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Executive Summary

Irrigators that rely on Tongue River water for crop and forage production have expressed
concern about potential adverse impacts that CBNG development may have on irrigation
water quality. Currently, the Tongue River enjoys good quality water that is used to
irrigate more than 20,000 acres of land while supporting a healthy fishery within and just
below the Tongue River Reservoir.

The Agronomic Monitoring and Protection Program (AMPP) was commissioned and
funded by Fidelity Exploration & Production Company (Fidelity). It was designed by two
professional soil scientists and an agronomist from Montana, namely William Schafer,
Kevin Harvey, and Neal Fehringer. During summer and fall of 2003, landowners who
irrigated a minimum of 80 acres with Tongue River water were invited to become
cooperators in the AMPP. All landowners participate on a voluntary basis and specific
location of sampled fields is confidential.

The AMPP soil and crop testing program has provided agronomic assistance to
participants, helped irrigators better understand potential effects of CBNG development
on their irrigated fields, and has documented regional trends in irrigated soil
characteristics. AMPP consists of three tiers of sampling:

e Tier 1, which assesses crop yield factors, soil fertility, electrical conductivity
(EC) and sodium adsorption ratio (SAR) in selected fields;

e Tier 2, which includes Tier 1 parameters as well as more detailed sampling,
and measurement of exchangeable sodium percentage (ESP), texture, bulk
density, water intake rate, clay mineralogy, and soil classification as well as
determination of crop yields and forage quality (including sodium content)
and soil fertility in 16 fields; and

o Tier 3, which consists of crop and forage test plots employing mixtures of
Tongue River water and CBNG production water.

This report contains results of Tier 2 sampling from the program’s inception in fall 2003
through fall 2008 sampling. The purpose of the program is three-fold: 1) to measure
baseline soil characteristics; 2) to identify changes in soil chemical and physical
properties, if any, and to explore the potential relationship to CBNG development; and 3)
to annually monitor crop yields and forage quality (including minerals such as sodium).
To date, samples have been collected from AMPP sites seven times: October 2003,
April & October 2004, October 2005, December 2006, September 2007 and October
2008.

Study Approach

In selected fields spaced at intervals along the Tongue River (and its tributaries of Prairie
Dog Creek and Otter Creek), detailed soil sampling was performed to determine
seasonal changes in soil chemistry, and to assess soil characteristics at depths up to 8
feet. Tier 2 soil sampling used a representative number of composite sub-samples
collected from a portion of each field that consisted of a single soil mapping unit from the
County Cooperative Soil Survey. Composite samples were collected from the following
depth intervals: 0to 2, 0t0 6, 6 to 12, 12 to 24, 24 to 36, 36 to 60, and 60 to 96 inches.
Laboratory analyses included soil texture, EC, SAR, ESP, soil texture, clay mineralogy,



Tongue River Agronomic Monitoring & Protection Program Page xvi
2009 Progress Report September 2009

trace metals, plant available nutrients, and other properties. Neal Fehringer, Certified
Professional Agronomist, has formulated ranch-specific recommendations for all Tier 2
fields annually.

Laboratory Analysis and Quality Assurance

Samples were collected, handled and analyzed under a stringent quality assurance
program. The objective of the quality assurance plan is to ensure that data collected in
Tongue River AMPP are of known and acceptable quality to differentiate spatial and
temporal soil chemical trends for Tier 2 samples and to provide agronomic advice.

Each set of Tier 2 soil samples were collected from the same composite sub-sample
locations using GPS technology and from the same depth increments. This controlled
sampling approach is necessary to minimize effects of natural soil variability on results.
Samples were transported to the laboratory under chain-of-custody. The certified
laboratory used an internal quality assurance program to maintain analytical precision
and accuracy. All analytical results, including quality assurance samples, were
distributed to the public on the Energy Laboratory web site
(http://energylab.com/default.aspx). AMPP and MBOGC web sites also contain details
of the program (http://www.tongueriverampp.com and
http://bogc.dnrc.state.mt.usCoalbedMeth.asp, respectively). The generalized location of
AMPP sites is shown in Figure A. Only landowner/cooperators were provided with the
alpha code corresponding to their fields.

Results

Sixteen fields were selected for the Tier 2 AMPP. Ten fields are irrigated with Tongue
River water and are distributed along the entire length of the River from above the
Tongue River Reservoir to the lower T&Y Irrigation District east of Miles City. Two
additional Tongue River fields are non-irrigated, but are located in the floodplain in the
same soil-mapping unit as the nearby irrigated AMPP fields. Finally, two fields are
irrigated with water from Tongue River tributaries (Prairie Dog and Otter Creek), and two
non-Tongue River Drainage reference fields are irrigated with Yellowstone River and Big
Horn River water.

Tongue River irrigation water is of high quality, which except for occasional exceedances
of EC near the mouth of river during low flows, meets irrigation water quality standards
recently adopted by the State of Montana (Figure B). Irrigation water has year-to-year
variations in EC and SAR, which are mostly related to the rate of river flow, with EC and
SAR declining in high flow years such as 2005, 2007 and 2008 and increasing in dry
years such as 2004 and 2006. EC and SAR increase somewhat in the downstream
direction below the Tongue River Dam, mostly due to increased proportions of sodium
and sulfate ions. An overview of the hydrology and water quality of the Tongue River
watershed is presented in a companion report, The Tongue River Hydrology Report,
prepared under this same contract by HydroSolutions Inc.
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Variation in Crop Production & Mineral Content of Forages

Documented crop yields for 2003 were based on grower records. During the 2004
through 2008 growing seasons, plant clippings were taken in Tier 2 fields at every soil
sample collection point (GPS waypoint) prior to each forage cutting. Plant material from
each field was weighed, sent to a laboratory for analysis, and yields adjusted to 12
percent moisture content for forages that were hayed and 70 percent for corn silage.
Feed analyses include nutritional parameters and a complete mineral determination
(sodium, calcium, sulfur, etc.).

Large differences in forage yield were evident between sites, but yield variations showed
no systematic changes through time. A myriad of factors have affected forage crop
yields including age of stand, quantity of irrigation water used, fertilizer applied, weed
control, climate, and number and timing of cuttings. Although it is difficult using existing
data to precisely determine causes of yield variations among AMPP fields, it is clear that:

¢ Yields are comparable to average irrigated forage production from Big
Horn, Custer, and Rosebud Counties in 2003 through 2008.

¢ Yields do not show a decreasing trend between 2003 and 2008.

¢ Yield differences are not correlated with average salinity (Figure C) or
sodium levels.

¢ Yields appear to be limited to around 2 tons per acre in fields where less
than 8 inches of irrigation was applied in below average precipitation years.

e Yields in 2004 were reduced by a late killing freeze on May 12.

¢ On certain years at various locations, alfalfa yields have been reduced by
severe alfalfa weevil infestations prior to first cutting. Alfalfa yields are also
lower on first year stands.

With elevated sodium levels a hallmark of CBNG water, increases in sodium content of
forage crops should be among the first effects of CBNG activity because plants take-up
what is applied to the soil. Alfalfa at site MA, which is located near most of the CBNG
water discharge sites, had a sodium level of 0.07 percent in both 2004 and 2005.
Sodium then declined to 0.04 percent in 2006 and returned to 0.07 and 0.08 percent in
2007 and 2008. LA, which is below all CBNG water discharge points and above the
Tongue River Reservoir, has had a steady decline in sodium from 0.06 percent in 2004,
0.05 percent in 2005, 0.04 percent in 2006, 0.03 percent in 2007, and 0.02 percent in
2008.

No changes in sodium content of forages have been detected for the period of 2004 and
2008 due to CBNG development. In 2004 and 2005, forage sodium contents were
relatively constant in fields that were in the same crop both years. However, for 2006,
nine of the ten fields that have had the same crop for at least two of the three years had
sodium levels at or below the previous two years (Figure D). For 2007, eight of eleven
that have been the same crop for at least three out of four years were at or below the
2004 through 2006 average sodium levels. In 2008, average sodium stayed about the
same as in 2007. YBA, which is irrigated with Yellowstone River water, had similar
variations in sodium content as forages from fields in the Tongue River Drainage.
Sodium levels vary mostly in response to crops being grown (Figure E).



Tongue River Agronomic Monitoring & Protection Program Page xix
2009 Progress Report September 2009
Tongue River AMPP Yields

70
*2003
2004
60 ¢ 4 2005
e . 2006
50 = * 2007
= 2008
o | &
2 o +
T 40 . ¢ °
é * +* -
@ & . .
g o L, . o
£ o \ \
A *
im
20 > *
° )
[ ] * |
L .
1 n 4 . -
00 T T : 1 T T 1
10 20 30 40 50 60 7.0 80
Root Zone Uptake Weighted Average EC (dS/m) to 48 inches
Figure C. Comparison of AMPP forage yield to average root zone salinity
(EC dS/m) in 2003 through 2008.
Percent Sodium in Same Crop in a Field
0.20
0.18 = E
Z° =L
=
0.16 %
. g
0.14 E 3
z e °
7 =
0.12 <
@ 3 m 2004
0.10 o 2005
m 2006
0.02 £ = 2007
2 m2008
0.06 B
o
iLna
0.02
0.00
MA LA GA GC OAA EA DB BC YAA YBA

Figure D. Comparison of sodium content in forages in fields that have

been planted to the same crop for at least two out of three
years, 2004 to 2008.




