6879.4
6864.8 6869.2 6870.3 6877.7
6863 6867.6 6868.6 6876.5
6864 6869.9 6871.1 6877.4
6865.8 6870.5 6870.8 6877
6862.3 6866 6867.1 6874.9
6859.9 6865.7 6865.7 6871.7
6862.5 6867.8 6868.5 6874.9
6862.6 6869.1 6869.4 6874.9
6863 6868.6 6869.1 6874.4
6861.3 6866.6 6867.3 6873.7
6861.6 6867.4 6867.4 6874.6
6861.1 6866.4 6867 6873.3
6860.3 6863.7 6865 6872.4
6859.6 6865.8 6866.2 6872.4
6859.5 6865.6 6866 6871.8
6859.5 6865.4 6865.9 6871.9
6859.5 | 6865.65 6866 6871.9
6859.3 6865.9 6866.1 6871.6
6858.3 6865.5 6865.7 6870.9
6858.2 6865.4 6865.7 6871
6858.2 6865.2 6865.3 6870.7
6859 6864.8 6865 6870.4
6858.1 6864.7 6864.9 6870.3
6857.7 6864.3 6864.6 6870.1
6857 .4 6863.2 6864 6869.9
6857.6 6863.2 6864.1 6870
6857.34 | 6864.7 6865.2 6869.8
6857 .4 6864.6 6865.2 6869.9
6857.7 6864.1 6864.1 6869.3




Date 3 | EPA24 | EPA25 | EPA26 | EPA27 | EPA 28 GW 2 GW 3 GW 4 NP 01 NPO02 | S SP 1A

11/15/1979 6869.8 | 6874.3 6902.2

2/15/1980 6861.4 6870.1 6874 6901.3

6/15/1980 6867.56 | 6869.54 | 6869.675 | 6931.533

8/15/1980 6867.784 | 6869.831 | 6869.471 | 6931.207
11/15/1980 6868.014| 6870.15 | 6869.886 | 6931.887

2/15/1981 6868.871 6869.486| 6870 [6930.522

5/15/1981 6868.207 | 6870.414 | 6870.086 | 6931.186

8/15/1981 6868.257 | 6870.729| 6870.5 | 6931.621
10/20/1981 6868.44 | 6871.04 | 6870.54 | 6932.364

2/15/1982 6931.45

5/15/1982 _ 6931.833

7/15/1982 6869.9 6872.4 6870.6 | 6933.325
11/15/1982 '

1/15/1983 6871.3 6874.8 6873.1 6937.7

5/15/1983 6868.9 | 6873.8 6873.6 6938.1

7/15/1983 6871.7 6873.7 6873.6 6939.8
11/15/1983 6871.6 6873.4 6873.3 6938.6

1/15/1984

5/15/1984- 6871.3 6873.3 6873.3 6937.6 | 6957.25 | 6956.4 6961.35
7/15/1984 6871.2 6873.3 6873.1 6936.5 6957.1 | 6957.233 6961.2
11/15/1984 6871.1 6873.2 6873 6937.1 [ 6957.033| 6957.2 6961.2
1/15/1985 6871.2 6873 6873.1 6936.4 6956.7 | 6956.533 6960.3
5/15/1985 6871.2 6872.8 6872.8 6935.8 | 6956.733| 6956.85 6960.1
7/15/1985 6870.9 6872.7 6872.8 6934.7 | 6956.213 | 6956.543 6960.467
11/15/1985 6870.5 6872.1 6872.3 6935.8 | 6955.967| 6956.1 6960.5
1/15/1986 6870.4 6872.2 6872.3 69354 | 6955.167 | 6955.433 6959.667
5/15/1986 | 6901.9 | 6844.56 | 6861.2 6865.3 6865.1 6868.7 . 6929.6 | 6954.633| 6955.35 6959.3
7/15/1986 | 6869.9 6871.6 6871.7 6930.3
10/15/1986 6869.7 6871.1 6871.1 6928

1/15/1987 | 6901.1 6861.4 6861.3 6865.3 6865.2 6868.5 | 6869.85 | 6871.2 6870.5 6927

4/15/1987 | 6900.7 6861.2 6861.4 6866.1 6865.3 6869.1 6870.6 6871.4 6871.6 | 69254 6955.7 6955.4 6959.3
7/15/1987 6870 6871.6 6871.4 6924.7 6955.3 6956.7 6960.3
10/15/1987( 6900.3 6861.7 6861.8 6865.4 6865.3 6868.4 | 6869.93 | 6871.15 | 6871.3 6923.4 6955.4 6956.7 6960.5
1/15/1988" 6869.5 6871 6871.2 6922.3 6955

4/15/1988 | 6899.433| 6861 |6861.333| 6865.2 6865 | 6868.233| 6869.5 | 6870.95 | 6871.15 6921 .
7/15/1988 | 6897.9 6861.2 6865 6868.1 6869.4 | 6870.85 | 6870.95 | 6919.2 6954.5 6960.9
10/15/1988| 6898.4 6861.2 6864.8 6867.9 6869.2 6870.6 6870.7 6918.1

1/15/1989 | 6898.3 6861.5 6865 6868 6869 6870.4 | 6870.7 6917.4

4/15/1989 | 6897.7 6861.4 6864.9 6868 6869.3 6870.5 6870.8 6916.6

7/15/1989 | 6897.3 6861.3 6864.9 6867.9 6869 6870.3 6870.5 6915.6
10/15/1989| 6896.7 6861.1 6864.8 6867.7 6868.9 6870.1 6870.4 6915




Date 3 | EPA24 | EPA25 | EPA26 | EPA 27 | EPA 28 GW 2 GW 3 GW 4 NP 01 NP 02 SP 1A
1/15/1990 6861.45 6864.95 | 6867.6 6869.75 | 6870.15 | 6914.6
4/15/1990 | 6895.6 6861.2 6864.7 6867.3 66068.2 | 6869.4 6869.6 | 6913.6
7/15/1990 | 6894.7 6860.6 6864.1 6866.2 6867.2 | 6868.9 | 6869.2 6912.7
10/15/1990] 6894.5 6860.7 6864.2 6866.7 | 6867.6 | 6868.7 6869.1 6912.4
1/15/1991 | 6893.9 6861 6864.3 6866.7 | 6867.6 | 6868.9 | 6869.1 6912.4
4/115/199% | 6893.6 6860.8 6864.3 6866.7 | 6867.7 | ©6868.8 6869 6912.7
7/115/1991° [ 6892.9 6860.9 6863.8 6866.2 6866.8 | 68675 | 6867.8 | 69144
10/15/1991| 6892.4 6859.6 6859.6 | 6863.3 6865.4 6866.1 6866.8 | 6866.9 | 6913.8
1/15/1992 | 6891.7 6859.3 6863 6865.1 6865.9 | 6866.9 | 6867.2 6913.1
4/14/1992 | 6891.5 6859.2 6862.9 6865.3 6865.7 6867 6867.2 6912.2
7/14/1992 [ 6890.2 6858.5 6862.1 6864.4 6864.8 | 6865.2 | 68654 | 6911.5
10/14/1992| 6889.3 6858.1 6861.6 6863.2 6863.7 | 6864.1 6864.2 | 6910.9
1/14/1993'| 6889.2 6857.8 6861 6862.6 6863.4 | 6864.2 6864.3 | 6910.4
4/14/1993 | 6888.9 6857.7 6861 6863 6863.9 | 6864.7 6864.9 | 6910.3
7/14/1993 | 6887.5 6857 6860.4 6862.2 6862.7 6863 6863.4 | 6910.5
10/14/1993]| 6885.7 6855.1 6858.7 6859.6 6862.2 | 6862.6 6862.7 | 6910.6
1/15/1994 | 6886.7 6856.6 6859.7 6861.1 6861.8 | 6861.6 6862.7 | 6911.6
4/15/1994 | 6886.6 6856.3 6859.3 6860.9 | 68616 | 6862.3 6863 6911.7
7/15/1994 [ 6886 6855.8 6859 6860.5 | 6861.1 6861.6 | 6861.8 | 6910.8
10/15/1994| 68854 6855.7 6858.6 6860 6860.7 | 6861.2 6861.5 | 6910.7
1/15/1995 | 6885.3 6855.4 6858.2 6859.7 6860.5 | 6861.2 6861.5 | 6910.3
4/15/1995 | 6885 6855.2 6858.1 6859.7 6860.3 | 6861.7 6862.3 | 6910.4
7/15/1995 | 6884.1 6855.2 6857.8 6859.3 | 68599 | 68624 | 6860.8 | 6909.4
10/15/1995| 6883.8 6854.7 6857.4 6858.8 | 6859.3 | 68626 | 6860.2 | 6909.2
1/15/1996 | 6883.3 6854.3 6857.1 68584 | 68589 | 6859.6 | 6859.8 6909.2
4/14/1996 | 6883.1 6854 6856.8 6858 68586 | 68594 | 6859.8 6909.2
7/14/1996 | 6882.5 6853.7 6856.5 6857.8 | 68584 | 6859.1 6859.7 6908.6
10/14/1996( 6882.3 6853.6 6856.2 68576 | 68584 | 6859.3 | 6859.7 | 6908.5
1/14/1997 [ 6881.8 6853.3 6855.9 6857.4 | 6858.1 6858.9 | 6859.4 | 6908.6
4/14/1997 | 6883.2 6854.2 6855.9 6857.3 | 6858.3 | 6858.7 | 68593 | 6908.5
7/14/1997 | 6881.1 6852.9 6855.6 6857 6857.7 | 6858.6 | 6859.2 6908.8
10/14/1997]| 6880.4 6853 6855.6 6857.1 6857.8 | 68589 | 6859.4 | 6909.6
1/15/1998 | 6881.1 6852.8 6856 6857.2 6857.5 | 6858.5 | 6859.2 6910.5
4/15/1998.| 6880.4 6852.7 6855.4 6856.9 | 6857.5 | 68584 | 6859.1 6910.5
7/15/1998:| 6880.1 6852.6 6855.3 6856.7 | 6857.5 | 6858.6 6859 6910.3
10/15/1998( 6880.4 6853.2 6856.1 6858.4 6857 6860.3 | 6858.6 | 6910.2
1/15/1999 | 6880.1 6853 6855.5 | 6857.82 | 6856.9 | 6858.2 6858.5 6910
4/15/1999.( 6880 6852.7 6857.7 | 6856.8 | 6858.2 | 6858.5 | 69104
7/15/1999: | 6879.91 6852.68 6856.36 | 6857.06 | 6857.98 | 6858.34 | 6909.25
10/15/1999( 6880.1 6852.4 6857.3 | 6857.6 | 6859.3 6859.3 | 6909.9
1/15/2000 | 6879.6 6852.3 6856.8 6857 6858.7 | 6858.6
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’ 6951.327
695WP13 | 6939.927
20.7 6934.2 | 6923.94 | 6916.08 [ 6942.725| 6946.1 6923.425| 6944.95 | 6892.275 6946.086 | 6944.338
1.314 | 6933.114 | 6924.523 | 6920.171 | 6942.214 | 6945.886 6923.764 | 6944.171 | 6904.693 [ 6919.439 [ 6922.415 | 6894.138 | 6903.546 | 6895.9 | 6946.75 | 6945.617
2.20316931.013 | 6927.119 | 6923.884 | 6941.626 | 6945.48 | 6945.677 | 6924.488 | 6942.092 [ 6906.075 | 6920.193 | 6922.871 | 6895.129 | 6904.564 | 6897.036 | 6942.96 6942
2.173] 6931.117 | 6926.921 [ 6923.578 | 6940.39 | 6944.886 | 6945.126 | 6924.111 } 6940.045 [ 6906.208 | 6920.516 | 6922.535 | 6896.187 | 6904.794 | 6897.669 | 6940.269 | 6938.95 | 6¢
1.555 | 6929.744 | 6926.61 | 6923.461 | 6938.5 [ 6944.252 | 6944.443 | 6923.514 | 6939.297 | 6896.28 | 6920.167 | 6922.323 | 6896.839 | 6903.751 | 6896.835 [ 6939.259 | 6937.827 | 6
1.264 [ 6929.416 | 6927.1 | 6924.042 | 6937.084 [ 6943.884 | 6944.06 | 6923.705 | 6939.442 | 6901.467 | 6919.804 | 6922.883 | 6896.977 | 6901.277 | 6893.741 | 6939.273 | 6937.871| 6
'1.55 | 6929.85 | 6928.55 | 6924.647 6943.969 | 6944.017 | 6924.191 | 6939.971 [ 6904.6 |6920.107 [ 6923.311| 6897.02 | 6903.52 | 6895.61 | 6940.11 | 6938.33 | 6¢
2.233 | 6930.467 | 6932.233 6945.8 | 6945.667 | 6924.467 6920.492 | 6923.467 6942.633 | 6940.667 | ¢
'2.85 | 6931.75 | 6934.25 6949.2 [ 6949.25 | 6925.1 6907.5 [6920.775( 6923.95 6947.6 | 6944.533
3.867 | 6932.533 | 6933.95 | 6926.745 6950.521 | 6950.615 | 6926.367 | 6933.783 | 6907.5 | 6921.615)6925.033 | 6898.8 6905.7 6898.9 | 6956.028 | 6943.332| ¢
6935.1 [ 6927.508 6952.362 | 6952.358 6934.508 | 6909.2 6922.1 | 6927.843 | 6900.025 [ 6908.473 | 6900 | 6949.044 | 6943.637
25.7 6934.3 | 6936.123 | 6928.054 6952.95 | 6952.936 | 6928.9 |6934.743| 6912 6922.4 |6928.554 | 6900.94 [6909.353| 6902.7 | 6949.592| 6944.067 | ¢
26.9 6936.82 | 6928.07 6953.39 | 6953.33 6934.54 | 6911.9 6924.7 | 6928.908 | 6901.592 [ 6909.969 | 6902.667 | 6949.545 | 6943.927
327 6935.4 | 6936.688 | 6928.275 6954 6953.85 6930 6934.45 6912 6929.471| 6902.315] 6910.379 | 6902.7 | 6947.94 |6943.656| ¢
4.684 | 6935.988 | 6937.396 | 6929.33 6954.5 | 6954.418 [ 6928.587 | 6934.61 | 6913.283 | 6924.02 | 6929.887 | 6903.164 | 6910.828 | 6904.117 | 6947.433 | 6943.967
1.614 | 6935.58 | 6937.294 | 6929.789 6954.713 | 6954.625 | 6926.36 | 6934.162 [ 6912.685 | 6921.406 | 6928.362 | 6903.03 | 6910.587 | 6903.665 | 6948.444 | 6943.7 €
0.671 | 6935.386 | 6937.243 6925.779 6912.292 | 6920.362 | 6927.488 | 6902.865 | 6909.994 | 6905.615 | 6947.65 | 6943.15
20.1 | 6934.992 | 6936.55 | 6929.8 6953.8 6953.8 | 6925.183 ] 6932.8 |6911.992 | 6919.842 | 6927.164 | 6902.807 | 6910.557 | 6903.583 | 6947.1 | 6942.233| ¢
9.462 | 6888.808 | 6936.315 6926.285 6912.886 | 6919.2 | 6927.715| 6902.885 | 6911.515 | 6904.086 | 6946.133 | 6941.533
9.34 | 6934.64 | 6936.02 | 6928.8 6952.2 6952.4 6925 6931.1 | 6912.76 | 6918.86 | 6926.8 | 6902.95 | 6911.521 | 6904.24 | 6944.475[ 6940.6 €
9.933 | 6934.233 | 6935.533 6927.767 6912.267 | 6918.567.| 6926.362 | 6904.179 [ 6912.043 | 6903.967 | 6950.433| 6940
18.1 | 6933.767 | 6934.557 | 6929.608 6950.323 | 6950.531 | 6923.767 | 6929.115| 6911.9 6918.3 | 6925.721| 6902.7 [6911.136 | 6903.867 | 6950.862 | 6939.123 | ¢
18.5 6933.6 | 6934.371 | 6927.977 6949.869 | 6950.2 | 6924.233 | 6928.892 | 6912.667 | 6918.233 | 6926.1 | 6902.892 | 6912.092 | 6904.433 | 6948.464 | 6938.85
8.067 | 6933.533 | 6933.6 6927 6948.633 | 6948.833 | 6923.367 | 6927.267 | 6912.7 | 6918.767 | 6925.792 | 6902.985 | 6911.792 | 6904.267 | 6941.525| 6937.65 | ¢
7.467 | 6933.3 6934.1 | 6924.933 5614.867 | 6948.333 | 6922.333 | 6926.1 | 6911.533| 6918.6 | 6923.75 | 6902.583 | 6910.833 | 6904.1 | 6941.233 | 6936.667
6.867| 69319 | 6933.25 | 6927.45 6947.8 6948 [ 6921.167 | 6925.25 | 6910.267 6922.25 | 6902.5 | 6909.9 |6903.267| 6945.8 6935.8
15.2 6947.9 6919.5 6910.2 6920.6 6902 6908.9 6902.3
5.05 | 6931.2 6932.8 6928.7 6948.3 6948.5 6919 6924 6908.1 6919.7 6902 6908 6902.1 6943.7 6934.4
)14 6930.3 6931.3 6928.3 6949.1 6949.5 6918.7 6924.3 6907.4 6901.1 6907.3 6903.7 6951.5 [ 6934.05
13.5 6930 6930.8 6933.7 6948.4 6948.4 6917.5 6923.2 6906.6 6917.8 | 6900.7 | 6906.4 6901.4 6946.7 6933.8
134 6930 6930.1 6933.6 6948.1 6948.3 6915.8 6922.9 6905.5 6916.5 [ 6900.3 | 6905.4 | 6900.25 | 6943.3 6933.5
11.6 6929.5 6929.9 6933 6947.4 6947.6 6914.6 6922.2 6904.6 6915.6 6900 6904.6 6899.4 6938.2 6932.9
10.9 6928.7 6929.3 6932.2 6946.6 6947 .1 6913.6 6921.4 6903.2 6913.7 | 6989.9 6903.2 6898.1 6936.1 6932.3
310 6928.1 6928.6 6931.5 6946.3 6946.5 | 6912.55 | 6920.6 6902.5 6912.7 6898.6 [ 6902.5 6902.5 6941.1 6931.6
6912
6927.2 6910.8 6931
6926.7 6910.5 6931
6909.1
6906.8
6905.9
6904.2 6888.5
6903.2 6887.5




10D [ 0011 D |‘ D | 0013D | 0014D | 0036D | 0037D | 0106D | 010 0118 D 0121 0123 0125 0126 0127 0202
6902.3 6887.8
. 6902.4 6888.9
6903 6889.7
6901.9 6885
6901.3 6880.6
6899.3 6882.1
6899.5 6882.6
6877.1
6875.9
6877.4
6910
6873.9
6872.8
6910 6873.4
6910 6873.9
6910 6871.3
6910 6870.6
6869.9
6910 6869.2
6910 6869.9
6910 6866




122 0423 |‘4 0426 0427 0428 0429 0430 041‘ 0432 0433 0434 0436 0437 0438 ‘ 0440
6864.7
6860.7
86.7 | 6884.133 6924.9
7.658 | 6877.993 | 6867.45 | 6880.857 | 6879.628 | 6875.586 | 6872.7 | 6869.446 6886.960 | 6863.966 | 6880.031 | 6874.053 | 6869.527 6865.286 | 6¢
5.652 | 6868.082 | 6845.078 | 6871.049 | 6870.223 | 6866.826 | 6863.365 | 6861.465 6878.712 | 6849.433 | 6870.379 | 6863.465 | 6861.612 6858.65 | 6¢
814 | 6879.862 | 6884.54 | 6885.171 | 6881.786 | 6877.714 | 6872.343 | 6868.371 6891871 | 6887.58 | 6886 | 6873.786 | 6869.586 6863.571 | 6¢
881 6886 6890.2 | 6890.7 | 6887.9 | 6884.05 | 6879.4 | 6876.9 6896 6893.3 | 6891.6 | 6881 6877.1 6871.7 | ¢
B8.6 | 6896.6 | 6891.2 | 6891.3 | 68885 | 6884.8 | 6880.2 | 6876.6 6896.3 | 6893.8 | 6892.1 | 6881.6 | 6877.9 6872.5
91.2 6889 6893.8 | 6893.7 6891 6887.3 | 68825 | 6878.8 68985 | 6896.6 | 68945 | 6884 | 6871.9 6875 €
6895.4
943 | 6890.8 | 68954 | 68953 | 6892.7 | 6898.9 | 6884.3 | 6880.8 6900.4 | 6897.8 | 6896.1 | 6884.6 | 6881.9 6876.1 | €
6892.6 | 6896.8 | 6896.7 | 6893.2 | 6901.3 | 6886.1 6883 6897.175 6886.4 | 6883.9 | 6882.067
6902.2 | 6899.285 6882.008
046 | 6892.7 | 6896.8 | 68969 | 6894.3 | 6890.8 | 6886.2 | 6883.7 | 6879.8 | 6902 |6898.833| 6897.7 | 6887.8 | 6884.1 | 6879.583| 6880.7 | 6878.3 | ¢
6899.985 6882.777
958 | 6892.8 6898 6898.1 | 68955 | 68921 | 68876 | 68851 | 68811 | 6903.2 | 6900.04 | 6898.8 | 6888.9 | 68855 | 6883.08 | 6880.7 | 6879.3
' 6899.9 6883.167
948 | 6893.4 | 6897.2 | 68976 | 68949 | 6896.7 | 6887.4 6885 6881 6902.6 |6899.967 | 6898.3 | 6888.6 | 6885.4 |6883.133| 6881.5 | 67882 | ¢
6900.433 6883.833
942 | 6894.2 6898 6898 6895.6 | 6892.4 6888 6886.1 | 6881.7 | 6903.1 | 6900.8 | 6899 | 6889.2 | 6886.3 | 6884.133| 6882.4 | 67886 | ¢
6900.133 6884.467
6898.65 6883.2
6897.4 6882.6
6896.6 6881.8
6895.8 6881.3
6895 6880.8
6894 .2 6880.3
6893.3 6879.5
6892.2 6878.6
6890.8 6877.6
6890 6876.9




122

0423

0426

0427

0428

0429

0430

0433

0434

0436

0437

0438

0440

[

o4i 0432




0502 B

147 0449 'B 0503 B | 0504B | 0505B | 0505C oso‘osmc 0508 B | 0508 C | 0517 0518 0523 ‘ 0608
6883.813 | 6892.769 | 6891.25 | 6859.642 | 6915.475| 6913.3 | 6929.486 | 6929.392 | 6927.45 | 6930.375
6881.925 | 6892.75 | 6891.167 | 6861.767 | 6915.7 | 6916.625 | 6929.367 | 6929.333 | 6929.8 | 6929.6
6915.923 6928.6 6929.6 | 6908.500 | 6904.713
6883.5 6893.5 6916.373 6907.185 | 6904.733
6884 | 68941 | 6893.8 | 6866.5 | 6918.573 6909.071 | 6906.056
6898.4 | 68954 6871.3 | 6920.12 | 6920.7 | 6930.1 6911.875 | 6907.56
6886.9 | 6896.8 | 6896.3 6920.921 6913.622 | 6908.533
6886.9 | 6896.8 | 68963 | 6869.3 | 6921564 | 6923.3 | 6930.3 6913.763
6888.773 | 6898.18 | 6897.836 | 6870.855 | 6920.13 | 6924.688 6912.92 | 6908.85 6915633 | 6922.8 | ¢
6889.538 | 6898.046 | 6897.0 | 6871.423 | 6917.97 | 6924.171 6910.719| 6906.5 | 6922.9 €
6890.271 | 6897.993 | 6897.993 | 6871.754 | 6917.461 | 6923.454 6910.493 | 6906.3 | 6922.043 ¢
761 6882.975 | 6895.358 | 6892.55 | 6872.017 | 6917.193 | 6923.133 | 6931 6932.5 | 6933.4 | 6933.1 | 6910.725 | 6906.308 | 6921.333 B¢
6898.029 | 6898.357 | 6898.357 | 6872.629 | 6917.723 | 6923.7 6911.354 | 6906.6 | 6922.008 6¢
79.7 6891.3 | 6898.825 | 6898.38 | 6873.24 | 6917.54 | 6923.58 | 6931 6932.6 | 6933 6933 | 6910.46 | 6910.28 | 6922.14 B¢
6891.867 | 6898.467 | 6898.3 | 6873.267 | 6917.107 | 6923.1 6900.833 | 6906.267 | 6922.167 B¢
76.5 6892.233 | 6898.6 | 6898.267 | 6873.133 | 6916.65 | 6022.533 | 6929.6 | 6931.5 | 6932 6932 | 6909.567 | 6906.3 | 6920.667
6894.033 | 6899.05 | 6898.567 | 6873.767 | 6917.625 | 6923.033 6911 | 6907.133 | 6921.233 B¢
77.2 6892.7 | 6899 |6898.533| 6873.8 | 6917.215| 6922.0 | 6930.2 | 6932.5 | 6932.1 | 6932.2 | 6909.8 | 6906.867 | 6920.3 £
6892.833 | 6898.933 | 6898.733 | 6874 | 6915.858 | 6922.3 6909.533 | 6906.4 | 6919.4
6892.425 | 6899.533 | 6898.1 | 6873.966 | 6914.867 | 69200 | 6924.8 6927 1 6910 | 6905.933 | 6918.45 €
6892.4 | 6897.9 | 68989 | 68732 | 69129 6922.6 6924 .8 6908.9 | 6904.2 €
6892.8 | 6898.05 | 6898 | 6873.3 | 69124 | 69184 | 6921.8 6924 6904.1 | 6917.4 £
6910.4 | 6892.1 | 6897.2 | 6897.3 | 6872.7 | 69119 | 6917.7 | 6920.3 6922.6 6908.3 | 6903.2 | 69252 €
6892.1 6897 | 6897.1 | 68725 | 69105 | 6917.4 | 69195 6921.7 6907.4 | 6902.8 | 6918.2 €
6892.2 | 6896.433| 68966 | 6871.8 | 69105 | 69157 | 6919.4 6920.6 6905.7 | 6902.1 | 6917.7 €
6892.1 6896 | 6896.4 | 6871.7 | 6908.4 | 69155 | 6917.5 6919.7 6904.8 | 6901.7 | 6917.5
6891.05 | 6894.65 | 68954 | 6870.95 | 6907 | 6913.3 | 6916.4 6918.6 6903.65 | 6900.4 | 6917.7 €
6916.1 | 68911 | 6894.7 | 68951 | 68702 | 6906.6 | 6912.1 | 69152 6917.4 6902.6 | 6899.95 | 6917.4
6890.5 | 6894.1 6869.7 6901.6 | 6899.2
6890.1 | 68935 6869.3 69105 6901.3 | 6898.7 | 6917.4
6889.7 | 6893.1 6868.9 6900.7 6901.1 | 6898.4 | 6917.8
6889 | 6892.4 6868.1 6899.7 | 6897.2
6887.9 | 6888.1 6867.3 6893.2 | 6892.9
6885.3 | 6885.7 6865.9 6894.8 | 6890.2
6884.6 | 6883.9 6864.6 6892.6 | 6888.2
6883.3 | 6882.7 6863.5 6892.9 | 6886.8




u7 0449 B | 0502B [ 0503B | 0504B | 0505B | 0505C | 050 0507C | 0508B | 0508 C 0517 0518 0523 0608
3 6881.4 6862.7 6892.6 6885.6
1.4 6880.6 6862.7 6893.6 6885.1
6880.7 6880 6861.7 6894.5 6887.3
6879.9 6879.2 6860.7 6891.6 6885.6
6879.4 6878.1 6857.3 6887.6 6883.9
6878.8 6876.7 6855.4 6888.8 6884.1
6878.4 6875.7 6855.9 6888.8 6885.1
6877.9 6874.5 6855.8 6884.7 6881.6
6877.5 6873.1 6851.7 6882.6 6879.7
6877.1 6870.1 6849.9 6883.2 6882.5
6876.9 6870.2 6849.9 6884.2 6883.5
6876.2 6869.3 6848.4 6882.1 6879.8
6873.1 6865.4 6844.7 6880.1 6876
6874.9 6867.2 6847 . 6880 6880.4 6882.9
6874.9 6867.2 6846.5 6879.7 6881.3 6883
6874.9 6867.2 6846.3 6878.6 6881.3 6882.7
6874.2 6867.2 6846.3 6878 6881.4 6882.2
6866.5 6844.8 6877.2 6880.9 6882.1
6873.6 6866.4 6845 6876.8 6880.9 6882.1
6873.9 6866.1 6845.1 6875.9 6880.3 6882
6873.9 6866.1 68441 6875.1 6880.2 6881.8
6866.1 6843.3 6874.4 6880.1 6881.7
6865.7 6843.1 6874 6880.2 6881.7
6865.4 6842.7 6873.8 6879.5 6881.9
6865.5 6842.2 6873.6 6879.2 6881.2
6865.7 6843.9 6873.5 6879.7 6881.4
6864.8 6842.1 6873.3 6878.8 6881
6864.4 6841.3 6872.7 6878.4 6880.9
6865 6841.7 6872.6 6878.4 6880.9
6864.2 6841.2 6872.4 6878.3 6880
6864.3 6841 6872.5 6878.3 6881.3
6864.9 6841 6872.4 6877.9 6879.4
6865.1 6841.2 6872.2 6877.8 6879.4
6863.9 6841 6871.8 | 6877.76 6879.5
6864 6841.2 6870.9 | 6877.86 6879.5
6863.3 6840.81 6871.32 | 6877.28 6878.7
6863.7 6841.4 6869.1 | 6877.26 6879.3
6863.9 6841.5 6870.8 | 6877.36 6881




0703 07‘ 0712 0713 0714 0715 EPA 01 | EPA O3 éﬁ EPA09 | EPA10 | EPA11 | EPA12 | EPA13 | EPA 1“A 15 | EPA 1T
6900.9 6915.1 6844.9 6859.7 6868.4 6899.5 6884.7
6868.4

6806.2 6900.5 6915.1 6911.3 6843.8 6859.4 6868.6 6882.9 6904.5 6897.5
6805.6 6899.8 6914.8 6911.2 6843.8 6858.9 6868.4 6882.8 6904.6 6897 6885.7
6805.4 6899.2 6914 6811.1 6841.8 6858.3 6868.1 6882.7 6902.5 6895.8 6886.1
6805.067 | 6897.933 | 6913.7 6911.1 6840.8 6856.8 | 6867.367 | 6882.267 | 6899.9 | 6923.767 | 6886.0¢

) 6882.1 6899.1 6893.2
6804.7 6897 6910.9 6856 6866.7 6881.9 6898.3 6892.7 6886.7
6804.4 6896.8 6911 6855.4 6866.4 6881.9 6897.7 6892.2 6886.¢
6804.3 | 6896.1 6910.9 6854.9 6866.1 6881.5 6896.7 6891.2 6886.7
6804.3 6895.6 6911 6854.6 6865.9 6881.3 6895.9 6890.2 6886.¢
6804.5 6894.9 6911.2 6854.2 [ 6865.8 6880.4 6891.1 6883.5 6887
6804.2 6892.8 6911.2 6853 6864.8 6878.5 6889.5 6881.5 6886.:
6803.8 6891.7 6911.1 6852 6863.9 6877.7 6888.2 6880.3 6886.2
6803.1 6890.5 6910.8 6850.9 6862.8 6876.8 6886.6 6879.1 6886




0703 07 0712 0713 0714 0715 EPA 01 | EPA O3 06 | EPA09 | EPA10 | EPA11 | EPA12 | EPA13 | EPA1 A15 | EPA1T
' 6802.9 6889.5 6910.9 6862.2 6876.1 6886. 79.8 6885.¢
6802.3 6888.8 6910.7 6861.4 6875.2 6886.5 878.8 6885.¢
. 6802.2 6888.3 6910.9 6861 6874.8 6886.9 6879.2 6885.¢
6801.8 6887.7 6910.7 6860.4 6876.3 6883.9 6876 6885.1
6801.4 6887 6910.8 6859.7 6876.1 6875.1 6871.1 6885
6801 6886.1 6911.6 6858.4 | 6875.52 | 6880.2 6873.5 6884.7
6800.5 6887.3 6910.6 6857.5 | 6875.22 | 6880.2 6873.8 6884.
6799.1 6909.7 6856 6874 6870.3 | 6866.9 6884.«
6798.6 6909.7 6873.5 6870.6 6866.2 6884.:
6798.1 6909.5 6873 6875.3 6869
6797.9 6909.6 6840.7 6872 6872.2 6869.4 6912.¢
6797.5 6909.8 6840.9 6872.1 6866.9 6864.6 6883.€
6796.3 6907 6843.2 6869.8 6865.6 6860.7 6884.2
6888.4 6865.8 6858.1 6855.2 6871.7 6882.2 6796.9 6908 6871.6 6871 6864.2
6890 6865.7 6858.7 6855.9 6880.5 6873.5 6796.5 6908.7 6841.2 6871.6 6868.4 6863.9 6883.
6890.6 6865.4 6857.6 6879.1 6870.3 6797.4 6909.5 6841.2 6871.6 6866.1 6862.2 6883.2
6890.7 6865.3 6857.5 6878.3 6870 6795.9 6908.4 6841.1 6870.4 6866.1 6861.6 6883
6890.7 6864.3 6856.9 6879 | 6870.6 6795.6 6908.2 6869.9 6867.8 6861.7
6890.9 6864 | 6856.6 6877.7 6870.3 6795.9 6908.6 6840 6870.2 6867.6 6861.9 6883.2
6891 6863.4 6856 6876.7 6867.8 6795.3 6907.9 6840 6869.4 6863.4 6860.3 6883.1
6891 6863.1 6855.8 6876.1 6867 6795.2 6908 6840 6869.3 6863.6 6859.7 6883
6890.8 6862.3 6854.9 6875.2 6874.6 6794.9 6907.6 6868.9 6861.8 6858.5
6890.9 6862.1 6854.9 6874.7 6865.5 6794.8 6907.6 6867.3 6861.2
6890.7 6861.5 6854.5 6874.6 6865.3 6794.7 6907.4 6868.7 6861 6860.9
6890.7 6861.1 6854.2 6873.2 6863.9 6794.5 6907.4 6868.5 6861.1 0
6890.9 6861.1 6854.4 6872.9 6864.3 6794.5 6912.3 6868.2 6861.6 6860.9
6890.6 6860.5 6853.9 6872.4 6863.2 6801.2 6907.2 6868 6861.9 6856.4
6890.6 6860 6853.7 6871.9 6861.8 6801 6906.8 6868 6858.5
6890.5 6859.8 6853.7 6871.4 6862.9 6794.8 6906.7 6867.5 6859.1
6890.7 6859.8 6853.4 6871.9 6862.1 6794.2 6907.1 6867.8 6863.5
6890.6 6859.6 6853.1 6871.6 6861 6793.3 6906.8 6867.6 6858
6890.7 6859.4 6852.9 6871.4 6860.6 6794.2 6906.6 6867.4 6857.4
6890.7 6859.3 6852.9 6871.2 6860.8 6792.9 6907.9 6868.5 6861.2
6890.6 6859 6852.9 6870.7 6859.7 6797.3 6917.5 6868.2 6858.1
6890.8 6859.1 6852.9 6870.9 6860.2 6907.8 6868.1 6857.8
6890.5 6858.5 6852.5 6870 6858 _ 6907.51 6868.02 | 6857.41
6880.5 6858.3 6852.6 6870 6857.9 6907.4 6867.9 6857.4
6890.5 6858.9 6852.7 6863.5 6859 6907.8 6868.4 6857.1




24 0446 B 0517 0613 0701 0702 0703 070 0706 0707 0708 0708 0710 0711 0713 0
.23 | 6836.4 6871.6 6884.6 6880.2 6894.1 862.3 6855.6 6858.8 | 6863.55 | 6 6861 6¢
.23 | 6840.1 3 6871.3 6883.7 6879.9 6894.2 6862.3 6856.1 6858.7 6863.5 683% 6860.9 6t
}.23 | 6840.85 | 68414 | 6871.55 | . 6885 6879.6 6894.1 6862.4 | 6857.05 6858.9 | 6863.65 | 6852.8 6861 6t
.38 | 6841.3 | 6841.8 | 6871.75 | 6883.5 6879.5 | 6894.05 6862.4 | 6857.55 | 6863.85 6859.1 | 6863.85 6853 6861.1 6¢
}.15 6841.8 | 6871.75 | 6883.65 | 6879.5 6893.8 6862.35 | 6857.75 | 6864.2 6859.2 | 6863.85 | 6853.2 6860.9 6¢
33 6841 6841.7 | 6871.45 | 6883.5 6879.4 | 6893.75 6862.25 | 6857.6 6863.9 6859 6863.5 6853 6860.7 6¢
3.2 6841.3 | 6841.85 | 6871.45 | 6883.5 6879.7 6893.8 6862.35 | 6857.95 | 6864.25 6859.15 | 6863.65 | 6853.2 | 6861.05 | 6¢
29 | 684145 | 68416 | 6871.35 | 6883.45 | 6879.5 6893.7 6862.5 6857.9 6864.4 6859 6863.75 | 6853.3 6860.9 €
1,75 | 6841.47 | 6841.855| 68714 6883.4 | 6879.05 | 6893.95 6862.2 6857.7 6864.3 6859.15 | 6863.55 [ 6853.4 6861 6¢
1.35 | 6841.3 |6841.755| 6871.45 | 6883.23 | 6878.8 6893.7 6862.1 6857.4 6864.1 6859 6863.46 | 6853.05 | 6860.75 | 6¢
2.2 | 6842.05 | 6841.662| 6871.2 6883.3 6878.5 6893.7 6861.95 | 6857.35 | 6863.93 6859 6863.49 | 6853.2 | 6860.85 | 68
6841.485| 6870.77 | 6882.69 6863.61 6863.1
|.78 | 6841.56 | 6841.677 | 6870.68 | 6882.54 | 6878.08 | 6893.55 6861.67 | 6857.04 | 6863.88 6858.9 | 6863.46 | 6852.92 | 6860.81 | 68
.13 | 6841.51 | 6841.37 | 6870.55 | 6882.75 | 6878.75 | 6892.35 6861.27 | 6856.51 | 6863.48 6858.57 | 6863.13 | 6852.65 | 6860.48 | 68
).78 | 6840.71 | 6841.1 | 6870.44 | 6882.97 | 6877.71 | 6893.35 6861.17 | 6856.28 | 6851.39 6858.62 | 6863.08 | 6852.57 | 6860.33 | 68
.38 | 6841.71 | 6840.977 | 6870.25 | 6882.61 | 6877.78 | 6893.32 6861.1 | 6856.06 | 6863.13 6858.42 | 6862.83 | 6852.46 | 6860.38 | 68
).71 | 6840.83 | 6840.873 | 6870.23 | 6882.66 | 6877.42 | 6893.15 6860.82 | 6855.77 | 6863.37 6858.47 | 6862.97 | 6852.47 | 6860.28 | 68
9.5 | 6840.94 | 6841.027 | 6869.94 | 6882.67 | 6877.44 | 6893.08 6860.76 | 6855.36 | 6863.06 6858.19 | 6862.93 | 6852.3 | 6860.28 | 68
.01 | 6840.91 | 6840.525| 6870.03 | 6882.21 | 6877.31 | 6893.19 | 6889.87 6860.57 | 6855.31 | 6863.04 6858.42 | 6862.94 | 6852.59 | 6860.43 | 68
}.31 | 6840.62 | 6840.513 | 6869.86 | 6882.66 | 6877.3 6893.1 6860.32 | 6854.73 6863 6858.29 | 6863.14 | 6852.17 | 6860.22 | 68
.348 | 6840.98 | 6840.09 | 6869.62 | 6881.78 | 6877.03 | 6892.95 6866.578 | 6860.033 | 6854.077 | 6862.37 | 6851.793 | 6857.716 | 6862.81 | 6850.9 | 6859.664 | 68¢
.5653 | 6839.56 | 6839.687 | 6869.32 | 6882.27 | 6876.93 | 6892.95 6860.023 | 6853.21 | 6862.177 | 6850.815 | 6857.377 | 6862.6 | 6849.94 | 6859.653 | 68¢
.113| 6839.01 | 6839.55 | 6869.52 | 6882.39 | 6876.84 | 6892.95 6859.88 | 6852.93 | 6862.157 | 6850.415 | 6857.113 | 6862.66 | 6849.287 | 6859.483 | 68
.02 | 6839.16 | 6838.98 | 6869.38 | 6882.16 | 6876.8 | 6892.88 6860.26 | 6852.86 | 6861.91 6857.04 | 6862.43 | 6849.02 | 6859.65 | 68
».39 | 6838.51 | 6838.71 | 6869.43 | 6882.14 | 6876.59 | 6892.77 6859.82 | 6852.24 | 6861.9 6856.78 | 6862.4 | 6848.53 | 6859.17 | 68
4.9 | 6837.96 | 6838.23 | 6869.04 | 6882.19 | 6876.54 | 6892.85 6859.87 | 6852.06 | 6861.66 6856.42 | 6862.34 | 6848.44 | 6859.23 | 6¢
.45 | 6837.86 | 6837.89 6882.14 | 6876.33 | 6892.65 6859.77 | 6851.78 | 6861.45 6856.32 | 6862.28 | 6848.27 | 6859.18 | 68
.73 | 6837.51 | 6837.51 6882.04 | 6876.81 | 6892.63 6859.49 | 6851.21 | 6861.3 6856.15 | 6862.15 | 6847.87 | 6858.88 | 68
3.31 | 6837.41 | 6836.83 | 6869.18 | 6882.04 | 6877.08 | 6892.56 6859.56 | 6851.21 | 6861.13 6855.8 | 6862.14 | 6847.77 | 6858.86 | 68
1.83 | 6836.81 | 6836.81 | 6869.02 | 6882.04 | 6877.07 | 6892.6 6859.37 | 6850.86 | 6860.73 6855.69 | 6861.85 | 6847.97 | 6858.88 | 68
248 | 6836.69 | 6836.233 | 6868.92 | 6881.72 | 6877.03 | 6892.49 6859.31 | 6850.51 | 6860.48 6855.6 | 6861.68 | 6847.93 | 6858.83 | 68
.95 | 6837.55 | 6835.95 | 6869.25 | 6882.4 | 6877.15 | 6892.55 6859.2 | 6850.25 | 6860.6 6855.7 | 6862.05 | 6848.7 6859 6¢
.61 | 6837.21 | 6835.96 | 6868.97 | 6881.94 | 6877.81 | 6892.35 | 6889.24 6858.97 | 6849.93 | 6860.28 6855.42 | 6861.5 | 6848.73 | 6858.67 | 68
.13 | 6836.31 | 6835.41 | 6868.62 | 6881.79 | 6878.68 | 6892.6 | 6889.12 6859.27 | 6849.86 | 6859.98 6855.27 | 6861.125| 6848.77 | 6858.63 | 68
).68 | 6837.21 | 6835.11 | 6869.02 | 6881.74 | 6878.18 | 6892.25 | 6889.14 6858.81 | 6849.4 | 6859.84 | 6848.19 | 6855.24 | 6861.075| 6848.67 | 6858.48 | 68
).92 | 6836.71 | 6834.86 | 6868.49 | 6881.79 | 6877.88 | 6892.1 6858.57 | 6849.06 | 6859.18 6854.71 | 6860.675| 6848.71 | 6858.09 | 68
).72 | 6837.26 | 6834.86 | 6868.84 | 6881.84 | 6877.78 | 6892.2 | 6889.07 6858.77 | 6849.36 | 6859.33 6854.91 | 6861.3 | 6848.36 | 6858.39 | 68
).32 | 6836.91 | 6834.51 | 6868.49 | 6881.99 | 6877.48 | 6892.05 | 6888.97 6858.72 | 6848.76 | 6858.98 6854.46 | 6861.2 | 6847.41 | 6857.89 | 68
).02 | 6836.81 | 6834.36 | 6868.69 | 6881.74 | 6877.33 6892 6888.92 6858.72 | 6848.71 | 6859.08 | 6847.24 | 6854.41 | 6861.3 | 6847.06 | 6857.84 | 68
'3.87 | 6837.46 | 6834.41 | 6868.29 | 6881.79 | 6877.28 | 6891.95 6858.92 | 6848.46 | 6858.48 6853.96 | 6860.325| 6846.86 | 6857.79 | 68
3.52 | 6838.21 | 6833.66 | 6868.44 | 6881.89 | 6876.93 | 6892.1 6858.72 | 6848.21 | 6858.53 6853.91 | 6860.525| 6846.46 | 6857.69 | 68
.37 | 6835.91 | 6833.21 | 6868.09 | 6881.79 | 6876.93 | 6891.9 6858.47 | 6847.86 | 6858.18 6853.61 | 6860.225 | 6846.26 | 6857.54 | 68
.17 | 6836.41 | 6833.41 | 6868.24 | 6881.84 | 6876.88 | 6891.9 | 6888.82 6858.62 | 6847.51 | 6858.38 | 6846.29 | 6853.46 | 6860.475| 6845.56 | 6857.29 | 68
.87 | 6837.63 6868.043 | 6881.44 | 6876.78 | 6891.77 . 6858.34 | 6847.45 | 6857.801 6853.49 | 6860.75 | 6845.87 | 6857.19 | 68
.66 | 6836.88 6868.083 | 6881.59 | 6876.85 | 6891.7 6858.32 | 6847.35 | 6857.631 6853.36 | 6860.6 | 6846.11 | 6857.39 | 68
.82 | 6836.55 6867.593 [ 6881.59 | 6876.8 6891.7 6858.12 | 6846.9 | 6857.431 6852.96 | 6860.4 | 6845.84 | 6857.19 | 68
973 | 6836.7 6867.763 | 6881.58 | 6876.48 | 6891.65 | 6888.42 6857.659 | 6846.81 | 6857.421 | 6844.966 | 6852.803 | 6860.57 | 6845.755 | 6856.958

68!



