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EXECUTIVE SUMMARY
HORSE CREEK SECTION 20 ANALYSIS REPORT

Five coal bed natural gas (CBNG) producers cooperated in a joint study to analyze the
irrigation, soils and vegetation within the Horse Creek watershed (TNP 53N-55N, RNG
71W-74W, Campbell County) in an effort to determine if discharge of produced CBNG
water would comply with Section 20 of the WDEQ/WQD agricultural use policy. The
Section 20 Analysis included investigations of approximately 142 stream miles along
Horse Creek and its tributaries; collection 730 soil samples composited into 144
samples for analysis; 86 soil profile descriptions; 36 vegetation transects; and
comprehensive modeling to evaluate the impacts of applying produced CBNG water on
lands in the Horse Creek watershed which were identified from CIR photos as receiving
enhanced water supply. The field investigations indicated that managed irrigation has
not been practiced in the recent past, although 22 active irrigation surface water rights
are present downstream of proposed and existing discharge points. The results of the
soils and vegetation analysis showed applying produced CBNG water to irrigated
and/or subirrigated lands would not cause a detrimental impact to agricultural
production, and in many cases would be beneficial to the soils and vegetation. The
results of the study also show the soils and vegetation could tolerate EC and SAR
values up to 4 dS/m and 25, respectively. The Section 20 Analysis presented herein
demonstrates that untreated CBNG-produced water could be discharged within the
Horse Creek watershed without causing a measurable decrease in crop or livestock
production.
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Section 20 Compliance Analysis for Discharges into Horse Creek, Hay
Creek, Squaw Creek, Spring Creek, Dry Gulch, Ruff Draw, Gas Draw
and Other Associated Drainages, Campbell County, Wyoming

INTRODUCTION

The purpose of this report is to present an evaluation of the potential impact from
discharge of untreated Coal Bed Natural Gas (CBNG) produced water on the
agricultural uses of surface waters within the Horse Creek Drainage. The evaluation is
required by the Wyoming Department of Environmental Quality, Water Quality Division
(WDEQ/WQD) Agricultural Use Protection Policy (Chapter 1, Section 20), which states
that:

“All Wyoming surface waters which have the natural water quality potential for use as
an agricultural water supply shall be maintained at a quality which allows continued use
of such waters for agricultural purposes. Degradation of such water shall not be of
such an extent to cause a measurable decrease in crop or livestock production. Unless
otherwise demonstrated, all Wyoming surface waters have the natural water quality

potential for use as an agricultural water supply.”

Analyses of this type are typically referred to as Section 20 Analyses.

Several CBNG producers with developments within the Horse Creek watershed agreed
to participate in the Section 20 Analysis. The project participants include Pinnacle Gas
Resources, Inc., Redstone Resources Inc., Windsor Energy Group, LLC, Yates
Petroleum Corporation, Thomas Operating Company, Inc., and Lance Oil & Gas
Company, LP, an Anadarko Company (Operators). The Operators provided locations
of existing and proposed outfalls on the mainstem and tributaries of Horse Creek, along
with chemical analyses representative of water to be discharged at these outfalls. The

analysis included an evaluation of irrigated areas within the Horse Creek watershed



downstream of CBNG outfalls which may discharge produced CBNG water into a
stream or storage reservoir. The Overview Map depicting locations of the proposed
and existing outfalls and the overall study area is provided at the back of this report.
Mapping includes a 1 in = 1 mi overview map, along with detail plates presented at 1 in
= 1,000 ft scale. Sites were sampled for crop species and soil analysis in compliance
with the Section 20 guidance. Without the Section 20 Analysis, the default agricultural
water quality limits for Horse Creek include an electrical conductivity (EC) value of
1,340 pumhos/cm and a sodium adsorption ratio (SAR) value of 7.5. The analysis
presented herein demonstrates that the limits for EC and SAR for water discharged to
Horse Creek and its tributaries may be increased substantially without a measurable
decrease in livestock and agricultural production in the Horse Creek watershed.
Compliance with Section 20 guidance is demonstrated through a detailed impact
analysis using baseline soils, water and vegetation information in combination with the

quality of the CBNG-produced water.

The majority of the fields that were studied on Horse Creek were not under managed
flood irrigation. However, color IR photos indicated enhanced vegetation during late
summer. The sources of water supplying the fields are variable, but the primary source
of water for the hydrologic budget of the typical watershed is precipitation. The
precipitation which falls upon the land is dispersed in several ways. The largest portion
is temporarily retained in the soil near where it falls and is ultimately returned to the
atmosphere by evaporation and transpiration by plants (collectively termed

evapotranspiration (ET) or consumptive use). Smaller portions of the water become



runoff, finding its way over and through the surface soils to stream channels, while
minor portions can in some situations penetrate farther into the ground to become
groundwater. The amount of precipitation which becomes runoff is a function of soil
type and cover, precipitation type (i.e., rain or snow), topography and precipitation
intensity. Surface runoff will continue to infiltrate and evaporate as it moves across the
soil to stream channels. Groundwater may be discharged to the surface water system

in stream channels or at spring locations generally controlled by local geology.

When water returns to the atmosphere through ET, salts are left behind. Over time,
salts are concentrated in the soil. These salts are naturally present in the soils, and the

chemical makeup of these salts is a function of the parent materials of the soils.

Although most of the precipitation which falls to the ground is lost to ET (the annual
potential ET in northeastern Wyoming far exceeds the average annual precipitation),
the average annual amount which falls in northeastern Wyoming is less than the ideal
requirement for forage crops (grass and hay). Without added water from some source
other than precipitation, forage crops’ growing seasons are shortened. The difference
between a crop’s ideal water requirement and that portion of the requirement supplied
by precipitation is termed the “consumptive irrigation requirement.” Application of
irrigation water can prolong the growing season for forage crops, and it can also affect
the salt content of the soils, either beneficially or detrimentally, depending upon the
relationship between the salinity and salt composition of the water and soil to which it is

applied.



The complex interaction of precipitation and irrigation on the soils and plants in the
Horse Creek watershed is studied in this report, with the overall goal of determining
whether application of CBNG-produced water, if used for irrigation of soils along Horse
Creek and its tributaries, would have a detrimental effect on livestock or crop

production.

The impact analysis on soils included a detailed evaluation of EC and EC-SAR
relationships of the soils studied and a simulation (model) of how irrigating with waters
mixed with CBNG-produced water may impact soil chemistry of the irrigated soils. The
simulation was completed using the FAO-SWS model, which is a
geochemical/transport model under development by Dr. D. Suarez, Director of the
U.S.D.A. Salinity Laboratory in Riverside, California. This model is currently used by
Poudre Valley Environmental Sciences, Inc. (PVES) as an analytical tool to assess the
geochemistry and soil water changes resulting from the application of CBNG-produced

water to Powder River Basin soils.

The alluvial groundwater collected at several sites showing late-season enhanced
vegetation along Horse Creek was also analyzed to provide documentation of the
quality of water currently used by agricultural plants at such sites. Mixing the alluvial
groundwater with the CBNG-produced water was simulated with a geochemical model
(EQ3/6) to provide an indication of how the produced water may impact the existing or

ambient waters currently present in the Horse Creek watershed. The simulation is



based on the water quality of CBNG-produced water found at the well head (under
atmospheric conditions) without interaction with other materials. This is a conservative
analysis that neglects how the make-up of the dissolved constituents in this water will
become more like the natural water quality in the watershed during contact with the

native soils.

Vegetation evaluations were conducted throughout the Horse Creek watershed to
provide the baseline assessment of species diversity, percent occurrences and
corresponding plant tolerances to salinity and elemental toxicity. This information was
used to evaluate how the CBNG-produced water may impact the plant community if

used for irrigation purposes.

An investigation of the Horse Creek watershed downstream of proposed and existing
CBNG discharge outfalls using USGS 7.5 minute quadrangle maps, the SEO water
rights database, and a field investigation of the area shows the existence of 22 valid
surface water rights with irrigation as a permitted use. The surface water rights are
tabulated and provided in Appendix A. Copies of the water right permits are also
provided in Appendix A. The locations of the permitted diversions for each water right

are depicted on the Overview Map.



PART 1: HORSE CREEK (MAIN STEM)

The site evaluations conducted over several months demonstrated that no active
irrigation management is occurring along Horse Creek from the headwaters to its
confluence with the Little Powder River. There is some evidence that irrigation was
attempted in the past with the existence of headgates and spreader dike systems.
However, observations and discussions with many of the landowners provided a good
indication that active irrigation management has not occurred for a long period of time.
All areas considered to be previously flood irrigated using water management and all
stream-bottom lands that showed red on CIR photos were sampled during this
investigation. These sites are currently used for hay production in much of the Horse
Creek valley. The sites noted red on the CIR photos were not currently benefiting from
managed flood irrigation but show enhanced vegetation late in the growing season and
were interpreted to be subirrigated and/or naturally flood irrigated. Subirrigated areas
receive groundwater that is supplied by an alluvial aquifer. Recharge to alluvium is
supplied by a number of sources including bedrock aquifers, infiltration of direct
precipitation and snowmelt, and ephemeral flows in Horse Creek. The irrigated sites
observed in the field were sampled as described in the Methods section provided later

in this report.

COALBED NATURAL GAS PRODUCED WATER

Characteristics of CBNG-produced water representing the water at the well head that
may be discharged into collection reservoirs or into Horse Creek or contributing

reaches of Horse Creek are provided in Table 1 and summarized in Appendix B. In



general, the water meets quality standards for livestock and wildlife. The CBNG-

produced



Table 1.

CBNG-produced Water Analysis for Waters Discharged in the Horse

Creek Watershed
Sec 18, Sec 18 Sec 24, Sec 6, Sec 20, | Sec 21, Sec 24, Sec 36, Sec 3,
Sample T54N, T54N T54N, T53N, T54N, T54N, T55N, T55N, T54N,
Location R72W R72W R74W R73W R73W R73W R74W R75W R74W
Permit No. WY0052493 | WY0052493 | WY0050652 | WY0050911 NA NA WY0053651| WY0037362 | WY0050610
Outfall 001 001 001 001 NA NA NA 001 003
Parameter
pH (su) 8.05 8.00 8.28 8.2 7.71 7.89 8.5 7.34 7.95
EC (dS/m) 0.615 1.18 1.05 15 1.2 1.49 1.67 1.84 2.33
TDS (mg/L)
(calc) 381 729 654 910 733 916 1060 1132 1433
SAR 9.2 9.4 11.6 115 10 104 13.8 23.6 17.1
Ca (mg/L) 9 27 17 34 25 29 32 14 35
Mg (mg/L) 3 12 9 18 11 18 18 7 23
K (mg/L) NA NA NA NA 11 14 18 15 13
Na (mg/L) 126 232 236 332 238 293 395 430 528
HCO3( mg/L) 390 766 690 1060 803 1040 1160 1270 1690
S0,” (mg/L) <10 14 <10 <10 <10 <10 <10 <10 <10
Cl (mglL) 11 13 12 8 14 9 9 17 9

NA - not available

water is characterized with EC values ranging from 0.6 to 2.3 dS/m, SAR values

ranging from 9.2 to 23.6, pH values from 7.1 to 8.28 and bicarbonate levels from 390 to

1690 mg/L.

The Agricultural Use Protection Policy requires that the water quality at the well head
be used to assess potential impacts to agricultural use. However, CBNG-produced
water discharged into any stream channel in the Horse Creek watershed will be
modified to reflect its new environment within a short distance or time frame.
Mechanisms associated with dilution, chemical reaction, and soil mineral and salt
dissolution will quickly modify the chemical characteristics of the produced water. The

initial characteristics of the produced water may have little if any impact on downstream

agricultural use due to modifications in quality as the water moves down the flow path.



METHODS — BASELINE DATA COLLECTION

Baseline conditions for soils and vegetation associated with managed flood irrigation
and subirrigated or naturally flood irrigated areas used for agricultural purposes were
determined along Horse Creek from the headwaters to its confluence with the Little
Powder River. The alluvial groundwater conditions were determined at several
locations where water samples could be collected. The baseline sampling locations for
soils, alluvial groundwater and vegetation are depicted on the Overview Map (all

Plates).

Soils

Soils were collected and evaluated at each site with historic managed flood irrigation
and/or naturally flood irrigated or subirrigated agricultural activities. At least one soill
sample was collected for each landowner with irrigated lands provided the landowner
granted access. Land ownership is depicted on the Plates. Landowner contact

information is listed in Table 2.

Table 2. Horse Creek Landowners with Flood Irrigated or Subirrigated Fields
Landowner Address
Brown-Kennedy Ranch PO Box 847, Sheridan, WY 82801-0854
Dave Magnuson Ranch 15051 State Highway 59 N, Weston, WY 82731-8807
Larry Shippy Ranch 281 Horse Creek Rd, Weston, WY 82731-8818
Carl Kretschman 456 Horse Creek Rd, Gillette, WY 82731
Loren Peyrot Ranch PO Box 1208, Gillette, WY 82717-1208
Stevan Mueller Ranch 673 Horse Creek Rd, Gillette, WY 82716-8823
Paulette Parks Ranch 510 Horse Cores Creek Rd, Weston, WY82731-8819
Marsha Pownall Ranch 1843 Collins Rd, Gillette, WY 82716-8831
Twenty Mile Land Co. (John Daly) | PO Box 69, Gillette, WY 82717-0069
State of Wyoming 122 W 25th St Cheyenne WY 82001-3004
Tarver, Donna Trust 8185 N US Highway 14-16, Gillette, WY 82716-1211




Two techniques of evaluation were used for soils sampled on these sites. Soil samples
in the form of 3-inch diameter cores were collected using a Giddings probe. Samples
collected from an irrigated site representing one soil type were composited into one
sample. If the characteristics of the soils changed within an irrigated field, additional
samples were collected. The number of samples collected for the overall sample
composite was determined by the acreage of the irrigation site as required by the
Agriculture Use Protection Policy. Samples were also collected from the other irrigated
agricultural sites present on each landowner to determine if these sites were
characterized with the same soil previously sampled for analysis. If the profile was
similar to the sampled site, it was described using a selected list of parameters
presented in the standard Natural Resources Conservation Service (NRCS) field
methods (Soil Survey Division Staff, 1993). In these cases, the data collected from the
sampled soil profile would represent the described but unsampled profile. This is a
rational approach for the naturally irrigated agricultural areas since the landowner
doesn’t have any input into the irrigation system. The concept also is legitimate for any
managed irrigation site since the only variable is irrigation management, which should
be consistent for a specific landowner. In some cases, several sites associated with
the same landowner were sampled for analysis. For example, all irrigated/subirrigated

fields located at the Loren Peyrot and Larry Shippy ranches were sampled for analysis.

Composite samples were collected at 1-foot intervals to depths of 4 feet for grass

vegetation communities and to 6 feet for sites occupied by alfalfa. Irrigated fields were

10



never dominated by alfalfa but rather alfalfa plants were sparse (10 to 15 feet apart)
and appeared to have unfavorable growth characteristics. Samples were kept cold and
submitted to Inter-Mountain Laboratories, Inc. (IML) in Sheridan, Wyoming for analysis.
Parameters for analysis included pH, EC, SAR, particle size, saturation percentage,
and organic matter. Organic matter was evaluated on the 0 to 1-foot depth interval.
Photos were collected at soil sample sites and at sites investigated but not sampled.

The photos are provided in Appendix C.

Alluvial Groundwater

During the soil sampling activities, groundwater was encountered at several irrigated
sites in the Horse Creek drainage. Water samples were collected, where possible,
from several of the sites using a Teflon water bailer. Collected samples were kept cold
and submitted to IML. The alluvial groundwater sampling locations are shown on the
Overview Map (Plates 1-3). The samples were analyzed for pH, EC, SAR, Ca, Mg and

Na. Results are summarized in Table 3 and provided in Appendix D.

Table 3. Alluvial Groundwater Quality Analysis for Samples Collected at
Subirrigated Fields at the L. Peyrot, P. Parks and M. Pownall Ranches
Located on Horse Creek

Parameter LP2-1 LP2-2 LP3-3 PP8-1 MP1-1 MP1-3 MP5-1
pH (su) 8.2 8 8.4 8 7.9 7.9 7.7
EC (dS/m) 31 3.2 2.9 5.4 6.9 5.2 5.2
SAR 6.7 5 4.1 5.7 6.4 4.4 4.7
Ca (mg/L) 90 182 179 436 458 523 518
Mg (mglL) 145 181 147 359 577 377 319
Na (mglL) 443 394 306 664 867 544 557

*See Overview Map (Plates 1-3) for Sample Sites

11



Vegetation

A vegetation inventory was conducted to determine crop species and their salinity
tolerances. The purpose of the inventory was to obtain inferences about larger areas
from an appropriate number of samples within a smaller area. Vegetation was sampled
in order to estimate species abundance expressed by percent occurrence. The point

transect survey procedure was used.

The point transect method is based on point sampling to determine species
composition. The method is based on placing a number of sampling points within a
pre-determined area and analyzing the proportion of the points that encompass
(i.e. intercept) vegetation. Species composition refers to the contribution of each plant
species to the vegetation biomass and is expressed as a percent, so that all species

components add up to 100 percent.

Managed irrigation and/or naturally irrigated areas that were located downstream of
existing or proposed CBNG-produced water discharge were selected as study areas.
Infrared photos, USGS maps, and data from the SEO website were used to assist with

selecting the sampling sites.

The vegetative inventory for each survey point was collected by walking a straight line

transect through the study area. Latitude and longitude were recorded at each end of

12



the transect. Vegetation “point” readings were recorded along a tape measure at either
10 or 25-foot intervals. The “sample point” or interval was based on the length of the
transect. Ten-foot intervals were recorded for transects 0 to 200 feet long, and 25-foot
intervals were recorded for transects greater than 200 feet in length. Transects were
divided into vegetation types, such as uplands, irrigated fields, and stream channel.
Photos were taken at each transect. A list of vegetative species encountered, including
subcategories of annuals and perennials is provided in Attachment E. The vegetation

transect summaries, photos and field documentation are included in Appendix F.

Vegetation species at each transect were grouped into two categories: annuals and
perennials. Typically, perennial plants are better competitors than annual plants,
especially under stable, resource-poor conditions. This is due to the development of
larger root systems, which can access water and soil nutrients deeper in the soil, and to
earlier emergence in the spring. In addition, as soil salinity levels increase, the stress
on germinating seedlings also increases. Perennial plants tolerate salinity better than
annual plants (Alberta Agriculture and Food, 2001). Changes in vegetation species

groupings can be determined with future surveys.

RESULTS — BASELINE

Soils

The baseline soil evaluations include soil profile descriptions, which allow correlation

between the same soils found on a specific landowner, and soil chemistry, which
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provides an indication of how a soil will react to irrigation with CBNG-produced water.
More importantly, soil chemistry provides evidence of the water quality that has
impacted the soil from prior irrigation management or from natural flooding and

subirrigation.

The soil profile descriptions for each sampling site are presented in Appendix G. It
should be noted that the subirrigated soils collected along Horse Creek reflected
similar characteristics. Generally, the soils found in the Horse Creek alluvium were
characterized with an A, Bw, Bk and C horizon sequence, usually with multiple Bk and

C horizons.

The chemical analyses of the soil samples are presented in Table 4. Laboratory
analyses are included in Appendix H. Samples collected from subirrigated areas
throughout the Horse Creek watershed often have salt levels greater than 4 dS/m,
which is considered to be saline as defined in USDA Handbook 60 (1959). The
average EC value for all samples collected along Horse Creek was 7.02 dS/m with a
range of 0.66 dS/m to 15.7 dS/m. Averaged EC values by one-foot depth increments
were 4.75 dS/m (0 to 1 foot depth increment), 8.85 dS/m (1 to 2 feet), 8.87 dS/m (2 to 3
feet), 7.29 dS/m (3 to 4 feet), 6.15 dS/m (4 to 5 feet) and 5.59 dS/m (5 to 6 feet). Table
4 also presents EC values corresponding to each landowner. The high salt levels
found in these soils indicate that water containing high levels of salts has impacted the
soils. The origin of the salt is most likely from soluble minerals in the bedrock, and the

high levels of salt are due to concentration by ET. This characteristic is typical of much

14



of the alluvial groundwater in the PRB. Salts originating from adjacent areas will
continue to collect in the alluvium of Horse Creek with or without the discharge of

CBNG-

15
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Table 4.

Chemical Analyses of the Soil Samples Collected from Subirrigated Lands Along Horse Creek*.