Tongue River Agronomic Monitoring & Protection Program Page xx
2009 Progress Report September 2009

Average Percent Sodium in AMPP Crops
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Figure E. Average sodium content of AMPP forages harvested, 2004 to 2008.

Properties of AMPP Soils

Irrigated Tongue River soils exhibited both similarities and differences. All AMPP soils
were derived from recent floodplain sediments and showed characteristic horizontal
layering with slight differences in clay content and organic matter. All soils had abundant
lime at every depth, indicative of their geologic youth. Additionally, all soils were lower in
clay content and expansive clays than is conventionally believed to be the case in
southeastern Montana.

Overall, irrigated fields in the Tongue River Drainage were medium-textured, meaning
they had nearly equal proportions of sand, silt, and clay. Soil texture is important in
irrigated soils because soils with too much clay may have low permeability and poor
drainage. However, soils with too much sand may drain too rapidly and will have low
water and nutrient-holding capacities. Tongue River soil textures were classified as
loam, clay loam or silty clay loam (Figure F). All Tongue River soils had water infiltration
or intake rates that are considered suitable for sustained irrigation. There was no
correlation between intake rate and either clay content or ESP. Intake rates did not vary
through time.

Clay mineralogy of irrigated soils affects their susceptibility to excess sodium levels. For
example, Bauder (no date) illustrated the dependence of sodium sensitivity to clay
mineralogy based on irrigation water quality guidelines developed by the United Nations
(Table A). According to Bauder, SAR levels in irrigation water less than 6 do not create
a problem if the dominant clay mineral is smectite. This “safe” level of SAR increases to
8 for illite-dominated soils and to 16 for kaolinitic soils. Irrigated Tongue River soils have
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a mixed mineralogy (Figure G) in which kaolinite is the most abundant clay mineral
followed by illite. Based on UN irrigation water quality guidelines, a SAR level in
irrigation water up to 8 would be safe to use on Tongue River soils. The current
Montana water quality standard for SAR on the Tongue River is 3.0 (30-day average) or
4.5 (instantaneous) during the irrigation season.
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Table A. Guidelines for irrigation water quality established by the World Food and
Agriculture Organization (after Bauder no date

Intensity of Problem’

sesquioxides

Water Constituent No Problem Moderate Severe

Salinity (decisiemens/meter) <0.7 0.7-3.0 >3.0
Permeability (rate of infiltration affected) by >05 0.5-0.2 <0.2
Salinity (decisiemens/meter) ' R ’
Adjusted SAR; soils are: <6 6-9 >9

Dominantly smectites

Dominantly illite-vermiculite <8 8-16 >16

Dominantly kaolinite or <16 16-24 >24

From Bauder (no date) Source: Modified from R.S. Ayers and D.W. Westcott, "Water Quality for Agriculture,"
Irrigation and Drainage Paper, 29, FAO, Rome, 1976; rev. 1986.

'Based on the assumptions that the soils are sandy loam to clay loams, have good drainage, are in arid to
semiarid climates, that irrigation is sprinkler or surface, that root depths are normal for soil, and that the

guidelines are only approximate.

Lastly, surface samples collected from 0 to 6 inches in irrigated Tongue River soils were,
with one exception, non-saline and non-sodic (Figure H). This means that Tongue River
soils do not exhibit an adverse accumulation of soluble salts or sodium, even though
these conditions are common elsewhere in southeastern Montana soils (Bauder, no

date). The single exception was site DA, which is located near the mouth of an

ephemeral tributary to the Tongue River. This field was brought under irrigation in
August 2003. During the first full irrigation season (2004), enough salts were leached
from the 0-6 inch depth that the soil was no longer classified as saline.
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Statistical Variation in AMPP Samples

Statistical analysis was performed to determine whether there were any significant
changes in soil chemical properties during the time spanned by the seven sampling
events. All measured soil properties exhibited significant statistical variation between
AMPP sites and also differed according to soil depth. However, only a few soill
properties significantly varied with time. These included soil pH, CEC, ESP, and lime
content. Some of these apparent variations may be due to analytical differences
associated with laboratory techniques.

Classification of AMPP Root Zone Soils
Saline and Sodic Soil Guidelines
(Brown Salinity Lab)
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Figure H. Salinity and sodium levels in irrigated Tongue River soils in fall
2003, spring 2004, and falls 2004 through 2008

Variations in Soil Properties Related to Soil Depth

Statistical analysis showed that all soil properties exhibited significant variation with soil
depth and between locations. Additionally, the pattern of change in soil properties with
depth tended to differ between sites. While changes in soil properties with depth differed
greatly from site to site, the “average” relationship between various soil properties and
depth accurately portrays general depth trends. For example, clay content tended to be
higher near surface than at depth, which is typical of floodplain deposits. Conversely,
soil pH was slightly lower near-surface than at depth, which is typical of most western
soils. At depth, abundant lime tends to control pH around 8.0, while closer to the soil
surface; organic matter causes a slightly lower pH.

Average EC increased with depth to about 36 inches, where the maximum average
value of 4 dS/m occurred and then decreased to around 2.5 dS/m at 8 feet in depth
(Figure 1). The EC increase that occurs with depth is typical of both dryland and irrigated
soils in semi-arid climates. Infiltration of rainwater and low EC irrigation water tends to
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maintain low EC levels near the surface. As plant roots extract water from the soil, they
absorb water and exclude most soluble ions causing a progressive accumulation of
salts. Roots are primarily distributed throughout the upper 3 to 5 feet of soil, causing a
build-up in EC near the root zone base. The EC difference between top and base of the
root zone provides an indication of the amount of water that percolates through the soil.
When this quantity of water is expressed as a percentage of applied water, it is called
the “leaching fraction” (LF) in irrigated soils. Estimated average leaching fraction for
AMPP soils was 11 percent.

ESP (Figure J) also increased with increasing depth in a similar manner to EC, except
that maximum average ESP occurred at a depth of 3 to 5 feet, somewhat deeper than
for EC. Soil water has higher EC and ESP deeper in the soil profile due to the pattern of
water removal by plant roots. Changes in sodium status with depth are a bit more
complex, because as salts are concentrated by plant water uptake, soil minerals
enriched in calcium and magnesium tend to form, causing a shift towards higher
proportions of sodium vs. calcium and magnesium, resulting in a higher SAR and ESP.

Figure I. Trend in average EC with depth in composite samples from fields
irrigated with Tongue River water.
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Figure J. Trend in average ESP with depth in composite samples from fields
irrigated with Tongue River water.

Comparison of EC and ESP in AMPP Fields through Time

EC and ESP (Figure K and L) are properties that are more sensitive to changes in
management, water quality, and climate than most other soil properties such as texture.
Consequently, if after a period of one or more growing seasons, changes in irrigated
soils occur due to CBNG activity, increases in EC and/or ESP will be detected. No
statistically significant change in root zone EC was evident through time. ESP also did
not change from fall 2003 to fall 2004; however, average ESP decreased from 5.5 to 3.1
between fall 2004 and fall 2005 remained low (3.7) in fall 2006, but increased to 5.0 by
fall 2007 and then decreased slightly to 4.8 in fall 2008.

Measured SAR is often used to predict the ESP that would develop in soils with
sustained irrigation. In most regions, ESP follows a linear relationship with SAR
developed by USDA (1954). The SAR and ESP relationship is weak in the AMPP
data, however. SAR tends to under predict ESP at a SAR of 5 or less, and over
predict ESP above SAR 10. ESP measurements are thought to be more subject to
error than SAR measurements. Therefore SAR is probably a better indicator of
sodium status than ESP.

Some individual fields exhibited changes in ESP due to site-specific agronomic
management even when no basin-wide trends were evident. For example, ESP at 0 to 2
inches decreased from fall 2003 to fall 2004 at the BHA reference site which is irrigated
from the Big Horn River. The field was in sugar beets in 2003 and had high soil moisture
at harvest. Once beets were defoliated and dug, soil moisture and salts were drawn
upward as the soil surface dried. The water evaporated, leaving salts behind, thus
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accumulating at the soil surface. Fall 2003 ESP was 6.1 in the 0 to 2 inch depth. Then
in 2004 and 2005, winter wheat was in the field. The wheat canopy was more open than
the beet crops, therefore, the soil surface dried slowly as the crop matured, which
reduced surface salt accumulation. Fall 2004 and 2005 ESP values were 2.1 and 3.3,
respectively. BHA was in beets again in 2006. In fall 2006, 0 to 2 inch ESP was 8.2
even though over four inches of precipitation was received between the 2006 final
irrigation in early September and harvest in late November. ESP was only 3.4 as of fall
2007 following barley. After two beet crops with completely different environmental
conditions post harvest, this phenomenon is apparently a result of beet leaves
accumulating sodium. This ESP increase is unique to the 0 to 2 inch depth following
beets. ESP for 0 to 6 inches was 4.2 (beets), 2.0 (wheat), 2.9 (wheat), 2.6 (beets), 3.7
(barley), and 3.1 (barley) from fall 2003 to fall 2008, respectively.