20 EPA 09 3 | EPA14 IW-A . [ MW-2 MW-3 Mw-+4 MW- MW-6 MW-7 NBL-01 | NBL-02 NW-1 NW-2 NW-4 N
6907.9 6857.4
6907.8 N 6859.3
6907.8 6868.1 6861
6907.85 | 6868.1 6860.5
6907.6 6867.9 6860.7
6907.5 6867.6 6860.4 6823.168
6907.7 6867.8 | 6860.35 6822.958
6907.7 6867.9 6860.2 6822.768
6907.25 | 6867.67 | 68604 6822.888
6907.03 | 6867.63 | 6859.8 6822.713
6906.96 | 6867.52 | 6859.4 6822.578
6867.41 | 6858.66 6822.563
6906.81 | 6867.62 | 6858.37 6822.305
6906.77 | 6867.52 | 6858.13 6822.021
6906.73 | 6867.48 | 6857.56 6821.875
6906.62 | 6867.57 | 6857.21 6821.571
6906.66 | 6867.54 | 6856.84 6821.435
6906.66 | 6867.45 | 6856.29 6821.028
6907.15 | 6867.36 | 6856.01 6820.798
6906.99 | 6867.57 | 6856.11 6820.501
.862 [ 6907.01 | 6866.307 | 6854.28 6845.587 | 6832.52 | 6825.251 | 6822.826 6819.92
415 | 6907.01 | 6874.64 | 6853.63 6844.23 | 6830.607 | 6823.43 | 6820.571 6818.695
1.96 | 6907.16 | 6866.417 | 6853.076 6843.335 | 6829.995 | 6822.48 | 6819.575 6817.829
6906.83 | 6867.28 | 6852.62 6842.62 | 6829.36 | 6821.86 | 6819.41 6816.878
6906.91 | 6867.08 | 6853.48 6816.078
6906.11 | 6867.12 | 6851.96 6815.408
6906.86 | 6866.95 | 6851.39 6814.988
6906.51 | 6866.72 | 6850.61 6814.308
6906.79 | 6866.7 | 6850.35 6813.788
6906.86 | 6866.62 | 6849.86 6813.258
6906.46 | 6866.42 | 6849.38 6812.611
6906.75 | 6866.5 | 6848.85 6811.891 | 6819.903
6906.46 | 6866.37 | 6848.61 6811.575| 6819.913
6906.46 | 6866.37 | 6848.11 6810.715| 6819.353
3.71 | 6906.46 | 6866.23 | 6847.51 6841.24 | 6823.81 | 6819.04 | 6813.74 6810.159 | 6818.923
6907.21 | 6864.81 | 6847.61 6813.51 6809.149 | 6818.393 | 6800.88 | 6804.995 | 6808.072 | 6804.816 | 68(
6906.36 { 6865.01 | 6847.36 6808.564 | 6817.95 | 6799.141 | 6803.936 [ 6807.301 | 6806.022 | 68(
6906.36 | 6864.76 | 6847.16 6807.935| 6817.46 | 6798.645 | 6803.296 | 6806.467 | 6805.161 | 68(
.13 | 6906.51 | 6864.96 | 6846.61 6839.74 | 6822.71 | 6819.01 | 6812.01 6807.417 | 6817.286 | 6799.221 | 6802.062 | 6806.192 | 6803.394 | 68(
6906.16 | 6864.51 | 6846.66 ' 6807.13 [ 6817.073 | 6799.5 | 6802.769 | 6806.519 | 6795.297 | 68(
6906.36 | 6864.66 | 6846.31 6807.055| 6816.36 | 6797.456 | 6802.052 | 6806.43 | 6794.737 | 68
6906.26 | 6864.46 | 6845.71 | 6802.597 6810.81 | 6802.698 | 6804.55 | 6806.625 | 6816.203 | 6798.552 | 6803.084 | 6805.873 | 6799.293 { 68(
.78 | 6906.56 | 6864.76 | 6846.11 6838.49 | 6821.46 | 6821.01 | 6809.71 6806.42 | 6816.025| 6807.32 | 6801.85 | 6805.875| 6800.61 | 68
6906.49 | 6864.227 | 6845.61 6806.108 | 6815.46 | 6797.36 | 6802.6 | 6804.94 | 6789.76 | 68
6906.2 | 6864.157 | 6845.41 6805.908 | 6815.21 | 6796.46 | 6800.67 | 6805.14 | 6791.85 | 68
6906.2 | 6864.157 | 6845.03 : 6801.44 | 6802.12 | 6805.428 | 6814.61 | 6798.11 | 6800.9 | 6804.79 | 6798.66 | 68
.181 | 6906.412 | 6863.297 | 6844.71 6837.29 | 6819.36 6809.36 | 6801.57 | 6802.03 | 6805.158 | 6814.36 | 6801.36 | 6801.2 | 6804.19 | 6801.01 | 68




DATE

PB-04

RW-11

RW-12

RW-13

RW-16

RW-17

RW-A

Z3 M-01

Z3 M-02

4/15/2000

7/15/2000

me-w

10/15/2000

1/15/2001

4/15/2001

7/15/2001

10/15/2001

1115/2002

4/15/2002

7/15/2002

6823.99

10/15/2002

6823.893

1/15/2003

6823.815

4/15/2003

6823.505

7/15/2003

6823.327

10/15/2003

6823.075

1/15/2004

6822.643

4/15/2004

6822.733

7/15/2004

6822.377

10/15/2004

6822.19

6928.13

6932.34

1/15/2005

6821.85

4/15/2005

6821.246

6820.413

6826.137

6822.583

6827.25

6841.668

6846.16

6844.526

7/15/2005

6819.918

6826.135

6843.13

10/15/2005

6818.257

6810.23

6819.34

6825.2

6850.16

6828.73

6837.08

1/15/2006

6817.33

6810.43

6815.57

6822.727

6849.87

6828.18

6836.05

4/15/2006

6819.296

6828.2

7/15/2006

10/15/2006

1/15/2007

6810.23

6827.313

6836.363

4/15/2007

7/15/2007

10/15/2007

6813.323

6842.95

1/15/2008

6815.387

6811.7

6812.795

4/15/2008

6812.813

6842

6812.557

6927.99

6931.97

7/15/2008

6811.7

6810.697

6928.89

6931.81

10/15/2008

6811.207

6823.59

6817.01

6793.77

6840.78

6844.78

6815.797

6928.84

6931.83

1/15/2009

6810.487

6845.05

6818.467

4/15/2009

6809.815

6817.767

6928.49

6932.01

7/15/2009

6809.586

6816.663

6928.39

6931.86

10/15/2009

6808.693

6818.18

6844.22

6831.28

6834.88

6808.03

6928.19

6931.86

1/15/2010

6808.306

6807.963

4/15/2010

6808.082

6807.057

7/15/2010

6807.815

6800.847

10/15/2010

6805.54

6815.23

6817.81

6823.67

6827.23

6835.38

6812.245

6928.34

6931.81

1/15/2011

6807.78

4/15/2011

6806.56

6818.03

7/15/2011

6806.18

6810.83

10/15/2011

6806.04

6822.68

6830.43

6835.28

6809.74

6928.04

6931.46




’, 6888.433 | 6891.725| 6879.15 | 6879.775 | 6927.767 ‘1 716904.967 | 6912.7 .
6 46 | 6890.879 | 6895.25 | 6879.879 | 6881.264 | 6933.854 | 6923 | 6905.123 | 6913.143 | 6867.558
6906.319 | 6895.036 | 6896.893 | 6882.386 | 6883.043 | 6935.714 | 6926.836 | 6907.471 | 6915.367 | 6869.438 6765.7 | 6756.867 | 6755.05
6909.925 | 6896.012| 6897.8 6883.5 | 6884.287 | 6936.329 | 6927.237 | 6907.943 | 6915.83 | 6871.018 6763.825 | 6757.677 | 6755.404
6913.787 | 6897.114 | 6898.3 | 6884.28 6885 | 6936.607 | 6927.533| 6908.5 | 6915.015{ 6872.567 6753.28 | 6757.925{ 6756.731 | |
6916.586 | 6898.214 | 6899.429 | 6884.85 | 6885.629 | 6936.979 | 6927.814 | 6909.5 |6915.446| 6874.95 6735.785 | 6758.138 | 6756.969 | |
6918.3 | 6898.98 | 6900.98 | 6885.16 | 6885.98 | 6937.3 | 6928.04 | 6910.54 | 6916.054 | 6876.9 6753.5 | 6757.75 | 6754.7
6921.5 6917 | 6878.623 6759.2
6901.9 6903 6916.4 | 6879.643
6913.8 6923.2 6894.3 6902.6 6885.8 6886.7 6938.4 6928.7 6914.8 | 6917.833 | 6880.938 6760.4 6758.5
6881.8
6917.9 6925.3 6907.2 6897.1 6884.1 6884.7 6939.4 6929.3 6917.8 6920.1 | 6884.65 | 6870.1 6767.7 6761.7 6759.9
' 6885.6 6876.4
6920.7 6926.2 6906.4 6896.3 6883.3 6884.5 6940.4 6929.6 6920.3 6886.7 6879.6 6768.4 6762.5 6761
6887.337 | 6881.511
6920.7 6927.7 6904.8 6894.6 6882.5 6883.5 6930.3 6922.6 | 6883.811| 6883.18
6882.657 | 6884.586
6927.7 6894.5 6894.3 6883.2 6941.4 6930.7 6922.2 6921.2 | 6882.642 | 6885.567| 6770.5 6764.6 6762.6
6885.064 | 6886.185
6924 6928.2 6893.7 6893.5 6884.4 6882.9 6941.9 6931.3 6923.4 6921.1 | 6885.04 | 6886.72 | 6770.9 6765.3 6763.7
' 6883.733| 6887
6924.2 6928.1 6892.5 6892.3 6882 6883.4 6942.4 6932.2 6924.2 6919.6 | 6883.533| 6887.1 6771.6 6765.3 6764
6884.6 | 6887.733
6925 6928.4 6892 6892 6881.5 6882 6943.1 6932 6930 6920.1 6885.2 | 6887.833| 6773.2 6765.5 6763.6
6885 | 6887.033
6928.1 6881.6 6933.1 6885.5 6886.3 6772.3 6766.7 6764.8
6928.2 6881.2 6933.9 6883.7 6885.9 6772.4 6766.9 6764.8
6928.4 6881.1 6935.1 6882.55 | 6885.3 67726 | 6767.85 | 6765.2
6928.1 6881.1 6935.6 6881.4 6884.1 6772.6 6767.2 6765.4
6927.9 6880.9 6936.2 6880.1 6883.1 6772.7 6767 6765.1
6928.1 6880.7 6936.7 6879.7 6882.6 6772.7 6766.9 6765
6928.1 6880.6 6936.9 6879 6882.6 6773.5 6767.2 6765.3
6928 6880.5 6936.8 6878.9 6881.9 6773.1 6767 6765.1
6928 6880.2 6937 6878 6882 67731 6766.8 6765
6928 6879.6 6937.2 6765.4
6928 6879.7 6937.3 6765.2
6879.4 6765.1
6879.1 6765.5
6878.4 6765.2




6765.2
0 ‘ ‘ 6764.9
68774 6764.9
6877 6764.9
68768 6764.9
68762 - 6764.6
68754 6766.7
6875 1 67708
6874.8 67721
68735 6772.8
68723 6774.2
6872.1 . 6775.1
6872.2 67759
6865.9 67765
68683 6776.8
68703 6775.7
68702 ' 6778.3
68695 | 67787
6869.1 6779.2
6869 6779.6
6868.7 6780.1
6868.1 67803
68675 6780.5
6781

6781.3

67815

6781.6

6782.3

6782.3

6782.2

67825

6782.9

6783.2

6783.2

6783.2

67836

6782.9
678354

6783.3

67805




6895.58

694801
6‘!7 6901.797 ‘
6895.622 | 69949 | 6910.972
'5 | 6904.482 | 6917.84 | 6920.221| 6930.2 | 6920.9 | 6860.65 6939.773 | 6940.761 | 6935.787 6940.723
13| 6907.917 | 6920.334 | 6920.586 | 6923.1 | 6923.024 | 6863.745 6937.614 | 6938.505 | 6934.465 6938.506 | 6796.29 | 6813.13
14| 6909.673 | 6915.355 | 6919.995 | 6922.8 | 6922.994 | 6865.618 6937.206 | 6938.181 | 6934.398 6938.038 | 6795.083 | 6822.495
5] 6910.612 | 6913.035 | 6921.282 6923.596 | 6868.28 6937.6_| 6938.66 | 6933.044 6938.336 | 6795.867 | 6829.329
2 6911.978 | 6918.93 | 6923.94 | 6925.75 | 6924.979 | 6870.774 6937.483 | 6939.75 | 6929.65 6939.206 | 6796.471 | 6822.257
6913.783 | 6924.783 | 6926.633 | 6926.817 | 6926.55 | 6874.683 6919.367 | 6940.467 | 6925.6 6944.4 | 6801.3 | 6814.5
6915.027 | 6926.525 | 6927.955 | 6927.625 | 6927.93 | 6878.175 6920.15 | 69425 | 6925.3 6947.6
i 16915.633| 6927.6 | 6929.1 | 6929.05 | 6928.955| 6882.75 6920.975 | 6942.52 | 6924.675 6946.835| 6798.6 | 6827.9
6916.612| 6929.4 | 6930.169 | 6930.267 | 6930.323 | 6884.5 6922.014 | 6943.543 | 6924.977 6948.785
. | 6917.35 | 6930.4 | 6930.518 | 6929.356 | 6929.456 | 6891.6 6922.827 | 6944.108 | 6925.5 6949.777 | 6799.8 | 6818.6
6917.109 | 6929.867 | 6930.345 | 6929.008 | 6928.97 | 6891.85 6922.89 | 6944.37 | 6925.411 6949.79
. | 6916.867.| 6937.75 | 6930.1 | 6928.692 | 6928.743 | 6892.4 6922.912| 6944.3 | 6925.425 6950.15 | 6801.8 | 6814.7
6917.13 | 6930.933 | 6928.108 | 6928.821 | 6928.827 | 6895.1 6923.822 | 6944.764 | 6926.709 6947.5
6917.387 | 6933.95 | 6927.5 | 6929.092 | 6929.05 6924.113 | 6945.557 | 6926.914 6943.9 | 6803.5 | 6797.1
6917.95 | 6925.35 | 6930.4 | 6929.071| 6929.2 | 6896.3 | 6919.5
6916.918 | 6927.739 | 6929.144 | 6929.2 | 6929.15 | 6898.6 | 6918.9 6804 | 6799.2
6912.527 | 6926.11 | 6925.637 6918.7
| 6908.733 | 6918.713 | 6922.407 6917.2 6805.7 | 6815.7
6907.729 | 6922.679 | 6922.16 6918
6907.683 | 6922.9 | 6422.233 6914.567 | 6920.967 | 6923.117 | 6943.04 6927.684 6805.3 | 6797.8
6906.833 | 6922.233 | 6922.1 6896.2_| 6916.009 | 6920.831 | 6922.231 6922.915
6906.775 | 6921.5 | 6921.225 6894.8 | 6916.125 | 6920.967 | 6920.067 6915.033 6806 | 6795.2
6908.175| 6921.3 | 6920.05 6894.4_| 6915.733 | 6923.267 | 6919.067 6920.133
6893.1 | 6915 | 6922.35 | 6918.8 6921.45 6806.4 | 6812.2
6892.5 6806.2 | 6783.2
6890.7 | 69135 | 69205 | 6916.2 6911.1 6806.7 | 6783.5
6906.9 | 6925 | 6921.9 6889.3 | 69132 | 6921.9 | 6915.1 6910.2 6806.3 | 6783.6
6907.5 | 6927.5 | 6923.2 6888.5 | 6911.8 | 6921.7 | 6914.6 | 6952.1 6911 6806.1 | 6783.6
6908.4 | 6928.8 | 6924.2 6887.8 | 69114 | 69212 | 69146 | 6952.1 6913.8 6805.8
6909.6 6888 | 6911.6 | 69214 | 69153 6911.8 6806 | 67824
6887.6 | 69116 | 6920.4 | 6914.2 6911.8 6805.8 | 6783
6913 6887.6 | 6911.5 | 6919.7 | 6914.1 6912.1 6805.3 | 6783.9
6782.7
6910.4 6911.4 | 6917.1
6912.6 6911.8 | 6916.7







®

6902.6
6859.042 | 6904.475| 6906.4 | 6905.075] 6901.443 ] 6915.356 | 6918.1
6859.06 | 6903.825| 6905.5 | 6903.95 | 6901.85 | 6915.033 | 6909.767
6919.364 | 6912.186 | 6916.672 | 6925.668
6920.155 | 6912.933 | 6916.808 | 6926.889
6921.671 | 6913.347 | 6918.712 | 6927.535
i 6863.3 6909.6 6908.3 6897.3 6922.7 | 6913.819 [ 6921.223 | 6928.053
6866.1 6910.4 6909.3 6923.157 | 6913.914 | 6921.292 | 6928.118
i 6866.1 6910.5 6896.6 | 6923.623 | 6913.527 | 6922.514 | 6928.533
'2 1 6865.719 | 6912.863 6924.1 | 6913.557 | 6923.058 | 6928.592 | 6925.333 6873.5 6865.6 6874.6
} | 6859.654 | 6912.738 6924.2 | 6913.708 | 6921.088 | 6928.625| 6920.3 6861.32
6| 6858.223 | 6912.129 6923.925 | 6914.213| 6917.2 6928.7 | 6919.75 6860.638 1 6916.4
g 6857.7 |6911.882 6908.4 6894.6 | 6924.239 | 6914.318 | 6923.013 | 6928.581 | 6919.092 | 6918.813 | 6922.936 | 6869.325
i9 | 6860.408 | 6912.485 6923.109 | 6914.156 | 6921.596 | 6927.714 | 6919.185 | 6911.859 | 6921.407 | 6868.669
2 | 6860.725| 6912.14 6908.7 6893.8 | 6920.536] 6910.5 6925.285] 6918.95 | 6906.6 |6918.423 | 6863.975
i7| 6859.7 [6911.333 6919.862 | 6908.936 6924.407 | 6918.333 | 6909.357 | 6918.314 | 6862.367
i7 ] 6859.733 1 6910.533| 6905 6908 6892.5 | 6919.593 | 6908.75 6924.833 | 6917.633 | 6908.843 | 6918.129| 6866
7| 6861 6911.433 6919.346 | 6908.777 6924.667 | 6917.933| 6907.15 | 6918.5 | 6865.267
v | 6862.367 | 6910.933| 6904.6 6908.2 6892.1 | 6918.946 | 6908.692 6924.4 | 6918.367 | 6906.767 | 6917 6866
6863.1 | 6910.033| 6904.6 6906.2 6918.5 | 6908.95 6924.633 | 6917.233 | 6907.967 | 6916.833 | 6868.033 | 6861.4
i7 | 6863.967 | 6907.333 | 6905.9 6905.5 6891.5 | 6918.05 | 6909.25 6924.967 | 6917.8 6913 | 6915.867 | 6870.933
] 6862.2 6905.6 6904 6903.6 6890.9 6917.6 6910.5 6925.7 6915.9 6865
i 6860.9 6905 6903.4 6903.3 6891.1 6918.1 6911.5 6927.3 6911 6916.4 6864.1
6860.5 6903.8 6902.1 6902.2 6890.8 6918.2 6911.9 6928.5 6913.1 6916.7 6863.4
6859.4 6903 6901.4 6901.7 6890.5 6918.1 6913.5 6930.8 6913.5 69171 6863.8
] 6859.8 6901.8 6900.2 6900.6 6889.4 6918.7 6916 6932.6 6924 6918.1 6863.7
6858.9 6300.9 6899.4 6900.1 6890.3 6920.1 6917.4 6933.3 6917.1 6919.3 6862.2
! 6858.4 6899.8 6898.6 6899.5 6890.1 { 6919.65 | 6918.6 6933.4 6917.6 | 6918.95 | 6861.4
i 6857.8 6898.7 6897.6 6898.8 6889.7 6920.1 6918.8 6933.4 6919 6919.55 | 6860.6
6921.1 6919.1 6920.1
6920.5 6919.1 6918.4 6919.8 6860.1
6920.2 6919.1 6918.2 6919.3 6859.2
6920.5 6918.7 6919.2
6920.8 6918.5 6919.1
6919.6 6917.8 6917.8




6918.8 6917.4 6917.2
6918.1 6916.4 6916.4
6917.8 6915.6 6915.8
6916.9 6915.1 6914.9
6916.6 6914 .4 6914.6
6916.5 6913.8 6914.8
6916.2 6911.4 6914.3
6916.1 6913.2 6914.5
6916.2 6912.9 6914.4
6915.8 6912.4 6914.4
6915.7 6912.2 6914.2
6915.6 6912.1 6914.1
6915.6 6911.8 6914
6915 6911.2 6913.5
6914.8 6910.5 6913.3
6914.7 6910.7 6913.1
6914.4 6910.2 6912.8
6913.9 6906.8 6912.3
6914 6909.5 6912.4
6913.7 6909.1 6912.1
6913.4 6908.8 6911.9
6912.9 6903.9 6911.4
6912.9 6903.7 6911.5
6912.7 6908.2 6911.2
6912.4 6904.1 6911.3
6912.2 6904.2 6910.6
6912 6903.8 6910.3
6911.9 6903.7 6910.2
6911.7 6902.2 6909.9
6911.2 6902.1 6910
6911.2 6901.4 6909.6
6911 6902.5 6910.4
6911 6901.4 6909.7
6910.9 6902.1 6908.9
6910.5 6902.1 6908.9
6910 6902.2 6908.9
6910.1 6902.4 6908.4
6909.88 | 6901.04 6907.8
6910 6900 6908.6
6910.4 6899.6 6908.2




111.323 | 6892.985 | 6894.269
108.969 | 6891.207 | 6894.469
i1905.4 | 6889.954 | 6891.438
104.443| 6890.6 | 6891.854
1904.2 | 6890.383 | 6891.833
104.033 | 6921.067 | 6892.433
103.633 | 6889.667 | 6891.467
104.067 | 6889.467 | 6891.2 6839.7 6866.6
904.85 | 6888.65 | 6891.333 6931.9
6890.8 6831.5
6905 6887.2 6890.1 6831.5 6840.6 6868 6892
1904.2 | 6886.1 6889 6931 6840.6 6868 6892
1904.3 6885 6888.3 6930.7
1905.1 6884.8 6887.9 6930.8 6841.1 6867.8 | 6892
i905.9 6884.7 6888 6930.7
6906 6884.5 | 6887.55 6930.4 | 6842.233| 6868.1 | 6894.(
1906.7 6884.3 | 6887.55 6930.1
6887.6 6842.5 6868.3 6894
6907 | 6884.7 6887.7 6929.7 6843.1 6868.5 6894
i907.1 6884.7 6887.9 6843.3 6868.4 6895
6888.1 6843.9 6868.8 6895
6888.2 6844.3 6869.1 6895
6887.6 6844.8 6869.4 6895




6887.6 6845 869.3 6895
‘6887 ‘ 6844. 69.1 6895
6886.9 6845.1 869.1 689
6887.2 6845.3 6869 6894
6887.6 6845.8 6869.5 | 6894
6888.1 6846 6869.6 6894
6888.5 6846.5 6870.2 6894
6888.6 6846.7 6870.5 6894
6888.6 6847.1 6870.5 6894
6888.7 6846.5 6869.7 6894
6889 6846.7 6869.8 6894
6889.3 6847 6870 6894
6889.7 6847.5 6870.5 6894
6889.6 6848.2 6871.1 6894
6889.5 6845.5 6868.8 689
6889.8 6847.8 6869.5 689
6889.7 6847.9 6870.5 6893
6889.5 6848.1 6870.4 6893
6889.7 6920.9 6910.9 6903 6894.5 6916.1 6894.7 6904.1 6898.2 6900.1 6848 6870.3 6893
6889.5 6848.1 6870.4 6893
6889.4 6848.5 6870.6 6894
6888 6848.4 6870.3 6893
6888.9 6842.6 6870.4 6893
6888.8 6848.5 6870.3 6893
6888.6 6842.7 6870.2 6893
6888.3 6848.5 6870.2 689
6888.1 6848.7 6870.1 6892
6888.5 6848.7 6870.1 6892
6887.8 6848.7 6869.9 6892
6887.4 6848.5 6869.5 6892
6887.3 6848.5 6869.4 689
6887.2 6849.2 6870.3 6892
6887.1 6848.9 6869.5 6892
6886.7 6848.7 6869.2 6891
6887 6849.5 6871.8 6897
6886.2 6849.3 6869.5 689
6886.4 6849.5 6869.8 6892
6885.69 6849.19 | 6869.5 | 6891.
6885.6 6849.3 6869.2 6891
6885.6 6849.5 6869.5 6891




#2000 | 6780.7 6793.9 6837.7 6832.2 6798 6851. 6910.6 6909 6914.6 6850.1 6869.1 6891. 6902.5 68¢
/2000 6780.‘ 6793.9 6837.6 6832.1 6797.9 6851 6910.3 6908.8 6914.4 6849.9 6868.9 6891. 902.2 686:
5/2000| 6780.6 780.4 | 6794.25 | 6837.7 [ 6832.15 | 6798.2 685 6910.4 6908.9 | 6914.15 | 6849.95 | 6868.9 6891. 6902.3 686.
12001 | 6781.2 6780.6 6794.3 | 6837.75 | 6832.15 | 67984 6850.8 6910.4 6909 6914 6850 6868.95 | 6891.6 6902.4 | 686:
#2001 | 6781.3 [ 6780.85 | 6794.5 6837.9 6832.3 6798.6 6850.7 6910.3 6908.9 6913.7 6850.1 6868.8 6891.4 | 6902.05 | 686
/2001 | 6781.05 | 6780.65 | 6794.2 6837.5 6831.8 | 6798.35 | 6850.1 6909.9 | 6908.45 | 6913.35 | 6849.6 | 6868.25 6891 6901.7 686:
5/2001] 6781.2 | 6780.95 | 6794.55 | 6837.8 | 6832.05 | 6798.8 6850.2 6910 6908.5 6913.2 | 6849.75 | 6868.3 6891.1 | 6901.75 | 686:
#2002 | 6781.15 | 6781.2 | 6794.75 | 6837.9 | 6832.15 6799 6850.2 | 6909.85 | 6908.4 6913 6849.8 | 6868.25 | 6891.1 | 6901.75 | 686
#2002 | 6781.69 | 6781.35 | 6794.9 6837.9 6832.1 6799.1 6849.9 6910 6908.1 6912.9 | 6849.36 | 6867.9 | 6890.74 | 6901.36 | 686:
#2002 | 67816 | 6781.15 | 6794.8 | 6837.75 | 68319 | 6799.05 | 6849.5 6909.3 | 6908.02 | 6912.4 | 6849.45 | 6867.85 | 6890.78 | 6901.25 | 686
5/2002| 6781.53 | 6781.33 | 6794.97 | 6837.93 | 6832.08 | 6799.3 | 6849.48 | 6910.87 | 6907.87 | 6912.3 [ 6849.16 | 6867.7 | 6890.63 | 6901.17 | 6862
/2003 | 6781.66 6909.16 | 6908.03 | 6912.06 | 6849.13 | 6867.38 | 6890.29 | 6901.09

#2003 | 6781.98 | 6781.69 | 679529 | 6838.04 | 6832.1 6799.6 | 6849.18 | 6908.81 6908 6911.76 | 6849.54 | 6867.44 | 6890.24 | 6900.86 | 686=
#2003 | 6781.85 | 6781.59 | 6795.01 | 6837.64 | 6831.6 | 6799.27 | 6848.5 | 6908.68 | 6907.72 [ 6911.61 | 6849.09 | 6867.14 | 6890.01 | 6900.68 | 686!
5/2003| 6782.14 | 6781.69 | 6795.19 | 6837.54 | 6831.6 | 6799.38 | 6848.4 6908.8 | 6907.76 | 6911.63 | 6848.8 | 6866.96 | 6890.07 | 6900.61 | 686¢
/2004 6782 6781.98 | 6795.59 | 6837.73 | 6831.7 | 6799.64 | 6848.22 | 6909.85 | 6907.7 | 6911.41 | 6848.87 | 6866.8 | 6891.44 | 6900.43 | 686
#2004 | 67824 | 6781.97 | 6795.35 | 6837.68 | 6831.65 | 6799.72 | 6848.33 | 6908.45 | 6907.5 | 6911.37 | 6848.76 | 6866.82 | 6889.95 | 6900.39 | 6861
2004 | 6782.17 | 6781.91 | 6795.38 | 6836.94 | 6831.55 | 6799.74 | 6847.72 | 6908.21 | 6907.05 | 6911.01 | 6848.67 | 6866.61 | 6889.7 | 6900.08 | 6862
5/2004] 6782.35 | 6782.09 | 679549 | 6837.7 6831.6 | 6800.02 | 6847.6 | 6908.21 | 6907.05 | 6911.04 | 6848.79 | 6866.64 | 6889.67 | 6900.09 | 686=
#2005 | 6782.41 6782 6795.26 | 6838.42 | 6831.3 | 6799.79 | 6847.12 | 6908.03 | 6907.04 | 6911.01 | 6848.91 | 6866.93 | 6889.91 | 6900.32 | 686:
#2005 | 6782.45 | 6782.14 | 6795.36 | 6837.57 | 68314 6800 6847 .1 6907.6 6906.6 6910.6 | 6848.66 | 6866.3 | 6889.52 | 6899.87 | 686.
#2005 | 67824 | 6781.98 | 6795.15 | 6837.39 | 6831.17 | 6799.93 | 6846.67 | 690749 | 69064 | 6910.51 | 6847.89 | 6866.15 | 6889.05 | 6899.62 | 6862
5/2005| 6782.69 | 6782.02 | 6795.13 | 6837.38 | 6831.18 [ 6800.03 | 6846.57 | 6907.48 | 6906.5 | 6910.58 | 6848.28 | 6866.02 | 6889.14 | 6899.66 | 6862
#2006 | 6782.66 | 6782.09 | 6795.11 | 6837.47 | 6831.26 | 6800.22 | 6846.55 | 6907.55 | 6906.34 | 6910.48 [ 6848.01 | 6865.81 | 6888.87 | 6899.29 | 6862
2006 | 6782.62 | 6781.99 | 6794.83 | 6837.14 | 6830.91 | 6799.97 | 6845.98 | 6907.45 | 6906.4 | 6910.28 | 6848.22 | 6865.71 | 6888.84 | 6899.29 | 6862
/2006 | 6782.43 | 6781.68 | 6794.89 | 6837.21 | 6830.95 | 6800.09 | 6845.84 | 6906.83 | 6905.7 | 6910.01 | 6848.04 | 6865.55 | 6889.04 | 6899.12 | 686z
5/2006| 6782.55 | 6781.96 | 6794.96 | 6837.19 | 6829.94 | 6800.15 | 6845.7 6907 6905.67 | 6909.93 | 6847.9 | 686545 | 6888.64 | 6899.06 | 6862
#2007 | 6782.42 | 6782.02 | 6794.86 | 6836.99 | 6830.69 [ 6800.07 | 6845.33 | 6906.88 | 6905.69 | 6909.94 | 6847.64 | 6865.28 | 6888.32 | 6898.84 | 686
#2007 | 67826 | 6782.12 | 6794.81 | 6837.26 | 6830.89 | 6800.37 | 6845.54 | 6906.77 | 6905.64 | 6909.94 | 6847.81 | 6865.2 | 6888.47 | 6898.96 | 6862
#2007 | 6782.3 | 6781.94 | 6794.71 | 6836.94 | 6830.61 | 6800.22 | 6845.15 | 6906.38 | 6905.1 | 6909.56 | 6847.44 | 6864.75 | 6888.04 | 6898.16 | 686
5/2007.| 6782.23 | 6782.04 | 6794.66 | 6836.98 | 6830.7 | 6800.27 | 6845.1 | 6906.33 | 6905.13 | 6909.49 | 6847.26 | 6864.52 | 6888.03 | 6898.26 | 6861
#2008 | 67819 | 6782.09 | 6794.71 | 6836.54 | 6830.65 | 6800.37 | 6845.1 | 6906.43 | 6905.15 | 6909.66 | 6847.49 | 6864.8 | 6887.99 | 6898.51 | 6861
12008 | 6782.55 | 6782.19 | 6794.56 | 6836.59 | 6830.5 | 6800.25 [ 6844.93 | 6906.43 | 6905.15 | 6909.61 | 6847.09 | 6864.5 | 6887.59 | 6898.01 | 686
#2008 | 6782.15 | 6781.64 | 6794.41 | 6836.59 | 6830.25 | 6800.12 | 6844.75 | 6905.93 | 6904.6 | 6909.11 | 6846.99 | 6864.3 | 6887.49 | 6897.96 | 686
5/2008| 6782.2 | 6781.99 | 6794.32 | 6836.41 | 6830.11 | 6799.97 | 6844.65 | 6905.73 | 6904.48 | 6908.91 | 6846.54 | 6864.08 | 6887.34 | 6897.84 | 686
#2009 | 6782.1 | 6780.99 | 6794.31 | 6836.44 | 6830.2 | 6800.12 | 6844.8 | 6905.73 | 6904.3 | 6908.81 | 6846.79 | 6863.7 | 6886.99 | 6897.56 | 6861
#2009 | 67825 | 6781.89 | 6794.76 | 6836.94 | 6830.7 [ 6800.62 | 6845.25 | 6905.68 | 6904.4 | 6908.91 | 6846.84 | 6863.9 | 6887.14 | 6897.56 | 686
#2009 | 6782.2 | 6780.84 | 6794.31 | 6836.29 | 6830.1 | 6800.07 | 6844.6 | 6905.33 6904 6908.61 | 6846.64 | 6863.6 | 6886.94 | 6897.46 | 686
5/2009| 6782.3 | 6781.74 | 6794.41 | 6836.44 | 6830.2 | 6800.27 | 6844.6 | 6905.43 | 6304.05 | 6908.71 | 6846.74 | 6863.7 | 6886.94 | 6897.51 | 686
#2010 | 6782.1 | 6781.84 | 6794.56 | 6836.44 | 6830.3 | 6800.42 | 6844.6 [ 6905.13 | 6903.8 | 6908.46 | 6845.99 | 6863.3 | 6886.54 | 6897.11 | 686
#2010 | 67824 | 6781.89 | 6794.51 | 6836.49 | 6830.25 | 6800.32 | 6844.45 | 6904.88 | 6903.6 | 6908.21 | 6846.165| 6863.5 | 6886.69 [ 6897.11 68¢
2040 | 6782.15 | 6782.64 | 6794.41 | 6836.14 | 6830.05 | 6800.27 | 6844.2 | 6904.43 | 6903.45 | 6908.06 | 6845.84 | 6863.2 | 6886.44 | 6897.01 | 686
5/2010| 6782.2 6782.3 | 6794.31 | 6836.04 | 6829.7 | 6800.07 | 6843.9 | 6904.58 | 6903.35 | 6908.06 | 6845.515| 6863.35 | 6886.59 | 6897.16 68t¢
#2011 | 67821 | 6782.05 | 6794.4 | 6836.13 [ 6830.1 | 6800.45 | 6843.78 | 6904.43 | 6903.25 | 6908.3 | 6846.135| 6863.348 | 6886.544 | 6897.122| 686
#2011 | 6782.3 | 6781.95 | 6794.59 | 6836.38 | 6830.17 | 6800.6 6844 6904.48 | 6903.32 | 6907.96 | 6846.165 | 6862.898 | 6886.124 | 6896.712 | 686!
#2011:| 6782.05 | 6782.45 | 6794.35 | 6836.1 [ 6829.81 | 6800.4 6843.6 | 6904.23 | 6903.08 [ 6907.51 | 6845.985 | 6862.798 | 6885.994 | 6896.512 | 686!
5/2011] 6782.1 | 6781.69 | 6794.07 | 6835.86 | 6829.61 | 6800.21 | 6843.2 | 6904.26 | 6903.1 | 6907.85 | 6846.105 | 6862.898 | 6886.124 | 6896.662 | 6860.




final calibrated m op to early models at bottom.
-efer to areas sho ures 15B to 15F in model report (Chester Engineers, Oct. 2012)
kh (horizontal hydraulic conductivity, ft/d), kv (vertical hydraulic conductivity, ft/d), Ah (horizontal"anisotropy ratio), Av (vertical anisotropy ratio)

3y (specific yield), Dis (dispersivity - not used in model), Por (porosity ratio)

in differences of model predicted and measured heads at observation wells over the simulation stess period range (listed to right of error statistics)

je multiplier in north pond)

error

lluv2  Dilco_M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6 Z2 M1 Z2_M2 Z1 Z1_M2 Z3_M5 head Alluv Zone 3
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 0.377 mean -3.98 7.80
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 0.0189 absolute
1 1 0.67 1 0.5 1 0.67 1 1 0.67 1 0.67 1 rootmean: 9.65 15.89
3 20 10 20 10 20 10 20 20 20 12 10 20 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 0.0008 mean
).25 0.18 0.18 0.12 0.12 0.06 0.12 0.06 0.12 0.12 0.06 0.06 0.06 absolute
0 0 0 0 0 0 0 0] 0 0 0 0 0 root mean square
).25 0.06 0.18 0.12 0.1 0.06 0.08 0.06 0.06 0.06 0.1 0.1 0.06
harge same as model 108, porosities increased to 0.12 in several zone 3 materials,, 5x recharge multiplier in north pond) error
lluv2 Dilco M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3 M6 Z2 M1 Z2 M2 Z1 m Z1_M2 Z3_M5 head Alluv Zone 3
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 0.377 mean -13.28 5.65
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 0.0189 absolute
1 1 0.67 1 0.5 1 0.67 1 1 0.67 1 0.67 1 root mean: 17.18 15.70
3 20 10 20 10 20 10 20 20 20 12 10 20 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 0.0008 mean
).25 0.18 0.18 0.12 0.12 0.06 0.12 0.06 0.12 0.12 0.06 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 0 root mean square
).25 0.06 0.06 0.12 0.12 0.06 0.12 0.06 0.06 0.06 0.1 0.1 0.06
harge stage 0.037 except 0.025 in poly 25 and 0.07 in poly 32,, 5x recharge multiplier in north pond) error
lluv2 Dilco_M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6 Z2_M1 22 _M2 Z1 M1 Z1_M2 Z3_M5 head Alluv Zone 3
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 0.377 mean -13.37 6.10
.375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 0.0189 absolute
1 1 0.67 1 0.5 1 0.67 1 1 0.67 1 0.67 1 rootmean: 17.19 15.54
3 20 10 20 10 20 10 20 20 20 12 10 20 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 0.0008 mean
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 0 root mean square
1.25 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1 0.06
harge stage 0.05, 5x recharge multiplier in north pond) error
lluv2 Dilco_M1 Dilco M2 Z3 M1 Z3_M2 Z3_M3 Z3 M4 Z3_M6 Z2 M1 Z2_M2 Z1_m Z1_M2 Z3_M5 head Alluv Zone 3
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 0.377 mean -14.01 4.38
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 0.0189 absolute
1 1 0.1 1 0.5 1 0.35 1 1 0.67 1 0.67 1 root mean: 18.01 16.75
3 20 10 20 10 20 10 20 20 20 12 10 20 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 0.0008 mean
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 0 root mean square
).25 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1 0.06



harge stage 0.025, harge multiplier in north pond)
luv2  Dilco_M1 M2 Z3 M1 Z23_M2 Z3_M3

@
0.142 0.0

Z3 M4 Z3_M6 Z2_M2 Z1_M1

125 0.01 0.1 0.836 2.38 0.418 1.19 0.015 0.4245
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375

1 1 0.1 1 05 1 0.35 1 1 0.67 1

3 20 10 20 10 20 10 20 20 20 12
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06

0 0 0 0 0 0 0 0 0 0 0
.25 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1
ove most of recharge strip north of Section 36 boundary
lluv2  Dilco_M1 Dilco_ M2 Z3 M1 723 M2 Z3 M3 Z3_M4 Z3_M6 Z2_M1 Z2_M2 Z1_M1
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375

1 1 0.1 1 0.25 1 0.25 1 1 0.67 1

3 20 10 20 10 20 10 20 20 20 12
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06

0 0] 0 0 0 0 0 0 0 0 0
03 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1
: recharge strips along pipeline arroyo start only after mine discharge ends .
lluv2  Dilco_M1 Dilco M2 Z3_M1 Z3 M2 Z3_M3 Z3_ M4 23 M6 Z2_M1 Z2_M2 Z1_M1
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375

1 1 0.1 1 0.25 1 0.25 1 1 0.67 1

3 20 10 20 10 20 10 20 20 20 12
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016
.25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06

0 0] 0 0 0 0 0 0 0 0 0
03 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1
ce river segments with recharge strips at 0.07 runoff percentage, recharge strip removed from dilco cut
lluv2  Dilco_M1 Dilco_M2 2Z3_M1 23 _M2 Z3 M3 Z3 M4 Z3_M6 Z2 M1 Z22_M2 Z1_M1
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375

1 1 0.1 1 0.25 1 0.25 1 1 0.67 1

3 20 10 20 10 20 10 20 20 20 12
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06

0 0 0 0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z3_M5
0.377

0.0189

1
20

0.0008

0.06
0

0.06

error
mean

absolute

root mean square
flow

mean

absolute

root mean square

error
mean

absolute

root mean square
flow

mean

absolute

root mean square

error
mean

absolute

root mean square
flow

mean

absolute

root mean square

error
head

mean -12.38
absolute
root mean:
flow

mean
absolute
root mean square

16.21

Alluv Zone 3
-12.56 527
17.50 16.47
Alluv Zone 3
-12.36 4.12
17.34 15.67
Alluv Zone 3
-12.58 4,91
17.48 16.70

Zone 3
7.58

16.60

Zone 1
0.99

14.54

Zone 1
1.45

14.70

Zone 1
-0.22

14.35

str

str

str



ce river segments

lluv2  Dilco_M1 M2 73 M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6
125 0.01 0.1 0.836 2.38 0418 1.19 0.142
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071

1 1 0.1 1 0.25 1 0.25 1

3 20 10 20 10 20 10 20
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06

0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

ce river segments with recharge strips at 0.1 runoff percentage, return to river-3_83 mats

lluv2 Dilco_ M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3 M6
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
375 00005 001 DO4IE 0938  DoJps 6119 D0DYY

1 1 0.1 1 0.25 1 0.25 1

3 20 10 20 10 20 10 20
001 00008 00008 00008 0.0008 0.0008 00008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06
0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

ce river segments with recharge strips at 0.05 runoff percentage, return to river-3_83 mats

luv2 Dilco M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3 M6
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
376 ODoos  0nd o488 0238 60208 G119 000N

1 1 0.1 1 0.25 1 0.25 1

3 20 10 20 10 20 10 20
001 00008 00008 0.0008 00008 0.0008 00008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06

0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

charge strips at 0.07 runoff percentage, recharge strip added to dilc

z2
0.0

0.0005

1
20

0.0008

0.12
0
0.06

Z2 M1
0.01
0.0005
1
20
0.0008
0.12
0
0.06

72 M1
0.01

0.0005

1
20
0.0008
0.12
0
0.06

72 M2
0.015

0.00075

0.67
20
0.0008
0.12
0
0.06

Z2 M2

0.015

0.00075

0.67
20
0.0008
0.12
0
0.06

72 M2
0.015

0.00075

0.67
20
0.0008
0.12
0
0.06

Z1_M1

0.4245
0.035375

1
12

0.0016

0.06
0
0.1

Z1_M1
0.4245

0.035375

1
12
0.0016
0.06
0
0.1

Z1 M1
0.4245

0.035375

1
12
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error
head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

river segments and manning calcs - 0.2 run off with 3X multiplier of frequency) return to river-3_83 mats, increase stage & conductance or error

luv2 Dilco M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3 M6
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
375 00005  0.01 DO418 0298 DpZo0 6419 00O

1 1 0.1 1 0.25 1 0.25 1

3 20 10 20 10 20 10 20
001 00008 00008 0.0008 00008 0.0008 00008  0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06

0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

722 M1
0.01
0.0005
1
20
0.0008
0.12
0
0.06

Z2 M2 Z1 M1
0.015  0.4245
0.00075 0.035375

0.67 1
20 12
0.0008  0.0016
0.12 0.06
0 0
0.06 0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

Alluv
-12.63

17.43

Alluv
-13.18

18.15

Alluv
-11.27

16.04

Alluv

18.54

Zone 3
2.03

16.71

Zone 3
7.79

16.47

Zone 3

Zone 1 str
-0.09

14.38

Zone 1 str
-1.13

15.01

Zone 1 str
1.89

14.14

Zone 1 str




river segments an ing calcs - 0.2 run off with 3X multiplier of frequency) return to river- ts, return alluvium, reduce Kh in Z2_error ,
10.24

lluv2  Dilco_M1 M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6 Z2 Z2_M2 Z1_M Z1_M2  head Alluv Zone 1 str
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.0 0.015 0.4245 0.63675 mean -9.07 415
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.1 1 0.25 1 0.25 1 1 0.35 1 0.35 root mean square 13.69 17.89 14.14
3 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean
1.25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
river segments and manning calcs - 0.2 run off with 3X multiplier of frequency) return to river_3_83 mats, convert alluvium to rock beneath error
lluv2 Dilco_M1 Dilco M2 Z3 M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6 Z2_M1 Z2_M2 Z1_M1 Z1_M2 head Alluv Zone 3 Zone 1  str
.125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean -9.04 12.53 9.44
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.1 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square  13.39 19.03 18.93
3 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
river segments and manning calcs - 0.2 run off with 3X multiplier of frequency) didn't work error
lluv2  Dilco_M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6 Z2_M1 72 _M2 Z1_M1 Z1_M2  head Alluv Zone 3 Zone 1 str
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean
90625 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.5 1 0.35 1 0.35 1 1 1 1 1 root mean square
8 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean
.25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
river segments and manning calcs - 0.2 run off with 3X multiplier of frequency) error
lluv2 Dilco_ M1 Dilco M2 Z3 M1 Z3_M2 Z3 M3 Z3_M4 Z3_M6 22 M1 Z2_M2 Z1. M Z1_M2  head Alluv Zone 3 Zone 1 str
.125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean -9.11 13.21 2.79
90625 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.5 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square  13.66 22.99 13.45
8 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square

0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1



river segments an ing calcs - 0.2 run off with 3X multiplier of frequency)

luv2  Dilco_M1 M2 Z3M! 7Z3MZ Z3M3 Z3 M4 73 M6
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
7125  0.0005 0.01 00418 0238 00209 0118 00071
1 1 0.5 1 0.35 1 0.35 1
10 20 10 20 10 20 10 20
001 00008 00008 00008 0.0008 00008 00008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06
0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

river segments and manning calcs - 0.2 run off with 3X multiplier of frequency)
lluv2 Dilco_M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6

