Table 7a: Pre-CBM Conductivity and Sulfate, Rawhide Creek

Conductivity

Location Date Flow (cfs) (umhos/cm) Sulfate (ug/l)
RHC Above Spring Draw 2/17/1983 0 2710 1510
RHC at East Mine Boundary 2/26/1988 0 2060 663
RHC Below Mine Access Road 2/26/1988 2.1 4920 2629
USGS at Hwy 14/16 3/6/1975 0.18 6100 4000
RHC Above Spring Draw 3/11/1981 0 5240 3440
RHC at East Mine Boundary 3/11/1981 0 3770 2410
RHC at West Mine Boundary 3/11/1981 1 5010 3280
RHC Above Spring Draw 3/24/1982 0 3050 1310
RHC at East Mine Boundary 3/24/1982 0 2180 969
RHC at West Mine Boundary 3/24/1982 0 4800 2850
RHC at East Mine Boundary 3/8/1984 0 4650 2240
RHC at East Mine Boundary 3/19/1985 0 3010 1470
RHC Below Mine Access Road 3/19/1985 0 3270 1720
RHC at East Mine Boundary 3/24/1986 0 3770 2090
RHC Below Mine Access Road 3/31/1987 1.6 4080 2960
USGS at Hwy 14/16 4/29/1976 0.6 5400 NA
RHC at West Mine Boundary 4/17/1979 0 4650 2920
RHC Above Spring Draw 4/18/1979 0 5010 3170
RHC at East Mine Boundary 4/18/1979 0 4750 3110
RHC Above Spring Draw 4/24/1980 0 5670 3720
RHC at East Mine Boundary 4/24/1980 0 5890 3840
RHC at West Mine Boundary 4/24/1980 0 5250 3250
RHC at East Mine Boundary 4/29/1987 0.73 2850 1460
RHC Below Mine Access Road 4/29/1987 0.87 5150 4260
RHC at East Mine Boundary 4/4/1988 1.31 4500 2239
RHC Below Mine Access Road 4/4/1988 1.42 6040 3008
USGS at Hwy 14/16 5/5/1976 1.3 6000 3800
USGS at Hwy 14/16 5/16/1978 3.5 5000 2500
RHC at East Mine Boundary 5/24/1982 0 4310 2730
RHC at West Mine Boundary 5/24/1982 0 4010 2870
RHC at East Mine Boundary 5/29/1984 0 4030 2190
RHC Below Mine Access Road 5/29/1984 0 5850 3440
RHC Above Spring Draw 6/22/1978 0 6075 3885
RHC at East Mine Boundary 6/22/1978 0 5830 3662
RHC at West Mine Boundary 6/28/1978 0 6160 3872
RHC at West Mine Boundary 6/13/1979 0 7590 5600
RHC Above Spring Draw 6/14/1979 0 7060 4920
RHC Above Spring Draw 6/1/1980 0 6780 4380
RHC at East Mine Boundary 6/1/1980 0 1490 378
RHC at West Mine Boundary 6/1/1980 0 7520 4820
RHC Above Spring Draw 6/11/1981 0.005 5740 4060
RHC at East Mine Boundary 6/11/1981 0.002 5880 4100
RHC at West Mine Boundary 6/11/1981 0.01 5960 4280
RHC Above Spring Draw 6/24/1982 0 3600 2340
RHC at East Mine Boundary 6/24/1982 0 4100 2650
RHC at West Mine Boundary 6/24/1982 0 4760 3760
RHC at West Mine Boundary 6/13/1983 0 6570 4570




Table 7a: Pre-CBM Conductivity and Sulfate, Rawhide Creek (2 of 2)

Conductivity

Location Date Flow (cfs) (umhos/cm) Sulfate (ug/l)
RHC Above Spring Draw 6/15/1983 0 2720 1380
RHC at East Mine Boundary 6/15/1983 0 2590 1240
RHC at East Mine Boundary 6/18/1985 0 1500 530
RHC Below Mine Access Road 6/18/1985 0 6520 5620
RHC at East Mine Boundary 6/16/1986 0 2500 1300
RHC Below Mine Access Road 6/16/1986 0 5890 4790
RHC Above Spring Draw 7/6/1981 0 7810 6010
RHC at East Mine Boundary 7/6/1981 0 6170 4570
RHC at West Mine Boundary 7/6/1981 0 7210 5350
USGS at Hwy 14/16 8/18/1976 6.7 1940 780
USGS at Hwy 14/16 8/16/1977 2900 2500
RHC at East Mine Boundary 8/30/1979 0 6670 5390
RHC at West Mine Boundary 8/30/1979 0 7040 4960
RHC Above Spring Draw 8/6/1982 0 2800 1610
RHC Above Spring Draw 9/18/1980 0 3530 2130
RHC at East Mine Boundary 9/18/1980 0 6400 4630
RHC at West Mine Boundary 9/18/1980 0 3860 2200
RHC Above Spring Draw 9/29/1982 0 2700 1030
RHC at East Mine Boundary 9/29/1982 0 3070 1410
RHC Below Mine Access Road 9/29/1982 0 6250 3950
RHC Above Spring Draw 9/16/1983 0 2660 1300
RHC at East Mine Boundary 9/16/1983 0 2690 1180
RHC at West Mine Boundary 9/16/1983 0 6910 3600
RHC at East Mine Boundary 9/12/1984 0 2700 1040
RHC Below Mine Access Road 9/12/1984 0 8130 4930
RHC at East Mine Boundary 9/6/1985 0 1120 147
RHC at East Mine Boundary 9/30/1986 0 1970 695
RHC at East Mine Boundary 9/30/1987 0.87 2170 909
RHC at East Mine Boundary 9/28/1988 0.37 1246 207
RHC at East Mine Boundary 10/26/1978 0 9100 6550
RHC at West Mine Boundary 10/26/1978 0 7780 5100
RHC at East Mine Boundary 10/29/1987 1.15 2210 654
RHC at East Mine Boundary 11/2/1977 0 4933 2987
RHC Above Spring Draw 12/9/1980 0 7010 5110
RHC at East Mine Boundary 12/9/1980 0 7450 5720
RHC Above Spring Draw 12/31/1981 0 5590 2440
RHC at East Mine Boundary 12/31/1981 0 4520 1970
RHC Above Spring Draw 12/30/1982 0 3700 1610
RHC at West Mine Boundary 12/30/1982 0 5700 3620
RHC at East Mine Boundary 12/6/1983 0 2830 975
RHC at West Mine Boundary 12/7/1983 0 7190 4740
RHC at East Mine Boundary 12/10/1984 0 1980 698
RHC Below Mine Access Road 12/13/1984 0 2080 879
RHC at East Mine Boundary 12/9/1985 0 3170 1800
RHC at East Mine Boundary 12/16/1986 0.65 2320 1050
RHC at East Mine Boundary 12/10/1987 0.97 1500 650
RHC Below Mine Access Road 12/10/1987 0.68 6830 4559




Table 7b: Comparison of Statistics on Sulfate (mg/L), during All Months and during the Irrigation

Season
Sulfate - Irrigation Season (April -
Sulfate - All Months September)
Mean 2854 Mean 3003
Median 2790 Median 3110
Mode 3440 Mode 2500
Standard Deviation 1598 Standard Deviation 1569
Sample Variance 2553190 Sample Variance 2461524
Kurtosis 1.009 Kurtosis 1.064
Skewness 0.214 Skewness -0.048
Range 6403 Range 5863
Minimum 147 Minimum 147
Maximum 6550 Maximum 6010
Count 100 Count 65
85th Percentile 4748 85th Percentile 4802

Table 7c: Comparison of Statistics on Conductivity (umhos/cm), during All Months and during the
Irrigation Season

Conductivity (umhos/cm) - All Months Conductivity (umhos/cm) - Irrigation
Mean 4610 Mean 4718
Median 4750 Median 5000
Mode 6100 Mode 5890
Standard Deviation 1898 Standard Deviation 1867
Sample Variance 3604031 Sample Variance 3487232
Kurtosis 1.014 Kurtosis 1.089
Skewness 0.055 Skewness -0.191
Range 7980 Range 7010
Minimum 1120 Minimum 1120
Maximum 9100 Maximum 8130
Count 101 Count 6610

85th Percentile 6780 85th Percentile 6640




Table 7d: Pre-CBM Agricultural Water Quality, Rawhide Creek

Specific
Conductance

(umhos/cm Sodium Calcium Magnesium Bicarbonate as Sulfate

Date of Sample] @ 25°C) (mg/) (mg/l) (mg/l) HCO; (mg/l) SAR (mg/l)
11/23/1977 4185 386.1 261.9 256 495 4.1 2,380
6/28/1978 6160 675 403 495 592 5.33 3,872
10/25/1978 7780 985 473 650 915 6.9 5,100
4/17/1979 4650 472 347 368 448 4.21 2,920
6/13/1979 7590 1033 382 704 475 7.25 5,600
8/30/1978 7040 884 512 616 697 6.23 4,960
4/24/1980 5250 530 415 408 549 4.43 3,250
6/1/1980 7520 996 462 587 769 7.25 4,820
9/18/1980 3860 435 204 310 489 4.48 2,200
12/9/1980 11170 1890 480 1256 1260 10.32 9,050
10/11/1995 4450 276 452 325 671 242 2,450
9/17/1996 1668 104 120 110 290 1.66 711
10/29/1998 4160 558 134 274 698 6.34 2,023

Count 14 14 14 14 14 14 14

Min 1668 104 120 110 290 1.66 711
Max 11170 1890 512 1256 1260 10.32 9,050
Median 5250 558 403 408 592 5.33 3,250
Average 5806.4 709.5 357.4 489.2 642.2 55 3,795

Std Dev 2418.1 459.5 134.5 290.2 245.8 2.3 2142.02

(Greystone 1999, see Section 8.0 for raw data)
! samples taken at West Boundary, Triton Coal Company as part of monitoring requirements
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Table 7e: Post CBM Agricultural Water Quality, Rawhide Creek

Specific
Conductance | Sodium Calcium | Magnesium Sulfate Flow
Date of Sample 1\ hosem@|  mamy | (man) ma) | AR oy | o)
25°C)
3/19/2001 10:35 3790 345 189 212 41
4/12/2001 9:35 4830 507 300 315 4.9
3/11/2003 10:40 4280 470 220 320 2400
4/4/2003 10:30 4950 555 356 405 4.8 3000 0.67
4/7/2003 0:00 4950 555 356 405 48 3000 0.42
4/11/2003 10:35 5640 621 406 436 5.1 3400 0.12
4/18/2003 7:50 6290 653 404 457 5.3 4000 0.11
4/23/2003 9:45 5670 644 382 460 5.2 3400 0.08
4/30/2003 9:40 6660 766 427 491 6.0 4100 0.67
5/9/2003 9:25 6450 630 400 500 5.0 0.56
5/19/2003 9:00 6340 730 430 500 5.7 3500 0.21
5/23/2003 8:25 3690 480 160 210 5.8 1500 0.12
5/29/2003 10:30 6970 840 410 550 6.3 4400 0.09
6/6/2003 8:00 4660 620 220 340 6.1 2200 0.44
6/16/2003 15:30 5000 630 230 360 6.1 2800 0.08
6/19/2003 14:00 5080 640 210 360 6.2 3000 0.04
6/26/2003 6:30 3520 490 120 220 6.2 1600 0.21
9/10/2003 13:50 2400 362 56 104 6.6 695 0.40
9/16/2003 9:50 2620 433 76 130 7.0 865 0.11
9/26/2003 10:00 2980 412 80 150 6.3 1070 0.06
4/30/2004 10:30 3930 454 209 246 5.0
5/28/2004 6:15 4640 558 218 309 5.7 2450
Count 22 22 22 22 21 18 17
Min 2400 345 56 104 4.1 695 0.0447
Max 6970 840 550 430 7 4400 0.6685
Median 4890 557 225 350 5.7 2,900 0.1232
Average 4788 563 266 340 5.6 2632 0.2586
Std Dev 1307 128 125 131 0.7 1123 0.2199

(Greystone 1999, see Section 8.0 for raw data)
! Samples taken at West Boundary, Triton Coal Company as part of monitoring requirements
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Table 7f: Mixing Analysis Parameters from Little Powder River above Dry Creek near Weston,
WY, Station ID# 06324970

agency cd site_ no | sample dt | sample tm | parameter cd | parameter name | result va

USGS 6324970 | 10/12/1979 8:15 61 Flow 0.01
USGS 6324970 | 10/12/1979 8:15 95 Conductivity 3000
USGS 6324970 | 10/12/1979 8:15 915 Calcium 140
USGS 6324970 | 10/12/1979 8:15 925 Magnesium 120
USGS 6324970 | 10/12/1979 8:15 930 Sodium 430
USGS 6324970 | 10/12/1979 8:15 940 Chloride 4.6

USGS 6324970 | 11/6/1979 13:00 61 Flow 0.01
USGS 6324970 | 11/6/1979 13:00 95 Conductivity 2740
USGS 6324970 | 11/6/1979 13:00 915 Calcium 150
USGS 6324970 | 11/6/1979 13:00 925 Magnesium 110
USGS 6324970 | 11/6/1979 13:00 930 Sodium 370
USGS 6324970 | 11/6/1979 13:00 940 Chloride 11

USGS 6324970 | 7/14/1980 15:10 61 Flow 0.01
USGS 6324970 | 7/14/1980 15:10 95 Conductivity 2630
USGS 6324970 | 7/14/1980 15:10 915 Calcium 130
USGS 6324970 | 7/14/1980 15:10 925 Magnesium 89

USGS 6324970 | 7/14/1980 15:10 930 Sodium 370
USGS 6324970 | 7/14/1980 15:10 940 Chloride 11

USGS 6324970 | 9/23/1980 14:15 61 Flow 0.01
USGS 6324970 | 9/23/1980 14:15 95 Conductivity 2540
USGS 6324970 | 9/23/1980 14:15 915 Calcium 120
USGS 6324970 | 9/23/1980 14:15 925 Magnesium 86

USGS 6324970 | 9/23/1980 14:15 930 Sodium 380
USGS 6324970 | 9/23/1980 14:15 940 Chloride 11

USGS 6324970 | 8/28/1981 10:45 61 Flow 0.01
USGS 6324970 | 8/28/1981 10:45 95 Conductivity 1920
USGS 6324970 | 8/28/1981 10:45 915 Calcium 109
USGS 6324970 | 8/28/1981 10:45 925 Magnesium 56

USGS 6324970 | 8/28/1981 10:45 930 Sodium 240
USGS 6324970 | 8/28/1981 10:45 940 Chloride 8.3

USGS 6324970 | 8/28/1981 10:45 90095 Flow 1910

http://nwis.waterdata.usgs.gov/wy/nwis/gwdata/?site_no=06324970&agency cd=USGS
Data retrieved 6/4/2004
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Devon Energy Production Company, L.P.
20 N. Broadway, Suite 1500
Oklahoma City, OK 73102

November 7, 2006

Ms. Jennifer Zygmunt

Wyoming Department of Environmental Quality
WYPDES Permit Section -CBM

122 W. 25" Street

Herschler Building 4W

Cheyenne, WY 82002

Subject: Devon Energy Production Company L.P.

Technical Deficiency Response

Renewal WY0039781, Rawhide Creek B
Dear Ms. Zygmunt:
Devon Energy Production Company, L.P. (Devon) received the Permit Completeness Review Status Tracking
form dated 10/25/06, requesting supplemental information as part of the renewal application. Specific responses
to identified questions are provided below in a question-answer format.

Since this facility has discharged, please provide this data, or explain why the permittee indicated.

The estimated discharge per well is 3108 gpd/well as shown in Table 8. The water balance may be reviewed in
Tables 5A-1 through 5A-23 or 5B.

Please indicate the appropriate bonding authority for the reservoirs on this permit.

The WDEQ is the appropriate bonding authority for the two reservoirs constructed prior to September 1, 2005,
and previously unbonded. Table 8 has been modified to reflect this information.

Please provide an electronic copy of Table 8a (please e-mail to jzygmu@state.wy.us).

This particular renewal application did not have a Table 8a, but we believe that you are seeking Table 7e, the table
entitled Pre-CBM Conductivity and Sulfate. An Excel copy of Table 7e is attached on CD. This table was
provided to Steve Schreck of Applied Hydrology for Devon’s use by Eric Hargett, WDEQ permit writer, on
5/8/02.

Table 8d: Why was only the West Boundary mine data extracted and summarized? Is this data more
representative than the other two mine monitoring stations? Please provide a Table 8d summary table for each of
the other mine monitoring stations listed in Table 8a (East Mine Boundary and Above Spring Draw). For each
individual sample in these tables, please indicate the respective flow at the time of sample collection. Also, please
provide a simple diagram of where each of the mine monitoring points are in relation to the mine.

Rawhide Creek flows from west to east from Devon’s development area, across Highway 14/16, along the south
Devon Energy Production Company, L.P./2006/November/8/Permit Renewal/ HUC 10090208/ WY0039781
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Devon Energy Production Company L.P.
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Renewal WY0036277, Rough Draw Field
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side of the Buckskin Mine (WDEQ LQD Permit PT 0500), and east towards the Little Powder River. The West
Boundary mine data was extracted and summarized as it was clear the upstream monitoring site for the Buckskin
Mine, immediately below Devon’s area of coal bed methane development, and reflective of baseline historic
conditions prior to CBM development. The East Mine boundary is the downstream surface water monitoring
location for the facility, and could have reflected impacts from the mine. Flow information was not available for
many of the samples. Devon has expanded Table 8d per your request, but believes that the most representative
historic water quality reflecting pre-CBM ranch uses is the West Boundary Mine data. Figure 1E is attached
showing the location of these sites.

Have irrigation practices in this drainage changed since the original permits were issued? When and how is
water diverted by the downstream irrigator? It is our understanding that the downstream irrigator is able to
irrigate at any time when there is flow in the channel (i.e. there is not a threshold flow value that must be met
before he is able to irrigate). Please confirm this. If this is not the case, indicate what threshold flow value must
be achieved prior to irrigation being possible.

Devon met with Paul Rourke on Friday November 3, 2006. As shown on Figure 1E, the headgate for the
Rawhide Ditch is located in southwest quarter of Section 26 T52N R72W. Mr. Rourke confirmed that when there
is flow in Rawhide, he releases up to 0.1 cfs to irrigate a meadow he indicates is 100 acres in size. Water rights
filings state the diversion ditch has a capacity to support 298 acres. There is no threshold flow value which must
be met prior to diversion for irrigation. Mr. Rourke indicated he last irrigated from the irrigation ditch 4-5 years
ago. In 2000 the field had been seeded with an alfalfa and grass mix. Currently the only crops are crested
wheatgrass and smooth brome. Crested wheatgrass is moderately tolerant of salinity but smooth brome is
moderately sensitive of salinity, as is alfalfa.

Since the initial permit application in 2006, Mr. Rourke has begun watering his stock with groundwater and is no
longer using Rawhide Creek as a livestock water source. He has expressed no problems with the quality of water
available to his stock, which is currently 225 to 245 head of cattle for his 8,000 — 10,000 acre ranch, which is also
irrigated by the Little Powder River..

Devon appreciates WDEQ’s willingness to re-examine the available historic data on salinity and SAR before
establishing effluent limits protecting downstream users. According to Hanson (Agricultural Salinity and
Drainage, 1999), irrigation waters with electrical conductivity of 2,000 S/m accommodate a SAR of up to 11.7
with no reduction in infiltration. We would respectfully encourage you to acknowledge that the impacts to
agriculture from elevated SARs are mitigated by the elevated salinities when establishing outfall based limits. The
data collected in conjunction with the permitting and construction of the Buckskin Mine are useful for
determining the impact of irrigation water attributable to CBM effluent. Historically, salinity of the water in
Buckskin Creek has been high, greater than that discharged by Devon. Devon contends that the salinity at these
sites historically has been elevated compared to what is being discharged.

Please do not hesitate to call if you have any questions.