Depth Electrical | Organic
Interval pH |Saturation|Conductivity | Matter | Calcium | Magnesium | Sodium Sand Silt Clay
Sample ID (ft) S.u. % dS/m % megq/L megq/L megq/L SAR % % % Texture
Dave Magnuson Ranch
DM1 0-1 7.5 56.7 6.19 3.5 21.6 255 29.2 6.0 40 34 26 Loam
DM1 1-2 8.2 49.8 9.9 19.2 43.3 68.2 12.2 42 33 25 Loam
DM1 2-3 8.5 38.5 12 19.6 51.3 83.2 14.0 71 13 16 Sandy Loam
DM1 3-4 8.4 36.9 10.5 18.7 49.2 69.6 11.9 78 10 12 Sandy Loam
DM1 4-5 8.2 35.8 8.81 19.6 41.4 52.1 9.4 66 22 12 Sandy Loam
DM1 5-6 8.2 35.8 8.35 19.4 36.9 50.2 9.5 70 19 11 Sandy Loam
DM1-A 2-3 62 14 24 Sandy Clay Loam
DM1-A 3-4 70 14 16 Sandy Loam
DM1-A 4-5 68 16 16 Sandy Loam
DM1-A 5-6 74 10 16 Sandy Loam
Larry Shippy Ranch
LS1 0-1 6.6 60.2 0.83 2.9 3.23 2.54 1.35 0.80 20 49 31 Clay Loam
LS1 1-2 7.6 52.8 0.71 2.42 1.28 2.14 1.57 21 49 30 Clay Loam
LS1 2-3 7.6 42.0 0.72 2.49 131 2.03 1.48 51 29 20 Loam
LS1 3-4 7.7 42.7 0.70 2.47 1.12 1.95 1.46 49 32 19 Loam
LS1 4-5 7.7 43.0 0.79 3.20 141 2.17 1.43 50 32 18 Loam
LS1 5-6 7.8 39.6 0.86 341 1.65 2.10 1.32 46 31 23 Loam
LS1 was determined to be irrigated by an adjacent watershed to Horse Creek and was not significantly impacted by the Horse Creek alluvium — See Overview
Map
LS6 0-1 7.2 60.3 1.00 2.8 3.33 25 181 1.06 27 41 32 Clay Loam
LS6 1-2 8.0 51.7 6.97 17.7 24.6 38.4 8.35 24 46 30 Clay Loam
LS6 2-3 8.3 48.7 9.06 17.2 33.8 57.3 11.4 32 44 24 Loam
LS6 3-4 8.3 48.8 8.48 16.3 30.2 51.0 10.6 31 43 26 Loam
LS6 4-5 8.2 53.1 7.16 15.1 24.6 414 9.29 22 48 30 Clay Loam
LS6 5-6 8.1 53.4 6.38 15.6 20.3 34.6 8.17 20 48 32 Clay Loam
Carl Kretschman Ranch
CK-1 0-1 7.5 50.4 4.85 3.3 20.0 26.3 13.8 2.9 44 28 28 Clay Loam
CK-1 1-2 8.4 44.2 11.7 17.5 72.6 79.0 11.8 52 23 25 Sandy Clay Loam
CK-1 2-3 8.3 46.2 9.65 15.5 53.4 58.6 10.0 43 27 30 Clay Loam
CK-1 3-4 8.2 43.2 7.64 17.9 38.6 43.3 8.1 46 29 25 Loam
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Table 4. Chemical analyses of the soil samples collected from subirrigated lands along Horse Creek* (Continued)

Depth Electrical | Organic
Interval pH |Saturation|Conductivity | Matter | Calcium | Magnesium | Sodium Sand Silt Clay
Sample ID (ft) S.u. % dS/m % meg/L meg/L meg/L SAR % % % Texture
Carl Kretschman Ranch (Continued)

CK-1 4-5 8.0 50.3 5.01 17.6 237 227 5.0 34 34 32 Clay Loam
CK-1 5-6 7.9 50.4 4.68 18.3 223 19.2 4.3 35 34 31 Clay Loam
CK-2 0-1 7.1 74.6 3.91 3.0 20.4 17.3 14.3 3.3 14 29 57 Silt Clay
CK-2 1-2 7.9 66.3 5.92 16.8 22.2 32.2 7.3 22 30 48 Clay
CK-2 2-3 7.9 71.2 5.15 15.0 17.0 28.3 71 22 29 49 Clay
CK-2 3-4 7.9 72.8 4.88 15.8 16.0 254 6.4 13 30 57 Silt Clay
CK-2 4-5 7.8 48.4 4.09 17.4 15.7 16.8 4.1 40 21 39 Clay Loam
CK-2 5-6 7.8 41.5 3.47 17.7 131 11.6 3.0 57 8 35 Sandy Clay
CK-3 0-1 7.5 56.4 4.09 5.4 20.6 20.4 8.73 1.9 50 25 25 Sandy Clay Loam
CK-3 1-2 8.2 42.3 8.55 18.5 41.2 51.2 9.4 52 26 22 Sandy Clay Loam
CK-3 2-3 8.1 37.3 9.17 16.6 46.2 54.9 9.8 60 21 19 Sandy Loam
CK-3 3-4 8.1 35.2 7.59 194 35.7 44.3 8.5 70 13 17 Sandy Loam
CK-3 4-5 8.1 40.5 6.04 15.5 26.5 31.6 6.9 50 29 21 Loam
CK-3 5-6 8.0 43.3 5.08 16.9 24.3 25.2 5.6 51 22 27 Sandy Clay Loam
CK4-A 0-1 6.9 57.5 3.23 4.8 19.3 15.2 451 11 39 33 28 Clay Loam
CK4-A 1-2 8.1 40.8 8.61 17.0 49.0 54.8 9.6 50 29 21 Loam
CK4-A 2-3 8.3 41.6 10.5 16.9 60.0 69.7 11.2 53 31 16 Sandy Loam
CK4-A 3-4 8.2 41.9 7.37 16.8 37.9 42.7 8.2 59 25 16 Sandy Loam
CK4-A 4-5 8.0 347 5.95 16.5 26.9 29.2 6.3 68 18 14 Sandy Loam
CK4-A 5-6 8.1 36.8 6.03 17.0 30.6 315 6.5 61 23 16 Sandy Loam
CK4-B 0-1 7.3 50.4 5.32 1.8 19.8 27.1 225 4.6 30 35 35 Clay Loam
CK4-B 1-2 7.7 51.4 11.2 18.6 74.9 68.7 10.1 21 43 36 Clay Loam
CK4-B 2-3 8.1 67.2 9.28 15.3 71.0 54.0 8.2 22 35 43 Clay
CK4-B 3-4 8.0 65.2 9.55 16.4 69.4 57.9 8.8 21 34 45 Clay
CK4-B 4-5 8.0 56.6 7.35 13.9 42.1 43.0 8.1 20 35 45 Clay
CK4-B 5-6 8.0 55.7 8.39 16.3 47.9 48.3 8.5 40 22 38 Clay Loam
CK5 0-1 7.2 52.2 4.25 4.1 20.4 27.6 8.25 1.7 32 39 29 Clay Loam
CK5 1-2 8.0 45.6 6.93 16.6 49.0 30.8 5.4 49 31 20 Loam
CK5 2-3 8.1 42.4 7.84 16.8 48.2 41.1 7.2 47 34 19 Loam
CK5 3-4 8.1 45.3 8.08 16.0 57.2 44.0 7.3 50 30 20 Loam
CK5 4-5 8.1 48.9 7.45 15.6 50.4 41.5 7.2 35 41 24 Loam




9T

Table 4. Chemical analyses of the soil samples collected from subirrigated lands along Horse Creek* (Continued)

Depth Electrical | Organic
Interval pH |Saturation|Conductivity | Matter | Calcium | Magnesium | Sodium Sand Silt Clay

Sample ID (ft) S.u. % dS/m % meg/L meg/L meg/L SAR % % % Texture

Carl Kretschman Ranch (Continued)
CK5 5-6 8.0 46.8 6.10 14.7 37.6 31.2 6.1 38 39 23 Loam
CK6 0-1 7.1 53.8 3.83 4.3 16.0 19.9 11.9 2.8 30 39 31 Clay Loam
CK6 1-2 8.2 434 8.98 16.4 494 59.8 10.4 42 38 20 Loam
CK6 2-3 8.1 37.0 8.22 16.4 41.4 50.1 9.3 61 25 14 Sandy Loam
CK6 3-4 8.2 35.3 7.70 18.3 39.3 44.9 8.4 67 18 15 Sandy Loam
CK6 4-5 8.1 31.9 6.46 16.1 29.8 32.7 6.8 75 15 10 Sandy Loam
CK6 5-6 7.7 315 5.70 16.4 26.1 27.9 6.0 77 13 10 Sandy Loam
CK7 0-1 8.7 52.0 7.68 35 17.3 40.8 38.5 7.1 43 31 26 Loam
CK7 1-2 8.6 51.0 15.7 15.5 111 112 14.1 40 35 25 Loam
CK7 2-3 8.6 43.5 14.6 16.7 95.4 104 13.9 60 21 19 Sandy Loam
CK7 3-4 8.3 38.8 7.85 16.8 43.6 45.5 8.3 68 15 17 Sandy Loam
CK7 4-5 8.1 40.7 5.21 17.7 26.5 19.9 4.2 67 17 16 Sandy Loam
CK7 5-6 8.0 36.7 4.85 18.0 23.8 16.6 3.6 51 22 27 Sandy Clay Loam

Loren Peyrot Ranch
LP1 0-1 7.1 53.7 4.48 3.4 20.3 21.7 17.6 3.9 24 50 26 Silt Loam
LP1 1-2 8.3 47.2 13.7 19.0 107 101 12.7 53 24 23 Sandy Clay Loam
LP1 2-3 8.4 43.9 13.8 14.3 82.3 91.4 13.1 42 40 18 Loam
LP1 3-4 8.3 39.0 11.2 17.3 69.2 84.1 12.8 56 25 19 Sandy Loam
LP1 4-5 8.0 45.6 7.06 18.0 35.6 44.9 8.7 45 33 22 Loam
LP1 5-6 7.8 42.7 6.53 20.0 34.0 38.3 7.4 45 33 22 Loam
LP2 0-1 7.6 54.4 7.97 2.9 18.5 45.1 49.3 8.7 37 38 25 Loam
LP2 1-2 8.0 42.0 6.79 175 335 44.3 8.8 55 26 19 Sandy Loam
LP2 2-3 7.7 54.1 4.99 19.2 23.6 25.0 5.4 32 41 27 Clay Loam
LP2 3-4 7.5 48.4 4.06 20.0 19.3 15.6 3.5 35 38 27 Clay Loam
LP-3 0-1 7.4 52.1 5.01 35 18.4 21.0 21.2 4.8 39 32 29 Clay Loam
LP-3 1-2 8.0 48.3 7.42 16.8 28.6 454 9.5 41 32 27 Clay Loam
LP-3 2-3 8.3 47.3 9.98 16.4 42.9 69.5 12.8 46 30 24 Loam
LP-3 3-4 8.3 40.0 8.10 15.4 33.1 55.2 11.2 50 27 23 Sandy Clay Loam
LP-3 4-5 7.9 51.2 4.92 17.0 16.1 25.4 6.2 37 36 27 Clay Loam
LP-3 5-6 7.9 49.0 2.78 9.12 8.20 10.9 3.7 42 31 27 Clay Loam
LP-4 0-1 7.6 50.3 1.57 3.1 5.58 4.10 5.01 2.3 34 38 28 Clay Loam
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Table 4. Chemical analyses of the soil samples collected from subirrigated lands along Horse Creek* (Continued)
Depth Electrical | Organic
Interval pH |Saturation|Conductivity | Matter | Calcium | Magnesium | Sodium Sand Silt Clay
Sample ID (ft) S.u. % dS/m % meg/L meg/L meg/L SAR % % % Texture
Loren Peyrot Ranch (Continued)
LP-4 1-2 8.3 52.9 8.17 16.5 321 55.0 111 38 34 28 Clay Loam
LP-4 2-3 8.2 50.2 6.95 14.7 24.2 42.6 9.7 36 38 26 Loam
LP-4 3-4 8.2 44.5 7.82 15.6 21.8 51.7 12.0 55 22 23 Sandy Clay Loam
LP-4 4-5 8.0 40.7 5.92 17.3 21.8 32.1 7.3 55 26 19 Sandy Loam
LP-4 5-6 7.7 46.6 491 15.2 15.8 23.6 6.0 56 21 23. Sandy Clay Loam
LP-5 0-1 7.3 54.5 4.08 3.8 20.0 17.8 11.2 2.6 38 35 27 Clay Loam
LP-5 1-2 8.2 56.4 7.67 16.8 45.6 40.7 7.3 24 40 36. Clay Loam
LP-5 3-4 7.9 35.2 5.46 20.2 26.3 234 4.9 68 15 17 Sandy Loam
LP-6 0-1 7.1 48.5 3.61 3.5 211 12.9 7.34 1.8 44 31 25 Loam
LP-6 1-2 7.8 46.5 5.53 19.2 22.2 26.7 5.9 44 29 27 Clay Loam
LP-6 2-3 7.9 35.3 5.77 18.6 22.9 28.4 6.2 74 9 17 Sandy Loam
LP-6 3-4 7.9 33.7 5.67 17.0 22.3 28.2 6.4 78 5. 17 Sandy Loam
LP-7 0-1 6.8 54.3 5.28 4.3 20.3 23.1 25.0 5.4 39 34 27 Clay Loam
LP-7 1-2 8.1 54.8 115 16.6 66.1 75.3 11.7 34 35 31 Clay Loam
LP-7 2-3 8.4 51.5 11.1 16.9 53.8 80.2 13.5 49 24 27 Sandy Clay Loam
LP-7 3-4 8.0 40.3 7.02 17.3 311 41.6 8.5 56 25 19 Sandy Loam
LP-8 0-1 7.2 56.6 4.87 3.7 18.5 24.8 18.7 4.0 32 38 30 Clay Loam
LP-8 1-2 7.9 49.8 7.47 17.9 37.2 44.0 8.4 44 29 27 Clay Loam
LP-8 2-3 7.9 43.1 6.45 18.2 27.9 35.3 7.4 62 19 19 Sandy Loam
LP-8 3-4 7.9 40.9 5.12 15.6 211 255 6.0 63 18 19 Sandy Loam
LP8-7 3-4 7.9 73.6 7.9 20.2 25 45.7 9.6 20 34 46 Clay
Stevan Mueller Ranc
SM1 0-1 7.5 55.1 4.8 3.7 17.4 15.8 11.7 2.9 30 46 24 Loam
SM1 1-2 8.2 554 11.7 14.3 57.4 56.5 9.3 26 49 25 Loam
SM1 2-3 8.2 44.0 11.0 16.1 50.9 47.5 8.2 58 30 12 Sandy Loam
SM1 3-4 8.2 40.5 11.6 15.7 52.6 53.4 9.2 64 25 11 Sandy Loam
SM1 4-5 8.1 39.3 9.2 15.3 37.3 43.4 8.5 61 28 11 Sandy Loam
SM1 5-6 7.9 325 6.8 16.3 25.7 27.4 6.0 73 21 6 Sandy Loam
SM1-2 2-3 8.3 71.0 14.3 14.7 73.9 70.6 10.6 10 82 8 Silt
SM1-2 3-4 8.5 57.9 15.0 16.0 75.8 79.7 11.8 22 54 24 Silt Loam
SM1-4 2-3 8.5 50.4 154 18.0 67.9 79.5 12.1 40 42 18 Loam




8T

Table 4. Chemical analyses of the soil samples collected from subirrigated lands along Horse Creek* (Continued)

Depth Electrical | Organic
Interval pH |Saturation|Conductivity | Matter | Calcium | Magnesium | Sodium Sand Silt Clay
Sample ID (ft) S.u. % dS/m % meg/L meg/L meg/L SAR % % % Texture
Stevan Mueller Ranch (Continued)
SM1-4 3-4 8.5 49.8 17.6 16.8 81.5 95.5 13.6 35 46 19 Loam
SM1-7 2-3 8.4 61.2 16.1 16.9 77.1 77.6 11.3 27 52 21 Silt Loam
Paulette Parks Ranch
PP1 0-1 7.3 64.6 0.66 2.8 2.64 2.19 0.61 0.4 19.0 50.0 31.0 Silty Clay Loam
PP1 1-2 7.8 52.4 1.35 4.67 412 3.66 1.7 25 46 29 Clay Loam
PP1 2-3 8.0 52.6 5.63 17.3 257 243 5.3 32 43 25 Loam
PP1 3-4 8.1 47.0 6.49 16.7 30.7 31.7 6.5 44 34 22 Loam
PP1 4-5 8.0 455 5.25 17.7 213 21.0 4.8 51 28 21 Loam
PP1 5-6 7.8 44.6 4.02 17.6 15.5 12.8 3.1 46 32 22 Loam
PP10 0-1 7.8 64.8 7.04 3.0 16.5 42.8 333 6.1 14 50 36 Silty Clay Loam
PP10 1-2 8.4 59.9 135 16.3 114 87.6 10.9 16 50 34 Silty Clay Loam
PP10 2-3 8.3 60.7 13.7 17.2 115 90.8 11.2 20 44 36 Clay Loam
PP10 3-4 8.2 54.4 104 13.2 69.4 58.9 9.2 28. 44 28 Clay Loam
Marsha Pownall Ranch
MPI 0-1 7.6 68.1 7.83 3.7 18.9 51.7 36.0 6.1 24 38 38 Clay Loam
MPI 1-2 8.2 55.2 10.1 17.8 72.0 58.3 8.7 18 49 33 Silty Clay Loam
MPI 2-3 8.1 57.8 8.45 18.7 62.3 45.1 7.1 16 52 32 Silty Clay Loam
MPI 3-4 7.8 61.0 7.92 17.3 55.0 40.5 6.7 17 47 36 Silty Clay Loam
MPI 4-5 7.8 51.3 6.42 18.3 36.3 28.3 5.4 28 40 32 Clay Loam
MPI 5-6 7.8 50.4 6.62 19.2 42.0 28.6 5.2 36 38 26 Loam
Donna Tarver Ranch
DT1 0-1 7.4 64.9 0.87 3.7 3.15 1.86 1.26 0.8 24 41 35 Clay Loam
DT1 1-2 7.6 58.5 4.83 20.8 21.8 225 4.9 18 48 34 Silty Clay Loam
DT1 2-3 7.9 41.2 6.1 18.6 314 31.3 6.3 52 26 22 Sandy Clay Loam
DT1 3-4 8 47.8 7.1 18.6 44.3 36.8 6.6 38 36 26 Loam

*See Overview Map for Soil Sample Locations




produced water in the watershed. The high salt levels found in the soils provide
threshold electrolyte concentrations that should allow the application of water

characterized with high SAR values.

The average SAR for soil samples collected from subirrigated sites along Horse Creek
was 7.2 with a range from 0.39 to 14.1. SAR values averaged 3.6, 9.1, 9.4, 8.2, 6.7,
and 5.8 for the 1-foot depth increments to the total depth sampled of 6 feet. The
averaged SAR values are considered to be non-sodic and would not be expected to be
associated with sodic soil conditions. Elemental toxicities should not result from soll

conditions present in the Horse Creek drainage.

Alluvial Groundwater

The results of the alluvial groundwater analyses are summarized in Table 3. The
alluvial water was characterized with EC values ranging from 2.9 dS/m to 6.9 dS/m with
an average of 4.3 dS/m. These values are much higher than the CBNG water
produced in the Horse Creek watershed. The SAR values associated with the alluvial
groundwater are considered non-sodic and would not be expected to cause a sodic soill
problem. The average SAR value was 5.3, with a range from 4.1 to 6.7. The
anticipated impact of the CBNG-produced water on the alluvial water is discussed in

the Impact Analysis section of the report.
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Vegetation

A total of 21 vegetation species were documented during the vegetative inventory
within the Horse Creek project area. Of the 21 species identified, 11 were evaluated as
salt tolerant and include: Field Pennycress, Japanese Brome, Western Wheatgrass,
Wheat, Kochia, Crested Wheatgrass, Smooth Brome, Foxtail Barley, Alfalfa,
Intermediate Wheatgrass, and Inland Saltgrass. The two most frequently occurring salt
tolerant species are Japanese Brome (occurring in 29 transects) and Crested

Wheatgrass (occurring in 17 transects).

Japanese Brome was found in 29 of the 36 transects and was the dominant occurring
species in ten of those transects. Crested Wheatgrass was found in 17 of the 36
transects and was the dominant species in six of those transects. The percent

occurrence of the top four vegetative species by transect are summarized in Table 5.