125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
'8125  0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071
1 1 0.5 1 0.35 1 0.35 1
4 20 10 20 10 20 10 20
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06
0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

river segments and manning calcs - 0.2 run off with 3X multiplier of frequency)
lluv2  Dilco_M1 Dilco M2 Z3 M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6

125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071
1 1 0.5 1 0.5 1 0.5 1
3 20 10 20 10 20 10 20
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06
0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

river segments and manning calcs - 0.2 run off with 3X multiplier of frequency)
lluv2  Dilco_M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3_ M4 Z3_M6

125 0.01 0.1 0.836 2.38 0418 1.19 0.142
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071
1 1 0.1 1 0.5 1 0.5 1
3 20 10 20 10 20 10 20
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06
0 0 0 0 0 0 0 0

0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square



river segments an

lluv2  Dilco_M1 M2 23 M1 Z3 M2 Z3 M3  Z3 M4  Z3 M6
125 0.01 0.1 0.836 2.38 0.418 119 0.142
375 00005  0.01 00418 0238 00209 0119  0.0071

1 1 0.1 1 0.35 1 0.35 1

3 20 10 20 10 20 10 20
001 00008 00008 00008 00008 00008 0.0008 0.0008
.25 0.18 0.18 0.12 0.12 0.06 0.06 0.06

0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

ing calcs - 0.2 run off with 3X multiplier of frequency, reduce Zone 3

@
0.0

0.0005
1
20
0.0008
0.12
0
0.06

river segments and manning calcs - 0.2 run off with 3X multiplier of frequency, expand Zone 3b material in layer 4)

luv2  Dilco_M1 Dilco_M2 23 M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
.375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071

1 1 0.1 1 0.35 1 0.35 1

3 20 10 20 10 20 10 20
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06

0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06
river segments and manning calcs - 0.2 run off with 3X multiplier of frequency)
lluv2  Dilco_M1 Dilco_ M2 Z3 M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
.375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071

1 1 0.1 1 0.35 1 0.35 1

3 20 10 20 10 20 10 20
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06

0 0 0 0 0 0 0 0
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06
river segments and manning calcs - 0.2 run off with 4X multiplier of frequency)
fluv2  Dilco_M1 Dilco_ M2 Z3 M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142
.375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071

1 1 0.1 1 0.35 1 0.35 1

3 20 10 20 10 20 10 20
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06

0 0 0 0 0 0 0 0

0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06

Z2. M1
0.01
0.0005
1
20
0.0008
0.12
0
0.06

Z2_ M1
0.01
0.0005

20
0.0008
0.12

0.06

Z2_Mt
0.01
0.0005
1
20
0.0008
0.12
0
0.06

2. M2 21 M1
0015  0.4245
0.00075 0.035375

0.67 1
20 12
0.0008  0.0016
0.12 0.06
0 0
0.06 0.1
2. M2 Z1_M1
0015  0.4245
0.00075 0.035375

0.67 1
20 12
0.0008  0.0016
0.12 0.06
0 0
0.06 0.1
2 M2 Z1_M1
0.015  0.4245
0.00075 0.035375
0.67 1
20 12
0.0008  0.0016
0.12 0.06
0 0
0.06 0.1
2 M2 Z1_M1
0015  0.4245
0.00075 0.035375
0.67 1
20 12
0.0008  0.0016
0.12 0.06
0 0
0.06 0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

ial in layer 4, larger initial dry areas) error
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flow

mean
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flow
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flow

mean

absolute

root mean square
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mean

absolute

root mean square
flow

mean

absolute

root mean square

Alluv

Alluv
-9.12

13.72

Alluv
-9.28

13.81

Alluv
9.0

14.3

Zone 3
12.75

22.15

Zone 3
11.57

21.68

Zone 3
11.90

22.15

Zone 1

Zone 1
2.41

13.37

Zone 1
2.29

13.63

Zone 1
3.10

14.04

str

str

str

str



river segments an

lluv2  Dilco_M1 M2 Z3 M1 Z3_M2
125 0.01 0.1 0.836 2.38
375  0.0005 0.01 0.0418  0.238
1 1 0.1 1 0.35
3 20 10 20 10
001 00008 00008 0.0008  0.0008
).25 0.18 0.18 0.12 0.12
0 0 0 0 0
0.3 0.06 0.06 0.06 0.06

river segments and manning calcs - 0.2 run off)

lluv2  Dilco_M1 Dilco_M2 Z3_M1 Z3_M2
125 0.01 0.1 0.836 2.38
.375 0.0005 0.01 0.0418 0.238
1 1 0.1 1 0.35
3 20 10 20 10
.001 0.0008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12
0 0 0 0 0
0.3 0.06 0.06 0.06 0.06

river segments and manning calcs - 0.15 run off)

luv2  Dilco_M1 Dilco M2 Z3_ M1  Z3 M2
125 0.01 0.1 0.836 2.38
375 0.0005 0.01 00418  0.238
1 1 0.1 1 0.35
3 20 10 20 10
001 00008 0.0008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12
0 0 0 0 0
0.3 0.06 0.06 0.06 0.06

river segments and manning calcs - 0.10 run off)

luv2 Dilco M1 Dilco M2 Z3_M1  Z3_M2
125 0.01 0.1 0.836 2.38
375 00005  0.01 0.0418  0.238
1 1 0.1 1 0.35
3 20 10 20 10
001  0.0008 00008 0.0008 0.0008
).25 0.18 0.18 0.12 0.12
0 0 0 0 0
03 0.06 0.06 0.06 0.06

Z3 M3
0.418
0.0209
1
20
0.0008
0.06
0
0.06

Z3 M3
0.418
0.0209

20
0.0008
0.06

0.06

Z3 M3
0.418
0.0209

20
0.0008
0.06

0.06

Z3 M3
0.418
0.0209
1
20
0.0008
0.06
0
0.06

ing calcs - 0.2 run off with 2x multiplier of frequency)

Z3_ M4
1.19
0.119
0.35
10
0.0008
0.06
0
0.06

Z3_M4
1.19
0.119
0.35
10
0.0008
0.06

0.06

Z3 M4
1.19
0.119
0.35
10
0.0008
0.06

0.06

Z3 M4
119
0.119
0.35
10
0.0008
0.06
0
0.06

Z3_M6
0.142
0.0071
1
20
0.0008
0.06
0
0.06

Z3_M6
0.142
0.0071

20
0.0008
0.06

0.06

Z3 M6
0.142
0.0071

20
0.0008
0.06

0.06

73 M6
0.142
0.0071
1
20
0.0008
0.06
0
0.06

zz. Z2. M2 Z1_M1

0.01 0015  0.4245
0.0005  0.00075 0.035375
1 0.67 1
20 20 12
0.0008  0.0008  0.0016
0.12 0.12 0.06
0 0 0

0.06 0.06 0.1
Z2M Z2M2  ZIMi
0.01 0.015  0.4245
0.0005 0.00075 0.035375
1 0.67 1
20 20 12
0.0008  0.0008  0.0016
0.12 0.12 0.06
0 0 0
0.06 0.06 0.1
Z2M Z2M2  ZIMt
0.01 0015  0.4245
0.0005  0.00075 0.035375
1 0.67 1
20 20 12
0.0008  0.0008  0.0016
0.12 0.12 .0.06
0 0 0
0.06 0.06 0.1
Z2M1 Z2. M2 Z1_Mf
0.01 0015  0.4245
0.0005 0.00075 0.035375
1 0.67 1
20 20 12
0.0008  0.0008  0.0016
0.12 0.12 0.06
0 0 0
0.06 0.06 0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error
head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error

head

mean

absolute

root mean square
flow

mean

absolute

root mean square

Alluv
-7.5

124

Alluv
-5.6

Alluv
-5.8

Alluv
6.0

23.53

Zone 3
15.43

21.34

Zone 3
15.14

23.89

Zone 3
14.26

22.98

Zone 1
493

14.44

Zone 1
6.01

14.94

Zone 1
417

13.86

Zone 1
1.87

13.82

str

str

str

str



river segments an ing calcs -0.05 run off) error

lluv2  Dilco_M1 M2 Z3_M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6 Z2 Z2_M2 Z1_ M1 Z1_M2  head Alluv Zone 1 str
125 0.01 0.1 0.836 2.38 0418 1.19 0.142 0.0 0.015 0.4245 0.63675 mean -5.6 14. 1.65
.375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.1 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square 1.4 23.43 13.33
3 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016  mean
125 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
river segments and manning calcs) error
lluv2  Dilco_M1 Dilco_M2 Z3 M1 Z3 M2 Z3_M3 Z3 M4 Z3_M6 22 M1 Z2_M2 Z1_M1 Z1_M2  head Alluv Zone 3 Zone 1 str
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean -14.4 -2.48 -0.2
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.1 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square 20.0 24.30 15.0
3 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean
).25 0.18 0.18 0.12 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
ase river conductance and head next to tailings cells) error
lluv2  Dilco_M1 Dilco_ M2 Z3_ M1 Z3 M2 Z3_M3 Z3 M4 Z3 M6 Z2_M1 Z2_M2 Z1_ M Z1_M2  head Alluv Zone 3 Zone 1 str
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean -6.6 13.72 -0.6
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.1 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square 12.0 22.93 12.7
3 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean
).25 0.18 0.18 042 0.12 0.06 0.06 0.06 0.12 0.12 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square
0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
al river conductances in upgradient reaches) alluvium sy of .3 causes blow out error
lluv2 Dilco_M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6 Z2_ M1 Z2_M2 Z1_M1 Z1_M2  head Alluv Zone 3 Zone 1 str
125 0.01 0.1 0.836 2.38 0418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean -5.2 13.81 2.7
315 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.1 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square 11.6 20.00 13.4
3 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean
0.3 0.18 0.18 0.09 0.09 0.06 0.06 0.06 0.12 0.12 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square

0.3 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1



le river conductan pgradient reaches) error
lluv2  Dilco_M1 M2  Z3 M1 Z3 M2 Z3 M3 Z3_M4 Z3_M6 z2 22 M2 Z1_Mm1 Z1 M2  head Alluv Zone 1 str

125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.0 0.015 0.4245 0.63675 mean -7.3 -71
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.1 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square 12.7 155 15.1
3 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016  mean
).25 0.12 0.12 0.12 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square
).25 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
le river conductances in upgradient reaches) error
lluv2  Dilco_M1 Dilco_M2 Z3_M1 Z3 M2 Z3_M3 Z3_M4 Z3_M6 Z2_M1 Z2_M2 Z1_m1 Z1_M2  head Alluv Zone 3 Zone 1 str
A25 0.01 0.05 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean -7.0 12.9 -4.0
375 0.0005 0.003333 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.2 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square 12.4 19.9 13.1
3 20 15 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016  mean
).25 0.12 0.12 0.12 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06 absolute
0 0 0 0 0 0 0 0] 0 0 0 0 root mean square
).25 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
error
lluv2  Dilco_M1 Dilco_ M2 Z3 M1 Z3 M2 Z3_M3 Z3_M4 Z3_M6 Z2_ M1 Z2_M2 Z21_M1 Z1_M2  head Alluv Zone 3 Zone 1 str
125 0.01 0.05 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean -71 12.7 -4.2
.375 0.0005 0.003333 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.2 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square 12.5 19.9 13.0
3 20 15 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016  mean
}.25 0.12 0.12 0.12 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square
).25 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
of river stage time series after 1986 ) error
lluv2  Dilco_M1 Dilco_ M2 Z3 M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6 Z2_M1 Z2_M2 Z1 Z1_M2  head Alluv Zone 3 Zone 1  str
125 0.01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean -7.3 8.9 -7.0
375 0.0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute
1 1 0.1 1 0.35 1 0.35 1 1 0.67 1 0.67 root mean square 12.6 16.6 14.9
3 20 10 20 10 20 10 20 20 20 12 10 flow
.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016  mean
).25 0.12 0.12 0.12 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06 absolute
0 0 0 0 0 0 0 0 0 0 0 0 root mean square

).25 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1



p to modflow mor e matching of wells, river to grid)
lluv2  Dilco_M1 M2 Z3 M1 Z3_M2 Z3_M3

125 0.01 0.1 0.836
375 0.0005 0.01 0.0418
1 1 0.1 1
3 20 10 20
.001 0.0008 0.0008 0.0008
).25 0.12 0.12 0.12
0 0 0 0
).25 0.06 0.06 0.06

1 refinement beneath and north of ponds

lluv2 Dilco_M1 Dilco_M2 Z3 M1
125 0.01 0.1 0.836
375 0.0005 0.01 0.0418

1 1 0.1 1

3 20 10 20
.001 0.0008 0.0008 0.0008
).25 0.12 0.12 0.12

0 0 0 0
).25 0.06 0.06 0.06
lluv2  Dilco_M1 Dilco M2 Z3 M1
4.25 0.01 0.1 0.836
375 0.0005 0.01 0.0418

1 1 0.1 1

3 20 10 20
.001 0.0008 0.0008 0.0008
).25 0.12 0.12 0.12

0 0 0 0
).25 0.06 0.06 0.06
lluv2 Dilco_M1 Dilco_ M2 Z3 M1
4.25 0.01 0.1 0.836
.375 0.0005 0.01 0.0418

1 1 0.1 1

3 20 10 20
.001 0.0008 0.0008 0.0008
).25 0.12 0.12 0.12

0 0 0 0
).25 0.06 0.06 0.06

2.38
0.238
0.35
10
0.0008
012
0
0.06

Z3_ M2
2.38
0.238
0.35
10
0.0008
0.12

0.06

Z3 M2
2.38
0.238
0.35

10

0.0008

0.12

0.06

Z3 M2
2.38
0.238
0.35
10
0.0008
0.12
0
0.06

0.418
0.0209
1
20
0.0008
0.06
0
0.06

Z3 M3
0.418
0.0209

20
0.0008
0.06

0.06

Z3 M3
0.418
0.0209

20
0.0008
0.06

0.06

Z3_ M3
0.418
0.0209
1
20
0.0008
0.06
0
0.06

73 M4
1.19
0.119
0.35
10
0.0008
0.06

0.06

Z3 M4
1.19

0.119
0.35
10

0.0008
0.06

0.06

Z3 M4
1.19
0.119
0.35
10
0.0008
0.06

0.06

Z3 M4
119
0.119
0.35
10
0.0008
0.06
0
0.06

73 M6
0.142
0.0071

20
0.0008
0.06

0.06

Z3_M6
0.142
0.0071

20
0.0008
0.06

0.06

73 M6
0.142
0.0071

20
0.0008
0.06

0.06

Z3 M6
0.142
0.0071
1
20
0.0008
0.06
0
0.06

223
0.01
0.0005
1
20
0.0008
0.06
0
0.06

Z2._ M1
0.01
0.0005

20
0.0008
0.06

0.06

72 M1
0.01
0.0005

20
0.0008
0.06

0.06

2. M1
0.01
0.0005
1
20
0.0008
0.06
0
0.06

Z2 M2 Z1_M1
0015  0.4245
0.00075 0.035375
0.67 1
20 12
0.0008  0.0016
0.06 0.06
0 0
0.06 0.1
Z2 M2 Z1_M1
0015  0.4245
0.00075 0.035375
0.67 1
20 12
0.0008  0.0016
0.06 0.06
0 0
0.06 0.1
Z2. M2 71 M1
0.015  0.4245
0.00075 0.035375
0.67 1
20 12
0.0008  0.0016
0.06 0.06
0 0
0.06 0.1
Z2 M2 Z1_M1
0015  0.4245
0.00075 0.035375
0.67 1
20 12
0.0008  0.0016
0.06 0.06
0 0
0.06 0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

Z1_M2
0.63675
0.063675
0.67
10
0.0016
0.06
0
0.1

error
head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error
head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error
head

mean

absolute

root mean square
flow

mean

absolute

root mean square

error
head

mean

absolute

root mean square
flow

mean

absolute

root mean square

Alluv
-11.6

15.8

Alluv
-11.7

15.9

Alluv
-11.9

16.0

Alluv
-11.6

16.0

Zone 1
0 -8.6
12.6 16.6
Zone 3 Zone 1
3.7 -7.2
17.0 16.1
Zone 3 Zone 1
22 -8.7
13.2 17.0
Zone 3 Zone 1
3.5 -7.3
13.6 16.6

str

str

str

str



e as 58 with note

s0_M1 Dilco_M2
).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06

0 0
).06 0.06
:0_M1 Dilco_M2
).01 0.05
0005 0.005
0.5 0.5

20 10
0008 0.0008
).18 0.18

0 0
).06 0.06
;0_M1 Dilco_M2
).01 0.1
0005 0.01
0.5 0.5

20 10
0008 0.0008
).18 0.18

0 0
).06 0.06

jal changes)

y M1 Z3 M2
0.836 2.38
0.0418 0.238
0.5 0.5
20 10
0.0008 0.0008
0.12 0.12
0 0
0.06 0.06
Z3 M1 Z3_M2
0.836 2.38
0.0418 0.238
0.5 0.5
20 10
0.0008 0.0008
0.12 0.12
0 0
0.06 0.06
Z3 M1 Z3_M2
0.836 2.38
0.0418 0.238
0.5 0.5
20 10
0.0008 0.0008
0.12 0.12
0 0
0.06 0.06

Z3_M3
0.418
0.0209
0.5
20
0.0008
0.06

0.06

Z3_ M3
0.418
0.0209
05
20
0.0008
0.06

0.06

Z3 M3
0.418
0.0209
05
20
0.0008
0.06
0
0.06

Z3 M4
1.19
0.119
05
10
0.0008
0.06
0
0.06

Z3_ M4
1.19
0.119
05
10
0.0008
0.06
0
0.06

Z3 M4
119
0.119
05
10
0.0008
0.06
0
0.06

Z3 M6
0.142
0.0071
05
20
0.0008
0.06

0.06

Z3 M6
0.142
0.0071
05
20
0.0008
0.06

0.06

Z3 M6
0.142
0.0071
05
20
0.0008
0.06
0
0.06

h increases of K in layers 4-6 to reduce i76 j38 blow up-inusfficient effect, )

s0_M1 Dilco_M2
).01 0.1
0005 0.01
0.5 0.5

20 10
0008 0.0008
).18 0.18

0 0
).06 0.06

Z3 M1
0.836
0.0418
0.5
20
0.0008
0.12
0
0.06

Z3 M2
2.38
0.238
0.5
10
0.0008
0.12
0
0.06

73 M3
0.418
0.0209
05
20
0.0008
0.06
0
0.06

Z3 M4
1.19
0.119
05
10
0.0008
0.06
0
0.06

Z3 M6
0.142
0.0071
0.5
20
0.0008
0.06
0
0.06

2 M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

72 M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

72 M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

Z2_ M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

72\ ZUME T
0.01 04245 0.63675
0.00075 0.035375 0.063675
05 05 0.2
20 12 10
0.0008  0.0016  0.0016
0.06 0.06 0.06
0 0 0
0.06 0.1 0.1
2 M2 Dz oz
0.015 0.8 1.2
0.00075 0.066667  0.12
05 05 0.2
20 12 10
0.0008  0.0016  0.0016
0.06 0.06 0.06
0 0 0
0.06 0.1 0.1
M B
0015 063675 0.955125
0.00075 0.053063 0.095513
05 05 0.2
20 12 10
0.0008  0.0016  0.0016
0.06 0.06 0.06
0 0 0
0.06 0.1 0.1
Z2M2 ZI M1 Z1I M2
0015  0.4245 0.63675
0.00075 0.035375 0.063675
0.5 05 0.2
20 12 10
0.0008  0.0016  0.0016
0.06 0.06 0.06
0 0 0
0.06 0.1 0.1

error

head

mean
absolute

root mean sqL
flow

mean
absolute

root mean square

Alluv Zone 3
-12.49857995 -2.0

16.60854373 143

error problem in i76 j38 k2-6
head Alluv Zone 3
mean 7.0
absolute

root mean square
flow

mean

absolute

root mean square

15.7

error

head

mean
absolute

root mean squ
flow

mean
absolute

root mean square

problem in i76 j38 k2-6
Alluv Zone 3
-12.27565222 3.0

16.43248994 13.6

error problem in i76 j38 k2-6
head Alluv Zone 3
mean 3.6
absolute

root mean square
flow

mean

absolute

root mean square

13.9

tress periods
-8. 4/1/1969
1/15/2005
20.5

Zone 1 str
-1.5
14.0
17.7

11983.0
29236.0
45716.0

Zone 1 str
-71 -2.5
14.3
17.8 19.0

12432.0
29432.0
46078.0

Zone 1 str
-1.6
14.6
19.3

12882.0
29398.0
45961.0



e as 59 with starti s set to 1 ft beneath river in layers 2-4, and east of column i=68 in | error problem in i76 j38 k2-6

s0_M1 Dilco_M2 M1 Z3 M2 Z3_M3 Z3 M4 Z3 M6 Z2 M1 Z2 Z1_ M Z1_M2 head Alluv Zone 3 str
).01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.01 04245 0.63675 mean -12.48777354 3.8 -3. -1.2
0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute 14.7
05 0.5 0.5 0.5 0.6 0.5 05 05 0.5 05 0.2 root mean sqL 16.95934232 14.0 17.8 19.5
20 10 20 10 20 10 20 20 20 12 10 flow
0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean 12935.0
).18 0.18 0.12 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06  absolute 29408.0
0 0 0 0 0 0 0 0 0 0 0 root mean square 46077.0
).06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
e as 59 with starting heads set to 1 ft beneath river in layers 2-4) error problem in i76 j38 k2-6
0_M1 Dilco M2 Z3 M1 Z3_M2 Z3 M3 Z3_M4 Z3_M6 Z2 M1 Z2_M2 Z1 Z1_M2 head Alluv Zone 3 Zone 1 str
).01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 0.4245 0.63675 mean 8.88 -5.4 -3.3 -0.9
0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute 16.09 17.1 18.7 18.2
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.2 root mean sqL 2002 224 26.3 201
20 10 20 10 20 10 20 20 20 12 10 flow
0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean 14014.0
).18 0.18 0.12 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06  absolute 30738.0
0 0 0 0 0 0 0 0 0 0 0 root mean square 48141.0
).06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
error
20_M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3 M6 Z2 M1 Z2_M2 Z1_M1 Z1_M2 head Alluv Zone 3 Zone 1 str
).01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 04245 0.63675 mean 775 -13.8 -15.1 6.2
0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute 15.82 21.3 21.6 17.6
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.2 root mean squ 2017 270 33.6 246
20 10 20 10 20 10 20 20 20 12 10 flow
0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean 12862.0
).18 0.18 0.12 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06  absolute 29373.0
0 0 0 0 0 0 0 0 0 0 0 root mean square 46443.0
).06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1
error problem in i76 j38 k2-6

0_M1 Dilco M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6 Z2 M1 Z2_M2 21 M Z1 M2 head Alluv Zone 3 Zone 1 str
).01 0.1 0.836 2.38 0.418 1.19 0.142 0.01 0.015 04245 0.63675 mean 7.23 -8.9 -14.5 5.1
0005 0.01 0.0418 0.238 0.0209 0.119 0.0071 0.0005 0.00075 0.035375 0.063675 absolute 16.09 18.7 22.3 17.2
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.2 root mean squ 21.08 246 33.9 24.3

20 10 20 10 20 10 20 20 20 12 10 flow
0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0016 0.0016 mean 13925.0
).06 0.06 0.12 0.12 0.06 0.06 0.06 0.06 0.06 0.06 0.06  absolute 29303.0

0 0 0 0 0 0 0 0 0 0 0 root mean square 46533.0

).06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.1 0.1




’0_M1 Dilco_M2

).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06
0 0
).06 0.06
0_M1 Dilco_M2
).01 0.1
0005 0.01
05 0.5
20 10
0008 0.0008
).06 0.06
0 0
).06 0.06
so_M1 Dilco_M2
).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06
0 0
).06 0.06

M1
0.836
0.0418
0.5
20
0.0008
0.12
0
0.06

Z3 M1
0.836
0.0418
05
20
0.0008
0.06

0.06

Z3 M1
0.836
0.0418
05
20
0.0008
0.06
0
0.06

Z3 M2
2.38
0.238

05
10

0.0008

0.12
0
0.06

Z3 M2
2.38
0.238
05
10
0.0008
0.06
0
0.06

Z3 M2
2.38
0.238

05
10

0.0008

0.06
0
0.06

Z3 M3
0.418
0.0209
05
20
0.0008
0.06

0.06

Z3 M3
0.418
0.0209
05
20
0.0008
0.06

0.06

Z3 M3
0.418
0.0209
0.5
20
0.0008
0.06
0
0.06

nod 52 with dry cell starting heads in layers 2-6)

s0_M1 Dilco_M2
).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06

0 0
).06 0.06

Z3 M1
0.836
0.0418
05
20
0.0008
0.06
0
0.06

Z3 M2
2.38
0.238
05
10
0.0008
0.06
0
0.06

Z3 M3
0.418
0.0209
0.5
20
0.0008
0.06
0
0.06

Z3 M4
1.19

0.119
05
10

0.0008
0.06

0.06

Z3 M4
1.19
0.119
05
10
0.0008
0.06

0.06

Z3 M4
1.19
0.119
05
10
0.0008
0.06

0.06

Z3 M4
1.19
0.119
05
10
0.0008
0.06
0
0.06

Z3 M6
0.142
0.0071
05
20
0.0008
0.06

0.06

Z3 M6
0.142
0.0071
05
20
0.0008
0.06

0.06

Z3 M6
0.142
0.0071
0.5
20
0.0008
0.06

0.06

Z3_ M6
0.142
0.0071
05
20
0.0008
0.06
0
0.06

Z2._ M1
0.01
0.0005
05
20
0.0008
0.06

0.06

Z2_ M1
0.01
0.0005
05
20
0.0008
0.06

0.06

Z2._M1
0.01
0.0005
05
20
0.0008
0.06

0.06

Z2._ M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

22 ZiME 71 M2
0.01 04245 0.63675
0.00075 0.035375 0.063675
05 0.5 0.2
20 12 10
0.0008  0.0016  0.0016
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1
Z2M2  ZIM1 Zi M2
0015 04245 0.63675
0.00075 0.035375 0.063675
0.5 0.5 0.2
20 12 10
0.0008 0.0016  0.0016
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1
2 M2 B e
0.015 0283  0.4245
0.00075 0.023583 0.04245
05 05 0.2
20 12 10
0.0008 0.0016  0.0016
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1
W AT AW
0015 0283  0.4245
0.00075 0.023583 0.04245
05 05 0.2
20 12 10
0.0008  0.004  0.004
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1

error problem in i76 j38 k2-6

head Alluv Zone 3
mean 736 -104
absolute 15.86 201
root mean sqL 20.38 26.2
flow

mean

absolute

root mean square

error problem in i76 j38 k2-6

head Alluv Zone 3
mean 7.04 91
absolute 16.47 20.7
root mean squ 21.72 27.2
flow

mean

absolute

root mean square

error problem in i76 j38 k2-6

head Alluv Zone 3
mean 7.04 -9.1
absolute 16.35 194
root mean sqL 2147 251
flow

mean

absolute

root mean square

error problem in i76 |38 k2-6

head Alluv Zone 3
mean 7.07 -7.8
absolute 16.43 19.3
root mean sqL 21.73 252
flow

mean

absolute

root mean square

-22.
26.7
38.6

Zone 1
-19.9
245
35.7

Zone 1
-25.2
28.8
40.7

Zone 1
-26.3
28.2
40.3

str
9.1
19.8
28.3

15954.0
29351.0
46610.0

str
71
18.2
25.9

15533.0
28898.0
46360.0

str
10.0
20.6
29.2

16543.0
29180.0
46520.0

str
9.6
20.0
28.5

15932.0
28832.0
46314.0



nod 52 with dry ¢

s0_M1 Dilco_M2 y M1
).01 0.1 0.836
0005 0.01 0.0418
0.5 0.5 0.5
20 10 20
0008 0.0008 0.0008
).06 0.06 0.06
0 0 0

).06 0.06 0.06

nod 47 with material changes)

;0_M1 Dilco_ M2 Z3_M1
).01 0.1 0.836
0005 0.01 0.0418
0.5 0.5 0.5
20 10 20
0008 0.0008 0.0008
).06 0.06 0.06
0 0 0

).06 0.06 0.06

nod 47 with material changes)

0_M1 Dilco M2 Z3 M1
).01 0.1 0.836
0005 0.01 0.0418
0.5 0.5 0.5
20 10 20
0008 0.0008 0.0008
).06 0.06 0.06
0 0 0

).06 0.06 0.06

:ase pond recharge by 20%)

0_M1 Dilco M2 Z3_M1
.01 0.2 1.19
0005 002  0.0595
05 05 05
20 10 20
0008  0.0008  0.0008
).06 0.06 0.06
0 0 0
).06 0.06 0.06

Z3 M2
2.38
0.238
05
10
0.0008
0.06
0
0.06

Z3 M2
2.38
0.238
05
10
0.0008
0.06
0
0.06

Z3 M2
2.38

0.238
0.5
10

0.0008
0.06

0.06

Z3 M2
4.76
0.476

05
10

0.0008

0.06
0
0.06

ng heads in layers 2-5)

Z3 M3
0.418
0.0209
0.5
20
0.0008
0.06
0
0.06

Z3 M3
0.418
0.0209
05
20
0.0008
0.06

0.06

Z3 M3
0.418
0.0209
05
20
0.0008
0.06

0.06

Z3 M3
0.836
0.0418
05
20
0.0008
0.06
0
0.06

Z3 M4
119
0.119
0.5
10
0.0008
0.06

0.06

Z3 M4
119
0.119
0.5
10
0.0008
0.06

0.06

Z3 M4
1.19

0.119
05
10

0.0008
0.06

0.06

Z3 M4
2.38
0.238
05
10
0.0008
0.06
0
0.06

Z3 M6
0.142
0.0071
0.5
20
0.0008
0.06

0.06

Z3 M6
0.142
0.0071
05
20
0.0008
0.06

0.06

73 M6
0.142
0.0071
05
20
0.0008
0.06

0.06

Z3 M6
0.377
0.01885
05
20
0.0008
0.06
0
0.06

72 M1
0.01
0.0005
05
20
0.0008
0.06

0.06

Z2 M1
0.01
0.0005
0.5
20
0.0008
0.06

0.06

Z2 M1
0.01
0.0005
05
20
0.0008
0.06

0.06

Z2_M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

22 ZtM1 21 M2
0.01 0.283  0.4245
0.00075 0.023583 0.04245
0.5 0.5 0.2
20 12 10
0.0008  0.004  0.004
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1
z2 M2 DEW e
0015 0283  0.4245
0.00075 0.023583 0.04245
0.5 0.5 0.2
20 12 10
0.0008  0.004  0.004
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1
Z2M2  Zi M1 Z1 M2
0.015 0.8 1.2
0.00075 0.066667  0.12
0.5 0.5 0.2
20 12 10
0.0008  0.004  0.004
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1
Z2M2  ZI M1 Zi M2
0.015 0.8 1.2
0.00075 0.066667  0.12
0.5 0.5 0.2
20 12 10
0.0008  0.004  0.004
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1

error problem in i76 j38 k2-6

head Alluv Zone 3
mean 7.87 5.3
absolute 16.67 18.8
root mean squ 21.91 24.5
flow

mean

absolute

root mean square

error

head Alluv Zone 3
mean 8.05 45
absolute 16.69 18.2
root mean sqt 2198 237
flow

mean

absolute

root mean square

error problem in i75 j45 k3

head Alluv Zone 3
mean -7.72 -6.6
absolute 16.15 18.2
root mean sqt 20.91 23.4
flow

mean

absolute

root mean square

error

head Alluv Zone 3
mean -7.34 -0.7
absolute 18.08 19.9
root mean sqt 2515 26.0
flow

mean

absolute

root mean square

-21.7
25.2
35.4

problem in i75 j45 k3 and i76 j38 k2-6

Zone 1
-18.4
23.2
32.3

Zone 1
-11.3
175
254

Zone 1
-7.3
18.1
25.2

str
6.7
18.0
252

14860.0
28695.0
46220.0

str
54
171
23.8

12340.0
28541.0
45937.0

str
3.0
14.5
20.0

9100.0
22417.0
37607.0

str
-1.2
13.2
17.5

10962.0
34454.0
51620.0



:ase alluy, dilco_li

so_M1 Dilco_M2
).01 0.2
0005 0.02
0.5 0.5

20 10
0008 0.0008
).06 0.06

0 0
).06 0.06

ctances, increase river conductance and stage by 20%)
y M1 Z3 M2 Z3_M3 Z3_M4 Z3_M6 Z2_M1

1.19 4.76 0.836 2.38 0.377 0.01
0.0595 0.476 0.0418 0.238 0.01885  0.0005
0.5 0.5 0.5 0.5 0.5 0.5
20 10 20 10 20 20
0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
0.06 0.06 0.06 0.06 0.06 0.06
0 0 0 0 0 0
0.06 0.06 0.06 0.06 0.06 0.06

nod 42 properties, increase river conductance and stage by 20%)

s0_M1 Dilco_M2

).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06
0 0

).06 0.06

Z3_M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6 Z2_M1

1.19 4.76 0.836 2.38 0.377 0.01
0.0595 0.476 0.0418 0.238 0.01885  0.0005
0.5 0.5 0.5 0.5 05 0.5
20 10 20 10 20 20
0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
0.06 0.06 0.06 0.06 0.06 0.06
0 0 0 0 0 0
0.06 0.06 0.06 0.06 0.06 0.06

nod 42 properties, increase river stage by 10%)
s0_M1 Dilco_M2 Z3_M1 Z3_M2 Z3_M3 Z3_M4 Z3_M6 Z2_M1

).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06
0 0

).06 0.06

1.19 4.76 0.836 2.38 0.377 0.01
0.0595 0.476 0.0418 0.238 0.01885  0.0005
0.5 0.5 0.5 0.5 0.5 0.5
20 10 20 10 20 20
0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
0.06 0.06 0.06 0.06 0.06 0.06
0 0 0 0 0 0
0.06 0.06 0.06 0.06 0.06 0.06

nod 42 properties, reduce river bed conductance by .5)

0_M1 Dilco_M2

).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06
0 0

).06 0.06

Z3M1 Z3 M2 Z3 M3 Z3 M4 Z3 M6  Z2 Mi

1.19 476 0.836 2.38 0.377 0.01
0.0595 0.476 0.0418 0.238 0.01885  0.0005
0.5 0.5 0.5 0.5 0.5 0.5
20 10 20 10 20 20
0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
0.06 0.06 0.06 0.06 0.06 0.06
0 0 0 0 0 0
0.06 0.06 0.06 0.06 0.06 0.06

22 Zi M1 Z1_ M2
0.01 058 1.2
0.00075 0.066667  0.12
05 0.5 0.2
20 12 10
0.0008  0.004  0.004
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1

Z2M2  Zi M1 Z1 M2

0.015 0.8 1.2
0.00075 0.066667 0.12
0.5 0.5 0.2
20 12 10
0.0008 0.004 0.004
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1

Z2M2  ZI M1 Zi M2

0.015 0.8 1.2
0.00075 0.066667 0.12
0.5 0.5 0.2
20 12 10
0.0008 0.004 0.004
0.06 0.1 0.1
0 0 0
0.06 0.1 0.1

Z2M2  ZIM1 71 M2

0.015 08 12
0.00075 0.066667  0.12
05 05 02
20 12 10
00008 0004  0.004
0.06 0.1 0.1
0 0 0

0.06 0.1 0.1

error
head Alluy
mean

absolute

root mean squ

flow

mean

absolute

root mean square

error problem in i75 j45 k3

head Alluv
mean

absolute

root mean squ

flow

mean

absolute

root mean square

error problem in i75 j45 k3

head Alluv
mean

absolute

root mean sqt

flow

mean

absolute

root mean square

error
head Alluv
mean

absolute

root mean squ

flow

mean

absolute

root mean square

str
0.0
13.6
17.9

11089.0
34733.0
51812.0

str
3.0
14.6
194

11997.0
33842.0
51310.0

str
2.6
141
18.9

11613.0
31358.0
47626.0

str
4.2
14.3
18.8

8405.0
20817.0
35730.0



ible river bed con es)
;0_M1 Dilco_M2 y M1 Z3_M2
).01 0.1 1.19 4.76
0005 0.01 0.0595 0.476
1 0.5 1 0.5
20 10 20 10
0008 0.0008 0.0008 0.0008
).06 0.06 0.06 0.06
0 0 0 0
).06 0.06 0.06 0.06

yve anisotropy except in fracture zones)
;0_M1 Dilco_M2 2Z3 M1 Z3_M2

).01 0.1 1.19 4.76
0005 0.01 0.0595 0.476
1 0.5 1 0.5

20 10 20 10
0008 0.0008 0.0008 0.0008
).06 0.06 0.06 0.06
0 0 0 0
).06 0.06 0.06 0.06

0_M1 Dilco M2 23 M1  Z3 M2

).01 0.1 1.19 4.76
0005 0.01 0.0595 0.952
0.5 0.5 0.5 0.5
20 10 20 5
0008 0.0008 0.0008 0.0008
).06 0.06 0.06 0.06
0 0 0 0
).06 0.06 0.06 0.06

2 Zone 3 into two model layers
;o_M1 Dilco_M2 23 M1 Z3_M2

).01 0.1 1.19 4.76

0005 0.01 0.0595 0.476

0.5 0.5 0.5 05

20 10 20 10

0008 0.0008 0.0008 0.0008

).06 0.06 0.06 0.06
0 0 0 0

).06 0.06 0.06 0.06

0.00075 0.066667

0.00075 0.066667

0.00075 0.066667

0.00075 0.066667

error

head Alluv

mean

absolute

root mean squ
flow

mean

absolute

root mean square

error

head Alluv

mean

absolute

root mean sqt
flow

mean

absolute

root mean square

error problem in i75 j45 k3
head Alluv

mean

absolute

root mean sqt
flow

mean

absolute

root mean square

error

head Alluv

mean

absolute

root mean sqt
flow

mean

absolute

root mean square

6.65
15.87
20.47

6.22
15.67
20.19

6.55
16.25
21.54

6.45
16.43
21.84

16.6
241

Zone 1
-13.4
17.9
25.8

Zone 1
-11.3
18.5
26.0

Zone 1
-11.3
18.3
26.0

all
3.5
13.3
17.9

10525.0
34109.0
50673.0

4.5
13.8
18.3

8543.0
30819.0
47177.0

3.0
14.3
19.2

13047.0
32205.0
49238.0

25
13.8
18.2

15272.0
34181.0
51480.0



s0_M1 Dilco_M2

error

22 M2 Z1_M1 Z1 head Alluv
0.015 0.8 1.2 mean 6.66
0.00075 0.066667 0.12 absolute 16.08
0.5 0.5 02 tmeansqu 20.92
20 12 10 flow
0.0008 0.004 0.004 mean
0.06 0.1 0.1 absolute
0 0 0 t mean square
0.06 0.1 0.1
error
Z1_M1 Z1_M2 Alluv Zone 3
0.8 1.2 mean 6.47 -5.94
0.066667 0.12 absolute 16.66 19.77
0.5 0.2 tmeansqu 22.15 25.25
12 10
0.004 0.004
0.1 0.1
0 0
0.1 0.1
error
Z1 M1 Z1 M2 Alluv Zone 3
0.8 1.2 mean 6.76 -8.4
0.066667 0.12 absolute 15.73 20.45
0.5 02 tmeansqu 20.41 25.82
12 10
0.004 0.004
0.1 0.1
0 0
0.1 0.1
error
Z1 M1 21 M2 Alluv Zone 3
0.8 12 mean 6.85 -7.78
0.066667 0.12 absolute 16.07 19.62
0.5 0.2 tmeansqu 20.89 24 .86
12 10
0.004 0.004
0.1 0.1
0 0

0.1 0.1

problem in i75 j45 k3
Zone 3 Zone 1
-8.79
19.28
24.55

Zone 1
-10.91
18.68
25.96

Zone 1
-10.88
18
25.43

Zone 1
-11.61
18.51
26.07

stress periods

stress periods

stress periods



s0_M1 Dilco_M2 y M1

).01 0.1 1.19
0005 0.01 0.0595
0.5 0.5 0.5
20 10 20
0008 0.0008 0.0004
).06 0.06 0.06
0 0 0
).06 0.06 0.06
so_M1 Dilco_M2 Z3_ M1
).01 0.1 1.19
0005 0.01 0.0595
0.5 0.5 0.5
20 10 20
0008 0.0008 0.0004
).06 0.06 0.06
0 0 0
).06 0.06 0.06
materials, except in Zone 1)
0_M1 Dilco M2 Z3 M1
).01 0.1 1.19
0005 0.01 0.0595
0.5 0.5 0.5
20 10 20
0008 0.0008 0.0004
).06 0.06 0.06
0 0 0
).06 0.06 0.06
o_M1 Dilco_M2 Z3_M1
).01 0.1 1.19
0005 0.01 0.0595
0.5 0.5 0.5
20 10 20
0004 0.0004 0.0004
).06 0.06 0.06
0 0 0
).06 0.06 0.06
so_M1 Dilco_M2 Z3 M1
).01 0.1 1.19
0005 0.01 0.0595
0.5 0.5 0.5
20 10 20
0004 0.0004 0.0004
).06 0.06 0.06

Z3 M2
4.76
0.238

05
20

0.0004

0.06
0
0.06

Z3 M2
4.76
0.238

0.5
20

0.0004

0.06
0
0.06

Z3 M2
4.76
0.238

0.5
20

0.0004

0.06
0
0.06

Z3 M2
4.76
0.238

05
20

0.0004

0.06
0
0.06

Z3 M2
4.76
0.238

05
20

0.0004

0.06

Z2 M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

Z2_ M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2_ M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2_M1
0.01
0.0005
0.5
20
0.0004
0.06
0
0.06

z2 M1
0.01

0.0005
05
20

0.0004
0.06

Z2 M2
0.015
0.00075
05
20
0.0008
0.06
0
0.06

Z2 M2
0.015
0.00075
0.5
20
0.0008
0.06
0
0.06

Z2 M2
0.015
0.00075
05
20
0.0008
0.06
0
0.06

72 M2
0.015
0.00075
05
20
0.0004
0.06
0
0.06

z2 M2
0.02
0.001
05
20
0.0004
0.06

Z1_M1
0.8
0.066667
05
12
0.004
0.1
0
0.1

Z1 M1
0.666667
0.066667
05
10
0.004
0.1
0
0.1

Z1_M1

0.1
0.5
10
0.004
0.1

0.1

Z1_M1

0.05
0.5
20

0.004
0.1

0.1

Z1 M1

0.05
05
20

0.004
0.1

e

Z1_M2
12 mean
1.2 absolute

0.2 t mean squ
10

0.004
0.1
0
0.1
error
Z1_M2
1 mean
0.1 absolute

0.2 t mean squ
10
0.004
0.1
0
0.1

error
Z1_M2
1.5 mean
0.15 absolute
0.2 t mean squ
10
0.004
0.1
0
0.1

error
Z1_M2
1.5 mean
0.075 absolute
0.2 t mean squ
20
0.004
0.1
0
0.1

error
Z1_M2
15 mean
0.075 absolute
0.2 t mean squ
20
0.004
0.1

n

Alluv
10.77
15.96
20.21

Alluv
10.92
16.11
20.17

Alluv
10.33
16
20.62

Alluv
10.66
16.56
21.53

Alluv
10.71
16.36
21.22

Zone 3
0.73
15.88
19.26

Zone 3
1.8
16.68
20.18

Zone 3
-0.294
16.91

20.75

Zone 3
3.71
16.71
21.12

Zone 3
3.36
16.72
21.08

stress periods
4/1/1969
1/15/1987

stress periods
4/1/1969
1/15/1987

stress periods
4/1/1969
1/15/1987

stress periods
4/1/1969
1/15/1987

stress periods
4/1/1969
1/15/1987



:0_M1 Dilco_M2
).01 0.1
0005 0.01
0.5 0.5
20 10
0004 0.0004
).06 0.06

0 0
).06 0.06
;0_M1 Dilco_M2
).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06

0 0
).06 0.06
s0_M1 Dilco_M2
).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06

0 0
).06 0.06

s0_M1 Dilco_M2

).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06
0 0

).06 0.06

>0_M1 Dilco_M2

).01 0.1
0005 0.01
0.5 0.5
20 10
0008 0.0008
).06 0.06

Y M1
1.19
0.0595
05
20
0.0004
0.06
0
0.06

z3 M1
119
0.0595
05
20
0.0004
0.06
0
0.06

Z3 M1
1.19
0.0595
05
20
0.0008
0.06
0
0.06

Z3_M1
1.19
0.0595
0.5
20
0.0008
0.06
0
0.06

Z3 M1
1.19
0.0595
0.5
20
0.0008
0.06

Z3 M2
476
0.238

0.5
20

0.0004

0.06
0
0.06

Z3 M2
4.76
0.238

0.5
20

0.0004

0.06
0
0.06

Z3 M2
4.76
0.238

0.5
20

0.0008

0.06
0
0.06

Z3 M2
476
0.238

0.5
20

0.0008

0.06
0
0.06

Z3 M2
4.76
0.238

0.5
20

0.0008

0.06

Z2 M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

72 M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2 M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2 M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2 M1
0.01
0.0005
05
20
0.0008
0.06

Z2 M2
0.015
0.00075
05
20
0.0008
0.06
0
0.06

Z2 M2
0.015
0.00075
0.5
20
0.0008
0.06
0
0.06

Z2 M2
0.015
0.00075
0.5
20
0.0008
0.06
0
0.06

Z2_M2
0.015
0.00075
05
20

0.0008

0.06
0
0.06

Z2_ M2
0.015
0.00075
05
20
0.0008
0.06

Z1 M1

0.05
0.5
20

0.004
0.1

0.1

Z1 M

0.05
0.5
20

0.004
0.1

0.1

Z1_M1

0.05
0.5
20

0.008
0.1

0.1

Z1_M1
1
0.05
0.5
20
0.0008
0.1
0
0.1

Z1 M1
1
0.05
05
20
0.0008
0.1

~

e

Z1_M2
15 mean
0.075 absolute

0.2 tmeansqu
20
0.004
0.1
0
0.1

error
Z1_M2
15 mean
0.075 absolute
0.2 tmeansqu
20
0.004
0.1
0
0.1

error
Z1_M2
15 mean
0.075 absolute
0.2 t mean squ
20
0.008
0.1
0
0.1

error
Z1_M2
1.5 mean
0.075 absolute
0.2 t mean squ
20
0.0008
0.1
0
0.1

error
Z1_M2
1.5 mean
0.075 absolute
0.2 tmeansqu
20
0.0008
0.1

~n

Alluv Zone 3
10.7 4.59
16.48 16.46
21.46 20.78
Alluv Zone 3
10.57 0.97
15.92 16.79
20.16 20.3
Alluv Zone 3
9.98 0.283
16.12 17.02
21.22 20.57
Alluv Zone 3
10.31 2.03
16.76 16.63
222 20.48
Alluv Zone 3
4.278 -71.75
17.115 19.08
23.09 24.98