Sincerely,

T Mapey

Randall W. Maxey
Senior Regulatory Specialist

Devon Energy Production Company, L.P./2006/November/8/Permit Renewal/ HUC 10090208/ WY0039781
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Attachments:

Revised Permit Application with modifications
Figure 1E
Table 7
Table 7 (CD)
Rawhide Creek Section 20
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Table 7a: Pre-CBM Conductivity and Sulfate, Rawhide Creek

Conductivity

Location Date Flow (cfs) (umhos/cm) Sulfate (ug/l)
RHC Above Spring Draw 2/17/1983 0 2710 1510
RHC at East Mine Boundary 2/26/1988 0 2060 663
RHC Below Mine Access Road 2/26/1988 2.1 4920 2629
USGS at Hwy 14/16 3/6/1975 0.18 6100 4000
RHC Above Spring Draw 3/11/1981 0 5240 3440
RHC at East Mine Boundary 3/11/1981 0 3770 2410
RHC at West Mine Boundary 3/11/1981 1 5010 3280
RHC Above Spring Draw 3/24/1982 0 3050 1310
RHC at East Mine Boundary 3/24/1982 0 2180 969
RHC at West Mine Boundary 3/24/1982 0 4800 2850
RHC at East Mine Boundary 3/8/1984 0 4650 2240
RHC at East Mine Boundary 3/19/1985 0 3010 1470
RHC Below Mine Access Road 3/19/1985 0 3270 1720
RHC at East Mine Boundary 3/24/1986 0 3770 2090
RHC Below Mine Access Road 3/31/1987 1.6 4080 2960
USGS at Hwy 14/16 4/29/1976 0.6 5400 NA
RHC at West Mine Boundary 4/17/1979 0 4650 2920
RHC Above Spring Draw 4/18/1979 0 5010 3170
RHC at East Mine Boundary 4/18/1979 0 4750 3110
RHC Above Spring Draw 4/24/1980 0 5670 3720
RHC at East Mine Boundary 4/24/1980 0 5890 3840
RHC at West Mine Boundary 4/24/1980 0 5250 3250
RHC at East Mine Boundary 4/29/1987 0.73 2850 1460
RHC Below Mine Access Road 4/29/1987 0.87 5150 4260
RHC at East Mine Boundary 4/4/1988 1.31 4500 2239
RHC Below Mine Access Road 4/4/1988 1.42 6040 3008
USGS at Hwy 14/16 5/5/1976 1.3 6000 3800
USGS at Hwy 14/16 5/16/1978 3.5 5000 2500
RHC at East Mine Boundary 5/24/1982 0 4310 2730
RHC at West Mine Boundary 5/24/1982 0 4010 2870
RHC at East Mine Boundary 5/29/1984 0 4030 2190
RHC Below Mine Access Road 5/29/1984 0 5850 3440
RHC Above Spring Draw 6/22/1978 0 6075 3885
RHC at East Mine Boundary 6/22/1978 0 5830 3662
RHC at West Mine Boundary 6/28/1978 0 6160 3872
RHC at West Mine Boundary 6/13/1979 0 7590 5600
RHC Above Spring Draw 6/14/1979 0 7060 4920
RHC Above Spring Draw 6/1/1980 0 6780 4380
RHC at East Mine Boundary 6/1/1980 0 1490 378
RHC at West Mine Boundary 6/1/1980 0 7520 4820
RHC Above Spring Draw 6/11/1981 0.005 5740 4060
RHC at East Mine Boundary 6/11/1981 0.002 5880 4100
RHC at West Mine Boundary 6/11/1981 0.01 5960 4280
RHC Above Spring Draw 6/24/1982 0 3600 2340
RHC at East Mine Boundary 6/24/1982 0 4100 2650
RHC at West Mine Boundary 6/24/1982 0 4760 3760
RHC at West Mine Boundary 6/13/1983 0 6570 4570




Table 7a: Pre-CBM Conductivity and Sulfate, Rawhide Creek (2 of 2)

Conductivity

Location Date Flow (cfs) (umhos/cm) Sulfate (ug/l)
RHC Above Spring Draw 6/15/1983 0 2720 1380
RHC at East Mine Boundary 6/15/1983 0 2590 1240
RHC at East Mine Boundary 6/18/1985 0 1500 530
RHC Below Mine Access Road 6/18/1985 0 6520 5620
RHC at East Mine Boundary 6/16/1986 0 2500 1300
RHC Below Mine Access Road 6/16/1986 0 5890 4790
RHC Above Spring Draw 7/6/1981 0 7810 6010
RHC at East Mine Boundary 7/6/1981 0 6170 4570
RHC at West Mine Boundary 7/6/1981 0 7210 5350
USGS at Hwy 14/16 8/18/1976 6.7 1940 780
USGS at Hwy 14/16 8/16/1977 2900 2500
RHC at East Mine Boundary 8/30/1979 0 6670 5390
RHC at West Mine Boundary 8/30/1979 0 7040 4960
RHC Above Spring Draw 8/6/1982 0 2800 1610
RHC Above Spring Draw 9/18/1980 0 3530 2130
RHC at East Mine Boundary 9/18/1980 0 6400 4630
RHC at West Mine Boundary 9/18/1980 0 3860 2200
RHC Above Spring Draw 9/29/1982 0 2700 1030
RHC at East Mine Boundary 9/29/1982 0 3070 1410
RHC Below Mine Access Road 9/29/1982 0 6250 3950
RHC Above Spring Draw 9/16/1983 0 2660 1300
RHC at East Mine Boundary 9/16/1983 0 2690 1180
RHC at West Mine Boundary 9/16/1983 0 6910 3600
RHC at East Mine Boundary 9/12/1984 0 2700 1040
RHC Below Mine Access Road 9/12/1984 0 8130 4930
RHC at East Mine Boundary 9/6/1985 0 1120 147
RHC at East Mine Boundary 9/30/1986 0 1970 695
RHC at East Mine Boundary 9/30/1987 0.87 2170 909
RHC at East Mine Boundary 9/28/1988 0.37 1246 207
RHC at East Mine Boundary 10/26/1978 0 9100 6550
RHC at West Mine Boundary 10/26/1978 0 7780 5100
RHC at East Mine Boundary 10/29/1987 1.15 2210 654
RHC at East Mine Boundary 11/2/1977 0 4933 2987
RHC Above Spring Draw 12/9/1980 0 7010 5110
RHC at East Mine Boundary 12/9/1980 0 7450 5720
RHC Above Spring Draw 12/31/1981 0 5590 2440
RHC at East Mine Boundary 12/31/1981 0 4520 1970
RHC Above Spring Draw 12/30/1982 0 3700 1610
RHC at West Mine Boundary 12/30/1982 0 5700 3620
RHC at East Mine Boundary 12/6/1983 0 2830 975
RHC at West Mine Boundary 12/7/1983 0 7190 4740
RHC at East Mine Boundary 12/10/1984 0 1980 698
RHC Below Mine Access Road 12/13/1984 0 2080 879
RHC at East Mine Boundary 12/9/1985 0 3170 1800
RHC at East Mine Boundary 12/16/1986 0.65 2320 1050
RHC at East Mine Boundary 12/10/1987 0.97 1500 650
RHC Below Mine Access Road 12/10/1987 0.68 6830 4559




Table 7b: Comparison of Statistics on Sulfate (mg/L), during All Months and during the Irrigation

Season
Sulfate - Irrigation Season (April -
Sulfate - All Months September)
Mean 2854 Mean 3003
Median 2790 Median 3110
Mode 3440 Mode 2500
Standard Deviation 1598 Standard Deviation 1569
Sample Variance 2553190 Sample Variance 2461524
Kurtosis 1.009 Kurtosis 1.064
Skewness 0.214 Skewness -0.048
Range 6403 Range 5863
Minimum 147 Minimum 147
Maximum 6550 Maximum 6010
Count 100 Count 65
85th Percentile 4748 85th Percentile 4802

Table 7c: Comparison of Statistics on Conductivity (umhos/cm), during All Months and during the
Irrigation Season

Conductivity (umhos/cm) - All Months Conductivity (umhos/cm) - Irrigation
Mean 4610 Mean 4718
Median 4750 Median 5000
Mode 6100 Mode 5890
Standard Deviation 1898 Standard Deviation 1867
Sample Variance 3604031 Sample Variance 3487232
Kurtosis 1.014 Kurtosis 1.089
Skewness 0.055 Skewness -0.191
Range 7980 Range 7010
Minimum 1120 Minimum 1120
Maximum 9100 Maximum 8130
Count 101 Count 6610

85th Percentile 6780 85th Percentile 6640




Table 7d: USGS Monitoring Site at Highway 14/16

Specific
Date of Sample Conductance | Sodium| Calcium| Magnesium SAR Sulfate | Flow
(umhos/cm @ 25°| mg/L mg/L mg/L calculated| mg/L (cfs)
C)
3/6/1975 6100 4000 0.18
4/29/1976 5400 0.6
5/5/1976 6000 3800 1.3
8/16/1977 2900 2500

8/18/1976 1940 780 6.7
5/16/1978 5000 2500 3.5

Count 6 5 5
Min 1940 780 0.18
Max 6100 4000 6.7
Median 5200 2500 1.3
Average 4556.67 2716.00 | 2.46
Std Dev 1729.99 1290.84 | 2.70
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Table 7e: Rawhide Creek at West Mine Boundary

Specific
Date of Sample Conductance | Sodium | Calcium | Magnesium SAR Sulfate Flow
(umhos/cm @] mg/L mg/L mg/L calculated mg/L (cfs)
25° C)
4/19/1976 673 317 408 4.55 3470 0
6/3/1976 595 420 480 3.66 3898 0
6/28/1978 6160 675 403 495 4.12 3872 0
10/26/1978 7780 985 473 650 5.30 5100 0
4/17/1979 4650 472 347 368 3.29 2920 0
6/13/1979 7590 1033 382 704 5.47 5600 0
8/30/1979 7040 884 512 616 4.83 4960 0
4/24/1980 5250 530 415 408 3.48 3250 0
6/1/1980 7520 996 462 587 5.60 4820 0
9/18/1980 3860 435 204 310 3.42 2200 0
12/9/1980
3/11/1981 5010 543 375 391 3.67 3280 1
6/11/1981 5960 711 415 508 4.28 4280 0.01
7/6/1981 7210 1010 435 669 5.41 5350 0
3/24/1982 4800 445 348 346 3.18 2850 0
5/24/1982 4010 466 324 365 3.28 2870 0
6/24/1982 4760 633 438 450 3.98 3760 0
9/29/1982 6100 948 482 631 5.16 5090 0
12/30/1982 5700 606 435 462 3.77 3620 0
2/17/1983 3320 297 220 230 2.61 1800 0
6/13/1983 6570 803 465 588 451 4570 0
9/16/1983 6910 964 472 713 5.00 3600 0
12/7/1983 7190 863 331 712 4.59 4740 0
Count 20 22 22 22 22 22 22
Min 3320 297 204 230 2.61 1800 0
Max 7780 1033 512 713 5.60 5600 1
Median 6030 674 415 487.5 4.20 3816 0
Average 5869.50 707.59 | 394.32 504.14 4.23 3904.55 0.05
Std Dev 1356.72 224.73 | 80.65 143.12 0.87 1040.18 0.21

Devon Energy Production Company, L.P./2006/November/8/Permit Renewal/ HUC 10090208/ WY0039781




Table 7f: Rawhide Creek below Mine Access Road

Specific
Date of Sample Conductance Sodium | Calcium | Magnesium SAR Sulfate Flow
(umhos/cm @ 25° mg/L mg/L mg/L calculated mg/L (cfs)
C)
9/29/1982 6250 694 371 479 4.33 3950 0
3/9/1984 6160 494 411 417 3.22 3220 0
5/29/1984 5850 522 370 3440 0
9/12/1984 8130 724 663 4930 0
12/13/1984 2080 337 103 879 0
3/19/1985 3270 265 237 206 2.41 1720 0
6/18/1985 6520 988 367 725 5.18 5620 0
6/16/1986 5890 738 367 647 4.06 4790 0
3/31/1987 4080 467 338 386 3.20 2960 1.6
4/29/1987 5150 694 421 568 3.99 4260 0.87
12/10/1987 6830 799 443 592 4.50 4559 0.68
2/26/1988 4920 498 210 319 3.86 2629 2.1
4/4/1988 6040 488 371 366 3.38 3008 1.42
Count 13 13 10 13 10.00 13 13
Min 2080 265 210 103 2.41 879 0
Max 8130 988 443 725 5.18 5620 2.1
Median 5890 522 369 417 3.93 3440 0
Average 5474.62 592.92 | 353.60 449.31 3.81 3535.77 0.51
Std Dev 1592.34 200.20 | 75.46 184.95 0.79 1338.55| 0.75
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Table 7g: Rawhide Creek Above Spring Draw

Specific
Date of Sample Conductance Sodium | Calcium | Magnesium SAR Sulfate | Flow
(umhos/cm @ 25°] mg/L mg/L mg/L calculated mg/L (cfs)
C)
6/22/1978 6075 651 422 503 3.93 3885 0
10/26/1978
4/18/1979 5010 513 392 380 3.48 3170 0
6/14/1979 7060 842 482 654 4,51 4920 0
4/24/1980 5670 625 431 457 3.91 3720 0
6/1/1980 6780 711 479 585 3.99 4380 0
9/18/1980 3530 299 289 287 2.34 2130 0
12/9/1980 7010 819 514 737 4.16 5110 0
3/11/1981 5240 574 371 428 3.74 3440 0
6/11/1981 5740 506 472 553 2.91 4060 | 0.005
7/6/1981 7810 1050 362 799 5.28 6010 0
12/31/1981 5590 813 196 366 5.98 2440 0
3/24/1982 3050 354 162 195 3.44 1310 0
6/24/1982 3600 467 199 327 3.60 2340 0
8/6/1982 2800 275 233 216 2.46 1610 0
9/29/1982 2700 327 137 128 3.81 1030 0
12/30/1982 3700 424 210 205 3.92 1610 0
2/17/1983 2710 297 195 188 2.86 1510 0
6/15/1983 2720 398 115 182 4.10 1380 0
9/16/1983 2660 386 112 148 4.34 1300 0
Count 19 19 19 19 19 19 19
Min 2660 275 112 128 2.34 1030 0
Max 7810 1050 514 799 5.98 6010 | 0.005
Median 5010 506 289 366 3.91 2440 0
Average 4708.16 543.74 | 303.84 386.21 3.83 2913.42 | 0.00
Std Dev 1763.04 221.76 | 139.36 206.76 0.88 1517.49 | 0.00
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Table 7h: Rawhide Creek at East Mine Boundary

Specific
Date of Sample Conductance | Sodium] Calcium| Magnesium SAR Sulfate | Flow
(umhos/cm @ 25°] mg/L mg/L mg/L calculated] mg/L | (cfs)
)
4/19/1976 713 339 368 4,98 3793 0
6/2/1976 595 420 480 3.66 3898 0
11/2/1977 4933 472 360 315 3.48 2987 0
6/22/1978 5830 591 411 477 3.65 3662 0
10/26/1978 9100 1200 484 815 5.87 6550 0
4/18/1979 4750 504 347 396 3.41 3110 0
6/14/1979 6800 791 458 606 4.39 4700 0
8/30/1979 6670 848 415 682 4,52 5390 0
1/25/1980
4/24/1980 5890 668 433 487 4.07 3840 0
6/1/1980 1490 237 48 50 4.47 378 0
9/18/1980 6400 825 377 557 4.83 4630 0
12/9/1980 7450 883 572 791 4.31 5720 0
3/11/1981 3770 400 275 299 3.10 2410 0
6/11/1981 5880 669 402 524 3.99 4100 | 0.002
7/6/1981 6170 740 418 575 4.24 4570 0
12/31/1981 4520 562 229 272 4.61 1970 0
3/24/1982 2180 233 282 40 3.15 969 0
5/24/1982 4310 500 292 343 3.65 2730 0
6/24/1982 4100 542 244 353 3.98 2650 0
9/29/1982 3070 362 187 185 3.53 1410 0
12/30/1982 4000 435 231 228 3.82 1790 0
6/15/1983 2590 373 137 150 4.09 1240 0
9/16/1983 2690 380 110 129 4,52 1180 0
12/6/1983 2830 347 127 130 4.05 975 0
3/8/1984 4650 406 275 287 3.20 2240 0
5/29/1984 4030 403 251 2190 0
9/12/1984 2700 320 97 1040 0
12/10/1984 1980 279 83 698 0
3/19/1985 3010 255 207 173 2.52 1470 0
6/18/1985 1500 277 52 62 4,76 530 0
9/6/1985 1120 228 25 17 6.97 147 0
12/9/1985 3170 412 222 244 3.54 1800 0
3/24/1986 3770 420 262 259 3.46 2090 0
6/16/1986 2500 347 119 162 3.74 1300 0
9/30/1986 1970 311 60 83 4.69 695 0
12/16/1986 2320 364 158 110 4.39 1050 | 0.65
3/31/1987 3370 400 250 270 3.26 2100 | 4.19
4/29/1987 2850 391 142 205 3.76 1460 | 0.73
9/30/1987 2170 380 97 102 5.03 909 0.87
10/29/1987 2210 307 73 74 4,75 654 1.15
12/10/1987 1500 322 76 68 5.12 650 0.97
2/26/1988 2060 257 93 78 3.78 663 0
4/4/1988 4500 420 269 271 3.39 2239 | 1.31
9/28/1988 1246 228 31 22 6.17 207 0.37
12/14/1988 2226 242 164 102 2.98 889 0
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Table 7h: Rawhide Creek at East Mine Boundary

Specific
Date of Sample Conductance | Sodium] Calcium| Magnesium SAR Sulfate | Flow
(umhos/cm @ 25°] mg/L mg/L mg/L calculated|] mg/L (cfs)
C)

Count 43 45 42 45 42 45 45

Min 1120 228 25 17 2.52 147 0
Max 9100 1200 572 815 6.97 6550 | 4.19

Median 3170 400 237.5 244 4.02 1800 0
Average 3727.33 463.09 | 242.21 272.71 4.14 2214.96| 0.23
Std Dev 1883.15 212.35] 143.14 209.06 0.88 1616.73| 0.69
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Table 7i: Pre-CBM & Pre-Mining Agricultural Water Quality, Rawhide Creek

Specific
Date of Sample Conductance | Sodium | Calcium | Magnesium SAR Sulfate Flow Site Description
(umhos/cm @ mg/L mg/L mg/L calculated] mg/L (cfs)
25° C)

9/29/1982 6250 694 371 479 4.33 3950 0 Below access rd
3/9/1984 6160 494 411 417 3.22 3220 0 Below access rd
5/29/1984 5850 522 370 3440 0 Below access rd
9/12/1984 8130 724 663 4930 0 Below access rd
12/13/1984 2080 337 103 879 0 Below access rd
3/19/1985 3270 265 237 206 2.41 1720 0 Below access rd
6/18/1985 6520 988 367 725 5.18 5620 0 Below access rd
6/16/1986 5890 738 367 647 4.06 4790 0 Below access rd
3/31/1987 4080 467 338 386 3.20 2960 1.6 Below access rd
4/29/1987 5150 694 421 568 3.99 4260 0.87 |Below access rd
12/10/1987 6830 799 443 592 4.50 4559 0.68 |Below access rd
2/26/1988 4920 498 210 319 3.86 2629 2.1 Below access rd
4/4/1988 6040 488 371 366 3.38 3008 1.42 |Below access rd
6/22/1978 6075 651 422 503 3.93 3885 0 SD pre mine
4/18/1979 5010 513 392 380 3.48 3170 0 SD pre mine
6/14/1979 7060 842 482 654 451 4920 0 SD pre mine
4/24/1980 5670 625 431 457 3.91 3720 0 SD pre mine
6/1/1980 6780 711 479 585 3.99 4380 0 SD pre mine
9/18/1980 3530 299 289 287 2.34 2130 0 SD pre mine
12/9/1980 7010 819 514 737 4.16 5110 0 SD pre mine
4/19/1976 713 339 368 4.98 3793 0 E mine pre mining
6/2/1976 595 420 480 3.66 3898 0 E mine pre mining
11/2/1977 4933 472 360 315 3.48 2987 0 E mine pre mining
6/22/1978 5830 591 411 477 3.65 3662 0 E mine pre mining
10/26/1978 9100 1200 484 815 5.87 6550 0 E mine pre mining
4/18/1979 4750 504 347 396 3.41 3110 0 E mine pre mining
6/14/1979 6800 791 458 606 4.39 4700 0 E mine pre mining
8/30/1979 6670 848 415 682 4.52 5390 0 E mine pre mining
4/24/1980 5890 668 433 487 4.07 3840 0 E mine pre mining
6/1/1980 1490 237 48 50 4.47 378 0 E mine pre mining
9/18/1980 6400 825 377 557 4.83 4630 0 E mine pre mining
12/9/1980 7450 883 572 791 4.31 5720 0 E mine pre mining
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Table 7i: Pre-CBM & Pre-Mining Agricultural Water Quality, Rawhide Creek