The vegetation transect summaries, photos and field documentation are attached in
Appendix F. The summaries include the date of the survey, transect location,
landowner, vegetative species encountered, percent occurrence, species grouping and
photo points. Photo points of areas investigated (but not surveyed) for possible

subirrigated fields in Upper Squaw Creek are included in Appendix I.

Salt Tolerance

The salt tolerance of individual plant species is dependent upon numerous factors,

including soil type, precipitation, climate, plant species and age, and soil salt
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concentration. Some plants will tolerate high levels of salinity while others can tolerate
little or no salinity. The relative growth of plants in the presence of salinity is directly

correlated to salt tolerance.
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Percent Occurrence of the Top Four Vegetative Species by Transect for the Horse Creek Project Area

Table 5.

% Occurrence Of Top 4 Species

71.44
100.00]

89.48
100.01]

100.00]

84.21

63.63
52.17

81.25
83.33
100.00]

75.00
92.86
76.19
75.77|
94.45
91.67|
89.37
88.89

83.33
68.18

Cattails
Typha spp.

Boxelder
Acer negundo

Equisetum
Equisetum spp.

Dandelion
Taraxacum officinale

7.14

Inland Saltgrass
Distichlis spicata

25.00

16.67
16.67

Intermediate Wheatgrass
Agropyron intermedium

18.75

21.43
42.86

16.67

Threadleaf Sedge
Carex filifolia

4.35

Alfalfa
Medicago sativa

19.15

Wild Licorice
Glycyrrhiza lepidota

8.33

Foxtail Barley
Hordeum jubatum

17.39
31.25
33.33

25.00

13.89

Smooth Brome
Bromus inermis

27.27

50.00

8.33

Crested Wheatgrass
Agropyron cristatum

19.05

27.78 | 34.72

17.02
25.00

22.73 | 22.73

Kochia
Kochia scoparia

6.67

12.50 | 37.50

9.09
13.04
6.25

18.75 | 12.50

16.67 | 31.82

Wavyleaf thistle
Cirsium undulatum

6.67

Wheat
Triticum spp.

86.67

Silver Sagebrush
Artemisia cana

10.53

21.05

11.11

14.29

9.52

Cloaked Bulrush
Scirpus pallidus

9.09

Western Wheatgrass
Agropyron smithii

33.33
50.00

Japanese Brome
Bromus japonicus

37.50

36.84 | 15.79
18.18
17.39
25.00
16.67
88.89

18.75
50.00

4.76
13.64

25.00
48.94

Prairie Cordgrass
Spartina pectinata

40.00 | 30.00 | 10.00 | 20.00

16.67 |11.11

11.36 | 11.36

Field Pennycress
Thlaspi arvense

21.43|21.43 |14.29 | 14.29

5.26 | 10.53 | 63.16

12.50
10.53

4.17
4.26

8.33

Total Sample Points

14
10
19
15
8
19
11
23
16
12

16
14
21
66
18
72
47

36

12
44

Transect

w1

W2

W3

SS1
DJ1
DT1
DT2
DT3
DT4
DT5
DT6
DT7
DT8
DT9
MP2
MP1
MP3
MP4
LO2

w4

PP2
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Percent Occurrence of the Top Four Vegetative Species by Transect for the Horse Creek Project Area

(Continued)

Table 5.

% Occurrence Of Top 4 Species

90.90

82.05
70.00
69.56
77.43
86.85
75.62
75.61]
90.00
67.85
81.58
91.67|
87.50

83.64

83.72

Cattails
Typha spp.

12.50

Boxelder
Acer negundo

15.79 | 31.58

Equisetum
Equisetum spp.

10.00

Dandelion
Taraxacum officinale

7.14 | 10.00 | 15.79 | 22.04

Inland Saltgrass
Distichlis spicata

18.42
29.17

5.45

Intermediate Wheatgrass
Agropyron intermedium

22.50

4.88
4.17

Threadleaf Sedge
Carex filifolia

4.35|18.75 | 18.56

Alfalfa
Medicago sativa

2.56

29.27
17.07

5.83

8.33

2.33

Wild Licorice
Glycyrrhiza lepidota

4.17

4.65

5.72 | 12.08

Foxtail Barley
Hordeum jubatum

13.16

Smooth Brome
Bromus inermis

5.45

25.00
17.39

25.00

12

Crested Wheatgrass
Agropyron cristatum

67.27

48.72

3.23|29.03

13.16

24.39

72.50
10.71

21.82 | 43.64
9.30 | 67.44

17

Kochia
Kochia scoparia

13.04

Wavyleaf thistle
Cirsium undulatum

6.67 | 12.00 | 27.32 | 29.67 | 22.34

Wheat
Triticum spp.

Silver Sagebrush
Artemisia cana

Cloaked Bulrush
Scirpus pallidus

Western Wheatgrass
Agropyron smithii

3.23

10

Japanese Brome
Bromus japonicus

11.54

41.94
26.32

29.27 | 24.39

18.42 | 31.58

8.33 | 50.00

25.00

29

10

Prairie Cordgrass
Spartina pectinata

5.45|12.73

21.74 | 17.39

9.76 | 12.20

21.43 110.71 | 25.00

Field Pennycress
Thlaspi arvense

19.23

7.50

29.17
12.73

11

12.28 | 17.60 | 25.70 | 25.76 | 14.55 | 13.30 | 86.67

Total Sample Points

55

78
40
23
31

38
41

41
120

28
38
24
24
55
43

Transect

PP1

SM1
LP2
LP1
AK1
AK2
LS1
DM1
ER1

Jw1l

Jw2

LO1
MP5
MP6
LK1

# of Transects

Observed

# as Dominant

Species

Average Percent

Occurrence
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The threshold salt tolerance level of a plant is the maximum soil salinity level at which
plant yield is not reduced (Hanson, et al. 1999). Salt tolerance levels are determined
experimentally by comparing plant growth or yield under varying soil salinity levels.
Table 6 provides five typical salinity categories ranging from non-saline to very strongly

saline. These terms are used throughout the remainder of this report.

Table 6. Salinity Correlation Values
Weakly Moderately Strongly Very Strongly
Soil Depth Non-Saline Saline Saline Saline Saline
0-60 cm (0-2 ft.) <2 dS/m* 2-4 dS/m 4-8 dS/m 8-16 dS/m >16 dS/m
60-120 cm (2-4 ft) <4 dS/m 4-8 dS/m | 8-16 dS/m 16-24 dS/m >24 dS/m

* dS/m = deciSiemens per meter.

A high concentration of salt in soil interferes with the germination of new seeds.
Salinity results in a drought-like effect on plants, preventing roots from performing their
osmotic activity. If soil salt levels are high, water and nutrients cannot move into the
plant roots. Threshold soil salinity tolerances for the top four dominant vegetative

species encountered at each transect are summarized in Appendix J.

IMPACT ANALYSIS FOR SOILS, ALLUVIAL GROUNDWATER AND VEGETATION

The impact analysis was conducted assuming CBNG-produced water was used on

irrigated soils along Horse Creek.

Soils Evaluations

Chemical evaluations (see Table 4) of the soils associated with irrigated lands along

Horse Creek indicate that most sites are characterized by high levels of salt. However,
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most native vegetation can often tolerate these high levels of salt due to their genetic
disposition. Within the study areas, the main species of concern at such salt levels is
alfalfa. Alfalfa was identified in seven transects, but its distribution was sparse, a likely

result of salt toxicity.

The primary purpose of this section is to evaluate if CBNG-produced water would
negatively impact the current soil conditions and thus forage production in irrigated
fields found in the Horse Creek drainage. This evaluation was conducted using several
tools. First, an evaluation of the CBNG-produced water and the potential for the
produced water to impact the soils was made using saline-sodic chemistry and the
guidelines for interpretations of water quality for irrigation as provided by Ayers and
Westcot (1985) and Hanson et al. (1999). Second, an irrigation simulation was
conducted assuming that 30 inches of water per year was applied to the soil surface.
The evaluation approximated the impact of CBNG-produced water on the
characteristics of the average soil conditions existing on each landowner along Horse
Creek. This evaluation was accomplished using the FAO-SWS geochemical transport
model. The model considers water flow, carbon dioxide production and transport,
transport and chemistry of major dissolved ion species including cation exchange,
mineral dissolution and precipitation, and plant water extraction with consideration of
water and salt stress. The model was used to simulate the effects (five years of
continuous irrigation) of using CBNG-produced water to irrigate each soil associated
with the landowners along Horse Creek. The five-year irrigation period provided a

trend of how the CBNG-produced water would impact soils in the watershed. The
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application of larger amounts of water and the application of water for a longer period
of time are expected to follow and enhance the trends observed during the five-year
simulation.

The third method of evaluation was to assume that CBNG-produced water moved into
the alluvial aquifer reacting with the groundwater geochemically to form an alluvial
groundwater that would subirrigate the current irrigated sites along Horse Creek. The
results of the model simulation were used along with guidelines for interpretations of
water quality for irrigation (Ayers and Westcot, 1985; Hanson et al. 1999) to determine
the impact of the plant growth capability based on resulting soil conditions. This
evaluation was performed for each landowner that allowed field access along Horse
Creek, and assumed that the baseline alluvial groundwater quality was similar to the

samples collected from the five sites noted previously.

Surface flooding with CBNG-produced water using natural irrigation is not expected to
negatively impact sites along Horse Creek. This scenario was demonstrated by the
results of the irrigation simulation. The irrigation simulation assumes application of
30 inches of CBNG-produced water on the surface without dilution by the (natural)
flood waters. If the soils are not negatively impacted by managed irrigation at such
high rates, flood waters containing CBNG-produced water should not impact these

agricultural lands.
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Salinity

The salinity of irrigation water is measured as the EC. Guidelines for interpretation of
water quality for irrigation (Ayers and Westcot, 1985; Hanson et al. 1999) indicate that
water with an EC less than 0.7 dS/m will be suitable for all crops without restriction.
Water exhibiting an EC between 0.7 and 3.0 dS/m can be used to irrigate moderately
salt tolerant crops with no restrictions, while water with an EC between 3.0 and
6.0 dS/m can be used to irrigate salt-tolerant crops with no restrictions on use. For
waters with an EC greater than 6.0 dS/m, only salt-tolerant crops should be considered.
Most plants growing on irrigated lands in the Horse Creek watershed are considered to
be moderately salt tolerant, especially since these plants are most often found growing
on saline soils. If managed irrigation practices are used, including -careful
implementation of the leaching requirement to prevent the excess accumulation of salts
in the root zone, moderately tolerant plant species can be irrigated with water exhibiting

an EC between 3.0 and 6.0 dS/m.

The characteristics of the CBNG-produced water proposed for discharge in the Horse
Creek watershed are shown in Table 1. The produced water has relatively low salt
levels with EC values ranging from 0.62 dS/m to 2.33 dS/m with an average of
1.41 dS/m. Irrigating with CBNG-produced water in the Horse Creek watershed would

not be detrimental to plant growth.
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Sodicity and Salinity Interactions

Irrigation water with an elevated SAR can result in changes to the physical structure of
a soil and its hydraulic properties such as infiltration and hydraulic conductivity. Under
low salt conditions, increases in soil SAR can lead to the swelling and dispersion of soil
clay particles that in turn can lead to soil sealing and reduced hydraulic conductivity. In
general, soils with moderately high to high clay contents are at greater risk. However,
the types of clay materials that dominate the clay fraction is also important. The clay
minerals associated with the soils sampled within the Horse Creek watershed are likely
2:1 layered clays with low swelling capacity. Percent saturation values were less than
80% with an average of 48.1% for all samples collected, ranging from 31.5% to 74.6%.
The soils found in the Horse Creek watershed, therefore, tend not to swell or disperse

under high or moderately high SAR conditions.

The potential impact of elevated sodium on soil physical properties is closely related to
salinity, as discussed above. For example, the structure of a highly sodic soil can be
maintained with the appropriate level of EC. However, if the EC is low (the water is
very clean), the highly sodic soil will tend to slake and disperse. Similarly, the
application of low EC water can cause degradation of soil structure. It is generally
accepted that soil structure can be maintained when the EC of the applied water is

relatively high.

The SAR of a soil is based on the dissolved concentrations of sodium, calcium and

magnesium in the soil solution (saturated paste extract) via the formula:
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SAR = [Na']/ (([Ca*] + [Mg®'])/2)"? (concentrations in meq/L)

The SAR formula indicates that if calcium and magnesium concentrations are low and
sodium is high, then the SAR will be high. Conversely, if calcium and/or magnesium
concentrations increase relative to sodium, then SAR will decrease. What is not
apparent from the SAR formula is the fact that the higher the salinity of the water, the
higher the SAR can be without impairing soll infiltration and permeability. Similarly, for
a given salt concentration (measured as EC), infiltration rates generally decrease as
SAR increases.

Criteria for evaluating the risk of a particular SAR value for irrigation water applied at
the soil surface in relation to the EC of the water are provided in Ayers and Westcot
(1985) and Hanson et al. (1999). At this time, WDEQ prefers that the maximum SAR in
irrigation water should be determined in conjunction with EC so that the relationship of
SAR to EC remains within the “no reduction in rate of infiltration” zone as developed by
Ayers and Westcot (1985) and Hanson et al. (1999). The maximum SAR criteria are,
therefore, set below the line separating the “no reduction in rate of infiltration” zone

from the “slight to moderate reduction in infiltration” zone (Figure 1).

Figure 1 The Effect of Salinity and Sodium Adsorption Ratio on Infiltration Rate
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Chemical analysis of the CBNG-produced water for all sources sampled within the
Horse Creek watershed falls into the Hanson et al. (1999) “slight to moderate reduction
in infiltration” zone. Although the produced water is characterized by relatively low
SAR values with an average value of 13.0, the salt content is also low, averaging about
1.41 dS/m. Therefore, the salt concentrations are beneath the salt threshold that
results in clay flocculation. The resulting combination falls in the range of the “slight to

moderate reduction in infiltration” per the EC-SAR relationship shown in Figure 1.

It is important to note, however, that the soils sampled in the Horse Creek watershed
generally are characterized with high salt levels from the surface to the lower depths
sampled. The soil contains significant amounts of soluble salts from the dissolution or
weathering of minerals such as gypsum, calcite, and other soluble minerals common in
semiarid soils. The high salt levels generated from the weathering processes would

promote soil particle flocculation, thereby enhancing infiltration of the irrigation water.
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The dissolution of soil salts is expected to quickly influence the EC values of the
CBNG-produced water to levels comparable to the soil EC values of 4 or 5 dS/m. The
average root zone EC of 7.02 dS/m provides a threshold electrolyte concentration that
will maintain flocculated soil conditions at SAR values near 40 (refer to Figure 1). The
weathering process is addressed in a condensed form in the next paragraph. A more
detailed explanation is provided in the attached literature review (T.H. Brown, 2004)

provided in Appendix K.

In general, the saline nature of the soil and the tendency for mineral dissolution will
prevent excessive dispersion at the soil surface even with the application of low-salt
CBNG-produced water, rainfall, and snowmelt events. This fact is demonstrated in the
irrigation modeling section of this evaluation as water movement into and through the
soil profiles located along Horse Creek remains adequate with an annual irrigation
application of 30 inches of CBNG-produced water. Dispersion is important in reducing
the permeability of sodic soils, however, no adequate hypothesis is available to explain
why some soils are more susceptible to clay dispersion than others when leached with
distilled water. This is an important problem since the irrigation season is usually
followed by a rainy season or snowmelt. Salt is usually concentrated in the soil during
the irrigation season, when the EC is high enough to prevent deterioration of the
physical properties. However, when these soils are inundated with rainwater or spring
runoff, the salts may be leached from the surface portion of the soil and the physical

conditions at the surface may become susceptible to degradation.
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The Threshold Electrolyte Concentration (TEC = amount of salt in meg/L required to
maintain flocculation of a soil for a specific SAR) of Ca-montmorillonite clays has been
reported by Van Olphen (1977) to be 0.17 to 0.23 meg/L. The TEC for Na-
montmorillonite clay is 12 to 16 meqg/L. Soils capable of releasing salt through
weathering processes at rates sufficient to maintain salt levels above the TEC values
for specific clay materials should maintain their physical condition. These soils will not
disperse and their infiltration rate and hydraulic conductivity should not be affected
significantly by rainfall or spring runoff. Rhoades et al. (1968) showed that arid land
soils increased the levels of calcium and magnesium by 3 to 5 meqg/L due to weathering
processes and determined that the dissolution of plagioclase, feldspars, hornblende,
and other common mafic minerals accounted for the release. Oster and Shainberg,
(1979) in their evaluation of the dissolution of three arid zone soils observed that the
release of calcium, magnesium and potassium from silicate minerals and the hydrolysis
of exchangeable sodium and calcium varied significantly. These researchers
demonstrated that when salt-free soils were mixed with distilled water at a 1:5 ratio, the
release of salts increased solution concentrations from 0.5 to 4.0 meqg/L within four
hours. The salts likely result from the dissolution of calcite, gypsum or other soluble

minerals present in the soil.

Shainberg et al. (1981a) showed that low salt concentrations (2 to 3 meg/L) in leaching
water prevented clay dispersion and reductions in hydraulic conductivity for ESP values
below 30. These observations suggest that mineral dissolution is a major factor

causing differences in susceptibility to sodic conditions when leached with water low in
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salt content. These scientists hypothesized that sodic soils containing minerals such
as calcite (CaCO,) feldspars and hornblende that readily release soluble electrolytes
will result in electrolyte levels high enough to prevent dispersion if leached with distilled
water, which simulates rainfall and runoff. Shainberg et al. (1981b) showed that soils
containing minerals that readily release soluble electrolytes will not disperse when
leached with distilled water (simulated rainwater). This is very important for materials
that have moderate ESP levels that are able to maintain physical conditions through
the soil profile but may be susceptible to dispersion near the surface. Electrolytes
resulting from weathering, especially soils in arid or semiarid environments, can
maintain the physical structure of the surface materials. Rhoades et al. (1968) found
similar results studying arid soils treated with irrigation water characterized by SAR
values varying from 5 to 20. The total salt content of the displaced soil solutions was 3
to 5 meqg/L higher than the salt levels applied in the irrigation water. Much of the
increase in salt levels resulted from weathering of the soil materials, which released
significant amounts of calcium, magnesium and bicarbonate ions. The net effect of the
weathering processes was a 30% to 90% reduction in the SAR of the soil solutions.
These researchers determined that the weathering phenomenon reduces the sodium

hazard and therefore should be considered in water quality evaluations.

The discussion above strongly implies that irrigation water containing relatively high
levels of sodium may be used successfully for irrigation of soils that have similar

characteristics to those evaluated in this study.
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In view of the above discussion concerning mineral weathering, Rhoades (1968)
developed a modification to the sodium hazard equation developed by Bower et al.
(1963) for irrigation waters containing bicarbonate. This modification was based on the
results of research that evaluated the impact that mineral weathering had on soils
containing calcite. The evaluation was complicated by the presence of calcium and
bicarbonate in solution, which would tend to precipitate at the same time mineral
weathering is releasing calcium and magnesium into solution at relatively high rates.
This study showed that the increases in calcium and magnesium content produced by
mineral weathering processes were greater than the decreases produced by calcite
precipitation processes. These data show that the evaluation of the sodium hazard of
irrigation water containing bicarbonate based on the assumption of CaCO; precipitation
IS inaccurate at least for soil water contents near saturation. It also demonstrates that
mineral weathering must be considered in evaluating the sodium hazard of irrigation

waters in semiarid and arid soils.

Another important aspect of weathering is the influence of CO, on the weathering of
soils containing CaCO3;. The presence of CO, significantly enhances the dissolution of
CaCO; (Nadler, et al. 1996). As a result, the development of a good plant cover on a
soil containing calcite will result in significant levels of Ca in solution and on the
exchange sites. Nadler et al. (1996) determined that solutions containing CO, will

dissolve larger amounts of CaCO; as the contact time increases. As a result, soils
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supporting good vegetative cover and containing high levels of calcite such as those
present in the PRB would be expected to provide significant levels of Ca to the soil

solution.

As discussed in the literature, most investigations concerning the effect of salts on the
transport of water and solutes in soil have been described under steady-state saturated
conditions. However, in field conditions the transport of solutes and water almost
always occurs under unsaturated flow conditions. Information is limited on the impact
of sodic/saline conditions on the hydraulic properties of soils, although several studies
have been completed. Russo and Bresler (1977) found that low soil water content
compensates for the negative effects of high ESP and low salt levels. This work was
done in a laboratory study using the Gilat loam soil with various combinations of salt
concentrations, compositions, and soil water contents. This study showed that
maintaining the soil under unsaturated conditions allows a higher ratio of sodium to
calcium for any given EC without impacting the physical condition of the soil. These
relationships are directly dependent on the degree of soil saturation. Since low water
contents result in low repulsion forces, unsaturated systems would be expected to have
higher attractive forces between clays and soil particles as compared to saturated

systems.