Zone 1 stress periods
-22.96 4/1/1969
26.74 1/15/1987
36.04
Zone 1 stress periods
-24.04 4/1/1969
27.09 1/15/1987
36.3
Zone 1 stress periods
-27.09 4/1/1969
29.16 1/15/1987
38.51
Zone 1 stress periods
-16.01 4/1/1969
25.75 1/15/1987
34.3
Zone 1 stress periods
-20.32 4/1/1969
24 .84 1/15/1987
33.31



M1
1.19
0.0595
05
20
0.0008
0.06
0
0.06

Z3 M1
1.19
0.0595
0.5
20
0.0008
0.06
0
0.06

Z3_ M1
1.19
0.0595
05
20
0.0008
0.06
0
0.06

Z3_M1
1.19
0.119
0.5
10
0.0008
0.06
0
0.06

Z3 M1
1.19
0.0595
05
20
0.0008
0.06

Z3 M2
3.57
0.1785
0.5
20
0.0008
0.06
0
0.06

Z3 M2
2.975
0.2975
0.5
10
0.0008
0.06
0
0.06

Z3 M2
2.975
0.2975
0.5
10
0.0008
0.06
0
0.06

Z3 M2
2.975
0.2975
05
10
0.0008
0.06
0
0.06

Z3 M2
2.975
0.2975
05
10
0.0008
0.06

Z2 M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

Z2. M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2 M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2_M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

Z2 M1
0.01
0.0005
0.5
20
0.0008
0.06

Z2 M2
0.02
0.001

05
20

0.0008

0.06
0
0.06

Z2 M2
0.02
0.001
05
20
0.0008
0.06
0
0.06

Z2_M2
0.05
0.0025
05
20
0.0008
0.06
0
0.06

Z2 M2
0.05
0.0025
05
20
0.0008
0.06
0
0.06

72 M2
0.05
0.0025
05
20
0.0008
0.06

Z1_M1

0.05
05
20

0.0008
0.1

0.1

Z1 M

0.05
0.5
20

0.0008
0.1

0.1

Z1 M1

0.05
0.5
20

0.0008
0.1

0.1

Z1_M1
1
0.05
05
20
0.0008
0.1
0
0.1

Z1 M1
1
0.05
05
20
0.0008
0.1

Z1 M2

0.1
0.2
20
0.0008
0.1

0.1
Z1 M2

0.2
20
0.0008
0.1

0.1

Z1 M2
25
0.125
0.2
20
0.0008
0.1

0.1

Z1_M2
25
0.125
0.2
20
0.0008
0.1
0
0.1

Z1_M2
25
0.125
0.2
20
0.0008
0.1

error

Alluv Zone 3 Zone 1 stress periods
mean 444 -6.36 -18.37 4/1/1969
absolute 17.12 18.06 2419 1/15/1987
root mean : 23.07 23.74 3249
error

Alluv Zone 3 Zone 1 stress periods
mean 1.997 -6.29 -18.05 4/1/1969
absolute 18.41 17.93 2412 1/15/1987
root mean : 26.17 23.89 32.62
error

Alluv Zone 3 Zone 1 stress periods
mean 1.85 -7.84 -14.95 4/1/1969
absolute 18.11 18.19 23.69 1/15/1987
root mean : 25.95 23.36 31.75
error

Alluv Zone 3 Zone 1 stress periods
mean 3.79 -7.38 -15.63 4/1/1969
absolute 16.84 18.17 23.99 1/15/1987
root mean : 22.96 23.74 31.96
error

Alluy Zone 3 Zone 1 stress periods
mean 3.2 -8.67 -16.18 4/1/1969
absolute 17.08 18.61 24.06 1/15/1987
root mean : 23.54 24.18 32.01



M1
0.836
0.0418
0.5
20
0.0008
0.06
0
0.06

Z3_M1
0.836
0.0418
05
20
0.0008
0.06
0
0.06

73 M1
0.836
0.0418
0.5
20
0.0008
0.06
0
0.06

Z3_M1
0.836
0.0418
0.5
20
0.0008
0.06
0
0.06

Z3 M1
119
0.0595
0.5
20
0.0008
0.06

Z3_M2
2.09
0.209
05
10
0.0008
0.06

0.06

Z3_M2
2.09
0.209
0.5
10
0.0008
0.06
0
0.06

Z3 M2
2.09
0.209
0.5
10
0.0008
0.06
0
0.06

Z3_ M2
2.09
0.209

0.5
10

0.0008

0.06
0
0.06

Z3 M2
2.975
0.2975
0.5
10
0.0008
0.06

Z2_M1
0.01
0.0005
05
20
0.0008
0.06

0.06

Z2_M1
0.01
0.0005
05
20
0.0008
0.06
0
0.06

Z2_ M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2_M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2_M1
0.01
0.0005
0.5
20
0.0008
0.06

72 M2
0.05
0.0025
05
20
0.0008
0.06

0.06

Z2_M2
0.05
0.0025
05
20
0.0008
0.06

0.06

72 M2
0.05
0.0025
0.5
20
0.0008
0.06
0
0.06

72 M2
0.05
0.0025
0.5
20
0.0008
0.06
0
0.06

Z2_M2
0.05
0.0025
05
20
0.0008
0.06

Z1_M2
1.25
0.0625
0.2
20
0.0008
0.1

0.1

Z1_M2
25
0.125
0.2
20
0.0008
0.1

0.1

Z1 M2
0.7075
0.0354
0.2
20
0.0008
0.1
0
0.1

Z1 M2
0.7075
0.0354
0.2
20
0.0008
0.1
0
0.1

Z1 M2
25
0.125
0.2
20
0.0008
0.1

errol

Alluv Zone 3 Zone 1
mean 4.47 -8.46 -23.79
absolute 17.54 19.61 279
root mean : 23.98 25.67 35.81
error

Alluv Zone 3 Zone 1
mean 3.74 9.3 -16.42
absolute 17.4 19.13 23.79
root mean : 23.98 249 31.96
error

Alluv Zone 3 Zone 1
mean -1.65 -6.36 -40.49
absolute 28.96 20.55 49.52
root mean : 39.14 28.95 61.23
error

Alluv Zone 3 Zone 1
mean 4.18 -7.74 -30.02
absolute 18.06 19.63 33.13
root mean : 25.02 27.09 40.09
error

Alluv Zone 3 Zone 1
mean 2.87 -9.09 -17.37
absolute 17.08 18.43 24.83
root mean ! 23.94 23.88 32.82

stress periods

stress periods

stress periods

stress periods



so_M1
).01
0005
0.5
20
0008
).06

0
).06

s0_M1
).01
0005
0.5
20
0008
).06

0
).06

so0_M1
).01
0005
0.5
20
0008
).06

0
).06

so_MA1
).01
0005
0.5
20
0008
).06

0
).06

s0_M1
2.01
0005
0.5
20
0008
).06

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A

NIA

AYE
2.38
0.238
0.5
10
0.0008
0.06
0
0.06

73 M1
2.38
0.238

0.5
10

0.0008

0.06
0
0.06

Z3 M1
2.38
0.238
05
10
0.0008
0.06
0
0.06

Z3_M1
2.38

0.238
0.5
10

0.0008
0.06

0

0.06

Z3 M1
2.38
0.119
0.75

20

0.0008

0.06

Z3 M2
5.94

0.297
0.5
20

0.0008
0.06

0.06

Z3 M2
5.94

0.297
0.5
20

0.0008
0.06

0.06

Z3_M2
5.94
0.297
0.5
20
0.0008
0.06

0.06

Z3_M2
5.94
0.297
0.5
20
0.0008
0.06
0
0.06

Z3 M2
5.94

0.297
0.5
20

0.0008
0.06

Z2_ M1
0.01
0.0005
0.5
20
0.0008
0.06

0.06

Z2 M1
0.01
0.0005
0.5
20
0.0008
0.06

0.06

Z2_ M1
0.01
0.0005
0.5
20
0.0008
0.06

0.06

Z2 M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2_ M1
0.01
0.0005
0.5
20
0.0008
0.06

Z2_M2
0.05
0.0025
05
20
0.0008
0.06
0
0.06

Z2 M2
0.05
0.0025
0.5
20

0.0008.

0.06
0
0.06

Z2_M2
0.05
0.0025
0.5
20
0.0008
0.06
0
0.06

72 M2
0.05
0.0025
0.5
20
0.0008
0.06
0
0.06

72 M2
0.05
0.0025
0.5
20
0.0008
0.06

Z1_ M1

0.05
0.5
20

0.0008
0.1

0.1

Z1 M1

0.05
05
20

0.0008
01

01

Z1_M1

0.05
0.5
20

0.0008
0.1

0.1

Z1_M1
1
0.05
05
20
0.0008
0.1
0
0.1

Z1_M1
1
0.05
05
20
0.0008
0.1

Z1_M2
25
0.125
0.2
20
0.0008
0.1

6.1

Z1_M2
2.5
0.125
0.2
20
0.0008
0.1

0.1

Z1_ M2
25
0.125
0.2
20
0.0008
0.1

0.1

Z1_M2
25
0.125
0.2
20
0.0008
0.1
0
0.1

Z1_M2
2.5
0.125
0.2
20
0.0008
0.1

error :
Zone 3

Alluv Zone 1
mean 1.75 -20.98 -18.54
absolute 17.52 25.25 23.8
root mean : 24.52 30.89 3242
error

Alluv Zone 3 Zone 1
mean -3.65 -20.718 -6.36
absolute 16.74 24.78 15.91
root mean: 22.99 29.97 20.66
error

Alluv Zone 3 Zone 1
mean 1.96 -21.59 -15.1
absolute 15.63 25.41 20.68
root mean : 21.44 30.43 25.98
error

Alluv Zone 3 Zone 1
mean 1.56 -20.43 -14.67
absolute 16.45 24.36 20.79
root mean : 23.43 29.23 26.11
error

Alluv Zone 3 Zone 1
mean -3.72 -21.8 -30.64
absolute 20.57 25.48 33.46
root mean : 31.54 30.68 42.11

4/1/1969
7/15/1986

4/29/1978
4/15/1999

4/30/1978
11/14/1985

4/30/1978
11/14/1985

12/1/1969
10/15/1983



s0_M1
).01
0005
0.5
20
0008
).06

0
).06

so_M1
).01
.001
0.5
10
0008
).06

0
).06

o_MA1
).01
.001
0.5
10
0008
.06

0
).06

so_M1
).01
.001
0.5
10
0008
).06

0
).06

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Dilco_M2
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Y M1
2.38
0.119
0.5
20
0.0008
0.06
0
0.06

Z3 M1
1.188
0.1188
0.5
10
0.0008
0.06
0
0.06

Z3_M1
1.188
0.1188
0.5
10
0.0008
0.06

0.06

73 M1
1.188
0.1188
0.5
10
0.0008
0.06
0
0.06

Z3_M2
5.94
0.297
0.5
20
0.0008
0.06

0.06

Z3_M2
2.97
0.297
0.2
10
0.0008
0.06

0.06

Z3 M2
2.97
0.297
0.2
10
0.0008
0.06

0.06

Z3_M2
2.97
0.297
0.2
10
0.0008
0.06
0
0.06

72_M1
0.01
0.0005
0.5
20
0.0008
0.06
0
0.06

Z2_ M1
0.01
0.001
05
10
0.0008
0.06
0
0.06

72 Mt
0.01
0.001
0.5
10
0.0008
0.06
0
0.06

Z2_ M1
0.01
0.001

0.5
10

0.0008

0.06
0
0.06

Z2_M2
0.05
0.0025
0.5
20
0.0008
0.06
0
0.06

Z2_ M2
0.05
0.005

0.5
10

0.0008

0.06
0
0.06

Z2 M2
0.05
0.005
0.5
10
0.0008
0.06
0
0.06

Z2_M2
0.05
0.005
05
10
0.0008
0.06
0
0.06

Z1_ M1

0.05
0.5
20

0.0008

0.06

0.06

Z1 M1

0.1
05
10
0.0008
0.06

0.06

Z1_M1
1
0.1
0.5
10
0.0008
0.06
0
0.06

Z1_M1
1
0.1
05
10
0.0008
0.06
0
0.06

Z1_M2
25
0.125
0.2
20
0.0008
0.06

0.06

Z1_M2
25
0.25
0.2
10
0.0008
0.06

0.06

Z1_M2
25
0.25
0.2
10
0.0008
0.06

0.06

Z1_M2
25
0.25
0.2
10
0.0008
0.06
0
0.06

error

Alluv Zone 3 Zone 1
mean -2.95 -19.79 -21.32
absolute 19.82 23.8 27.99
root mean : 29.79 28.88 37.37
error

Alluv Zone 3 Zone 1
mean -1.81 -22.98 -18.72
absolute 19.68 26.26 26.77
root mean : 29.87 31.71 36.92
error

Alluv Zone 3 Zone 1
mean -2.14 -22.44 -18.87
absolute 20.3 25.78 27.31
root mean : 31.68 31.13 38.42
error

Alluv Zone 3 Zone 1
mean -0.96 -24.44 -17.99
absolute 19.55 27.97 26.12
root mean : 29.46 33.62 35.78

12/1/1969
10/15/1983

12/1/1969
10/16/1983

12/1/1969
10/15/1983

3/15/1969
10/15/1983



' TAQ3B ‘

Ranges of Values Assigned to Property Zone Hydraulic Parameters During the Development and Calibration Process
UNC Church Rock Site, Church Rock, New Mexico

Dilco_M1 Dilco_M2 Z3_M1 Z3 M2 Z3 M3 73 M4 Z3_M6 72 M1 Z2 M2 Z1_M1
25 0.01 05t0 .2 83610238 209t0594  .41810.836 11910238  .1421t0.377 0.01 015t00.05  0.28310 1.0
75 0.0005 to 0.001 0.00333 to 0.02 0.0418 to 0.238 0.1785 to 0.952 0.0209 to 0.418 0.119 to 0.238 0.0071 to .01885 0.0005 to 0.001 0.00075 to 0.005 0.01415 to 0.
0.5 to 1 0.110 0.67 0.5t0 1 021005 0.5t0 1 0.25t0 0.67 0.5t0 1 0.5to 1 0.35to 1 0.5t0 1
10 to 20 10t0 15 10 to 20 10 to 20 20 10 to 20 20 10 to 20 10 to 20 10 to 20
033 0.004 to 0.0008 0.004 to 0.0008 0.004 to 0.0008 0.004 to 0.0008  0.0008 0.0008 0.0008 0.0004 to 0.0008 0.0004 to 0.0008 0.004 to 0.00(

3 0.06 t0 0.18 0.06t0 0.18 0.06 t0 0.12 0.06 to 0.12 0.06 0.06 t0 0.12 0.06 0.06t0 0.12 0.061t00.12 0.06 to 0.1



: TABLE 4A Model water Balance for 1986
' 1/15/1986-2/11/1986

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

578128832.0000
0.0000
0.0000
0.0000
793486400.0000
105209888.0000

1476825088.0000

1105047936.0000
0

.0000
3675918.5000
57241616.0000
256787232.0000
0.0000

1422752640.0000

54072448.0000
3.73

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OouT

PERCENT DISCREPANCY

TIME SUMMARY AT END OF TIME STEP

2/11/1986-3/13/1986

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 39

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS

SECONDS

MINUTES

DAYS

1 IN STRESS PERIOD
HOURS

122580.

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 39

0859

0.0000

0.

0.
4248.
33541.

160369.

115719.
0.0000
.7476
.0059
11524.
0.

142040.
18328.
.12

4183
10612

12

0000
0000
1899
1289

4062

7422

9492
0000

4375
9688

7.62257€E-02
7.62257€E-02

TIME STEP LENGTH 2.40550E+06 40092.
STRESS PERIOD TIME 2.40550e+06 40092. .
TOTAL TIME 5.32297E+08 8.87161E+06 1.47860E+05

581036544.0000
0.0000
0.0000
0.0000

Page 1

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS

27.841
27.841
6160.

8

16.867

99465.
0.
0.
0.

3828
0000
0000
0000



@

VOLUMETRIC BUDGET FOR ENTIRE MODEL

RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

1108132864.

1426516864.

793618368.0000
106190416.0000

1480845312.0000

0000
0.0000
3798121.5000
57560916.0000
257024912.0000
0.0000

0000
54328448.0000
3.74

TABLE 4A Model water Balance for 1986

RIVER LEAKAGE
RECHARGE

TOTAL IN

OouUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

3/13/1986-4/12/1986

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

SECONDS

MINUTES

2 IN STRESS PERIOD

4514.
33541.

137520.

105528.

0361
1289

5469

7266

0.0000

4180.
10922.
8130.
0.
128761.
8758.

6.

2373
3418
4043
0000
7109
8359

58

8.00369E-02

1484977152

1111198976.

1430265216.

TIME STEP LENGTH 2.52577E+06 42096.
STRESS PERIOD TIME 4.93127E+06 82188.
TOTAL TIME 5.34822E+08 8.91371E+06 1.48562E+05

583994944.,0000
0.0000
0.0000
0.0000
793762176.0000
107219968.0000

.0000

0000
0.0000
3926542.2500
57899948.0000
257239696.0000
0.0000

0000

Page 2

HOURS DAYS

701.60 29.233

1369.8 57.075
6190.1

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

0.15626
16.948

96379.
0.
0.
.0000

0

4684.
33541.

134605.

99888.

AT END OF TIME STEP 3 IN STRESS PERIOD 39

9922
0000
0000

2041
1289

3281

7109

0.0000

4183.
.1045

11045

6997.
0.

122114.

7476

1343
0000

6953



IN - OoUT

PERCENT DISCREPANCY

54711936.
3.

0000
75

TABLE 4A Model water Balance for 1986

IN - OUT

PERCENT DISCREPANCY

TIME SUMMARY AT END OF TIME STEP

4/12/1986-5/15/1986

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 4 IN STRESS PERIOD 39

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OouUT

PERCENT DISCREPANCY

SECONDS

MINUTES

DAYS

3 IN STRESS PERIOD
HOURS

12490.
9.

6328
73

8.40388E-02

587080832.

TIME STEP LENGTH 2.65206E+06 44201.
STRESS PERIOD TIME 7.58334E+06 1.26389E+05
TOTAL TIME 5.37475E+08 8.95791E+06 1.49298E+05

0000

0.0000

0.
0.
793916928.
108300992.

1489298688.

1114581120.

0.
4061384.
58248588.
257439928.

1434331008.

54967680.
3.

0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000

0000
0000
76

736.68
2106.5

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

OuUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OouUT

PERCENT DISCREPANCY

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

DAYS

30.695
87.770
6220.

8

4 IN STRESS PERIOD
HOURS

0.24030
17.032

L**3/T

95745

.9766

0.0000

0.

0.
4801.
33541.

134088.

104936.
0.
.7476

4183

10817.
.4077

0.
126149.
- 7938.

.10

6212

0000
0000
3916
1289

5000

6094
0000

2188
0000
9844
5156

8.82407E-02

TIME STEP LENGTH 2.78466E+06 46411.
STRESS PERIOD TIME 1.03680E+07 1.72800E+05
TOTAL TIME 5.40259E+08 9.00432E+06 1.50072E+05

Page 3

773.52
2880.0

6253.

0

0.32854
17.120



5/15/1986-6/13/1986

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 40

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

TABLE 4A Model water Balance for 1986

590226048.

0000

0.0000

0.
0.
793916928.
109294776.

1493437696.

1117916288.
0.

4191513,
58543136.
257597584.
0.

1438248576.
55189120.
3.

0000
0000
0000
0000

0000

0000
0000
7500
0000
0000
0000

0000
0000
77

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

1 IN STRESS PERIOD

L**3/T

105700.

5625

0.0000

0.
0.

0000
0000

0.0000

33397.
139098.

112081.
0.

4373
9898.
5298.
0.

131651.
7446.
5.

6328
1875

5000
0000

.2129

7295
4717
0000
9062
2812

50

TIME STEP LENGTH 2.57093E+06 42849.
STRESS PERIOD TIME 2.57093E+06 42849.

HOURS DAYS
714.15 29.756
714.15 29.756

TOTAL TIME 5.42830E+08 9.04717E+06 1.50786E+05 6282.8

6/13/1986-7/15/1986

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

VOLUMETRIC BUDGET FOR ENTIRE MODEL

592924800.
0.
0.
0.
793916928.
110338248.

8.14677E
8.14677E
17.201

-02
-02

AT END OF TIME STEP 2 IN STRESS PERIOD 40

0000
0000
0000
0000
0000
0000

Page 4

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

86376.
0.
0.
0.
0.
33397.

7578
0000
0000
0000
0000
6328



TOTAL IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

TABLE 4A Model water Balance for 1986

1497180032.

1120685056.

0000

0000

0.0000

4328064 .
58857872.
257752016.
0.
1441623040.
55556992

3.

5000
0000
0000
0000
0000
0000

78

TOTAL 1IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

2 IN STRESS PERIOD

119774.

88616.
0.
4370.
10073.
.8374
0.

.9297
11771.
10.

4942

108002

3906

0469
0000
4829
5625

0000

4609
34

8.55411E-02

TIME STEP LENGTH 2.69947e+06 44991.
STRESS PERIOD TIME 5.27040E+06 87840.

HOURS DAYS
749.85 31.244
1464.0 61.000

TOTAL TIME 5.45530E+08 9.09216E+06 1.51536E+05 6314.0

7/15/1986-8/13/1986

. VOLUMETRIC BUDGET FOR ENTIRE MODEL

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - ouT

‘ PERCENT DISCREPANCY

595595776.
0.
0.
0.
793916928.
111297984.

1500810752.

1123609728.
0.

4466077 .
59137516.
257887952.
. 0.

1445101312.
55709440.
3.

0.16701
17.287

AT END OF TIME STEP 1 IN STRESS PERIOD 41

0000
0000
0000
0000
0000
0000

0000

0000
0000
5000
0000
0000
0000

0000
0000
78

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY =

Page 5

_L**3/T

91524.

6328

0.0000

0.
0.

0000
0000

0.0000

32886.
124411.

100216.
0.

- 4729.
9582.
4658.
0.

119186.
5224,
4.

6406
2734

8594
0000
1978
3672
2593
0000

6875
5859
29



TABLE 4A Model water Balance for 1986

TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 41

SECONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 2.52143E+06 42024. 700.40 29.183 7.98992E-02
STRESS PERIOD TIME 2.52143E+06 42024. 700.40 29.183 7.98992E-02
TOTAL TIME 5.48051E+08 9.13418E+06 1.52236E+05 6343.2 17.367

8/13/1986-9/12/1986

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 41

CUMULATIVE VOLUMES L#**3 RATES FOR THIS TIME STEP L**3/T
IN: IN:
STORAGE = 598579136.0000 STORAGE = 97360.5703
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 0.0000 WELLS = 0.0000
DRAINS = 0.0000 DRAINS = 0.0000
RIVER LEAKAGE = 793916928.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 112305704.0000 RECHARGE = 32886.6406
. TOTAL IN = 1504801792.0000 TOTAL IN = 130247.2109
OouT: ouT:
STORAGE = 1126484992.0000 STORAGE = 93832.4609
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 4610613.0000 WELLS = 4716.8550
DRAINS = 59431168.0000 DRAINS = 9583.2246
RIVER LEAKAGE = 258024656.0000 RIVER LEAKAGE = 4461.1338
RECHARGE = 0.0000 RECHARGE = 0.0000
TOTAL OUT = 1448551424.0000 TOTAL OUT = 112593.6719
IN - OUT = 56250368.0000 IN - OUT = 17653.5391
PERCENT DISCREPANCY = 3.81 PERCENT DISCREPANCY = 14.54
TIME SUMMARY AT END OF TIME STEP 2 IN STRESS PERIOD 41
SECONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 2.64750E+06 44125. 735.42 30.642 8.38942E-02
STRESS PERIOD TIME 5.16893E+06 86149. 1435.8 59.826 0.16379
TOTAL TIME 5.50699E+08 9.17831E+06 1.52972E+05 6373.8 17.451

9/12/1986-10/15/1986
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IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

10/15/1986-11/13/1986

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

OUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

TABLE 4A Model water Balance for 1986

601465920.
0
0.
0.

793916928.

113364664.

1508747520.

1129546496.

0000

.0000

0000
0000
0000
0000

0000

0000

0.0000

4762684.
59737584.
258161648.
0.
1452208384
56539136.

3

VOLUMETRIC BUDGET FOR ENTIRE MODEL

604505856.

5000
0000
0000
0000

0000
0000

.82

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - ouT

PERCENT DISCREPANCY

32913
122635

95153.

0.0000
4726.
9523.
.9375

4257

0.
113661.
8974.
.60

7

3 IN STRESS PERIOD 41

.8750
.0000
.0000
.0000
.0000
.0742

.9531

8984

4678
5283

0000
8281
1250

AT END OF TIME STEP 1 IN STRESS PERIOD 42

0000

0.0000

0.
0.
793916928.
114311128.

1512733952.

1132427904.

0000
0000
0000
0000

0000

0000

0.0000

4890336.
59992380.
258280595.

1455591168.

0000
0000
0000
0000

0000

Page 7

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

104168.

0312

0.0000

0.
0.
0.
32431.

136599.

98734.

0000
0000
0000
7051

7344

6875

0.0000

4374.
8730.
4075.

0.

115915.

1440
9590
5708
0000

3594



IN - OUT

PERCENT DISCREPANCY

TABLE 4A Model water Balance for 1986

I

57142784.0000

3.85

PERCENT DISCREPANCY

TIME SUMMARY AT END OF TIME STEP

11/13/1986-12/13/1986

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT
IN - OUT

PERCENT DISCREPANCY

SECONDS

MINUTES

IN - OUT

I

1 IN STRESS PERIOD

HOURS

DAYS

20684.
16.

3750
38

7.98992E-02
7.98992E-02

TIME STEP LENGTH 2.52143E+06 42024.
STRESS PERIOD TIME 2.52143E+06 42024.
TOTAL TIME 5.56000E+08 9.26666E+06 1. 54444E+05

VOLUMETRIC BUDGET FOR ENTIRE MODEL

[ T | |

607372224 .0000
0.0000
0.0000
0.0000
793916928.0000
115304912.0000

1516594048.0000

1135516416.0000

0.0000
5024370.0000
60263492.0000
258399712.0000
0.0000

1459203968.0000

57390080.0000
3.86

29.183
29.183
6435.2

17.619

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

DAYS

LS| | | B |

W wnnn

]

2 IN STRESS PERIOD
HOURS

AT END OF TIME STEP 2 IN STRESS PERIOD 42

.2812
0.0000
0.0000
0.0000
0.0000

32431.7051

125973.9844

100794 .1641
0.0000
4374.1440
8847.6758
3887.3516
0.0000

117903.3359
8070.6484
6.62

TIME STEP LENGTH 2.64750E+06 44125.
STRESS PERIOD TIME 5.16893E+06 86149.
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30.642
59.826

8.38942E-02
0.16379



IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

1138304640.
0.0000

VOLUMETRIC BUDGET FOR ENTIRE MODEL

609772736.
0.
0.
0.
793916928.
116348384.

1520038016.

5165080.

60546372.

258519088.
0

57502848.
3.

TABLE 4A Model water Balance for 1986
TOTAL TIME 5.58647E+08 9.31079E+06 1.55180E+05

12/13/1986-1/15/1987

6465.8

17.702

AT END OF TIME STEP 3 IN STRESS PERIOD 42

0000
0000
0000
0000
0000
0000

0000

0000

0000
0000
0000

.0000
1462535168.

0000
0000
86

CONSTANT HEAD

RIVER LEAKAGE

CONSTANT HEAD

RIVER LEAKAGE

TOTAL 1IN

TOTAL OUT

IN:

STORAGE

WELLS
DRAINS

RECHARGE

OuT:

STORAGE

WELLS
DRAINS

RECHARGE

IN - OUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

Page 9

3 IN STRESS PERIOD

HOURS

772.19
2208.0

DAYS

.4297
0.0000
0.0000
0.0000
0.0000

32431.7051

107041.1328

86658.3125
0.0000
4373.3398
8792.0479
3710.4072
0.0000

103534.1094
3507.0234
3.33

TIME STEP LENGTH 2.77987e+06 46331.
STRESS PERIOD TIME 7.94880E+06 1.32480E+05
TOTAL TIME 5.61427E+08 9.35712E+06 1.55952E+05

8.80889E-02
0.25188
17.791



TABLE 4B Model water Balance for 2011
10/15/2010-11/13/2010

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 138

CUMULATIVE VOLUMES L**3 RATES FOR THIS TIME STEP L**3/T
IN: IN:
STORAGE = 960605120.0000 STORAGE = 17167.7676
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 0.0000 WELLS = 0.0000
DRAINS = 0.0000 DRAINS = 0.0000
RIVER LEAKAGE = 800584896.0000 RIVER LEAKAGE = 0.0000
RECHARGE =  210516384.0000 RECHARGE = 8433.9785
TOTAL IN = 1971706368.0000 TOTAL IN = 25601.7461
OouUT: OouUT:
STORAGE = 1507495808.0000 STORAGE = 22428.7734
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 36130048.0000 WELLS = 230.0048
DRAINS = 97494648 . 0000 DRAINS = 2748.3201
RIVER LEAKAGE = 237092832.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 0.0000 RECHARGE = 0.0000
TOTAL OUT = 1878213376.0000 TOTAL OUT = 25407.0977
IN - OUT = 93492992 .0000 IN - OUT = 194 .6484
PERCENT DISCREPANCY = 4,86 PERCENT DISCREPANCY = 0.76

TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 138

SECONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 2.52143E+406 42024. 700.40 29,183 7.98992€E-02
STRESS PERIOD TIME 2.52143E+06 42024. 700.40 29.183 7.98992E-02
TOTAL TIME 1.31339E+09 2.18898E+07 3.64830E+05 15201. 41.619

11/13/2010-12/13/2010

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 138

CUMULATIVE VOLUMES L**3 RATES FOR THIS TIME STEP L**3/T

IN: IN:

STORAGE = 961154240.0000 STORAGE = 17920.7871

CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000

WELLS = 0.0000 WELLS = 0.0000

DRAINS = 0.0000 DRAINS = 0.0000

RIVER LEAKAGE = 800584896.0000 RIVER LEAKAGE = 0.0000

RECHARGE = 210774816.0000 RECHARGE = 8433.9785

TOTAL IN = 1972513920.0000 TOTAL IN = 26354.7656

Page 1



ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

TABLE 4B Model water Balance for 2011

1508212480.

0000

0.0000

36141600,
97573656
237092832.
0.
1879020544 .
93493376.

4.

0000
0000
0000
0000
0000
0000

85

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

2 IN STRESS PERIOD

23386.

376.
2578.

26342.
12.

8867
0000
9938
4883

.0000
.0000

3691
3965

.05

8.38942€-02

TIME STEP LENGTH 2.64750E+06 44125.
STRESS PERIOD TIME 5.16893E+06 86149.

HOURS DAYS
735.42 30.642
1435.8 59.826

TOTAL TIME 1.31603E+09 2.19339£+07 3.65565E+05 15232.

12/13/2010-1/15/2011

0.16379
41.703

‘ VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 3 IN STRESS PERIOD 138

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

‘ PERCENT DISCREPANCY

CUMULATIVE VOLUMES

L*%3 RATES FOR THIS TIME STEP L**3/T
IN:
961744320.0000 STORAGE = 18339.3789
0.0000 CONSTANT HEAD = 0.0000
0.0000 WELLS = 0.0000
0.0000 DRAINS = 0.0000
800584896.0000 RIVER LEAKAGE = 0.0000
211046176.0000 RECHARGE = 8433.9785
1973375360.0000 TOTAL IN = 26773.3574
ouT:
1508972800.0000 STORAGE = 23629.4785
0.0000 CONSTANT HEAD = 0.0000
36149000.0000 WELLS = 230.0048
97654112.0000 DRAINS = 2500.6169
237092832.0000 RIVER LEAKAGE = 0.0000
0.0000 RECHARGE = 0.0000
1879868800.0000 TOTAL OUT = 26360.0996
93506560.0000 IN - OUT = 413.2578
4,85 PERCENT DISCREPANCY = 1.56
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TABLE 4B Model water Balance for 2011

TIME SUMMARY AT END OF TIME STEP

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

SECONDS

MINUTES

3 IN STRESS PERIOD

138

962353856.
0.

56.

0.0000
800584896.
211286960.

1974225792.

1509647232.

TIME STEP LENGTH 2.77987E+06 46331.
STRESS PERIOD TIME 7.94880E+06 1.32480E+05
TOTAL TIME 1.31881E+09 2.19802E+07 3.66337E+05

1/15/2011-2/13/2011

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 139

0000
0000
3797

0000
0000

0000

0000

0.0000

36160800.
97732648,
237092832.
0.
1880633472.
93592320.

4.

0000
0000
0000
0000
0000
0000

86

HOURS DAYS

772.19 32.174

2208.0 92.000
15264.

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

TIME STEP LENGTH
STRESS PERIOD TIME

TOTAL TIME

2/13/2011-3/15/2011

VOLUMETRIC BUDGET

SECONDS

MINUTES

1 IN STRESS PERIOD

8.80889E
0.25188
41.791

21350.
0

8433
29785

23623.

-02

0430

.0000
.9749
.0000
.0000
.9785

. 9961

8711

0.0000

413
2751.

26788.
2997.
10.

.2889

0371

.0000
.0000

1973
7988
60

2.46661E+06 41110.
2.46661E+06 41110.

1.32128E+09 2.20214E+07 3.67023E+05

HOURS DAYS

685.17 28.549

685.17 28.549
15293.

7.81623E
7.81623E
41.869

-02
-02

FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 139

RATES FOR THIS TIME STEP
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‘ TABLE 4B Model water Balance for 2011

IN: IN:
STORAGE =  962909696.0000 STORAGE = 18541.8457
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 115.5784 WELLS = 1.9749
DRAINS = 0.0000 DRAINS = 0.0000
RIVER LEAKAGE = 800584896.0000 RIVER LEAKAGE = 0.0000
RECHARGE =  211539776.0000 RECHARGE = 8433.9785
TOTAL IN = 1975034496.0000 TOTAL IN = 26977.7988

ouT: ouT:
STORAGE = 1510355072.0000 STORAGE = 23615.3379
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 36171988.0000 WELLS = 373.2236
DRAINS = 97809936.0000 DRAINS = 2578.3123
RIVER LEAKAGE = 237092832.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 0.0000 RECHARGE = 0.0000
TOTAL OUT = 1881429888.0000 TOTAL OUT = 26566.8730
IN - OUT = 93604608.0000 IN - OUT = 410.9258

PERCENT DISCREPANCY = 4.85 PERCENT DISCREPANCY = 1.53
TIME SUMMARY AT END OF TIME STEP 2 IN STRESS PERIOD 139
SECONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 2.58994E+06 43166. 719.43 29.976 8.20704E-02
STRESS PERIOD TIME 5.05656E+06 84276. 1404.6 58.525 0.16023
TOTAL TIME 1.32387E+09 2.20645E+07 3.67742E+05 15323. 41.951

3/15/2011-4/15/2011

JVOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 3 IN STRESS PERIOD 139

CUMULATIVE VOLUMES L**3 RATES FOR THIS TIME STEP L**3/T
IN: IN:
STORAGE =  963484416.0000 ' STORAGE = 18259.3652
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 177.7370 WELLS = 1.9749
DRAINS = 0.0000 DRAINS = 0.0000
RIVER LEAKAGE = 800584896.0000 RIVER LEAKAGE = 0.0000
RECHARGE =  211805232.0000 RECHARGE = 8433.9785
TOTAL IN = 1975874688.0000 TOTAL IN = 26695.3184
ouT: OUT:
_ STORAGE = 1511091456.0000 STORAGE = 23396.7891
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
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WELLS

DRAINS

RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

36181128.0000
97888600.0000
237092832.0000
0.0000

1882254080.0000

93620608 .0000
4.85

TABLE 4B Model water Balance for 2011

WELLS

DRAINS

RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

TIME STEP LENGTH
STRESS PERIOD TIME

TOTAL TIME

4/15/2011-5/13/2011

VOLUMETRIC BUDGET

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

TIME SUMMA

SECONDS

MINUTES

3 IN STRESS PERIOD

290.
2499.

26186.
508.

3687
2603

.0000
.0000

4180
9004

.92

2.71944e+06 45324,
7.77600E+06 1.29600E+05

1.32659e+09 2.21098E+07 3.68497E+05

HOURS DAYS

755.40 31.475

2160.0 90.000
15354.

8.61739E-02

0.24641
42.037

FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 140

RY

964044992.0000
0.0000
5142.2104
0.0000
800584896.0000
212048688.0000

1976683776.0000

1511761152.0000

0.0000
36192420.0000
97966656 .0000

237092832.0000

0.0000

1883013120.0000

93670656.0000
4.85

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

AT END OF TIME STEP

Page 5

1 IN STRESS PERIOD

140

L**3/T

19419.
171.

0
8433.
28025

23201.

391.
2704.

26296.
1728.

5117

.0000

9835

.0000
.0000

9785

.4746

6738

.0000

1206
1753

.0000
.0000

9707
5039

.36



TIME STEP LENGTH
STRESS PERIOD TIME

TOTAL TIME

5/13/2011-6/12/2011

VOLUMETRIC BUDGET

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

MINUTES

TABLE 4B Model water Balance for 2011
SECONDS

2.49402E+06 41567.
2.49402E+06 41567.

1.32908E+09 2.21514E+07 3.69190E+05

HOURS DAYS

692.78 28.866

692.78 28.866
15383.

7.90307E
7.90307E
42.116

-02
-02

FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 140

964558336.0000
0.0000
10354.9072
0.0000
800584896.0000
212304320.0000

1977457920.0000

1512453632.0000

0.0000
36200908.0000
98044048 .0000

237092832.0000

0.0000

1883791360.0000

93666560.0000
4.85

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

TIME STEP LENGTH
STRESS PERIOD TIME

TOTAL TIME

6/12/2011-7/15/2011

VOLUMETRIC BUDGET

IN:

STORAGE

SECONDS

MINUTES

2 IN STRESS PERIOD

L**3/T

16936.
171.

8433
25542

22847.

280.
2553.

25681.
-138

6777

.0000

9835

.0000
.0000
.9785

.6406

7520

.0000

0246
5293

.0000
.0000

3066

.6660
.54

2.61872E+06 43645.
5.11274e+06 85212.

1.33170e+09 2.21951E+07 3.69918E+05

HOURS DAYS

727 .42 30.309

1420.2 59.175
15413.

8.29823E
0.16201
42.199

-02

FOR ENTIRE MODEL AT END OF TIME STEP 3 IN STRESS PERIOD 140

965187712.0000
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IN:

STORAGE =

19775.

7012



CONSTANT HEAD
WELLS

DRAINS

RIVER LEAKAGE
RECHARGE

TOTAL IN
ouT:

STORAGE

‘CONSTANT HEAD

WELLS

DRAINS

RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

TABLE 4B Model water Balance for 2011
0.0000

15828.

2393

0.0000

800584896.
212572736.

1978361216.

1513243778.
36213356,
98123072.

237092832.
0.

1884673024

93688192.

4.

0000
0000

0000

0000
0000
0000
0000
0000
0000

0000

0000

85

CONSTANT HEAD
WELLS

DRAINS

RIVER LEAKAGE
RECHARGE

TOTAL IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

TIME STEP LENGTH
STRESS PERIOD TIME

TOTAL TIME

7/15/2011-8/12/2011

VOLUMETRIC BUDGET

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

SECONDS

MINUTES

3 IN STRESS PERIOD

8433

24829.

0.0000
391.
.0762
.0000
.0000

27703.
678.
.42

2483

.0000
171.
.0000
.0000
.9785

28381.

9835

6641

1445
1206

3418
3223

2.74966E+06 45828.
7.86240E+06 1.31040E+05
1.33445e+09 2.22409e+07 3.70681E+05 15445.

HOURS DAYS
763.79 31.825
2184.0 91.000

8.71314E-02

0.24914
42.286

FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 141

965728320.

0000

0.0000

2039SZ
800584896 .
212818864 .

1979152512.

1513937792.

4453
0000
0000
0000

0000

0000

0.0000

36223468.
98201688.
237092832.
0.

0000
0000
0000
0000

Page 7

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

L**3/T

18524.
.0000
156.
.0000
.0000
.9785

.4707

8433
27115

23781.
.0000
346.
.9214
.0000
.0000

2693

9902
5013

0957
4905



TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

93696768.0000
4.85

TABLE 4B Model water Balance for 2011
1885455744 .0000

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

TIME SUMMARY AT END OF TIME STEP

TIME STEP LENGTH
STRESS PERIOD TIME

TOTAL TIME

8/12/2011-9/12/2011

VOLUMETRIC BUDGET

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

. OUT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

SECONDS

MINUTES

DAYS

1 IN STRESS PERIOD
HOURS

26821.5078
293.9629
1.09

2.52143e+06 42024.
2.52143e+06 42024.

1.33697E+09 2.22829E+07 3.71382E+05

29.183
29.183
15474.

7.98992e-02
7.98992E-02
42.366

FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 141

966316480.0000
0.0000
25191.0117
0.0000
800584896.0000
213077296.0000

1980003840.0000

1514664960.0000

0.0000
36231420.0000
98279632.0000

237092832.0000

0.0000

1886268800.0000

93735040.0000
4.85

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - ouT

PERCENT DISCREPANCY

- TIME SUMMARY AT END OF TIME STEP

" SECONDS

MINUTES

DAYS

2 IN STRESS PERIOD
HOURS

.9785
0.0000
.5013
0.0000
0.0000
.9785

.4590

.2383

0.0000
259.4725
.6382
0.0000
0.0000

.3496
.1094
4.60

TIME STEP LENGTH 2.64750E+06 44125.
STRESS PERIOD TIME 5.16893E+06 86149,
TOTAL TIME 1.33962E+09 2.23270E+07 3.72117E+05
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15505.

8.38942E-02
0.16379
42.450



_ TABLE 4B Model water Balance for 2011
' 9/12/2011-10/15/2011

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 3 IN STRESS PERIOD 141

CUMULATIVE VOLUMES L**3
IN:
STORAGE =  966872768.
CONSTANT HEAD = 0.
WELLS = 30226.
DRAINS = 0.
RIVER LEAKAGE = 800584896.
RECHARGE = 213348656.
TOTAL IN = 1980836608.
OuT:
STORAGE = 1515401728.
CONSTANT HEAD = 0.
WELLS = 36243740.
DRAINS = 98359216.
RIVER LEAKAGE = 237092832.
RECHARGE = 0.
TOTAL OUT = 1887097472.
IN - OUT = 93739136.
PERCENT DISCREPANCY = 4,

TIME SUMMARY AT END OF TIME STEP

SECONDS

0000
0000
3574
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000

0000
0000
85

MINUTES

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

3 IN STRESS PERIOD
HOURS DAYS

L**3/T

17289.

6289

0.0000

156.

8433
25880.

22898.

382
2473

25755.
125.

5013

.0000
.0000
.9785

1094

7812

.0000
.8939
.4290
.0000
.0000

1035
0059

.48

TIME STEP LENGTH 2.77987E+06 46331.

STRESS PERIOD TIME 7.94880E+06 1.32480E+05
TOTAL TIME 1.34240E+09 2.23734E+07 3.72889E+05

772.19
2208.0

8.80889E-02

0.25188
42.538



TABLE 4C Model water Balance for 2026
. 10/15/2025-11/13/2025

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 198

CUMULATIVE VOLUMES L**3 RATES FOR THIS TIME STEP L**3/T
IN: IN:
STORAGE = 1121257344.0000 STORAGE = 13091.5645
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 664666.3125 WELLS = 100.4350
DRAINS = 0.0000 DRAINS = 0.0000
RIVER LEAKAGE = 800584896.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 256726176.0000 RECHARGE = 8433.9785
TOTAL IN = 2179233024.0000 TOTAL IN = 21625.9785
OuUT: OuUT:
STORAGE = 1648278144.0000 STORAGE = 19258.7812
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 37330924.0000 WELLS = 201.8877
DRAINS =  109923672.0000 DRAINS = 2000.1257
RIVER LEAKAGE = 237118448.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 0.0000 RECHARGE = 0.0000
TOTAL OUT = 2032651136.0000 TOTAL OUT = 21460.7949
IN - OUT = 146581888.0000 IN - OUT = 165.1836
PERCENT DISCREPANCY = 6.96 PERCENT DISCREPANCY = 0.77
TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 198
SECONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 2.52143E406 42024. 700.40 29.183 7.98992E-02
STRESS PERIOD TIME 2.52143E+06 42024. 700.40 29.183 7.98992E-02
TOTAL TIME 1.78677E+09 2.97795e+07 4.96325E+05 20680. 56.619

11/13/2025-12/13/2025
VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 198

CUMULATIVE VOLUMES L**3 ' RATES FOR THIS TIME STEP L**3/T

IN: IN:

STORAGE = 1121652608.0000 STORAGE = 12899.4180

CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000

WELLS = 667743.8750 WELLS = 100.4350

DRAINS = 0.0000 DRAINS = 0.0000

RIVER LEAKAGE =  800584896.0000 RIVER LEAKAGE = 0.0000

RECHARGE =  256984608.0000 RECHARGE = 8433.9785
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TOTAL 1IN
ouT:

STORAGE
CONSTANT HEAD
WELLS

DRAINS

RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuT

PERCENT DISCREPANCY

TABLE 4C Model water Balance for 2026

2179889920.

1648861312.

0000

0000

0.0000

37336188.
109981352.
237118448.