Specific
Date of Sample Conductance | Sodium | Calcium | Magnesium SAR Sulfate Flow Site Description
(umhos/cm @ mg/L mg/L mg/L calculated] mg/L (cfs)
25° C)
4/19/1976 673 317 408 4.55 3470 0 W mine (wier)
6/3/1976 595 420 480 3.66 3898 0 W mine (wier)
6/28/1978 6160 675 403 495 4.12 3872 0 W mine (wier)
10/26/1978 7780 985 473 650 5.30 5100 0 W mine (wier)
4/17/1979 4650 472 347 368 3.29 2920 0 W mine (wier)
6/13/1979 7590 1033 382 704 5.47 5600 0 W mine (wier)
8/30/1979 7040 884 512 616 4.83 4960 0 W mine (wier)
4/24/1980 5250 530 415 408 3.48 3250 0 W mine (wier)
6/1/1980 7520 996 462 587 5.60 4820 0 W mine (wier)
9/18/1980 3860 435 204 310 3.42 2200 0 W mine (wier)
3/11/1981 5010 543 375 391 3.67 3280 1 W mine (wier)
6/11/1981 5960 711 415 508 4.28 4280 0.01 |W mine (wier)
7/6/1981 7210 1010 435 669 5.41 5350 0 W mine (wier)
3/24/1982 4800 445 348 346 3.18 2850 0 W mine (wier)
5/24/1982 4010 466 324 365 3.28 2870 0 W mine (wier)
6/24/1982 4760 633 438 450 3.98 3760 0 W mine (wier)
9/29/1982 6100 948 482 631 5.16 5090 0 W mine (wier)
12/30/1982 5700 606 435 462 3.77 3620 0 W mine (wier)
2/17/1983 3320 297 220 230 2.61 1800 0 W mine (wier)
6/13/1983 6570 803 465 588 451 4570 0 W mine (wier)
9/16/1983 6910 964 472 713 5.00 3600 0 W mine (wier)
12/7/1983 7190 863 331 712 4.59 4740 0 W mine (wier)
Count 50 54 51 54 51 54 54
Min 1490 237 48 50 2.34 378 0
Max 9100 1200 572 815 5.87 6550 2.1
Median 6000 670.5 411 480 4.06 3856 0
Average 5780.16 667.81 389.88 491.83 4.10 3848.85 0.14
Std Dev 1517.94 218.58 91.55 169.19 0.80 1227.83 0.44
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Table 7j: Agricultural Water Quality, Rawhide Creek, Downstream of Mining

Specific
Date of Sample Conductance] Sodium | Calcium | Magnesium SAR Sulfate Flow Site description
(umhos/cm mg/L mg/L mg/L calculated] mg/L (cfs)
@ 25° C)
3/11/1981 5240 574 371 428 3.74 3440 0 SD post mining
6/11/1981 5740 506 472 553 2.91 4060 0.005 |SD post mining
7/6/1981 7810 1050 362 799 5.28 6010 0 SD post mining
12/31/1981 5590 813 196 366 5.98 2440 0 SD post mining
3/24/1982 3050 354 162 195 3.44 1310 0 SD post mining
6/24/1982 3600 467 199 327 3.60 2340 0 SD post mining
8/6/1982 2800 275 233 216 2.46 1610 0 SD post mining
9/29/1982 2700 327 137 128 3.81 1030 0 SD post mining
12/30/1982 3700 424 210 205 3.92 1610 0 SD post mining
2/17/1983 2710 297 195 188 2.86 1510 0 SD post mining
6/15/1983 2720 398 115 182 4.10 1380 0 SD post mining
9/16/1983 2660 386 112 148 4.34 1300 0 SD post mining
3/11/1981 3770 400 275 299 3.10 2410 0 E mine post mining
6/11/1981 5880 669 402 524 3.99 4100 0.002 |E mine post mining
7/6/1981 6170 740 418 575 4.24 4570 0 E mine post mining
12/31/1981 4520 562 229 272 4.61 1970 0 E mine post mining
3/24/1982 2180 233 282 40 3.15 969 0 E mine post mining
5/24/1982 4310 500 292 343 3.65 2730 0 E mine post mining
6/24/1982 4100 542 244 353 3.98 2650 0 E mine post mining
9/29/1982 3070 362 187 185 3.53 1410 0 E mine post mining
12/30/1982 4000 435 231 228 3.82 1790 0 E mine post mining
6/15/1983 2590 373 137 150 4.09 1240 0 E mine post mining
9/16/1983 2690 380 110 129 4,52 1180 0 E mine post mining
12/6/1983 2830 347 127 130 4.05 975 0 E mine post mining
3/8/1984 4650 406 275 287 3.20 2240 0 E mine post mining
5/29/1984 4030 403 251 2190 0 E mine post mining
9/12/1984 2700 320 97 1040 0 E mine post mining
12/10/1984 1980 279 83 698 0 E mine post mining
3/19/1985 3010 255 207 173 2.52 1470 0 E mine post mining
6/18/1985 1500 277 52 62 4.76 530 0 E mine post mining
9/6/1985 1120 228 25 17 6.97 147 0 E mine post mining
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Table 7j: Agricultural Water Quality, Rawhide Creek, Downstream of Mining

Specific
Date of Sample Conductance] Sodium | Calcium | Magnesium SAR Sulfate Flow Site description
(umhos/cm mg/L mg/L mg/L calculated] mg/L (cfs)
@ 25° C)
12/9/1985 3170 412 222 244 3.54 1800 0 E mine post mining
3/24/1986 3770 420 262 259 3.46 2090 0 E mine post mining
6/16/1986 2500 347 119 162 3.74 1300 0 E mine post mining
9/30/1986 1970 311 60 83 4.69 695 0 E mine post mining
12/16/1986 2320 364 158 110 4.39 1050 0.65 |E mine post mining
3/31/1987 3370 400 250 270 3.26 2100 4.19 |E mine post mining
4/29/1987 2850 391 142 205 3.76 1460 0.73 |E mine post mining
9/30/1987 2170 380 97 102 5.03 909 0.87 |E mine post mining
10/29/1987 2210 307 73 74 4.75 654 1.15 |E mine post mining
12/10/1987 1500 322 76 68 5.12 650 0.97 |E mine post mining
2/26/1988 2060 257 93 78 3.78 663 0 E mine post mining
4/4/1988 4500 420 269 271 3.39 2239 1.31 |E mine post mining
9/28/1988 1246 228 31 22 6.17 207 0.37 |E mine post mining
12/14/1988 2226 242 164 102 2.98 889 0 E mine post mining
Count 45 45 42 45 42 45 45
Min 1120 228 25 17 2.46 147 0
Max 7810 1050 472 799 6.97 6010 4.19
Median 2850 380 195.5 188 3.81 1460 0
Average 3317.38 408.51 196.98 221.84 4.02 1756.78 0.23
Std Dev 1421.15 160.90 106.57 160.62 0.95 1186.33 0.69
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Table 7k: Mixing Analysis Parameters from Little Powder River above Dry Creek near Weston,
WY, Station ID# 06324970

agency cd site_ no | sample dt | sample tm | parameter cd | parameter name | result va

USGS 6324970 | 10/12/1979 8:15 61 Flow 0.01
USGS 6324970 | 10/12/1979 8:15 95 Conductivity 3000
USGS 6324970 | 10/12/1979 8:15 915 Calcium 140
USGS 6324970 | 10/12/1979 8:15 925 Magnesium 120
USGS 6324970 | 10/12/1979 8:15 930 Sodium 430
USGS 6324970 | 10/12/1979 8:15 940 Chloride 4.6

USGS 6324970 | 11/6/1979 13:00 61 Flow 0.01
USGS 6324970 | 11/6/1979 13:00 95 Conductivity 2740
USGS 6324970 | 11/6/1979 13:00 915 Calcium 150
USGS 6324970 | 11/6/1979 13:00 925 Magnesium 110
USGS 6324970 | 11/6/1979 13:00 930 Sodium 370
USGS 6324970 | 11/6/1979 13:00 940 Chloride 11

USGS 6324970 | 7/14/1980 15:10 61 Flow 0.01
USGS 6324970 | 7/14/1980 15:10 95 Conductivity 2630
USGS 6324970 | 7/14/1980 15:10 915 Calcium 130
USGS 6324970 | 7/14/1980 15:10 925 Magnesium 89

USGS 6324970 | 7/14/1980 15:10 930 Sodium 370
USGS 6324970 | 7/14/1980 15:10 940 Chloride 11

USGS 6324970 | 9/23/1980 14:15 61 Flow 0.01
USGS 6324970 | 9/23/1980 14:15 95 Conductivity 2540
USGS 6324970 | 9/23/1980 14:15 915 Calcium 120
USGS 6324970 | 9/23/1980 14:15 925 Magnesium 86

USGS 6324970 | 9/23/1980 14:15 930 Sodium 380
USGS 6324970 | 9/23/1980 14:15 940 Chloride 11

USGS 6324970 | 8/28/1981 10:45 61 Flow 0.01
USGS 6324970 | 8/28/1981 10:45 95 Conductivity 1920
USGS 6324970 | 8/28/1981 10:45 915 Calcium 109
USGS 6324970 | 8/28/1981 10:45 925 Magnesium 56

USGS 6324970 | 8/28/1981 10:45 930 Sodium 240
USGS 6324970 | 8/28/1981 10:45 940 Chloride 8.3

USGS 6324970 | 8/28/1981 10:45 90095 Flow 1910

http://nwis.waterdata.usgs.gov/wy/nwis/gwdata/?site_no=06324970&agency cd=USGS

Data retrieved 6/4/2004
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Section 3.0

Certification of Compliance with Chapter One, Section 20 of the
Wyoming Water Quality Rules and Regulations
for Devon Energy Production Company L.P. (Devon)
CBM Discharge Permits within Rawhide Creek Watershed

3.1 Introduction

Rawhide Creek (RC), a tributary to the Little Powder River (LPR), has several tributaries in the Kitty Oil
and Gas Field area northwest of Gillette, Wyoming. This permit is located on a tributary of Rawhide
Creek at a point where there is approximately 1 square mile of upland watershed. The land use within the
Little Powder River drainage has been mining and dry land ranching, with a small amount of
conventional oil and gas development. This semi-arid region receives between 11 and 16 inches of
precipitation per year. There are flood-irrigated lands found along the floodplain of Rawhide Creek at the
confluence with the Little Powder River. The predominant rangeland plant species within the drainage

include alfalfa hay, mixed brome-alfalfa hay, crested wheat grass hay and native hay.

3.2 Inventory of Flood Irrigation or Subirrigation

Irrigation surface water filings were acquired in September 2000, from the WSEO, and are tabulated in
Table 4.1 and plotted on Map 1. Filings were acquired from the development area, downstream along
Rawhide Creek to the Little Powder River. The WSEO filings suggest there are 1424 acres of permitted

irrigated lands along the drainage channel below the CBM wells proposed to discharge to Rawhide Creek.

Figure 4.1 is an infrared image of Rawhide Creek to the Little Powder River taken in September 1974.
Potential irrigated areas are outlined in yellow. The locations of irrigated areas in Figure 4.1 were
obtained from the GIS coverage for irrigated agricultural areas from the Spatial Data Visualization Center
(SDVC) at the University of Wyoming. The SDVC dataset for croplands of Wyoming was interpreted
from 1:58,200-scale National High Altitude Program (NHAP) color infrared aerial photography. The
photos, which were taken in 1980-1982, were interpreted and land use designations were hand-drawn
onto plots produced at the same scale as the photos, using a light table. The plots were then digitized as
polygons into ARC/INFO 7.0.2. The coverages were field checked in only two counties, both outside the

Powder River Basin.
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Approximately half of the mapped irrigated areas do not correspond with the red (dense live vegetation)
areas in the color infrared satellite imagery plotted with it. Spot-checking of a few locations indicate that
many of the areas identified as irrigated are actually upland cropland. The comparison of mapped
irrigation areas with the red (dense live vegetation) areas in color infrared satellite imagery is
considerably better along the main stem streams. Nevertheless, these comparisons indicate that the
irrigation layer generally shows more area as irrigated or subirrigated than in the color infrared photos.
Mapped irrigated areas within the Rawhide Creek watershed are located exclusively at the confluence of

Rawhide Creek and the Little Powder River, consistent with the irrigation filings.

Map 2 is a composite orthophoto acquired from aerial photos taken in October 1994 of the drainage.
Dark areas along the creek bottom suggest zones of sub-irrigation or irrigation. These areas were
compared with the current filings in Table 4.1 from the WSEO. Orthophotos, conversations with
landowners and ground survey indicate active flood irrigation using Rawhide Creek water in only one

area.

The Rourke Ranch, located at the confluence of Rawhide Creek with the Little Powder River, is actively
irrigated using an extensive system of ditches. This ranch is located 13.1 stream miles downstream of
Devon’s proposed development area. There are 656 acres permitted by WSEO for irrigation in Sections
14, 23, 26, 27, 34 and 35 of T52N R72W. Currently, 298 acres of the Rourke Ranch are irrigable by
Rawhide Ditch with Rawhide Creek water. Water from Rawhide Creek is diverted into a ditch in the SW
corner of Section 26. This diversion ditch irrigates 1.5 to 2 miles of fields before joining a tributary of the
Little Powder River in Section 23. Irrigated crops include crested wheatgrass and smooth brome. Mr.
Rourke seeded these crops, along with alfalfa, seven years ago but the alfalfa did not germinate due to
lack of water. Due to the drought of recent years, the area has not been irrigated by the irrigation ditch in
over 4 years. Mr. Rourke’s current yield of crested wheatgrass and smooth brome is estimated at 1
ton/acre. Approximately 225-245 head of cattle are raised on the 8,000 to 10,000 acre ranch, which
includes lands irrigated by the Little Powder.

3.3 Soils

Soils found within the irrigated area on the Rourke Ranch have been evaluated by BKS Environmental

Associates. This study includes results of six soil samples taken within the irrigated area and descriptions
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of soils. The locations of these soil samples have been plotted on Map 1. This study has been included

as Section 5.0.

Available yield and permeability data specific to these soils are provided in Table 4.2. Yield data from
the Farm Bureau’s of Campbell, Sheridan and Johnson counties are also provided in Table 4.3. These

data show the great variability in crop yield throughout the region and by reporting source.

34 Agricultural Suitability of CBM Discharge Water

In the unlikely event that CBM water does reach the irrigated lands, these waters will not have an adverse

effect on agricultural productivity.

CBM waters anticipated for discharge are pH variable (pH 6.3 — 8.3) sodium bicarbonate waters with
total dissolved solids from 495 to 1690 mg/l, specific conductance from 661 to 2500 micromhos/cm and
SAR values ranging from 2.3 to 14.1. CBM water quality is presented in Table 6 (37613 & 39781) or
Table 3(36277) of the permit application form (Section 2.0). CBM water quality data, as related to

agricultural suitability of CBM waters, are summarized in Table 4.6.

Water flow and quality in Rawhide Creek near the Rourke Ranch are largely dependent upon storage
discharge from an upstream coal mine. The Rawhide Mine is located east of Highway 14/16 along the
eastern border of the Kitty area, in Sections 31, 32 and 33 of T52N R72W and Sections 4, 5 and 6 of
T51N R72W. Rawhide Creek joins the Little Powder River approximately two linear miles downstream
from the eastern monitoring point of the Rawhide Mine. Due to the presence of this mine, water quality
of Rawhide Creek has been monitored for many years. Data collected at the western boundary of the
mine (above mine activity influence) are presented in Table 4.5. Rawhide Creek waters are slightly
alkaline, saline (specific conductance ranging from 1,668 to 11,170 umhos/cm), sodium sulfate waters
SAR values range from 1.66 to 10.32 for thirteen samples with an average of 5.5. Salinity and sulfate

values exceed standard water quality criteria for irrigation.

Tables 6A in WY0037613 and WY0039781 and Table 3 in WY0036277 are mixing analyses that
provide a projection of downstream water quality. As the conductivity rises, no impact, SAR thresholds
will be easier to achieve. It is anticipated that as water flows down the channel, salinity will increase,

thus minimizing the potential for decreased infiltration.
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The infiltration capacity is more sensitive to the SAR and specific conductance in the irrigation water than
is the soil permeability. The exchangeable sodium percentage (ESP) in the soil is typically used to
evaluate effects on soil permeability and crop production. Hanson et al. (1999) gives the relationship
between SAR and ESP in the soil as:

ESP = (1.475*SAR) / (1+0.0147*SAR)

Using this relationship and a maximum adjusted SAR for CBM water discharge of 14.9 (the highest value
observed to date), an ESP of 18.02 is calculated for soils irrigated or sub irrigated entirely with CBM
discharge water. Comparison of the estimated ESP with tolerance levels of various crops in Table 4.5
shows that alfalfa hay, mixed brome-alfalfa hay, crested wheatgrass hay, and native hay grown on the
Rourke Ranch would not be affected by direct use of CBM discharge water due to their tolerant status.
Sodium and SAR tolerance values for these crops were not available however; ESP has been shown to be

an effective measure of the potential for soil swelling (Hanson 1999).

To further demonstrate that saturation of agricultural soils with CBM water will not adversely influence
the soil infiltration potential, additional analysis was performed. Devon retested the soil samples from the
Rourke Ranch after saturation with undiluted CBM water collected from the Greater Kitty area. The
chemical analysis of the water used to saturate these soils is presented as Table 4.9. The results of this
testing are presented in Table 4.10 and shown visually in Figure 4.3. This figure shows that saturation
of these soils with CBM water will not adversely affect the vast majority of soils present on the Rourke
Ranch. This demonstration does not take into account that as CBM water flows down the channel,

salinity will increase, thus minimizing the potential for decreased infiltration.

3.5 Compliance and Monitoring Points

To ensure that agricultural lands are not adversely influenced by CBM water, Devon requests that
irrigation compliance monitoring be conducted at a point downstream of Devon’s lowest reservoir within
the Kitty field on a weekly basis. This point is located on Rawhide Creek in TSINR72W6NWSW. This
Irrigation Monitoring Point (IMP) is shown on Figure 2.1 of the permit application. It is labeled IMR
(RC2). Devon proposes a limit of 6.0 on SAR and a limit of 5000 umhos/cm for specific conductance.

These limits are comparable to the average natural water quality as shown in Tables 4.4 and 4.5.
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The WDEQ was also requested that three water quality monitoring stations be included within this
permit; one on Rawhide Creek at the mouth and two on the Little Powder River above and below
Rawhide Creek. Devon’s proposed points are listed in the table below and shown on the attached Map 1.
These points shall be monitored should discharge from Devon’s lowest containment units occur from

Devon’s Greater Kitty facilities discharging to the Rawhide Creek drainage.

3.6 Conclusions

Flood irrigation is practiced 13 miles downstream of the CBM discharge, on the Rourke Ranch. Other
landowners with water rights were unaware of the WSEO filings and do not practice flood irrigation.
Soils in the fields range from loam near the irrigation head gates to fine grained clay loams in the

downstream portions of the fields.

Natural water quality of Rawhide Creek is very saline, moderately sodic, sodium sulfate water, unsuitable
according to standard range management guidelines for irrigation. The CBM waters are moderately
saline, moderately sodic, sodium bicarbonate water (Hanson 1999). Work with saline waters with
elevated sodium contents suggests that SAR values are less detrimental to infiltration as salinity values

rise.

There are two potential scenarios where CBM water will be used all or in part to irrigate downstream

agricultural lands:

If there is a downstream call for water from downstream irrigators, Devon commits to comply with this
request and open low-level gated discharge pipes on its reservoirs. Devon will attempt to manage this
controlled release of CBM water with natural runoff from storms or snowmelt. Water of salinity greater
than 2200 umhos/cm is preferable for irrigation and Devon will test all water before release. Devon will
also work with the ranch manager in testing of water, irrigated soils, and productivity of agricultural
lands. Devon is unable to control reservoirs which exist downstream of this development area.

Discharge will not detrimentally influence agricultural production downstream either short term or long-
term. There are two areas of irrigation between the discharge points and the Powder River. These areas

grow hay and alfalfa that are tolerant of saline water.

Devon Energy Production Company, L.P./2006/November/8/Permit Renewal/ HUC 10090208/ WY0037613
Page 3-5



3.8 References

Applied Hydrology Associates (AHA). 2000. “Evaluation of CBM Water Discharges for Compliance
with Agricultural Use Water Quality Main Stem Study Tier 1 Report”. Denver, CO.