Another important factor when evaluating if water of certain chemistry will impact a soil

is that the soils in the PRB possess structure that is bound with very strong forces.

Considerable force is required to break the bonding between soil particles, especially if
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the system is not saturated, which is the condition often used in studies of clay
chemistry as presented in the literature. This fact suggests that the research recently
published by Suarez (2006) was conducted under conditions that only remotely relate
to the actual field conditions. Suarez and his colleagues collected disturbed samples
from a number of fields in Wyoming, transported the samples to California, and set the
experiment up in the laboratory. The samples were packed in containers at some
density and various types of water were applied. The resulting system was
characterized with no soil structure, soil hydraulic characteristics that do not represent
any field conditions, and disturbed soil conditions at the surface that were susceptible
to physical compaction from the energy impacting the soil via the applied water. Under
these conditions, they found that SAR 5 water decreased infiltration rates. The
laboratory experiment does not relate to field conditions found in the PRB, and
represents a laboratory “dirt” study. The results of the experiment should be
considered unreliable when compared to a natural soil characterized with good soll

development where soil peds are strongly bonded together as noted previously.

The Section 20 Analysis presented in this document includes an evaluation based on
the assumption that CBNG-produced water generated in the Horse Creek watershed
will be used to surface irrigate agricultural lands. Based on field investigations, almost
all irrigated agricultural lands in the watershed are naturally flood irrigated or
subirrigated. Subirrigated areas will not be impacted directly by the CBNG-produced
water since such water will react with the soil profile and then mix with alluvial

groundwater prior to impacting plants growing in subirrigated areas. The interaction
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between the CBNG-produced water and the groundwater is addressed via geochemical

modeling in the next section of this report.

The soil impact expected with the application of CBNG-produced water to a soil is
dependent on the chemical characteristics of the soil receiving the water. The
saturated paste data from the soils collected at the sampling sites along Horse Creek
show EC and SAR values that fall into the “No Reduction in Infiltration Rate” zone. The
soils, as noted in Table 4, are characterized by high EC values, low SAR values, and
non-swelling clays. This chemistry is expected to greatly influence the impact CBNG-
produced water may have on the infiltration rate and hydraulic conductivity of the soils.
The FAO-SWS Model previously described in this report was used to provide a means
of determining how CBNG-produced water may potentially impact irrigated soils. The
following section provides an evaluation pertaining to agricultural lands for each

individual landowner located along Horse Creek.

RESULTS OF THE EC AND EC/ SAR EVALUATION

1. If used for irrigation purposes, CBNG-produced water would be expected to
decrease the salt levels in the soil profiles due to leaching and thus enhance
plant growth potential.

2. The CBNG-produced water is classified as nonsaline and nonsodic. The low
salt concentrations of the water would likely have a slight tendency to cause a
reduction in infiltration (Figure 1). Slight tendency was used since the EC/SAR
intersect is either close to the middle or below the middle of this zone of the
graph.

3. The high salt levels that characterize most of the irrigated soils in the Horse
Creek watershed provide a large capacity to replenish salt to the soil solution
by weathering processes. Although the application of CBNG-produced water,
precipitation and snowmelt will have a tendency to remove salts at the surface
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and promote clay dispersion, weathering of soluble minerals will occur
simultaneously thereby maintaining relatively high salt levels, thus preventing
clay dispersion.

The salt generated from the weathering process is expected to greatly influence
the EC of the CBNG-produced water resulting in EC values of > 4 dS/m which
should keep soils flocculated with SAR values of near 25 (Figure 1). The
average EC value for all soil samples collected was 7.02 dS/m, which provides
a threshold electrolyte concentration that will allow SAR values of about 45
before entering into the slight reduction in infiltration.

CBNG-produced water should not impact the hydraulic conductivity of irrigated
soils. The high salinity levels of the soils will overwhelm any increased SAR
levels that might result while irrigating with the CBNG-produced water.

The relationships shown in Figure 1 were developed by Ayers and Westcot
(1985) and Hanson, et al. (1999) for soils found in California that had been
irrigated for crop production. Such soil conditions do not exist in the irrigated
agricultural lands along Horse Creek. Soils in the PRB and in the Horse Creek
watershed, which contain high levels of soluble salts that will weather during
the irrigation process, will likely react much differently to irrigation water
containing relatively low salt levels. CBNG-produced water used for surface
application could conceivably contain higher sodium levels without causing a
detrimental impact to agricultural lands.

The EC/SAR soil chemistry discussed in this section provides a strong basis for
establishing an SAR limit of > 20 without causing a measurable decrease in
crop or livestock production on agricultural lands irrigated with CBNG-produced
water.

FAO-SWS MODEL SIMULATIONS

As noted previously, the irrigation simulations were based on managed surface

irrigation of agricultural lands, even though almost all of the irrigated lands sampled in

the Horse Creek watershed were naturally flood irrigated and/or subirrigated. Model

simulations were conducted for each landowner with irrigated agricultural fields from

the confluence of Horse Creek with the Little Powder River to the headwaters of Horse

Separate evaluations specific to agricultural lands associated with each

landowner were compiled based on the information collected during the field
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investigations. No evaluations were performed on landowners who did not allow field

access to their lands.

The horizonation and soil chemistry of the soils sampled along Horse Creek are similar
from the headwaters to the confluence with the Little Powder River. As a result, the
irrigation modeling results are also very similar. Therefore, one entire irrigation
simulation is provided in the body of the Section 20 evaluation. The remaining
evaluations are included in Appendix L. The site sampled at the Dave Magnuson

Ranch is described in detail in the body of the report.

The irrigation simulations are discussed in ownership sequence from the confluence of

Horse Creek with the Little Powder River upstream to the outfalls located in the

headwaters of the Horse Creek watershed.

BROWN-KENNEDY RANCH COMPANY

In order of ownership sequence, the Brown-Kennedy Ranch is the first property to be
discussed, as it is located between the David Magnuson Ranch and the confluence of
Horse Creek with the Little Powder River. This reach of Horse Creek did not contain
managed irrigation or subirrigated agricultural lands. Therefore, field data collection
was not required as per Chapter 1, Section 20 of the Wyoming Water Quality Rules

and Regulations.
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DAVE MAGNUSON RANCH

The Dave Magnuson Ranch is located immediately upstream of the Brown-Kennedy
Ranch. Several agricultural areas adjacent to the stream are subirrigated and the
same areas appear to have spreader dikes that were constructed to concentrate runoff
over specific areas. The spreader dikes have not been maintained for a long period of
time and several of the areas behind them are now occupied by native species
including shrubs such as sagebrush. The landowner indicated that managed flood
irrigation was not conducted on the ranch. A significant portion of the subirrigated land
at this ranch was considered as wetland area, not haylands or significant grazing lands.

As a result, such areas were not considered in the sampling program.

One site that was sampled (designated as DM1 on the Overview Map (Plate 1)) is
currently subirrigated and appears to have been flood irrigated in the past. The field is
less than five acres; therefore, three samples were collected. The samples were
composited in 1-foot increments up to 6 feet in depth. The site was sampled to a depth
of 6 feet because alfalfa was found at the site. The analytical results are provided in
Table 4 with averaged values for EC and SAR presented in Table 7. An adjacent field,
DM2, was also sampled. Since DM2 has soil characteristics similar to DM1, the DM2
profile was described and correlated to DM1. DM2 was not sampled. Photos were
taken at each DM1 sampling point. Photos were also taken at Photo Point DM-A
(Overview Map, Plate 1) and DM-B to depict current site conditions. Photo Points DM-
A and DM-B are neither flood or subirrigated. Extensive areas adjacent to Horse Creek

are considered to be wetlands and therefore may not have been used for agricultural
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purposes in the past. In general terms, the analyses indicate that the soils are saline
with EC values ranging from a low of 6.19 dS/m in the top one foot to a high of 12.0
dS/m in the 2 to 3 foot depth increment. The soils possess rather high SAR values,
ranging from 6 in the 0 to 1 foot increment to 14 in the 2 to 3 foot depth increment. The
pH values ranged from 7.5 to 8.5 in the sampled profile. The texture of the material is

loam in the top 2 feet and sandy loam in the 2 to 6 foot interval.

The physical and chemical characteristics determined from the soil sampled at DM1
were input into the FAO-SWS irrigation model to assess potential soil impacts related
to irrigating with CBNG-produced water. The simulation was conducted for a 5-year
period using an annual irrigation rate of 30 inches in addition to the application of
average annual precipitation. The CBNG-produced water characterized with the
highest SAR value (SAR = 23.6, EC = 1.84 dS/m) was used in the irrigation
simulations. In addition, one simulation was conducted using water with an EC of 1.1
dS/m and a SAR of 25. The application of soil amendments was not included in the
simulation. Subirrigated sites that may be impacted with CBNG-produced water
entering the alluvial groundwater were evaluated (using a geochemical approach), and

results are summarized in the next section of this report.

The primary goal of the irrigation modeling was to determine the impact that CBNG-

produced water would have on the major chemical parameters of the solil, if CBNG-
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Table 7.

Averaged EC and SAR Values for Sites Sampled in the Horse Creek Watershed.

Electrical Conductivity (EC)

Soils Data Averages

Horse Creek)

Sample ID C. Kretschman D. Tarver L. Peyrot M. Pownall P. Parks D. Magnuson L. Shippy L Shippy Average
Avg EC - dS/M 7.12 (n=48) 4.73 (n=4) 6.78 (n=38) 7.89 (n=6) 6.80 (n=10) 9.29 (n=6) 6.51 (n=6) 0.77 (n=6) 7.02
Range of EC 3.231t0 7.68 0.87to0 7.10 1.57 to 7.97 7.8310 10.1 0.66 to 13.7 6.19t0 12.0 1.0 to 9.06 0.7 to 0.86
AvgEC-0to 1 5.5 (n=8) 0.87 (n=1) 4.61 (n=8) 7.83 (n=1) 3.85 (n=2) 6.19 (n=1) 1.00 (n=1) 0.83 4.75
Range of ECOto 1 3.231t0 7.68 1.57 t0 7.97 0.66 to 7.04

AvgEC-1to 2 9.7 4.83 8.53 10.1 7.43 9.9 6.97 0.71 8.85
Range of EC 5.92to 15.7 5.531t0 13.7 1.35t0 135

AvgEC-2to 3 9.3 6.1 8.23 8.45 9.67 12 9.06 0.72 8.87
Range of EC 5.15t0 14.6 4.99 to 13.8 5.63 to 13.7

AvgEC-3to 4 7.58 7.1 6.1 7.92 8.45 10.5 8.48 0.7 7.29
Range of EC 4.88 to 9.55 4.06 to 11.2 6.49 to 10.4

AVgEC-4t05 5.83 5.97 (n=3) 6.42 5.25 (n=1) 8.81 7.16 0.79 6.15
Range of EC 4.09 to 7.45 4.92 to 7.06

AvgEC-5to 6 5.54 4.74 (n=3) 6.62 4.02 8.35 6.38 0.86 5.59
Range of EC 3.47 t0 8.39 2.78 t0 6.53

Soils Data Averages (Hay Creek)

Sample ID E Rule J. Wolfe

Parameter

Avg EC - dS/M 6.68 (n=4) 15.55 (n=4)

Range of EC 6.7t0 7.8 12.2t017.1

AvgEC-0to 1l 3.51 (n=1) 12.2 (n=1)

Range of ECOto 1

AvgEC-1t0 2 6.09 16.8

Range of EC

Soils Data Averages (Hay Creek)

AvgEC-21t03 8.34 16.1

Range of EC

AvgEC-3to4 8.77 17.1

Range of EC

AvgEC-41t05
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Table 7.

Averaged EC and SAR values for sites sampled in the Horse Creek watershed. (Continued)

Electrical Conductivity (EC)

Soils Data Averages (Hay Creek) (Continued)

Range of EC

AvgEC-51t06

Range of EC

Soils Data Averages (Spring Creek)

Sample ID M. Pownall

Parameter

Avg EC - dS/M 7.00 (n=12)

Range of EC 0.88to 11.4

AvgEC-0to 1l 1.48 (n=2)

Range of ECOto 1 0.88 to 2.07

AvgEC-1t0 2 5.95

Range of EC 3.96 t0 7.94

AvgEC-21t03 9.06

Range of EC 6.71to 11.4

AvgEC-3to 4 8.91

Range of EC 8.0510 9.76

AvgEC-41t05 8.61

Range of EC 8.20 t0 9.01

AvgEC-51t06 8.05

Range of EC 6.74 t0 9.36
SAR

Soils Data Averages (Horse Creek)

Sample ID C. Kretschman D. Tarver L. Peyrot M. Pownall P. Parks D. Magnuson L. Shippy L Shippy Average

LS6 LS1 Excl LS1

Parameter

Avg SAR 7.01 (n=48) 4.62 (n=4) 7.57 (n=38) 6.53 (n=6) 5.92 (n=10) 10.50 (n=6) 8.15 (n=6) 1.34 (n=6) 7.23

Range of SAR 1.09to 14.1 0.80t0 6.56 | 1.78to 13.5 5.18t08.69 | 0.39to 11.2 6.02 to 14.0 1.06to11.4 | 0.80to 1.57

Avg SAR-0to 1 3.18 (n=8) 0.80 (n=1) 4.18 (n=8) 6.05 (n=1) 3.25 (n=2) 6.02 (n=1) 1.06 (n=1) 0.8 (n=1) 3.61
SAR

Range of SAROtol | 109t07.14 | | 17810874 | | 0.39t06.11 |
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Table 7. Averaged EC and SAR values for sites sampled in the Horse Creek watershed. (Continued)
SAR
Soils Data Averages (Horse Creek) (Continued)
Avg SAR-11t02 9.75 4.87 9.42 8.69 6.32 12.2 8.35 157 9.10
Range of SAR 537t014.1 5.86t0 12.7 1.74t0 10.9
Avg SAR-210 3 9.58 6.25 9.3 7.08 8.23 14 114 1.48 9.37
Range of SAR 7.07 to 13.9 54110135 5.25t011.2
Avg SAR-3to 4 7.99 6.56 8.14 6.74 7.84 11.9 10.6 1.46 8.15
Range of SAR 6.37 t0 8.84 3.52t012.8 6.50 t0 9.17
Avg SAR-41t05 6.09 7.39 (n=3) 5.42 4.75 (n=1) 9.43 9.29 1.43 6.65
Range of SAR 4.14 t0 8.13 6.24 to 8.67
Avg SAR-5t0 6 5.44 5.69 5.18 3.14 9.46 8.17 1.32 5.77
Range of SAR 2.96 to 8.52 3.70t0 7.36
Soils Data Averages (Hay Creek)
Sample ID E. Rule J. Wolfe
Parameter
Avg SAR 1.80 (n=4) 2.50 (n=4)
Range of SAR 0.38 to 2.58 2.07 t0 2.83
Avg SAR-0to 1 0.38 (n=1) 2.07 (n=1)
Range of SAR O to 1
Avg SAR - 1to 2 1.84 2.83
Range of SAR
Avg SAR-2t0 3 2.58 2.59
Range of SAR
Avg SAR -3t0 4 24 2.52
Range of SAR
Avg SAR - 4105
Range of SAR
SAR
Avg SAR - 5106
Soils Data Averages (Spring Creek)
Sample ID M. Pownall
Parameter
Avg SAR 4.84 (n=12)
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Table 7. Averaged EC and SAR values for sites sampled in the Horse Creek watershed. (Continued)

SAR
Soils Data Averages (Spring Creek) (Continued)
Range of SAR 0.62 to 7.59
Avg SAR-0to 1 0.66 (n=2)
Range of SAROto 1 0.62 t0 0.70
Avg SAR - 11t0 2 4.05
Range of SAR 1.77 t0 6.33
Avg SAR - 2103 5.95
Range of SAR 4.31 to 7.59
Avg SAR - 3to 4 6.42
Range of SAR 5.52t0 7.31
Avg SAR - 4105 6.35
Range of SAR 6.29 t0 6.41
Avg SAR - 5106 5.62
Range of SAR 4.88 t0 6.35




produced water was used for managed irrigation. Soil chemical characteristics such as
EC, SAR, and solution concentrations of calcium, magnesium, sodium and sulfate were
evaluated over the 5-year simulation period. The model was also used to determine
the expected movement and deposition of chemical constituents in the soil profile. In
addition, an estimate of the osmotic pressure head and relative crop yield (over the 5-

year period) was determined.

FAO-SWS MODEL RESULTS FOR MAGNUSON RANCH

One concern with applying CBNG-produced water to surface irrigated crops and
rangeland plant communities is the influence the water may have on the salinity and
sodicity characteristics of the irrigated soils. The expected salinity and sodicity
characteristics of soils located at the irrigation site over the 5-year simulation period

are presented in Figures 2 and 3, respectively.

The data shown in Figure 2 provide an estimate of the salt accumulation (in terms of
EC) expected at the site under the projected irrigation application rates and the
average precipitation levels. In general, the simulation shows that during the initial
stages of irrigation, salts are leaching to lower levels in the soil profile. At the
beginning of the simulation, the salt levels are about 5.9 dS/m at the surface. As the
simulation progresses, the peak levels of salt tend to migrate to lower depths below the
root zone with low salt levels at the surface. At the end of Year 1, the levels found in
the surface to 100 cm interval increase from about 0.5 dS/m near the surface to about 9

dS/m at 100 cm. Following the 5-year simulation, salt levels found in the soil are
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approximately 0.5 dS/m near the surface and approximately 3.0 dS/m at the 100 cm

depth. Following
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Figure 2. Salt Concentrations (EC) by Soil Depth Over the 5-Year Irrigation Period
(IP). (green — 0; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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Figure 3. SAR by Soil Depth Over the 5-Year Simulation Period
(green — 0; turquoise — 1 year; red — 2 years; pink — 3 years; blue — 4
years; dark green — 5 years)
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the 5-year irrigation period, the salt levels found in the soil root zone are expected to
further decrease with time as soil water is leaching salts to lower levels in the profile.
The data show that salt levels in root zone are more favorable for plant growth as a

result of the irrigation promoting leaching of salt from the root zone.

The simulation of the changing SAR conditions in the soil profile is provided in Figure
3. The values projected in time and by depth show a gradual reduction in SAR at the
surface with an accumulation at depth. With time, the sodium levels are leached lower
in the profile resulting in a gradual decline in SAR with time. At the termination of the
simulation, SAR values at the surface are approximately 3 increasing to about 15 at a
depth of 100 cm. As a result, the development of sodic soil conditions should not occur
at the Magnuson Ranch. The solution levels of calcium are initially high at the surface
in the baseline condition (Figure 4). After 1 year of irrigation, the solution calcium level
at the surface has decreased to about 1 meg/L. Calcium levels are migrating to lower
levels in the profile due to leaching while solution levels near the surface stabilize as
the system reaches a state of equilibrium with respect to calcite. A portion of the
calcium moving to lower depths in the profile is a product of the dissolution of gypsum,

which is present in the lower two-thirds of the root zone at time zero (Figure 5).

The high levels of magnesium initially present at the surface tend to migrate to lower

levels of the soil profile with continued reductions over the simulation period (Figure 6).

Root zone magnesium levels are expected to decline with time as magnesium is
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leached from the root zone and the initial source of the magnesium is not replenished.

After year four of the simulation, magnesium levels become constant in the upper
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Figure 4. Solution Calcium Levels by Soil Depth Over the 5-Year Simulation Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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Figure 5. Gypsum Levels by Soil Depth Over the 5-Year Simulation Period
(green — 0; turquoise — 1 year; red — 2 years; pink — 3 years; blue — 4
years; dark green — 5 years)
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Figure 6.
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Solution Magnesium Levels by Soil Depth Over the 5-Year Simulation
Period

(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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400 cm of the soil and overburden profile at a level of about 1.5 meqg/L. The simulation
does not consider the enhancement of magnesium levels resulting from mineral

dissolution in the alluvium and in adjacent areas to Horse Creek.

Sodium levels are relatively high in the natural conditions as noted for time O (Figure
7). Over time, the high initial surface levels are leached to lower levels of the profile.
Since sodium is relatively mobile in this system, it will tend to migrate to lower levels in
the profile with time without resulting in an accumulation in the upper 400 cm of the

profile.

The concentration levels for sulfate with soil depth are shown in Figure 8. The
distribution of sulfate in the soil profile during the simulation closely resembles the
sodium distribution. This relationship can be explained by the fact that sodium and
sulfate are present in high concentrations and are relatively mobile in this soll
environment. As a result, both constituents should travel similarly with respect to soil
water movement. Since much of the soluble constituents are sodium and sulfate, the

EC of the soil solution follows a similar distribution with time.