Depth-weighted average EC in the upper 36 inches is shown in (Figure K). Average EC
for all soils was around 2.5 dS/m and most individual fields fell close to this value. Sites
GC, DB, and BA had lower than average EC, probably owing to application of a greater
quantity of irrigation water and/or soil water leaching at these sites. Site DA had higher
than average EC, which was probably caused by a high water table and contributions
from tributary runoff onto this field that was non-irrigated prior to 2003.

Depth weighted ESP (Figure L) averaged just over 4 percent and all but one field had
ESP values close to this value. This exception was site DA, a field recently brought
under irrigation that also had high EC values. Greasewood, a common indicator of
sodium-enriched soils, is abundant in the vicinity of this field near the mouth of Foster
Creek.

Figure K. Root zone water uptake averaged paste EC (dS/m) to 36 inches in
AMPP sites for each sampling period
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Figure L. Average ESP (percent) to 36 inches in AMPP sites for each sampling
period.

Changes in AMPP Soil through Time

A statistical analysis was performed to determine whether there were any significant
changes in soil chemical properties during the time spanned by the seven sampling
events (October 2003 to October 2008). If CBNG activity was having an adverse effect
on irrigated Tongue River soils, then an increase in average EC and/or ESP should have
been evident. Statistical analysis was confined to composite samples from the 10 sites
that are irrigated with Tongue River water. Although no statistically significant change in
EC was evident, ESP decreased significantly between 2004 and 2005 samplings (Figure
M). This decrease is attributed to an increase in growing-season precipitation and
available irrigation water in 2005. ESP levels gradually increased in 2006 and 2007.
The 2008 ESP is essentially the same as the level observed in fall 2003. Contrary to
popular belief, soil sodium level is dynamic, not static or ever increasing over time.
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Figure M. Trend in average exchangeable sodium percentage from
composite samples irrigated with Tongue River water.
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1.0 Introduction

The Powder River Basin in Wyoming and southern portions of Montana hosts extensive
reserves of natural gas in coal seams within near-surface sediments of the Fort Union
Formation. Coal seams must be de-pressurized by pumping water to facilitate release of
coalbed natural gas (CBNG) or methane contained in the coal. This produced water
naturally contains moderate levels of dissolved ions in which sodium is the dominant
cation (or positively charged ion) and bicarbonate the primary anion (negatively charged
ion). Electrical conductivity (EC) and sodium adsorption ratio (SAR) typically range from
1,000 to 2,500 pS/cm (pmhos/cm) and 10 to 60, respectively. Produced water is among
the better quality groundwater in southeastern Montana for domestic and stock water
uses.

11  Purpose of AMPP

Irrigators that rely on Tongue River water for crop and forage production have expressed
concern about potential adverse impacts that CBNG development may have on irrigation
water quality. Currently, the Tongue River enjoys good quality water that is used to
irrigate more than 8,100 ha (20,000 acres) of land while supporting a healthy fishery
within and just below the Tongue River Reservoir. Recently, numerous programs have
been implemented to protect water quality for irrigation and other uses in southeastern
Montana including development of stringent water quality standards for electrical
conductivity and sodium adsorption ratio, extensive surface water monitoring, and
development of basin wide surface water models and water quality control programs.

Agronomic Monitoring and Protection Program (AMPP) was commissioned by Fidelity
Exploration and Production Company in 2003. Since November 2006, AMPP has been
supported by the Montana Department of Natural Resources’ Board of Oil and Gas
Conservation (Tom Richmond, Administrator). AMPP was designed by two professional
soil scientists and an agronomist, namely William Schafer, Kevin Harvey, and Neal
Fehringer, respectively. During summer and fall of 2003, landowners who irrigated a
minimum of 32 ha (80 acres) with Tongue River water were invited to become
cooperators in AMPP. An information package about AMPP provided to cooperating
landowners is attached as (Appendix A). All landowners in AMPP participate on a
voluntary basis and specific locations of sampled fields are confidential at the request of
landowners.

The purpose of this program is to measure baseline soil characteristics and annually
monitor crop yields and forage quality and mineral content (especially sodium).
Subsequent annual soil sampling will also help identify and manage any soil chemical
trends related to CBNG development that could impair future crop yields.

1.2 AMPP Timeline

o July 2003: Met with State NRCS Personnel in Bozeman, Montana to
explain AMPP program.

e August 2003: AMPP announced and cooperating landowners, ranchers
and irrigators contacted for participation in the program. Presented AMPP
program details to Conservation District Boards in Custer, Big Horn, and
Rosebud County. AMPP scientists present at Eastern Montana Fair in
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Miles City, Montana to sign-up cooperators and answer questions about
program.

o September - October 2003: Finished signing-up cooperators. Field
sampling completed for initial testing to build baseline data. Twenty-five
fields sampled in the Tier 1 program. Sixteen fields sampled in the Tier 2
program including dryland, flood and sprinkler irrigated fields and, for
comparison, fields irrigated with other water sources.

e November 2003: Presented details of initial sampling on “Berg in the
Morning” radio show and at the Montana Salinity Control Association’s
“Coalbed Methane Forum” during the Montana Association of Conservation
Districts’ annual meeting in Billings, Montana.

o December 2003: Results of the initial testing publicly available on Energy
Labs, Inc. web site.

e January 2004: Baseline Tier 1 and Tier 2 monitoring results were
presented at the annual meeting of the Soil and Water Conservation
Society in Billings, Montana.

e March 2004: AMPP web site launched. Delivered soil test results to
cooperators, reviewed results, and adjusted cropping and fertilizer
recommendations for 2004.

e April 2004: Spring monitoring event completed - 14 fields sampled in Tier 2
program. Tier 3 field plot study initiated and soil sampling performed.

e May 2004: Tier 3 plots established and crops planted.

o June 2004: AMPP program details and results presented at CBM Fair in
Gillette, Wyoming.

o August 2004: First complete year of Tier 2 monitoring results were
presented at the Coalbed Natural Gas conference in Laramie, Wyoming.

o September 2004: Completed harvest of Tier 3 field test plots for first
growing season.

e October 2004: Fourteen fields sampled during ongoing Tier 2 program.
Twenty-four fields assessed as part of ongoing Tier 1 agronomic consulting
program.

e December 2004: Presented AMPP results to Rosebud Creek Drainage
Task Force meeting in Lame Deer, Montana.

e March 2005: Met with cooperators to review soil test results and adjust
2005 cropping recommendations. Presented AMPP results to Custer
County and Big Horn County Conservation Districts’ monthly meetings.

o April 2005: Crops established in Tier 3 plots for 2005 growing season.
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e June 2005: AMPP results presented at CBM Fair in Gillette, Wyoming.

o September 2005: Completed harvest of Tier 3 Field test plots for second
growing season. AMPP results presented at Montana Ag Law Conference
in Billings, Montana.

e October 2005: Fourteen fields sampled during ongoing Tier 2 program.
Twenty-four fields assessed as part of ongoing Tier 1 agronomic consulting
program. Tier 3 test plots also soil sampled.

o December 2005: AMPP Executive Summary Report completed and
submitted to Montana Board of Environmental Review.

e March 2006: Met with cooperators to review soil test results and adjust
2006 cropping recommendations.

o April 2006: Crops established in Tier 3 plots for 2006 growing season.
o June 2006: AMPP results presented at CBM Fair in Gillette, Wyoming.

e Summer 2006: Harvested forage from each Tier 2 field to determine yield,
feed quality, and mineral content.

e September 2006: Completed harvest of Tier 3 Field test plots for third
growing season. AMPP results presented at Montana Ag Law Conference
in Billings, Montana.