Applied Hydrology Associates (AHA). 2000b. “Section 20 Tributary Evaluation, LX Bar Creek,
Campbell County, WY”. Denver, CO.

Art O'Hayre Ph.D. 2002. Unpublished Tributary Monitoring Data for PAW. Applied Hydrology
Associates.

BKS Environmental Associates, Inc. August 2000. “Devon Irrigation/ Soil Suitability Investigations for
Rawhide Creek.” Gillette, WY.

Greystone Consultants, Inc. November 1999. “Supporting Water Quality Data for Characterization of
Coal Bed Methane Discharge and Receiving Waters, Kitty Field, Little Powder River Drainage”.
Englewood, CO.

Hanson, B., S. R. Grattan, and A. Fulton. 1999. “Agricultural Salinity and Drainage.” Division of
Agriculture and Natural Resources Publication 3375, University of California, Davis. 180 pages.

Lowham, H. W. 1988. “Stream Flows in Wyoming” Cheyenne, WY. U.S. Geological Survey Water
Resources Investigations Report 88-4045.

Rourke, Paul. Personal communication with Brenda Schladweiler of BKS Environmental Associates Inc.
June 10, 2000.

Suarez, D.L. 1981. “Relation between pH and Sodium Adsorption Ratio (SAR) and an Alternative
Method of Estimating SAR of Soil or Drainage Waters.” Journal of the Soil Science Society of America,
Vol. 45. Pp. 469 — 475.

United States Department of Agriculture, Soil Conservation Service.  1939.  “Soil Survey
(reconnaissance) Campbell County Wyoming. Series 1939, No. 22

United States Department of Agriculture, Soil Conservation Service. 1986. “Soil Survey of Sheridan
County Area, Wyoming.”

United States Geological Survey. Water Resources Data System Water Quality Database. Available at
http://www.wrds.uwyo.edu/wrds/dbms/hydro/stcty-1.html

Wyoming Spatial Data Clearinghouse. http://wgiac.state.wy.us/wsdc
Wyoming Oil and Gas Conservation Commission Coal Bed Methane Field Production by Drainage.
Available at http://wogcc.state.wy.us/crmsprod.cfm

Devon Energy Production Company, L.P./2006/November/8/Permit Renewal/ HUC 10090208/ WY0037613
Page 3-6


http://wogcc.state.wy.us/crmsprod.cfm

S40 0 3MY18 YHEOZ13..ON3SNMOL AlddNS MVHQ 4330 | 9YTS38 MG XO08 rav 0D pueT SiN-AusmL MSIS ct [4 £L 5 aovicld
3 JINNINLONISNMOL 3d4Tm
S40 0 VI8 YHOZ13 HOLIQ Syl MYHC X08 ray ¥4 0D pueT SEN-QUSML MSIS Zl Z £ ig YEVEILED Qovieid | 966¢€L
AlddNS MYHQ d330

S40 980 ONISNMOL 3 IINNT HILIG Mvad 4330 =k=1] MYHJ 4330 rav 03 pueT siN-Rusm MSMS L [4 [ 1S YSYE/LED | 080 Ld | 8GeEl

VI8 VIOV LONISNAMOT MYEQ 4330 WOQ ¥yl 4330 rav 03 pUBT oiN-AuaMm L MSMS [ H £L X9 as0gitd

‘3 BINNINLONISNMOL "G O3MIINIM
$450 0 INVIB VHOZT3..ONISNAMDL AlddNS MYHO 4330 | 9urS3y APHA X088 rav ‘00 puen aN-AusmL MSMS [ [4 €L 15 asvield
3 IINNINLLONISNMOL Q34 TiM
S40 0 MY Y0213 HOLG EE]] MYAQ X088 rav 5l 00 pueT BliN-Auam L MSMS Li [4 [ 5] VEPE/LED | AQ9%iZld | 9G6EL
AdddNS MVYYQ 4330

140V 8iy FHOWTT H VIOA] SN 3AIMMYYE INT Ayt H3FHD 3CIHMYY Nd ININOY NB MSMN Ol SE [43 g Y6EQ/BED H188¢d [
130V gly 3YOWTI H VIGAT S34 JCIHMVYY IN3 EEl HIAFAHD ICHMVY Nd AINOY jned ASMN Ot D [ 25 Y6e0/8ED H1892d | 0Zvvl
140V gy IHYOWT3 H YIOAT S3M JAIHMYY IN3 oyl AJIHD IAIHMYY Nd HIN0Y ned MNMS Z 5 24 14 YBEQ/BED Hi892d achpi
140V 81y IHOWTA H vIGAT S3 FAHMVYY TINT ED AIZHO IAHMYY Nd MNAY Ined ASMN (4] ve [ [ YBEM/RED ¥189¢d ozbyL
140V 8ly JHOWTI H VIOAT ST 3JIHMVYY INT il AIFYD 3CAHMYY Nd SYINOY ey 3S3N £l |23 [43 5 haXie] H189¢d 0Zvri
140V P18 FHOWT3 HWIGAT S3Y 3AHMYY Rl A33HD UMY nNd AN0Y ned 353N €L (3 4] [£] Y8LLIFED dveid T /8611
S40 9t 0 FHOW3 H VIGAT HOLIG Z# 3aIHMYY Ayl AIFAHD AHMYY rgv S DNCY Ne AN3IS 14 ve 2l 25 VEPO/BED Qelveid | vivpl
S30 9t o JHOWIT H VIGAT HOLId 3AIHMVYY INT BRI ©33YD FCIHMYY and 3%ninoy ined INAS € ye 4] 25 YBEO/BED 31262d | 6ibvl
S40 80 3UOWTT 'H ViGAT HDLIJ 3GIHMYY INT Hyl H3360 IAHMY S rgy g SHINOY B INWN < e [ 4 YBEO/BED Jiledd Blypl
S40 Y FHOWTI H VICAT HOLIQ Z# 2QIHMYY Bl A33HD 3CIHAAYY ray Ll 8XN0Y jned 3NN 4 Pe 4] ZS YEPO/BED Qeiveid | vevbl
S40 L0 FHOWTI H VIOAT HOLIG 3GIHMYY INT L AHIYD JCIHMYY rav < S%Noy ined 3535 ol /2 2 Z5 VBEO/BED 3i/62d | 6lbbl
S40 109 EECEENT] HO1IG NOLS3Nd EED 3N HIOMOd 31111 rav 4 SHIN0Y [NB 353N €L 9z Zi 25 YyyO/EL D Qsesst GELS
S350 B3] FHOWII H VIGAT HOLIQ Z# JAIHMVYY 3l #3340 3AIHMYY rav SZ AMN0Y ned MSMS 1 9z [ 25 VEVO/BED | AZipCid | bebvl
S42 9l'0 3¥0W13 H VIAAT HO1IQ 30IHMYY NS oy A334D JCIHMYY rav I3 IHNGY N MSMS L 4 [ 25 VBED/BED 31/62d | 6lvvt
S43 Sep JHOWI3 H ViCAT HOLJ 3aIHMYY =] A33HD 3AIHMYY ray [43 YN0y Ined MSMN Ot 9z [ Zs V6.L/PED {/889d 98611
S32 SCh 3¥OW1I3 HVIGAT HOLIG 3GIHMVY A H33HD ICIHMYY ray A 24N0Y Ney AMN3S ] 9z [ 25 ¥8LLIMED 4/889d | 8861L
S40 SCy JHOWTI H VIOAT HOLIG 3AIHMYY j=ta1] AIIHD FOHMYY ray [ 44 AMNoY Ny MNMS 2 gz 22 <3 VBLLIVED a/889d 88611
S30 44 EEIRENNION] HO1IQ 30IHMYY el A33H0 IAIHMVYS rav ;NIN0Y Ineg MN3IN 5 oc [43 Z5 YBLLIPED {/8839d 88611
S40 Sy JHOWTS 'H VIOA] HO1IG 3aHMYY BRI M33Y0D JAIHMVY ravy [43 AIN0Y Ined MNIN S 4 [ [4] VE6LLYED | O/8B9d | 886LL
S40 09 3FHOWT3 IMIN HOLIG NOCLSTHd el H3IARN ¥IAMOC 1L rav 8¢ AMINOY Ned aNES L4 ac [ Zs Y¥rO/ELD asessL Sels
S40 SZy FHOWT3 H VIGAT HOLIQ 3AIHMYY i AIZHD FAHMYY ray g NINOY [NEg INMS € ac [ [49 YBLLIVED 1/889d 88611
S40 Sy JHOWI3 HVIOAT HO1IG 3CIHMYY EE HI3IHD IAIHMYY rgv ot MINOY |NBY INMN [4 9z ¢l [45 YBLLIPED Q48834 | 88611
S40 08 JUOWTI IHIN HO1IO NO1S3dd ol H3AR §30MOQ ITLILIT ray SHINOY Ineyg ANMN [ gc 2L 4 Vyb0ieLD aselsl SEiS
S30 409 FHOWTI WA HOLIQ NOLS3dd i=k=l] HIARY HIOMOd 3L rav [ SHINOY INed AN3N L 9C [ [45 YyyO/ELD Qsessl SELG
S40 Ei44 FHOWT3 HVITAT HOLIO 3QIHMYY ] A33HD JAIHMYY rav 9 axnay jned 3838 9L €z [ z5 Y8/LWED | Q/883d | 886LL
S42 09 JHOWTI IMIN HOLIQ NOLS3Yd it HIA YIOMOd 31LLIT rav SC SN0Y ey 353S 9l €C [ 4 Yro/eld aselst SEL8
$42 Sy 3HOWTI H VIOAT HD11d ICIHMYY ol AIFUD IAHMYY ray [o1:4 N0y ned 3SMS Sl £C [ &5 V6LLIPED /889 88611
S42 SZy FHOWT3 H VIOAT HOLIA 3AIHMYY oyt 3340 3GIHMVY ragv 6E ANOY [Ned ISMN vl 34 ZL 4 Y6/ LIPED Q/889d | 889611
S40 STy SHOWT3 H VIGAT HOLIJ 3QIHMYY EE] MIIHO IAHMVYY ray ya N0 jned 3S3N €l [34 2L Zz5 YBLLPED G/889d B86{1
S40 09 FHOWTI IMIN HOLIQ NOLST¥d R HIAR HIOMO 3L av 0 AMINOY e 3S3N el 4 [ 4 Ypro/ELd qasessl | sels
S40 sZy EEIEIGELN] H2L10 JAHMYY =1o1] HIFHD IAHMYY rav 0¢ 3XINoY Ined AS3S zL £Z [ 25 V6LLIPED Q/889d | 88611
S40 STy EEEN RN HO.11Q 3AIHAMYY oy 23340 3CAIHMYY rav Vi IN0Y ined MS3N [ £Z [ 4] VBLL/VED /8894 88611
EEs) Sty 3HOWT3 HVIOAT HOLIJ AIHMVYY =Rl #3340 3AIHMYY avy [ 8%NoY jned AMN3S 8 34 [4) 25 VBLLIPED Q/889d | 88611
S40 08 IHOWIT InW HO11Q NOLSINd =221 ¥IAA H30MOd 3L ragy I ANINOY NEy MNIN S £ [ cs Yryo/eLo asesst SelS
530 209 SHOWTE 3MIN HO.LIQ NOLIS3¥d =21 H3IAR HIAMOd 111 rav INoY Ined 3N3S v £ [43 z5 Yre0iel 0 Qge/561L GELG
S40 209 JHOWTI MW HOLIJ NOLS3¥d EEl H3AR ¥3I0MOd ITLLN fav [ AN0Y ned 3N3S 4 34 [ 4 YPrO/ELD ase/al 1 6845
S42 sy FRAOWT3 H VIGAT HOLId 3AIHMYY BRI M334D FAIHMYY oy 13 3%INoY INEd INMS 3 34 [ z5 ve/LveDd | O/88Sd | esbil
S43 209 FHOWTI 3MIN HOLIG NOLSI¥d A HINH ¥IOMOG FTLLT rgvy & SXINOY fneg INMN 4 [34 [43 Z5 Yreo/ielD [V GELS
sS40 09 EESREESY HOLId NOLSIdd EE H3IAN H3AMOd FTLLT rav 8l PUNCY [Ne 3N3SN L €z 93 25 Yoyl 0 [N 5845
S40 209 IHOWT3 MW HOLIQ NOLSINHd Hyi H3AI YATMOG 371407 rav 4 N0y neg 353S El vi [ Zs YhPOELD aselsl GELS
S40 09 3IHOWT3 N HOLIQ NOLSHNd EED ¥IAY ¥3OMOd 3TLIT rov [ IINOY Ned ISMS Si Pl [ 5 YErO/iELD Qeel5L SELG
$40 208 3HOWI3 IHIN HO.LIJ NOLS3Nd ERT HIAR HIOMOd 311117 rav o€ BINCY ined 3SMN ¥l 7l ZL [4 YrYO/ELD Qsessl GELS
S42 209 SHOWTE MW HOLIG NOLS3¥d oA HIAN HIOMQL ITLIN [k 8 MINOY ey 3S3N €l vi [ zs YyrO/EiD QSELGL GE/S
$40 09 JHONTI IAIN HOLIO NOLSIHd el H3AR HIAMOd 31110 rgy 2 BIN0YH jned MSIN 5 [ 4] 25 Yrr0i€lD Qsessl | 6e/S
S840 09 IHOWIT IMIN HOLIJ NOLS34d SR HIAR HIOMOd 371N ray 3 a%N0Y jned AMNIS 8 7L 2] 25 N4 e) Qsesst GELS
840 408 FHOWTI SHIN HOLIG NOLSTIHd =] 3NN ¥IOMOd 3L ravy BN oY Ined ERNER] [4 4 [ 5 YryoicLD JSesGL Seds
S40 09 SHOWTI 3NN HOLIO NOLSTHd R H3AY ¥3AMOd 3T1LLIT rav {3 Inay ined 3NMS € vl [4 s YrvO/EL D QSEL6L | 6e48
$40 409 IHOWTH MW HOLIG NOLS38d Hul HIAIY ¥3OMOd LI rav ot RN0Y ned 3NMN 4 [ [4) 25 YrrO/ELD asessl | GEJS
S40 408 FHOWTI IMIN HOLIG NOLSINd ¥4I H3AE ¥30MO 3L rav &6t BN0Y Ined ININ L vi Z. 43 YryO/iELD (sesst GELS
530 650 ASNOOY 0 WA HONOY ¥l SHOUHT ONIAYN ray 0t 3NMN [4 4 [7] 1 agszitd
S40 650 AINOOY O WM HONOY o SHOHYT ONINYN rav [4 IN3N 3 [4 [ [T ag/ziig
S42 650 AINOOY G AWM HONOY =R SHOYYT ONIAVYN rgy SEl AMNMN 9 € [4] LG aeiziid
$40 650 AINQOY ‘0 WM HONOY yu SHO¥NT ONINYN av g MNIN S € ZL 15 J9/clig
Hun iy uesyddy aweNAIdRY asp paweN snels | salay Jsumopue} BOMID N [ oes [ Buy [ sul | onwduag Aanddy | wiudd