The simulation demonstrates that over time, CBNG-produced water tends to increase
soil pH throughout the profile (Figure 9). Following the initial pH increase at the
surface resulting from the application of the CBNG-produced water, pH tends to
decrease over the 5-year simulation period. These changes are likely due to changes

in alkalinity and the solubility relationships with calcite and gypsum. The pH would be
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expected to decrease during periods when CBNG-produced waters are not impacting
the soil. The increased pH of the soil will impact the dissolution chemistry of the soil

and the plant
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Figure 7. Solution Sodium Levels by Soil Depth Over the 5-Year Simulation Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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Figure 8. Solution Sulfate Levels by Soil Depth Over the 5-Year Simulation Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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Figure 9. pH by Soil Depth Over the 5-Year Simulation Period
(green — 0; turquoise — 1 year; red — 2 years; pink — 3 years; blue — 4
years; dark green — 5 years)
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nutritional characteristics. However, such changes are not expected to cause

significant detrimental impacts to plant growth.

The FAO-SWS model provides an evaluation of how the soil conditions might affect
plant growth. The impact is based on relative productivity due to water and salt stress.
The simulation assumes that soil fertility and agriculture management are at optimum

conditions for crop production. The relative yield simulation is provided in Figure 10.

The simulation indicates that the potential crop production is maintained in the 98% to
100% of maximum growth under the conditions generated during the 5-year irrigation
period with CBNG-produced water under surface irrigation management. The lowest
level of plant yield of about 98.4% occurs during year one of the simulation and tends
to stabilize at about 99.6% at the end of year one to the end of the 5-year simulation.
An important physical condition that impacts plant growth potential is the osmotic
pressure of the system, which is associated with the amount of work required for a plant
to absorb water. Plants must utilize more energy to absorb water from the soil with
increases in negative osmotic pressure head. The osmotic pressure head of the soil
over the 5-year simulation period is shown in Figure 11. The simulation clearly shows
that the osmotic pressure decreases in the root zone throughout the evaluation period
due to the application of water and the decreased levels of salt found in the profile.
The reduction in osmotic pressure head due to irrigation with CBNG-produced water

would benefit plant growth.
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Figure 10.  Relative Crop Yield Over the 5-Year Simulation Period

Relative Yield

100.07
99871

9967

9947

99271

99.071

98.8T

98.67

9841

0 200 400 600 8O0 1000 1200 1400 1600 1800
Time

63



Figure 11. Osmotic Pressure Head by Soil Depth Over the 5-Year Simulation Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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The FAO-SWS simulation for the Dave Magnuson Ranch demonstrates that using
CBNG-produced water for irrigation purposes should not cause negative impacts to the
soil and the surrounding environment. Salts, initially in the root zone, will be leached to
levels below the root zone. Sodium and sulfate are expected to move deeper in the soil
profile below the root zone. Similar findings for each of the parameters discussed were
observed for all the irrigated and subirrigated lands along Horse Creek. Therefore, the
simulations associated with each landowner are not presented in the body of the report

but were placed in Appendix L in graphic form.

The significant outcomes of the simulations are presented for each landowner

evaluation in the following sections.

Irrigation Model Results for Site DM1

e High salt levels are leached from the root zone under irrigation, improving
plant growth conditions.

e SAR values decrease at the surface from 6.0 to approximately 3.0 after
five years of irrigation with CBNG-produced water. Sodium accumulation
within the soil profile does not occur.

e The pH values tend to increase throughout the profile. However, the
increased pH values are at levels that would not cause measurable
decrease in plant productivity.

e The relative yield (plant production) increased from near 98.5% to 99.8%
during the five-year simulation.

e The osmotic pressure head becomes less negative in the root zone
throughout the irrigation period. Thus plant growth conditions are
improved throughout the 5-year irrigation period.

e This evaluation clearly demonstrates that CBNG water characterized with
an EC of 1.84 dS/m and a SAR of 23.6 will not detrimentally impact
irrigated soils at the David Magnuson Ranch.
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Larry Shippy Ranch

The Larry Shippy Ranch is located upstream of Dave Magnuson. Mr. Shippy advised
of the presence of some managed flood irrigation associated with a side drainage
named Wild Horse Creek but does not flood irrigate from Horse Creek. There is
evidence, however, that some type of flood irrigation has occurred along this stretch of
Horse Creek in the past as spreader dikes have been constructed to contain water in
fields adjacent to the stream channel. In addition, most of the diked area is also
subirrigated. As a result, such fields were evaluated during the field sampling program.

As noted earlier, wetland areas were not considered in the sampling program.

Seven irrigated fields were evaluated at the Larry Shippy Ranch. The soil profile
descriptions show that all soils (15 profiles evaluated) possessed similar properties.
Soil profile descriptions are presented in Appendix G. Two sites were sampled to a
depth of 6 feet since some alfalfa was found at the sites. Samples were collected from
sites LS1 and LS6. Site LS1 was characterized with soils of low EC values throughout
the profile. As a result, the site was further evaluated to determine whether or not
irrigation was associated with a side drainage rather than Horse Creek. Following a
detailed evaluation that included a site visit, LS1 was determined to be associated with
flood irrigation from an adjacent watershed. Inspection of Plate 1 indicates that the LS1
site is in a field behind a berm that separates the field from the mainstem of Horse
Creek. This berm spreads water from the southeast-flowing tributary that emanates

from Section 29. Apparently, surface flows not from Horse Creek but from the tributary
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have leached the soil profile. It is important to note that this field is not receiving flow
from Horse Creek, and that no CBNG discharges are proposed in the Section 29
Tributary that supplies the field. Photos taken at the site are presented in Appendix C.
The data are included in the evaluation as a comparison to the subirrigated fields along
Horse Creek. The field was less than 5 acres and was sampled using 1-foot depth
increments to a depth of 6 feet at three locations and compositing by depth. At LS6,
samples were collected at five sampling locations in 1-foot increments to 6 feet and
composited by depth. The size of the subirrigated area was less than 10 acres.
Averaged EC and SAR values by depth are presented in Table 7 and the laboratory
results of the soil analysis are provided in Table 4. The unsampled sites are
considered to have similar chemistry to LS6 due to consistent soil types and

subirrigation.

The soil analyses indicate a large contrast between fields LS1 and LS6. Samples
collected from LS1 are non-saline with EC values ranging from 0.86 dS/m at the 5- to
6-foot depth increment to 0.79 dS/m for the 2- to 3-foot depth increment. SAR values
associated with profile were less than 2 with the high of 1.57 associated with the 1- to
2-foot depth increment. In contrast, field LS6 has EC values of 1.0 dS/m from 0O to
1 foot and 6.97 dS/m from 1 to 2 feet. EC values reached a high of 9.06 dS/m in the
second foot of the profile. Textures in the profile were clay loam in the upper 2 feet and
loam to clay loam in the mid to lower portions of the profile. Some variation occurred at

site LS2 and LS6-5 where the surface foot ranged from clay to silty clay. Samples
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collected at LS7 also were characterized with a clay texture. Based on the clay
saturation percentage, the soil materials at both sample sites are non-swelling, and
therefore could tend to resist sodic conditions. The high-clay soils would not be
appropriate for managed flood irrigation but are not problematic for subirrigation, which

is currently occurring at the site.

The physical and chemical characteristics collected from the soil sampled at LS6 were
used as input into an irrigation model (FAO-SWS) to assess whether or not surface
irrigating with CBNG-produced water (Table 1) would negatively impact the soils found
at the site. The soils associated with LS6 soils are associated with subirrigated

conditions.

Irrigation model results for the Larry Shippy Ranch are very similar to those described
for the David Magnuson Ranch. The exact numbers for each of the parameters vary,
but the general relationships are the same. Detailed diagrams are presented in

Appendix L.

Loren Peyrot Ranch

The Loren Peyrot Ranch is located upstream of the Larry Shippy Ranch on Horse
Creek as shown on the Overview Map (Plate 1). The landowner indicated that no
managed flood irrigation exists on his land but several areas along Horse Creek are

naturally flood irrigated and/or subirrigated. These areas are used for hay, containing
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grass with some alfalfa, which is scattered with marginal production. Several of these
areas were bermed, which might indicate that some type of flood irrigation had been
used on the sites at some time in the past. However, irrigation ditches, headgates or

other irrigation components were not found at any of the sites.

Eight subirrigated fields were sampled on the Peyrot Ranch. Each field was
characterized with the same soil type. The number of samples collected for each
composite was based on the area of each field. The averaged values for EC and SAR
are presented in Table 7. The average EC value for all samples collected at the Peyrot
Ranch was 6.78 dS/m with a range of 1.57 dS/m to 7.97 dS/m. The lowest EC value in
the soil profile was at the surface with an average value of 4.61 dS/m, which is
considered to be saline. The highest average EC value in the profiles sampled was

8.53 dS/m, which was present in the second foot.

The SAR values associated with the soils sampled were non-sodic with an average for
all samples of 7.57 and a range of 1.78 to 13.5. In general, the lowest SAR values
were associated with the surface foot (average SAR = 4.18) and the highest values
(average SAR = 9.42) were associated with the second foot. Soil salinity is the only
baseline parameter of concern pertaining to agricultural use of the land on this reach of

Horse Creek.

The physical and chemical characteristics collected from the soil sampled at LP1, LP2,

LP3, LP4, LP5, LP6, LP7 and LP8 were input into the FAO-SWS irrigation model to
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assess whether or not surface irrigating with CBNG-produced water would negatively
impact the soils found at the site. The soil analysis results for the sample sites were
averaged for use in the simulation since the data were similar from field to field. The

results of the irrigation model are similar to those identified previously.

Irrigation model results for the Loren Peyrot Ranch are very similar to those described
for the David Magnuson Ranch. The exact numbers for each of the parameters vary,
but the general relationships are the same. Detailed diagrams are presented in

Appendix L.

Stevan Mueller Ranch

The Stevan Mueller Ranch is located upstream of the Loren Peyrot Ranch on Horse
Creek as shown on the Overview Map (Plates 2 and 3). The landowner indicated that
currently no managed flood irrigation exists on his land but the previous landowner had
one viable flood irrigation system. The irrigation system consisted of a ditch that
collected water from an upstream location on Horse Creek and conveyed it to a field
that is currently subirrigated. The irrigation ditch has a diversion structure but has not
been used for several decades. This field was sampled at seven locations to a depth
of 6 feet and composited by 1-foot intervals. All soils sampled were characterized with
very similar profile descriptions. The laboratory data are presented in Table 4.
Averaged results for EC and SAR are presented in Table 7. Another subirrigated site

was sampled, and is designated as field SM2-1 on the Overview Map (Plate 3). The
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soil profile was documented, but no samples were collected. The soil profile closely

resembled SM1 and therefore was correlated to the data collected at SM1.

Like the other baseline soils associated with subirrigated sites along Horse Creek, the
soil at field SM1 is saline with an average EC of 9.2 dS/m, ranging from 4.77 dS/m at
the surface to about 11.7 dS/m in the second foot of the profile. These saline soil
conditions may be somewhat limiting for plant production, although the vegetation
appears to be healthy without any toxic symptoms. Apparently, the vegetation is
genetically adapted to higher solil salt conditions. The SAR values associated with the
soil profiles sampled are non-sodic with an average SAR value of 7.3 ranging from 2.9
at the surface to 9.3 in the second foot of the soil profile. The pH values range from 7.5
to 8.2 and the textures allow good infiltration and water movement. The baseline
conditions of the soils at the Mueller Ranch appear to be adequate to support the
vegetation occupying the site. However, the site conditions may be limiting as the

alfalfa appears to be scattered and somewhat dwarfed.

The physical and chemical characteristics collected from the soil sampled at SM1 was
used as input into the FAO-SWS irrigation model to assess if surface irrigating with

CBNG-produced water (Table 1) would negatively impact the soils found at the site.

Irrigation model results for the Stevan Mueller Ranch are very similar to those
described for the David Magnuson Ranch. The exact numbers vary but the general

relationships are the same. Detailed diagrams are presented in Appendix L.
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Paulette Parks Ranch

The Paulette Parks Ranch is located upstream of the Stevan Mueller Ranch on Horse
Creek as shown on the Overview Map (Plates 2, 3, 5 and 6). The landowner indicated
that no managed flood irrigation exists on the property but several areas along Horse
Creek on this property are subirrigated. The subirrigated areas support hay, containing
grass with some alfalfa, which is scattered with marginal growth. Several of the
subirrigated areas were bermed, which might indicate that some type of flood irrigation
had been attempted on the sites at some time in the past. However, irrigation ditches,

headgates or other irrigation components were not found on any of the sites.

Eleven subirrigated fields that are currently used for agricultural purposes were
evaluated. Soil profile descriptions were taken in each field (Appendix G) and two of
the fields were sampled. Field PP1 contained grass intermixed with alfalfa and
therefore was sampled to a depth of 6 feet. Samples were collected from five sites in
the field (area < 10 acres) and composited by one-foot depth increments to 6 feet.
Samples were also collected from field PP10. Since this field did not contain alfalfa,
samples were collected to a depth of 4 feet at 1-foot depth intervals. Samples were
collected from seven sites and composited by depth increment for fields in excess of
ten acres. Soil profile descriptions were also taken for soils in fields PP2 through PP9.
The soils resemble the soils found in fields PP1 and PP10 and therefore were not

sampled for analysis. The soil profile descriptions are presented in Appendix G.
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Sample analyses for all parameters are presented in Table 4. The averaged values for
EC and SAR are presented in Table 7. In general, the soils located on the ranch are
characterized as saline with an overall average of 6.80 dS/m and a range of 3.85 dS/m
to 9.67 dS/m for all samples collected. The surface soils averaged 3.85 dS/m and
ranged from a non-saline 0.66 dS/m to 7.04 dS/m, which is saline. The high salt levels
in the profile were found at the 2 to 3-foot depth increment with an average EC of
9.67 dS/m with a range of 5.63 dS/m to 13.7 dS/m. The baseline EC conditions would
likely retard growth of non-native plant species, and would be especially detrimental for
alfalfa. Grass species found at the subirrigated sites would be expected to tolerate the

saline soil conditions.

SAR values were low for all the soil depths sampled. The average SAR value for all
samples was 5.9 with a range of 3.3 to 8.2. The soil baseline SAR condition is not
sodic and appears to be adequate to support the native vegetation occupying the site.
Site conditions may be somewhat limiting for alfalfa as this species appears to be

scattered and somewhat dwarfed.

The physical and chemical characteristics collected from the soil sampled at PP1 and
PP10 were input into the FAO-SWS irrigation model to assess if surface irrigating with
CBNG-produced water (Table 1 — EC = 1.84 dS/m, SAR = 23.6) would negatively
impact the soils found at the site. Each sample site was simulated separately because

of the differences in soil chemistry that existed in the baseline conditions.
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Irrigation model results for the Paulette Parks Ranch are very similar to those described
for the David Magnuson Ranch. The exact numbers for each of the parameters vary,
but the general relationships are the same. Detailed diagrams are presented in

Appendix L.

Marsha Pownall Ranch

The Marsha Pownall Ranch is located upstream of the Paulette Parks Ranch on Horse
Creek as shown on the Overview Map (Plates 2, 3 4, and 6). No managed flood
irrigation exists on the property, but several areas along Horse Creek on this property
are subirrigated. These areas are used for hay containing grass with some alfalfa,
which is scattered with marginal production. Several sites are actively farmed, and the
current species growing on the sites consists of field pennygrass, smooth brome,
crested wheatgrass and alfalfa (see Table 5). Several of the subirrigated areas were
bermed which indicates that some type of flood irrigation had been attempted on the
sites in the past. No components of managed irrigation systems were found on any of

the sites.

Seven subirrigated sites located on Horse Creek were evaluated during the field visits.
The fields evaluated included MP1, MP3, MP4, MP5, MP6, MP7, and MP9. Fields
identified as MP2 and MP8 are associated with the Spring Creek watershed and are
described in a subsequent section of this report. All Horse Creek profiles sampled
were very similar as shown in the profile descriptions presented in Appendix G. As a

result of this similarity, MP1 was sampled at seven sites by one-foot depth increments
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to a total depth of 6 feet. The field was greater than 10 acres in area. The soils
associated with the other six fields evaluated were correlated to MP1 and were not

sampled.

The chemical analysis associated with the samples collected at MP1 was very similar
to the results for the downstream fields located along Horse Creek. The baseline soill
conditions are saline, with EC values for all samples analyzed averaging 7.9 dS/m with
a range from 6.42 dS/m to 10.1 dS/m. The EC value associated with the surface foot
was 7.83 and the highest salt level found in the soil profile was 10.1 dS/m located in

the 1 to 2 foot depth interval.

SAR values characterizing field MP1 are non-sodic with values ranging from 5.2 to 8.7.

Such conditions should not be detrimental to soil structure.

The FAO-SWS irrigation model results for the Marsha Pownall Ranch (site MP1) are
very similar to those described for the David Magnuson Ranch. The exact numbers for
each of the parameters vary, but the general relationships are the same. Detailed

diagrams are presented in Appendix L.

Twenty Mile Land Company — John Daly

John Daly denied access on and through Twenty Mile Land Company property for field
evaluations. A small amount of the area along Horse Creek on the Twenty Mile Ranch

shows up red on the CIR photos. Since irrigated or subirrigated fields have been
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evaluated both upstream and downstream, the information obtained from this portion of
Horse Creek is not expected to be important in the overall Section 20 Analysis.
Therefore, the Section 20 Analysis of Horse Creek should provide adequate coverage

without the inclusion of analysis derived from this property.

State of Wyoming

John Daly denied access through Twenty Mile Land Company to assess state land.
Therefore, no field work was conducted in this area.

Donna Tarver Ranch

The Donna Tarver Ranch is located upstream of the Twenty Mile Ranch on Horse
Creek as shown on the Overview Map (Plates 8 and 10). No managed flood irrigation
exists on the property, but several areas along Horse Creek are subirrigated and are
used to produce grass hay. No alfalfa was encountered on the property during the field
investigations. Several of the hay fields were bermed, suggesting past attempts at
flood irrigation. No components of managed irrigation systems were found on any of
the sites. Lands exhibiting wetland characteristics were not sampled. Six subirrigated
sites were evaluated during the field visit. The soil associated with Field DT1 was
sampled. Samples were collected by one-foot depth increments to 4 feet from three
sampling sites and composited by depth for analysis. Soils located in the other five
subirrigated agricultural fields closely resemble soils found at field DT1 (profile

descriptions are presented in Appendix G) and were not sampled.
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The baseline EC values range from 0.87 dS/m for the surface foot to 7.1 dS/m for the
3 to 4 foot depth increment. The average EC for the profile is 4.73 dS/m. The soil is
considered to be saline, and may restrict the growth potential of grass species that

currently occupy the site.

SAR values calculated from the analysis indicate the soil at field DT1 is non-sodic. The
average SAR value for all samples collected is 4.6 with a range of 0.8 to 6.6. The
baseline SAR conditions indicate that sodic soil conditions should not impact soil

structure or reduce the potential for plant growth.

Irrigation model results for the Donna Tarver Ranch (site DT1) are very similar to those
described for the David Magnuson Ranch. The exact numbers for each of the
parameters vary, but the general relationships are the same. Detailed diagrams are

presented in Appendix L.

State of Wyoming

Flood irrigated and/or subirrigated agricultural lands were not present in the State
lands located upstream of the Donna Tarver Ranch in Sections 34, 35, and 36, T54N,
R74W. Photos taken at SW-A, identified on the Overview Map (Plates 8 and 10),
describe ground conditions for this reach of Horse Creek. Several small areas of
enhanced vegetation, less than one acre in size, exist along the stream. These areas

have not been separately evaluated for significant or unique agricultural values.
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Discharge of CBNG-produced water is not planned above the State lands at this time.

FAO-SWS IRRIGATION MODEL SIMULATION USING CBNG-PRODUCED WATER

CHARACTERIZED WITH SAR OF 25

The irrigation simulation compiled for the Marsha Pownall Ranch located upstream of

the Paulette Parks Ranch on Horse Creek was modified to simulate surface irrigation

using a CBNG-produced water with a SAR of 25. This evaluation was completed to

determine if the clay loam soils characterizing subirrigated fields at the site would be

adversely impacted using nonsaline, sodic water for irrigation.