0.
2033297280.
146592640.

6.

0000
0000
0000

0000

0000
0000
96

TOTAL IN

OouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - ouT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

2 IN STRESS PERIOD

21433.

19029.

171.
1882.

21083.
350.

8320

5410

.0000

8127
2712

.0000
.0000

6250
2070

.65

8.38942E-02

TIME STEP LENGTH 2.64750E+06 44125.
STRESS PERIOD TIME 5.16893E+06 86149.

HOURS DAYS
735.42 30.642
1435.8 59.826

TOTAL TIME 1.78942E+09 2.98236E+07 4.97061E+05 20711.

12/13/2025-1/15/2026

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

1122122752.

0000

0.0000

670975.

3125

0.0000

800584896 .
257255968 .

2180634624.

1649481856.

0000
0000

0000

0000

0.0000

37341716.
110040032
237118448,

0.
2033982080.
146652544

6.

0000
0000
0000
0000
0000
0000

96

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY =

Page 2

0.16379
56.703

3 IN STRESS PERIOD 198

.6328
.0000
.4350
.0000
.0000
.9785

.0469

.9316
.0000
.8127
.7883
.0000
.0000

.5332
.5137
.40



TABLE 4C Model water Balance for 2026

TIME SUMMARY AT END OF TIME STEP

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

SECONDS MINUTES

DAYS

3 IN STRESS PERIOD 198
HOURS

8.80889E-02

TIME STEP LENGTH 2.77987E+06 46331.
STRESS PERIOD TIME 7.94880E+06 1.32480E+05
TOTAL TIME 1.79220E+09 2.98700E+07 4.97833E+05
1/15/2026-2/12/2026

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 199

1122530432.0000
0.0000
673824.6875
0.0000
800584896.0000
257496752.0000

2181285888.0000

1650051968.0000
0.0000
37346588.0000
110096744 .0000
237118448.0000
0.0000

2034613760.0000
146672128.0000
6.96

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

TIME SUMMARY AT END OF TIME STEP

TIME STEP LENGTH
STRESS PERIOD TIME

TOTAL TIME

2/12/2026-3/14/2026

SECONDS MINUTES

DAYS

32.174
92.000
20743.

1 IN STRESS PERIOD
HOURS

0.25188
56.791

.5176

0.0000

19970.

.8081
.0000
.0000
.9785

.3047

2617

0.0000

170.
1986.
.0000
.0000
22127.

687.

.06

6048
3876

2539
0508

7.81623E-02
7.81623€E-02

2.46661E+06 41110.
2.46661E+06 41110.

1.79467E+09 2.99111E+07 4.98518E+05

28.549
28.549
20772.

56.870

FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 199



IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

OouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

CUMULATIVE VOLUMES

TABLE 4C Model water Balance for 2026

L**3

1122930560.

0000

0.0000

676818:
800584896
257749568

2181941760.

1650641280.
0.
37351704.
110152824.
237118448.
0.

2035264256.
146677504.
6.

5625
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000

0000
0000
96

RATES FOR THIS TIME STEP

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

2 IN STRESS PERIOD

L**3/T

13346.

9619

0.0000

99.

8433
21880.

19658.

170.
1870.

21699.
181.

8081

.0000
.0000
.9785

7480

1270

.0000

6048
6975

-0000
.0000

4297
3184

.83

TIME STEP LENGTH 2.58994E+06. 43166.
STRESS PERIOD TIME 5.05656E+06 84276.

HOURS DAYS
719.43 29.976
1404.6 58.525

TOTAL TIME 1.79726E+09 2.99542E+07 4.99238E+05 20802.

3/14/2026-4/15/2026

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

1123381768.
679958 .

0000
0000
0000

0.0000

800584896
258015024 .

2182661632.

0000
0000

0000

Page 4

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

8.20704€
0.16023
56.952

14336.
0
99.

8433.
22870.

-02

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 3 IN STRESS PERIOD 199

5840

.0000

8081

.0000
.0000

9785
3711



TABLE 4C Model water Balance for 2026
. ouT: ouT:
STORAGE = 1651334528.0000 STORAGE = 22024 .4570
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 37355368.0000 WELLS = 116.3682
DRAINS = 110209840.0000 DRAINS = 1811.5533
RIVER LEAKAGE = 237118448.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 0.0000 RECHARGE = 0.0000
TOTAL OUT = 2036018176.0000 TOTAL OUT = 23952.3789
IN - OUT = 146643456.0000 IN - OUT = -1082.0078
PERCENT DISCREPANCY = 6.95 PERCENT DISCREPANCY = -4.62
TIME SUMMARY AT END OF TIME STEP 3 IN STRESS PERIOD 199
SECONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 2.71944E+06 45324. 755.40 31.475 8.61739E-02
STRESS PERIOD TIME 7.77600E+06 1.29600E+05 2160.0 90.000 0.24641
TOTAL TIME 1.79997E+09 2.99996E+07 4.99993E+05 20833. 57.038

4/15/2026-5/13/2026

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 200

CUMULATIVE VOLUMES L**3 RATES FOR THIS TIME STEP L**3/T
IN: IN:
STORAGE = 1123848192.0000 STORAGE = 16160.4512
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 682821.0625 WELLS = 99.1846
DRAINS = 0.0000 DRAINS = 0.0000
RIVER LEAKAGE =  800584896.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 258258480.0000 RECHARGE = 8433.9785
TOTAL IN = 2183374336.0000 TOTAL IN = 24693.6152
OuT: OuT:
STORAGE = 1651952896.0000 STORAGE = 21421.1172
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 37360256.0000 WELLS = 169.4034
DRAINS = 110266792.0000 DRAINS = 1973.0824
RIVER LEAKAGE = 237118448.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 0.0000 RECHARGE = 0.0000
TOTAL OUT = 2036698368.0000 TOTAL OUT = 23563.6035
IN - OUT = 146675968.0000 IN - OUT = 1130.0117
PERCENT DISCREPANCY = 6.95 PERCENT DISCREPANCY = 4.68
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‘ TABLE 4C Model water Balance for 2026

TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 200

SECONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 2.49402E+06 41567. 692.78 28.866 7.90307e-02
STRESS PERIOD TIME 2.49402E+06 41567. 692.78 28.866 7.90307e-02
TOTAL TIME 1.80247E+09 3.00411E+07 5.00686E+05 20862. 57.117

5/13/2026-6/13/2026

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 200

CUMULATIVE VOLUMES L**3 RATES FOR THIS TIME STEP L**3/T

IN: IN:
STORAGE = 1124352384.0000 STORAGE = 16632.8652
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 685827.2500 WELLS = 99.1846
DRAINS = 0.0000 DRAINS = 0.0000
RIVER LEAKAGE = 800584896.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 258514112.0000 RECHARGE = 8433.9785
TOTAL IN = 2184137216.0000 TOTAL IN = 25166.0293

ouT: ouT:
. STORAGE = 1652566528.0000 STORAGE = 20245 .3887
CONSTANT HEAD = 0.0000 CONSTANT HEAD = 0.0000
WELLS = 37365392.0000 WELLS = 169.4034
DRAINS =  110323048.0000 DRAINS = 1856.1052
RIVER LEAKAGE = 237118448.0000 RIVER LEAKAGE = 0.0000
RECHARGE = 0.0000 RECHARGE = 0.0000
TOTAL OUT = 2037373440.0000 TOTAL OUT = 22270.8965
IN - OUT = 146763776.0000 IN - OUT = 2895.1328

PERCENT DISCREPANCY = 6.95 PERCENT DISCREPANCY = 12.21
TIME SUMMARY AT END OF TIME STEP 2 IN STRESS PERIOD 200
SECONDS MINUTES HOURS DAYS YEARS
TIME STEP LENGTH 2.61872E+06 43645. 727 .42 30.309 8.29823E-02
STRESS PERIOD TIME 5.11274E+06 85212. 1420.2 59.175 0.16201
TOTAL TIME 1.80509E+09 3.00848E+07 5.01413e+05 20892. 57.200

6/13/2026-7/15/2026

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 3 IN STRESS PERIOD 200



IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

OouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

TABLE 4C Model water Balance for 2026

1124819328.
0.
688983.

0000
0000
7500

0.0000

800584896
258782528.

2184875776.

1653204096.
0.
37370784,
110380288.
237118448,
0.

2038073600.
146802176.
6.

0000
0000

0000

0000
0000
0000
0000
0000
0000

0000
0000
95

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP

SECONDS

MINUTES

3 IN STRESS PERIOD

.8105

0.0000

20035

.1846
.0000
.0000
.9785

.9746

.1191

0.0000

169.
1798.

22003
1202

4034
6190

.0000
.0000

.1406
.8340
.32

8.71314€e-02

TIME STEP LENGTH 2.74966E+06 45828.
STRESS PERIOD TIME 7.86240E+06 1.31040E+05

HOURS DAYS
763.79 31.825
2184.0 91.000

TOTAL TIME 1.80784E+09 3.01306E+07 5.02177E+05 20924.

7/15/2026-8/13/2026

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuUT:

STORAGE
CONSTANT HEAD

1125224960.

0000

0.0000

691859,
0

800584896.
259028656.

2185530368.

1653777664.
0

8750

.0000

0000
0000

0000

0000

.0000

Page 7

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

OuT:

STORAGE
CONSTANT HEAD

0.24914
57.287

13899.
98.

8433.
22431.

19652.

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 201

0566

.0000

5543

.0000

0000
9785

5898

1016

.0000



WELLS

DRAINS

RIVER LEAKAGE
RECHARGE

TOTAL OUT
IN - OuUT

PERCENT DISCREPANCY

TIME SUMMARY AT

TABLE 4C Model water Balance for 2026

37374128.0000
110437496.0000
237118448.0000

0.0000
2038707712.0000
146822656.0000

6.95

SECONDS MINUTES

7.98992E-02
7.98992E-02

TIME STEP LENGTH 2.52143E+06 42024.
STRESS PERIOD TIME 2.52143E+06 42024.

PER

END OF TIME STEP

WELLS

DRAINS

RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

CENT DISCREPANCY =

1 IN STRESS PERIOD

HOURS DAYS
700.40 29.183
700.40 29.183

TOTAL TIME 1.81036E+09 3.01726E+07 5.02877E+05 20953.

8/13/2026-9/13/2026

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 2 IN STRESS PERIOD 201

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL 1IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OuUT

PERCENT DISCREPANCY

TIME SUMMA

RY

1125627008.0000
0.0000
694879.8125
0.0000
800584896.0000
259287088.0000

2186193920.0000

1654365440.0000
0.0000
37379280.0000
110493992.0000
237118448.0000
0.0000

2039357184.0000
146836736.0000
6.95

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY =

AT END OF TIME STEP

Page 8

2 IN STRESS PERIOD

201

114.
1960.

21726.
704.

57.367

5547
2899

.0000
.0000

9453
6445

.19

.3760

0.0000

.5543
.0000
.0000
.9785

.9082

.9297
.0000
.1888
.6387
.0000
.0000

.7578
.1504
.16



TABLE 4C Model water Balance for 2026

SECONDS MINUTES

HOURS

DAYS

8.38942E-02

TIME STEP LENGTH 2.64750E+06 44125.
STRESS PERIOD TIME 5.16893E+06 86149.

735.42
1435.8

30.642
59.826

TOTAL TIME 1.81301E+09 3.02168eE+07 5.03613E+05 20984.

9/13/2026-10/15/2026

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

1126095232.0000
0.0000
698050.7500
0.0000
800584896.0000
259558448.0000

2186936576.0000

1654960512.0000
0.0000
37384692.0000
110551456.0000
237118448.0000
0.0000

2040015104.0000
146921472.0000
6.95

IN:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL IN

ouT:
STORAGE
CONSTANT HEAD
WELLS
DRAINS
RIVER LEAKAGE
RECHARGE

TOTAL OUT

IN - OouUT

PERCENT DISCREPANCY

TIME SUMMARY AT END OF TIME STEP

SECONDS MINUTES

DAYS

3 IN STRESS PERIOD
HOURS

0.16379

57.451

L**3/T

14552.
.0000
98.
.0000
.0000
.9785

.1289

8433
23085

18495

1785

2635
12

3 IN STRESS PERIOD 201

5957
5543

.4922
.0000
168.
.9924
.0000
.0000

20449.
.4551
.11

1888

6738

8.80889E-02

TIME STEP LENGTH 2.77987E+06 46331.
STRESS PERIOD TIME 7.94880E+06 1.32480E+05
TOTAL TIME 1.81579E+09 3.02631E+07 5.04385E+05

Page 9

772.19
2208.0

0.25188
57.539



rarameter
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

conductance

flux

Sensitivity of Zone 1 Mean Error to Parameters

Parameter

kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

conductance

flux

Sensitivity of Alluvium Mean Error to Parameters

Parameter

kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

conductance

flux

K]
21

7.2
7.52
8.64
6.83
7.97
6.53
8.47
5.70
6.10
5.88
19.17

8.37

7.78
25.41
17.53

15
-1.00
2.32
0.40
1.22
0.05
149
1.61
1.26
1.42
8.56
-9.64
8.69
-3.01
7.44

0.86
0.57
21.15
10.93

/5
-5.16
-1.98
-2.54
-4.57
-2.54
-2.24
-2.20
-4.93
-4.31
-1.92
-5.10
-6.82
-4.54
-1.02

-2.24
-2.75
16.70
-0.79

120
3.92
7.17
5.02
9.61
5.39
9.69
6.57
7.51
742
8.31
7.44
6.76
6.71

12.59
6.89
6.96
6.30
15.29
16.12

without
8.27

125
-1.20
0.34
-1.75
2.80
-1.52
3.03
-0.67
0.91

0.22
4.85
-3.95
4.89
-1.91
3.06
0.58
0.74

-1.18
9.66
9.45

without

5.76

125
-4.79
-4.08
-4.73
-2.07
-4.62
-2.09
-4.59
-4.79
-4.10
-1.86
-4.46
-5.87
-4.35
-5.60
-4.31
-4.30
-3.89
-0.94
-1.89
without
-4.70

pase
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
6.38
with
6.38

base

"-0.91

-0.91
-0.91
-0.91
-0.91
-0.91
-0.91
-0.91
-0.91
-0.91
-0.91
-0.91
0N

with
0.9

base
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
-4.35
with
-4.35

PE)
12.22
6.10
12.75
6.44
9.15
10.72
7.60
8.70
6.43
8.97
7.51
12.13
10.58
5.08
8.88
573
7.62
524
-6.35

*25
0.90
-1.78
2.28
-1.69
0.55
287
0.53
0.28
-0.84
-4.49
4.14
293
5.28
-0.17
2.81
-1.83
0.12
-2.56
-11.42

*25
-3.19
-4.50
-1.47
-3.95
-3.78
1.95
-3.91
-3.56
-4.46
-4.76
-4.03
-0.49
-1.50
-1.14
-2.05
-4.40
-4.20
-4.65
9.1

9.13
7.16
16.27
9.13
11.75
7.73
11.16
10.57
7.81
5.93
7.27
17.13
721

4.37

7.06
592
6.38
5.17
-23.39

5
-3.53
-4.48
-0.87
-353
-2.83
-4.29
-3.22
-2.80
-4.42
-5.12
-3.76
3.38
-3.83
1.67
-4.33
-4.49
-4.29
5.14
-14.86

material zone
Z3_M1

Z3_M1

Z3_M1
Z3_M2

Z3 M3
Z3_M3
Z3_M3
23_M4

Z3 M6
Z2_M

Z2_M1

21

Z1_m
altuv_Mt1
alluv_M1
Dilco_M1
Dilco_M1

river cells
recharge cells

no lineament

Material Zone
Z3_M1
Z3_M1
Z3_Mt
Z3_M2
Z3_M3
Z3_M3
Z3_M3
Z3_M4
Z3_M6
Z2_M1
22_M1.
21_M1
21_M1
alluv_M1
alluv_M1
Dilco_M1
Dilco_M1
river cells
recharge cells

no lineament

Material Zone
Z3_M1

Z3 M1
Z3_M1
Z3_M2
Z3_M3
Z3_M3
Z3_M3
Z3_M4
23_M6
Z2_M1
Z2_M1
Z1_M1
Z1_M1
alluv_M1
alluv_M1
Dilco_M1
Dilco_M1
river cells
recharge cells

no lineament

rarameter
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

conductance
flux

122
16.46
6.15
5.42
17.40
15.13
17.29
16.01
17.80
16.21
16.17
15.91
17.48
15.69
21.21
15.73
16.38
15.16
23.04
21.50
without
20.14

pase
15.95
15.95
15.95
15.95
15.95
15.95
15.95
15.95
15.85
15.95
15.95
15.95
15.95
15.95
15.95
15.95
15.95
15.95
15.95
with
15.95

T 2.0
17.90
15.33
18.61
14.17
17.01
16.17
15.92
15.43
14.97
18.17
16.91
17.75
17.55
13.81
15.78
15.19
16.37
14.27
19.37

Sensitivity of Zone 1 Root Mean Squared Error to Parameters

Parameter

kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

conductance

flux

Parameter

kh row, kv, Kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh cal
av

kh row, kv, kh col
av

conductance

flux

/5
13.99
13.51
14.00
13.18
13.72
13.26
14.45
13.68
13.42
16.27
17.47
21.47
13.80
15.96

13.63
13.87
27.01
18.74

/5
10.55
9.46
9.69
10.16
10.02
9.52
9.63
10.55
9.98
9.73
10.34
11.93
10.01
11.66

9.55
9.77
23.10
9.15

125
13.78
13.48
14.03
13.64
14.75
13.80
14.01
13.67
14.05
14.47
14.54
17.34
14.20
14.05
13.45
13.65
15.40
17.11
17.14

without
15.42

125
10.33
9.85
10.26
9.54
10.18
943
10.15
10.20
9.78
9.71
9.92
11.01
9.86
10.52
9.95
9.84
9.74
8.79
8.99
without
10.35

base
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
13.80
with
13.80

base
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
9.88
with
9.88

25
13.07
14.19
13.37
13.94
13.18
13.65
13.34
13.09
13.81
14.43
14.59
13.48
14.80
14.07
13.26
14.45
13.18
14.17
20.33

Sensitivity of Alluvium Root Mean Squared Error to Parameters

*25
9.34
10.13
9.43
9.70
9.55
11.77
9.55
9.34
10.02
10.15
9.83
9.13
9.48
10.43
9.39
9.92
9.83
10.20
14.66

15.13
16.67
21.87
15.13
19.18
16.88
18.35
16.08
16.57
15.49
17.69
21.17
15.20
12.07
15.54
15.72
15.10
14.57
35623

"5
13.73
13.42
13.78
13.73
13.16
13.80
12.91
13.62
13.66
17.95
15.69
16.93
16.04
14.32
13.69
13.78
13.75
14.10
31.33

"5
9.41
9.99
952
9.41
9.19
10.01
9.38
9.03
9.97
10.27
9.83
11.77
9.81
12.40
9.76
10.05
9.90
10.46
2415

materia one
Z3_M1

Z3 M1

23 M1
Z3_M2
Z3_M3
Z3_M3
Z3_M3
Z3_M4
Z3_Mé6
Z2_M1
Z2_M1
Z1_M1
Z1_M1
altuv_M1
alluv_M1
Dilco_M1
Dilco_M1
river cells
recharge cells

no lineament

Material Zone
23_M1
Z3_M1

23 M1
Z3_M2
Z3_M3
Z3_M3
Z3_M3
Z3_M4
23_M6
Z2_M1
Z2_M1
Z1_M1
Z1_M1
alluv_M1
alluv_M1
Dilco_M1
Dilco_M1
river cells
recharge cells

no lineament

Material Zone
Z23_M1
Z23_M1
Z3_M1
Z23_M2
Z3_M3
Z3_M3
Z3_M3
Z3_M4
Z3_M6
Z2_M1
Z2_M1
Z1_M1
Z1_m1
alluv_M1
alluv_M1
Dilco_M1
Dilco_M1
river cells
recharge cells

no lineament

rarameter
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

conductance

flux

K] 1240
7814 2
7212
7291
6796 6
7384 8097
7238 6979
7327 7756
6605 7294
6985 7846
771 7130
8776 7865
7145 7200
7979 7872
4724 6588
7347
7457 7384
7746 8345
1473 5609
5530 5795
without
5438

pase
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
7476
with
7476

P
713
812
709
808

695
723
731
779
800:
804
7661
690

702
810!
716
812
744

827

923.

Sensitivity of Zone 1 Residual Comparisons to Parameters

Parameter

kh row, kv, kh co!
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

conductance

flux

base
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
8847
with

8847

2!
886!
890
887
887:
883
877
8901
883;
889.
879
882
874.
887.
880:
885:
883
882
883
893

Sensitivity of Alluvium Residual Comparisons to Parameters

Parameter

kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
av

ah

kh row, kv, kh col
kh row, kv, kh col
kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

kh row, kv, kh col
av

conductance

flux

/5 125
8906 8846
8802 8731
8898 8857
8793 8887
8826 8800
8838 8787
8889 8722
8738 8875
8760 8881
8781 8883
8840 8911
8369 8525
8798 8797
8668 8688

8800
8886 8892
8775 8725
8476 8645
8006 8404
without
8679

/5 /125
6957 6915
6576 6788
6656 6955
6928 6607
6580 6851
6610 6550
6655 6784
6887 6917
6850 6862
6669 6670
6849 6896
6979 6878
6808 6798
6727 6825

6792
6681 6912
6584 6689
3891 6520
6416 6565
without
6877

base
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
6842
with

6842

2!
674
692
658
685
683
615
688
690:
688
689.
688:
654:
659
656:
662"
688
691
682
716!



r to areas shown i s 15B to 15F in model report (Chester Engineers, Oct. 2012)
‘horizontal hydraulic conductivity, ft/d), kv (vertical hydraulic conductivity, ft/d), Ah (horizontal anisotropy ratio), Av (vertical anisotropy ratio)
specific yield)

Alluv2 Dilco_M1 Dilco_M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6
7.125 0.01 0.1 0.836 2.38 0.418 0.238 0.142
2.375 0.0005 0.01 0.0418 0.238 0.0209 0.0238 0.0071
1 1 0.67 1 05 1 0.67 1
3 20 10 20 10 20 10 20
0.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
0.25 0.18 0.18 0.12 0.12 0.06 0.12 0.06
Alluv2 Dilco_M1 Dilco_M2 Z3_M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6
7.125 0.01 0.1 0.836 2.38 0.418 0.476 0.142
2.375 0.0005 0.01 0.0418 0.238 0.0209 0.0476 0.0071
1 1 0.67 1 05 1 0.67 1
3 20 10 20 10 20 10 20
0.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
0.25 0.18 0.18 0.12 0.12 0.06 0.12 0.06
Alluv2 Dilco_M1 Dilco_M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3 M6
7.125 0.01 0.1 0.836 2.38 0.418 5.95 0.142
2.375 0.0005 0.01 0.0418 0.238 0.0209 0.595 0.0071
1 1 0.67 1 05 1 0.67 1
3 20 10 20 10 20 10 20
0.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
0.25 0.18 0.18 0.12 0.12 0.06 0.12 0.06
Alluv2 Dilco_M1 Dilco_M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6
7.125 0.01 0.1 0.836 2.38 0.418 2.975 0.142
2.375 0.0005 0.01 0.0418 0.238 0.0209 0.2975 0.0071
1 1 0.67 1 0.5 1 0.67 1
3 20 10 20 10 20 10 20
0.001 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0.0008
0.25 0.18 0.18 0.12 0.12 0.06 0.12 0.06
Alluv2 Dilco_M1 Dilco_M2 Z3 M1 Z3 M2 Z3 M3 Z3 M4 Z3_M6
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1 1 0.67 1 05 1 0.67 1
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Response to 6/4/2013 NRC RAI, Enclosure 2
UNC Church Rock Mill Site, Church Rock, New Mexico

FIGURES
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Figure 2
Relationship of Zone 1 Well 0143 screen and piezometric elevations
to Zone 1 top and bottom
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Figure 3A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
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Root mean squared error statistics resulting from adjustments of hydraulic conductivity in
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Figure 4A
Mean error statistics resulting from adjustments of vertical conductivity anisotropy ratio in
property zone Z3_M1
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Root mean squared error statistics resulting from adjustments of vertical conductivity anisotropy
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Figure 5A
Mean error statistics resulting from adjustments of horizontal conductivity anisotropy ratio in
property zone Z3_M1
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Root mean squared error statistics resulting from adjustments of horizontal conductivity
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Figure 6A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
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Figure 7A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
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Root mean squared error statistics resulting from adjustments of hydraulic conductivity in
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Figure 8A
Mean error statistics resulting from adjustments of vertical conductivity anisotropy ratio in
property zone Z3_M3
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Figure 8B
Root mean squared error statistics resulting from adjustments of vertical conductivity anisotropy
ratio in property zone Z3_M3
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Figure 9A
Mean error statistics resulting from adjustments of horizontal conductivity anisotropy ratio in
property zone Z3_M3
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Figure 9B
Root mean squared error statistics resulting from adjustments of horizontal conductivity
anisotropy ratio in property zone Z3_M3
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Figure 10A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
Z3 M4
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Root mean squared error statistics resulting from adjustments of hydraulic conductivity in
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Figure 11A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
Z3_M6
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Figure 11B
Root mean squared error statistics resulting from adjustments of hydraulic conductivity in
property zone Z3_M6
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Figure 12A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
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Root mean squared error statistics resulting from adjustments of hydraulic conductivity in
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15 125 base *25 *5
10000 4 k : :
9500
9000
‘ P " - e 7
8500
l’ /
S 8000
b /
7]
2
s 7500 e




- -2 /
il
4 z/ = .
5 - o
. / ~e—Zone 3 error
8 / ~@-Zone 1 error
-10 ==alluvium error
-12
Figure 13A
Mean error statistics resulting from adjustments of vertical conductivity anisotropy ratio in
property zone Z2_M1
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Figure 13B
Root mean squared error statistics resulting from adjustments of vertical conductivity anisotropy
ratio in property zone Z2_M1
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Figure 14A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
Z1_M1
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Figure 14B
Root mean squared error statistics resulting from adjustments of hydraulic conductivity in
property zone Z1_M1
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Figure 15A
Mean error statistics resulting from adjustments of vertical conductivity anisotropy ratio in
property zone Z1_M1
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Root mean squared error statistics resulting from adjustments of vertical conductivity anisotropy
ratio in property zone Z1_M1
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Figure 16A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
alluv_M1
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Figure 16B
Root mean squared error statistics resulting from adjustments of hydraulic conductivity in
property zone alluv_M1
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Figure 17A
Mean error statistics resulting from adjustments of vertical conductivity anisotropy ratio in
property zone alluv_M1
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Root mean squared error statistics resulting from adjustments of vertical conductivity anisotropy
ratio in property zone alluv_M1
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Figure 18A
Mean error statistics resulting from adjustments of hydraulic conductivity in property zone
Dilco_M1
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Figure 18B
Root mean squared error statistics resulting from adjustments of hydraulic conductivity in
property zone Dilco_M1
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Figure 19A
Mean error statistics resulting from adjustments of vertical conductivity anisotropy ratio in
property zone Dilco_M1
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Figure 19B |
Root mean squared error statistics resulting from adjustments of vertical conductivity anisotropy |
ratio in property zone Dilco_M1
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Figure 20A
Mean error statistics resulting from adjustments of bed conductances in river cells
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Figure 20B
Root mean squared error statistics resulting from adjustments of bed conductances in river
cells
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Figure 21A
Mean error statistics resulting from adjustments of fluxes in recharge cells
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Root mean squared error statistics resulting from adjustments of fluxes in recharge cells
/5 125 base *25 *5
10500 : : : :
10000 //
9500 /
. 9000 L= =
«©
=
° / /
0
o 8000
k]




-2
4 A
- O S
‘6 =g==Z0ne 3 error
r—— =@=Zone 1 error
-10 - = alluvium error
-12
Figure 22A
Mean error statistics resulting from removal of property zones associated with Pipeline
lineament
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Root mean squared error statistics resulting from removal of property zones associated with
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Figure 23A
Mean error statistics resulting from revision of Zone 1 base elevation
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Figure 23B
Root mean squared error statistics resulting from revision of the Zone 1 base elevation
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Figure 24
Comparison of Model-simulated and measured heads in Zone 1 Well 0143

piezometric heads
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FIGURE 10
West-looking perspective view of topographic surface and north-dipping Upper Gallup Sandstone,
showing locations of Pipeline Canyon Lineament, Pinedale Monocline, cross sections A-A', B-B' and associated features.
Surface imagery (NAIP 2009 orthophoto) rendered semi-transparent to show underlying Upper Gallup Sandstone.




. [ T— rlpcllllc I'\IIU’U
—/‘ —" NECR Mine Shaft

first water at 6692 ft am
from Zone 3 rock (1968) Alluvium

Zone
M

T ; \ T \ | | | | r 1 | \ \ | |
500 1000 1500 2000 2500 3000 3500 4000 . 4500 5000 5500 6000 6500 7000 7500 8000

re-mining g.w.

Distance (feet)
3X vertical exaggeration

FIGURE 11A
Northeast-looking view of cross section A-A’ (see Figure 10 for location)
Pre-mining water table shown in Zone 3 where encountered in NECR mine shaft in 1968 (at elevation 6692 ft amsl).
Elevation of pre-mining water table shown in Zone 1 is interpreted by analogy, but is also consistent with sample
data from Zone 1 monitoring wells.
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FIGURE 11B
Northwest-looking view of cross section B-B’ (see Figure 10 for location)
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GEOCHEMISTRY OF GROUND WATER IN THE
GALLUP, DAKOTA, AND MORRISON AQUIFERS,
SAN JUAN BASIN, NEW MEXICO

By William L. Dam

ABSTRACT

Ground water was sampled from wells completed in the Gallup, Dakota, and Morrison
aquifers in the San Juan Basin, New Mexico, to examine controls on solute concentrations.
Samples were collected from 38 wells primarily from the Morrison aquifer (25 wells) in the
northwestern part of the basin. A series of samples was collected along ground-water flow paths;
dissolved constituents varied horizontally and vertically.

The understanding of the flow system changed as a result of the geochemical analyses. The
conceptual model of the flow system in the Morrison aquifer prior to the study reported here
assumed the Westwater Canyon Member of the Morrison aquifer as the only significant regional
aquifer; flow was assumed to be two dimensional; and vertical leakage was assumed to be
negligible. The geochemical results indicate that the Westwater Canyon Member is not the only
major water-yielding zone and that the flow system is three dimensional. The data presented in
this report suggest an upward component of flow into the Morrison aquifer. The entire section
above and below the Morrison aquifer appears to be controlled by a three-dimensional flow
regime where saline brine leaks near the San Juan River discharge area.

Predominant ions in the Gallup aquifer were calcium bicarbonate in recharge areas and
sodium sulfate in discharge areas. In the Dakota aquifer, predominant ions were sodium
bicarbonate and sodium sulfate. Water in the Morrison aquifer was predominantly sodium
bicarbonate in the recharge area, changing to sodium sulfate downgradient.

Chemical and radioisotopic data indicate that water from overlying and underlying units
mixes with recharge water in the Morrison aquifer. Recharge water contained a large ratio of
chlorine-36 to chilorine and a small ratio of bromide to chloride. Approximately 10 miles
downgradient, samples from four wells completed in the Morrison aquifer were considerably
different in composition compared to recharge samples. Oxygen stable isotopes decreased by 2.8
per mil and deuterium decreased 26 per mil, relative to recharge. Carbon-14 radioisotope
activities were not detectable. Chloride-36 radioisotope ratios were small and bromide to chloride
concentration ratios were large. These results suggest two potentially viable processes: ion
filtration or trapping of ancient dilute water recharged under a humid climate. For water samples
near the San Juan River, pH decreased to about 8.0, chloride concentrations increased to more
than 100 milligrams per liter, and ratios of chlorine-36 to chlorine and bromide to chloride were
small. Leakage of deep basin brine into the fresher water of the Morrison aquifer appears to
control ion concentrations.



INTRODUCTION

In October 1984, the U.S. Geological Survey (USGS) began a regional assessment of the San
Juan structural basin aquifer systems in New Mexico, Colorado, Arizona, and Utah as part of its
national Regional Aquifer-System Analysis (RASA) program (Bennett, 1979).

The San Juan Basin is located in New Mexico, Colorado, Arizona, and Utah, covering an area
of approximately 21,600 mi? (fig. 1). The basin, a structural depression in the eastern part of the
Colorado Plateau, is approximately 140 mi wide by 200 mi long, and land-surface altitudes range
from about 4,500 ft in the northwest to about 11,000 ft in the southeast.

The San Juan Basin is an arid region where development of energy and water resources is
essential to the economy. Surface-water resources are fully allocated, so ground-water resources
are vital to industries, municipalities, and ranchers. -

Purpose and Scope

This report presents geochemical and isotopic data used in examining sources of solutes and
hydrologic and chemical controls that affect the concentration and distribution of solutes in
aquifers in the San Juan Basin. The Gallup, Dakota, and Morrison aquifers were chosen for
detailed geochemical analysis because of available water wells having known completion data,
ground-water modeling results, and mineralogical analyses. These aquifers are equivalent
stratigraphically to the Gallup Sandstone, Dakota Sandstone, and Morrison Formation. These
aquifers are used extensively as water supplies for industry, communities, and livestock.

The report examines in detail the geochemistry of the three aquifers. The scope is
constrained primarily to the northwestern part of the basin due to limited areal distribution of
wells completed in a single aquifer and disturbances to the natural ground-water system by
mining and petroleum industries in other parts of the basin. The main focus of this report is on
the Morrison aquifer from the communities of Sanostee to Shiprock. Data for the Gallup and
Dakota aquifers are provided for purposes of comparison and examination of vertical changes in
flow and water quality. Hydrologic and water-quality data for the underlying Entrada Sandstone
also are evaluated for the effects that water from this unit may have had on the Morrison aquifer.

" Previous Studies

The hydrogeology of the San Juan Basin was described comprehensively by Stone and
others (1983). USGS Hydrologic Investigations Atlases (HA 720-A through 720-J) have been
published for 10 major aquifers in the basin (Craigg and others, 1989, 1990; Kernodle and others,
1989, 1990; Dam and others, 1990a, b; Levings and others, 1990a, b; and Thom and others, 1990a,
b). Data are presented on maps and in tables to describe the geology, hydrology, and water
quality for each aquifer.

The only previous study that examined the regional San Juan Basin ground-water
geochemistry of Jurassic and Cretaceous aquifers was performed by Berry (1959). He collected
physical and chemical data from water wells, producing oil or gas wells, and drill-stem tests.
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The direction of ground-water flow in Jurassic and Cretaceous aquifers, according to Berry
(1959), was predominantly toward the lowest outcrop in the northwestern part of the basin.
Normal hydrodynamic conditions existed along the flanks of the San Juan Basin. Conversely, in
the central San Juan Basin, referred to by Berry as the "Inner Basin," hydraulic-pressure sinks and
increased salinities were observed in all Cretaceous aquifers. Berry hypothesized that saline
water containing dissolved-solids concentrations ranging from 30,000 to 270,000 parts per million
entered the Entrada Sandstone from dissolved evaporite minerals such as halite contained in the
overlying Todilto Limestone Member of the Wanakah Formation. The saline water in the Entrada
Sandstone moved to the west and was trapped on the western side of the central basin due to the
synclinal structures of the basin. Saline water in the Entrada Sandstone and freshwater in the
Dakota aquifer were separated by the Brushy Basin Member of the Morrison Formation; this
shale, acting as a semipermeable membrane, created an osmotic pressure system. Osmotic
pressure, Berry proposed, caused the relatively dilute water from the Dakota aquifer to pass
through the Brushy Basin Member. This caused a decrease in hydraulic pressure and left behind
solutes that increased the salinity in the Dakota. The dilute water flowed into sandstones of the
Morrison aquifer and Entrada Sandstone, increasing the hydraulic pressure and decreasing the
dissolved-solids concentration. Similar osmotic-pressure phenomena for all Cretaceous
sequences of sandstones and shales in this basin were observed (Berry, 1959).

Phillips and others (1986b) evaluated stable and radioactive isotopic data obtained from the
Ojo Alamo and Nacimiento aquifers (in rocks of Paleocene age) in the central San Juan Basin.
They found that waters collected from the two aquifers were of Pleistocene age and contained
lighter oxygen and deuterium isotopes than modern precipitation and ground water. They
proposed trends of decreased mean annual temperature and increased winter precipitation as
factors affecting the stable-isotope contents.
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GEOLOGY AND HYDROLOGY

The San Juan Basin is a northwest-trending, asymmetric structural depression formed
during the Laramide orogeny (Late Cretaceous-early Tertiary age) at the eastern edge of the
Colorado Plateau (fig. 1). In many places, structural boundaries of the basin are well defined,
whereas in other places, the basin merges gradually into adjacent depressions or uplifts (Kelley,

_ 1951, p. 124-127). The structural boundaries consist principally of large, elongate, domal uplifts;
low, marginal platforms; and abrupt monoclines as shown in figure 2. Faulting is common

especially in the southeastern part of the basin. Maximum structural relief in the basin is about
10,000 ft. The Hogback Monocline, Nacimento Uplift, and Chaco Slope bound the central San Juan
Basin.

The San Juan Basin contains a thick sequence of nearly horizontal beds of sedimentary
rocks, ranging in age from Cambrian through Tertiary, but principally from Pennsylvanian
through Tertiary (fig. 3). The maximum thickness of this sequence of rocks is about 14,000 ft at
the trough-like structural center of the basin (Fassett and Hinds, 1971, p. 4). The sedimentary
rocks, primarily sandstone and shale, dip from the basin margins toward the center of the basin.
Volcanic rocks of Tertiary age and various deposits of Quaternary age also are present in the
basin.

Ground-water flow directions for Jurassic and Cretaceous aquifers are shown in a
generalized areal form in figure 2. Recharge occurs along outcrops in mountainous regions along
the basin boundaries; ground water circulates toward major discharge areas in the northwestern,
southwestern, and southeastern parts of the basin (Frenzel and Lyford, 1982, p. 7).

A diagrammatic hydrogeologic section showing major aquifers, confining layers, and
direction of ground-water flow is shown in figure 4. Major aquifers include the rocks of Tertiary
age, undivided; Kirtland Shale and Fruitland Formation; Pictured Cliffs Sandstone; Mesaverde
Group, undivided; Gallup Sandstone; Dakota Sandstone; Morrison Formation; Entrada
Sandstone; and San Andres Limestone and Glorieta Sandstone. Thick shale beds act as confining
layers between the sandstone aquifers. Ground water generally flows from the recharge areas at
the outcrops downdip through permeable zones. Vertical leakage between aquifers is known to
occur; however, the magnitude is not known and leakage rates through intervening shale beds
probably are small in most areas (Stone and others, 1983, p. 23). Large upward vertical leakage
rates are thought to occur along the Hogback Monocline in the northwestern part of the basin and
in the Puerco Fault Zone in the southeastern part of the basin (fig. 2) (Stone and others, 1983, p. 23).

The geology and hydrology of the Gallup, Dakota, and Morrison aquifers are described
briefly, including the structure, stratigraphy, depositional environment, petrology, mineralogy,
ground-water flow patterns, water levels, and hydraulic characteristics. Additional information
can be found in Stone and others (1983); Craigg and others (1989); Kernodle and others (1989);
and Dam and others (1990a).
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Gallup Aquifer

The Gallup aquifer is a hydrogeologic unit corresponding to the Gallup Sandstone. The
Gallup Sandstone is of Late Cretaceous age (Molenaar, 1973, 1974). The unit has a smaller areal
extent than the other major Upper Cretaceous sandstones in the San Juan structural basin and
occurs only in New Mexico and a small part of Arizona. The Gallup crops out in an arcuate pattern
around the western and southern margin of the basin where it typically forms erosion-resistant
cliffs and dip slopes. Thickness of the Gallup decreases from about 600 ft near the outcrops along
the margin of the basin to zero along the northwest-trending pre-Niobrara erosion limit. Depth
to the top of the Gallup Sandstone ranges from zero in areas of outcrop to about 4,500 ft in an area
about 20 mi south of the town of Farmington (Kernodle and others, 1989). The altitude of the top
of the Gallup decreases from a maximum of about 7,500 ft northeast of Window Rock, Arizona,
to about 1,500 ft above sea level southwest of Farmington. The Gallup represents the first major
regression of the Upper Cretaceous sea in the San Juan structural basin and also represents
deposition in marine and nonmarine environments. As originally defined by Sears (1925) and
discussed in detail by Dane and others (1957), the Gallup consists of various rocks including
sandstone (the predominant rock type), conglomerate, shale, carbonaceous shale, and coal.
Minerals found in the Gallup include quartz (70-90 percent), feldspar (5-25 percent), glauconite,
chlorite, sericite, chert, zircon, tourmaline, hematite, limonite, magnetite, ilmenite, dolomite, and
ankerite (Kaharoeddin, 1971).

The Gallup aquifer is a source of water for domestic, livestock, municipal, and industrial
uses. Recharge to the aquifer is from infiltration of precipitation and streamflow on outcrops and
from vertical leakage of water through confining beds. Areas of recharge are in the southwestern
and northeastern parts of the basin. Ground-water flow from these areas moves generally toward
the central part of the basin and to the west, northwest, and southeast parts (fig. 2). However, the
remaining body of the Gallup aquifer is cut off in a northwest-southeast pattern such that flow of
water is not continuous throughout the entire basin (fig. 3). The Gallup aquifer occurs under both
water-table and artesian conditions. Water wells generally are near the western and southern
margins of the basin and primarily in McKinley County; flowing wells are mostly in the northern
part of the county. The reported or measured discharge from 32 water wells completed in the
Gallup aquifer ranges from 1 to 645 gal/min and the median is 30 gal/min (Kernodle and others,
1989). Water levels significantly below land surface were found in the Grants mineral belt near
Crownpoint and near Gallup, New Mexico, and Window Rock, Arizona.

Dakota Aquifer

The Dakota aquifer is a hydrogeologic unit corresponding to the Dakota Sandstone. The
Dakota Sandstone generally is thought to be of earliest Late Cretaceous age, although the
lowermost part may be of latest Early Cretaceous age (Fassett, 1977, p. 225). The Dakota crops out
around the basin margins where it typically caps mesas and forms erosion-resistant dip slopes
and hogbacks. The Dakota Sandstone unconformably overlies the Morrison Formation (Late
Jurassic age) throughout much of the basin; however, it unconformably overlies the Burro
Canyon Formation (Early Cretaceous age) in the northern part of the basin (fig. 3). The upper

‘contact of the Dakota is conformable with the Mancos Shale, and intertonguing of these two units

is common near the contact. Stratigraphy of the Dakota is complex. The unit consists of a main
sandstone body in the north, which branches into various members and tongues depending on
location in the San Juan Basin. Thickness of the Dakota generally ranges from a few tens of feet to
about 500 ft; Stone and others (1983, p. 37) reported that a range of 200 to 300 ft probably is



common. Data reported by Molenaar (1977b, p. 160-161) and Stone and others (1983, fig. 66) and
data obtained from Petroleum Information Corporation, Denver, Colorado, indicate that the
thickness of the Dakota generally increases from the western, northwestern, and northern
margins of the basin toward the eastern, southeastern, and southern margins. Depth to the
Dakota ranges from zero in areas of outcrop to about 8,500 ft in the northeastern part of the basin.
The top of the Dakota decreases from a maximum altitude of about 9,500 ft along the northern
basin margin to about 1,500 ft below sea level in the northeastern part of the study area (Craigg
and others, 1989).

The Dakota was deposited on an erosional surface in this region; the strata represent a
transition from nonmarine alluvial-plain deposition in the lower part of the aquifer to marine
shorezone deposition in the upper part. Marine and nonmarine depositional environments were
interpreted by Walters and others (1987); the primary depositional area for nonmarine rocks was
along the west side of the present basin. The Dakota contains three principal lithologies in
different parts of the basin. It typically consists of a sequence of buff to brown, crossbedded,
poorly sorted, coarse-grained conglomeratic sandstone and moderately sorted, medium-grained
sandstone in the lower part; dark-gray carbonaceous shale with brown siltstone and lenticular
sandstone beds in the middle part; and yellowish-tan, fine-grained sandstone interbedded with
gray shale in the upper part (Owen, 1973, p. 39-48; Merrick, 1980, p. 45-47). Mineralogy, in mean
percentage, as determined by Walters and others (1987, p. 269), for the marine (first number) and
nonmarine (second number) deposits consists of the following: quartz (28 percent, 26 percent),
illite (22 percent, 32 percent), kaolinite (16 percent, 22 percent), calcite (8.3 percent, 0.87 percent),
dolomite (7.3 percent, 0.42 percent), mixed clay (5.7 percent, 9.8 percent), smectite (4.4 percent,
2.9 percent), potassium feldspar (4.2 percent, 4.7 percent), chlorite (2.7 percent, 0.29 percent), and
plagioclase (2.4 percent, 1.3 percent).

The Dakota aquifer is a source of water for domestic, livestock, and industrial uses, and
water wells generally are near the margins of the basin. Water in the Dakota aquifer occurs under
both water-table and artesian conditions. Recharge to the aquifer is from infiltration of
precipitation and streamflow on outcrops and from vertical leakage of water through confining
beds. Within the basin, areas of stress from ground-water development in the Dakota aquifer are
localized. These areas may represent oil or gas production, injection for disposal of brine,
secondary recovery or repressurization of producing zones, or uranium-mine dewatering of the
underlying Morrison aquifer that induces downward flow in the Dakota. The reported or
measured discharge from 29 water wells completed in the Dakota aquifer ranged from 1 to
200 gal/min and the median is 13 gal/min (Craigg and others, 1989). Water levels in numerous
wells were several hundred feet below land surface. Only one well, in the northwestern part of
the basin, was flowing.