AR 19pMOd 3N 0} X249 IDIMEY O} #3210 SPIUMEY JO SAUZINGLL ‘0002 IShBNY ‘SBURSH UOREBI OISA L5 S1GEL

Page 4-1



S40 [¢] IAYIG YHOZ13..ONISNAMO L AlddNS My¥A 9350 | Ju'S3y MYAG XO8 rav 00 pueT siN-Aiuam | 3NIN 3 ol €L 5 Qovicid
3 FINNINWONISNMOL 03447M
e ) [¢] IHVI8 vyOZT3 HOLId ST MYHG X0 rav S 03 pUET SliN-Auam | ANSN L s} €L LS YEPE/LED Qevizid | 956¢E1L
AlddNS MVHA 43370
NIAD H'H ¢k HOLId NIAID WOG MY XITHT AYE-V-ININ rgv 0D pueT aiiN-AusM | 3S3S 9l [ €L s Qzeesid
N3AID HH L# HOLIQE N3AID WOQHYHI AIZHD YvE-Y-ININ rav S G3 PUET SlN-RIUSML 3538 gl 6 £/ 15 aisesld
140V 8/¢ NIAID H'H N3AID WOQ ¥l A33HD HYE-V-3NIN ONd 02 PuET aiN-AlusM] 3838 9l 6 €L [ dPEssd
140V 8/E NIAND HH NIAID WOG ¥i A3FHD HVG-Y-ININ Nd 0D PUET SIF-FUBM 3535 91 6 [¥3 [ ¥peoZd
140v | 8¢ NIAID H'H S34 NIAID P AH33YD HVE-Y-ININ ond 00 PUET BiN-FiUaM ] EEES El 6 [¥i [ VZ9EI6ED HYE9Td | 10EGL
140v 8/¢ NIAIQO H H SIYNIAID ot AIIID ¥vE-Y-ININ Nd 00 pue’ apN-Auas ] 3538 9 6 €1 15 VESE/BED HPEGCd | LOESL
FER) 200 NIAIOD 'H H HOLIQ Z# NIAID Rl A33H0 Wvg-v-ININ and 0D pue? ajiN-Alusmy 3838 gl 6 €4 1S Vi9e/6e0 | Ge9Ecid [ GOEGL
S40 8z 0 N3AID H H HOLID L# NIAID ] M33HD ¥YE-V-ININ and 00 pueT} apiy-Ailiom | EEES 91 [ L 1S YOGEBED Gi9eZid | 66¢G1
S40 820 N3AID H'H HOLIG L# NJAID o AI3AD HvE-v-3ININ ray S 03 puet apn-Auany 3835 gl 6 €L [ YvOge/6el | Q19eeLd | 662G
140V 8t NSAIS H 'H NIAD WOJ &3 H33¥0 Hva-v-3ININ Nd 00 PURT S{tN-Ajuam [ ISMS Si B £ g HpE32d
140V 8/¢ N3AID H'H S3IM NIAID M HITHD HvE-v-ININ Nd 0D pue? sN-Ajuam [ dSMS St 8 £ 1S YZOE/6ED Hre9Zd L0gs L
S40 vio DIVIEVIOZTE HOLIQ MYHQ d330 EEl MYHd 439G fav 00 pue a(N-Aiusm ] 3535 9l € €L 1S YOe/LED | O80%LLd | BSEEL
IMVI8 YHOZTV..ONISNMOTL MY d330 WOG ¥yl 4330 rav’ 00 pUET SiIN-AIUBM T 3S3S gl € €L 15 asosiid
3 JINNIWON3SNMOL ‘0 d3Y4INIM
S30 0 Y18 YHOZ 3. ONISNMO L AlddNS MYHQ d330 | 8I'S3y MYHQa X08 rav 00 pueT apw-Aluam | 3538 ED € €L 33 qoevicid
‘3 FINNIN.ANISNMOL 3M3TIM
$40 %) DVIG VHOZ 13 HOLIQ EEN MYH3 X08 ray oL 00 pue} aiy-Ajuamy 33835 El £ €L [ VEVE/LED | QOviZid | 9S6E1
AlddNS MYNA 4330
S30 60 IHYIG vHOZ13,.ONISNAMDL MYHEA X08 WOGQ Hai MYHQ XC8 rav 00 pueT} aiN-AlusmL ISMS St £ €L ig doistiid
3 BINNINGONISNMOL ‘G Q334INIM
S42 £V 0 IAVI8 YHOZ13 HOLIQ AMYHQA XO8 Sl MVYH3 XO8 rav S G2 pueT aniN-Aluam ISMS Sl £ [ iS5 Verelled Qoloild | GSBEL
140V 8 3MYI8 YHO0Z13 S3d MVNQ J330 WOQ Hy! MG 4330 ONd 07 pueT sjiN-Ausm] 3SMN 7L 3 [ LS YPPEIZED db6evid | /SBEL
140V 8 VB YHOZT3 S34 MVHA 94330 WOQ ¥t MYT d330 Nd 00 pueT ain-Ausm | 3SMN vl € €L [ VYPYEIZED ¥BZrTd | /GBEL
S42 820 GONISNMOL G M HOLId MYS3 d330 WOQ Hai MY¥0 4330 aNd 00 pueT sjiN-Aiusm] ISMN i € €L [ VLIPEILED a80giid | 086EL
130% 8 IXVI8 vHOZT3,.ONIENMO L MVH0 4330 WOQ ¥l MVHT d330 ond 0D pueT apn-Aam [ ISMN vl € €L 5] S A4
‘3 IINNIN B G O3u4INIM
140% 8 N8 VHOZ13..ONISNMOL MVYHQ 94330 WOQ ¥t MYHQ 4330 Nd 00 pueT anN-Ausm] ISMN v € €L IS HBZYed
‘3 3INNIW ® G AI¥4INIM
EER] L0 N8 YH0Z13 HOLIQ MYN0 4330 Hui MVH] 4330 and 00 pueT siN-Ausm] JSMN [ 3 ) g Yove/ZeD | 080%Ld | 6G6EL
$40 980 ONISNAMOL I SINNIN HOLIQ MVNQ J330 Hul MYHJ 4330 and 00 PUBT SIN-AUBM ] ISMN vl € € \S YSPEILED UB0RLid | BSAEL
3HYI8 YHOZTY..ONISNAD L MV 4330 WOQ ¥t 433G ravy 00 puet apnN-Aiuamy 3SMN ¥l € €L 18 Q8091 id
'3 SINNIN.ONISNMOL 'C IYHNIM
S40 00 VI8 YHOZT3 HOLIG L# EEEl) MYHA X08 ravy S ‘0D pueT aliN-Ajuam | MSIS [43 € €L 153 YOpE/LED Q609Lid [ €56E1
S40 0 INYI8 YHOZ13ONISNAMD L AlddNS MvaQ d33d | YuI'Say MYHQ X08 rav 07 pueT aiN-Aluam ] MSMS [ € [ 1§ Qovieid
‘3 JINNINGONISNMOL 03841
S40 60 3NVI8 YHOZ13..ONISNMG L MVYHQ XOd WO M MYH3G X088 ray 03 pue aji-Aiusm MSMS 1 € [ A 1] aoiotid
3 3INNINGLONISNMOL ‘G A384INIM
IMOVIB YHOZ13..ONIFSNMOL 53 WOQ MY MYHQ XOd ravy g 00 PUET Blin-Ajuam ] MSMS L € 3 1g aJsogttd
3 BINNIN.ONISNOML O3d3INIM
S40 0 DIVIE YHOZT3 HOLIQ p=2=l] MYHA X08 and 0D pueT sp-Aiuam[ MSMS it £ [ 15 VEVE/LED dasevicld | 956€L
AlddNS MVYHU 4330
140v 3 ONISNAMOL 5 JINNIW S34 MYHA X08 Rl MYY¥Q X0d OnNd 0D puet apy-Ajusm MSMS L € [ 1S YBELILED ¥8602d | TO6EL
140V 33 ONISNMOL 3 3INNIN S3d MvHJ XO8 g MYHA X08 Nd ‘0D pueT BiiN-Aiusm [ MSAMS Ly € [ s VBEE/LED "8502d | ZS6EL
S42 £r 0 IHNVIA VHOZTT HOLIQ MVYYQ X08 Hdl MYHa X08 and GO PUET STIN-Auem] MSMS L € [ [ YZPe/LED Q0iglid | GGEEL
S30 £0 GNISNMOL G M HJLIQ AMYNa X08 R MVYYG X0g and 00 pueT siiN-Auam] MSMS b £ £ [ VivEIED Q0LoLid | pGBEL
1407 P} VTG VHOZT3..ONISNARD L MYHA X088 EET MvQ X088 raov 00 pueT SfiN-Qiuamy_ MSMS m € €/ 13 H8502d
‘3 SINNIN..ONISNMOL ‘0 O3M-INIM
140v [ ONISNMOL T 3INNTIW S34 Mv¥Q X088 EEI MYH3 X0g Nd 00 puen afi-Aluam] MSAMN oL £ £ LS VBEL/LED 485024 Z56EL
140V £€f AYIE YHOZ13,.GNISNAO L MYHG X0 EET MYHT X08 ravy 00 pueT spN-AlsmL MSMN al € €L 23 H8502d
3 3INNIN..ONISNMOL 'C Q34 HINIM
S40 980 GN3SNMOL 3 JINNIW HOLIg MY¥T ¢330 EE] MYHQ 4330 ravy 00 pueT SiN-Alusm [ ASMS Sl Z [ iS5 YGve//€D | 0B09LLd | 95681
MY YHOZTY..ONISNMDL MYET 4330 WOQ Ul EEER] rav 00 pueT SINAUBML 3SAMS St [4 €r 15 asosiid
3 JINNIN.ONISNMOL 'd Q3¥HINIM
S350 [3} IIVIE YHOZ 13..ONISNAMD L AlddS MVYHQ 9330 | ¥d1'S3y MYHQ XOd fav 03 pue ofiN-Ajusm | 3ISMS St 4 €L 3] asvieid
3 SINNIWLONISNMOL GId4TIM
S40 0 I8 vHOZTT HOLIg EEET MYHQ X0 rav ot 00 pueT epn-Auamy ISMS Gt Z €L i1 VEPE/LED | d9v/Cid | 9GBEL
AlddNS MYXG ¢330
S42 980 ONISNMOL 3 JINNIW HOLIO MVYSd 4330 o MY 4330 ray 0D pue 9IN-Ajuam] MSIS 43 Z [ LG VGYEILED J80%Lid | 8GEEL
VI YHOZ V.ONISNAC L MYH(Q 4330 WOQ Y <330 fav 03 pueT at-Riusm MSES [43 [4 €l 3 asostid
3 FINNIN.ONISNMOL ‘G O3HAINIA
n iy jueonddy awenNAjioeq asn LIweN SNeIs | sany laumopue] HOMHD AOMD 935 | buy [sul | oNwuuad Radgy | wuid

J2A1 JopMmOd SIII 03 ¥3310 SPIUMEY O1 %8313 BPILMEN JO SIUEINGLL ‘0002 1SNBNY ‘SBUNST UoneBuI] O3SM 'L’V 2jae]

Page 4-2



S42 10 AWG T YHONT HOLIQ 8 Avd dli AIIHD FCIHMYY and 3NMS € 0c [ LG VBBEBED | O66/€1d [ BOESE
S0 10 ATVQ T YHONTT HOLIQ L# AWA 2T A33HD 3AHMYY ray S 3NMS € 0z €L 15 VESE/6ED | d66/ELd | BOESL
Ee) 200 AWG T YHONTT HOLIO 9# ATVG i H33HO FqIHMVY GNd 3NAS B [i4 € i YBOE/BED | O86/Eld | JOEGH
S40 00 ATVA T YHONI HOLIQ o# ATV i A33HD IAIHMYY Qv 0 SNMS £ [¢[4 [ [ Y88e/6£0 O86/Eld | LOEGL
140V [34 EXCIERTERY) S3¥ 319v3 oyl MI33H0 3AHMYY nd INMS € 114 €L 0s v88Y/L¥D ¥GELZd | 9659)
FNLLNT ONOYd 1SYE
140V 134 ERBIENIEIT) ERDEE] ot HWAIHO 3CIHAMYY Nd INMS € ¢4 P 0s ¥seLd
FLLT ONO¥d 1SV3
140V iy 1OVI W 3IvH S34 319v3 3l A33HD IAIHMYY Nd IS0, SWATY SRBUILE [ O] INMS € oz €l 0s YB8Y/ILYD dGELed | 96591
140V [§4 ERRTENTEICS EEEERLIE] EED M3FIH0O 3AHMYY Oond INMN z [54 €L 05 YBRP/LYD USELES | 96561
F1LLT ONOYd LSY3
140V Ly ERCERTEICS] EEEERSLE] BT HF3HD ICIHMYY Nd INMN C ac €l [ v8sy/ivD AGe/2d 96691
LT ONOYd 13v3
140V i ERRENTEIN] 370V3 EE REER RV ond INMN [4 4 €L 0s HSE/Cd
LT ONOYJ LSv3
140V [i4 ERDrERVEIRTY ERBEE] BT A33H0 IAHWYY Nd ANMN 4 0z €l 0% §sEL2d
F1LLT ONONd 1Sv3
140¥ 134 379v3 W 31w $3¥ 319v3 i MI3YD IqHMYY Nd ISR SUIATTY SBUTH Cf uyog INMN Z oc €L 05 Y88vILYD ¥SESZd | 96591
140V iy ERERIEIND] HOLIG 319v3 o3 HI3HD 3AIHMYY ray 150, FUIAVT Saurg] [ uyor INAN [ 4 €L 05 vesy/iLyD | GEL/Cld | /669l
140V 384 S3INIH NHOT 091 HYUI'OLS A UNOSSIN ond 1511 I samy | uyof 3835 gi Ll €L 0% HP6Eed
130V 1%4 SANIH NHOP 091 HHI'OLS JBAI UNOSSIP Nd ISNLL ANACT SSUT [ wyof 3535 9l ) €2 0% HPeEed
EARLERAEINS) HOLIG 310V3 i) HIZHO IAIHMVYY rav X 1SN ] RUIATT SAUIE] T Uyop MS3S [ 21 €L 05 VEe8PILYD | ACL/Zid | /6591
S40 9.0 ERRVERLEINY] HOLIG 319v3 Hyl AIIHD 3AIHMYY rav 18 1SN, FUTATY S f wgof MSMN O it €L 05 VEBP/LPO QeLiZid | 26591
S$40 9.0 379v3 W3LYHY HOLIG 3710V N A3IHD FAHMYY ray ¥4 1SNI ] AACY SB[ Wof MS3N [ L €l 0s vesv/ivD | Qtlitid | /6591
S42 9.0 ERPLERIERD] HOLIG 370V3 it HIIHD ITHMYY gy G 1511 FUATFY Sau | uyof MNIS 8 F3s €L 0S8 veav/LrD QeLiZld | /8591
S340 8.0 3790V W 3LvH H21Ia 319v3 ==i) %3FHD 3AIHMYTY YN 26 ISALE AUIALT SaUIf uyop MNMS L Ll €L 0s aeisZid
S40 LE0 AWG L NHOM HOLIg ATV WOGQ o3l A33H0 3AiHMYY [§o)d 9 00 puen sjN-Ajuam] MS3S ¢l Sl [ g VGLPIGED | Qel8ed | 16421
Sd42 LE0 ATV L NHOP HOLIG AVa WOQ Mt AIFHD IAHMYY rav Gl MSMS i Sl €L 1S YGLPISED Jc/86d [
S40 280 A1vQ LT NHOr HOLId ATVd WOa Sy REELE S RVAT] rav G MS3IN 6 Sl £l 15 VGIPIGED QqelB6d | 16/21
N3AID H'H H# HDLIOE NAAID WOQ ¥ HZFHD HYE-Y-ININ rav MNMN El SL €L L Qi8egid
530 820 NIAID H H HOLIG L# NIAID oyl HIFUD Hva-v-ININ rgy S MNMN 9 Gl £l 1S YO9E/6ED algeZld | 66251
NIAID HH L# HOLIGE N3AID WOQ di AT3HO ¥vE-v-ININ rav MNIN El Sl [ 15 galseeid
EE) 8¢0 N3AID H H HOLIQ 1A NIAID B H3FUD NVE-V-ININ rav S MNIN S St [ g YO9E/BED | OLOEZLd | 66251
S42 60 IMYIE YHOZ1d..ONISNMOL MYHQ XC8 NOQ Mt MYAQ X08 ray 03 puRT siN-RusA] MNMS Z L [ [ acisiig
‘3 FINNIN..ONISNMOL 'C O34 IINIM
FER) €0 ON3SNMOL M HOLIQ MY¥Q XO8 ol MYHQJ XO8 rav oL 00 puet ajn-Aiusm | MNMS A ti €4 13 Yipeised | GOLSlid | ¥G6eL
S40 820 ONISNAMOL G M HO1IG MVYHQ 4330 WOG ¥yl MYHQ d330 ray 00 PueT SN-Ausm] MNAN ] Ll £ ig VLIVEILED ds0dLid | 096€EL
INYIE YHOZV..ONISNAMDL MYHQ 4330 WO ¥yt 4330 rav 00 pue sfin-AUSML MNMN 9 [ [ 5 Q808LLd
3 JINNIW..ONISNMOL ‘G O394iNm
$40 [6] IHVIE VHOZT5.-ONISNMD L AlddNS MYHCG Jd330 HHI'STY MYH3 X0 ray 03 PUET SNAIUSM L AMNAN 9 1) €L 39 asvizid
3 3INNINL,.GNISNMOL J3¥4TIM
S40 0 IAVIE Y0213 HOLid =211 MYHQ X008 ray Si 03 puen siiN-fHusm] MNMN 9 L [ ig VEPEILED asvicld | 9s6El
AlddNS MYNd 4330
£42 980 ONZSNMOL '3 3INNIN HOLIQ My¥0 4330 i MYHT 4330 ray 0 pueT siN-Rusm [ MNIN S 1 €L LG YGpe//ED | A809Lid | 8SBEL
IAVIE YHOZ W ..ONISNMO L MVYHQ 4330 WOGQ ¥yl <330 Qv 00 puET SfiN-Aluam MNIN S 3 €L 3% asoglid
‘3 BINNINL.ONISNMOL ' 03 FINIM
S40 0 INVIE YH0Z13..ONISNMOL AlddNS MvH0 d330 | HEi'S3y MYEQ X0 rav 00 pueT siN-Riuam] MNIN S [ €L L5 Qovizid
_3 3INNINLONISNMOL G341
$40 0 MG VHO3 HOLIG EEE] MyHQ X08 rav ER 00 pue eiiN-Aiuam MNIN S [ €L 5] YEPL/LED | Q9viZid | 9GeEL
AlddNS MYSQ 6330
S40 400 NIAID H H HOLIJ Z# NIAID Ml AFH2HD HYE-V-3ININ fav S 0D puet spiy-Aiuam | MSIS [43 0l [ LG Yi9E/BED | QZotlid | DOES)
NIAID HH L# HOLIGE NIATD WOQ M A33Y0 ¥vE-v¥-3NIN ray ‘00 pueT SjN-Ajusm MSEMS iy 0L £l LS QL9eZid
S42 80 N3AIS H H HOLIG L# NIAID it M350 ¥vE-v-3NIN ray g “0D pue SN -Aiuam MEMS il Ol €L is YO9e/BED aigecid | 66251
N3ANO HH Z# HOLI N3AID WOG yyl HI3HD HYE-V-ININ ray S 0 puen s{iy-Ajuam MSMN ol Ot €L LG geeeeid
S40 60 IMVIE VHOZ13..ONISNMOL MYHQG X08 WOQ Ht MV¥Q X08 rav 03 pue? apn-Aiuam 3IN3S v ol €l (13 Qoistid
‘3 IINNINLONISNMOL ‘T O3INIM
S42 £0 ONISNMOL 'd M HO1iG MyHa X0d Hyl MYHG XO8 Qv ii ‘03 pueT apN-Ajuiam ]| 3N3S 14 0} £ LS ViveILED aoleiid | pS6EL
EE) 60 IAVIE YHOZ13..ONISNAMOL MY X08 WO MWYHG X08 ravy 00 pue SiR-AUSMT INMN Z oL €L 1G aoigiid
‘3 JINNINLONISNAOL ‘0 Q3MZINIM
S33 £r0 IAVIE YHOZ13 HOLIQ MYHQ X083 Pis]] MYNQ XO8 ray 4 0D pueT afi-fuem ANAMN 14 o [ 16 YevelLeD | QOLSLLd | SGEEL
540 820 ONISNMOL M HOLIQ MY¥Q 4330 WOQ ¥yl MYH0 d330 ray G3 PUE] STN-AUBML 3N3N 1 ol £ 15 YipesLed 10809Lid | 096EL
IHVI8 YHOTY.LONISNMOL MY¥O 9330 WOGQ ¥yl 4330 Qv 00 pueT aN-fiusmy AN3IN L 0 €L 2] asoetid
3 FINNIN.LONISNMOL ‘G GIH-HINIA
Hun wy Jueayddy sweNAuoed asn jaweN Smjeig | saloy Jsumopue 4H00 AOMD | 0ag | buy [ sul | oNMuuag Aodddy | wudd