Irrigation model results for Field MP1 modified with water with an SAR of 25 (5-year

simulation)

(see detailed diagrams in Appendix L) are summarized as follows:

High salt levels initially in the root zone are leached, improving plant
growth conditions. An EC value of about 6.4 dS/m (model baseline
conditions) at the surface decreased to about 0.5 dS/m after the first
irrigation season. The EC tended to stabilize at the surface (at 0.5 dS/m)
throughout the simulation probably due to mineral dissolution (calcite,
etc). The high baseline EC conditions tend to migrate deeper in the
profile during the 5-year irrigation period due to leaching.

Surface SAR values decreased from about 5.8 to about 0.5 after the first
year and tended to increase to about 1 after 5 years of irrigation. A SAR
value of about 4.4 occurred at the end of Year 4 probably due to timing
differences in natural precipitation used in the simulation. SAR values
tend to increase with depth but decrease with time due to leaching of
sodium.

The pH values increased from about 8.1 at baseline conditions to about
8.7 following the first year of irrigation. In subsequent years of irrigation,
the pH declined to about 8.7 at the end of the 5-year simulation. The
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increased pH values would not be expected to cause a measurable
decrease in plant productivity.

e The relative plant yield approaches about 99+% at the end of the 5-year
irrigation period.

e The osmotic pressure head becomes less negative throughout the
irrigation period. Thus plant growth conditions are improved through out
the 5-year irrigation period.

SUMMARY RESULTS OF THE FAO-SWS IRRIGATION MODEL SIMULATIONS FOR
ALL SITES ON HORSE CREEK

The irrigation simulations indicate that the CBNG-produced water can be used to
irrigate the bottom land along Horse Creek without any detrimental impacts. The
simulation shows that irrigating these lands with the CBNG-produced water, as
characterized in Table 1 (EC = 1.84, SAR = 23.6, and EC = 1.35, SAR = 25), will tend
to improve soil plant growth conditions by leaching the high salt levels found in the root
zone to lower levels in the profile. SAR values increase with depth but decrease with
time due to leaching of sodium. The pH values increase to about 8.7 at the end of the
5-year simulation. The increased pH values would not cause a measurable decrease
in plant productivity. The relative yield for plant growth is maintained at a high level as
the osmotic pressure head becomes less negative throughout the irrigation period and

the hydraulic characteristics of the soils are maintained.

The irrigation simulation demonstrates that the CBNG-produced water generated in the
Horse Creek drainage will not adversely impact agricultural soils whether the sites are
subjected to managed irrigation or to natural flood events that include produced water.

In addition, the simulation shows that such irrigated land would not suffer negative
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impacts when irrigated with CBNG-produced water characterized with SAR values of up

to 25.

GEOCHEMICAL INTERACTIONS OF THE ALLUVIAL GROUNDWATER AND THE
CBNG-PRODUCED WATER

As noted previously, most of the irrigation agricultural activities along Horse Creek are
in the form of subirrigation. This includes the sites that have also been flood irrigated
in the past. Therefore, it is important to provide an evaluation of how the CBNG-
produced water might impact the alluvial groundwater that is providing late-season
plant growth in the subirrigated areas. This evaluation was done using the
geochemical model EQ3/6 developed at Lawrence Livermore Laboratories. The model
assumed a 1:1 mix of the alluvial groundwater with CBNG-produced water. The results
of the evaluation were used along with the relationships described in Figure 1, to
determine the anticipated impact of the resultant water upon soils and vegetation at
such locations along Horse Creek. The model simulation mixed alluvial water collected
from three sites with the CBNG-produced water. The results of the simulation are
presented in Table 8. The resultant water quality should not impact soils or vegetation
in the watershed. The EC conditions are non-saline and the SAR conditions are non-
sodic. The EC-SAR relationship as described in Figure 1 places the mixed water in the
“no reduction in infiltration” portion of the graph. In addition, the pH of the mixed water
is approximately 7.0, which will provide near optimum conditions for plant growth.

Therefore, addition of CBNG-produced water into the alluvium of Horse Creek would
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not cause a measurable decrease to livestock or crop yields. In fact, results of the

simulation indicate the quality of the alluvial water in the Horse Creek drainage would

improve.
Table 8. Results of Geochemical Reactions Between CBNG-produced Water and
the Alluvial Groundwater Collected Along Horse Creek.
M. Pownall with
SAR 25 CBNG-
Parameter* Units L. Peyrot P. Parks M. Pownall produced water
pH (s.u.) 7.3 7.1 7.0 7.0
EC (dS/m) 2.0 2.9 3.1 3.4
SAR 6.8 6.0 5.8 7.9
Ca® (mg/L) 42 110 135 127
Mg (mg/L) 79 181 212 214
Na' (mg/L) 325 464 460 627
K™ (mg/L) 3.0 3.0 3.0 3.0
HCO;™ (mg/L) 660 458 427 447
S0,” (mg/L) 440 441 441 441

* HCO, ' and SO,  were calculated based on cation-anion balance.

A simulation was also conducted using CBNG-produced water with an SAR of 25 to
assess the impact on the alluvial groundwater. The SAR of the CBNG-produced water
was the only variable different from the simulation discussed previously. The chemical
characteristics of the combined water are also presented in Table 8. The resulting
water was characterized with an EC value of about 3.4 dS/m and an SAR of 7.9. The
pH of the combined water was 7.0. The resulting SAR values are still non-sodic and
would not be expected to cause sodic soil conditions. EC values also increased from
approximately 3.1 dS/m taken from the M. Pownall model run with the typical CBNG-
produced water generated in the Horse Creek watershed to 3.4 dS/m using the SAR 25

produced water. This increase does not degrade potential vegetation growth in relation
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to altered chemistry and should not impact the agricultural use of the irrigated lands.
Discharging SAR 25 CBNG-produced water into the alluvial groundwater system would
not cause any significant degradation to the alluvial groundwater, the soils associated

with the subirrigated fields, or the vegetation production on these sites.

COMPLIANCE SUMMARY

Agricultural Compliance Summary

The Operators may propose several water management alternatives, including
discharge of CBNG-produced water directly into tributaries to or the mainstem of Horse
Creek and/or into reservoirs on tributaries of Horse Creek. The Section 20 evaluation
presented in this section of the report discusses the discharge alternatives for Horse

Creek.

Potential impacts to irrigated agricultural fields were evaluated primarily using three
methods: (1) Application of CBNG-produced water generated in the watershed was
evaluated with respect to changes in the baseline EC/SAR relationship, (2) the FAO-
SWS irrigation model was used to evaluate the impact of irrigating with the CBNG-
produced water, and (3) a geochemical model (EQ3/EQ6) was used to mix the CBNG-
produced water with alluvial groundwater to determine if the resultant water would

influence the soil chemistry and plant growth at subirrigated sites.

In general, the results of the analysis show that the CBNG-produced water would have

a positive impact on the agricultural lands in the Horse Creek drainage. The CBNG-
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produced water is nonsaline and nonsodic. Based on the EC/SAR relationship
(Figure 1), the low salt concentrations of the produced water suggest that such water
would have a slight tendency to cause a reduction in infiltration. However, high salt
levels currently characterizing most of the irrigated soils in the Horse Creek watershed
will provide a large capacity to replenish salt to the soil solution by weathering

processes.

The irrigation simulation represents a traditional managed flood irrigation system with
positive results for the agricultural lands in the Horse Creek watershed. The salt levels
present in the soils during baseline conditions are shown to improve substantially with
salts leaching from the root zone. In addition, non-sodic conditions are maintained at
the soil surface and in the root zone resulting in a stable soil structure. Plant growing
conditions are improved over baseline conditions as the osmotic pressure head of the

soil system is reduced by irrigation with the CBNG-produced water.

The geochemical evaluation of mixing the CBNG-produced water with alluvial
groundwater shows a positive impact associated with the discharge of such water. The
resultant alluvial water is characterized with lower EC and SAR values compared to the
baseline alluvial groundwater. The evaluation of the water chemistry of the mixed
water with regard to Figure 1 indicates that the water fits in the “no reduction in

infiltration” portion of the graph.
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These results provide a strong basis to support approving the discharge of the CBNG-
produced water and establishing irrigation water quality limits in excess of the default

irrigation water quality limits.

Vegetation Summary

The baseline evaluation shows that the soils are characterized with high salt levels
averaging 7.02 dS/m for all soil samples collected during. Therefore, the plants
currently growing on almost all of the irrigated agricultural land are either tolerant of
high levels of soil salinity or are currently negatively impacted by the pre-discharge soil
conditions. Irrigation with the low-EC CBNG-produced water would result in a

decrease of salt levels in the root zone, improving plant growth conditions.

Livestock Compliance Summary

To assess the Horse Creek Section 20 Compliance for water quality for use in livestock
production, the expected CBNG-produced water quality data (Table 9) were compared
to standards in Wyoming Water Quality Division Rules and Regulations (WDEQ/WQD,
2004) and suggested guidelines for levels of toxic substances in livestock drinking
water (National Academy of Sciences, 1972 and 1974). The CBNG-produced water
qguality was used in the livestock watering suitability assessment because unblended
produced water may be available to stock. As shown in Table 9, the CBNG-produced
water meets all livestock drinking water guidelines and will not cause a measurable

decrease in livestock production.
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Conclusion

The Section 20 evaluation for Horse Creek provides strong evidence that irrigated
agricultural lands (flood or subirrigated) can be safely irrigated with CBNG-produced
waters characterized with a SAR of up to 25 and with EC values of 4 dS/m or higher.
The EC values of CBNG-produced water will have little influence on soil EC values

since the soils are characterized with high salt levels in the baseline condition.
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Table 9. Summary of Livestock Watering Standards Compared with Expected
CBNG-produced Water Quality
Average CBNG-produced
Analyte Units |Livestock Watering Standards’ Water Quality
pH S.u. 6.5t09 7.3t0 8.5
Electric Conductivity
(EC) dS/m 7.5 1.43
Total Dissolved Solids
(TDS) mg/L 5,000 883
Sodium Adsorption
Ratio (SAR) B 13.0
Anions
Bicarbonate mg/L -- 985
Chloride mg/L 2,000 11.3
Fluoride mg/L 2.0 0.4
Sulfate mg/L 3,000 <10
Cations
Calcium mg/L -- 25
Magnesium mg/L -- 13
Sodium mg/L -- 312
Metals’
Arsenic pg/L 200 1.2
Boron pg/L 5,000 144
Cadmium pg/L 50 <0.1
Chromium pg/L 1,000 <1
Copper pg/L 500 1.4
Lead pg/L 100 <2
Mercury pg/L 10 <1
Selenium pg/L 50 <5
Zinc pg/L 24,000 <10

1 Livestock watering standards
(1972 and 1974).

are from WDEQ/WQD (2004) and National Academy of Sciences
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PART 2: HAY CREEK

Hay Creek is a tributary of Horse Creek as shown on the Overview Map (Plates 6, 7
and 9). Hay Creek was evaluated separately from Horse Creek, but with the same
methodology and guidance as described in the Horse Creek Introduction and
Methodology Sections. The results of the analysis for Hay Creek are summarized in

the following sections.

RESULTS - BASELINE

The information collected from the baseline evaluations includes soil profile
descriptions and soil chemistry characterizations. The solil profile descriptions for each
sampling site are presented in Appendix G. The soil profiles sampled in the upper
reaches of Hay Creek resemble the soils found in the Horse Creek drainage.
Generally, the soils in Hay Creek were characterized with an A, Bw, Bk, and C horizon

sequence usually with multiple Bk and C horizons.

The chemical analyses of the Hay Creek soil samples are presented in
Table 10. Two sites were sampled in the Hay Creek drainage. Samples collected from
subirrigated areas in the Hay Creek watershed show salt levels often greater than
4 dS/m, which is considered to be saline as defined in USDA Handbook 60 (1959).
The average EC value for the samples collected at the Wolff and Rule Ranches were
15.55 dS/m and 6.68 dS/m, respectively. EC values by one-foot depth increments for
the Wolff Ranch site were 12.2 dS/m (0 to 1-foot depth increment), 16.8 dS/m (1 to

2 feet), 16.1 dS/m (2 to 3 feet), and 17.1 dS/m (3 to 4 feet), while samples collected at
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Table 10.

Soil Analysis for Samples Collected in the Hay Creek Watershed.

Electrical
Depth Conductivit| Organic
Sample | Interval pH Saturation y Matter | Calcium |Magnesium| Sodium Sand Silt Clay
ID (ft) S.u. % dS/m % megq/L megq/L megq/L SAR % % % Texture
James Wolff Ranch
Jw1 0-1 7.6 66.8 12.2 2.0 18.8 223 227 21 22 41 37 Clay Loam
Jw1 1-2 8.0 725 16.8 17.9 383 40.0 2.8 32 68 0 Silty Loam
Jw1 2-3 7.9 76.3 16.1 19.6 384 36.7 2.6 28 72 0 Silty Loam
JW1 3-4 7.8 77.8 17.1 194 425 37.6 25 30 70 0 Silty Loam
Eric Rule Ranch
ER1 0-1 6.7 54.2 351 2.8 23.1 21.7 1.81 0.4 38 34 28 Clay Loam
ER1 1-2 7.6 61.2 6.09 20.0 60.0 11.6 1.8 30 42 28 Clay Loam
ER1 2-3 7.8 74.9 8.34 18.0 95.4 194 2.6 20 63 17 Silt Loam
ER1 3-4 7.8 76.8 8.77 17.4 104 18.6 2.4 22 39 39 Clay Loam




the Rule Ranch site were 3.51 dS/m (0 to 1 foot), 6.09 dS/m (1 to 2 feet), 8.34 dS/m

(2 to 3 feet), and 8.77 dS/m (3 to 4 feet).

The average SAR for soil samples collected from the two subirrigated sites sampled in
the Hay Creek drainage were 2.5 and 1.8 for the Wolff and Rule Ranches, respectively.
SAR values associated with the Wolff Ranch were 2.1, 2.8, 2.6, and 2.5 for the 1-foot
depth increments to the total depth sampled of 4 feet. SAR values associated with the
Rule Ranch were 0.4, 1.8, 2.6, and 2.4 for the 1-foot depth increments to the total depth
sampled of 4 feet. The SAR values are non-sodic and would not be expected to be

associated with sodic soil conditions.

Elemental toxicities are not expected to result from soil conditions present in the Hay

Creek agricultural sites sampled.

IMPACT ANALYSIS: SOILS, ALLUVIAL GROUNDWATER AND VEGETATION

Soils

The chemical evaluations of the soils associated with the subirrigated agricultural lands
along Hay Creek indicate that both sites possess saline conditions (Table 10). With
the exception of the surface foot of the soil profile associated with the Rule Ranch, the
salt levels in each of the sampling intervals exceed the level of salt considered saline
(4 dS/m). It should also be noted, however, that most native vegetation can often
tolerate these high levels of salt due to their genetic disposition. The only species of

concern at such salt levels is alfalfa, but alfalfa was not found at either field sampled in
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the Hay Creek watershed, and therefore was not included in the Hay Creek analysis

results.

An identical evaluation to the Horse Creek analysis was completed for the irrigated

sites located on the Wolff and Rule Properties. The results are summarized as follows.

Results of the EC and EC/ SAR Comparison — Hay Creek

1.

The EC values associated with the use of CBNG-produced water for irrigation
purposes would be expected to decrease the salt levels in the soil profiles and
thus enhance plant growth potential.

The CBNG-produced water is nonsaline and nonsodic. In terms of the EC/SAR
relationship, the low salt concentrations of the water would have a slight
tendency to cause a reduction in infiltration. Slight tendency was used since the
EC/SAR intersect is either close to the middle or below the middle of this zone of
the graph.

The high salt levels currently characterizing most of the irrigated soils in the Hay
Creek watershed will provide a large capacity to replenish salt to the soll
solution by weathering processes. Although the application of CBNG-produced
water, precipitation and snowmelt will have a tendency to remove salts at the
surface and promote clay dispersion, weathering of soluble minerals will occur
simultaneously thereby maintaining relatively high salt levels and preventing
clay dispersion.

The salt generated from the weathering process is expected to greatly influence
the EC of the CBNG-produced water resulting in EC values of > 4 dS/m which
would keep soils flocculated even up to SAR values near 25 (Figure 1).

CBNG-produced water should not impact the hydraulic conductivity of irrigated
soils. The high salinity levels of the soils will overwhelm any increased SAR
levels that might result while irrigating with the produced CBNG water.

The relationships shown in Figure 1 were developed by Ayers and Westcot
(1985) and Hanson et al. (1999), for soils found in California that had been
irrigated for crop production. Such soil conditions do not exist in the subirrigated
agricultural lands along Hay Creek. Soils in the PRB and in the Hay Creek
watershed contain high levels of soluble salts. These salts will dissolve during
the irrigation process, and will likely react much different to irrigation water
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containing relatively low salt levels. As a result, CBNG-produced water used for
surface application could conceivably contain higher sodium levels without
causing a detrimental impact to agricultural lands.

7. The EC/SAR soil chemistry discussed in this section provides a strong basis for

establishing an SAR Ilimit of 25 without causing soil infiltration problems in
agricultural lands irrigated with CBNG-produced water.

FAO-SWS MODEL SIMULATIONS

Model simulations were conducted for each sampling site located at the James Wolff
and Eric Rule Ranches located in the headwaters of Hay Creek. Separate evaluations
were made for each landowner based on the information collected during the field
sampling program. The Twenty Mile Ranch did not allow field access to their lands and
therefore the fields located at the confluence of Hay Creek with Horse Creek were not
included in the evaluation. The soils sampled in the upper reaches of Hay Creek are
similar to each other and to soils evaluated along Horse Creek. The model simulation
for the subirrigated site located on the Eric Rule Ranch is presented in the body of the
report while the results of the simulation for the subirrigated site located on the James
Wolff Ranch are presented in Appendix L. Photo points associated with other
landowners along Hay Creek are shown on the Overview Map (Plates 6, 7 and 9) with
photos documenting the landscape along the reaches of Hay Creek that are not
associated with managed flood irrigation or naturally irrigated agricultural lands. The
following evaluation is based on individual landowners starting from the confluence of
Hay Creek with Horse Creek progressing to the upper reaches of the Hay Creek

watershed.
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Twenty Mile Land Company — John Daly, Owner

The Twenty Mile Land Company owns the area that includes the confluence of Hay
Creek with Horse Creek. Access to the land for field evaluations was not provided by
John Daly. However, observations made from adjacent areas indicate that some of the
agricultural land located at the confluence of Hay Creek with Horse Creek may be
subirrigated. Since flood irrigated or subirrigated fields have been evaluated on both
sides of the ranch, information can be extrapolated from data collected in the head
waters of Hay Creek and from adjacent sites on Horse Creek to provide an indication of
how these inaccessible lands might be impacted. Therefore, the Section 20 analysis of
Hay Creek and Horse Creek should provide adequate coverage without the inclusion of

this property.

State of Wyoming

The State of Wyoming owns the land on Hay Creek upstream of the Twenty Mile Land
Company Ranch located along Horse Creek and downstream of another stretch of land
owned by the Twenty Mile Land Company Ranch. Access through the Twenty Mile
Land Company Ranch to reach the State of Wyoming property was not provided. No

field work was conducted in this area.

Twenty Mile Land Company — John Daly, Owner

The Twenty Mile Land Company owns the land upstream of the State of Wyoming land
and downstream of the Fred Oedekoven Family Trust Land. John Daly, owner of the

Twenty Mile Land Company, did not allow access to the property. However, it appears
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that managed irrigation or subirrigated agricultural lands do not exist in this portion of

the Hay Creek Watershed.

Fred Oedekoven Family Trust Land

The Fred Oedekoven Family Trust Land is located between Twenty Mile Land
Company and the James Wolff Ranch. No managed flood irrigation or subirrigated
agricultural lands were found. As a result, field sampling was not conducted. The area
was photo documented (photos presented in Appendix C) with the photo points shown

on Plate 7.

James Wolff Ranch

The James Wolff Ranch is located immediately upstream of the Fred Oedekoven
Family Trust Ranch and downstream of the Eric Rule Ranch. One subirrigated site was
found and this site also appeared to have berms that might hold water associated with
flood irrigation. The portion of Hay Creek located between the subirrigated site
designated as site ER1 and the Oedekoven Family Trust Land did not contain irrigated
or subirrigated agricultural lands. This reach of Hay Creek is photo documented

(Appendix C) with photo points shown on Plate 9.

The subirrigated agricultural area (designated as ER1 on Plate 9) was sampled at
seven locations also shown on Plate 9. Seven sites were sampled since the field was
larger than 10 acres. Since only grass was present, samples were collected and

composited by one-foot depth increments to a depth of 4 feet. The soil analytical
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results are provided in Table 10 and the averaged values for EC and SAR results are

presented in Table 7.