¢ November 2006: Funding for AMPP provided by the Montana Board of Oll
and Gas Conservation.

o December 2006: Fourteen fields sampled during ongoing Tier 2 program.
Eighteen fields assessed as part of ongoing Tier 1 agronomic consulting
program. Tier 3 test plots also soil sampled.

o February 2007: Met with cooperators to review soil test results and adjust
2007 cropping recommendations. Presented AMPP results to Custer
County and Big Horn County Conservation Districts’ monthly meetings.
Monitoring Program Development and Study Design.

o April 2007: Performed Tier 3 test plot weed control.

e May 2007: Released 2007 AMPP Fact Sheet, Executive Summary and
Progress Report. TRIP Hydrology Report released.

o June 2007: Established pinto beans at Tier 3 plots. First cuttings from Tier
2 and 3 locations. TRIP results presented at Montana Ag Law Conference
in Billings, Montana.

o July, August, September 2007: Second and third cuttings from Tier 2 and 3
locations. Harvested pinto beans (September).
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e September 2007: Fourteen fields soil sampled during ongoing Tier 2
program. Seventeen Tier 1 fields soil sampled.

o October 2007: AMPP results presented at Montana Ag Law Conference in
Billings, Montana.

e January 2008: TRIP present at Ag Technology and Construction Expo in
Billings, Montana.

o February-May 2008: TRIP results presented to Rosebud Watershed
Group, Custer & Big Horn County Conservation Districts; Independent
Petroleum Association of Mountain States (IPAMS) in Denver; Colorado
Public Health Department (Denver); and Montana Geological Society
(Billings). Delivered soil test data and fertilizer recommendations to
cooperators.

e April 2008: TRIP information presented via Helena and Sheridan (WY)
radio stations. Tier 3 test plot maintenance and planted hay barley.

e May 2008: TRIP Hydrology report released.

e June 2008: Released 2008 AMPP Fact Sheet, Executive Summary, and
Progress Report. Tier 2 forage as well as Tier 3 alfalfa harvests.

o July —September 2008: Continued Tier 2 harvests and harvest hay barley
at Tier 3 site.

o September 2008: TRIP planning meeting in Bozeman.

e October 2008: Soil sampled Tier 1 & 2 fields and Tier 3 site.

e December 2008: Presented AMPP findings to Billings Area Legislators.

o February-May 2009: Met with cooperators to review soil test data and
fertilizer recommendations.

o May 2009: Tier 3 maintenance and planted pinto beans.

e June-August 2009: Tier 2 and 3 forage harvests.

e July 2009: Presented Tongue River Hydrology and AMPP findings to
annual meeting of Montana Association of Professional Landmen in
Billings.
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1.3 AMPP Program Overview

AMPP was designed by Dr. Bill Schafer, Soil Scientist; Kevin Harvey, Certified
Professional Soil Scientist; and Neal Fehringer, Certified Professional Agronomist.
Fidelity Exploration & Production Company, a coalbed natural gas producer operating in
Montana, sponsored the first three years of the program. MBOGC began funding the
program as of November in 2006. The soil and crop testing program will help irrigators
better understand potential effects of CBNG development on their irrigated crops. This
package of soil sampling and analysis, cropping system evaluation, and interpretation is
being provided at no cost to cooperating irrigators who use Tongue River water. The
program consists of three tiers of sampling including:

e Tier 1, which assesses crop yield factors, soil fertility, pH, EC and SAR in
selected fields;

e Tier 2, which includes Tier 1 parameters as well as more detailed sampling
at depth, and measurement of exchangeable sodium percentage (ESP),
texture, bulk density, water intake rate, clay mineralogy, selected trace
elements, soil classification and determination of crop yields and forage
quality; and

e Tier 3, which will consist of crop and forage test plots employing mixtures of
river and CBNG produced water.

The purpose of this program is three-fold; to measure baseline soil characteristics; in
subsequent annual monitoring events, to identify potential changes in soil chemical and
physical properties related to CBNG development that could impair future crop yields;
and to monitor crop yields and mineral content of forages produced, including sodium.
To date, soil samples have been collected from AMPP sites seven times: October 2003,
May 2004, October 2004, October 2005, December 2006, September 2007 and October
2008. This report provides the program results to date for the Tier 2 sampling program.

14 Site Selection

Sixteen fields were selected for study in Tier 2 AMPP (Figure 1-1). Ten fields were
irrigated with Tongue River water and were distributed along the entire length of the
River from above the Tongue River Reservoir to the lower T&Y Irrigation District east of
Miles City. Two additional Tongue River fields were selected that were non-irrigated, but
were located in the floodplain and in the same soil mapping unit as the nearby irrigated
fields. Finally, two fields were irrigated with water from Tongue River tributaries (Prairie
Dog and Otter Creek), and two reference fields were irrigated with Yellowstone River or
Big Horn River water.
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Figure 1-1. Location of fields used in the Tongue River
AMPP.
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1.5 Monitoring Program Design
1.5.1 Tier 1 — Soil Sampling and Crop Recommendations

For all Tier 1 fields, composite soil samples, obtained at depths of 0 to 6; and 6 to 24
inches, were collected during each fall sampling event and analyzed by Energy Labs Inc.
(a certified commercial analytical laboratory) for pH, organic matter, soil texture, EC,
SAR and plant available nutrients. Seventeen to twenty-five fields have been Tier 1
sampled from six sampling events (fall 2003 to fall 2008). In addition, a detailed
agronomic assessment of each field was made. Ranch-specific recommendations were
formulated by Neal Fehringer. These detailed plans provided recommendations
regarding fertilizers; weed, disease, and insect control; soil amendments; crop rotations;
stand establishment; varieties; seeding rates, dates, and depth; and how to deal with
problem soils. These comprehensive recommendations will assist each producer in
better understanding soils, soil chemistry, and irrigation management. This agronomic
assessment will be repeated in the future, which will reinforce previous management
actions.

1.5.2 Tier 2 — Soil Sampling and Crop Recommendations

In selected fields spaced at intervals along the Tongue River (and on tributaries Prairie
Dog Creek and Otter Creek), as well as two reference fields, detailed soil sampling was
performed to determine seasonal changes in soil chemistry, and to assess soll
characteristics at depths of up to 8 feet. Tier 2 soil sampling used a representative
number of composite sub-samples collected from a portion of each field that consisted of
a single soil mapping unit from the County Cooperative Soil Survey. Composite samples
were collected from the following depth intervals: 0to 2, 0to 6, 6 to 12, 12 to 24, 24 to
36, 36 to 60, and 60 to 96 inches. Laboratory analyses included pH, organic matter, soil
texture, EC, SAR, ESP, clay mineralogy, trace metals, plant available nutrients, and
other properties. Neal Fehringer also made detailed agronomic assessments and
formulated ranch-specific recommendations for all Tier 2 fields.

Typical soils targeted for sampling in Sheridan County included the Kishona-Cambria
association; in Big Horn and Rosebud County, soils included the Havorson, Havre, and
Yamac series. In Custer County (including the T&Y lIrrigation District east of Miles City
along the Yellowstone River), sampled soils included Yamacall, Harlake, Sonnett and
Kobase series.

In the first year of sampling (Fall 2003), an additional set of samples were collected at
each Tier 2 location and a third set of samples was collected at two sites. Each set of
samples addressed a specific issue as described below.

Reference Pedon Samples: A backhoe pit was excavated in the same Tier 2 field
sampled above (Appendix D). A detailed soil profile description was prepared of the soil
using methods and nomenclature described in Schoeneberger et al., (2002). Samples
were collected from each genetic horizon described, and sampling extended to at least
48 inches in depth. Clay mineralogy was performed on the clay-sized particles of the fine
earth fraction from 2 selected horizons from each reference pedon.

Grid Samples: A final set of samples was collected to assess spatial variability of soil
properties (Appendix C). In two fields, samples were collected from three depth
increments at 10 or more locations within the field. Each individual sample was
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submitted for analysis without compositing. In this way, spatial variability of each soil
property can be quantified.

1.5.3 Tier 3 —Irrigated Crop and Forage Test Plots

Numerous water management strategies have been developed by petroleum companies
to store, utilize, or discharge CBNG production water. Some of the water management
options may entail discharge of production water into surface waters, so long as the
receiving water can comply with irrigation water quality standards. Consequently,
irrigators should not expect to apply undiluted CBNG production water except in special
circumstances where “managed irrigation” programs are developed near the CBNG
fields. Under managed irrigation, texturally suitable soils will be amended with chemicals
such as gypsum and sulfur to reduce ESP in irrigated soils.

Irrigators using Tongue River water may experience slight changes in EC and SAR in
their water supply if CBNG development expands in the Tongue River basin. However,
EC and SAR must not exceed prescribed water quality limits adopted by the State of
Montana, which were developed to protect irrigation uses of water. In order to evaluate
potential effects associated with blending CBNG production water with Tongue River
water, a series of irrigated test plot experiments began in the spring of 2004.

Test plots were placed on a medium-textured soil typical of the upper Tongue River.
The ongoing test plots evaluate different mixtures of Tongue River water and CBNG
water applied to a hay barley-alfalfa rotation and pinto beans, under both sprinkler and
flood irrigation.