191 J3pMod 3] 01 %3249 IPIYMEY O1 ¥93J) IPIUMEY JO SaURINGL] '000Z ISNBNY ‘SBUNSIT UOREBIL] OISM “1°b S1qeL

Page 4-3



S40 T /20 SHORS '8 SIAYT HOL1Ig 3SIUNNS =] MYHQ XY rgy "00 pueT spiN-Ausm [ INMS € X4 €L 1 YOLL/ILYD 1 AZiogld | ELyol
S4D 0 SMOI '8 SIWYP HOLIQ ASINNNS yN MYHQ XY ray 00 pueT SjiN-Ausm] 3NMS € LT €L g YoLL/LPD | OClotid | ELpSl
S42 £20 SHOIY ‘g SINVP SIENNS Ml X rgv ¥ 00 pUET SiA-AUSA | 3NMS € 2 [ [ gzioeld
$40 L20 SHOIM '8 SIAYT SIFNNS ! Xy rQv € 0D pueT ajiN-Ajusm] INMS € LT [ X gelotid
EEl] L00 SHORM '8 SIWVP HOLIQ X1y o A33HD Gnd 00 pUET BIN-AuBm] 3NMS € 2z [ 3] V6.PISED | QveSlld | §6/21
JAHMYY HONYXE
$40 £ro SYMIIY 1390168 HOLIQ £SV3 Hi EEE] ray 00 pueT SiN-AUBME INMS £ LZ €L LG V8LPISED JdeB9lid | pSLzZL
3AHMYY HONYYS
S$40 3 SHORE € SIAYT HOLIQ 1# X1 WOQ dyi M33WO rav S 00 pueT SfiN-RusmT INMS € e €L 16 YIPPIED Qvyied | 58/01
30IHMYY HONVHE
S40 el A3AYYH v QT08VH HOLIQ AFAMYH EEE]] REE e} and ‘00 pueT spiN-Ajuam] INMN Z L2 €4 15 YiLpGeD ] Q26Skid | €572
3AIHMYY HONYXE
140v 6L SHORM 13901 S3d ASANVH WOQ ¥4t M3340 ond 00 pueT spiN-Aluem] INAMN [4 22 €L 5 YOLVISED HEshed | Z6/ch
JAHMYY HONYYE
140v 4 SHOM 1390188 S34 AFAMYH WOQ ¥y EEE}Te] Nd 00 pue aN-fusm] INMN Z 24 €L [ VS.Lr/SED weskid aslel
SAHMYY HONYYE
sS40 evo SHOI L39014E HO11Q 1Sv3 oyt REE0) rav £l ‘02 pue siiN-Ajuam] 3SMN ¥l [44 €L 16 VBPIGED | Q6O Ld | vGiZt
JAHMYY HONYNE
S42 el ASAMYH Y QI08VYH HOLIQ ASAMVH EE]] REER W] rav oL 07 pueT spin-Riusm | MS3S ZL [44 €L X5 YLLPIGED | QC6%iLd | €6/21
3AHMYY HONYHE
S0 el ASAMYH ¥V OTOHVH HOLIG A3AYVH i PEEe) ravy €C 0D PuUBT SIN-ATUSM] MSIN 6 (44 €L 1 YLLVISED | QEedtld | €52l
FAHMYY HONYYE
S40 [ AJANVYH Y QTOPYH HOLIQ ASAYYH p=tel] REENT] rav [ 03 pueT aiN-AUSML MNIS El 44 €L iq YLLPISED azegiid | €5/21
3AIHMYY HONYSE
S40 3 AIAMVYH ¥ GI0UVH HOLIG AJANYH EED REELS] rav [ 00 pueT siiN-Riuam ] MNIN S (44 €L 2] VLLPISED | UCBSiid | €521
JAHMYY HONYHE
sS40 0 SHOIY 139018 HOLIQ 1Sv3 EED NEERe] rav S 00 pueT aliN-Alusm INMS 3 [44 [ 1§ YBLVISED | OL6SLid | vGIZE
JAHAMYY HONYYE
$42 vo0 AVQ YHONTT S# HOLIA ATVQ dl A3 3AIHMYY rgy 8L MNMS L 4 [ LS ai6.ELd
S30 800 ATVA YHONST ¥# HOLIJ ATYC Uyt REEE R rav #L9 MNMS / ¥4 [ g Qas6leid
S40 Y00 ATYQ YHONT €# HOLIQ ATVa R AIIHD FCIHMYY rav € MNMS / 14 €/ 16 aseield
S32 900 ATYQ VHONTT Z# HOLIQ ATva ¥l AIFHD ICHMYY gy Z MNAS 4 1z €L [T aréitid
S40 00 ATYQ T v3ONIT HOLIQ 6% Avd i %3340 ICHMYY rav 81 MNMS ] ¥4 €L G V96660 | QuB/€1d | 90RGE
$40 600 ATVA T YHONT HOLId v# ATVQ i A33HD IAIHMYY and MNMS 4 ¥4 £ tS Y9E/6£0 Jo6/ELd | GUEGL
sS40 600 ATVG T VHONIT HOLIQ v# AV R AF3HD SCIHMYY rav vig MNMS ] ¥4 [ g Vo9E/BED | 096/ELd | GOESE
S40 Y00 ATVG T VHONIT HOLIQ e# ATVT SR A33HD FAHMVYY and MNMS L 4 €L LS VYSOe/BED | USHLELd | pOEGL
S40 00 ATWG T YHONIT HOLIQ €4 ATVQ o A33HD FCAIHMYY ravy £ MNMS £ (¥4 £l LS YSOE/6ED gse/eid | poest
$40 900 ATvQ T YHONTT HO1IQ 2# ATVG ol AIFHD 3AIHMYY and MNAMS A Lz [ [F YYoe/6eDd | Ap6lELd | €0EGL
§42 Q00 ATVQ [ YHONT] HOLId 2# ATYQ gy A334] 3AIHMYY rav [4 AMNMS Z iz [ 1S YPoe/eed | Grb/Eld | £0EGE
S40 00 ATVQ VHONIT 6# LHDLIg ATWa ol AIZHO 3AIHMYY ravy i MNMN 9 %4 [ IS J108ELd
$340 900 ATYG YHONTT Z2# HOLIg ATva i H33480 30IHMYY oy D MNAN 9 ¥4 £/ [ aysieid
S49 €00 A3 YHONTY 1# HOLId ATvd Bl A33HO FOHMYY rav ZZ MNMN 9 %4 €/ 1g aes/eld
S42 L00 ATVQ T YHONTT HOLIG 64 AV it AI3IHD FOIHMVY and MNMN 9 ¥4 €L LS ViI/E/6ED | QLOSELd | GLEGL
S30 00 Avd T YHONTT HOLIQ 6# ATvQ ol A33HO IAIHMYY rav L MNMN £l T4 €L LS YI/E/BED Qloseid | ULEGL
$30 900 ATVQ T YHONIT HDLIA 2# ATVG Y AFIHD FCIHMYY ray g1 MNMN 9 ¥4 €L 1S YYOL/EeD ayeleld | €0EGL
S40 £00 AWG T YHONTT HOLIG i # ATVQ Sl HIFHD FAHMYY and MNMN 9 14 €L g veSE/BED | QeslEld | COEGt
$42 €00 AVQ T YHONTT HOLIGQ 1# ATVQ a3l HI3D 3AIHMVY rav 143 MNMN 9 LT [ LG YESE/BED | QEB/ELd | Z0ESE
140V (14 ERGIERTEIN S34 310V3 B A3FHD SAHMYY nd MNZN S [\f4 €L 05 VBBY/LYD dGELCd | 9B5S)
37447 ONO¥d [SV3
140V 52 EXBIERTERZ] EABEE] 2R AIFHO FAIHMYE Nd ANIN S oz €L 05 HGELZd
31LLT ONO¥d 1SY3
ERbLENVEIC S35 379v3 | H334D 3qIHMYY Nd MNEN S [\ €L [ vasriLyD HGELZd | 96591
S40 600 AYQ VHONTT L4 HOLIG AVa M A33YD IAHMYY rav il aN3S [ oc £ LG gseleld
S40 900 ATYQ YHONIT 9# HOLId ATvQ Mt XA33HD 3AIHMYY rav 07 ERNER] )4 0z £ 15 a86/eid
S40 00 ATVG YHONTT S#HOLIQ AVC o AIIHD AGHMVY ravy 160 3N3S [4 0¢ [ [l G/6.81d
EEN) %] ATva T YHONT HOLIQ 4 ATva Yl A3340 IAHMYH rav il 3N3IS [4 oc €L 1S Vege/eeD | dee/tid | 80est
S40 00 AWA T YHONTT HOLIQ % ATva Bl A33HD SAHMYY rav 07 3N3S |4 oc [ 15 vB9E/BED | O86/ELd [ Z0EGL
S32 00 ATYa T YHONTT HOLIJ S# AV A H334D 3AIHMVYY and 3NIS v 114 £ G ViSe/6ED | Qu6/ELd | 90€6)
540 ¥00 ATvQ T vHONI) HOLIA S# ATVG Al A3 AIHMYY rav 160 3N3S \4 [¢}4 €L [ VZIGE/BED di6/ELd | 90ESL
540 100 AW VHONIT B8# HOLIG AWO EEl H33H0 3AHMVYY rav S0 INMS 3 0z €L [ Q008tid
530 600 ATVO YHONTT L#HDLIA ATva i AIIAHD IGIHMY ray S SNMS € [ €L 15 Qssscld
$420 900 AT¥GO VHONT 9% HOLIQ ATva i HIIHD 3CIHMTY rav [ 3NMS € [} € 18 assield
EEfe] 100 AWWG T YHONTT HOLIg 8# ATVQ EEl A33HD JCIHMYY and INMS € 0¢ £L 5 v0/E/6€0 | Q008ELd | BOEST
S32 100 ATV T YHONTY HOLIQ 8% Avd B AZ3HD 3AHMY'S ray S0 INMS £ 02 €L 15 YOLL/6ED | QODBELD | 60EGL
Hun wy jueayddy aweNAived asn LauseN smeys | saioy Jumopue OO Homp | 295 | Buy | sul | onpuiiag AaNddy | wiudd

J9AR 13pMOd 3IUH] 0F 49913 SPIUMEY O} #5313 BPIUMEY O SSUEINGIL '000Z 1SNBNY ‘SBURS UOREBLU] OASM 1 b SIGEL

Page 4-4



130V [ SO g SIWVT S3Y Xid WNOQ i REEIST] Nd 00 pueT siiN-Ausam] MNIN S ve €L s YOre/LED H6G5ld | PBIOL
IAHMYY HONYNE
S30 420 SHOIY ‘g SINVYT HOLIGQ ISIHNAS Hat MVYHGT Xy and 00 pue ofi-Aiuem [ INAMN Z ve €4 [¥] VSLLIUYD Qci0tid | €iv9L
S40 0 SHOIY '8 SINVT HOLIQ ISIHNNAS R MY X1 and 0D pUeT SIN-RAUSML INAMN 4 e €L X VOLiL/AYD GCI0ELd | €ipS)
EER) L0 SHOR '8 SIWVT HOLIQ ISHINNS ] MYHQ X1y rav ‘0D pueT Si-Ausm | INAN [4 [ €L [ YOLLAYD | QZLOELd | ELpol
S40 0 SMOIM '8 SINVT HOLIG 3SIMNNS ol MY XY rav 00 PueT aiN-FusM] INAN 14 ve [ LS Y81 L/LvD acloeld | £1y9t
540 LT Q SHOIM 9 SINVT HOLIO SSIEUNNS it AMYHO Xid ray 00 pueT ajiN-Ajuam] INAMN Z e €4 1S VOLLILPD QZi0tid | €Iyl
S40 [¢] SHOIM ‘5 SIWYT HOLIQ 3ISNNS ¥l MYHT X ravy [4 00 pueT eiipy-Aluam | INMN Z e £l 1] YaLL/AYD Gclocid [ e1vol
S42 20 SHIIM '8 SIWVr SIHNNS ol Xy ray 00 puen siN-Auam ] INAMN [4 [ [ \s Qeloetd
EW) 40 SHOIY '8 SIAVT SIINNS Al Xy Qv 4 03 pueT ajiN-Auam | INAMN 4 ve €L 1 Jzi0eld
S40 GC0 SHOIY 8 STNVT HOLIO Ze X1y WOQ ¥ REEHe] ray 8i 00 puET SIA-AIUBM] INMN Z e €L X< VEPPIED Qsvied 98201
MY HONYHE
sS40 3 SHOIY '8 SIWVT HOLIa 1# X WOO ¥4I REEH) ravy L ‘00 pue eiiy-fiuam INMN z ¥e €L 39 YibPILED avpled | 58/01
30HMYY HONYME
S40 SE0 INVHO 337 HOLIQ 3NVHD Rl AI3H0O JAIHMYY aNd INMS £ LE £l LS VSEE/LED apeZeid | 1G6EL
S40 ) ENECEER HOLIQ INVYED il H3IFH0 IAIHMYY rav INMS € L €L 1G YBEL/ZED | OpBetld | 1G6EL
$40 9e 0 INVYD 331 HOLIQ 3NVYHO L=l A33H0 IAHMYS ray 9 SNMS € L€ €L iG aveceld
S33 9t 0 3NYHD 337 HOLIQ SNVEO oy ¥33M0 IGIHMYY favy INMN Z Le €L LG Y8ECI/ED | apeZeld | LGEEL
540 9c0 ENLESEER HOLIJ 3NVYND Rl AFFHD FAHMYS rav Ll INAMN Z e €L 15 avéeeid
540 90 INVHO 337 HOLIG INVHD ) AZFHO FOHMYY ray 3SAS i OE €L 16 YBEL/LED avezeld | 1GBEL
S40 R INVYO 331 HOLIQ INYHD S AFFHO 3AIHMYY rav 8 EES S 0g 3 iG aveetid
S30 20 SHOIM g SIAVT HOLIG 3SIINNS Hyi MVYHA XiY ray “00 pueT sfiN-Aiusm ] 4SMS Gl L €L 1S VaLL/LyD aclocld | €ipol
S40 ] SHOIM 8 SIWYT HOLIA 3SIHNNS ol MYHQG X rav 4 00 pueT SiN-Auam] ASMS Sl lC £l 15 YOLLAYD acLogid | €1¥91
$30 220 SO '8 SIAVT HOLIJ 3SINNNS L] MY XY ray 63 Pue SN AUSML 3SMS St 2 [ i YOLULPD | QZiocid | £ib0L
S40 0 SHDIY g SIAYF HOLI0 3SIMNNS Hail MYHJ XY rav 00 pue siiN~AUBM | JSMS Sl Z £ 1g voLLAYD Jclogld | eLpol
S40 120 SMOI g STAVT SRINNS ISR X1y fov 9 ‘00 pueT siN-Aluam [ 3ISMS Si Jx4 €L [ aclotid
S40 20 SHORY 8 SHAYT SIMNNS i Xy ray 4 0D pueT apN-Ailam ISMS Sl x4 €L [ geioeld
S40 ero SO 13901Md HOLIQ 1SV3 At A3380 fav 4} ‘00 pueT spN-Aluam ] ASMS i L €L 18 YBLP/SED aesstid | peicl
IAHMYY HONYYE
S40 420 SHOIY 8 SINYP HO110 ISINNNS H MY X1 rav 0D pUET aliN-AlUSM L ISMN id LT €L LS VoL l/i¥D aciogld | eiv8l
S42 0 SR IEEENT HOLIG 3SIINNS i MYHA X1y rav 03 pueT siN-AlusM] ISMN Pl 4 [ 93 is VILLAPD JZioeld | £1¥91
S0 L0 SHOIY '8 SINVT HOLIG 35I8NNS EE]] MYHG XIY ray 00 pueT afiN-Auam [’ ISMN [ L2 [ 5 YOLLAYD | Q2locid | €ivdl
$42 [} SHOR '8 SANYT HOLIQ ISINNS Rl MYEA XY rav 0D pueT aIN-AlUBM | ISAMN i 22 £ ig voLlliipD Jdciotid | €1¥91
S42 /20 MY '8 SIAVF SI¥NNS ¥ Xy rav S Q3 pueT SfN-Rusm | ISMN vl iC [ 1S Qzioeld
S40 L0 MO 8 SINVYT SIINNS EEl Xy rav € 0D pueT ajliN-AjuSm ] 3ISMN 143 Ji4 £L [ acioeld
S40 3 SMOIY '8 SIWYF HOLIA 1# X1 WOQ ¥yl REER] rav 8 00 pueT aiiN-Alusm ] SMN pL iz [2 LS VippIed abried 98401
3AHAMYY HONYYE
sS40 o SMOR 'H S3NYT HOLIQ 14 X8 NS EET SEEe) rav 3 00 pueT SIN-AUSM] MS3S i L2 €L IS YILLAED 3celed | vivgl
3AHMYY HONYHE
sS40 ) SHOIY 8 SIWVT HOLIQ 1A XTg [J[elel}] EEETH] Qv g 00 pue} apN-Auam ] MS3S 4% pi4 [93 8 YippIED Orvled | S8/01
IAHAYY HONYNE
S40 €0 SMOR 1390188 HOLIG 1# X1y INT B REER) fav [¥4 00 puET BIN-AUSM MSIN 6 iZ €L 1S VELL/LPD 3689Ed | 9ivoL
3AIHMYY HONYYE
S40 220 SHIIM 8 SINVT HO1Q 3SIENNS Yl MYHA X1 Xeld 03 pueT sfiN-Fiuam] MNIS 8 iZ €l \g VOLLAYD QZiotld | £1¥81
EER) 4] SHORY 8 SINVT HOLIQ 3SIINNS ] MYHG X1y fay 00 pueT siiN-fuam | MNIS 8 il €L LS YOLLIAYD azioeid | €iv9l
42 420 SHOR] '8 SIAVT SRINNS BRI Xy rav 3 0D pueT sfiN-AjusM MN3S 8 4 €L is aélotig
$40 901 SHOIY '8 SIWVP HOLIQ t# X1 INT =1l REENE] ray b} 07 pueT SjiN-AjUSM ] MNIS 8 i €L 1S YLLLPO 32ied vivet
SOHMYY HONVHE
S40 3 SYOId 8 SIAYF HOLIG 1# X1y WOQ ! A33H0 rav S C3 PueET STA-AIUBMY MN3S 8 iz €L 5] Yivy/IED Gyyisd | GBLI0L
JAIHMYY HONVHE
S40 220 SHOIY '8 SIAVT HOLIG 3SRINAS el MYHA Xid ragv ‘0D pueT aliN-Audm MN3N S e €L 1S YOLLLYPD | G2locid | ErpGL
542 0 SHOIY 8 SINVI HOLIJ 3ISRINNS =t=i] MVYY3 XY gy 0D pue apN-luam] MN3IN g LZ [ ig VOLLAYD acioeld | €iyst
S40 L20 SHOIM 8 SIWVF HOLIQ 3SINNS A MYHG X1 rav 00 pueT afiN-Auam] MN3IN S {2 €l [ YSLLLYD QCLOELd | €ipSL
540 0 SHOIY '8 SINVT HOLIQ 3SIHNAS EE MVHQ XY rav 00 pueT sjiN-fuamy MNIN 3 iz [ LG YOLL/LYD | QZL0Cid | ELbOL
Sd40 2Z0 SHOIN ¢ STAVT SIHNNS S]] Xy rav 9} 00 pueT afiN-Riuam MN3N S iz ) 16 qazioetd
$40 90 SMOP '8 SINVP HOLIG 1# XIY INT =1 REEES] Qv oL 00 pueT siy-Ajuami MNIN S iz [ iG ViLLAPD 3E2ied yivol
3AHMYY HONYYE
8§40 00 SHORS '8 SINYT HOLA Xiy EE #3340 rav S 0D pueT afiN-Aitem L ANIN 4 iz [ [ VB8LPIGED | Q¥BILLd | 55ZEL
IAHMYY HONYE
sS40 I SMOY '8 SIWVF HOLIA 18 XId WOQ ¥t M33HD rav X1 ‘00 pueT SIN-AUSM] AMNIN g 2 €l is Vibv/LED Qvyiéd | GBI0L
JAHMYY HONYYE
$40 LEQ SAOIY '8 SINVF HOLIQ 3SIMNNS Hal MYHa XY gV 00 PUET SliN-Audm] INMS € I £ 1S YOLL/LPD GZi0tid | £1¥9L
S42 0 SHOIY 8 STV HOLIQ ISIMNNS Hyl MG XY Qv 0D pue’) SN-Ausm 3NAS 3 /2 €L LG VOLLIAYD | OZL0ELd | ELYSL
un Ry juesyddy aweNANjoeS 8N LetueN smes 530y Jaumopuey HOMD HO/B0 235 | buy | sul ONHULR Kaddvy | wudg

1311 19pMOd 3111 03 %334D) IPIYMEY 01349345 SPIUMEY JO SaLIEINGU] 'D00Z 1ShDNY 'SBUNSH] UOREBL] OISM b b SIGEL

Page 4-5



verL $8.0Vv 210}

S42 3 SHOIY '8 SFAVT HOLIQ 14X WOG ¥ REER] ray 4 "G PUET ofiN-AUBM ] ISMS St ve €L [ Vipb/LED Qarpied | 58{0L
JAIHMYY HONYNE

$40 £0 SMOIY 139018 HOLIG 1# X304 N3 EED AFIHO and ‘00 pueT StN-Aluem MNIN S [£3 €L 59 YBLL/LED 3589¢d | 9ival
3AHAYY HONYYE

540 00 SHOIM '8 SIWYF HOLIQ 28 X1 INT ol H33480 and 00 pueT SiN-RAUBM], MNZN [ ye €L X v8LLIAYD deied Slyal
3CIHMYY HONVY>E

S350 900 SHMOIY '8 SIAVP HOLIQ 2# X1Y INS Mt REER] ray 00 pueT sIN-Aiusm] MNIN S e €l s Y8LLILYPO Jecied Sivol
3CIHMYY HONYYE

S40 901 SHOI '8 SINVT HOLIQ 1# XIEING ot REE) and ‘00 pueT 3pN-Auam MN3IN S ve €2 13 VLEHLPD 32218d | vivol
3OHMYY HONYSE

S40 o'l SHOI '8 STV HOLIT L# X8 IN3 o BEEI W] ravy [4 0D pueT sfiN-Aluam] AMNIN [ (3 P 59 VZILYD 3¢zied | pivol
IAIRMYY HONYNE

S40 GC0 SHORY '8 SHNVE HOLIQ Z& X1y WOQ Ju! %3340 and 00 pueT sp-Alusm[ MNIN g e Y3 [ YerP/Led asvisd 88/01
30IHMYY HONYHE

S40 1 SHOIY 8 SIWVP HOLIQ L# XY WOa M REEICe] and 00 pueT} otiN-Ajuam MNIN S (3 €/ ts Yivbned arvied | 6801
IAHMYH HONYYE

S40 i SHORS '8 SAWYF HOLIQ 1# X1Y WOQ i REEL] Qv 96 00 pueT spN-Alusm MNIN S vE €L 3] Vivy/LED arvied | 6801
3AHMYY HONYYE

140V cl SHOIY g SINVP S39 X1y WOQ ¥ EEER] ond 00 PuBT SlN-MuBsMm} MNEN S ve €L ig YOry/iLed A465SLd ¥8.01
JAHMYY HONYNE

i) ] wy jueanpddy sweNAyoed Isn {atueN smeys | saloy iumopue HOBD HOMD 23§ | buy | sul | onpuad Aaddy | wigd

JOATY JOpMOd IIT O %9940 Bp!

W 0331983 3pI

Y JO sauRIngiil ‘000z Isnbny “sbunsiy uonebL] OISM 'L v 2IgeL

Page 4-6



AN

T52N

%,

3

= :.’\K‘

£ 3

]Appllcd

L Az Hydrology
‘Associalcs. Inc.

Figure 4.1: Potential Locations of Irrigated Areas along the Wild Horse Creek,
Wildcat Creek, and Rawhide Creek.

*Drainage, mainstem, and township/range coverages were taken from Wyoming DEQ/WQD CD.