In general, the analyses indicate that the soils are saline with EC values ranging from a
low of 12.2 dS/m in the surface foot to a high of 17.1 dS/m in the 3 to 4 foot depth
increment. The soil samples also show low SAR values of 2.1 in the surface foot to a
high of 2.8 in the 1 to 2 foot depth increment. The pH values ranged from 7.6 to 8.0 in
the sampled profile. The texture of the material was clay loam in the top foot and silty

loam from the 1 to 4 foot depth.

The physical and chemical characteristics collected from the soil sampled at JW1 were
input into the FAO-SWS irrigation model (as described above) to assess if irrigating
with  CBNG-produced water would negatively impact the soils found at the site.
Subirrigated sites that may be impacted with CBNG-produced water entering the
alluvial groundwater were also evaluated using a geochemical approach, as described

below.

FAO-SWS MODEL RESULTS FOR THE JAMES WOLFF RANCH

The primary concerns with using CBNG-produced water to surface irrigate crops and
rangeland plant communities are associated with the influence that such water has on
the salinity and sodicity characteristics of the irrigated soils. The expected salinity and
SAR characteristics of soils located at the irrigation site over the 5-year simulation

period are presented in Figures 12 and 13, respectively.
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Figure 12 provides an estimate of the salt accumulation (described in terms of EC)
expected at the site under the projected irrigation application rates and the average

precipitation levels. In general, the simulation shows that during the initial stages of
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Figure 12.  Salt Concentrations (EC) by Soil Depth Over the 5-Year Irrigation Period
(IP). (green — 0; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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Figure 13. SAR by Soil Depth Over the 5-Year Simulation Period
(green — 0; turquoise — 1 year; red — 2 years; pink — 3 years; blue — 4
years; dark green — 5 years)
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irrigation, salt levels are leaching to lower levels in the soil profile. At time zero of the
simulation, the salt levels are about 7.1 dS/m at the surface. As the simulation
progresses, the peak levels of salt migrate to depths below the root zone with low salt
levels at the surface. At the end of year one the levels found in the surface 100 cm

increase from about 0.5 dS/m near the surface to about 9 dS/m at 100 cm.

Following the 5-year simulation, salt levels found in the soil are approximately 0.5 dS/m
near the surface and about 0.8 dS/m at 100 cm. Following the 5-year irrigation period,
the salt levels found in the soil are expected to further decrease with time due to
leaching. The data show that salt levels in root zone are more favorable for plant

growth as a result of the irrigation leaching salt from the root zone.

Simulation of changing SAR conditions in the soil profile is provided in Figure 13. Over
time, SAR values decrease at the surface and increase with depth. This relationship
demonstrates that sodium is leaching preferentially compared to calcium. With time,
SAR values are expected to decrease throughout the root zone. As a result, sodic soill
conditions will not be an issue for soils irrigated with CBNG-produced water at the

Wolff Ranch.

The solution levels of calcium are initially high at the surface in the baseline condition

(Figure 14). After one year of irrigation, the solution calcium level at the surface has

decreased to about 2 meqg/L. At the end of the five-year simulation, calcium levels at
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the surface decrease to about 1 meg/L. This decrease probably corresponds to the

depletion of gypsum at the surface (Figure 15). Calcium levels are migrating to lower
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Figure 14.  Solution Calcium Levels by Soil Depth Over the 5-Year Simulation Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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Figure 15. Gypsum Levels by Soil Depth Over the 5-Year Simulation Period
(green — 0; turquoise — 1 year; red — 2 years; pink — 3 years; blue — 4
years; dark green — 5 years)
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levels in the profile due to leaching until solution levels stabilize as the soil solution

becomes in equilibrium with calcite at about 1 meq/L.

The high levels of magnesium initially present at the surface tend to migrate to lower
levels of the soil profile with continued reductions over the simulation period (Figure
16). Magnesium levels are expected to decline in the root zone with time as it is
leached from the root zone if the initial source of the magnesium is not replenished with

time.

Sodium levels are relatively high in the natural conditions as noted for year O
(Figure 17). The high initial levels at the surface are leached to lower levels of the
profile with time. Since this element is rather mobile in this system, it will migrate to
lower levels in the profile showing accumulation in the depth range near 100 cm.
Additional irrigation and natural precipitation beyond the five-year simulation period will

result in the continued leaching of sodium to lower levels in the profile.

The concentration levels for sulfate at various soil depths are shown in Figure 18.
Sulfate in the soil profile shows a high initial concentration that is leached from the
profile with time. After 5 years of irrigation, gypsum is depleted at the surface and the
sulfate levels approach zero. The depletion and accumulation zones for sulfate closely
resemble those shown for sodium. This relationship can be explained by the fact that
sodium and sulfate are present in high concentrations and are relatively mobile in this

soil environment. As a result, both constituents should travel with respect to soil water

102



movement. Since much of the soluble constituents are sodium and sulfate, the EC of

the soil solution follows a similar distribution with time.
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Figure 16. Solution Magnesium Levels by Soil Depth Over the 5-Year Simulation
Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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Figure 17.  Solution Sodium Levels by Soil Depth Over the 5-Year Simulation Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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Figure 18.  Solution Sulfate Levels by Soil Depth Over the 5-Year Simulation Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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In general, the simulation shows that CBNG-produced water increases soil pH
throughout the profile with time (Figure 19). The pH would be expected to decrease
during periods when CBNG-produced waters are not being applied to the soil. The
increased pH of the soil will affect the dissolution chemistry of the soil and the plant
nutritional characteristics. However, such changes are not expected to cause

significant plant growth problems.

The FAO-SWS model provides an evaluation of how the soil conditions might affect
plant growth productivity due to water and salt stress. The simulation assumes that soil
fertility and agriculture management are at optimum conditions for crop production.
The relative yield simulation is provided in Figure 20. The simulation indicates that the
potential crop production is not expected to decrease below 98% under the conditions
generated during the 5-year irrigation period with CBNG-produced water under surface
irrigation management. The lowest level of plant yield of about 98.3% occurs during
year one of the simulation and tends to stabilize at that level to the end of the 5-year
simulation. An important physical condition that impacts plant growth potential is the
osmotic pressure of the system, which is associated with the amount of work required
for a plant to absorb water. The osmotic pressure head of the soil over the 5-year
simulation period is shown in Figure 21. The simulation clearly shows that the osmotic
pressure decreases in the upper portion of the root zone throughout the evaluation

period due to the application of water and the decreased levels of salt found in the
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profile. The reduction in osmotic pressure head of the due to irrigation with CBNG-

produced water would improve plant growth.
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Figure 19. pH by Soil Depth Over the 5-Year Simulation Period
(green — 0; turquoise — 1 year; red — 2 years; pink — 3 years; blue — 4
years; dark green — 5 years)
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Figure 20. Relative Crop Yield Over the 5-Year Simulation Period
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Figure 21. Osmotic Pressure Head by Soil Depth Over the 5-Year Simulation Period
(green — O; turquoise — 1 year; red — 2 years; pink — 3 years; blue —
4 years; dark green — 5 years)
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The FAO-SWS simulation for the Wolff Ranch demonstrates that using CBNG-
produced water for irrigation purposes would not cause negative impacts to the soil and
the surrounding environment. Salts initially in the root zone will be leached and should
concentrate below the root zone. Sodium and sulfate are expected to move deeper in
the soil profile below the root zone. Similar findings for each of the parameters
discussed were observed for both the subirrigated fields evaluated along Hay Creek.
The simulation associated with the Rule Ranch is not presented in the body of the
report but was placed in the Appendix L in graphic form. The significant outcomes of

the simulation are presented in the next section.

Eric Rule Ranch

The Eric Rule Ranch is located upstream of the Wolff Ranch on Hay Creek. No
managed flood irrigation currently exists on this land but the existence of
impoundments equipped with gated outflow systems, channels, and dikes reflects
historic irrigation. A portion of the field is also subirrigated and currently supports a hay

crop containing several grass species.

ER1 was sampled at seven sites by depth increments to a total depth of 4 feet. The
field was larger than 10 acres and characterized with a single soil series. The chemical
analyses associated with the samples collected at ER1 were similar to the results found
in the previous fields located along Hay Creek and Horse Creek. The baseline soil
conditions are saline with EC values for all samples analyzed averaging 6.7 dS/m with

a range from 3.51 dS/m to 8.77 dS/m. The EC value associated with the surface foot
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was 3.51 dS/m and the highest EC found in the soil profile was 8.77 dS/m located in

the 3 to 4-feet depth interval.

SAR values characterizing field ER1 are non-sodic with values ranging from 0.4 to 2.6.

Such conditions should not cause any issues with soil structure.

The physical and chemical characteristics collected from the soil sampled at ER1 were
input into the FAO-SWS irrigation model as discussed above. Each sample site was
simulated separately because of the differences in baseline soil chemistry. The results

of the irrigation model are very similar to those identified previously.

GEOCHEMICAL INTERACTIONS OF THE HAY CREEK ALLUVIAL GROUNDWATER
AND THE CBNG-PRODUCED WATER

The evaluations made for the irrigated sites in the Horse Creek watershed are assumed
also to apply to the Hay Creek drainage. The geology of the area and the soils
occupying the subirrigated fields are very similar. Therefore, the alluvial groundwater
present in the Hay Creek drainage is expected to be similar to that described in the

alluvium associated with Horse Creek.

COMPLIANCE SUMMARY

The agricultural and livestock compliance summaries for Hay Creek are very similar to
those presented for Horse Creek in Part 1 of this report. The same three analytical

techniques were utilized to evaluate the parameters presented for Hay Creek sample
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data. The results show that the CBNG-produced water would have a positive impact
for the utilization of agricultural lands in the Hay Creek drainage. The CBNG-produced
water is nonsaline and nonsodic. Based on the EC/SAR relationship as shown in
Figure 1, the low salt concentrations of the water would have a slight tendency to cause
a reduction in infiltration. However, high salt levels currently characterizing the two
subirrigated agricultural fields in the Hay Creek watershed will provide a large capacity
for maintaining high salt levels in the soil solution by weathering processes, thus

keeping the system flocculated.

The irrigation simulation shows that a traditional managed irrigation system would
provide positive results. The salt levels present in the soils during baseline conditions
are shown to improve substantially with salts leaching from the root zone. In addition,
non-sodic conditions are maintained at the soil surface and in the root zone maintaining
adequate hydraulic conductivity. Plant growing conditions are improved over baseline
conditions as the osmotic pressure head of the soil system is much reduced due to

irrigation with the CBNG-produced water.

The geochemical evaluation of mixing the CBNG-produced water with alluvial
groundwater provides a positive impact associated with the discharge of such water.
The resultant alluvial water is characterized with lower EC and SAR values compared

to the baseline alluvial water. The evaluation of the water chemistry of the mixed water
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with regard to Figure 1 indicates that the water fits in the “no reduction in infiltration”
portion of the graph.

These results provide a strong basis to support approving the discharge of the CBNG-
produced water, and establishing irrigation water quality limits in excess of the default

irrigation water quality limits for Hay Creek.

Conclusion

The Section 20 evaluation for Hay Creek provides strong evidence that irrigated
agricultural lands (flood or subirrigated) can be safely irrigated with CBNG-produced
waters characterized with SAR values up to 25 and with EC values of 4 dS/m or higher.
The EC values of CBNG-produced water will have little influence on soil EC values

since the soils are characterized with high salt levels in the baseline condition.
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PART 3: SQUAW CREEK WATERSHED

Squaw Creek is a tributary of Horse Creek as shown on the Overview Map (Plates 3
and 6). Squaw Creek was evaluated separately from Horse Creek, but with the same
methodology and guidance as described in the Horse Creek Introduction and
Methodology Sections. The results of the analysis for Squaw Creek are summarized in

the following sections.

TWENTY MILE LAND COMPANY — JOHN DALY, OWNER

The Twenty Mile Land Company owns the area that includes the confluence of Squaw
Creek with Horse Creek. Access to the land for field evaluations was not provided by
John Daly. Observations made from adjacent areas indicate that some of the land
located at the confluence of Squaw Creek with Horse Creek may be subirrigated
agricultural land. This area is very near Horse Creek so the data collected from Horse
Creek may provide an indication of the site conditions and how CBNG-produced water

would potentially impact the field.

MARSHA POWNALL RANCH

The Marsha Pownall Ranch occupies a short section of Squaw Creek upstream of the
Twenty Mile Land Company Ranch. The area was evaluated and no managed
irrigation or subirrigated agricultural lands were found, and field sampling was not

conducted. The topography of the area was photo documented with the photo points
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(OT - A through C) shown on the Overview Map (Plate 6). The photos are presented in
Appendix C.

LEON OEDEKOVEN FAMILY TRUST LAND

Leon Oedekoven Family Trust Land is located upstream of the Marsha Pownall Ranch
properties. The area does not have any flood or subirrigated agricultural lands, and
field sampling was not conducted. The topography of the area was photo documented
with the photo points (OT - A through E, Appendix C) shown on the Overview Map

(Plate 6).

JAMES WOLFF RANCH (SOUTH SQUAW CREEK)

The James Wolff Land is located between on the headwaters of a side steam located
upstream of the Leon Oedekoven Family Trust Land. No flood or subirrigated
agricultural lands were found and field sampling was not conducted. The topography of
the area was photo documented with the photo points (JW-A through C, Appendix C)

shown on the Overview Map (Plate 6).

DUANE OEDEKOVEN TRUST LAND

Duane Oedekoven Trust Land is located upstream of the Leon Oedekoven Ranch
Properties. No flood or subirrigated agricultural lands were found and field sampling
was not conducted. The topography of the area was photo documented with the photo

points (OT - D through I, Appendix C) shown on the Overview Map (Plate 6).
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DON BROWN FAMILY TRUST

Don Brown Family Trust Land is located upstream of the Duane Oedekoven Trust
Land. No flood or subirrigated agricultural lands were found and field sampling was not
conducted. The topography of the area was photo documented with the photo points

(DO - A through F, Appendix C) shown on the Overview Map (Plate 6).

These results provide a strong basis to support approving the discharge of the CBNG-
produced water, and establishing irrigation water quality limits in excess of the default

irrigation water quality limits for Squaw Creek.

Conclusion

The site evaluation concluded that no irrigated or subirrigated agricultural lands were
found in the Squaw Creek watershed. As a result CBNG-produced waters
characterized with SAR values up to 25 and with EC values of 4 dS/m or higher can be
safely discharged in this drainage. The impact of such waters on non-agricultural lands
in this drainage should not be negatively impacted based on the Section 20 evaluation

for other smaller watersheds in the Horse Creek watershed.
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PART 4: SPRING CREEK WATERSHED

Spring Creek is a tributary of Horse Creek as shown on the Overview Map (Plates 2, 3
5, and 6). Spring Creek was evaluated separately from Horse Creek, but with the same
methodology and guidance as described in the Horse Creek Introduction and
Methodology Sections. The results of the analysis for Spring Creek are summarized in

the following sections.

RESULTS - BASELINE

The information collected from the baseline evaluations includes soil profile
descriptions and soil chemistry characterization. Baseline soil chemistry provides an
indication of how a soil will react to irrigation with CBNG-produced water and provides
evidence of the water quality that has impacted the soil from prior irrigation

management or from natural subirrigation.

The soil profile descriptions for each sampling site are presented in Appendix G. The
soil profiles sampled in the lower reaches of Spring Creek resemble the soils found in
the Horse Creek and Hay Creek drainages. Generally, the soils found in Spring Creek
were characterized with an A, Bw, Bk, and C horizon sequence usually with multiple Bk

and C horizons.

The chemical analyses of the Spring Creek soil samples collected are presented in

Table 11. Two sites were sampled in the Spring Creek drainage. Samples collected
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from subirrigated areas in the Spring Creek watershed show high salt levels often

greater than 4 dS/m, which is considered to be saline as defined in USDA Handbook 60
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Table 11. Soil Analysis for Samples Collected in the Spring Creek Watershed
Depth Electrical |Organic
Sample| Interval pH Saturation| Conductivity | Matter | Calcium [Magnesium| Sodium Sand Silt Clay
ID (ft) S.u. % dS/m % meq/L meq/L meq/L SAR % % % Texture

Marsha Pownall Ranch
MP2 0-1 7.4 54.3 2.07 2.7 14.1 10.9 2.48 0.7 28 45 27 | Clay Loam
MP2 1-2 7.9 52.4 7.94 22.8 55.6 39.6 6.3 20 47 33 | Clay Loam
MP2 2-3 8 55.8 11.40 23.3 85.1 55.8 7.6 22 46 32 | Clay Loam
MP2 3-4 8.1 55.4 0.76 22.1 74.2 50.7 7.3 24 45 31 | Clay Loam
MP2 4-5 8 55.4 8.20 21.8 57.9 40.5 6.4 26 45 29 | Clay Loam
MP2 5-6 7.9 54.4 6.74 21.4 45.7 28.3 4.9 22 42 36 | Clay Loam
MP8 0-1 71 57.8 0.88 2.9 3.58 3.31 1.15 0.6 18 50 32 S"Ltzfn[lay
MP8 1-2 7.5 54.8 3.96 20.4 225 8.20 1.8 14 49 37 S"Ltzfn[lay
MP8 2-3 7.8 54.5 6.71 20.0 43.4 24.3 4.3 18 46 36 S"Ltzfn[lay
MP8 3-4 7.9 58.8 8.05 16.2 55.1 33.0 5.5 10 46 44 Silty Clay
MP8 4-5 7.9 62.2 0.01 17.9 67.6 41.1 6.3 10 50 40 Silty Clay
MP8 5-6 7.9 54.3 0.36 17.7 67.7 415 6.4 24 44 32 | Clay Loam




(1959). The average EC value for the samples collected at the MP2 and MP8
subirrigated sites were 7.69 dS/m and 6.33 dS/m, respectively. EC values by one-foot
depth increments for the MP2 site were 2.07 dS/m (0 to 1-foot depth increment), 7.94
dS/m (1 to 2 feet), 11.40 dS/m (2 to 3 feet), and 9.76 dS/m (3 to 4 feet), 8.20 (4 to 5
feet), and 6.74 (5 to 6 feet), while samples collected at the MP8 site were 0.88 dS/m (0
to 1 foot), 3.96 dS/m (1 to 2 feet), 6.71 dS/m (2 to 3 feet), 8.05 dS/m (3 to 4 feet), 9.01

(4 to 5 feet), and 9.36 (5 to 6 feet).

The average SAR for soil samples collected from the two subirrigated sites sampled in
the Spring Creek drainage were 5.5 and 4.2 for MP2 and MP8, respectively. SAR
values associated with MP2 were 0.7, 6.3, 7.6, 7.3, 6.4 and 4.9 for the 1-foot depth
increments to the total depth sampled of 6 feet. SAR values associated with MP8 were
0.6, 1.8, 4.3, 5.5, 6.3 and 6.4 for the 1-foot depth increments to the total depth sampled
of 6 feet. The SAR values are non-sodic and would not be expected to be associated

with sodic soil conditions.

Elemental toxicities are not expected to result from soil conditions present at the Spring

Creek subirrigated agricultural sites sampled.

IMPACT ANALYSIS: SOILS, ALLUVIAL GROUNDWATER AND VEGETATION

Soils

The chemical evaluations of the soils associated with the subirrigated agricultural lands

along Spring Creek indicate that both sites possess non-saline conditions in the
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surface foot and saline conditions in the 1 to 5-foot depth increment (Table 11).
However, most native vegetation can often tolerate these high levels of salt due to their
genetic disposition. The only species of concern at such salt levels is alfalfa. Alfalfa
was found at both subirrigated fields sampled in the Spring Creek watershed, but it was

scattered.

As proposed in previous parts of this report, the following evaluation was compiled to
determine if the CBNG-produced water would impact the current soil conditions found
in the Spring Creek drainage, if such water were used to irrigate soils or discharged
into the alluvium, impacting current subirrigated conditions or resulting in subirrigation
conditions. The same model was used to simulate the long-term effects of using
CBNG-produced water to irrigate the soil present at MP2 and MP8 located along

Spring Creek.

Results of the EC and EC/ SAR Comparison

1. The use of CBNG-produced water for irrigation purposes would decrease the
salt levels in the soil profiles and thus enhance plant growth potential.

2. The CBNG-produced water is nonsaline and nonsodic. Based on the EC/SAR
relationship (Figure 1), the low salt concentrations of the water would have a
slight tendency to cause a reduction in infiltration. Slight tendency was used
since the EC/SAR intersect is either close to the middle or below the middle of
this zone of the graph.