Morrison Aquifer

The Morrison aquifer is a hydrogeologic unit corresponding to the Morrison Formation.
The Morrison Formation is of Late Jurassic age (Cadigan, 1967, p. 6) and crops out around the
basin margins. Major sandstones in the Morrison typically form erosion-resistant cliffs and dip
slopes, whereas shale units form topographic saddles. The Morrison is present throughout the
San Juan Basin (Green and Pierson, 1977, p.151) and conformably overlies the Wanakah
Formation or Cow Springs Sandstone of Late Jurassic age (Condon and Peterson, 1986, p. 24)
throughout most of the basin. In the northern part of the basin, the Morrison conformably overlies
and probably intertongues with the Junction Creek Sandstone of Late Jurassic age (fig. 3). In the
San Juan Basin, the Morrison Formation consists of five members (Gregory, 1938; Craig and
others, 1955; Cadigan, 1967; Green and Pierson, 1977; Owen, 1984). These members, in ascending
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order, are: the Salt Wash Member, Recapture Member, Westwater Canyon Member, Brushy Basin
Member, and Jackpile Sandstone Member. The thickness of the Morrison ranges from about 200
ft near Grants to about 1,100 ft in the northwestern part of the basin (Dam and others, 1990a).
Depth to the top of the Morrison ranges from zero in areas of outcrop to about 8,500 ft in the
northeastern part of the basin (Dam and others, 1990a). The top of the Morrison decreases from a
maximum altitude of about 10,000 ft along the northern basin margin to about 1,500 ft below sea
level in the northeastern part of the basin. Morrison Formation strata were deposited in various
continental environments including eolian, stream channels, flood plains, and lakes (Green and
Pierson, 1977, p. 151; Turner-Peterson and others, 1986). A semiarid to arid climate existed during
deposition of the Morrison (Turner-Peterson and Fishman, 1989).

The Morrison Formation generally consists of yellowish-tan to pink, fine- to coarse-grained,
locally conglomeratic sandstones, which are interbedded with sandy siltstones and green to
reddish-brown shales and claystones; minor limestone beds also are in the aquifer (Woodward
and Schumacher, 1973, p. 3-5; Green and Pierson, 1977, p. 151; Stone and others, 1983, p. 38). The
Salt Wash Member was deposited by meandering and braided streams and consists of very fine
to medium-grained sandstone interbedded with mudstone (Hansley, 1990, p. H4). The Recapture
Member was deposited in fluvial, lacustrine; and eolian environments; lithology consists of very
fine to fine-grained sandstones interbedded with mudstones and claystones. The Westwater
Canyon Member was deposited by braided streams draining source areas in the western and
southwestern parts of the basin. Sandstones are fine to medium grained and locally
conglomeratic; interbedded mudstones and claystones are bentonitic (Hansley, 1990). The Brushy
Basin Member consists of thick bentonitic to zeolitic mudstones interbedded with thin fluvial
sandstones that were deposited in a saline, alkaline lake. The Jackpile Sandstone Member was
deposited in the southeastern part of the basin by braided streams; sandstones are fine to medium
grained and locally conglomeratic.

Hansley (1986 and 1990) described in detail the mineralogy and diagenesis of members of
the Morrison Formation. Minerals from core samples in the southern part of the basin and from
outcrop samples along the rim of the basin include amorphous silica, potassium feldspar, albite,
calcite, anhydrite, barite, hematite, pyrite, garnet, staurolite, and zeolite. Whitney and Northrop
(1987, p. 357) examined clay mineralogy and found smectite, interstratified illite/smectite,
chlorite, and kaolinite. Crossey (1989) recognized two groups of clay minerals on the basis of grain
size in the Westwater Canyon Member: (1) coarse-grained lithologies contain a mixed-layer illite/
smectite that is highly expandable, kaolinite, and chlorite; and (2) fine-grained lithologies contain
a more illitic mixed-layer illite/smectite with traces of chlorite.

The initial interpretation of the ground-water flow system in the Morrison aquifer is based
on work by Kelly (1977), Frenzel and Lyford (1982), Stone and others (1983), and data from the
files of the U.S. Geological Survey, Albuquerque, New Mexico. The conceptual model of the flow
system in the Morrison aquifer assumed the Westwater Canyon Member to be the only significant
regional aquifer (Kelly, 1977); the other members were considered important only as local
aquifers. The Brushy Basin and Recapture Members were thought to serve as semiconfining
layers above and below the Westwater Canyon throughout the basin except in the southwestern
part where the Brushy Basin is absent.

Flow in the Morrison aquifer previously was assumed to be two dimensional. Vertical
leakage into the Morrison from above or below was unknown and assumed to be negligible
(Stone and others, 1983, p. 23). Minimal hydraulic-head data not representing a single time period
were available for units overlying and underlying the Morrison to determine vertical flow
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components. Data for the Dakota and Morrison aquifers were for 1985-86 and data for the Entrada
Sandstone were pre-1959. Figure 5 shows a comparison of hydraulic heads for the Dakota aquifer
and the Entrada relative to the Morrison aquifer. Hydraulic heads for the Dakota aquifer and
Entrada were measured in the well, whereas hydraulic heads for the Morrison aquifer were
interpolated from the Morrison potentiometric-surface map for that well site. The heads for wells
in the Dakota (for 1985-86) generally are lower than those interpolated from the Morrison
potentiometric surface.

Underlying the Morrison aquifer is the Wanakah Formation; however, no hydraulic-head
data were available for this formation. The Entrada Sandstone underlies the Wanakah Formation.
The only head data available for the Entrada were obtained from a dissertation by Berry (1959),
which contains a potentiometric-surface map of the Entrada with five data points. The dates of
measurement for these wells are unknown, but they were made prior to 1959. The head values
for the Entrada indicate a northerly flow direction similar to the Morrison aquifer. Figure 5 shows
the estimated hydraulic-head differences between the Entrada Sandstone and the Morrison
aquifer at the locations of five wells. Comparison of heads in the Entrada (pre-1959) with those
in the Morrison (1985-86) (fig. 5) shows that the Entrada heads in four wells were from 13 to 110
higher than in the Morrison. Because hydraulic-head values in the Morrison had declined, pre-
1985 water levels in the Morrison were sought for comparison with pre-1959 water levels.
Hydrographs for three wells completed in the Morrison aquifer that span the period 1957-90 were
used to determine water-level trends in the Morrison during this time. These hydrographs, shown
in figure 6, indicate a decline in hydraulic head in the Morrison during this period. The declines
range from approximately 4 feet to more than 70 feet. Although the declines in the Morrison are
shown for almost a 30-year period, the declines are believed to have occurred after the mid- to late
1970's when uranium test drilling was conducted and many of the test holes were completed as
wells in the Morrison aquifer and allowed to flow continuously. On the basis of these tentative
comparisons, even with the declines in the Morrison of as much as 70 feet, the head in the Entrada
would still be several tens of feet higher than the head in the Morrison. Therefore, an upward
component of flow into the Morrison aquifer is assumed.

The potentiometric contours shown in figure 7 indicate that recharge to the Morrison aquifer
north of the Chuska Mountains along the New Mexico-Arizona State line has a significant
component that is north, parallel to the north-trending outcrop. Along the north flanks of the
~ Chuska Mountains, the Morrison dips primarily to the east, but northward the easterly dip
flattens and a northerly dip develops toward the Four Corners Platform (fig. 2). This change in
dip accounts for the much larger outcrop area, and recharge in this area moves north parallel to
the outcrop to the discharge area near Four Corners.

The discharge areas for the Morrison are considered to be in the northwestern part of the
area near Four Corners where the San Juan River has breached the Morrison aquifer, the
southwestern part of the area southwest of Gallup, and the southeastern part of the area northeast
of Grants (see fig. 2 for general areas of discharge as indicated by converging arrows). In the
northwestern part of the basin north of the Chuska Mountains, the general gradient is to the north
(fig. 7); in the area northeast of the city of Gallup, areas of localized dewatering for uranium
mining have resulted in substantial head declines.

The reported or measured discharge from 53 water wells completed in the Morrison aquifer
ranges from 1 to 401 gal/min; the median discharge is 32 gal/min (Dam and others, 1990a).
Heads of wells completed in the Morrison Formation are typically above land surface in San Juan
County and below land surface in McKinley and Cibola Counties.
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GEOCHEMISTRY OF GALLUF, DAKOTA, AND MORRISON AQUIFERS

This section describes the methods used to collect the data including essential water well
information. Geochemical data are discussed by type of constituent including major, minor, and
trace elements; gases; and isotopes. Physical and geochemical processes controlling solute
concentrations then are evaluated.

Methods

The field sampling methods used to collect the geochemical data are detailed in Dam (1988)
and follow standard USGS procedures (Claassen, 1982; Knapton, 1985). Nonflowing wells were
pumped for a sufficient duration to remove at least three borehole volumes of water. Field
techniques were used to measure specific conductance, pH, temperature, DO, alkalinity, and
sulfide. Alkalinity was used to calculate HCO5™ and CO3. Samples were collected and preserved
for analysis of major, minor, and trace elements; stable and radioactive isotopes; and dissolved-
organic carbon. Dissolved gases were collected in the field using double-chamber glass tubes
under a vacuum. Carbon-14 samples were collected onsite by precipitation of strontium carbonate
in a stainless-steel tank as described in Dam (1988). Chloride-36 samples were treated with nitric
acid and silver nitrate to precipitate silver chloride and stored in light-proof brown bottles. An
anion-exchange resin was used to concentrate chloride when chloride concentration was less
than 10 mg/L. Preparation of the Q1 samples for analysis (primarily to remove interfering
sulfur-36) is described in Jones and Phillips (1990).

All samples collected for laboratory analysis of major, minor, and trace elements were
analyzed at the USGS National Water Quality Laboratory (NWQL) in Denver, Colorado. Gas
samples were kept on ice and sent to the USGS laboratory in Reston, Virginia, for analysis. These
samples were analyzed for N, oxygen, Ar, CO;, methane, and ethane. Rapid analysis was
necessary to ensure that loss of vacuum did not result in samgle contamination from the air.
Stable isotopes of oxygen and hydrogen and the radioisotope “H were analyzed at the USGS
laboratory in Reston, Virginia. Carbon-13 / carbon-12 and sulfur-34/sulfur-32 stable isotopes were
analyzed by Global Geochemistry, and 14C isotopes were analyzed by Kruger, Inc. These
laboratories are under contract to the NWQL. The University of Rochester, in Rochester, New
York, analyzed éC1 isotopes using a tandem accelerator mass spectrometer.

Geochemical data for analysis and interpretation were obtained by sampling 38 wells and
using analyses from the USGS NWIS (National Water Information System) data base for 21 wells
(figs. 8-10). Locations of water wells sampled for geochemical data are shown in figure 8 for the
Gallup aquifer (wells 1-10), in figure 9 for the Dakota aquifer (wells 11-13), and in figure 10 for
the Morrison aquifer (wells 14-38). The abundance of wells completed in the Morrison aquifer is
a result of uranium exploration (without development or mining) in the early 1980's. Additional
chemical analyses obtained from the NWIS data base augmented the geochemical data for the
Gallup (15 wells) and Dakota (6 wells) aquifers.

16



Pagosa

Durango
¢ g Spnings ¥

109/ MONTEZUMA - LA PLATA ' ARCHULETA
/| COLORADO
a7 - -- _ - - a7
NEW MEXICO
<
2 1
(o]
: |
e
< | RIO ARRIBA
|
w |
5 A - N
< : 41 1
- Chaco Cl'{iltune Naltign:(l AN L
istorical Pa
36" _ - o < 3J ~ - __l Cuba, 36°
04 .3 \
g 42 MCKINLEY '
I Gy S 1\SANDOVAL
t i 44 )
" q'g;éownpomt | \
QR 49 A8 8..9

Rt 0 .552

=

Grants “g B f"
108° Q’qm!l.\' =
7 ‘: D R

] =

CIBOLA \ifs
. ¢l .
0 10 20 30 0 50 60 % ? 35
4 MLES
it —r —t . d ‘
0 10 20 30 40 50 60 KLOMETERS 107

EXPLANATION

In southeastern part of the study area mapped as part of the Mesaverde Group,
undivided. From Dane and Bachman, 1965, and Hackman and Olson, 1977

APPROXIMATE SUBSURFACE EXTENT OF GALLUP AQUIFER--From Molenaar, 1973

= BOUNDARY OF STUDY AREA

OUTCROP OF GALLUP AQUIFER--In Arizona includes Pescado Tongue of Mancos Shale.

WATER WELL--Wells 1-10 were sampled from 1986 to 1989; wells 39-53 were sampled prior

* 1 to 1986 and the analyses are from the National Water Information System data base

Figure 8.--Location of sampled water wells completed in the Gallup aquifer.

17



LA PLATA

s COLORADO
37' lg 4 —- = - 37'
2 NEW MEXICO
y -
< ' u L I Y
% | 1 San Juan River ‘ q
N ‘ (fes? N
x o | RIO ARRIBA
< .58 SAN JUAN }
A LU \ ;
A7
'\\ | '
g ) —
: 1
é Chaco Cl;{ltutredNalﬁggﬁ(l
a istorica l
Cuba
36 r - - - _ dj:‘:—i:’_ _ L P
! _ _l {
e ' {
I
8 (
CipWindow o Crownpoint | SANDOVAL
Rock 3 f
" .
| b vy '. y \1
I AN allup -ji.:i & omy |
\3 _
109°
108"
O ® 2 30 4 0
0 1 20 30 40 50 60 KLOMETERS

EXPLANATION

OUTCROP OF DAKOTA AQUIFER, MANCOS SHALE, AND BURRO CANYON
FORMATION--From Dane and Bachman, 1965; Wilson and others, 1969;
and Tweto, 1979

——mm— BOUNDARY OF STUDY AREA

o1l WATER WELL--Wells 11-13 were sampled from 1986 to 1989; wells 54-59 were sampled
grior to 1986 and the analyses are from the National Water Information System
ata base

Figure 9.--Location of sampled water wells completed in the Dakota aquifer.
18



LA PLATA
COLORADO

37 - - -
NEW MEXICO
Famington _
< P .
% " Juan Rjver RIO ARRIBA
N
o
< SAN JUAN
g 35,
(<) |
& |
Chaco Cutture National
36" _ _ Historical Park dj:'ﬁ_ - Cuba »
36.

' MCKINLEY
Crownpoint

0 1 20 30 40 50 60 MLES 35°
}, [

T —1h T
0 10 20 30 40 50 60 KLOMETERS

107°

EXPLANATION

OUTCROP OF MORRISON AQUIFER, JURASSIC ROCKS, UNDIVIDED; WANAKAH FORMATION;
SR ENTRADA SANDSTONE: AND SAN RAFAEL GROUP--From Dane and Bachman, 1965; Wilson
e and others, 1969; Tweto, 1979; and Hintze, 1981

BOUNDARY OF STUDY AREA

A

A’ LINE OF GEOHYDROLOGIC SECTION--See figure 11
e14 WATER WELL--Welis 14-38 were sampled from 1986 to 1989

Figure 10.--Locations of sampled water wells completed in the Morrison aquifer

‘ and of geohydrologic sections.

19



Table 1 provides data pertaining to the 38 wells sampled from 1986 to 1989. Well depths
range from 150 to 5,250 ft. The part of the Gallup, Dakota, or Morrison aquifer that was sampled,
as shown in table 1, is the thickness of the interval open to the aquifer; the interval thickness
ranges from 31 to 876 ft. Most wells sampled were completed as open holes, so water was
obtained from the entire open interval as opposed to one or more perforated intervals in the
casing. Eight wells were completed with multiple perforated intervals so the well was open to
selected zones; the perforated intervals were summed to determine the total thickness of the
interval open to the aquifer that was sampled (table 1). Two geohydrologic sections for 12 wells
completed in the Morrison aquifer are shown in figure 11. Section A-A' depicts nine wells in a
north-trending line. Well 32 is the only well open solely to the Westwater Canyon Member; the
other wells are open to varying combinations of the Westwater Canyon, Recapture, or Salt Wash
Members of the Morrison Formation. Several wells are completed below the Morrison aquifer and
open to the Wanakah Formation. Section B-B' depicts three wells in an east-trending line. Wells
29 and 30 are completed solely in the Morrison aquifer, whereas well 28 extends 155 feet into the
Wanakah Formation. Flowing, artesian conditions occurred at most wells, facilitating sample
collection. Most of these wells (22 of 29) (table 1) had the capacity to be shut in for a head
measurement and therefore could be turned off after sampling was completed. However, seven
wells (7, 11, 18, 20, 21, 32, and 33) could not be shut in for a head measurement or turned off to
prevent continuous discharge. Six wells were equipped with windmills with positive-
displacement piston pumps and three wells were equipped with submersible pumps. These data
are listed in table 1.
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Table 1.--Data for wells sampled from 1986 to 1989

[See figures 8-10 for location of wells. Type of lift: F, natural flow;

P, piston; S, submersible. --, not reported]

Altitude of land Depth of well

Thickness of

Shut-in

Well surface (feet above (feet below interval open Type of capacity for
number Aquifer sea level) land surface) to aquifer (feet) lift flowing wells

1 Gallup 5,890 150 - F Yes

2 Gallup 6,195 3,090 60 F Yes

3 Gallup 6,401 - - F Yes

4 Gallup 5,990 1,239 80 F Yes

5 Gallup 6,048 1,743 160 F Yes

6 Gallup 6,379 1,082 502 P -

7 Gallup 6,365 1,850 225 F No

8 Gallup 6,430 969 64 F Yes

9 Gallup 6,165 602 120 F Yes
10 Gallup 6,515 667 64 S -
11  Dakota 5,342 1,464 555 F No
12 Dakota 6,035 521 147 P --
13  Dakota 6,130 1,840 55 F Yes
14 Morrison 5,545 604 342 P -
15 Morrison 5,440 2,736 430 S -
16 Morrison 5,120 2,000 782 F Yes
17 Morrison 5,100 2,035 691 F Yes
18 Morrison 4,941 1,777 295 F No
19  Morrison 5,270 2,013 280 F Yes
20 Morrison 5,060 2,300 788 F No
21 Morrison 5,290 2,597 770 F No
22 Morrison 5,139 2,520 747 F Yes
23 Morrison 5,831 555 60 P -
24 Morrison 5,270 2,682 876 F Yes
25 Morrison 6,206 702 149 P -
26 Morrison 5,522 1,992 247 F Yes
27 Morrison 5,735 1,912 526 F Yes
28 Morrison 5,595 2,034 834 F Yes
29 Morrison 5,670 1,912 505 F Yes
30 Morrison 6,090 1,751 275 F Yes
31 Morrison 5,840 2,125 613 F Yes
32 Morrison 5,830 1,691 410 F No
33" Morrison 5,905 2,349 858 F No
34 Morrison 6,010 2,518 768 F Yes
35 Morrison 5,750 5,250 250 F Yes
36 Morrison 6,330 3,988 31 F Yes
37 Morrison 6,795 2,605 400 S -
38 Morrison 6,825 410 110 P --
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Major Constituents and pH

Chemical analyses are shown for 61 water samples collected during 1986 through 1989 from
38 wells completed in the Gallup (table 2), Dakota (table 3), and Morrison aquifers (table 4). In
addition, data from NWIS are presented for the Gallup aquifer (15 wells) and the Dakota aquifer
(6 wells). Several wells, particularly wells completed in the Morrison aquifer, were sampled more
than once during 1986 through 1989 to supplement the initial suite of constituents collected and
to identify a possible change of constituent concentrations with time.

Concentrations of major ions (Ca2*, Mg?*, Na*, K*, HCO5", CO32 ", 5042, and CI') generally
were found to be reproducible in samples collected from the Gallup and Dakota aquifers.
Concentrations of major ions were found to change over time for samples collected from several
wells completed in the Morrison aquifer.

Three of 10 wells in the Gallup aquifer were sampled twice between 1986 and 1987. Major
ion concentrations differed by less than 10 percent for Na¥, alkalinity, and Si0,° (table 2). Only
one of three wells completed in the Dakota aquifer that were sampled during the mvestxgatlon
was sampled twice (table 3). Differences greater than 10 percent were detected between CaZ*
Mg ,Na*, and K* concentrations from two analyses for well 13. However, SO4%,CrI',and several
other properties and constituents differed by less than 10 percent between the two analyses.
Three of six chemical analyses obtained from the NWIS data base for the Dakota aquifer indicated
that major ion concentrations were within 10 percent (table 3).

Fifteen of 25 wells completed in the Morrison aquifer were sampled more than once between
1986 and 1989 (table 4). Concentrations of major ions in water samples collected from 9 of the 15
wells were reproducible within 10 percent. Thus, concentrations of several major 1ons in samples
collected from 6 of 15 wells differed by more than 10 percent. Concentrations of Ca’*, HCOy, and
CI" varied between sampling periods for wells 18, 20, 22, 25, 28, and 33, and Mg2*, Na*, and SO,
concentrations varied by more than 10 percent in samples from wells 20 and 28. Because major
ion concentrations in water from well 30 were nearly identical except for CI', which changed from
4.7 t0o 2.7 mg/L, and forK*, which changed from 2.3 to 1.9 (table 4), well 30 was not included with
the six wells.

Several factors may contribute to the non-reproducibility of the samples with time. These
include discharge of large volumes of water between sampling periods, a large open interval, and
pump type—such as piston, which can introduce oxygen into the water resulting in chemical
reactions. The range in discharge at wells 18, 20, 22, and 33 was 16 to 65 gal/min. At a discharge
rate of only 20 gal/min over the minimum duration of 354 days between the 1986 and 1987
sampling dates, more than 10 million gal of water would have been discharged at each of these
four wells. However, well 32 flowed continuously for the 3 years of sample collection, 1986-88,
yet analytical results were reproducible within 10 percent. A smaller open interval for well 32
(410 ft) compared with well 33 (858 ft) may account for the difference in analytical results. Well 28
was constructed with a large open interval (834 ft) (table 1). Well 25 was constructed with a
relatively small open interval (149 ft) (table 1); however, a windmill piston pump was used to
obtain the water sample.
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Table 2.~-Selected properties of and constituents in water from the Gallup aquifer

[See figure 8 for location of wells; pH, standard units; °C, degrees Celsius; concentrations in
milligrams per liter; <, less than; —, not reported]

Sodium
Dis~ plus Bi~
Tem- sol- So- po- Po- car- Car- Alka-
pera- ved Sul- Cal- Magne-  di- tas- tas- bon- bon- 1in- Sul- Chlo-  Fluo- Bro- Io- Sil- Dis-
Well Date of Field ture oxy- tide clum sium um sium alum ate ate ity fate ride ride mide dide ica solved
number sample pH (*c) gen  (HpS+HST) (Ca?')  (Mg2*) (Na') (Na*+kh) (K') (HCO;T) (CO3%7)  (as cacOz) (50,37} (C17) (F7) (Br7) (1) (si0,") solids

1 07-01-88  7.90 - 16.7 1.2 <0.05 a2 17 96 -- .4 310 0 254 120 7.8 0.30 0.074  0.006 14 455
2 04-22-86  8.20 32.8 == - 10 2.1 630 -- 3.3 380 0 307 910 46 1.6 .18 .004 17 1,799
10-21-87 8.33 32.9 == W14 7.4 2.4 670 - 3.2 334 10 290 1,100 49 .6 .066 .005 16 2,000

3 04-21-86 8.60 32.7 -- - 7.0 1.2 669 - 2.3 240 1o 213 1,000 81 .70 .16 .004 17 1,900
4 07-15-88 8.57 24.4 - -15 1.2 .28 220 -— 1.1 451 14 394 84 4.1 .034 .005 12 559
S 06-30-87 8.81 26.0 -- - 3.8 18 400 - 1.0 295 22 2717 530 414 .2 .15 .006 12 1,200
06~-28-88 8.81 25.0 -~ .14 3.6 15 400 - .90 288 17 264 550 45 - -— 12 -

6 06-30-88 8.99 19.9 == —-— 1.7 .62 230 - .70 336 22 311 180 5.0 .10 054 .00S 11 639
7 06-28-88 9.00 20.7 -~ .11 2.2 .29 140 - .70 222 14 206 84 9.5 .30 .056 .005 13 3N
8 12-03-87 8.73 18.4 ~-- .05 5.2 2.0 630 - 2.4 252 10 224 1,200 23 .60 .11 .004 12 2,000
9 04-29-86 9.10 18.0 - -— 1.4 .03 129 - .80 259 20 244 3 4.3 .50 044 .008 12 330
08-11-87 8.083 1.0 o= .12 1.3 .31 130 - .70 293 26 244 as 3.3 .10 - - 13 330

10 06-30~88 9.20 16.9 -~ -— .28 .06 170 - .70 290 17 266 85 20 .80 .068 .00S 9.9 444
39 05-26-64 7.8 18.5 -- - 33 6.7 - 1,000 - 410 0 336 1,700 180 3.5 -- -— 12 3,200
40 07-03-74 8.0 - - - 400 120 150 - 2.0 170 13 161 1,500 20 -4 - - - 2,700
41 10-29-74 5 - - - 4.2 .1 580 -— 3.6 520 19 457 480 240 3.0 - - 16 1,600
42 10-14-64 7. - - -— 37 11 -— 25 - 200 0 167 19 2.8 .4 - - 14 210
43 09-08-69 8.2 -— - - 74 15 37 -- 2.0 240 7 209 95 9.9 .3 - - - 390
44 01-28-72 8.2 - - - 12 4.8 120 - 2.0 190 0 156 140 4.6 .6 - - - 430
45 01-20-71 -- - - 92 17 36 - 2.0 260 0 213 140 7.1 .5 - - - 450
46 03-10-70 7.8 - - -— 80 26 87 -— 5.0 270 4 221 260 8.9 .4 - - - 650
47 07-31-70 8.4 32.0 == - 11 3.0 270 - 2.7 280 6 243 310 S0 -8 - - 16 810
48 09-19-62 8.2 24.5 == - 9.5 2.1 720 - 3.0 310 1] 254 1,200 42 -8 - - 13 2,190
49 10-02-62 7.9 24.0 =~ - 9.4 5.0 360 - 3.0 280 1] 230 560 12 .8 - - 14 1,100
50 10-14-64 - - e 12 3.6 - 220 - 250 7 205 270 21 .5 - - 16 680
51 07-18-73 8. - -— - 100 36 180 - 3.1 210 10 189 580 7.1 .7 -- - - 1,100
52 09-18-62 8.8 20.0 -- - 3.1 -9 400 -—— 1.8 aso 18 315 440 73 1.2 - - 15 1,100
53 08-30-57 8.4 15.5 -- - 11 3.3 - 440 - 610 8 500 200 180 4.4 - - 10 1,200




Table 3.--Selected properties of and constituents in water from the Dakota aquifer

[See figure 9 for location of wells; pH, standard units; °C, degrees Celsius; concentrations in
milligrams per liter; —, not reported; >, greater than]

Sodium
plus Bi-
Tem- po- Po~- car- Car- Alka-
pera- sul- Cal- Magne- Sodi- tas- tas- bon- bon- 1in- Sul- Chlo~  Fluo~ Bro~ lo~ si1- Dis-
Well Date of Fleld ture fide clum sium um sium sium ate ate ity fate ride ride mide dide ica solved
nunber sample PH (°C)  (HpS+HST)  (Ca?*)  (Mg?h) (NaY) (Na*+R') (KY)  (HCO3T) (€0,%)  (as caCOy)  (S02T)  (cl7) (F7) (Br") (1) (s10,°)  solids
11 07-23-87 8.47 18.1 0.05 21 11 390 - 3.8 277 10 241 640 57 0.90 0.16 0.006 8.6 1,300
12 06-29-89 8.78 18.1 - 2.0 .16 100 - 1.1 - 215 10 192 25 2.6 .30 .038 .005 12 262
13 04-29-86 8.90 19.5 - 2.3 1.1 700 - 1.7 390 30 376 910 85 1.5 .24 .005 10 1,900
12-03-87 8.91 19.5 >1.5 170 95 270 - 2.2 - - et 980 78 1.6 - - 11 -
54 04-27-60 7.6 15.5 - 24 .5 780 - 3 200 0 230 1,100 260 2.2 - - 8.5 2,320
55 09-21-66 8.0 - - 53 10 1,300 - 1 360 12 315 1,600 720 8.2 -— - - 3,780
56 06-27-52 - - - 19 3.1 - 690 - 170 6 149 980 280 1.3 - - 13 2,080
09-21-66 8.4 - - 19 2.4 €90 - 9 140 12 135 1,000 2%0 2.0 .- - - 2,060
$7 07-22-70 8.6 - - 7.0 - 320 - - 260 12 233 480 15 .3 - - - 961
09-24-74 8.6 e - 6.0 1.2 360 2 250 23 243 470 18 .4 - - 8.7 1,040
58 06-08-67 9.4 - - 2.0 1.2 120 -— 160 26 175 70 15 .3 - - - 302
01-08-70 9.4 - - 1.0 - 130 2 180 4 204 68 12 .3 - - - 310
59 07-03-74 8.2 - - 54 7.3 120 2 300 13 268 130 11 .2 - - 9.8 512
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Table 4.—-Selected properties of and constituents in water from the Morrison aquifer
[See figure 10 for location of wells; pH, standard units; °C, degrees Celsius; concentrations

in milligrams per liter; --, not reported; <, less than detection limit}
Bi-

Tem- . Po- car- Car- Alka-
pera- Cal- Magne- Sodi- tas- bon- bon- lin- Sul=- Chlo- Fluo- Bro- Yo~ sil- Dis-
Well Date of Fleld ture Dissolved sulfide cium sium um sium ate ate ity tate ride ride mide dide ica solved
number sample pH (°C) oxygen (Hps + H5T) (Ca?*) (Mg?') (Na') (K*) (HCO3") (CO3?7) ({as CaCOy) (S0,27) (€17) (F7) (Br”) (1) (510,%) solids

T4 Ue-10-88 7.5 17.0 - == 13 1 1.3 706 [ 238 75 1T 7.0 T.135 0.008 F1] kL3

i5 07-21-87 7.52 39.9 - 35 50 28 1,700 18 305 0 250 3,800 210 1.6 .38 .033 33 6,000

16 06-24-86 9.20 19.9 -— - 1.1 .08 130 1.0 244 29 247 33 10 2.0 .050 . .006 17 350

06-08-88 9.37 20.1 - o7 1.2 .06 140 .90 2173 14 248 a3 11 2.8 -- - 17 350

17 07-02-86 8.50 23.0 - - 40 3.4 810 3.6 124 4 110 1,700 61 1.6 .13 .015 13 2,700

18 06-16-86 8.00 31.0 - - 58 14 BOO 7.7 58 0 49 1,600 110 2.0 .13 .015 14 2,600

06-09-87 8.03 31.1 - <.05 110 14 810 7.2 n 1] 60 2,100 57 1.9 -- - 14 3,200

19 07-14-87 7.74 29.1 - .24 33 12 1,300 9.0 383 Q 310 1,500 750 8.0 .05 .073 18 3,800

20 06~19-86 7.60 33.0 - - 78 31 1,400 19 158 0 130 3,200 190 2.1 .20 035 16 5,000

06-10-87 7.80 31.0 - 18 160 15 890 10 81 0 68 2,500 120 2.1 - - 14 3,800

21 06-18-86 8.30 - - - 39 3 770 4.6 128 ] 105 1,600 67 1.1 .15 .021 14 2,600

22 06-19-686 8.00 28.8 - - kL] 25 740 8.2 51 ] 48 1,900 60 1.9 .12 .016 16 2,900

06-10-B7 8.03 30. - .07 160 23 690 8.2 57 0 45 2,000 83 2.0 - - 16 3,000

23 06-10-88 9.65 17.1 - - 1.3 .06 120 .70, 176 26 188 37 23 .80 .235 .018 11 308

24 07-01-86 8.10 18.0 - - 14 8.1 290 2.7 327 0 265 390 a8 1.3 12 .005 12 920

25 06-09~88 8.87 16.9 5.0 - 14 5.9 ¢ 2.1 156 7 140 21 10 50 .074 .004 16 213

04-25-89 9.12 16.0 -— - 5.0 1.6 60 1.0 117 10 112 23 a.3 .40 -- - 10 167

26 06-17-86 9.30 27.2 - - 1.0 .04 110 .40 143 30 166 52 4.2 40 .019 .002 19 300

07-22-87 9.39 27.6 - .16 2.6 .16 110 .60 176 34 200 35 4.1 .40 - - 18 290

07-01-88 9.33 27.1 - 19 .98 .09 120 .40 159 43 202 48 3.9 .30 - -- 18 310

27 06-18-86 9.40 23.9 - - .80 .04 81 .30 156 34 182 9.8 1.1 .30 .014 .002 17 220

0é-11-88 9.65 23.9 - - .90 <.01 88 .30 166 29 184 10 .80 .30 - - 18 230

28 06-30-86 9.33 22.0 - - 1.8 .20 130 .90 170 36 199 n 28 40 .032 .006 19 370

07-17-87 9.45 21.3 L <.05 3.l .46 190 1.2 164 38 197 170 64 .90 - -- 17 570

07-01-88 9.26 21.3 - -_— 2.1 .37 160 .90 171 33 196 50 37 .60 - - 18 430

29 06-29-88 9.51 23.3 -— — .13 .03 110 .40 200 36 224 24 2.5 .80 030 .003 16 290

11-22-88 9.41 20.9 - - .86 <.01 120 .50 193 3s 222 22 3.0 .70 - - 17 297

30 07-23-87 8,37 24.0 1.0 <.05 11 89 6 2.3 200 0 163 13 4.7 2.0 .010 <.001 18 220

01-05-89 8.58 16.1 - - 11 89 70 1.9 200 0 164 13 2.7 .80 -— - 18 216

31 01-05-89 9.06 22.0 - - 1.3 06 66 .70 134 22 146 3.0 1.6 .20 - -- 16 174

32 06-24-86 9.05 21.9 - - 1.0 07 n .60 151 14 147 5.6 1.6 .20 .018 .001 19 190

07-15-87 9.31 22.4 <}.0 10 .93 .05 2 .60 144 19 148 4.8 1.5 .30 - - 19 190

06-11-88 9.42 23.6 - - .95 .06 n .50 149 19 154 5.2 1.1 .30 - -- 18 190

a3 07-15~-87 9.52 26.6 < - .85 .04 120 .50 169 34 194 38 12 .60 - - 18 290

06-29-88 9.53 - - - .66 .01 110 .60 164 34 190 36 8.4 .50 -— - 19 290
11-23-88 9.25 21.3 -

34 07-16-87 8.9 25.5 <1.0 .71 1.8 17 190 1.2 30 17 270 130 7.1 1.7 -— - 15 509

11-22-88 8.88 23.9 - - 1.9 .19 120 1.0 295 19 274 130 7.8 1.9 062 005 14 510

35 06-11-87 7.88 51.8 - <.05 27 .42 240 2.3 173 0 142 430 is 1.2 10 009 35 840

36 04-24-86 8.20 42.2 - - 12 .09 359 2.1 190 6 165 560 14 1.5 16 .009 25 1,099

10~-22-87 8.31 37.4 - .12 13 .15 340 2.0 lss 5 162 580 17 1.6 oel 012 25 1,100

3 10-02-87 9.05 390.5 - .07 1.4 .32 200 .90 308 22 288 150 6.5 .40 035 006 14 550

38 07-01-87 7.64 1s5.0 4.3-5.0 -— 49 17 180 2.6 344 0 282 290 1.9 .30 .10 006 - 720

07-14-88 7.64 15.4 -— - 51 17 180 2.4 344 0 282 310 7.2 .20 - - 17 750




Values of pH were reproducible at most wells, and all samples were alkaline (above 7.0).
Values of pH in water samples from the Gallup and Dakota aquifers were typically below 9.0
(figs. 12 and 13). Values of pH in water samples from the Morrison aquifer ranged from 7.52 to
9.65; water from 10 wells exceeded a pH of 9.0, indicating highly alkaline conditions. The areal
distribution of pH in water from the Morrison aquifer indicates that highly alkaline water in the
northwestern part of the basin generally is neutralized as it moves in a northerly direction
(fig. 14). The pH in water along Morrison outcrop areas was typically below 9.0 except for one
sample that had the highest pH value measured at 9.65. The pH of samples from wells located
near Shiprock was typically below 8.0.

The distribution of major cations and anions found in water from the three aquifers is shown
in figures 15 through 20. Two types of diagrams were used to depict ion concentrations: (1)
chemical-constituent diagrams modified from Stiff (1951) to indicate spatial variations in ion
concentrations, and (2) trilinear diagrams developed by Piper (1944) to relate variations in the
relative percentage of ion concentrations.

Predommant ions in water from the three aquifers generally were Ca?*, Na*, HCO5, and
504 , as shown in figures 15-17. Bicarbonate represents part of the alkalinit value in these
figures. Major ions in water from the Gallup aquifer were predominantly Ca“*-HCOj" in the
southwestern outcrop area and Na*-HCOj" in the northwestern outcrop area. The majonti/ of
samples were predominantly Na*-HCOj" in the southwestern area of the basin and Na*-S0,;*" in
the southeastern and central parts of the basin (fig. 15).

Predominant ions in water in the Dakota aquifer were Na*-HCOj" for three samples located
farthest south in the northwestern part of the basin. Predominant ions were Na* -S0,4%, with
minor HCO5’, for samples to the north and one sample in the southeastern part of the basin
(fig. 16).

Distinct chemical groups of major ion distribution were observed in samples from wells
completed in the Morrison aquifer (fig. 17). Chemical changes were observed in well samples
from south to north in the general d1rectlon of flow. For one sample near the outcrop located near
Gallup, New Mexico, Na*-HCO;-S0,>" were predominant ions. Predominant ions near
Crownpoint consisted of Na* -HCO3 and predommant jons south and northwest of Chaco
Culture National Historical Park consisted of Na*-S0,2". In the northwestern part of the basin,
the predominant ions in 10 samples from the southern and outcrop areas were Na*-HCO3" and
in 8 samples from the northem area were Na*-50,2". Predominant ions in two samples near Four
Cormners consisted of Ca2*-HCO5” and Na*-HCOj5". In the western part of the basin, water is dilute
and ion concentrations progressively increased northward toward Shiprock.

Points in figures 18-20 represent the percentage of a cation, in meq/L, relative to the total
sum of cations and the percentage of an anion, in meq/L, relative to the total sum of anions. The
intersection of the two percentages is depicted in the quadrangular portion of the trilinear
diagram. Calcium concentrations constitute approximately 0 to 35 percent of the total cations in
the Gallup, Dakota, and Morrison aquifers (figs. 18-20).
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EXPLANATION

OUTCROP OF GALLUP AQUIFER--In Arizona includes Pescado Tongue of Mancos Shale.
In the southeastern part of the study area mapped as part ot the Mesaverde
Group, undivided. From Dane and Bachman, 1965, and Hackman and Olson, 1977

—— ——  APPROXIMATE SUBSURFACE EXTENT OF GALLUP AQUIFER--From Molenaar, 1973
—— BOUNDARY OF STUDY AREA

»7.8 WATER WELL--Number is pH, in standard units

‘ Figure 12.--Values of pH for water from water wells completed in the Gallup aquifer.
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EXPLANATION

OUTCROP OF DAKOTA AQUIFER, MANCOS SHALE, AND BURRO CANYON FORMATION--
From Dane and Bachman, 1965; Wilson and others, 1969; and Tweto, 1979

BOUNDARY OF STUDY AREA

«9.4 WATER WELL--Number is pH, in standard units

Figure 13.--Values of pH for water from water wells completed in the Dakota aquifer.
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— BOUNDARY OF STUDY AREA

©9.05 WATER WELL--Number is pH, in standard units

Figure 14.--Values of pH for water from water wells completed in the Morrison aquifer.
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EXPLANATION

OUTCROP OF GALLUP AQUIFER--In Arizona includes Pescado Tongue of Mancos Shale.
In the southeastern part of the study area mapped as part of the Mesaverde Group,
undivided. From Dane and Bachman, 1965; and Hackman and Olson, 1977

—— —— APPROXIMATE SUBSURFACE EXTENT OF GALLUP AQUIFER--From Molenaar, 1973
BOUNDARY OF STUDY AREA
L WATER WELL -

CHEMICAL-CONSTITUENT DIAGRAM (modified from Stiff, 1951)
SODIUM PLUS
POTASSIUM CHLORIDE
CALCIUM LKALINITY
MAGNESIUM—"" ULFATE
50 0 50
I O I O A |
MILLIEQUIVALENTS PER LITER

Figure 15.--Chemical-constituent diagrams of water from water wells completed
in the Gallup aquifer.
31




BB
109 , LAPLATA
MONTEZUMA ARCHULETA
/ COLORADO
-_—— —— -— d e 37¢
X NEW MEXICO
Lo ¢
< ',' L. ]
(ZDI © 2 arminto ! U
/ N ) San Juan River | (;I,
T\ . } RIO ARRIBA \
B I
i P P I
i SAN JUAN ' B
4/
-\\ | r
ljl:'l ! i ! - - B
Q ] |
% Chaco Cﬂture Natignal '
istorical Park
36" - - - AN 7 Cuba?2 Js¢-
P 4 MCKINLEY | ‘
¢ SANDOVAL (|
> 1 \évci)régow 2 Crownpoint | % f

\ iy

| & 'v L
! LT\ Gallu DR
‘ \ Y P : “5{,‘ o™ |
'\‘.i{
3 .

X
— onr
109
108 rnts
<7 CIBOLA
. “'l g
0 0 20 30 40 S50 60 MLES Qoo R
1 L L - d - .
0 10 20 30 40 50 60 KLOMETERS 35
107°

EXPLANATION

OUTCROP OF DAKOTA AQUIFER, MANCOS SHALE, AND BURRO CANYON FORMATION--
From Dane and Bachman, 1965; Wilson and others, 1869; and Tweto, 1979

BOUNDARY OF STUDY AREA
L WATER WELL

CHEMICAL-CONSTITUENT DIAGRAM (modified from Stitf, 1951)
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CALCIUM LKALINITY
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50 0 §0
I N O I O
MILLIEQUIVALENTS PER LITER
Figure 16.--Chemicali-constituent diagrams of water from water wells complieted
in the Dakota aquifer.
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ENTRADA SANDSTONE; AND SAN RAFAEL GROUP--From Dane and Bachman, 1965, Wilson
and others, 1969; Tweto, 1979; and Hintze, 1981

\\‘\\\\\\ OUTCROP OF MORRISON AQUIFER, JURASSIC ROCKS, UNDIVIDED; WANAKAH FORMATION;

BOUNDARY OF STUDY AREA

® WATER WELL

CHEMICAL-CONSTITUENT DIAGRAM (modified from Stiff, 1951)
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100 50 0 50 100
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MILLIEQUIVALENTS PER LITER
’ Figure 17.--Chemical-constituent diagrams of water from water wells completed

in the Morrison aquifer.
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Figure 18.--Trilinear diagram of major ion chemistry from water wells
completed in the Gallup aquifer.
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CHEMICAL CONSTITUENTS

SOy - Sulfate
Cl - Chloride
Ca - Calcium

Mg - Magnesium

Na+K - Sodium + potassium

CO3+HCO4 - Carbonate +
bicarbonate

PERCENTAGE OF TOTAL IONS, IN MILLIEQUIVALENTS PER LITER

Figure 19.--Trilinear diagram of major ion chemistry from water wells
completed in the Dakota aquifer.
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Figure 20.--Trilinear diagram of major ion chemistry from water wells
completed in the Morrison aquifer.
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Chloride concentrations were small (less than 25 mg/L) in samples on or near recharge areas
for the three aquifers (figs. 21-23). Downgradient, chloride concentrations generally increased by
one to two orders of magnitude. Two samples from wells completed in the outcrop area of the
Gallup aquifer contained less than 8 mg/L of CI” (fig. 21). Chloride concentrations ranged from
2.8 to 180 mg/L in samples downgradient from the western outcrop areas. For three water
samples from the Gallup aquifer in the northwestern area, chloride concentrations ranged from
7.8 to 180 mg/L, increasing to the north in the general direction of ground-water flow (fig. 21).
Similar trends were observed for the Dakota aquifer (fig. 22). Chloride concentrations were less
than 20 mg/L for four samples and increased to the north toward Shiprock to a maximum of
720 mg/L. In outcrop areas of the Morrison aquifer, small chloride concentrations (less than
25mg/L) as well as large increases (750 mg/L) toward Shiprock were observed (fig. 23).
However, six samples at and downgradient from Sanostee contained extremely low chloride
values ranging from 0.80 to 3.9 mg/L.

Minor and Trace Constituents

Concentrations of selected minor and trace constituents are shown for the Gallup, Dakota,
and Morrison aquifers (tables 2-4, respectively). Dissolved oxygen and sulfide data were used to
establish the redox (oxidation-reduction) potential of the water samples. The occurrence of DO
in water along outcrop areas generally is anticipated although difficult to measure precisely.
Wells sampled on or near outcrops were equipped with piston pumps that can transfer oxygen
from the air to the water. For example, at well 38 the DO concentration in water ranged from
4.3 to 5.0 mg/L (table 4), increasing as the rate of pumping decreased. Therefore, values of DO
shown in tables 2 and 4 are very approximate. Sulfide was detected in water from several wells
downgradient from the outcrop area; this indicates reducing conditions. However, sulfide did
not consistently increase to the north toward Shiprock, suggesting that localized conditions, such
as the presence of organic matter or availability of reactive iron, may have affected sulfate
reduction reactions.  Sulfide consists largely of hydrogen sulfide gas (H,S) and the bisulfide
(HS) ion. Above a pH of 7.0, sulfide will occur predominantly as HS ~ (Stumm and Morgan,
1981, p. 443). Therefore, the alkaline water found in the three aquifers indicates that HS” was the
predominant sulfide species.

Fluoride concentrations generally are small in water samples from the three aquifers (tables
2-4); however, a larger percentage of F~ concentrations were greater than 2 mg/L in samples from
wells completed in the Dakota aquifer. The F concentration exceeded 2 mg/L for samples from 3
of 25 wells completed in the Gallup aquifer, 2 of 9 wells completed in the Dakota aquifer, and 3 of
25 wells completed in the Morrison aquifer. The 2-mg/L value is the recommended maximum
contaminant level set by. the U.S. Environmental Protection Agency (1986). The Dakota aquifer
commonly contains elevated concentrations of F~ in the San Juan Basin (Craigg and others, 1989)
and in other parts of the Western United States (Lawton and others, 1984, p. 227).