Experimental design consisted of four mixtures of water ranging from 100 percent
Tongue River water to a 50/50 blend of Tongue River and CBNG-produced water. While
water quality criteria will likely limit CBNG discharge to a dilution ratio in the range of 1 to
8 or less, plots are evaluating water mixtures with proportionally greater amounts of
CBNG water so that a minimum effects threshold could be determined. Each plot is
replicated three times. Additionally, a split plot design was used so that two rotations
could be assessed. Soil and crop/forage samples are collected from all plots annually to
assess trends in soil chemistry, yield or quality. Test plot results are described in a
companion report.
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2.0 Quality Assurance Plan
2.1 Quality Assurance Objectives

The objective of the quality assurance plan is to ensure that data collected in Tongue
River AMPP are of adequate quality to provide agronomic advice for Tier 1 and 2 fields,
to differentiate spatial and temporal soil chemical trends for Tier 2 samples, and to
evaluate effects of combining water produced from CBNG operations with Tongue River
water on irrigated crop production, forage quality and soil chemistry in Tier 3 samples.
The following field and laboratory quality assurance steps were used to ensure that data
are useable for the aforementioned objectives, and that data are of measurable and
acceptable quality.

2.2 Field Sampling Methodology

Field samples were collected using a combination of grab and composite sampling
techniques. Sample collection techniques were noted for each sample on chain-of-
custody forms and in a field notebook. Samples tags were designated using a
convention that describes the type of sample, its depth of collection, and the general
location, while maintaining the specific location confidential. Each landowner field was
provided with a unique site designation (e.g. MA in example), which preserved the
anonymity of the landowners.

Example Sample Designation @‘@@’@
Tier 1, 2, or 3 program /

Tongue River stream reach &

a
rbitrary site designation within reach

Sample Code: 1 — reference pedon, 10 — field composite,
11-30 discrete sample, 50 field replicate sample,
TP1-2-4 (test plot, replicate, and plot number)

Depth (inches)

Record Cropping System Information — Each landowner is interviewed annually
(generally during the fall sampling) to determine field history, planting dates and rates,
cropping sequence, yields, herbicide use, soil amendments (fertilizers, etc.), soil testing,
grazing history, irrigation dates and rates, and irrigation scheduling methods. This data
is recorded on a three-part form titled “Soil Sampling Information” that both the
cooperator and Neal Fehringer sign to verify data accuracy. During each soil sampling
and crop harvesting event, a “Field Inspection Report” is filled out by Neal Fehringer.
This report lists the AMPP site inspected; crop in the field; crop stage and condition;
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weeds, insects, and diseases as well as recommended controls; soil moisture probes;
and recommended irrigation start dates. This form is only signed by the agronomist.
Copies of both reports are given to the landowners to be filed in their AMPP notebook.

Identify Soil Sampling Locations — During the initial fall 2003 sampling, sample
collection locations were selected based on soil mapping information, landowner input,
and location of underground utilities, if any. A representative sampling area was
designated within the dominant soil series mapped within each field. Two types of
samples were initially collected within the designated sampling area: reference soil
horizon samples collected from a backhoe pit, and composite samples collected from
selected depth intervals.

Reference Pedon Description and Sampling (Initial sampling event only) — The
reference soil horizon sampling was only conducted once, at program inception. A
detailed soil description was developed for each field and soil horizon samples were
collected in fall 2003. A trench was excavated to a depth of 60 inches. Soil pit location
was identified using a GPS unit. The soil profile was described using methods from Field
Book for Describing and Sampling Soils Version 2.0 (Schoeneberger et al. 2002). Soll
samples were collected from each horizon. General landform and vegetation features
were also noted. The soil profile and associated field were photographed.

Composite Sample Collection and Handling — Composite soil samples are collected
from the same locations periodically during the AMPP sampling program. A composite
sampling transect was initially laid out within the target soil mapping unit for each field
using an irregular pattern, which depended on field and soil unit size and geometry. All
composite locations were marked with survey flags. One sub-sample was used for each
5 acres of field area, with a minimum of 10 sub-samples per field. The first composite
sample was co-located with the reference pedon location. Each composite sub-sample
site was located using a global positioning system (GPS). For later sampling events,
original field composite sites were located using a survey grade field GPS unit.

A truck mounted Giddings hydraulic probe was used to collect subsamples from six of
the seven depth increments (0 to 6, 6 to 12, 12 to 24, 24 to 36, 36 to 60, and 60 to 96
inches) at each sub-sample location. The 0 to 2 depth was obtained by using a six inch
wide tile spade. Sub-samples were placed into separate clearly marked collection
buckets. When all samples were collected from a field, soil material from each depth was
thoroughly mixed and a final composited sample was tagged and placed in a plastic bag.
If the overall sample volume was too large, the final composite sample was obtained by
using a riffle splitter.

Sample Transport - Samples were transferred under chain-of-custody to Energy
Laboratories within the appropriate holding period. Samples were stored in coolers or
similar containers and sealed with chain-of-custody seals.

2.3 Chain of Custody and Sample Management

All samples were maintained within a chain of custody to prevent tampering with sample
integrity. Custody seals were placed on all shipping containers used for transporting
samples from the field, and custody sheets corresponded to each batch of samples.
After signature by lab personnel indicating release of the samples, chain-of-custody
forms were archived.
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Standard analytical methods were used for determination of all soil properties as
described in (Table 2-1).

Table 2-1. List of extractions and analytical procedure used for the Tongue River

samples.
Analytical Analyte Extraction Determination Unit?2 Comments
Suite see below
Preparation Oven dry Air dry or oven dry to NA Report air dry water content
All Soil constant weight at on weight basis
Samples not more than 50
Celsius
Grind Grind in flail type NA
laboratory mill
Sieve Sieve through ASTM NA- Report coarse fragment
#10, 2mm sieve weight percentage
Subsample Use riffle type splitter NA
split
Suite 1 pH Saturation extract ° 9040 * Standard units
EC Saturation extract ° D1125-95A ° Deci siemens/m
Soluble Saturation extract ° 200.7 ° megq/L
calcium
Soluble Saturation extract ° 200.7 ° megq/L
magnesium
Soluble Saturation extract ° 200.7 ° megq/L
sodium
SAR NA NA Calculation -
(Na/((Ca+Mg)/2)".5, ions in
meq/L
Chloride Saturation extract ° 300.0 ° mg/L
(Spring 2004
samples
only)
Saturation Saturation extract ° Oven dry Weight %, oven dry basis
percentage
Suite 2 CEC 8-3: CEC (gf arid soils 200.7 ¢ meq/100g
ESP 13-3.3.1: Ammonium 200.7 * Calculation — (NH4;OAc Extr
acetate extract ° Na - soluble Na)/CEC, in
meq/100g
texture Mechanical analysis Oven dry 8-hr hydrometer method for
by hydrometer ° clay, Weight %, oven dry
basis
Alkalinity Saturation extract ° 2320B '
Lime Lime ° or suitable Weight %, oven dry basis
(percent) alternate method
Suite 3 Nitrate as N KCI extract 353.2° mg/kg soil
Sulfate as S Saturation extract ° 200.7 ° meq/L
Suite 4 Organic Walkley Black ° NA Weight percent, oven dry
matter basis
Phosphorus 24-5.4: Olson 200.7 ° mg/kg soil

(sodium bigarbonate)




Tongue River Agronomic Monitoring & Protection Program
2009 Progress Report

Page 12
September 2009

Analytical Analyte Extraction Determination Unit2 Comments
Suite see below
Potassium 13-3.3.1: Ammonium NA mg/kg soil
acetate °
Zinc 19-3.3: DTPA° 200.7 ° mg/kg soil
Suite 5 Barium Hot water extract ° 200.7 ° mg/kg soil
Boron Hot water extract ° 200.7 ° mg/kg soil
Fluoride Hot water extract ° 4110B ' or mg/kg soil
300.0°
Selenium Hot water extract ° 200.8 ° mg/kg soil
Suite 6 Clay NA NA Prepare 25 g split sample for
mineralogy submission to outside
laboratory

1 — from Methods for Chemical Analysis of Water and Wastes. 1979. (EPA/600/4-79/020)
2 - Methods for the Determination of Metals in Environmental Samples Supplement 1. 1994. (EPA/600/R-

94/111)

3 - Methods for the Determination of Inorganic Substances in Environmental Samples (EPA/600/R-93/100)
4 — Test Methods for Evaluating Solid Wastes — Chemical and Physical Methods. EPA SW-846

5 — Agronomy Monograph Number 9 (1984)
6 - Annual Book of ASTM Standards, Vols. 11.01 and 11.02
7 - Standard Methods for the Examination of Water and Wastewater, 18th, 19th & 20th Editions

2.5

Quality Assurance (QA) Samples

Field and laboratory quality assurance samples were used to control and measure the
numerical accuracy and precision of the samples collected in Tongue River AMPP

(Table 2-2).

Table 2-2. Quality assurance samples, frequency, and control limits for the

Tongue River samples.