**Irrigated lands coverage and Landsat Multi-Spectral Scanner (MSS) Image (9/17/74) were taken from the SDVC website.
http://www.sdvc.uwyo.edu/wbn/mss. html

***Note: light red color on MSS Image represents high-density, live vegetation.
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Table 4.2 Land Capability,

Yields (tons) per Acre of Crops and Pasture and Permeability

Alfalfa Hay
Soil Name Grass Hay (irrigated) (irrigated) Permeability
Limon silty clay loam Not available Not available Not available

Fine Textured Entisol (location-Rawhide-2)

Not available

Not available

Not available

Fine Textured Entisol (location-Rawhide-3)

Not available

Not available

Not available

Kishona Loam (location-Rawhide-4) 3 4.5 0.6~ 2.0 in/hr
Kishona Loam (location-Rawhide-6) 3 4.5 0.6 - 2.0 in/hr
Torrifluvent Not available Not available Not available

Source: BKS Study & Sheridan County Soil Survey
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Table 4.3 Historical irrigated crop yield for Campbell

County.
Crop Year | Harvested | Yield |Production

Acres Tons Tons

Alfalfa Hay 1975 1,500 2.20 3,300
1976 500 1.80 900

1977 1,000 1.70 1,700

1978 1,500 2.00 3,000

1979 2,000 2.20 4,400

1980 3,500 2.80 9,800

1981 3,000 2.80 8,400

1982 2,000 2.95 5,900

1983 1,500 2.60 3,900

1984 2,000 3.00 6,000

1985 1,000 1.76 1,760

1986 1,000 2.00 2,000

1987 1,000 1.80 1,800

1988 2,000 1.70 3,400

1989 1,000 1.60 1,600

1990 1,000 2.00 2,000

1991 1,000 2.00 2,000

1992 2,000 2.50 5,000

1993 6,000 2.70 16,200

1994 4,000 2.70 10,800

1995 4,000 2.40 9,700

1996 3,000 2.50 7,500
1997 NR NR NR

1998 3,000 3.00 9,000

High 6,000 3.00 16,200
Low 500 1.60 900
Average 2,109 2.29 5,220

NR=Not Reporting
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Table 4.3 Historical irrigated crop yield for Campbell

County.
Crop Year | Harvested | Yield |Production
Acres Tons Tons
Other Hay 1975 500 1.30 650
1976 500 1.30 650
1977 500 1.20 600
1978 900 2.30 2,070
1979 500 2.00 1,000
1980 800 0.80 620
1981 700 0.90 630
1982 - 1,500 1.20 1,800
1983 5,500 1.27 7,000
1984 8,500 1.62 13,800
1985 5,800 1.39 8,090
1986 4,000 1.25 5,000
1987 4,000 1.20 4,800
1988 6,500 1.20 7,800
1989 2,000 0.90 1,700
1990 1,000 0.90 900
1991 1,000 1.50 1,500
1992 4,000 1.80 7,000
1993 1,500 2.00 3,000
1994 1,000 1.20 1,200
1995 1,000 2.20 2,200
1996 1,000 1.60 1,600
1997 NR NR NR
1998 2,000 2.00 4,000
High 8,500 2.30 13,800
Low 500 0.80 600
Average 2,378 1.44 3,374

NR=Not Reporting

Page 4-10




Table 4.3 Historical irrigated crop yield for Campbell

County.
Crop Year | Harvested | Yield (Production
Acres Tons Tons
Oats 1975 0 0 0
1976 0 0 0
1977 0 0 0
1978 100 52 5,200
1979 0 0 0
1980 0 0 0
1981 0 0 0
1982 300 61 18,300
1983 200 55 11,000
1984 0 0 0
1985 0 0 0
1986 0 0 0
1987 0 0 0
1988 100 61 6,100
1989 100 50 5,000
1990 200 50 10,000
1991 1,700 53 90,200
1992 600 65 39,000
1993 400 52 20,800
1994 100 67 6,700
1995 0 0 0
1996 600 68 41,000
1997 0 0 0
1998 0 0 0
High 1,700 68 90,200
Low 0 0 0
Average 400 58 23,027

NR=Not Reporting
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Table 4.3 Historical irrigated crop yield for Sheridan

County.
Crop Year | Harvested | Yield |Production
Acres Tons Tons
Alfalfa Hay 1975 28,000 2.65 74,100
1976 24,000 2.30 55,200
1977 27,000 2.20 59,400
1978 31,000 2.70 83,850
1979 32,000 2.29 73,400
1980 25,500 2.20 56,100
1981 28,000 3.40 95,200
1982 27,000 2.80 75,600
1983 29,000 2.70 78,300
1984 26,500 3.00 79,500
1985 21,000 2.20 46,000
1986 27,000 2.40 65,600
1987 25,000 3.10 78,600
1988 24,000 2.40 57,000
1989 25,000 2.60 63,800
1990 27,000 2.50 67,500
1991 27,000 2.40 65,000
1992 24,000 3.20 76,000
1993 38,000 2.70 102,700
1994 37,000 2.90 106,500
1995 37,000 3.10 113,000
1996 36,000 3.10 112,000
1997 32,000 3.80 120,500
1998 25,000 3.00 75,000
High 38,000 3.80 120,500
Low 21,000 2.20 46,000
Average 28,458 2.74 78,327

NR=Not Reporting
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Table 4.3 Historical irrigated crop yield for Sheridan

County.
Crop Year | Harvested | Yield |Production
Acres Tons Tons
Other Hay 1975 8,500 1.60 13,600
1976 9,500 1.54 14,670
1977 5,200 1.80 9,360
1978 5,400 1.60 8,640
1979 9,000 1.60 14,360
1980 8,000 1.23 9,800
1981 9,800 1.85 18,170
1982 13,800 2.20 30,400
1983 6,000 1.70 10,200
1984 7,500 2.00 15,000
1985 12,000 1.10 12,600
1986 15,000 1.40 20,300
1987 10,500 1.70 18,300
1988 14,500 1.50 22,400
1989 8,500 1.70 14,500
1990 8,000 1.80 14,400
1991 8,000 2.20 17,500
1992 12,000 2.00 24,000
1993 5,500 2.10 11,500
1994 9,000 2.50 22,500
1995 8,000 1.90 15,200
1996 9,000 1.30 12,100
1997 9,000 1.90 17,500
1998 5,000 1.80 9000
High 15,000 2.50 30,400
Low 5,000 1.10 8,640
Average 9,029 1.75 15,957

NR=Not Reporting
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Table 4.3 Historical irrigated crop yield for Sheridan

County.
Crop Year | Harvested | Yield |Production
Acres Tons Tons
Oats 1975 2,100 60.00 126,000
1976 1,600 63.00 100,800
1977 2,700 50.70 136,900
1978 1,900 62.00 117,800
1979 1,500 51.80 77,700
1980 1,200 70.00 84,000
1981 600 72.50 43,500
1982 1,800 61.00 109,800
1983 700 64.00 44,800
1984 1,100 64.00 70,400
1985 700 64.60 45,200
1986 1,300 77.00 100,100
1987 1,900 78.90 149,900
1988 700 33.00 23,100
1989 1,900 61.00 115,900
1990 1,400 68.80 96,300
1991 600 58.00 34,800
1992 1,700 66.00 112,200
1993 900 64.00 57,600
1994 800 55.00 44,000
1995 1,200 85.00 102,000
1996 700 60.00 42,000
1997 1,000 65.00 65,000
1998 500 78.00 39,000
High 2,700 85 149,900
Low 500 33 23,100
Average 2,773 64 176,255

NR=Not Reporting
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Table 4.3 Historical irrigated crop yield for Johnson

County.
Crop Year | Harvested | Yield |Production
Acres Tons Tons
Alfalfa Hay 1975 26,000 2.40 62,400
1976 21,500 2.34 50,400
1977 29,000 2.22 64,300
1978 28,000 2.10 58,800
1979 32,000 2.70 86,400
1980 23,000 2.40 55,200
1981 24,000 2.50 60,000
1982 23,000 2.60 59,800
1983 24,500 2.60 63,700
1984 21,500 2.70 58,000
1985 25,000 1.80 44,800
1986 28,000 2.20 60,400
1987 23,500 2.30 55,000
1988 24,000 1.70 40,600
1989 6,000 1.20 7,000
1990 25,000 2.60 65,800
1991 20,000 2.60 51,000
1992 16,000 2.20 35,000
1993 24,000 2.50 60,000
1994 21,000 2.30 48,300
1995 22,000 2.50 56,000
1996 20,000 2.40 48,000
1997 23,000 3.10 71,100
1998 NR NR NR
High 32,000 3.10 86,400
Low 6,000 1.20 7,000
Average 23,043 235 54,870

NR=Not Reporting
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Table 4.3 Historical irrigated crop yield for Johnson

County.
Crop Year | Harvested | Yield |Production
Acres Tons Tons
Other Hay 1975 5,200 1.43 7,440
1976 4,700 1.50 7,050
1977 4,000 1.51 6,050
1978 4,300 1.40 6,030
1979 3,000 1.70 5,100
1980 2,600 1.40 3,640
1981 3,000 1.90 5,700
1982 5,000 1.80 9,000
1983 3,000 2.00 6,000
1984 4,000 1.40 5,600
1985 5,500 1.00 5,700
1986 6,000 1.30 7,500
1987 5,000 1.50 7,300
1988 4,500 1.40 6,200
1989 6,000 1.60 9,800
1990 5,000 1.30 6,500
1991 9,000 1.80 16,000
1992 8,000 2.80 22,000
1993 9,000 2.40 21,600
1994 6,500 1.40 9,100
1995 7,000 1.90 13,300
1996 6,000 1.50 9,200
1997 6,000 1.90 11,500
1998 NR NR NR
High 9,000 2.80 22,000
Low 2,600 1.00 3,640
Average 5,317 1.65 9,013

NR=Not Reporting
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Table 4.3 Historical irrigated crop yield for Johnson

County.
Crop Year | Harvested | Yield |Production
Acres Tons Tons
Oats 1975 1,900 49.90 94,800
1976 2,200 55.00 121,000
1977 1,500 49.00 73,500
1978 1,300 78.00 101,400
1979 4,500 60.00 78,000
1980 4,000 65.00 110,500
1981 3,100 50.00 100,000
1982 3,300 64.50 90,300
1983 1,100 55.50 61,000
1984 1,600 57.40 91,800
1985 1,100 43.00 47,300
1986 1,400 66.00 92,400
1987 1,300 58.00 75,400
1988 900 54.20 48,800
1989 700 50.00 35,000
1990 1,200 56.00 67,200
1991 600 65.00 39,000
1992 1,300 70.00 91,000
1993 1,000 63.00 63,000
1994 900 45.00 40,500
1995 600 73.00 44,000
1996 NR NR NR
1997 700 66.00 46,000
1998 NR NR NR
High 4,500 78 121,000
Low 600 43 35,000
Average 3,291 59 146,536

NR=Not Reporting
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Table 4.5 Natural Water Quality, Rawhide Creek

Specific
Conductance Bicarbonate
Date of | (umhos/cm | Sodium |{Calcium Magnesium | as HCO, Sulfate Boron
Sample| @ 25°C) (mg/l) | (mg/l) (mg/1) (mg/l) SAR | (mg/) (mg/l)
11/23/77 4185 386.1 261.9 256 495 4.1 2,380 0.15
6/28/78 6160 675 403 495 592 533 3,872 0.3
10/25/78 7780 985 473 650 915 6.9 5,100 0.2
4/17179 4650 472 347 368 448 4.21 2,920 0.4
6/13/79 7590 1033 382 704 475 7.25 5,600 0.6
8/30/78 7040 884 512 616 697 6.23 4,960 0.4
4/24/80 5250 530 415 408 549 4.43 3,250 0.2
6/1/80 7520 996 462 587 769 7.25 4,820 0.2
9/18/80 3860 435 204 310 489 4.48 2,200 0.1
12/9/80 11170 1890 480 1256 1260 1032 | 9,050 0.3
10/11/95 4450 276 452 325 671 242 2,450 0.44
9/17/96 1668 104 120 110 290 1.66 711 0.09
10/29/98 4160 558 134 274 698 6.34 2,023 0.14
Count 14 14 14 14 14 14 14 14
Min 1668 104 120 110 290 1.66 711 0.09
Max 11170 1890 512 1256 1260 10.32 | 9,050 0.6
Median| 5359 558 403 408 592 533 | 3,250 0.2
Average| 5806.4 709.5 | 357.4 489.2 642.2 5.5 3,795 0.3
Std Dev| 2418.1 459.5 134.5 290.2 245.8 2.3 | 2142.02 0.2

(Greystone 1999, see Section 8.0 for raw data)
! Samples taken at West Boundary, Triton Coal Company as part of monitoring requirements
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Table 4.6 Water Analysis for the Kitty Area CBM Wells

Anderson Coal Canyon Coal
Parameter Units Daly TFU 23A-1513 20 Mile 41C-2213 | Average
Specific conductance | umhos/cm 1660 1890 1775
Sodium mg/1 315 330 3225
Magnesium mg/l 23 36 295
Calcium mg/1 47 58 52.5
Potassium mg/l 10 15 12.5
Chloride mg/l 12 10 11
Sulfate mg/1 1 1 1
Bicarbonate mg/l 1130 1370 1250
Specific conductance dS/m 1.66 1.89 1.78
Sodium’ meq/l 13.70 14.36 14.03
Magnesium’ meq/l 1.89 2.96 2.43
Calcium® meq/ 2.35 2.89 2.62
Potassium® meq/l 0.26 0.38 0.64
Chloride’ meq/ 0.34 0.28 0.31
Sulfate’ meq/] 0.02 0.02 0.02
Bicarbonate meq/l 18.53 22.47 41
Ratio of [HCO;}/[Ca]?  meq/l 7.90 7.76 15.66
Calculated SAR? unitless 9.40 8.40 8.90
Adjusted SAR* unitless 12.27 10.75 11.51
Exchangeable Sodium
Percentage” % 15.34 13.7 14.5

" Agricultural Values used in creation of Figure 4.2

2 value calculated
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Table 4.8 Tolerance of Various Crops to Exchangeable-Sodium Percentage (Hanson 1999)

Tolerance to ESP Growth Responsible Crop
(Range at which affected) Under Field Conditions
Sensitive Stunted growth at low ESP values Beans
ESP =10-20 although soil condition is good
Moderately tolerant Stunted growth due to both Clover
ESP =20-40 nutritional factors and adverse Oats
soil conditions Tall fescue
Dallis grass
Tolerant Stunted growth usually due to Wheat
ESP = 40-60 adverse physical conditions of Alfalfa
soil Barley
Beets
Most tolerant Stunted growth usually due to Crested and Fairway wheatgrass
ESP >60 adverse physical conditions of Tall wheatgrass
soil Rhodes grass

Table 4.9 Laboratory results for Devon CBM water taken from
002BP2 (WY0039799)"

Constituent Units Sampled 9/17/01
Chloride mg/L 9
Sulfate mg/L 1.4
Calcium mg/L 77.6

z Magnesium mg/L 44.5

“g- [ron mg/L 0.11

5 [Potassium mg/L 17.3

B .

“  Sodium mg/L 371
Total Dissolved Solids @ 180°C mg/L 1240
Specific Conductance @ 25°C umhos/cm 2020

pH std. units 1.7
Total Alkalinity as CaCO;

Z mg/L 1190

S

< 8.31

2 [Sodium Absorption Ratio (SAR) unitless
Boron, dissolved ug/l <0.1
Cation/Anion Balance % 18

o

P

" water used to model effect of saturation of Rourke soils
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Devon Irrigation/Soil Suitability Investigations
for Rawhide Creek

INTRODUCTION

The following portions of drainages that contain permitted irrigation rights within Devon leases
were evaluated to: 1) document existing irrigated areas for agricultural use by man-made objects
such as spreader dikes or actual irrigation ditching systems that were on record at the Wyoming
State Engineer’s Office; and 2) document the baseline condition of the soils within these areas
and their potential for continued use with direct application of CBM water. Surveyed drainage
portions included: Rourke - Rawhide Creek.

METHODOLOGY

Prior to fieldwork, landowner maps were obtained from the Campbell County Assessor’s office
and forwarded to Applied Hydrology in order for them to contact various landowners for access
permission. This landowner information was transferred to irrigation permit maps compiled by
Applied Hydrology to visualize the extent of required landowner access.

The applicable USGS 7.5 minute quads were: Rawhide Creek - Rawhide School, Mover
Springs, Lone Tree Creek, and Weston SW. Existing NRCS mapping for those quads was
generally not available; the largest available mapping was for the Lone Tree Creek quad which
was approximately one-half completed. The Weston SW quads had minor portions mapped by
the NRCS.

The following general methodology was utilized during the field investigation:

1. Areas were generally scoped on June 7, 2000 to cetermine overall presence of spreader
cikes within accessible areas which could be viewed from county roads or which access
had been granted.

2. Major soil series were sampled, based on field observation of extend and possible irrjact
by irrigation water. Soil cores were obtained with a truck-mounted Giddings soil
sampler.

(V%)

Prior to drilling, a general site photograph was taken, in conjunction with a closeup of
the vegetation at the drill hole before drilling commenced.

4, The soil was cored to five feet or less, depending upon overall hardness of the soil, and
field descriptors such as approximate texture and calcium carbonate content was used to
determine horizonation.



Devon Irrigation/Soil Suitability Investigations

for Rawhide Creek

5. A photograph of the core was taken in which the zero end was in the upper left of the
photograph.

6. Latitude and longitude of the sample site was obtained, if possible.

7. Dominant plant species present near &e dnill hole were recorded.

8. Other pertinent vegetative, soil, or hydrology descriptors were recorded.

9. The hole was filled in with loose soil to prevent subsidence and possible damage to
livestock.

10.  Sampled ho:izons were placed in plastic bags that were labeled by landowner,
drainage/hole number, depth and date. If possible, soil horizons were combined
wherever possible based on overall soil texture, horizon designation, and approximate
calcium carbonate content.

11.  The irrigation permit number was put on the field form, wherever possible.

Samples were taken to Energy Laboratories in Casper on June 10, 2000. Rzquestzd analysis
included pH, EC, Ca, Mg, Na, SAR, lime content, and texture. No nearby coalbed methane
water was available to run with the soil analysis; therefore, standard laboratory procedures with
distilled water was utilized.

Each sample point for laboratory analysis was labeled with a number designation on the map. It
a location was described without drilling and/or laboratory analysts, that location was labeled on

the map and in field notes with an “A”, “B”, “C”, etc.

Historical information was obtained from landowners, wherever possible, on the type of
cropping, when seeded, exteat of irmigation, er:

RESULTS
Rawhide Creek
Characteristics or results unique to the Rourke section include;

. large reservoir constructed in the early 1900's with dam that breached during 50 year
flood event (unclear on date)

o
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. large “spillway” or diversion ditch that extends from the west side of the former reservoir
above the base of the ridges and hills on the western side of the valley, downstream
approximately 1.5 to 2 miles

. smaller diversion ditch with headgate approximately 1.5 miles downstream from former
reservoir that extends downstream approximately 1.5 to 2 miles
. extensive use of active irrigation practices, i.e., water is frequently tested by Rourke

during irrigation
»  imgation ditch that is likely from the Little Powder feeds the downslope fields, i.e., ditch
at wooden crossing

. soils change from loamy in the upper reaches towar 1 the former reservoir to clayey at the
northern third of the area that was evaluated

. no saturated soils were found, although moist soil could be found at depth

. fields included alfalfa hay, mixed brome-alfalfa hay, crested wheatgrass hay, and native
hay

. silver sagebrush terraces were common in the upper reaches toward the former reservoir

. one small patch of greasewood was noted in an area where the soils changed form loamy
to clayey

DISCUSSION

Water flow and quality in Rawhide Creek is dependent upon storage discharge from upstream
coal mines. Within the reach of this survey, current water quality did not appear to be a problem
although the landowner does monitor the salinity level in the stream throughout the season and
will not release water to fields if quality is poor.

The ditching system on Paul Rourke’s is one of the most elaborate in Campbell County but is
not extensive. Soils along the ditching system vary from north to south along the ridge to the
west. Hay cropping systems are somewhat extensive but are not reported or tracked by the Farm
Service Agency.

Soil analyses indicate fine textured soils that contain poss bility of salt loading if irrigation water
is used extensively. Electrical conductivity values for soils are currently somewhat elevated.

(Ve



TABLE 1. SOIL ANALYSIS

Limon
(Location Rawhide-1)

Mechanical Analysis
Depth Sand - Silt Clay
(inches) % "% % Texture
0-15 19 49 32 SiCL
15-32 32 39 29 CL
32-54 22 43 35 CL
54-60 3 37 24 L
Saturation Extract

Depth pH  Lime Elect. Cations
(inches) SU. CaCO, Cond Ca Mz Na SAR

s 1 1Te A DL SRR
0-15 830 233 1.26 823 492 185 073
15-32 810 354 4.15 21.1 288 939 188
32-54 8.00 4.14 8.98 186 735 420 620
54-60 & 10 335 751 190 533 359 597

Marginal values were found for EC in the 32-54 range.