To further define geochemical and hydrologic processes within the aquifers, samples were
analyzed for Br" and I" concentrations (tables 2-4). Bromide solid phases are highly soluble, and
concentrations of bromide in most natural water are not affected by redox reactions, sorption, or
precipitation reactions (Whittemore, 1988). Bromide concentrations ranged from 0.010 mg/L in
water from well 30 to 0.38 mg/L in water from well 15. Both wells were completed in the Morrison
aquifer, and bromide concentrations for the Gallup and Dakota aquifers were within this range
(tables 2-4). For water from downgradient wells northeast of well 30 where chloride decreased in
concentration, Br” concentrations increased only slightly (as much as three times higher) relative
to the Br™ concentration at well 30.
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Concentrations of silica ranged from 8.5 to 35 mg/L in the three aquifers (tables 2-4).
Median SiO,° concentrations in samples from the Gallup, Dakota, and Morrison aquifers were 13,
9.8, and 17 mg/L, respectively.

Data for dissolved nutrients and dissolved organic carbon in the three aquifers are shown
in table 5. Nitrate was detected in samples from only four wells. Two wells located in the outcrop
area of the Morrison aquifer contained NOj5™ concentrations greater than 0.2 mg/L. Ammonium
was not detected in samples near outcrops, but a concentration of 0.520 mg/L was measured in
well 20 in the Morrison aquifer south of Shiprock.

Trace-constituent data for samples collected from the three aquifers are presented in table 6.
Constituent concentrations generally found to be below the minimum reporting level were Al, Be,
Cd, Cr, Co, Cu, Pb, Hg, Mo, Ni, Se, Ag, and V. Trace-element concentrations generally found to
be above the minimum reporting level included As, Ba, B, Fe, Li, Mn, and Sr. The minimum
reporting levels differ for some elements due to the requested level of detection.

Twenty-three samples were filtered with both a 0.10-um filter and a 0.45-um filter (table
6). Of these 23 samples, 11 in which the 0.45-um filter was used were larger or equal in
concentration to the samples in which the 0.10um filter was used. This suggests that some Fe
colloids passing through a 0.45-pum filter are removed with a 0.10-um filter as described by
Kennedy and others (1974). Iron concentrations in the 0.10-pm filtered samples that were greater
than concentrations in the 0.45-um filtered samples (12 of 23) may be caused by analytical
uncertainties or field-collection techniques. There are no apparent systematic areal patterns of Fe
concentrations in the Gallup aquifer. Iron concentrations in samples from the Dakota aquifer
indicate a general increase in the direction of ground-water flow to the north. Iron concentrations
in the Morrison aquifer were generally less than 12 ug/L in the recharge area and increased to a
maximum value of 980 ug/L in a sample from a well near the San Juan River discharge area.

Arsenic concentration was less than 1 pg/L in 12 of 14 samples collected from the Gallup
and Dakota aquifers, but was less than 1 pg/L in only 4 of 23 samples from the Morrison aquifer
(table 6).

Concentrations of Li generally were larger in the Morrison aquifer than in the other two
aquifers and increased in the direction of ground-water flow. Lithium concentrations in the
Morrison aquifer increased from less than 50 ug/L in samples collected from wells in the recharge
area to 540 ug/L in a sample collected from well 20 near the San Juan River.

Strontium concentrations in samples generally increased in the direction of ground-water
flow in the three aquifers. In the Gallup aquifer, S concentrations were 360 pg/L or less except
for one concentration that was 920 ug/L (table 6). In the Dakota aquifer, S concentrations were
variable both spatially and in samples from the same well. Strontium concentrations ranged from
140 to 3,300 pg/L in four samples from three wells completed in the Dakota aquifer. Water from
well 13 on two different dates contained Sr* concentrations of 350 and 3,300 ug/L, suggesting
a problem in reproducibility and a need for additional sampling to verify Sr* concentrations.
Strontium concentrations in the Morrison aquifer ranged from 38 to 12,000 ug/L and were
substantially larger than in the other two aquifers.
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Table 5.--Concentrations of dissolved nutrients and dissolved organic
carbon in water from the Gallup, Dakota, and Morrison aquifers

[See figures 8-10 for location of wells. Wells 1-10 are completed in the
Gallup aquifer, wells 11 and 13 in the Dakota aquifer, and wells 14-38 in
the Morrison aquifer. Concentrations in milligrams per liter; -, not
reported; <, less than detection limit]

Nitrogen
Nitrite . ammonia Phosphorus
plus Nitrogen plus ortho-

Well Date of Nitrite, nitrate, ammonia, organic, Phosphorus, phosphate, Organic
number sample as N as N as N as N as P as P carbon
1 07-01-88 <0.010 <0.100 0.220 0.40 0.010 <0.010 -

2 04-22-86 - - - - - - 1.3

10-21-87 <0,010 <.,100 .460 2.2 <.010 .021 .6
3 04-21-86 - - - - - - 1.1
4 07-15-88 - - - -- -— - 1.6
5 06-30-87 <,010 <,100 .041 1.9 .010 .010 .9
6 06-30-88 <.010 <.loo .180 .50 .021 .021 --
7 06-28-88 .021 .130 .041 .20 .021 .030 -
8 12-03-87 <.010 <.,100 .060 <.20 .010 <,010 .8
9 04-29-86 - - - - - - 1.1
08-11-87 <,010 <.100 .030 <.20 .021 .010 -
10 06~30-88 <.010 <.100 .070 .30 .120 .120 .8
11 " 07-23-87 <.010 <.100 .120 .40 .010 <.010 -
13 04-29-86 - - -— - - - 1.0
12-03-87 <,010 <.100 .730 .80 .010 <.010 -
14 06~10-88 .010 <.100 .041 <.20 <.010 <.010 -
15 06-24-86 - - - - - -— .4
07-21-87 <.010 <.100 .760 1.0 .Q10 <,010 1.8
17 07-02-86 - - - - - - .1
18 06-16-86 - C - - - - - .2
06-09-87 <.010 <.100 .540 1.3 .010 <.010 -
19 06-19-86 - - - -- - - .2
07-14-87 <.010 <.100 .140 .80 .010 <.010 1.8
20 06-10-87 <.010 <,100 .520 1.1 .010 <0.010 -
21 06-18-86 - - - - - - 0.1
22 06-19-86 - - - - - — .2
06-10-87 <.010 <.100 .450 1.3 .010 <.010 -
23 06-10-88 .021 .230 .010 <,20 .010 <.010 -—
24 07-01-86 - - - - - - .6
25 06-09-88 <.010 .220 .010 <.20 <.010 <.010 .6
26 07-22-87 <,0l0 <.100 <.,010 .90 <,010 <.010 -—
06~17-86 - - - - - - L W2
27 06-18-86 -— - - - - -— .2
28 06~30-86 - - - - - - .2
07-17-87 <.100 <.100 .021 . .60 .010 <,010 -
30 07-23-87 <.010 <.100 <.010 .50 <,010 <.010 1.7
32 06-24-86 - - - - - - .2
07-15-87 .021 .110 <.010 .20 .041 .021 -
33 07-15-87 <,010 <,100 <.010 .40 .030 .030 1.9
34 07-16-87 <.010 <.100 <.010 .30 .010 <.010 1.7
35 06-11-87 <.010 <.100 .110 .50 .010 <.010 4.1
36 04-24-86 - - - - - - .5
10-22-87 <.010 <,100 .021 <,20 <.010 .021 .3
37 10-02-87 <.010 <.100 .090 .30 .010 .021 -
07-01-87 <,010 <.100 .110 .30 .010 <.010 1.1
38 07-01-87 <.010 <.100 .110 .30 .010 <.010 1.1
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Table 6.--Concentration of dissolved trace constituents in water from the
Gallup, Dakota, and Morrison aquifers

[See figure 8-10 for location of wells; wells 1-10 are completed in the Gallup aquifer,
wells 11-13 in the Dakota aquifer, and wells 14-38 in the Morrison aquifer;
concentrations in micrograms per liter; —, not reported; <, concentration less than
detection limit; samples filtered with a 0.45-micron filter except Al.1, Fe.1, and Mn.1
where a 0.10-micron filter was used]

Well Arse- Bar- Beryl- Cad- Chro- Co- Cop-
num- Date of Aluminum nic {um lium  Boron mium mium balt per ____ IFem -
ber sample (Al) (Al.1}) {AsS) {Ba) {Be) B {Cd) ({Cr) {Co} {Cu) {Fe) {Fe.1l)
1 07-01-88 <10 - 2 33 <.05 - <1 <l <3 <1 330 -—
2 04-22-8B6 <10 <10 <l 17 <17 - <3 <1 <1l 2 309 160
10-21-87 <10 - <1l <100 <10 - <1 <1 2. 1 250 -
3 04-21-86 10 10 <1 100 <10 - <1l <1 <1l 1 40 50
4 07-15-88 <10 - <1 26 <.5 - <1 <1 <3 2 22 -
5 06-30-87 <10 <20 <1 <34 <.5 - <1i <1 <10 <10 <21 40
06-28-88 <10 - - - - 110 -— - - - 30 -
6 06-30-88 <10 - <1 31 <.5 - <1 2 <3 1 17 -
7 06-28-88 <10 -— <1 38 <.5 - <1l 1 <3 5 16 -
8 12-03-87 <10 - <1l <100 <10 - <1 <1 <l <1 430 -
9 04-29-86 <10 <10 <1 7 <5 - <1 <1 <3 1 10 10
08-11-87 <10 - - -— - 90 - - - - <3 -
10 06-30-88 <10 - <1 14 <.5 - <1 <1 <3 44 640 -
11 07-23-87 <10 - <1l 10 <.5 - <1 <l <3 <1l 680 -
12 06-29~88 <10 - 1 24 <.5 - <1 <1 <3 1 53 -
13 04-29-8B6 <10 <10 <l <100 <10 - <1 <l 1 2 70 30
12-03-87 <10 - - - - 200 - - -— - 17 -
14 06~10-88 <10 -- 1 19 <.5 - <1 3 <3 6 440 -
15 07-21-87 20 10 1 <100 <10 - <1l <1 <1 <1 3a0 230
16  06-24-86 <10 20 21 17 <.5 -  a <1 3 < 7 10
06-08-88 <10 -- - - .- 180 - -- - - 12 -
17 07-02-86 <10 - 12 <100 <10 - <l <i <1 <1 30 -
18 06-16-86 <10 <10 <l 100 <10 - <1 <1 <1 <1 170 160
06-09-87 <10 - - - - 150 - - - - 170 -
19 07-14-87 - <10 - -— - 1,600 - -- - -- 9840 1,000
20 06-19-86 <10 - 13 100 <10 - <l <1 <1 <l 990 -
06-10-87 <10 - - - - 300 - - - - 4170 -
21 06-18-86 <10 10 1 100 <10 - <1 <1 <1 1 540 540
22 06-19-86 <10 10 2 100 <10 - <1 <1 <1 <l 140 150
06-10-87 <10 -— - -— - 150 - - - - 240 -
23 06~-10-88 <10 - 3 26 <0.5 - <1 1 <3 <1 140 -
24 07-01-86 <10 <10 <1 10 <.5 - <l <1 <3 2 159 180
25 06-09-88 <10 - 2 120 <.5 - <1 1 <3 1 85 -
04-25-89 <10 -— - -— - 30 - - - - 180 -
26 06-17-86 20 20 4 36 <.5 —-— <1 <1l <3 <1 6 <10
07-22-87 20 - - - - 30 - 8 - - 15 -
07-01-88 10 - - - - 30 - - - - 3 -
27 06-18-86 20 10 3 25 <.5 - <1 <1l <3 1 <3 <10
06-11-88 20 - - - - 20 -— - -— - 7 -
28 - 06-30-89 10 10 3 15 <.5 - <1 <1l <3 1 3 <10
07-17-87 10 6 - - - - - - - -— - -—
07-01-88 <10 - - -— - 100 - - - -— >3 -
29 06-29-88 20 - 2 9 <.5 - <1 1 <3 <1 8 -
11-22-88 20 - - - - - - - - -— - <3
30 07-23-87 <10 <10 11 6l <.5 - <1l <1 <3 3 11 <10
01-05-~89 <10 -— - - - - -— - - - — 11
31 01-05-89 10 - - — - . - S - 8
32 06-24-86 20 20 2 24 <.5 - a 1 <3 1 7 <10
07-15-87 30 - - -— - 16 -- - - _— 34 —
06-11-88 30  -- - S 20 - -- - - - 19
33 07-15-87 - 20 - - - — - e- -— - <0 -
06-29-88 20  -- - — - 10 -- - - - s --
11-23-88 <10 - - -— - 70 - -- -— - <3 -
34 07-16-87 <10 10 4 43 .5 -- 1 <1 <3 <« 14 <10
11-22-88 <10 - - -— - - - -- - - 8 -
35 06-11-87 20 20 5 46  <.5 - a <1 3 <1 140 120
36 04-24-86 <10 <10 6 30 <.5 - <1 <1 <3 1 159 250
10-22-87 <10 10 6 42 <.5 - <1 <1 <3 <1 100 70
37 10-02-87 <10 <10 <1l 34 <.5 - <l <1 <3 1 14 <10
38 07-01-87 <10 <10 <1 12 <.,5 - <1l <1 <3 <1 680 1,900
07-14-88 <10 - - - -- 120 - - - - 620 -



Table 6.— Concentration of dissolved trace constituents in water from the

Gallup, Dakota, and Morrison aquifers—Concluded

Well Lith-~ Man- Mer- Molyb- Sele- Sll- Stron- Vana-

num- Date of Lead ium ganese cury denum  Nickel nium ver tium dium 2inc
ber sample {Pb) (L) {Mn) {Mn,1) (Hg) (Mo} (N1} {Se) (Ag) (Sr) (V) (2n)
1 07-01-88 <> 46 150 -— <0.1 <10 <l <l <l 920 <6 31
2 04-22-86 1 98 8 10 <.1 <1 <1 <1 <1 350 1 <9
10-21-87 <5 120 <10 -~ <.l <1 S <1 <1 350 <1 <10

3 04-21-86 <1 70 20 20 <1 <1 1 <1 <1 280 <1 <10
4q 07-15-88 <5 14 4 - <1 <10 <1 <1 1 97 <6 S
5 06-30-87 <10 <4 <5 <10 . <10 1 <1 1 89 <6 <100
06-28-88 - - S - —_ - - - - 8S - -

6 06~30-88 <5 12 6 - .1 <10 1 <1 <1 89 <6 19
7 06-28-88 S <4q 4q - <.1 <10 q <1 <1 52 <6 <3
8 12-03-87 <5 100 20 - .1 3 <1 <l <1 360 <1 <10
9 04-29-86 <1 23 2 <10 <.1 <10 1 <1 <1 26 <6 <3
08-11-87 - - 2 - -_— - -— - - 26 - -—

10 06-30-88 <5 10 20 - <.1 <10 <1l 10 <1 18 <6 590
11 07-23-87 <5 140 30 - .1 <10 <1 <l <1 930 <6 4
12 06-29-88 <5 24 7 - <.l <10 <1 <1 1 140 <6 34
13 04-~29-86 1 100 60 10 <.1 <l <1l <1l <1l 350 2 <10
' 12-03-87 - - <3 - - - - - - 3,300 -— -
14 06-10-88 <5 15 61 - <.1 <10 5 <1 <1 1,100 <6 150
15 07-21~-87 <5 840 130 140 <.1 <1 <l <1 <1 6,700 3 40
16 06-24-86 <5 61 <l <10 <.1 <10 <1 <1 <1 62 <6 6
06-08-68 - - <1 - -— - - - - 66 -- -

17 07-02-86 <5 270 70 -~ .1 1 <1 <1 <1 7,500 <1 <10
18 06-16-86 <5 300 100 90 <.1 1 <1 <1 <1 12,000 <1 10
06-09-87 -- - 87 - ~ - - - -- 11,000 - -

19 07-14-87 -- - 30 30 - - - - - - - -
20 06-19-86 <5 540 110 16 <1 13 <1 <1 <l 10,000 2 10
06-10-87 - - a7 - - - - -- - 3,000 - -~

21 06-18-86 <5 270 70 70 <1 2 1 <1 <1 7,500 <1 <10
22 06-19~86 <5 220 160 160 <.1 3 <1 <1 <1 11,000 <1 <10
06-10-87 -— - 9 - - - - - - 9,800 - -

23 06-~10-88 <5 33 3 - <0.1 <10 6 3 <1 100 <6 27
24 07~01-86 <5 88 3 <10 <.l <10 1 <1 <1 469 <6 8
25 06-09-88 <l 37 2 - <.l <10 S 27 <1l 1,100 6 94
04-~25-89 - - 3 - -_ - - - - 380 -- -

26 06-17-86 <5 20 3 <10 .3 <10 <1 <1 <1l 70 <6 9
07-22-87 - —-— 4 - - - - - - 63 - -
07-~01-88 - - <1l - - - - - - 71 - -

27 06-18-86 <5 40 <1 <10 <.1 <10 <1 <1 <1l 67 <6 7
06-11-88 - - <1l - - - - - - 76 - -

28 06-30-89 <5 38 <1 <10 <.1 <10 <1 <1 <1 260 <6 10
07-17-87 - - 2 -- -_ - - -- - 650 - -
07-01-88 - - <1 - -— - - - - 380 - -

29 06-29~-88 <1 15 2 - <.1 <10 <1 5 <1 47 <6 <3
11-22-88 bt - 1 - — - - - - 56 - -

30 07-23-87 <5 35 <1 <10 <,1 <10 <1 2 <1 810 14 51
01-05-89 - -- 2 - - - - - - 780 - -

31 01-05-89 - - <1 - - - - - -— 47 - -
32 06-24-86 <5 41 3 <10 <1 <10 <1 2 <1 42 14 10
07-15-87 - - 2 - _ - - - -~ 39 - -
06-11-88 - -- < -- — - - - -- 41 - -

33 07-15-87 - - - <10 — - - - - -— - -—
06-29-88 - - 3 -~ -_ - - - - 45 - -
11-23-68 - - 3 -~ - - - -— - 38 - -

34 07-16-87 <5 42 13 10 .1 <10 <1 <1 <1 130 - -
11-22-88 - - 12 - -— - - - - 140 - -

35 06-11-87 6 70 19 20 1 <10 <1 <1 1 1,100 <6 6
36 04-24-86 1 109 8 20 d 30 <1 <1 <1 2,400 <6 <3
10-22-87 <5 110 10 <10 <.1 30 1 <1 <1 2,200 <6 <3

37 10-02-87 <5 33 7 <10 <.1 <10 1 <1 <1 100 <6 5
38 07-01-87 <5 60 140 150 <.l <10 3 <1 <1 2,000 1 200
07-14-88 -- -= 130 - — -— -— - - 2,100 -— -




' ' Dissolved Gases

Direct measurement of gas composition is useful for correcting pH values of water that loses
carbon dioxide gas (Pearson and others, 1978). Results of four gas analyses for the Morrison
aquifer are shown in table 7. The samples appear to be representative of dissolved-gas
compositions expected from the aquifer.

Table 7.--Concentrations of dissolved gases in water from the Morrison aquifer
[See figures 8-10 for location of wells; concentration in milligrams per liter; nd, not

detected]
Carbon

Well Date of Nitrogen Oxygen Argon dioxide Methane Ethane
number sample (Np) (Oy) (Ar) (COy) (CHy) (CyHg)

18 06-09-87 1.48 0.004 0.015 0.0007 0.008 nd
20 06-10-87 1.34 007 014 001 051 0.002

22 06-10-87 1.42 010 .015 0007 018 nd

35 06-11-87 1.08 .009 .014 .003 .001 nd

Stable Isotopes

To evaluate hydrologic and geochemical processes, the stable isotopes of 8180, 8D, 813C,

and 8%%S were determined. Data for the first three isotopes are presented in the text.

‘ Stable-isotopic ratios are expressed in units of parts per thousand (per mil, 0/00) relative to a
standard:

X
A

o = {& _1]x1,000 M
R

where 9§ is delta;
R is the ratio of heavier to lighter isotope;
x is the sample; and
s is the standard.

For an example of deriving the delta (8) notation, hydrogen isotopes are the ratio of deuterium (D
= 2H) to hydrogen (H):

D
5D F (2)
= ___D —-1|x1,000

Hy_smow

’ where V-SMOW is Vienna-Standard Mean Ocean Water.
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Oxygen and hydrogen isotopes can be ideal tracers of water movement because they
compose the water. Isotopic variations in precipitation (atmospheric deposition) result from
changes in temperature, altitude, and other factors. For example, winter precipitation is depleted
in heavy isotopes (D, ! 80) relative to summer precipitation. Because hxgh—latltude precipitation
is depleted, the isotopic ratio is lighter than low-latitude precipitation. The mixing of recharge
water tends to average the isotopic variations of precipitation. Atlow temperatures (as compared
to geothermal regimes) associated with most aquifers, no hydrogen isotopes are exchanged
between water and solid phases. Thus, the isotopic composition of water changes only as a
function of physical and chemical processes in the aquifer such as evaporation or mineral
dissolution. '

Isotopic ratios are shown in table 8, and a plot of the 6D and 8180 ratios for 36 samples
collected from the Gallup, Dakota, and Morrison aquifers is shown in figure 24. A line defined by
Craig (1961) as 8D = 8580 + 10 represents samples collected from various localities in the
world. Vuataz and Goff (1986) defined a local meteoric water line for northern New Mexico
as 8D = 8580 + 12, which is parallel to and slightly left of the world meteoric line. This local
meteoric line was applied to the San Juan Basin study area by Phillips and others (1986b) in their
report on the Ojo Alamo aquifer. However, most of the isotopic ratios plot to the right of the world
meteoric line in figure 24. This suggests a different local meteoric water line for these samples or
evaporation during infiltration of precipitation, which is common in semiarid environments
(Phillips and others, 1986b, p. 181).

Phillips and others (1986b, p. 181) calculated the mean motoglc ratio for modern
precipitation in the central San Juan Basmas -12.89/ o0 for 8! Oand as-90"/gg for 8D. Recharge
water of Pleistocene age averaged 3.0 %/ lighter in 5180 and 25 %/ lighter in 8D than modern
recharge water. During the Pleistocene, climatic changes such as a decrease in mean annual
temperature and an increase in winter precipitation may have accounted for the shift to lighter
isotopic ratios (Phillips and others, 1986b, p. 183).

The areal dlstnbutlon of 6D is shown for the Morrison aquifer in figure 25. Heavier isotopic
ratios (6180 = -14.2%/9 and 8D = -103.5 %/ () were found in samples at well 30 in the recharge
area near Sanostee than in samples collected from wells 10 mi downgradient to the east and
northeast. Water in an area encompassm% four wells i in the Morrison aquifer had light values of
8180 (-15.0/49 t0-15.6%/g) and 8D (-114%/q to -116 /). Comparing data for these four wells
to modern prec Op1tat10n calculated by Phillips and others (1986a) indicates a depletion of 2. 8%/
in 3'80 and 26 Y/ in 8D, which is similar to Pleistocene samples. The data imply that ground
water 10 mi from the outcrop area was recharged during the Pleistocene.

Carbon-13/carbon-12 ratio data were collected to examine sources and sinks of carbon as an
aid in determining chemical reactlons that control the carbon distribution in the aquifers. In
general soil gas CO, contams a 813C value of -20%/gy to -25 9/, and carbonate minerals have
313C values close to 09/ op (Drever, 1982, p. 345). Stable carbon isotopic values typically range
from -10%/gy to -125Y/y in samples, as a result of soil gas CO; reacting with carbonate
minerals. Chemical reactions will affect 313C values in water in different ways: calcite dissolution
adds carbon so 8'3C values become heavier; calcite prec1p1tatlon removes carbon so 8°C values
become lighter; feldspar dissolution does not change 813C values in a system closed to COy. The
oxidation of organic matter adds light carbon (3!3C) to the system.



Table 8.--Isotopic ratios of stable isotopes in water from the Gallup,
Dakota, and Morrison aquifers

[See figures 8-10 for location of wells; wells 1-10 are completed in
the Gallup aquifer, wells 12-13 in the Dakota a%uifer, and wells 14-38
/ w); —, not reported]

in the Morrison aquifer; values are in per mil

(

' Sulphur,
Well Date of Oxygen Hydrogen Carbon SO42'
number sample (81%0) (8D) (813C) (8*S)
1 07-01-88 -13.6 -101 -12.3 -14.0
2 04-22-86 -13.5 -113 - --
10-21-87 - -- 9.8 -6.0
3 04-21-86 -14.3 -110 -- -
4 07-15-88 -14.2 -105 -8.0 154
5 06-30-87 -13.9 -98 -26.1 -
06-28-88 - - - -5.4
6 06-30-88 -14.0 -104 -8.6 -6.1
7 06-28-88 -15.0 -111 -11.2 1.6
8 12-03-87 -13.0 -97 - -
9 04-29-86 -11.8 -87 - -
08-11-87 -11.9 -90 -1.6 -10.4
10 06-30-88 -14.3 -106 -12.2 -1.6
12 06-29-88 -14.4 -106 -13.1 -1.3
13 04-29-86 -13.0 -96 -- -
14 06-10-88 -13.0 -96 -8.6 5
15 07-21-87 -13.6 -101 -19.0 --
16 06-24-86 -14.6 -107 -- 9.4
06-08-88 -- - -6.5 --
17 07-02-86 -14.1 -103 - 11.7
18 06-16-86 -14.1 -103 -8.8 10.2
06-09-87 - -104 - -
19 07-14-87 -12.7 -97 -3.7 8.6
20 06-19-86 -139 -103 - 10.1
21 06-18-86 -14.1 -103 - 9.0
22 06-19-86 -14.0 -104 9.2 10.1
23 06-10-88 -15.9 -120 -9.1 3.0
24 07-01-86 -12.5 -94 -10.9 -6.1
25 06-09-88 -13.2 -98 -10.3 3.7
26 06-17-86 -15.6 -114 -10.8 10.1
07-01-88 -- -- - -10.5 11.2
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Table 8.--Isotopic ratios of stable isotopes in water from the Gallup,

Dakota, and Morrison aquifers—-Concluded
‘ ' §ulphur,
Well Date of Oxygen Hydrogen Carbon 8042'
number sample (8'%0) (D) (813C) (3*S)
27 06-18-86 -15.9 -115 -10.0 10.9
28 06-30-86 -15.7 -114 - -
07-01-88 -- - -10.0 14.0
29 06-29-88 -15.6 -116 -10.5 149
30 07-23-87 -14.2 -104 -10.9 -
32 06-24-86 -14.6 -107 -13.4 5.0
07-15-87 -- -- -12.7 -
33 07-15-87 -15.3 -113 -11.7 --
34 07-16-87 -14.1 -104 -10.7 -
35 06-11-87 -14.0 -104 -11.9 -
36 - 04-24-86 -14.3 -114 - -
10-22-87 -14.4 -108 -11.7 12.8
37 " 10-02-87 -14.5 -108 -12.2 -18.7
38 07-01-87 -11.0 -82 -13.5 -13.0
07-14-88 -- -- -13.1 - -10.3
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Figure 24.--Oxygen and deuterium isotopic ratios in water from water welis
completed in the Gallup, Dakota, and Morrison aquifers.
Well locations are shown in figures 8, 9, and 10.
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Stable carbon isotopic data (8'>C) are shown in table 8 and in figure 26 for the Gallup aquifer
and figure 27 for the Morrison aquifer. Values of §'C for the Gallup aquifer generally were
consistent with carbonate minerals reacting with soil gas (-7.6 9/ to -12.3 /00 except for one
sample that contained very light §13C of -26.1 %/00 (fig. 26), suggesting an organic carbon source.

Carbon-13/carbon-12 ratio values for samples from the Morrison aquifer ranged from
-3.70/ oo to-19.0 0 /0o (fig. 27). However, 16 of 20 samples had a smaller range of -9.1 0, 00 to-13.1
0/00, which coincides with well locations that are more than 10 mi from the San Juan River
(fig. 26). The analytical accuracy of the 313¢ analysis was generally + 0.3 0/00 (Carol
Kendall, US. Geological Survey, oral commun., 1989). Thus, the minor variability of the 813C
values in the samples may be due to chemical reactions involving carbon or may be due to
analytical accuracy. For example, a value of -10.5 0y go £0.3 0y oo includes three samples (wells 26
and 29) in the northwestern part of the basin (table 8).

Radioactive Isotopes

The radioactive isotopes 3H, ¢ and 36C1 were used to determine the residence time that
water has been isolated from the atmosphere. Residence times are useful for determination of
aquifer characteristics and for geochemical analysis of flow paths. The half-lives of the three
radioisotopes are: 3H = 12.26 years, C = 5,730 years, and 36C1 = 301,000 years. Therefore,
applications of age dating with the three radioisotopes are significantly different. Tritium is
applicable in detecting modern (post-1952) water in the sample. The isotope 1Cis applicable in
determining ages to approximately 50,000 years (Durrance, 1986). Because of its slow decay, 361
is applicable in age determinations of 100,000 to approximately 1 million years (Bentley and
others, 1986). Processes that include mixing and ion filtration can be determined using 3¢Cl
radioisotopes as shown by Phillips and others (1986a).

Activities of ?‘H in samples from 26 wells generally were less than 1 tritium unit
(3.2 pCi/L) as shown in table 9. This indicates that the sampled ground water has not mixed with
modern water and has been isolated from the atmosphere at least since 1952.

During the initial collection of radioisotope samples in 1986, samples for ¢ analysis were
collected from four wells completed in the Morrison aquifer. Of water from wells 18, 22, 26, and
27, only water from well 27, closest to the recharge area, contained measurable C (table 9).
Therefore, the 14C dating technique could be applied practicably only to water samples near
recharge areas in the Morrison aquifer in this part of the study area. Twenty-four 14C samples
were analyzed between 1986 and 1989, 12 of which contained detectable 1*C.

The 'C technique revealed that samples collected from the Morrison aquifer rapidly
increased in apparent age; 14C was not detected downgradient {rom the recharge areas. Slow flow
rates or mixing of modern and ancient waters may have resulted in nondetectable 14¢C activities.
Therefore, in view of the limited application of the 14C data to samples from the Morrison aquifer,
Dr. Fred Phillips at New Mexico Institute of Mining and Technology prepared, analyzed, and
interpreted results of 3Cl samgles. The atmosphere produces 3¢l by cosmic ray spallation of
36 Ar and neutron activation of 36Ar (Bentley and others, 1986). Meteroic water contains 36C); as
precipitation becomes recharge water moving into the subsurface, 36C1 decays exponentially.
Chlorine-36 can be added from subsurface sources derived from rock weathering and production
of neutrons in uranium radionuclide decay. The application of %Cl to ground-water hydrology
has been demonstrated in two regional aquifers: the Great Artesian Basin in Australia (Bentley
and others, 1986) and the Milk River aquifer in Alberta, Canada (Phillips and others, 1986a).
Age-dating techniques using 36C1 were substantiated with independent modeling results and
provided new insights into hydrochemical processes in the two aquifer systems.
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Water samples from 34 wells were collected to measure 3Cl, as shown in table 9. Analytical
error was less than 10 percent. The primalgy focus of the 36C1 investigation was a detailed
examination of the Morrison aquifer. The 36C1/10'°Cl values (unitless atomic ratios of 3°Cl
atoms per 10'° chlorine atoms where chloride is the atomic sum of the stable isotopes 3°Cl and
37C1) ranged from 4 to 2,201. Figure 28 displays the areal distribution of 3C1/10'°Cl data for the
Morrison aquifer. Multiple samples for the same well location are shown where available. The
expected recharge input value for the San Juan Basin area was 700 (Jones and Phillips, 1990).
Samples obtained near the southern outcrop (well 38) and western outcrop (well 30) contained
ratios of 630 and 573, respectively. The simple interpretation of data shown in figure 28 is that
values greater than 700 are a result of buildup of “°Cl and values less than 700 are due to
radioactive decay of 3Cl. Repeat sampling for °Cl at four of five wells indicated that
36C1/10'°Cl ratios were not reproducible within 10 percent (fig. 28; table 9). Well constructionand
open-hole completion opposite multiple sandstones within the Morrison aquifer have a similar
effect on the 36Cl data as on the previously discussed water-chemistry data.

Comparison of the 1C data with the 36Cl data was not reliable due to collection of the data
ondifferent sampling dates. Chemical concentrations and isotope contents varied in several wells
over time as previously described.

Collection and analysis of *Cl radioisotopes, as well as other constituents, clearly indicated
that the original assumptions of the ground-water flow system were inadequate. The flow system
was re-evaluated to provide a conceptual model, consistent with the chemical data, with which to

interpret the sources of solutes.

Table 9.—Activities of tritium, carbon-14, and chlorine-36 isotopes in
water from the Gallup, Dakota, and Morrison aquifers

[See figures 8-10 for location of wells; wells 1-2 and 4-10 are completed in the Gallup
aquifer, wells 11-13 in the Dakota aquifer, and wells 14-38 in the Morrison aquifer;
pCi/L, picocuries per liter; <, less than detection limit; —, no data. A, B,and C
refer to repeat sampling of wells as shown in figures 31-33]

Carbon-14

(14C) Chlorine-36
Dateof  Trittum CH)  (percent (%C1/10°Cl)  (3C1)
Well number  sample (pCi/L) modern) (ratio) (atoms/liter)
1 07-01-88 <0.3 - 676 9.0
2 10-21-87 <3 <0.4 198 16.5
4 07-15-88 <3 22 122 9
5 06-30-87 <3 <4 -- -
06-28-88 - -- 153 11.7
6 06-30-88 1.5 6.4 22 2
7 06-28-88 <3 26 569 9.2
8 12-03-87 -- - 537 21.0
9 08-11-87 4 4.5 - -
10 06-30-88 <3 28 -- -
11 07-23-87 - -- 169 16.4
12 06-29-88 - - 730 32
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Table 9.—-Activities of tritium, carbon-14, and chlorine-36 isotopes in
water from the Gallup, Dakota, and Morrison aquifers--Concluded

Carbon-14 i
: e Chlorine-36
Dateof  Tritium CH)  (percent (3C1/10'%Cl)  (36CD)
Well number  sample (pCi/L) modern) (ratio)  (atoms/liter)
13 12-03-87 - - 149 19.7
14 06-10-88 - - 244 4.6
15 07-21-87 <0.3 <1.0 15 5.5
16 06-24-86 4.0 - - -
06-08-88 - <1.1 44 8
17 07-02-86 - -- 42 44
18 06-16-86 - <1.2 -- -
06-09-87 <4 - 59 5.7
19 07-14-87 <.3 <4 4 5.1
20 06-10-87 1.2 - 38 77
22 - 06-19-86 3.0 <1.2 -- -
06-10-87 - - 42 59
23 06-10-88 <3 10.5 333 13.0
24 07-01-86 <3 - 213 13.8
25 06-09-88 <3 31.5 295 5.0
26 06-17-86 2.0 <8 - -
‘ 07-01-88 - - 251 17
27 06-18-86 1.0 3.1 -- -
06-11-88 - -- 36 1
28 06-30-86A - -- 163 7.8
07-17-87B - - 15 1.6
29 06-29-88B - - 417 21
30 07-23-87 <3 15.6 - -
01-05-89 - - 573 2.6
31 01-05-89 <26 - 2,201 6.0
32 06-24-86 3.0 - - -
07-15-87 <3 11.2 - -
06-11-88 - - ' 42 N
33 ' 07-15-87A <.3 <1.0 400 29.2
06-29-88B - - 121 25
11-23-88C -- - 274 39
34 07-16-87B <3 <10 1,857 224
11-22-88A <26 - 481 6.4
35 06-11-87 <1.0 <4 290 9.4
36 04-24-86A - - 648 15.4
10-22-87B <3 <4 537 15.5
37 10-02-87 <3 8 894 9.9
38 07-01-87 3 144 -- -
‘ 07-14-88 - -- 630 7.7
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Physical and Geochemical Processes

Physical processes of the flow system and geochemical processes controlling rock/water/
gas interactions affect the observed chemical concentrations and isotopic contents. Physical
processes that are examined include ground-water flow, mixing, evaporation, dilution, and ion
filtration. Geochemical processes examined include mineral solubility, ion exchange, and
oxidation/reduction. The geochemical data were used to examine these physical and geochemical
processes.

The fluctuation in ion concentration among water analyses, particularly for wells containing
large open intervals, may be due to the lithology of the Morrison aquifer, which is a sequence of
sandstones and shales. Heterogeneity in sandstone properties, such as hydraulic conductivity,
may result in variability of ion concentrations contained in the individual sandstone layer if the
sandstones are confined between shale layers and no mixing occurs within the Morrison aquifer.
Thus, a water sample from a well completed in multiple lithologies in the Morrison aquifer may
be a mix of different water chemistries. Changes in ion chemistry in samples collected at a well
at different times may be due to changes in hydraulic head. A change in hydraulic head may cause
the sandstone layers in the aquifer to contributé different amounts of water to the well bore, which
would change the mix of different water chemistries. Wells completed in the Morrison aquifer
that flowed continuously during the duration of the field sampling caused a lowering of the
hydraulic head, resulting in changes in ion chemistry for samples collected at different times. In
large regional aquifer systems such as the San Juan Basin, the water chemistry at a particular
location commonly has been assumed to have changed little, if any, over short time periods of a
few years. The results determined for six wells completed in the Morrison aquifer and one well
in the Dakota aquifer suggest that repeated sampling over time is needed to verify reproducibility
of ion chemistry.

Decreases in chloride concentrations 10 mi downgradient from the recharge area may be
due to factors including mixing of recharge water with more dilute water within the Morrison
aquifer; leakage of more dilute water from above or below the Morrison aquifer; or ion filtration.
Another potential cause of low chloride concentrations may be changing rates of recharge in the
Morrison aquifer. Large rates of recharge during times of high precipitation would dilute chloride
concentrations. Conversely, small rates of recharge during dry periods would likely concentrate
chloride in the recharge area by evaporation in the vadose zone.

Ion filtration is a process previously proposed as being active in the San Juan Basin (Berry,
1959) and other basins (such as Phillips and others, 1986b). The ion-filtration hypothesis assumes
a semipermeable membrane such as a clay layer or shale separating two zones of higher hydraulic
conductivity. Electrochemical and pressure factors can result in exclusion of negatively charged
ions, such as chloride, and a decrease in salinity on the low-pressure side of the membrane. Dilute
water passes through the membrane to increase the pressure on the “filtrate" side. By applying
this hypothesis to the Morrison aquifer, saline water from either the Dakota above the Morrison
or the Entrada below the Morrison would be filtered by clay or shale layers and result in the
observed low chloride concentrations. Clays or shales of the Brushy Basin and Recapture
Members within the Morrison aquifer are the most likely semipermeable membranes within the
Dakota-Entrada sequence.

As previously descnbed 3D values in samples from four wells completed in the Morrison
aquifer were depleted by 26°/¢ relative to modern precipitation. These lighter isotopic values
may indicate that recharge for these four wells occurred during a time period of cooler mean
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temperature and wetter conditions than exist today. This would be consistent with average
Pleistocene values found for the Ojo Alamo aquifer by Phillips and others (1986b). A second
hypothesis explaining the existence of depleted 5'80 and 8D values is membrane filtration. The
ion filtration process would enrich the heavy isotopes in the residual solution and deplete the
heavy isotopes in the solution passing through the shale (Coplen and Hanshaw, 1973).

Increases in chloride concentrations in wells near the San Juan River relative to chloride
concentrations in recharge areas may be due to factors including dissolution of halite (NaCl)
within the Morrison aquifer; leakage of saline water from above or below the Morrison aquifer;
mixing of dilute recharge water with saline, deep-basin water near the discharge area in the
Morrison aquifer; or oil-field brine contamination. The large solubility of halite, lack of observed
halite, and deposition in a freshwater (nonmarine) environment suggest that NaCl dissolution is
an unlikely source of increased chloride concentration. Leakage of saline water into the Morrison
aquifer and mixing of dilute and saline water within the aquifer are likely processes controlling
chloride concentrations.

Figure 29 compares the ratio for concentrations of Br'/CI to the concentration of chloride.
The log-log plot was developed by Whittemore (1988) to evaluate mixing of brines with dilute
water and to differentiate between natural brines and oil-field brines. In general, dilute recharge
water has Br'/Cl" ratios as low as 10 x 10" (concentration ratio). Saline solutions from natural
“brines increase in chloride and the Br'/Cl ratio decreases. The points plotted in figure 29
represent analyses of water from the three aquifers. The lowest Br'/Cl ratio was for well 19,
which contained 750 mg/L CI" and 0.05 mg/L Br’, resulting in a ratio of 0.67 x 10 Br/Cl". By
comparison, the lowest Br'/CI ratio found in a natural salt water was 0.57 x 10 (Whittemore,
1988, p. 345). Samples from wells completed in the Morrison aquifer near the San Juan River
contain Br'/CI" ratios between values found for recharge-type water and halite brine. This
suggests mixing of dilute recharge water with saline water.

To aid in identifying physical processes, sampled wells completed in the Morrison aquifer
were grouped by location and sample type by Jones and Phillips (1990). Five groups of wells are
shown in figure 30 and were designated as follows: group 1 is wells near the San Juan River with
elevated chloride concentrations; group 2 is wells located near the Morrison Formation outcrop;
group 3 is wells downgradient from the recharge area; group 4 is wells 33 and 34; and group 5 is
wells in the central and southemn parts of the basin.

Graphical representation of 3°Cl data is useful in delineating processes such as dissolution
of radioactively "dead" CI’, ion filtration, dilution, evaporation, and decay or buildup of
(1 from uranium deposits (Bentley and others, 1986; Phillips and others, 1986a; Jones and
Phillips, 1990). Figure 31 is a plot of the 36C1/10'°Cl ratio data and 36Cl concentrations (in atoms/
liter x 10~ 7) for each sample using the group symbol defined in figure 30. As described in Phillips
and others (1986a, p. 2012), the addition of "dead" Cl -~ will decrease the 6C1/10!°Cl ratio
(addition of 3Cl and ¥Cl) without changing the 3Cl concentration, resulting in a downward
shift of the data points as shown by the diagram in figure 31. Dilution, evaporation, or ion
filtration will affect the 35Cl, 38Cl, and 3Cl concentrations; therefore, the 36C1/10'°Cl ratio will
not change, and points in figure 31 would shift horizontally if these processes occurred.
Radioactive decay decreases and buildup increases 3%Cl concentrations; these processes are
represented by sloped lines in figure 31. :
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WATER WELL--Symbol represents group 1 wells located near the San Juan River with elevated
Cl  concentrations. Number corresponds to well number shown in table 1

WATER WELL--Symbol represents group 2 wells located near the outcrop of Morrison
Formation. Number corresponds to well number shown in table 1

WATER WELL--Symbo! represents ?roup 3 wells located downgradient from the recharge
area. Number corresponds to well number shown in table 1

WATER WELL--Symbol represents group 4 wells, wells 33 and 34. Number corresponds to well
number shown in table 1

WATER WELL--Symbo! represents group 5 wells located in the central and southern parts
of the basin. umber corresponds to well number shown in table 1

Figure 30.--Location, well number, and group for water wells completed in the Morrison aquifer

used in analysis of chlorine-36 data shown in figures 31-33.
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Three decay (or buildup) lines were plotted in figure 31 to show samples containing
different salinities: line (A) was drawn through sample 30 and the origin for dilute samples; line
(B) was drawn through sample 34B and the origin for slightly saline samples; and line (C) was
drawn through sample 36B and the origin for saline samples. In general, data points assigned to
the well groups defined in figure 30 are described by these three lines. Dilute samples generally
followed line A and consisted primarily of group 3 wells: 30, 29, 26, 27, and 31. Samples
containing slightly saline values plotted along line B and generally belonged to groups 2 and 5
(outcrop samples and southern San Juan Basin samples). Samples containing saline values plotted
along line C and generally consisted of group 5 wells. Wells located near Shiprock and the San
Juan River plotted below line C. The buildup of 36C1 due to uranium deposits may have affected
samples 31 and 34B (fig. 31).

Chloride mass-balance equations derived by Jones and Phillips (1990) indicate that mixing
of waters could be evaluated by plotting the 36CI/101°Cl ratio against the inverse of the chloride
concentration in milligrams per liter (figs. 32 and 33). The three lines A, B, and C in figure 31 are
shown in figures 32 and 33. Compared to figure 31, lines A, B, and C plot in reverse order in
figures 32 and 33 because the chloride concentration decreases away from the origin in figures 32
and 33. Line A represents the %Cl decay curve and is not affected by other processes such as
dilution or ion exchange. Samples that fall on the 3°Cl decay curve are 30, 29B, and 26. A
decrease in chloride concentration for samples 294, 32, and 27 results in plots to the right of line
A as shown by line D in figure 32. These samples may be the result of dilution or ion filtration of
chloride in the Morrison aquifer. Likewise, samples that plotted to the left of line A were
concentrated in chloride, possibly due to evaporation or ion filtration on the opposite side of the
membrane, as represented by line E.

Dr. Fred Phillips (New Mexico Institute of Mining and Technology, written commun., 1991)
compared the 3¥C1/Cl ratios with Br /CI” ratio data. The mixing of three end-member sources
explains the observed data. The first end member is recharge water having a large 36C1/Cl ratio
and large Br"/Cl  ratio; chloride concentrations range from 7 to 14 mg /L. The second end member
is likely either ion filtrate or very ancient ground water recharged under a more humid climate.
This second end member is characterized by a small %C1/Cl ratio, large Br /CI ratio, and is very
dilute with chloride concentration less than 5 mg/L. The third end member is upward-leaking
deep-basin brine containing small ratios of 3C1/Cl and Br'/Cl; CI concentrations exceed 100
mg/L. Therefore, the mixing of recharge water and an ion filtrate or ancient dilute recharge water
with upward-leaking brine dominates the flow regime in the northwestern part of the San Juan
Basin. This mixing of ground water affects ion constituent concentrations and precluded
quantitative mass-balance calculations of geochemical reactions affecting water chemistry.
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To examine further the possibility of upward leakage into the Morrison aquifer, water-
quality analyses were retrieved from the NWIS data base. Single-completion wells in the
Wanakah Formation were not available. Chemical analyses for two samples from wells
completed in the Entrada Sandstone are shown in table 10. Well Jel is located on the northwest
side of the basin approximately 8 mi west of Morrison well 21, and well Je2 is located
approximately 8 mi east of Morrison well 36 (table 10). Sodium, sulfate, and chloride are the

predominant major ions in both samples from the Entrada Sandstone. Chloride concentrations are

significantly larger in water from the Entrada than in water from the Morrison aquifer. The
chloride concentration is 1,100 mg/L in water from well Jel compared with a chloride
concentration of 67 mg/L (table 4) in well 21 from the Morrison aquifer. The chloride
concentration is 810 mg/L in water from Entrada well Je2 compared with a chloride concentration
of 17 mg/L (table 4) in well 36 from the Morrison. Vertical leakage of water into the Morrison
through fractures or other areas of large permeability would increase chloride concentrations in
the Morrison aquifer. This finding is generally consistent for samples from wells that have
multiple completions in the Morrison and Wanakah Formations. Water from two wells, 26 and
24, completed in the Morrison aquifer, contain chloride concentrations of 3.9 and 38 mg/L
(table 4). Well 26 is completed in the Recapture Member and well 24 is completed in the Recapture
and Salt Wash Members and in the Wanakah Formation.