QA Test Field or Description Frequency Control Audit Procedure
Lab Limits
Method

Blind Field Field Split randomly 1:20 Precision Flag results that fail
Preparation selected sample in less than
Duplicate field and submit 30% RPD

blind to lab
Lab Control Lab Run well-mixed Min freq of Accuracy 80 Re-calibrate prior to
Sample field sample in 1:20 or to 120% of running batch

each batch 1/batch mean value
Lab Lab Randomly selected Min freq of Precision Flag samples that fail if
duplicate split sample 1:20 or less than average concentration in

1/batch 20% RPD pair is greater than 2
times MDL

Spike Lab Digestate solution Min freq of  Accuracy 80 Flag samples that fail if
Recovery spike (not matrix 1:20 or to 120% concentration in spiked

spike), to 1/batch based on sample is greater than 2

determine recovery percent times MDL

spike
recovery

Precision - Relative Percent Difference (RPD) = 100*abs (Value; — Valuey)/ (Value mean)
Accuracy - Percent Recovery (PR) = 100*(Measured LCS Value— Reference LCS Value)/ (Reference LCS

Value)

(1]
(2]

Accuracy - Percent Spike Recovery (PR) = 100*(Spiked Value— Unspiked Value)/ (Spike Level) [3]
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2.6 Use and Distribution of Analytical Results

All analytical results including quality assurance samples are distributed to the public on
Energy Laboratory’s web site (http://www.energylab.com). Only landowner/cooperators
were provided with the code corresponding to their fields. General information about
AMPP is available on a web site dedicated to AMPP (http://tonqueriverampp.com) as
well as MBOGC’s web site (http://bogc.dnrc.state.mt. CoalBedMeth.asp).

2.7 Field Quality Assurance (QA) Results

Blind field samples were collected during each sampling event at a frequency of 1 in 20
samples. Duplicates were initially selected at random and were collected by splitting a
prepared sample in the field using a riffle-type splitter. Paired samples were submitted
“blind” to the laboratory meaning that they did not know what natural sample to which a
QA sample corresponded. Wet weather in 2006 made sample splitting difficult and
apparent differences in field duplicate samples resulted. In 2007 duplicate samples
were chosen in the laboratory so that the duplicate sample could be split from a
pulverized, dry sample. Starting in 2008, the entire Giddings core sampling process was
duplicated for creation of the blind field duplicate sample. The 2008 and later duplicate
samples would be expected to have somewhat greater variability than earlier duplicates
due to change in sample collection.

Sample results were compared using relative percent difference, which is a measure of
the precision of the sample splitting process and the laboratory sample management
and analysis (Eqn 1). The control limit developed for blind field samples was 30 percent.

Precision - Relative Percent Difference (RPD) = 100*abs (Value — Valuez)/ (Value mean) [1]

With the exception of nitrate and soluble chloride determinations (Table 2-3), overall
average results were within control limits established for blind field duplicates. The
cause for the poor reproducibility of nitrate and chloride determinations will be
investigated and corrected, if possible. A number of analytical measurements had
precision between 20 and 30 %, which although meeting QA control limits indicates that
care must be exercised when assessing small differences in these measurements.
Parameters with greater than 20 % average relative percent difference included EC;
soluble calcium, magnesium and sodium; SAR; ESP; sulfate: phosphorus; selenium and
barium.

All blind field duplicates for saturation percentage, pH, lime, organic matter, ammonia
acetate extractable potassium, DTPA extractable zinc, and water soluble boron and
fluoride were within control limits. A variable number of individual data pairs differed by
more than 30 percent including 15 of 56 determinations for soluble calcium, 16 of 56 for
magnesium, 17 of 56 determinations for soluble sodium, and 17 of 53 measurements of
exchangeable sodium percentage.

Based on QA measurements (Table 2-4), individual measurements of soil parameters
that use standard laboratory techniques may be expected to vary from a duplicate
analysis by an average of 14 percent and can vary by more than 30 percent. The
potential magnitude of sampling and laboratory error must be considered when
comparing results of samples collected on different dates. Differences of up to 30
percent may result from variation caused by standard sampling and laboratory practice
and may not reflect actual changes in soil properties. For example, fall 2006 samples
had much poorer QA results (35.2 percent average RPD) than previous sampling
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campaigns (11.8 to 19.5 percent average RPD). Internal laboratory QA results for fall
2007 were consistent with earlier groups of samples, so poor results in 2006 were likely
the result of the aforementioned difficulty with splitting wet samples, incorrect sample
labeling or sample mismanagement after collection. Results in 2007 improved to an
average of 15.2 percent relative percent difference, although soluble ions had poor
reproducibility in 2007. At least one sample pair in 2007 (site DA 24 to 36 inches) had
such poor agreement that one sample of the QA pair may have been mislabeled or
corrupted in the lab. Overall average RPD increased to 28.8 % in 2008 (Figure 2-1),
which may be due to the use of separate core samples for the field duplicate which
introduces more spatial variability into the precision determination.

Care will be taken in subsequent sampling events to ensure that split samples are
homogeneous. Collection of a large number of samples using careful collection
techniques, such as employed in AMPP, reduces the effects of sampling and analytical
variability (which are random and unbiased) so that changes in soil chemistry smaller
than 15 to 30 percent can be detected. Additionally, use of a rigid QA program provides
appropriate feedback to maintain careful sampling, sample management, and laboratory
technique.

Table 2-3. Summary of field quality assurance analysis of blind field duplicates
expressed as relative percent difference among data pairs.

Parameter Overall (Max
pairs=56

1 : Saturation Percentage 5.4% 52
1: pH (Paste) 1.2% 52
1 : Electrical Conductivity (Paste) 21.0% 56
1 : Calcium (Paste) 27.2% 55
1 : Magnesium (Paste) 28.3% 55
1 : Sodium (Paste) 27.9% 55
1 : Sodium Adsorption Ratio 20.7% 55
1 : Alkalinity (Paste) 14.1% 25
1 : Chloride (Paste) 50.7% 22
2 : Cation Exchange Capacity 11.5% 52
2 : Exchangeable Sodium 18.3% 51
2 : Exchangeable Sodium Percentage 24.4% 52
2 : Lime as CaCO3 6.5% 51
2 : Sand 19.1% 50
2: Silt 6.3% 50
2: Clay 11.4% 51
3 : Nitrate as N 44.8% 15
3 : Sulfate (Paste) 26.0% 16
4 : Organic Matter 5.9% 3
4 : Phosphorus 22.2% 3
4 : Potassium 3.8% 2
4 : Zinc 6.2% 2
6 : Barium 20.3% 3
6 : Boron 3.6% 4
6 : Fluoride 17.5% 3
6 : Selenium 20.9% 2
Average Relative Percent Difference 18.0% 915
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Table 2-4. Detailed results of field quality assurance analysis of blind field duplicates

expressed as relative percent difference among data pairs.

Parameter Fall, 2003 Spring, Fall, 2004 | Fall, 2005 | Fall, 2006 | Fall, 2007 Fall, 2008
(_Max 2004 (!Vlax (!Vlax (!Vlax (_Max (!Vlax
pairs=18) (!Vlax pairs=6) pairs=6) pairs=6) | pairs=10) pairs=5)
pairs=5)
1 : Saturation 47% | 18| 40% |5| 43% |6 | 20% |6 109% [6| 50% | 6| 83% | 5
Percentage
1 pH (Paste) 10% | 18 | 29% |5| 06% | 6| 04% |6]| 11% | 6| 17% | 6 | 1.8% 5
1: Electrical 102% | 18 | 176% | 5| 164% |6 | 17.7% |6| 487% |6 | 312% | 10| 1902% | 5
Conductivity (Paste)
1 Calcium (Paste) | 20.7% | 18 | 23.4% | 5] 12.0% | 6 | 221% | 6| 555% | 6 | 331% | 9 | 341% | 5
g;a“sﬂtaeg”es'“m 163% | 18 | 245% |5| 165% |6 | 282% |6| 596% |6 | 43.7% | 9 | 249% | 5
1: Sodium (Paste) 15.0% | 18 | 17.8% | 5] 21.1% | 6 | 34.4% | 6] 62.4% | 6 | 365% | 9 | 28.7% | 5
l\&sso‘ig't‘ijomn Ratio 112% | 18 | 157% |5| 140% |6 | 23.0% |6| 37.9% |6 | 253% | 9 | 37.0% | 5
1 Alkalinity (Paste) | 10.9% | 18 | 27.7% | 5| 91% | 2 NA 195% | 6| NA | 0 | nodata | O
1 : Chioride (Paste) NA ~ | 459% | 5| 94% | 1 NA 93.0% | 6| 181% | 5 | 39.7% | 5
éagaa;:gn Exchange | 1550, | 18 | 123% |5| 60% |6| 55% |6| 252% |6 | 11.7% | 6 | 56% | 5
2 Exehangeable 125% | 18 | 287% | 5| 14.0% |6 | 168% |6| 364% |6 | 188% | 5 | 133% | 5
2 : Exchangeable o o, 0 o, o o )
Sodium Percentage | 233% | 18 | 31.9% | 5| 213% | 6| 288% |6| 333% |6 | 141% | 6 | 209% | 5
2 : Lime as CaCO3 64% | 18 | 41% | 5| 23% | 6| 72% |6]| 153% |6 | 71% | 5 | 27% 5
2 Sand 125% | 17 | 16.2% | 5| 253% | 6 | 52% | 6] 250% | 6| 124% | 5 | 526% | 5
2: Silt 41% | 18 | 7.0% | 5| 31% | 6| 56% |6] 124% | 6| 61% | 5 | 126% | 4
2: Clay 78% | 18 | 114% | 5] 9.0% | 6| 101% | 6] 27.8% | 6 | 10.0% | 5 | 103% | 5
3 : Nitrate as N 413% | 7 | 671% | 2| 386% | 1 NA | NA - | 372% | 3 | 495% | 2
3 : Sulfate (Paste) 127% | 7 | 271% | 3] 12% | 1 NA - NA - | 17.9% | 3 | 95.9% | 2
4 : Organic Matter 79% | 2 NA T NA N NA | NA - 18% | 1 NA 0
4 - Phosphorus 83% | 2 NA - NA - NA - NA ~ | 50.0% | 1 NA 0
4 - Potassium 38% | 2 NA | NA - NA | NA | NA N NA 0
4 Zinc 6.2% | 2 NA | NA N NA T NA | NA - NA 0
6 : Barium NA - [ 222% | 2| NA - NA - NA - NA - | 16.7% | 1
6 : Boron 00% | 2 72% | 2| NA N NA | NA | NA - NA 0
6 : Fluoride NA - | 131% | 2] NA - NA - NA - NA - | 263% | 1
6 : Selenium NA - | 209% | 2| NA N NA " NA | NA - NA 0
Average Relative o o o o o o o
Do Ditterare 118% | 18 | 195% |[5| 11.8% [ 6| 152% |6| 352% |6 | 152% | 10| 288% | 5
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Tongue River AMPP Field QA
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Figure 2-1. Average relative percent difference of field quality assurance
analysis of blind field duplicates
2.8 Comparison of SAR and ESP