TABLE 1. SOIL ANALYSIS

Fine Textured Entisol
(Location Rawhide-2)
Mechanical Analysis
Depth Sand - Silt Clay
(inches) % % % Texture
0-16 29 44 27 CL
16-30 15 54 31 SiCL
30-54 15 52 35 SiCL
54-60 14 47 39 SiCL
Saturation Extract
Depth pH  Lime Elect. Cations
(inches) S.U. CaCO, Cond Ca Mg Na SAR
—-m———meg/lIter----mm-—-----

0-16 8.40 4.56 1.36 805 503 258 101
16-30 820 4.84 3.13 179 148 835 207
30-54 790 4.00 3.84 223 175 116 259
54-60 7.80 2.09 4.29 216 260 123 251




TABLE 1. SOIL ANALYSIS

Fine Textured Entisol
(Location Rawhide-3)

Mechanical Analysis
Depth Sand - Silt Clay
(inches) % % % Texture
0-10 17 40 43 SiC
10-22 10 51 39 SiCL
22-33 15 52 33 SiCL
33-54 36 41 23 L
54-60 34 41 25 L
Saturation Extract

Depth pH  Lime Elect. Cations
(inches) S.U. CaCO, Cond Ca Mg Na SAR

———————— meqg/liter-—m-mnmmmmmmne
0-10 830 1.16 1.34 455 655 429 182
10-22 820 326 3.05 142 145 922 243
22-33 830 6.05 4.26 219 210 136 295
33-54 8.10 4.5l 4.98 207 348 155 2096
54-60 7.90 451 5.60 202 424 177 3.16

Marginal values for texture were found in tae 0-10 range.



TABLE 1. SOIL ANALYSIS

Kishona

(Location Rawhide-4)

Mechanical Analysis
Depth Sand - Silt Clay
(inches) % % % Texture
0-13 28 39 33 CL
13-36 12 55 33 SiCL
36-46 18 52 30 SiCL
46-60 14 53 33 SiCL

Saturation Extract
Depth pH  Lime Elect. Cations
(inches) SU. CaCO, Cond Ca Mz Na SAR
————meq/liter--——mmmu-

0-13 820 092 1.08 294 505 360 180
13-36 830 458 1.22 378 475 470 227
36-46 810 4382 2.40 138 108 617 176
46-60 810 434 3.45 226 158 739 169




TABLE 1. SOIL ANALYSIS

Torrifluvent
(Location Rawhide-5)

Mechanical Analysis

Depth Sand Silt Clay
(inches) % % % Texture
0-20 23 40 37 CL
20-37 75 14 11 SL
37-44 49 32 19 L
44-54 38 40 22 L
54-60 72 17 11 SL
Saturation Extract
Depth pH  Lime Elect. Cation:
(inches) SU. CaCO, Cond. Ca Mg Na SAR
—— meg/liter-—--m—-sasn-e-
0-20 830 4.05 8.28 194 588 40.7 6.50
20-37 820 2.03 7.72 190 525 400 6.69
37-44 810 3.57 6.83 194 456 326 5.72
44-54 830 4.63 5.80 201 371 250 468
54-60 830 2.80 6.85 187 444 342 609

Marzinal values were found for EC in the C-20 rangs.



TABLE 1. SOIL ANALYSIS

Kishona

(Location Rawhide-6)

Mechanical Analysis
Depth Sand Silt Clay
(inches) % % % Texture
0-10 52 35 15 L
10-19 60 27 13 SL
19-34 43 36 16 L
3447 34 43 23 L
47-60 75 12 13 SL

Saturation Extract
Depth pH  Lime Elect. Cations
(inches) SU. CaCO, Cond Ca Mg Na SAR
s s LTe T VR SR

0-10 840 125 0.61 420 199 0.16 0.09
10-19 8.50 3.13 0.57 384 154 019 0.1t
19-34 830 3.76 1.80 710 695 617 235
34-47 8.10 3.86 7.55 202 428 443 790
47-60 8.00 3.57 5.86 204 344 255 437

Marginal values were found for pH in the 10-19 range.



TABLE 2. OVERALL SUITABILITY RECOMMENDATIONS FOR
IRRIGATION AND SUBIRRIGATION.

Location Irrigation Only

Rawhide-1
Rawhide-2
Rawhide-3
Rawhide-4
Rawhide-5
Rawhide-6

o o O 0O o0 0

* Suitable based on field observations only.

® Suitable based on laboratory analysis.

¢ Unsuitable based on field observations only.

¢ Unsuitable based on laboratory analysis.

¢ Marginal based on field observations only; recommend further laboratory analysis prior to
application.

10



ADDENDUM 1
SOIL ANALYSES
(Collected June 10, 2000)
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ADDENDUM 2
MAP UNIT DESCRIPTIONS



1044 - Limon - Moorhead clayv loam, 0-6 percent slopes
(formerly Echeta - Moorhead)

The Limon clay loam mapping unit consists of deep, well-drained, slowly permeable soils that
formed in relatively uniform alluvial deposits derived principally from clay and shale. It occurs
on flood plains or alluvial fans.

The average annual precipitation ranges from 15 to 17 inches. The average annual air
temperature is approximately 47-53 degrees Fahrenheit.

Slopes range from O to 6 percent. Included in this unit are small areas of Nuncho and Leiter.
These inclusions comprise less than 15-25 percent of the total acreage within this map unit.

A typical profile contains a 3 inch clay loam surface layer. The transition subsoil, if present, is
clay loam to clay and is approximately 20 inches thick. The substratum is clay, and extends to
60 inches in depth.

Permeability within the Limon soil is slow. The available water capacity is high. The eftzctive
rooting depth is 60 plus inches. Runoff is medium, and the erosion hazard is slight.

This mapping unit is a fair source of topsoil to a maximum of 60 inches.



214 - Theedle - Kishona loam, 0-6 percent slopes

The Kishona loam mapping unit consists of very deep, well-drained soils that formed in
alluvium derived from mixed sources. It occurs within small ephemeral drainages at elevations
from 4,100 to 5,200.

The average annual precipitation ranges from 10 to 14 inches. The average annual air
temperature is approximately 45-49 degrees Fahrenheit, and the average frost-free season is
approximately 110-130 days.

Slopes range from 0 to 6 percent. Included in this unit are small areas of Cambria loam,
Cushman loam, Forkwood loam, and Tumercrest sandy loam. These inclusions comprise less
than 20 percent of the total acreage within this map unit.

Typically, the surface layer is pale brown loam about 5 inches thick. The upper 28 inches of the
subsoil is light gray clay loam. The lower part of the so'ubsoil is light gray loam to 60 inches or
more.

Permeability within the Kishona soil is moderate. The available water capacity is high. The
effective rooting depth is 60 inches or more. Runoft is slow to medium, and the erosion hazard
is slight to moderate. The hazard of wind erosion is moderate.

The Kishona soil is moderately will suited for stockwater ponds. The main limitation is the
moderate seepage potential. This unit is well suited for mechanical range renovation. This unit
1s moderately well suited for range seeding. The main limitations are the hazard of wind erosion
during reseeding, adequate residue must be maintained on the surface at all times until the
seeding is established. Tilled areas must rerain narrow and at right angles to the wind. The low
annual precipitation should be of concern when reseeding.



ADDENDUM 3
SOIL SERIES DESCRIPTIONS



Limon
Soil Mapping Unit 1044
Typical Pedon: Limon silty clay loam - grassland.
(Colors are for dry soil unless otherwise indicated)
The Limon map unit consists of deep, well drained, slowly permeable soils that formed in
relatively uniform alluvial deposits derived principally from clay and shale. Slopes are 0 to 12
percent. The mean annual precipitation is about 15 inches, and the mean annual temperature is
48 degrees F.
Ap - 0-8 inches; silty clay loam; weakly effervescent; moderately alkaline (pH 8.3).
Ac - 8-15 inches; silty clay loam; moderately effervescent; moderately alkaline (pH 8.3).
Ck1 - 15-32 inches; clay loam; strongly effervescent; moderately alkaline (pH 8.1).
Ck2 - 32-54 inches; clay loam,; strongly effervescent; moderately alkaline (pH 8.0).

Ck3 - 54-60 inches; lcam; massive; strongly effervescent; moderately alkaline (pH 8.1).

Tvpe Location - Rawhide - 1

Taxonomic Class - Fine, smectitic, calcareous, mesic Ustertic Torriorthents




Fine Textured Entisol

Typical Pedon: Fine Textured Entisol, on flat areas with 0 percent utilized as rangeland
(Colors are for dry soil unless otherwise indicated)

The Fine Textured Entisol map unit consists of deep well drained soils. Slopes are 0 to 30
percent. The mean annual precipitation is about 12 inches, and the mean annual temperature is
46 degrees F. :

Ap - 0-7 inches; clay loam; weakly effervescent; strongly alkaline (pH 8.4).

Ac - 7-16 inches; clay loam; weakly effervescent; strongly alkaline (pH 8.4).

Ckl1 - 16-30 inches; silty clay loam; moderately effervescent; moderately alkaline (pH 8.2).

Ck2 - 30-54 inches; silty clay loam; moderately effervescent; weakly alkaline (pH 7.9).

Ck3 - 54-60 inches; silty clay loam; massive; moderately effervescent; weakly alkaline (pH 7.8).

Tvee Location - Rawhide-2



Fine Textured Entisol

Typlcal Pedon: Fine Textured Entisol, on flat areas with 0 percent utilized as rangeland
(Colors are for dry soil unless otherwise indicated)

The Fine Textured Entisol map unit consists of deep well drained soils. Slopes are 0 to 30
percent. The mean annual precipitation is about 12 inches, and the mean annual temperature is
46 degreesF. :

Ap - 0-10 inches; silty clay; noneffervescent; moderately alkaline (pH 8.3).

Bw - 10-22 inches; silty clay loam; moderately effervescent; moderately alkaline (pH 8.2).

Ck1 - 22-33 inches; silty clay loam; strongly effervescent; moderately alkaline (pH 8.3).

Ck2 - 33-54 inches; loam; moderately effervescent; moderately alkaline (pH 8.1).

Ck3 - 54-60 inches;loam; massive; moderately effervescent; weakly alkaline (pH 7.9).

Tvre Location - Rawhide-3




Kishona

Soil Mapping Unit 214

Typical Pedon: Kishona loam, within ephemeral drainage of 0 percent utilized as rangeland
(Colors are for dry soil unless otherwise indicated)

The Kishona loam map unit consists of very deep well drained soils formed in alluvium on fans

aprons and terraces. Permeability is moderate. Slopes are 0 to 30 percent. The mean annual

precipitation is about 12 inches, and the mean annual temperature is 46 degrees F.

Ap - 0-9 inches; clay loam; weak fine and very fine granular structure; noneffervescent;
moderately alkaline (pH 8.2).

AC - 9-13 inches; clay loam; noneffervescent; moderately alkaline (pH 8.2).

Ck1 - 13-36 inches; silty clay loam; massive; moderately effervescent; moderately alkaline (pH
8.3).

Ck2 - 36-46 inches; silty clay loam; massive; strongly effervescent; moderately alkaline (pH
8.1).

Ck3 - 46-60-45 irches; silty clay loam; massive; moderately effervescent; moderately alkaline
(pH 8.1).

Tvpe Location - Rawhide4

Taxonomic Class - Fize-loamy, mixed (calcareous), mesic Ustic Torriorthents.




Torrifluvent

Soil Mapping Unit 628

Typical Pedon: Tomifluvent, on a lower terrace with 0 percent utilized as rangeland
(Colors are for dry soil unless otherwise indicated)

The Tormrifluvent map unit consists of very deep, well to somewhat excessively drained soils.

Slopes are 2 to 20 percent. The mean annual precipitation is about 12 inches, and the mean

annual temperature is 46 degrees F. '

A - 0-3 inches; clay loam; noneffervescent; moderately alkaline (pH 8.3).

Cn! - 3-20 inches; clay loam; weakly effervescent; moderately alkaline (pH 8.3).

C2 - 20-37 inches; sandy loam; weakly effervescent, moderately alkaline (pH 8.2).

C3 - 3744 inches; loam; weakly effervescent; moderately alkaline (pH 8.1).

C4 - 44-54 inches; loam; massive;, weakly effervescent; moderately alkaline (pH 8.3).

CS5 - 54-60 inches; sandy loam; weakly effervescent; moderately alkaline (pH 8.3).

Tvpe Location - Rawhide -5




Kishona

Soil Mapping Unit 214

Typical Pedon: Kishona loam, within ephemeral drainage of O percent utilized as rangeland
(Colors are for dry soil unless otherwise indicated)

The Kishona loam map unit consists of very deep well drained soils formed in alluvium on fans

aprons and terraces. Permeability is moderate. Slopes are 0 to 30 percent. The mean annual

precipitation is about 12 inches, and the mean annual temperature is 46 degrees F.

A - 0-3 inches; loam; weak fine and very fine granular structure; noneffervescent; strongly
alkaline (pH 8.4).

AC - 3-10 inches; loam; noneffervescent; strongly alkaline (pH 8.4).

C1 - 10-19 inches; sandy loam; massive; moderately effervescent; strongly alkaline (pH 8.5).
C2 - 19-34 inches; loam; massive; moderately effervescent; moderately alkaline (pH 8.3).

Ck3 - 3447 inches; loam; massive; moderately effervescent; moderately alkaline (pH 8.1).

C4 - 47-60 inches; sandy loam; massive; moderately effervescent; moderately alkaline (¢H 8.0).

Tvpe Location - Rawhide-6

Taxonomic Class - Fine-loamy, mixed (calcareous), mesic Ustic Torriorthe: ts.



ADDENDUM 4
MAP OF SAMPLE POINTS

SEE MAP #1
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ADDENDUM 5
SOIL PHOTOS



Rawhide Creek Photo Raw-1
Rourke Ranch
General

Rawhide Creek Photo Raw-2
Rourke Ranch
Vegetation



Rwhide Creek Photo RaW—3
Rourke Ranch
Core

Rawhide Creek Photo Raw-4
Rourke Ranch
General



Rawhide Creek Photo Raw-5
Rourke Ranch
Zones
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G
Map 2. Orthophotos of Rawhide Creek to Little Powder River

Orthophotos obtained from the SDVC Clearinghouse at the website: http://mwww.sdvc.uwyo.edu/clearinghouse/All.html. Date of pictures Jung, 1994.

Date: 3/19/01

File: c:\mydocuments\projects\arcviewimages\rawhidetolitiepowder.apr




Table 7j: Agricultural Water Quality, Rawhide Creek, Downstream of Mining

Specific
Date of Sample Conductance] Sodium | Calcium | Magnesium SAR Sulfate Flow Site description
(umhos/cm mg/L mg/L mg/L calculated] mg/L (cfs)
@ 25° C)
3/11/1981 5240 574 371 428 3.74 3440 0 SD post mining
6/11/1981 5740 506 472 553 2.91 4060 0.005 |SD post mining
7/6/1981 7810 1050 362 799 5.28 6010 0 SD post mining
12/31/1981 5590 813 196 366 5.98 2440 0 SD post mining
3/24/1982 3050 354 162 195 3.44 1310 0 SD post mining
6/24/1982 3600 467 199 327 3.60 2340 0 SD post mining
8/6/1982 2800 275 233 216 2.46 1610 0 SD post mining
9/29/1982 2700 327 137 128 3.81 1030 0 SD post mining
12/30/1982 3700 424 210 205 3.92 1610 0 SD post mining
2/17/1983 2710 297 195 188 2.86 1510 0 SD post mining
6/15/1983 2720 398 115 182 4.10 1380 0 SD post mining
9/16/1983 2660 386 112 148 4.34 1300 0 SD post mining
3/11/1981 3770 400 275 299 3.10 2410 0 E mine post mining
6/11/1981 5880 669 402 524 3.99 4100 0.002 [E mine post mining
7/6/1981 6170 740 418 575 4.24 4570 0 E mine post mining
12/31/1981 4520 562 229 272 4.61 1970 0 E mine post mining
3/24/1982 2180 233 282 40 3.15 969 0 E mine post mining
5/24/1982 4310 500 292 343 3.65 2730 0 E mine post mining
6/24/1982 4100 542 244 353 3.98 2650 0 E mine post mining
9/29/1982 3070 362 187 185 3.53 1410 0 E mine post mining
12/30/1982 4000 435 231 228 3.82 1790 0 E mine post mining
6/15/1983 2590 373 137 150 4.09 1240 0 E mine post mining
9/16/1983 2690 380 110 129 4.52 1180 0 E mine post mining
12/6/1983 2830 347 127 130 4.05 975 0 E mine post mining
3/8/1984 4650 406 275 287 3.20 2240 0 E mine post mining
5/29/1984 4030 403 251 2190 0 E mine post mining
9/12/1984 2700 320 97 1040 0 E mine post mining
12/10/1984 1980 279 83 698 0 E mine post mining
3/19/1985 3010 255 207 173 2.52 1470 0 E mine post mining
6/18/1985 1500 277 52 62 4.76 530 0 E mine post mining
9/6/1985 1120 228 25 17 6.97 147 0 E mine post mining

Devon Energy Production Company, L.P./2006/November/8/Permit Renewal/ HUC 10090208/ WY 0039781




Table 7j: Agricultural Water Quality, Rawhide Creek, Downstream of Mining

Devon Energy Production Company, L.P./2006/November/8/Permit Renewal/ HUC 10090208/ WY 0039781

Specific
Date of Sample Conductance] Sodium | Calcium | Magnesium SAR Sulfate Flow Site description
(umhos/cm mg/L mg/L mg/L calculated] mg/L (cfs)
@ 25° C)
12/9/1985 3170 412 222 244 3.54 1800 0 E mine post mining
3/24/1986 3770 420 262 259 3.46 2090 0 E mine post mining
6/16/1986 2500 347 119 162 3.74 1300 0 E mine post mining
9/30/1986 1970 311 60 83 4.69 695 0 E mine post mining
12/16/1986 2320 364 158 110 4.39 1050 0.65 |E mine post mining
3/31/1987 3370 400 250 270 3.26 2100 4.19 |E mine post mining
4/29/1987 2850 391 142 205 3.76 1460 0.73 |E mine post mining
9/30/1987 2170 380 97 102 5.03 909 0.87 E mine post mining
10/29/1987 2210 307 73 74 4.75 654 1.15 |E mine post mining
12/10/1987 1500 322 76 68 5.12 650 0.97 |E mine post mining
2/26/1988 2060 257 93 78 3.78 663 0 E mine post mining
4/4/1988 4500 420 269 271 3.39 2239 1.31 E mine post mining
9/28/1988 1246 228 31 22 6.17 207 0.37 |E mine post mining
12/14/1988 2226 242 164 102 2.98 889 0 E mine post mining
Count 45 45 42 45 42 45 45
Min 1120 228 25 17 2.46 147 0
Max 7810 1050 472 799 6.97 6010 4.19
Median 2850 380 195.5 188 3.81 1460 0
Average 3317.38 408.51 196.98 221.84 4.02 1756.78 0.23
Std Dev 1421.15 160.90 106.57 160.62 0.95 1186.33 0.69




WDEQ Summary of EC effluent limit calculation

Specific
Conductance| Sodium | Calcium | Magnesium SAR Sulfate Flow ; 40
Dataiof Sample (umhos/cm mg/L mg/L mg/L calculated] mg/L (cfs) SO
@ 25° C) :
6/11/1981 5880 669 402 524 399 | 4100 | 0.002 |E mine postmining
6/11/1981 5740 506 472 553 2.91 4060 0.005 |SD post mining
9/28/1988 1246 228 31 22 6.17 207 0.37 __|E mine post mining |
12/16/1986 2320 364 158 110 4.39 1050 0.65 |E mine post mining |
4/29/1987 2850 391 142 205 3.76 1460 0.73  |E mine post mining
9/30/1987 2170 380 97 102 5.03 909 0.87 _ |E mine post mining |
12/10/1987 1500 322 76 68 512 650 0.97 _ |E mine post mining
10/29/1987 2210 307 73 74 4.75 654 1.15  |E mine post mining
4/4/1988 4500 420 269 271 3.39 2239 1.31  |E mine post mining
3/31/1987 3370 400 250 270 3.26 2100 4.19 |E mine post mining
Count 10 10 10 10 10 10 10
Min 1246 228 31 22 2.908083 207 0.002
Max 5880 669 472 553 6.169836 4100 4.19
Median 2585 385.5 150 157.5 4.191976 1255 0.8
Average 3178.60 398.70 197.00 219.90 4.28 1742.90 1.02
Std Dev 1666.48 120.22 148.23 188.05 1.01 1386.17 1.20

Devon Energy Production Company, L.P./2006/November/8/Permit Renewal/ HUC 10090208/ WY 0037613
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