
Location Date Flow (cfs)
Conductivity 
(umhos/cm) Sulfate (µg/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



Location Date Flow (cfs)
Conductivity 
(umhos/cm) Sulfate (µg/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 7a: Pre-CBM Conductivity and Sulfate, Rawhide Creek (2 of 2)



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

Conductivity (umhos/cm) - All Months

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

Conductivity (umhos/cm) - Irrigation 

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

Sulfate - All Months
Sulfate - Irrigation Season (April - 

September)



Specific 
Conductance 
(umhos/cm Magnesium

@ 25°C) (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 2.42 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 5.5 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)
1  Samples taken at West Boundary, Triton Coal Company as part of monitoring requirements

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

Date of Sample
Sodium 
(mg/l)

Calcium 
(mg/l)

Bicarbonate as 
HCO3 (mg/l) SAR

Sulfate 
(mg/l)

Devon Energy Production Company, L.P./2006/June/30/Permit Renewal/ HUC 10090208/ WY0039781



 

3/19/2001 10:35 3790 345 189 212 4.1
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 4.8 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)
1  Samples taken at West Boundary, Triton Coal Company as part of monitoring requirements

Table 7e: Post CBM Agricultural Water Quality, Rawhide Creek

Date of Sample Sodium 
(mg/l)

Calcium 
(mg/l) SAR Sulfate 

(mg/l)
Flow 
(cfs)

Magnesium 
(mg/L)

Specific 
Conductance 
(umhos/cm @ 

25º C)

Devon Energy Production Company, L.P./2006/June/30/Permit Renewal/ HUC 10090208/ WY0039781



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/qwdata/?site_no=06324970&agency_cd=USGS
Data retrieved 6/4/2004

Table 7f: Mixing Analysis Parameters from Little Powder River above Dry Creek near Weston, 
WY, Station ID# 06324970
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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. 25th 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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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, 
 

 
Randall W. Maxey 
Senior Regulatory Specialist 
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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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Location Date Flow (cfs)
Conductivity 
(umhos/cm) Sulfate (µg/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



Location Date Flow (cfs)
Conductivity 
(umhos/cm) Sulfate (µg/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 7a: Pre-CBM Conductivity and Sulfate, Rawhide Creek (2 of 2)



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

Conductivity (umhos/cm) - All Months

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

Conductivity (umhos/cm) - Irrigation 

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

Sulfate - All Months
Sulfate - Irrigation Season (April - 

September)



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

Date of Sample

Specific 
Conductance 

(umhos/cm @ 25°
C)

 
Sodium

mg/L
Calcium

mg/L
Magnesium

mg/L
SAR

calculated
Sulfate
mg/L

Flow
(cfs)

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

Date of Sample

Specific 
Conductance 
(umhos/cm @ 

25° C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs)

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 4.51 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
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Table 7f:  Rawhide Creek below Mine Access Road

Date of Sample

Specific 
Conductance 

(umhos/cm @ 25° 
C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs)

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

Date of Sample

Specific 
Conductance 

(umhos/cm @ 25° 
C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs)

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

Date of Sample

Specific 
Conductance 

(umhos/cm @ 25° 
C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(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

Date of Sample

Specific 
Conductance 

(umhos/cm @ 25° 
C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs)

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

Date of Sample

Specific 
Conductance 
(umhos/cm @ 

25° C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs) Site Description

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 4.51 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

Date of Sample

Specific 
Conductance 
(umhos/cm @ 

25° C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs) Site Description

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 4.51 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

Date of Sample

Specific 
Conductance 
(umhos/cm 
@ 25° C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs) Site description

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/ WY0039781



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

Date of Sample

Specific 
Conductance 
(umhos/cm 
@ 25° C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs) Site description

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/qwdata/?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. 

 

    

3.4 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 μmhos/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. 

Page 3-3  

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



 
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 T51NR72W6NWSW.  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 μmhos/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.         
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Table 7j: Agricultural Water Quality, Rawhide Creek, Downstream of Mining

Date of Sample

Specific
Conductance
(umhos/cm
@ 25° C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs) Site description

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

Date of Sample

Specific
Conductance
(umhos/cm
@ 25° C)

Sodium
mg/L

Calcium
mg/L

Magnesium
mg/L

SAR
calculated

Sulfate
mg/L

Flow
(cfs) Site description

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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