Table 10.--Two chemical analyses of water from the Entrada Sandstone
[Concentration in milligrams per liter except where otherwise indicated. —, no data)

Well identification

Jel Je2
Latitude 364838 360344
Longitude 1085154 1075156
Sample date 09-17-69 03-28-78
Specific conductance (microsiemens per centimeter at 25 degrees Celsius) 9,320 10,000
pH (standard units) 8.20 8.30
Alkalinity (as CaCOy) 410 470
Bicarbonate 570 -
Carbonate 10 2
Calcium 72 70
Manganese . 28 8.3
Sodium 2,200 2,800
Potassium 9.0 15
Chloride 1,100 810
Sulfate _ 2,800 ' 4,300
Fluoride 3.6 53
Dissolved solids 6,600 8,300

Physical processes, predominantly leakage and mixing, account for some of the sources and
distribution of solutes and isotopes in the three aquifers. Other sources and mechanisms for
addition and removal of solutes are controlled by geochemical processes.
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Magnesium concentrations were larger in water samples from the Gallup aquifer than from
the other two aquifers. This suggests a mineral source of Mg?* in the Gallup aquifer that was not
present in the other two aquifers or a sink for Mg?* in the other two a ulfers Dissolution of calcite
would contribute Ca?* ions and dissolution of dolomite contributes Ca?* and Mg?* ions as shown
in reactions 3 and 4:

CaCOjyy + H* = Ca?* + HCOy' 3)
CaMg(COy), () + 2H* = Ca?* + Mg?* + 2HCO5" @

Dolomite, but not calcnte, Wwas observed in the Gallup aquifer by Kaharoeddin (1971),
suggesting that the source of Ca®* and Mg?* is likely dolomite dissolution reactions.

The small CaZ* and Mg2+ concentrations in the Dakota aquifer indicate that either dolomite
dissolution is not a major process, cation exchange occurs, or the available data were not
representative of the Dakota aquifer. Calcium and magnesium concentrations were also small in
the Morrison aquifer. Dolomite minerals have not been observed in the Morrison, and calcite
minerals are present but in small amounts (less than 10 percent calcite from two outcrop locations
in the northwestern part of the basin according to Hansley, 1990).

The removal of Ca?* and Mg2* and the increase in Na* in the Gallup aquifer in the direction
of ground-water flow are indicative of ion-exchange reactions with clay minerals (reaction 5):

Ca?* + NayX = 2Na* + CaX; . (5)
where X = ion-exchange site.

Chlorite and glauconite clay minerals were observed by Kaharoeddin (1971) in the Gallup
aquifer. Chlorite has a very low cation-exchange capacity of less than 10 meq/100 g (Drever, 1982,
p- 82). Glauconite, an iron-rich variety of illite, has a higher cation-exchange capacity of 10 to
40 meq/100 g (Drever, 1982, p. 74 and 82). This suggests that glaucomte rather than chlorite
would be more effective in the exchange of the divalent cations (Ca* Mg2 *) for the monovalent
Na® cation in the Gallup aquifer.

The presence of small concentrations of Ca?* and Mg?* in samples from the Dakota and
Morrison aquifers may be a result of sampling where dissolution of carbonates and cation
exchange both occur in the recharge area, possibly in the soil zone or unsaturated zone, prior to
reaching the location of the sampled wells. Another possible explanation is that dissolution of
carbonates was not a significant process and that silicate hydrolysis was the ma]or process
resulting in Na* concentrations. The dissolution of albite (NaAlSi;Og) releases Na* as shown in
reactions 6 and 7. Albite altering to kaolinite (Al;SiyOs(OH),) has been observed in core and
outcrop samples from the Morrison aquifer (Hansley, 1990).

NaAlSiyOg (¢ + 8H,0 = Na* + A(OH) ™ + 3H, SiO, 6)
2NaAlSizOg + 2CO, + 11H,0 =2Na* + AlySiz O (OH)g ¢y + 4H4 SiO4° + 2HCO; " )

Sources of bicarbonate include carbonate dissolution (reactions 3 and 4) and silicate
hydrolysis (reaction 7). Dissolution of the carbonate mineral dolomite is a likely source of
HCOj3™ in the Gallup aquifer (reaction 6). Silicates hydrolyzing in the presence of CO, gas
contribute HCOj (reaction 7). Silicate minerals observed in all three aquifers include potassium
feldspar, plagioclase feldspar (such as albite), and several clay minerals.
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Sources of sulfate include dissolution of sulfate-bearing minerals and oxidation of sulfide
minerals. However, for the Gallup aquifer, no sulfate or sulfide mmerals were observed by
Williams (1956) or Kaharoeddin (1971). The large concentrations of SO;% in water analyses shown
in table 2 suggest that there is a source of SO,2 and that the mineralogical data may rot be
complete for the Gallup aquifer. The Mancos Shale confines the Gallup aquifer and may be a
source of SO4%".

Sulfate concentrations in the Dakota aquifer do not mcrease uniformly but rather form two
groups of small and large concentrations. No sources of SO,> were studied by Walters and others
(1987), who were concerned primarily with trace-element concentrations.

Sulfate concentratlons increase downgradient in the Morrison aquifer toward Shiprock.
Sources of SO42” in water from the Morrison aquifer include dissolution of sulfate minerals or
oxidation of sulfide minerals. Anhydrite (CaSO,) and pyrite (FeS,) have been observed in the
Morrison aquifer (Hansley, 1990). A dissolution reaction for anhydnte producing SO42 is shown
in reaction 8. Oxidation of 1 mole of pyrite can release 2 moles of SO, (reaction 9).

CaSOy(y = Ca®* +50,> €)

FeSy() + 40, (g) + 2HyO = FeO(OH) + 250,2 + 4H * ©)

(Silica)y is the total sum of three 1ons H451O4 , H3SiO,", and H,S8i0,%. Below a pH of 9,
most dissolved (SiOy)7 exists as H,SiO0. As pH nses above 9, H35i04 becomes an important
species (Drever, 1982, p. 91-92), followed by H,SiO,% above a pH of 12. Dissolved (5102)2-
concentrations would be expected to increase with increasing pH above 9 because both H,5iO4
and H3SiO4” would be in solution. Dissolved (SiO;)t is plotted against field pH in figure 34 for
water from the Morrison aquifer. No correlation exists for all points; however, a cluster of (SiO)t
samples plot in the range of 18 to 20 mg/L with pH values between 9.2 and 9.5. Another control
on (5iOp)r concentration is temperature (Krauskopf, 1979, p. 169-170). The effects of water
temperature on dissolved (SiO,)1 appear to be significant for values greater than 25 °C (fig. 34).
The maximum (SiO,) concentration of 35 mg/L was associated with the warmest water of 51.8

°C.

An oxidation-reduction (redox) reaction controls nitrogen speciation. The denitrification
process (reaction10) is shown below:

NO3- + 2CH7_O +2H *t= NH4+ + 2C02(g) + Hzo,' (10)

where CH,0O = organic matter.

Microbes use the oxygen in nitrate ions to oxidize organic matter to CO,. The denitrification
process in the aquifer probably occurs after oxygen is consumed by the oxygen-reducing
microbes.
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Degrees of mineral saturation were computed with the computer code WATEQF (Plummer
and others, 1976) to identify areas where minerals are likely to dissolve, precipitate, or be in
thermodynamic equilibrium with the water. Requirements for input into the code include data on
the major ions, pH, temperature, SiO,, Fe, POy, Sr, and F. Analytical data for Al and (SiO;)1 are
required for calculating states of saturation for aluminosilicate minerals. A value of 10 ug/L for
Alwas assumed for values less than the detection limit of 10 ug/L. Redox calculations were made
using dissolved oxygen (where detected) or the SO4/H;S ratio (H,S was converted from total
sulfide data).

WATEQF modeling provides an estimate of the mineral saturation index (SI) for a suite of
minerals for each sample. The definition of SI is:

Sl=log IAP _ (11)
Kt

where [APision activity product; and _
K is equilibrium constant at temperature T, in degrees Kelvm

If SI is negative, the solution is undersaturated with respect to the mineral. Conversely, a
positive SI indicates supersaturation with respect to the mineral. Where IAP equals Kr,
thermodynamic equilibrium is indicated.

Results from WATEQF modeling indicate various states of saturation for minerals in the
three sandstone aquifers. Albite, amorphous silica, and gypsum were found to be undersaturated
in all samples collected from the three aquifers, suggesting that these minerals would dissolve in
ground water where they are present in the aquifer. Values of SI for calcite in the Gallup and
Dakota aquifers generally are positive, suggesting conditions suitable for calcite precipitation.

Values of SI for calcite in samples from the Morrison aquifer ranged from positive to
negative, indicating both precipitation and dissolution of calcite minerals in some parts of the
aquifer. Most samples were supersaturated with respect to calcite, indicating that calcite would
precipitate. Several samples, particularly near the San Juan River in the vicinity of Shiprock, were
undersaturated with respect to calcite, indicating that calcite would dissolve where present.

Values of SI calculated for dolomite (CaMg(CO;3),) for samples in the three aquifers have
similar patterns to the SI data for calcite. Notable exceptions are three samples from the Gallup
aquifer in the central part of the basin that are supersaturated with respect to calcite and
undersaturated with respect to dolomite. The difference in SI values for dolomite relative to
calcite may be the presence of small Mg2+ concentrations detected in several samples from the
Gallup aquifer.

SI values were computed for clay minerals including chlorite, kaolinite, illite, and the
smectite group of montmorillonite minerals. SI values for chlorite samples from the Gallup
aquifer ranged from highly positive (5.0) to highly negative (-4.3). Highly positive SI values
indicate that precipitation of chlorite may consume 0.5 mole/liter of Mg from the water. SI values
for chlorite in the Morrison aquifer ranged from 3.7 to -6.2. No discernible trends in SI values for
chlorite were evident.
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Kaolinite minerals were observed in the Dakota and Morrison aquifers. Values of SI for both
aquifers show general trends of undersaturation (suggesting dissolution) with respect to kaolinite
near the recharge areas and supersaturation (suggesting precipitation) downgradient.

WATEQF calculations for illite minerals indicate predominant undersaturation of the
minerals in samples collected from the three aquifers. Exceptions were two samples obtained
from wells located in the outcrop area of the Morrison aquifer. Illite has been observed in the
Dakota and Morrison aquifers, suggesting the potential for dissolution reactions that would
release Mg , Al hydroxides, and silicic acid.

Smectite minerals were observed in the Dakota and Morrison aquifers. The thermodynamlc
data for smectite minerals are not well constrained, creating large uncertainties in the SI
calculations. Smectite was found to be supersaturated for all samples from the two aquifers.

SUMMARY AND CONCLUSIONS

Geochemical data were obtained for 38 wells completed in the Gallup, Dakota, and
Morrison aquifers to examine sources of solutes and hydrologic controls that affect the
concentration and distribution of solutes in the San Juan Basin. The scope was constrained
primarily to the northwestern part of the basin because of well availability and disturbances to the
natural ground-water system by uranium mining in the southern part of the basin. Although the
Gallup, Dakota, and Morrison aquifers were examined, 25 of the 38 wells were completed in the
Morrison aquifer, which had the most available wells completed in single aquifers.

Based on a series of samples collected along ground-water flow paths, chemical
concentrations were variable depending on vertical sampling interval, well location, and
sampling date. Several sandstone units contributed water to wells completed in the Morrison
aquifer, suggesting that the Morrison aquifer is not a simple two-dimensional flow system. The
data presented in this report indicate an upward component of flow into the Morrison aquifer.
The entire section above and below the Morrison aquifer appears to be controlled by a three-
dimensional flow regime where saline brine leaks upward near the San Juan River discharge area.
Temporal changes in ion constituent concentrations may be a result of changes in hydraulic head
in individual sandstone layers that contributed water to the well. The assumption that water
chemistry in wells does not change over short periods in a large regional aquifer cannot be made
as has been done commonly in previous investigations.

Predominant ions found in the three aqulfers were generally CaZt, Na+ HCOj5", and
SO4 The Gallup aquifer contained Ca?*-HCOjy"in recharge areas and Na* 50 downgradlent
The Dakota Sandstone contained Na*™-HCOj in recharge areas with the addition of 504
downgradlent Predominant ions in the Morrison aquifer were Na*-HCOj" in recharge areas and
Na*-504% downgradient.

Maximum chloride concentrations found in the Gallup, Dakota, and Morrison aquifers were
240, 720, and 750 mg/L, respectively. Median chloride concentrations were 20, 57, and
11 mg/L, respectwely Detectable trace-element concentrations included As, Ba, B, Fe, Li, Mn,
and Sr.
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Radloactlve isotopes were useful in distinguishing sources of water to the Morrison aquifer.
The absence of >H activities confirmed that ground water from all wells sampled has not mixed
with modern water and has been isolated from the atmosphere since at least 1952. Of 24 samples
analyzed, 14C activities were detected in 12, Age datmg with 14C was not meaningful given the
different sources of water in the aquxfer The 36CI radioisotopic data proved most useful in
dlfferentlatmg the sources of water in the Morrison aquifer. Comparing Br'/Cl" concentration
ratios to 3C1/Cl ratios indicates three major end members of water resulting from different
sources. Recharge water had a large %C1/Cl ratio and small Br"/CI ratio. Chlorlde concentrations
were between 7 and 14 mg/L. A second end member of water contained small 36Cl ratios, large
Br'/CI ratios, was very dilute, and contained chloride concentrations below 5 mg/L. These
results suggest that water may have filtered into the Morrison through zones that trap dissolved
solids by the ion-filtration process. A second hypothesis is that this water is very ancient water
that was recharged during a humid climatic period. The third end member of water is
characterized by upward-leaking, deep-basin brine containing small ratios of 36C1/Cl and Br’
/CI" and large chloride concentrations exceeding 100 mg /L.

Chemical and radioisotopic data indicate that water from overlying and underlying units
mixes with recharge water in the Morrison aquifer. Recharge water contained a large *>Cl1/Cl
ratio and a small Br'/Cl  ratio. Approximately 10 mi downgradient, however, samples from four
wells completed in the Morrison aquifer were considerably dlfferent in composition compared to
recharge samples.  Oxygen stable isotopes decreased by 2.8 9/00 and deuterium decreased 26

0 /00, relative to recharge. Carbon-14 radioisotope activities were not detectable. Chlorine-36/Cl
ratios were small and Br'/CI ratios were large. These results suggest two potentially viable
processes: ion filtration or trapping of ancient dilute water recharged under a humid climate. For
water samples near the San ]uan River, pH decreased to about 8.0, CI" concentrations increased -
to more than 100 mg/L, and 36C1/Cl ratios and Br/CI" ratios were small. Leakage of deep basin
brine into the fresher water of the Morrison aquifer appears to control ion constituent
concentrations.

The mixing of recharge water and an ion filtrate or ancient dilute recharge water with
upward-leaking brine dominates the flow regime in the northwestern part of the San Juan Basin.
This mixing of ground water controls ion constituent concentrations and precluded quantitative
mass-balance calculations of geochemical reactions controlling water chemistry. Geochemical
reactions involve dissolution of carbonate, silicate, and sulfate minerals present in the three
aquifers, ion-exchange reactions, and oxidation reduction.
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CONVERSION FACTORS AND VERTICAL DATUM

. Mulriply By To obtain
LENGTH ,
inch 0.02540 meter
foot 0.3048 meter
mile 1.609 kilometer
foot per day 0.3048 meter per day
AREA .
square mile 2.590 square kilometer
43,560. ' square foot
foot squared per day 0.09290 meter squared per day
VOLUME
cubic foot 0.02832 cubic meter
7.48 gallon
acre-foot 1,233 cubic meter
43,560 cubic foot
cubic foot per second 0.02832 cubic meter per second
448.8 gallon per minute
‘ gallon per minute 0.00006309 cubic meter per second
gallon per minute per 0.2070 liter per second per
foot meter
gallon per day per foot 0.04075 meter per day
squared

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) as follows:
°F=9/5(°C)+32

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 --a
geodetic datum derived from a general adjustment of the first-order level nets of the United States
and Canada, formerly called Sea Level Datum of 1929.



HYDROGEOLOGY AND STEADY-STATE SIMULATION
OF GROUND-WATER FLOW IN THE SAN JUAN BASIN,
NEW MEXICO, COLORADO, ARIZONA, AND UTAH

By John Michael Kernodle

ABSTRACT

As part of a multidisciplinary regional aquifer-system analysis, a three-dimensional steady-
state ground-water-flow model was constructed for the San Juan Basin in parts of New Mexico,
Colorado, Arizona, and Utah. The model simulated ground-water flow in 12 hydrostratigraphic
units representing all of the major sources of ground water from aquifers of Jurassic and younger
age.

Ten map reports in the U.S. Geological Survey Hydrologic Investigations Atlas 720 series
were prepared in conjunction with this investigation. The units that were described in the atlases
were the San Jose, Nacimiento, and Animas Formations; Ojo Alamo Sandstone; Kirtland Shale
and Fruitland Formation; Pictured Cliffs Sandstone; Cliff House Sandstone; Menefee Formation;
Point Lookout Sandstone; Gallup Sandstone; Dakota Sandstone; and Morrison Formation.
Additional descriptions of the alluvial and landslide deposits, Chuska and Crevasse Canyon
Sandstones, Lewis and Mancos Shales, Wanakah Formation, and Entrada Sandstone are included
in this report. Much of the information in the HA-720 series was generated from digital computer
data bases that were directly usable by the computer for compilation of input data for the model.
In essence, the major components of the ground-water-flow model were described and
documented in the series of hydrologic atlases.

The primary finding resulting from the ground-water-flow simulation was that boundary
conditions and internal geometry of the aquifers are the major controls of steady-state ground-
water flow and hydraulic heads in the San Juan Basin. Another significant finding was that the
computed steady-state ground-water flux is a very minor component (about 1 percent) of the total
water budget of the basin.

INTRODUCTION

This report is one in a series resulting from the U.S. Geological Survey’s Regional Aquifer-
System Analysis (RASA) program (Sun, 1986). The program began in 1978 with a study of the
Northem Great Plains Basin (fig. 1) and has expanded to include 28 regional aquifer systems
nationwide that have been or were planned to be investigated.

The study of the San Juan structural basin began in October 1984. Although the San Juan
Basin geologically is a part of the Colorado Plateau and is partly in the Colorado River drainage,
which defined the area of a preceding RASA, it was excluded from that study because the ground-
water-flow system in the San Juan Basin remains regional in scale and is a classical example of an
artesian ground-water-flow system. The isolation of the San Juan Basin as a separate investigation
within the Colorado Plateau thus provided the opportunity to derive and focus on information that
could be compared with other classical artesian basins.
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Purpose and Scope

‘ The purposes of the San Juan Basin RASA (Welder, 1986) are to: (1) define and characterize
the aquifer system; (2) assess the effects of past, present, and potential ground-water use on
aquifers and streams; and (3) determine the availability and quality of ground water. These broad
objectives were reduced to four specific tasks: (1) the geologic framework was described; (2) the
geochemical processes in a selected part of the flow system were investigated and described;
(3) the flow system was simulated and described (this report); and (4) a summary of the
investigation was prepared. This report describes the geohydrology and presents the results of
three-dimensional steady-state ground-water-flow simulations of the major aquifers in the San
Juan Basin.

Information on the major water-yielding units in the basin presented in the Hydrologic
Investigations Atlas 720 Series and additional unpublished information on non-water-yielding
units and minor aquifers were used to describe the geohydrology of the basin and to construct the
ground-water-flow model. Existing literature and well-completion records provided information
on aquifer properties, water levels, potentiometric heads, and well yields. The completed model
was used to give an integrated description of the aquifer-system components and their relation to
and interaction with surface recharge and discharge.

Description of the Study Area

The San Juan structural basin is located in New Mexico, Colorado, Arizona, and Utah, and
has an area of about 21,600 square miles (fig. 2). The structural basin is about 140 miles wide and
about 200 miles long. The study area is that part of the structural basin that contains rocks of

. Triassic and younger age; therefore, the study area is less extensive than the structural basin.
Triassic through Tertiary sedimentary rocks are emphasized in this study because these units are
the major aquifers in the basin. The study area is about 140 miles wide (about the same as the
structural basin), 180 miles long, and has an area of about 19,380 square miles. The study area
represents 15,550 square miles in New Mexico, 3,100 square miles in Colorado, 720 square miles
in Arizona, and 11 square miles in Utah.

. Land-surface altitudes in the study area range from about 4,500 feet above sea level in
southeastern Utah to about 11,300 feet in the southeastern part of the basin. The area-weighted
mean altitude is about 6,700 feet. Annual precipitation in the high mountainous areas along the
north and east margins of the basin is as much as 40 inches, whereas annual precipitation in the
lower altitude central basin is generally less than 8 inches. Mean annual area-weighted
precipitation in the study area is about 12 inches.

Population and Economy

Data obtained from documents published by the U.S. Bureau of the Census (1980 and 1985)

were used to calculate the population of the study area. The population in 1970 was calculated to

be about 134,000. The population increased to about 194,000 in 1980, 212,000 in 1982, 221,000

in 1984, and then decreased to about 210,000 in 1985. The economy of the basin is supported by
exploration for and development of natural gas, petroleum, coal, and uranium resources; urban
enterprise; farming and ranching; tourism; and recreation. The rise and fall in population were
related to changes in the economic strength of the minerals, oil, and gas industries and support
. services. Uranium-mining and -milling activities underwent rapid growth from the 1950’s until

the late 1970’s and early 1980’s when most uranium-mining activity came to an abrupt end.
Likewise, the oil and gas industry prospered until about 1983 and then declined rapidly.
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Population density governs the amount of water that is required for private-domestic or
municipal supplies. Population density also reflects the distribution or concentration of
commercial and industrial facilities that also have water needs. Ranges in estimated population
density in the San Juan Basin for 1985 are shown in figure 3.

Previous Investigations

Wright (1979) prepared a bibliographic reference for papers and reports that pertain to
geologic and geohydrologic subjects for the San Juan Basin. Her publication listed more than
2,500 manuscripts, including many private consultants’ reports. Many other hydrogeologic
documents have been published since the release of her compilation, including the citations listed
in the next paragraph. In addition, a vast number of archeological, climatic, paleoclimatic, and
surface-water reports have information relevant to a study of the ground-water basin.

Stone and others (1983) compiled a fairly comprehensive summary of the hydrogeology of
the New Mexico part of the San Juan Basin. That report describes the geohydrologic properties of
the Wanakah Formation (later terminology) and younger hydrostratigraphic units. Frenzel (1982)
completed a three-dimensional steady-state ground-water-flow model of the San Juan Basin in
New Mexico and Colorado. Later (1983), he prepared an uncalibrated transient version of the
model to investigate possible effects related to proposed development of Federal coal leases.
Other models prepared by the U.S. Geological Survey include those by Hearne (1977) and
McLean (1980) of aquifers in the vicinity of Gallup, New Mexico. A three-dimensional steady-
state model of the Morrison-Dakota-Gallup aquifer subsystem was completed by Kernodle and
Philip (1988). One of the most recent models is of the aquifers in Mesozoic rocks in the Four
Comners area (Thomas, 1989). Many other reports and papers are cited in the following sections.

Repurts Related to the Investizati

Sun (1986) compiled a summary of RASA investigations. That summary contains detailed
information on the overall purpose of the RASA program and the scope and status of the
individual investigations, including the San Juan Basin RASA.

A series of Hydrologic Atlases was published in conjunction with this investigation that
describe the hydrology, geology, and geochemistry of the major water-yielding hydrostratigraphic
units in the study area. Reports in this series describe the hydrogeology of the Dakota Sandstone
(Craigg and others, 1989); Gallup Sandstone (Kernodle and others, 1989); Point Lookout
Sandstone (Craigg and others, 1990); Morrison Formation (Dam and others, 1990a); Pictured
Cliffs Sandstone (Dam and others, 1990b); Kirtland Shale and Fruitland Formation (Kernodle and
others, 1990); Menefee Formation (Levings and others, 1990a); San Jose, Nacimiento, and
Animas Formations (Levings and others, 1990b); Cliff House Sandstone (Thorn and others,
1990a); and Ojo Alamo Sandstone (Thorn and others, 1990b) in the San Juan structural basin.

The series of atlases was intended to provide information upon which subsequent
investigative reports such as this could rely for basic reference material. This report describes a
three-dimensional ground-water-flow model of Jurassic and younger hydrostratigraphic units.
Levings and others (1996) provided a coherent overview of the multidisciplinary facets of the
investigation. The hydrogeochemistry of the Motrison, Dakota, and Gallup aquifers in the
northwestern part of the basin was described by Dam (1995). Craigg (in press) describes the
geologic framework of the San Juan Basin.
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GEOHYDROLOGIC SETTING

Geology

The San Juan structural basin (fig. 4), formed during the Laramide Orogeny (Late
Cretaceous-early Tertiary), is an asymmetric syncline that deepens to the northeast. The limits of
the basin generally are clearly delineated by faults, uplifts, or monoclines. The clearest example
of a fault determining the basin boundary is along the eastern side of the basin where Precambrian
granite has been uplifted east of the Nacimiento Fault. The Defiance and Nutria Monoclines also
are good examples of basin-bounding features. In some areas, however, the boundary is indistinct
and the basin merges across structural saddles with adjacent basins or embayments. Examples of
this indistinct boundary between basins are found in the Gallup and Acoma Sags and the Four
Corners Platform.

The San Juan structural basin contains a thick sequence of sedimentary rocks ranging in age
from Cambrian through Tertiary (fig. 5), but principally from Pennsylvanian through Tertiary. The
maximum thickness of the sequence of rocks is about 14,000 feet (Fassett and Hinds, 1971, p. 4).
These sedimentary rocks dip basinward from the basin margins toward the troughlike structural
center (deepest part of the basin) except where locally interrupted by intrabasinal folds, faults, and
domes. Older sedimentary rocks crop out around the basin margins and are successively overlain
by younger rocks toward the center of the structural basin (fig. 6). Volcanic rocks of Tertiary age
and various deposits of Quaternary age also are present in the basin.

Faulting is common, especially around the northeastern, eastern, and southeastern perimeter
of the basin (fig. 7). Faults along the northeastern and eastern perimeter generally are on the
platform areas outside the Hogback Monocline. Displacement along these faults is as much as
several hundred feet, and along Nacimiento Fault is several thousand feet. Displacement along
individual faults in the Puerco Fault Zone in the southeastern part of the basin typically ranges
from several tens to a few hundred feet. The basinward side of faults is usually the downthrown
side in the Puerco Fault Zone. Fault orientation and displacement in the Crownpoint-Grants, New
Mexico, area (also known as the Grants uranium belt) are more disheveled than elsewhere, often
leading to some remarkable structures as in the area just south of Crownpoint. When fault
displacement and synclinal structure are combined, the maximum structural relief in the basin is
about 10,000 feet (Kelley, 1951, p. 126). The present structural elements of the basin largely had
developed by middle Tertiary time (Kelley, 1951, p. 130).
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Climate

The San Juan Basin is located in the arid Southwestern United States and therefore typically
has mild winters with periodic cold-front storms; hot, dry, and windy springs and early summers;
warm and monsoonal late summers; and cool, clear autumns. However, within the San Juan Basin
a wide range of climatic conditions are determined primarily by topographic altitude and
somewhat by slope aspect. The low-altitude central and northwestern part of the basin has the
warmest temperatures and the least amount of precxpxtanon (upper Sonoran climate). The
mountainous regions around most of the northern and eastern perimeter of the basin have the
coolest temperatures and receive the most precipitation ((‘Ianadian climate zone).

Figures 8 and 9 are maps of mean annual and mean winter precipitation for the pen'od
1931-60. As stated earlier, amounts of annual precxpxtauon range from almost 40 inches in the
northeastern part of the study area to less than 8 inches in the lower altitude central basin (U.S.
Department of Commerce, no date). Most winter precipitation occurs as snowfall, especially in
the higher mountain areas where snowpack typically exceeds 100 inches. Spring runoff from
melting mountain snowpacks accounts for most surface water in the basin. Convective summer
thunderstorms locally may result in considerable amounts of water in a very brief period, often
causing severe and dangerous flash floods.

Potential mean annual evaporation (fig. 10) ranges from a low of less than 40 inches in the
northeastern to more than 60 inches in the northwestern part of the study area (National Oceanic
and Atmospheric Administration, no date). In only a very small part of the study area does annual
precipitation exceed potential evaporation, and throughout most of the area potential evaporation
greatly exceeds precipitation. With additional losses due to transpiration, the potential annual
water deficit is large throughout most of the area. Because of the timing of rain and snowfall,
however, water periodically is available for runoff and ground-water recharge regardless of the
annual potential deficit.
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‘ movement may be significant in the San Juan Basin.

rf; ater

|
The study area is drained mainly by the San Juan River and its tributaries (fig. 11). The San
Juan River is a tributary to the Colorado River. The Puerco River and its tributaries in the
southwestern part of the study area are also part of the Colorado River system. East of the
Continental Divide the Rio Chama, Rio Salado, Rio Puerco, and Rio San Jose drain to the Rio
Grande. A diversion from the headwaters of the San Juan River transfers about 100,000 acre-feet
of water per year to the headwaters of the Rio Chama.

Only the San Juan River and its major northern tributaries are naturally perennial in the
study area. Portions of some streams are perennial for short reaches downstream from spring or
well discharges or discharges of treated municipal wastewater. Other streams are ephemeral or
seasonal and many only flow immediately after storms.

Several large reservoirs are in the study area. The largest of these, Navajo Reservoir on the
San Juan River, is used for irrigation and municipal water supplies. Water stored in or passed
through two other reservoirs in the study area, Heron Lake and El Vado Reservoir on the Rio
Chama in New Mexico, is allocated for municipal use by the City of Albuquerque, New Mexico,
although much of this water is leased from the City for agricultural use downstream from
Albuquerque. Bluewater Lake on the Rio San Jose is used to supply water for irrigation. Lemon
and Vallecito Reservoirs, in Colorado just outside the study area, prov1de flood control and supply
water for irrigation within the San Juan Basin. All of these reservoirs offer excellent recreational

opportunities.

faraund Hater

In a simplified conceptual model of the ground-water-flow system in the San Juan Basin,
water enters the ground-water-flow system from precipitation on aquifer outcrops and from
stream-channel loss as streams cross the outcrops. Recharge from direct precipitation occurs only
after the near-surface demands for moisture are met by; the water that does not run off and a
residual amount of water is able to reach the zone of saturation in the aquifer. These near-surface
demands include evaporation, transpiration, and sublimatilon.

Once water is in the ground-water-flow system it moves downgradient to areas of natural or
artificial discharge, in accordance with Darcy’s law (Darcy, 1856) whereby the flow is equal to the
ground-water gradient times the aquifer’s hydraulic conductivity times the cross-sectional area of
the aquifer perpendicular to the direction of flow. Areas of natural discharge include springs and
seeps in topographically low parts of the outcrop, discharge from the aquifer outcrop to stream
channels, and upward movement across confining units to the surface along fault planes,
fractures, and, to a modest extent, along intrusive dxkcsl Striking examples of spring discharge
along fault planes and fractures are at the southem end of the Nacimiento Uplift in the
southeastern part of the study area.

Another important mechanism of natural discharge is water moving from one aquifer across
a less permeable unit to another aquifer that has relatively lower hydraulic head. Water might also
move across a less permeable unit directly to land surface where it would contribute to soil
moisture and hence to evaporation or transpiration. Both forms of vertical ground-water
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Arificial discharge occurs at flowing or pumped wells or in conjunction with open-pit or
subsurface mining operations. Free-flowing wells are commonplace in the basin and most of
those are completed in multiple aquifers so the percentage of water contributed by each aquifer is
unknown. Pumped wells or controlled flowing wells also are common and supply water to satisfy
municipal, small-community, private-domestic, and livestock needs. The majority of these wells
are windmill powered and small yielding, but some yield large quantities of water. Mine
dewatering operations have been a major source of ground-water discharge in the south-central
part of the basin. Some mines required the removal of as much as 3 cubic feet per second of
ground water to keep the mine from flooding. All of the mines presently are closed, the
dewatering has ceased, and ground-water levels are now recovering from head reductions that
commonly exceeded 1,000 feet. ‘T

Complexities in the flow system arise because of non-uniformity in the aquifers. The
aquifers may thin or pinch out, or the composition and hydrauhc properties may vary in space.
Aquifers also may have preferred directions of ground:-water flow that are controlled by the
orientation of fracture systems or by a persistent orientation of the aquifer’s matrix of sedimentary
materials. Other pore-filling liquids or gases may create‘barricrs to the movement of water, or
water in parts of an aquifer may be saline enough to create a density barrier to movement of
freshwater. All of these conditions are present to some degree in the San Juan Basin.

HYDROSTRATIGRAPH'IC UNITS

The San Juan Basin has many hydrostratigraphic units that function either as aquifers or
confining units. Other units, such as thin alluvial deposus may not be hydrologically extensive
enough to be classified as major aquifers but potentially aye very important in the role they serve
in capturing precipitation that eventually becomes recharge to underlying units. Much of the
following description of the major hydrostratigraphic units in the San Juan Basin was taken
directly from U.S. Geological Survey Hydrologic Invesnganons Atlases in the HA-720 series
(Craigg and others, 1989, 1990; Dam and others, 1990a, b; Kernodle and others, 1989, 1990;
Levings and others, 1990a, b; and Thorn and others, 1990a, b).

The structure-contour maps presented in this secuon are derived from computer-generated
and human-edited continuous-surface representations of the tops of the major hydrostratigraphic
units. These continuous-surface data layers were generated from the control points shown in the
HA-720 series of Hydrologic Investigations Atlases and" geographlc information system (GIS)-
generated outcrop altitudes. The representations were imported into the GIS, which was then used
to produce the figures in the atlases and in this report. Much of the information in those atlases
also was used directly by the computer for compilation of input data for the model, as described
later. In essence, the major components of the ground-water-flow model were documented in the
series of hydrologic atlases. In the following section the hydrostratigraphic units are discussed in
order of uppermost (youngest) to lowermost (oldest) occurrence.
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Alluvium and Other Quaternary Deposits

Quaternary and recent deposits in the San Juan Basin include stream-deposited alluvium and
older terrace deposits, landslide deposits, and eolian sand. The areal distribution of these
sediments are shown in figure 12. Most Quaternary and younger deposits are unconsolidated and
form a thin covering over older bedrock sediments.

Lithology

Stream-deposited alluvium and older terrace deposits are associated with major streams and
rivers in the San Juan Basin. The alluvium consists of unconsolidated sediments that range from
silt to cobbles in size but predominantly are sand and gravel. Along major streams the alluvium is
varied in composition, depending on the mix of material from the various erosional source areas.
Alluvial deposits also occur as a thin veneer of fine-grained sediments in the valleys of
intermittent streams. -

Landslide deposits are mapped on the northeastern flank of the Chuska Mountains and
locally in the San Juan Mountains in the northeastern part of the study area. These colluvial
deposits consist of material derived from the topographically higher source areas. The landslide
material on the flank of the Chuska Mountains consists of reworked sand from the Chuska
Sandstone; the deposits in the San Juan Mountains primarily are derived from volcanic or
volcaniclastic sources.

Unconsolidated wind-blown deposits are common in the central part of the basin, although
they generally are not mapped on small-scale geologic maps. Typically, these deposits are very
thin, but local dunes near dry washes, which are excellent sources of fine-grained material, may
reach heights of 20 feet. These recent eolian deposits are not known to yield water to wells.

Hydraulic Properties

In the absence of other sources of water, alluvial deposits, where present, commonly are
relied upon as a source of water for domestic and livestock use. Along the major rivers and
streams, wells are of conventional vertical design, whereas in the valleys of intermittent streams,
where the hydraulic conductivities and saturated thickness generally are small, most wells are
constructed as galleries of horizontal drains feeding to a central collector. Reported well yields
range from less than 1 gallon per minute to as much as 1,100 gallons per minute. The median
yield of 48 wells is 15 gallons per minute. The largest reported yields are from wells completed in
the alluvium in the Rio San Jose Valley (fig. 11) in the vicinity of Grants, New Mexico. The
smaller yields are from gallery wells completed in the alluvium of minor stream valleys.

Hydraulic conductivities of sand and gravel can vary from 10 to 1,000,000 gallons per day
per foot squared (roughly 1 to 100,000 feet per day) (Freeze and Cherry, 1979, table 2.2), but a
more typical range is from 15 feet per day for fine sand to about 1,000 feet per day for coarse
gravel (Lohman, 1972, table 17). Tests along the San Juan River (fig. 11) upsiream from
Farmington indicate that the hydraulic conductivity of alluvium ranges from 0.006 to 220 feet per
day (Peter and others, 1987, p. 29). The thickness of alluvium at this site was reported to range
from about 14 to 61 feet, and the saturated thickness was less than 25 feet in all 13 test holes.
Water occurs in the alluvium under unconfined conditions. No tests have been made where the
storage coefficient of the alluvium was determined. However, a typical specific yield for
moderately to well-sorted unconsolidated sediments would be in the range of 0.1 to 0.25.

No known hydraulic data exist for the landslide and recent eolian deposits in the basin. No
instances are known where these deposits are used as a source of water.
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husk ndston

The Chuska Mountains (fig. 12) in the western part of the basin primarily are formed from
the Chuska Sandstone, a consolidated, windblown sand of Tertiary age that was deposited on
upturned and eroded Cretaceous and older sediments. Several moderate-sized intrusive mafic
necks form a spine along the ridge of the mountains and, together with associated horizontal lava
flows, may have provided the erosional resistance necessary to protect the sandstone from
weathering away, as has happened toward its source area to the south-southwest.

Lithology

The Chuska Sandstone is a fine-grained, moderately well sorted sandstone (Harshbarger and
Repenning, 1954, p. 6). Cross-bed units typically range from 5 to 15 feet in thickness. Thick
zones of silicic cement form resistant ledges at and near the top of the unit, but overall the
sandstone is weakly cemented. Cementatdon is more complete to the southwest, allowing
conventional headward erosion of streams. The poorly cemented sand on the northeastern flank of
the Chuska Mountains has allowed piping and massive slump failure during pluvial periods in the
Pleistocene Epoch. The average thickness of the Chuska Sandstone is about 1,000 feet and the
maximum preserved thickness is 1,750 feet (Wright, 1956, p. 416). The Chuska Sandstone
conformably overlies a horizontally bedded fluvial sandstone and shale about 250 feet in
thickness (the Deza Formation of Wright, 1954).

Hydraulic Properties

No measurements are known of the hydraulic properties of the Chuska Sandstone. However,
the unit is water yielding and springs are abundant around the flanks of the Chuska Mountains,
usually at the base of the Chuska Sandstone. Most of the springs are undeveloped, but some serve
as domestic water supplies. The sandstone is recharged by leakage from the numerous lakes and
potholes along the top of the mountains. In addition to the discharge from springs, the sandstone
loses water to the underlying Cretaceous and older sediments.

San fose Formation
The San Jose Formation of Eocene age was defined by Simpson (1948a, b). The San Jose
Formation occurs in New Mexico and Colorado, and its outcrop forms the land surface over much
of the eastern half of the central basin (fig. 4). It overlies the Nacimiento Formation in the area
generally south of the Colorado-New Mexico State line and overlies the Animas Formation in the
area generally north of the State line (Fassett, 1974, p. 229). The basal contact of the San Jose
varies with location in the basin. This contact is a disconformity along the basin margins and an

angular unconformity along the Nacimiento Uplift; the contact is conformable in the central basin
(Baltz, 1967, p. 54; Fassett, 1974, p. 229).

Geometry and Litholegy

The San Jose Formation was deposited in various fluvial-type environments (Baltz, 1967,
p- 44-55). In general, the unit consists of an interbedded sequence of sandstone, siltstone, and
variegated shale. The sandstones are buff to yellow and rusty colored, crossbedded, very fine to
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coarse-grained arkose, which are locally conglomeratic and contain abundant silicified wood
(Baltz, 1967, p. 46; Fassett, 1974, p. 229; Anderholm, 1979, p. 23).

Baltz (1967, p. 45) recognized four forma] members of the San Jose Formation in the east-
central part of the basin; he also identified, but did not name, a fifth member in the northeastern
part of the basin. The members and their principal lithology in descending order are Tapicitos
Member (shale), Llaves Member (sandstone), Regina Mpmber (shale), and Cuba Mesa Member
(sandstone). The stratigraphic relation and subsequept mapability of these members are
complicated by extensive intertonguing and pinch-outs (Fassett, 1974, p. 229; Anderholm, 1979,
p- 23; Stone and others, 1983, p. 25), and whether the members can be identified throughout the
basin has been the subject of some discussion.

Thickness of the San Jose Formation generally increases from west to east. Fassett (1974,
p. 229) reported a maximum thickness of 2,400 feet in the east-central part of the basin, and Stone
and others (1983, p. 25) reported a range from about 200 feet in the west and south to almost
2,700 feet in the center of the structural basin. '

Hydraulic Proper‘ties

Transmissivity data for the San Jose Formation ate minimal. Values of 40 and 120 feet
squared per day were determined from two aquifer tests (IStone and others, 1983, table 5).

The reported or measured discharge from 46 water wells completed in the San Jose
Formation ranges from 0.15 to 61 gallons per minute and the median is 5 gallons per minute.
Most of the wells provide water for livestock and domestic use, but a few provide cooling water
for natural gas compression and transmission plants.

The San Jose Formation is a very suitable unit for recharge from precipitation because soils
that form on the unit are sandy and highly permeable and therefore readily adsorb precipitation.
However, low annual precipitation, relatively high transpiration and evaporation rates, and deep
dissection of the San Jose Formation by the San Juan River and its tributaries all tend to reduce
the effective recharge to the unit.

\ni | Nacimiento F '
Most of the Animas Formation is of Paleocene age, |but the lower part of the formation is of
latest Late Cretaceous age (Barnes and others, 1954). It crops out principally inside the northern
margin of the central basin (fig. 4). The Animas is present in only about the northern one-third of
the basin, mainly in Colorado; it does not occur south of a line that extends from Dulce, New
Mexico, to the La Plata River Valley (fig. 11) near the Colorado-New Mexico State line (fig. 13).
Along this line the Animas Formation grades laterally into the Nacimiento Formation (Fassett and
Hinds, 1971, p. 33; Fassett, 1974, p. 229), which occuplcs the same stratigraphic interval (fig. 5).
In the north the Animas Formation conformably overhes the Kirtland Shale of Late Cretaceous

age; farther south, near the New Mexico-Colorado State lmc the unit may unconformably overlie
the Ojo Alamo Sandstone of Tertiary age (Fassett and Hinds, 1971, p. 34).
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Geometry and Litlr’ology

The Animas Formation consists of two members: the unnamed upper member of Paleocene
age (Barnes and others, 1954) and the lower McDermott Member of latest Late Cretaceous age.
The unnamed upper member disconformably overlies the McDermott Member; this unconformity
represents a time gap of about 6 million years (Fassett 1977). The Animas Formation consists
mainly of volcaniclastic deposits; the diagnostic charaq:tenstlc of the Animas Formation as a
whole is the presence of macroscopic volcanic materia] (Fassett and Hinds, 1971, p. 33). The
unnamed upper member consists of varicolored and interbedded tuffaceous sandstone,
conglomerate, and shale (Fassett, 1974, p. 229). The McDermott Member consists of varicolored
(dominantly purple) tuffaceous sandstone and conglomerate with minor variegated shale
(Reeside, 1924, p. 25). Thickness of the Animas Formation ranges from about 230 feet at the type
section along the Animas River (fig. 11) at Durango, Colorado (Bames and others, 1954), to about
2,700 feet near the La Plata-Archuleta County line in Colorado (fig. 14) (Fassett and Hinds, 1971,
p- 33).

The Nacimiento Formation is of Paleocene age (Baltz, 1967, p. 35). It crops out in a broad
band inside the southern and western margins of the central basin and in a narrow band along the
west face of the Nacimiento Uplift (fig. 4). The Nacimiento is a nonresistant unit and typically
erodes to low, rounded hills or forms badlands topography.

The Nacimiento Formation occurs in approximately only the southern two-thirds of the
basin where it conformably overlies and intertongues w1th the Ojo Alamo Sandstone (Baltz, 1967,
p. 41; Fassett, 1974, p. 229). The Nacimiento Formation grades laterally into the main part of the
Animas Formation (Fassett and Hinds, 1971, p. 34; Fassett, 1974, p. 229); thus, in this area the
two formations occupy the same stratigraphic interval (fig. 5). The altitude of the base of the
Animas and Nacimiento Formations is shown in figure 13.

Strata of the Nacimiento Formation mainly were deposited in lakebeds in the central basin
area with lesser deposition in stream channels (Brimhall, 1973, p. 201; Fassett, 1974, p. 229). In
general, the Nacimiento consists of drab, interbedded b’ack and gray shale with discontinuous,
white, medium- to very coarse grained arkosic sandstone (Fassett, 1974, p. 229; Stone and others,
1983, p. 30). Baltz (1967, p. 39) stated that the percentage of sandstone increases northward.
Stone and others (1983, p. 30) indicated that the formation may contain more sandstone than
commonly has been reported because some investigators assume the slope-forming strata in the
unit are shales, whereas in many places the strata actually are poorly consolidated sandstones.

Total thickness of the Nacimiento Formation ranges from about 500 to 1,300 feet
(Molenaar, 1977a). The unit generally thickens from the basin margins toward the basin center
(Baltz, 1967, p. 38; Steven and others, 1974; Stone and others, 1983). The sandstone deposits
within the Nacimiento Formation are much thinner than the total thickness of the formation
because their environment of deposition was localized stream channels (Brimhall, 1973, p. 201).
The combined thickness of the combined San Jose, Animas, and Nacimiento Formations ranges
from 500 to more than 3,500 feet (fig. 14).
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