3. The high salt levels currently characterizing most of the irrigated soils in the
Spring Creek watershed will provide a large capacity to replenish salt to the soil
solution by weathering processes. Therefore, although the application of CBNG-
produced water, precipitation and snowmelt will have a tendency to remove salts
at the surface promoting clay dispersion, weathering of soluble minerals will
occur simultaneously maintaining relatively high salt levels preventing clay
dispersion.

123



4. The salt generated from the weathering process is expected to be approximately
5 meqg/L, which has been shown to keep soils flocculated with SAR values of
near 30.

5. CBNG-produced water should not impact the hydraulic conductivity of irrigated
soils. The high salinity levels of the soils will overwhelm any increased SAR
levels that might result while irrigating with the CBNG-produced water.

6. The relationships shown in Figure 1 were developed by Ayers and Westcot
(1985) and Hanson et al. (1999) for soils found in California that had been
irrigated for crop production. Such soil conditions do not exist in the subirrigated
agricultural lands along Horse Creek. As a result, soils in the PRB and in the
Horse Creek watershed, which contain high levels of soluble salts that will
weather during the irrigation process, will likely react much differently to
irrigation water containing relatively low salt levels. As a result, CBNG-produced
water used for surface application could conceivably contain higher sodium
levels without causing a detrimental impact to agricultural lands.

7. The EC/SAR soil chemistry discussed in this section provides a strong basis for

establishing an SAR limit of up to 25 without causing soil infiltration problems in
agricultural lands irrigated with CBNG-produced water.

FAO-SWS MODEL SIMULATIONS

Model simulations were conducted for two sampling sites located at the Marsha
Pownall Ranch located in the Spring Creek near its confluence with Horse Creek.
Separate evaluations were made for each site based on the information collected
during the field sampling program. The soils sampled in the lower reaches of Spring
Creek closely resemble each other and compare well to soils evaluated along Horse
Creek. The greatest difference is that MP2 is characterized with a clay loam surface
soil texture and MP8 has a silty clay loam surface texture. The results of the model
simulation for the subirrigated site are presented in the body of the report while the

detailed diagrams of the simulations are presented in Appendix L.
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Photo points associated with other landowners along Spring Creek documenting the
landscape along the reaches of Spring Creek that are not associated with managed
irrigation or subirrigated agricultural lands are shown on the Overview Map (Plates 2, 3,
5 and 6). The corresponding photos are included in Appendix C. The following
evaluation is based on individual landowners starting from the confluence of Spring
Creek with Horse Creek progressing to the upper reaches of the Spring Creek

watershed.

Marsha Pownall - MP2

The Marsha Pownall Ranch is located at the confluence of Spring Creek with Horse
Creek and extends several miles upstream. One site was found to be subirrigated and

appeared to have berms that might act to hold water causing flood irrigation.

FAO-SWS MODEL RESULTS FOR POWNALL — MP2

(Detailed diagrams are presented in Appendix L)

e High initial root zone salt levels are leached due to surface irrigation
improving plant growth conditions. An EC value of about 2.5 dS/m (model
baseline conditions) at the surface decreased to about 0.5 dS/m after the
first irrigation season. Salt levels tended to increase with depth as the
high salt levels initially present at the surface were leached to lower
depths in the root zone. With additional irrigation and precipitation, the
salt levels would be expected to leach from the root zone.

e SAR values decrease at the surface from about 7.36 to about 1 after
5 years of irrigation. SAR values tend to increase with depth but tend to
decrease with time due to leaching of sodium.

e pH values tend to increase from about 8.4 at baseline conditions to about
8.65 following the first year of irrigation. In subsequent years of irrigation,
the pH tends to stabilize in the 8.6 to 8.7 range. The increased pH values
are not expected to cause significant problems with plant productivity.
Following the irrigation, the pH is expected to decrease to baseline
conditions.

125



e Relative yield values ranged between 99 and 100% during the 5-year
simulation. Plant growing conditions are not impacted.

e The simulation clearly shows that the osmotic pressure decreases in the
upper portion of the root zone throughout the evaluation period due to the
application of water and the decreased levels of salt found in the profile.
The reduction in osmotic pressure head due to irrigation with CBNG-
produced water should enhance plant growth.

FAO-SWS MODEL RESULTS FOR POWNALL — MP8

The subirrigated field MP8 is located upstream of MP2 as noted on the Overview Map
(Plate 2). The information collected in the field (Table 11) was used with the water
quality information characterizing the CBNG-produced water. The physical and
chemical characteristics collected from the soil sampled at MP8 were input into the
FAO-SWS irrigation model as discussed above. Each sample site was simulated
separately because of the differences in baseline soil chemistry. The results of the
irrigation model are similar to those identified for site MP2. The results are presented

as a set of figures in Appendix L.

Marsha Pownall Ranch

Several side drainages to Spring Creek (west and slightly south of MP8) are projected
to contain CBNG-produced water outfalls. The area was evaluated for flood irrigation
or subirrigated agricultural lands, and none was noted. Field sampling was not
conducted. The topography of the area was photo documented with the photo points
(MP A through C) shown on the Overview Map (Plates 2 and 3) with the photos
included in

Appendix C.
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Paulette Parks Ranch

The Paulette Parks Ranch is located along Spring Creek upstream of the Marsha
Pownall Ranch and downstream of the State of Wyoming land. The Parks Ranch
encompasses many side stream channels that are associated with CBNG-produced
water outfalls. The area was evaluated and found not to have any flood irrigation or
subirrigated agricultural lands, and field sampling was not conducted. The topography
of the area was photo documented with the photo points (PPA through I) shown on the

Overview Map (Plates 2, 5 and 6).

State of Wyoming Lands

The State of Wyoming land is located upstream of the Paulette Parks Ranch and
downstream of Brug Land and Livestock. The area was evaluated and found not to
have any flood irrigation or subirrigated agricultural lands, and field sampling was not
conducted. The area was photo documented with a photo point taken at DB-A, shown

on the Overview Map (Plate 6) with the photos presented in Appendix C.

Brug Land and Livestock

The Brug Land and Livestock land is upstream of the State of Wyoming land and
downstream of the Robert Held Ranch. The area was evaluated and found not to have
any flood irrigation or subirrigated agricultural lands, and field sampling was not
conducted. The area was photo documented with the photo points (RH A through C)

shown on the Overview Map (Plate 5) with the photos presented in Appendix C.
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Robert Held Ranch

The Robert Held Land is upstream of the Brug Land and Livestock property. The area
was evaluated and found not to have any flood irrigation or subirrigated agricultural
lands, and field sampling was not conducted. The area was photo documented with the
photo points (RH A through C) shown on the Overview Map (Plate 5) with the photos
presented in Appendix C.

Curtis Elliott Trust

The Curtis Elliot Trust Land is located upstream of the Paulette Parks ranch on a side
drainage to the north. The area was evaluated and found not to have any flood
irrigation or subirrigated agricultural lands, and field sampling was not conducted. The
topography of the area was photo documented with the photo points (PP-G, PP-H, and
PP-1) shown on the Overview Map (Plates 5 and 6) with the photos presented in

Appendix C.

Mary Jane Harris Ranch

The Mary Jane Harris Land is located to the north of the State of Wyoming land and
the Paulette Parks Ranch. The area was evaluated and found not to have any flood

irrigation or subirrigated agricultural lands, and field sampling was not conducted.

COMPLIANCE SUMMARY

The agricultural and livestock compliance summaries for Spring Creek are very similar
to those presented for Horse Creek in Part 1 of this report. The same three evaluation

techniques were utilized to evaluate the parameters presented for Spring Creek sample
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data. The results show that the CBNG-produced water would have a positive impact
for the utilization of agricultural lands in the Spring Creek drainage. The CBNG-
produced water is nonsaline and nonsodic. The EC/SAR relationship is consistent with

those areas discussed above.

The irrigation simulation represents a traditional managed irrigation system with
positive results for Field MP2 and MP8. The baseline soil salt levels are shown to
improve substantially with salts leaching from the root zone. In addition, non-sodic
conditions are maintained at the soil surface and in the root zone maintaining an
adequate hydraulic conductivity. Plant growing conditions are improved over baseline
conditions as the osmotic pressure head of the soil system is much reduced due to

irrigation with the CBNG-produced water.

The geochemical evaluation of mixing the CBNG-produced water with alluvial
groundwater illustrates a positive impact associated with the discharge of such water.
The resultant alluvial water is characterized with lower EC and SAR values compared
to the baseline alluvial water. The evaluation of the water chemistry of the mixed water
with regard to Figure 1 indicates that the water fits in the “no reduction in infiltration”

portion of the graph.

These results provide a strong basis to support approving the discharge of the CBNG-
produced water, and establishing irrigation water quality limits in excess of the default

irrigation water quality limits for Spring Creek.
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Conclusion

The Section 20 evaluation for Spring Creek, agricultural fields MP2 and MP8, provides
strong evidence that irrigated agricultural lands (managed or natural irrigation methods)
can be safely irrigated or impacted with CBNG-produced waters characterized with
SAR values of up to 25 and with EC values of 4 dS/m or higher. The EC values of
CBNG-produced water will have little influence on soil EC values since the soils are

characterized with high salt levels in the baseline condition.
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PART 5: DRY GULCH CREEK

Dry Gulch Creek is a tributary of Horse Creek as shown on the Overview Map (Plates 8
and 10). Dry Gulch Creek was evaluated separately from Horse Creek, but with the
same methodology and guidance as described in the Horse Creek Introduction and
Methodology Sections. The results of the analysis for Dry Gulch Creek are

summarized in the following sections.

STATE OF WYOMING

Flood irrigated and/or subirrigated agricultural lands were not present in the State of
Wyoming lands located at the confluence of Dry Gulch with Horse Creek. As a result
field sampling was not conducted. Photos taken at BS-A and at SSA identified on the
Overview Map (Plates 8 and 10) show much of this confluence area. SSA is presented

in Appendix C.

SORENSON RANCH COMPANY

The Sorenson Ranch occupies the upper reaches of Dry Gulch. The area was
evaluated and found not to have any managed irrigation or subirrigated agricultural
lands. The landowner indicated that the groundwater was about 30 feet below ground
surface. If true, no subirrigation could occur. Field sampling was not conducted. The
area was photo documented with the photo points (SR-A and SR-B see Appendix C)

and shown on the Overview Map (Plate 10).
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WILLIAM HENSLEY TRUST LAND

The William Hensley land is located on a drainage that flows into Dry Gulch upstream
of the State of Wyoming land. For the same reasons stated above, no sampling was
conducted. The area was photo documented with the photo points (BS-A see Appendix

C) and shown on the Overview Map (Plate 10).

COMPLIANCE SUMMARY

The agricultural and livestock compliance summaries for Dry Gulch Creek are identical
to those presented for Horse Creek in Part 1 of this report. The same three evaluation
techniques were utilized to analyze Dry Gulch Creek. Since no irrigated areas were
identified along Dry Creek Gulch, the results of the Horse Creek analysis apply directly
for Dry Creek Gulch. Please refer to the Horse Creek Section of the report for the

summary of results.

These results provide a strong basis to support approving the discharge of the CBNG-
produced water, and establishing irrigation water quality limits in excess of the default

irrigation water quality limits for Dry Gulch Creek.

Conclusion

The Section 20 evaluation for Dry Gulch Creek provides strong evidence that irrigated
agricultural lands (managed or natural irrigation methods) can be safely irrigated or
impacted with CBNG-produced waters characterized with SAR values of up to 25 and

with EC values of 4 dS/m or higher. The EC values of CBNG-produced water will have
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little influence on soil EC values since the soils are characterized with high salt levels

in the baseline condition.
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PART 6: RUFF DRAW

Ruff Draw is a tributary of Horse Creek as shown on the Overview Map (Plate 8). Ruff
Draw was evaluated separately from Horse Creek, but with the same methodology and
guidance as described in the Horse Creek Introduction and Methodology Sections.

The results of the analysis for Hay Creek are summarized in the following sections.

DONNA TARVER TRUST

The Donna Tarver Trust occupies the lower portion of Ruff Draw from the confluence
with Horse Creek to the upper reaches, which are on the Roy Knutson Ranch. No field
sampling was necessary. The area was photo documented with the photo points (lower
reaches = DT - A and State -1; area near Highway 14-16 = DT-B presented in

Appendix C) shown on the Overview Map (Plate 8).

ROY KNUTSON RANCH

The Roy Knutson land is located in the upper reaches of Ruff Draw upstream of Donna
Tarver. Field sampling was not necessary. The area was photo documented with

photo point (RK-A see Appendix C) shown on the Overview Map (Plate 8).

COMPLIANCE SUMMARY

The agricultural and livestock compliance summaries for Ruff Draw are identical to
those presented for Horse Creek in Part 1 of this report. The same three evaluation

techniques were utilized to analyze Ruff Draw. Since no irrigated areas were identified
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along Ruff Draw, the results of the Horse Creek analysis apply directly for Ruff Draw.
Please refer to the Horse Creek Section of the report for the summary of results.

These results provide a strong basis to support approving the discharge of the CBNG-
produced water, and establishing irrigation water quality limits in excess of the current

irrigation water quality limits for Ruff Draw.

Conclusion

The Section 20 evaluation for Ruff Draw provides strong evidence that irrigated
agricultural lands (managed or natural irrigation methods) can be safely irrigated or
impacted with CBNG-produced waters characterized with SAR values of up to 25 and
with EC values of 4 dS/m or higher. The EC values of CBNG-produced water will have
little influence on soil EC values since the soils are characterized with high salt levels

in the baseline condition.
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PART 7: GAS DRAW

Gas Draw is a tributary of Horse Creek as shown on the Overview Map (Plate 7, 8, 9
and 10. Gas Draw was evaluated separately from Horse Creek, but with the same
methodology and guidance as described in the Horse Creek Introduction and
Methodology Sections. The results of the analysis for Gas Draw are summarized in the

following sections.

DONALD JOSLYN PROPERTIES

The Donald Joslyn Properties occupies the southern reach of the headwater area of
Gas Draw upstream of the State of Wyoming land. Access to the area was not allowed.
However, the area was evaluated from distance and was found not to have any
managed irrigation or subirrigated agricultural lands. The topography of the area was
photo documented at photo point (BB-A see Appendix C) taken from Highway 14-16

shown on the Overview Map (Plate 10).

C & F RANCH

The C & F Ranch land is located in the upper reaches (northern portion) of Gas Draw
upstream of Donald Joslyn Properties land. Access to the area was not allowed.
However, the area was evaluated from distance and found not to have any managed
irrigation or subirrigated agricultural lands. The topography of the area was photo
documented at photos point (RL-A and B; CF-A see Appendix C) shown on the

Overview Map (Plate 9).

136



COMPLIANCE SUMMARY

The agricultural and livestock compliance summaries for Gas Draw are identical to
those presented for Horse Creek in Part 1 of this report. The same three evaluation
techniques were utilized to analyze Gas Draw. Since no irrigated areas were identified
along Gas Draw, the results of the Horse Creek analysis apply directly for Gas Draw.

Please refer to the Horse Creek Section of the report for the summary of results.

These results provide a strong basis to support approving the discharge of the CBNG-
produced water, and establishing irrigation water quality limits in excess of the current

irrigation water quality limits for Gas Draw.

Conclusion

The Section 20 evaluation for Gas Draw provides strong evidence that irrigated
agricultural lands (managed or natural irrigation methods) can be safely irrigated or
impacted with CBNG-produced waters characterized with SAR values of up to 25 and
with EC values of 4 dS/m or higher. The EC values of CBNG-produced water will have
little influence on soil EC values since the soils are characterized with high salt levels

in the baseline condition.
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PART 8: OTHER ASSOCIATED DRAINAGES ALONG HORSE CREEK WHERE
SITE ACCESS WAS DENIED

A number of CBNG outfalls that discharge into a stream or into a reservoir were
identified at six side drainage locations to Horse Creek that were not visited due to the
denial of access. Twenty Mile Ranch administered by John Daly would not allow
access for the evaluation as required by Chapter 1, Section 20 evaluation. As noted in
the Agricultural Use Protection Policy, “in circumstances where a landowner chooses to
deny access for the purpose of developing a Section 20 analysis, EC and SAR limits
may not be required on discharges that may affect that land.” Therefore, it is
understood that the sites identified in the attached Overview Map (Plates 3, 4, 6, 7
and 8) as access denied fall under this portion of the Policy and therefore, discharges

at such areas may not be assigned EC and SAR limits.
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APPENDIX A

PERMITTED IRRIGATION WATER RIGHTS
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THE STATE OF WYOMING

CERTIFICATE OF APPROPRIATION OF WATER  Cmrriricate REcorp No. 3_8; Pace___ 20 <

WHEREAS " - e PRS- o has presented to the Board of Control of the State of Wyoming proof
of the ﬁ‘ﬁpmpnahun of waterfrom _ - ..~ Gold Deliar Spring tributary of ______ i AU SR S e L
thepughthe - - - -~ = ] Ext, Gold Dolisy Pipe Line  __ ____ ____________ Diteh under Permit No. ___ <2884 _Inls for irrigation
of the lands herein described, lying and beingin _________ Campball County, Wyoming,

Now Know YE, That the Board of Control, under the provisions of Chapter 61, Compiled Statutes of Wyoming, 1910, has, by an order duly

madeandenteredonthe ._____ 388k ________day of _________Hovember A.D. 1936 __, in Order Record No.__ & ___, Page ___ 257 _,
determined and established the priority and amount of such appropriation as follows:

Name of Appropriator _____________ e i Finsp 0000020000000 ; Postoffice Address ___________Billette , Wyoming;
Amount of Appropriation _____ «Q&_____ cu. it. per sec.; Date of Appropriation _____ dale i, _1‘315 ________ -3 Description of land to be irrigated and
for which this appropriation is determined and established: Total Acreage ____________ g and ive-tenths (B8l acres .

1.6 A B NE  Sece 35 Te 55 H.le 72 We
133 A Sﬁ‘_‘ﬁg 33‘3# 35 T« 55 HaBe 72 Ts
2:&5 A, -f-ﬁml T EaSE
The right to water hereby confirmed and established is limited to irrigation _end demestie. _____________ and

the use is restricted to the place where acquired and to the purpose for which acquired; rights for irrigation not to exceed one cubic foot per second for each
seventy acres of land for which appropriation is herein determined and established.

In Testomony WEEREOF, I, .. . . - = }I&.ﬁ; _B._Trne

hereunto set my hand this ______15%h _____ day of _____Jomnayy ,A. D. 19_17 _, and caused the seal of said Board to be hereunto affixed.

-u———-——.——.—-"-__.-_.....__
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THE STATE OF WYOMING
CERTIFICATE OF APPROPRIATION OF WATER  Cerriricate REcorp No. .33 PacE__ 495 ~

WEHEREAS, . - oo W s R TR S SR e S SRS e R has presented to the Board of Control of the State of Wyoming proof
of the appropriation of water from ______ Gold Dollar Springs, Iri. Horse Cr., _trmbutaryof __________ hitEle Powder Hiver . _
thronghithe - .o~ . ;_ ooplgoPgllar Lane fame - . - s oo ___Ditch under Permit No. ___ 15081 ____ for irrigation
of the lands herein described, lying and beingin _____________GCampbell ________ County, Wyoming, .

Now Kxow YE, That the Board of Control, under the provisions of Chapter 61, Compiled Statutes of Wyoming, 1910, has, by an order duly
made and entered on the ______ oen - oo day-ol . - November . ,. A.D. 1916 __, in Order Record No.__ 5___, Page ___ 254 __,

determined and established the priority and amount of such appropriation as follows:

Name of Appropriator ____________ debee PIOTE. . - ; Postoffice Address _____________ BildesReers . , Wyoming;
Amount of Appropriation ___ 0L_ _____ cu. ft. per sec.; Date of Appropriation ______ aper, 10, 1915 & _3; Description of land to be irrigated and
for which this appropriation is determined and established; Total Acreage ______________Que_| e L e S e e R e

-

1 A IN-HE: Sec, 35 T. 55 HB 72 W,

o

1 A. Total acreace

The right to water hereby confirmed and established is limited to irrigation ____2and domestie __________ __ . ________________________ and
the use is restricted to the place where acquired and to the purpose for which acquired; rights for irrigation not to exceed one cubic foot per second for each

seventy acres of land for which appropriation is herein determined and established.
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In Testimony WeEREOF, I, F oot B T e SR e e e , President of the State Board of Control, have
hereunto set my hand this _______15Tk ____ dayof ..  _damuayy ,A. D. 1917 __, and caused the seal of said ,?Pa.rg[ to be hereunto affixed.
ATTEST: A A A T 7 Xl W A AAAN— , Secretary. ,,-...._.:_,;__.Fai";_____-_-______._-.*._...._._h.*..__;,__,__, President. |
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