An excess amount of exchangeable sodium can reduce intake rate in soils. Typical
threshold of acceptable sodium is 15 percent of the exchange sites, or an ESP of 15
percent. Soil ESP can be difficult and expensive to measure in soils and errors have
been attributed to ESP measurements in Powder River basin soils (Vance 200x).
Measurement of SAR, which is determined from soluble calcium, magnesium and
sodium in saturated paste extract, is often used as a surrogate for ESP in assessing
sodium hazard.

The theoretical basis for assessing sodium hazard from soluble ions is based on cation
exchange processes. Monovalent cations such as sodium can exchange for divalent
cations such as calcium or magnesium held on an exchanger such as a clay mineral
(Eqgn [2]). The proportion of sites occupied on an exchanger (e.g. the mole fraction (X))
can be estimated using the exchange selectivity equilibrium coefficient (K,) that is
specific to the clay mineral and ion pair considered. The Vanselow equation [3] relates
mole fraction, equilibrium coefficient, and ion activity. Rearrangement of the Vanselow
equation and taking the square root of the expression results in the expression for
sodium adsorption ratio in [4]. Therefore, the chemistry of ion exchange indicates that
SAR should have a linear correlation with ESP (which is the mole fraction of sodium on
the exchange complex).

Ca*™+ 2Na-X, = 2Na* + Ca-X;
Kv = ([aNa]zl [GCa]) ([XCa]/ [XNa]Z)
[Na] / ([Ca]+[Mg])*®

[2]
[3]
[4]
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Early work at the US Salinity Lab (1954) established a relationship between SAR and
ESP (Figure 2-2) that has been used by most scientists over the last 50 years. In the
Salinity Lab equation, a SAR of 12 corresponds to an ESP of 15 percent. Irrigation
water quality guidelines, which are based on SAR, were developed on the basis of this
SAR-ESP equation.

Paired SAR and ESP data from AMPP soils do not follow the Salinity Lab SAR-ESP
equation, especially at low and high SAR levels. In general, the Salinity Lab curve under
predicts AMPP ESP for SAR less than 5 and over predicts ESP above a SAR of 5. In
general, ESP and SAR correlation is poor indicating that one or both measurements may
provide misleading estimates of sodium hazard.

Internal QA results for SAR and ESP measurements were similar with average relative
percent difference of 20.7 and 24.4 % respectively. Lab procedure for ESP relies on
measured CEC as well as “exchangeable” sodium, which is determined by subtracting
soluble sodium (from the paste extraction) from extractable sodium. CEC measurements
in AMPP are somewhat suspect, especially for low clay soils, because the CEC/clay
ratio often exceeded 100 meq/100g, which is considered high for soils with mixed
mineralogy. Overestimation of CEC would lead to erroneously low ESP values. For
these reasons, AMPP SAR measurements are considered to provide a better indication
of sodium hazard than ESP measurements. Vance (200x) also concluded that SAR
measurements provide more reliable estimates of sodium hazard than ESP in the
Powder River basin. The reason for the unexpected relationship between SAR and ESP
in AMPP soils is attributed to abundant calcium and magnesium carbonate minerals that
may complicate CEC determination.

AMPP Relationship Between SAR and ESP
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Figure 2-2. Relationship between AMPP SAR and ESP.
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2.9 Natural Variability of Soils

Variability of field measurements due to sampling and laboratory techniques was found
to account for variations of up to 15 to 30 percent. Another source of soil variability is
natural spatial variation that occurs laterally and with depth. AMPP was designed to
minimize effects of spatial variability by using composite soil samples and standardized
soil sample depths. However, it is important to understand the magnitude of spatial
variability, especially when comparing AMPP data to soils data compiled from other
sources.

Soil properties often vary with depth. Natural soil-forming processes and agricultural
management tend to amplify differences in soil properties within the soil profile. These
changes result principally from the fact that the water content, water movement,
temperature, and biological activity in soils all vary with depth.

Surface soil layers typically have more flux of water, have more pronounced seasonal
variation in water content and temperature, and have more biological activity (e.g. root
mass and microbial activity) than in deeper layers. Through hundreds to thousands of
years, these processes tend to increase organic matter levels, decrease pH, and remove
soluble salts and lime near the soil surface. Soluble salts, lime, and clay minerals often
accumulate within or near the base of the root zone at 24 to 30 inches. Most Tongue
River soil properties including physical properties such as texture and chemical
properties such as EC and exchangeable sodium percentage (ESP) were found to vary
significantly with depth (Appendix C).

Another important factor which influences variability of soil monitoring data is lateral
spatial variability. In order to assess spatial variability in AMPP fields, each composite
subsample collected in the upper 24 inches from two representative fields were
individually analyzed in fall 2003. Field MA, which was 60 acres in size, was sampled
using 12 subsamples, while field YAA (19.3 acres) had 10 subsamples. Results of the
spatial variability assessment are included in (Appendix C).

210 Lab Quality Assurance (QA) Results

The laboratory quality assurance program consists of several steps including instrument
calibration and continuing calibration verification, laboratory duplicate determinations,
analysis of laboratory control samples, and measurement of the recovery of known
amount of constituent added to soil extractions. The laboratory quality control process
insures that data are of a known and consistent quality. Inspection of the lab control
reports indicates that analyte spike recoveries, duplicates, lab control samples, and
other QA procedures were within established control limits.
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3.0 Basin-Wide Trends in Soil Properties

Overall trends in irrigated soil properties are evaluated in this section. AMPP sampling
design permitted evaluation of differences in mean soil properties with soil depth (section
3.2.1), differences between AMPP sites (section 3.2.2), and differences in mean soil
properties through time (section 3.3). Of these, changes that occur through time are
most pertinent to the question of whether CBNG development has affected irrigated
soils.

Some soil properties are static by nature and do not change appreciably through time,
while others are dynamic and may vary in response to precipitation patterns or
agricultural management. Examples of intrinsically static soil properties (unchanged
over tens to hundreds of years) are sand, silt and clay content, lime content, cation
exchange capacity, and organic matter content. Organic matter can change if the soil
has been recently brought into cultivation or is eroding.

If temporal changes in static properties are detected, then sampling or analytical error
are likely causes. Dynamic soil properties are more likely to vary between years because
they may be affected by changes in irrigation or crop management, climate, or irrigation
water quantity or quality (although analytical and sampling errors must also be
considered). Examples of dynamic soil properties include EC, SAR, ESP, and nutrient
content. Detecting time trends in dynamic soil properties is the best way to watch for soil
changes that may be associated with CBNG development. In order to attribute soil
chemical trends to root causes, however, climate and irrigation water quality for the
period of record must be considered.

3.1 Climate and Irrigation Water Quality Data

The Tongue River basin suffered an extended period of drought that began in the late
1990’s. Drought continued in 2003 and 2004 with precipitation below average for both
years in Miles City (Figure 3-1) and Sheridan (Figure 3-2). Rainfall in 2003 was near-
normal in the spring but was far below normal in the growing season and through the fall
and winter. The pattern was the opposite in 2004 with winter and spring precipitation
below normal and growing season rainfall above average. In 2005, 2007 and 2008,
growing season precipitation returned to normal to above normal conditions largely due
to high rainfall in May and June. The year 2006 was dry.

From 2003 through 2007, annual temperature was also warmer than average at Miles
City (Figure 3-3) and Sheridan (Figure 3-4), but only 2003, 2006 and 2007 were warmer
than average during the growing season.

The primary concern addressed by AMPP is the potential for irrigation water quality to
decrease in quality as a result of CBNG development in the basin. Further, the concern
is that change in water quality could cause changes in soil chemistry that reduce or
impair crop production and/or increase management costs.
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Miles City Airport Mean Monthly Precipitation
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Figure 3-1. Monthly average precipitation at the Miles City Airport (NCDC
station 245690) for the 1937 to 2004 period of record, 2003
through 2008
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Figure 3-2. Monthly average precipitation at the Sheridan Airport (NCDC
station 488155) for the 1948 to 2004 period of record, 2003
through 2008
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Miles City Airport Mean Monthly Temperature
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Figure 3-3. Monthly average temperature at the Miles City Airport (NCDC
station 245690) for the 1937 to 2004 period of record, 2003
through 2008
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Figure 3-4. Monthly average temperature at the Sheridan Airport (NCDC
station 488155) for the 1948 to 2004 period of record, 2003
through 2008
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Data collected by the United States Geological Survey were used to estimate the
average flow and water quality that occurred in 2003 through 2008, and to compare this
data to long term records. Because daily flow and EC data are generally available at a
number of stations on the Tongue River, comparison of flow and EC are easily
performed. However, SAR comparison is difficult in that calcium, magnesium and
sodium ion concentrations were only measured periodically. Therefore, in order to
estimate seasonal SAR, the statistical relationship between daily flow and SAR was
determined using available data. These flow/water quality expressions were then used
to estimate average SAR.

Flow was below average in 2002, 2004 and 2006. It was near-normal in 2003 and 2005
(except above the Tongue River Reservoir where flow was about 60 percent of normal
during the 2003 growing season). River flow was well above normal in 2007 and 2008
(Figure 3-5). Annual flows are based on water quality data collected by USGS
(http://tonguerivermonitoring.cr.usgs.gov/). Estimated EC and SAR were both higher
from 2002 through 2004 than the long-term average at all stations but were near normal
in 2005, 2007 and in 2008. This is in keeping with lower than average flow for the 2002
to 2004 period, and the fact EC and SAR tend to increase at lower flows. A gradual
decrease in flow and increase in EC and SAR also occurs from the Dam to Brandenburg
Bridge. These downstream changes are probably due to the combined effect of natural
processes and irrigation withdrawals and return flows. Both tributary waters and
irrigation return flows have higher EC and SAR than Tongue River water. Both of these
water sources make up a progressively larger fraction of flow when traveling
downstream, resulting in downstream EC and SAR increases.

Irrigation water quality varies naturally from year to year even without the influence of
CBNG activities. Generally, EC and SAR tend to increase in drier years.

e Changes in water quality that are unrelated to normal annual fluctuations
may be caused by other land use activities in the Tongue River basin. For
example, irrigated acreage has increased in recent years, and many fields
have been converted from flood to sprinkler irrigation. Water quality in
irrigated basins may be affected by irrigated acreage, irrigation method and
quantity of return flow.

e Increases in constituents such as EC and SAR that are critical measures of
water quality may not necessarily cause adverse effects on crop
production.

It is important to recognize three important aspects of irrigation water quality, namely;

o Comparison of average Tongue River water quality to the irrigation water
quality guidelines in Table 3-1 indicates that EC and SAR fall in an
acceptable range, with no restrictions on use due to either EC or SAR.

o Tongue River water above the T&Y Diversion generally meets all State of
Montana water quality requirements for irrigation water quality.

¢ Review of the other water quality constituents indicates that there are no
potentially toxic ions, trace element, nitrate, bicarbonate or pH problems in
Tongue River water.
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Figure 3-5. Estimated Tongue River flow, EC and SAR
during the May 1 to September 30 growing
season in 2002 through 2008 (daily average

data).
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Table 3-1. Interpretation of irrigation water quality (Ayers and Westcot 1994)".

Degree of Restriction on Use

Potential Irrigation Problem Units Slight to
None Severe
Moderate
Salinity(affects crop water availability)?
EC. dS/m < 0.7 0.7-3.0 >3.0
(or)
TDS mg/l <450 450 -2000 |> 2000

Infiltration (affects infiltration rate of water into the soil.
Evaluate using EC,, and SAR together)?

SAR|=0-3 and EC,, = >0.7 0.7-0.2 <0.2
=3-6 = >1.2 1.2-0.3 <0.3
=6-12 = >1.9 1.9-05 <05
=12-20 = >29 29-13 <13
=20-40 = >5.0 5.0-29 <29

Specific lon Toxicity (affects sensitive crops)
Sodium (Na)*

surface irrigation SAR <3 3-9 >9
sprinkler irrigation me/l <3 >3

Chiloride (Cl)*

surface irrigation me/l <4 4-10 >10
sprinkler irrigation me/l <3 >3

Boron (B) mg/l |<0.7 0.7-3.0 >3.0

Trace Elements (see Table 21)
Miscellaneous Effects (affects susceptible crops)

Nitrogen (NO; - N) mg/l <5 5-30 > 30
Bicarbonate (HCO5)

(overhead sprinkling only) me/l <1.5 1.5-8.5 >8.5
pH Normal Range 6.5 - 8.4

1 - Adapted from University of California Committee of Consultants 1974.

2 - ECy means electrical conductivity, a measure of the water salinity, reported in deciSiemens per meter at
25°C (dS/m) or in units millimhos per centimeter (mmho/cm). Both are equivalent. TDS means total
dissolved solids, reported in milligrams per liter (mg/l).

3 - SAR means sodium adsorption ratio. SAR is sometimes reported by the symbol RNa. See Figure 1 for
the SAR calculation procedure. At a given SAR, infiltration rate increases as water salinity increases.
Evaluate the potential infiltration problem by SAR as modified by EC,. Adapted from Rhoades 1977 and
Oster and Schroer 1979.

4 - For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride; use the
values shown. Most annual crops are not sensitive; use the salinity tolerance tables (Tables 4 and 5). For
chloride tolerance of selected fruit crops, see Table 14. With overhead sprinkler irrigation and low humidity
(< 30 percent), sodium and chloride may be absorbed through the leaves of sensitive crops. For crop
sensitivity to absorption, see Tables 18, 19 and 20.
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3.2  General Water Quality Characteristics

The proportion of various common ions in water samples is often used to generalize the
nature and chemical evolution of water from different sources. Overall similarities and
differences in water type provide clues to processes affecting water quality. Four types
of water samples from the Tongue River basin were compared using Piper diagrams
including Tongue River surface water, shallow groundwater samples from AMPP,
AMPP soil extracts, and CBNG produced water (Figure 3-6).

Water from CBNG wells are dominated by sodium and bicarbonate ions while all other
waters sampled in the Tongue River basin are calcium-magnesium-bicarbonate trending
toward sodium-sulfate type water. Gradual chemical changes that occur in a
downstream direction in the Tongue River are reflected on the Piper diagram as an
increase in the proportion of sodium and sulfate while calcium and bicarbonate
decrease. These changes could not result from introduction of CBNG water, which is
bicarbonate dominant.

Introduction of a small amount of shallow groundwater or soil solution (e.g. irrigation
return flow) could account for chemical changes observed in the Tongue River as it

moves downstream. Both soil solution and groundwater have greater proportions of
sulfate and sodium than are found in the Tongue River.

If soil solution or shallow groundwater is derived from Tongue River water applied as
irrigation to soils, why do they differ chemically? Evaporation is thought to be the reason
for higher proportions of sulfate and bicarbonate in soil water and groundwater. As soil
water evaporates, calcium and magnesium carbonate minerals tend to form and calcium
and magnesium ions are also removed by ion exchange on clay minerals. Sulfate and
sodium tends to remain in solution, accounting for their dominance in soil water and
groundwater. Changes in cation and anion composition as a function of increasing
salinity is shown in Figure 3-7.



Tongue River Agronomic Monitoring & Protection Program Page 26
2009 Progress Report September 2009

A CBNG Water Tongue River AMPP Piper Diagram
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Figure 3-6. Piper diagram of various water samples from the Tongue River
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Figure 3-7. Correlation of sulfate and sodium with EC in various water
samples from the Tongue River basin.
3.3 Statistical Trend Analysis of Basic Soil Properties

A statistical analysis was performed to determine whether there were any significant
changes in soil chemical properties during the time spanned by the seven sampling
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events. Additionally, the analysis assessed whether soil properties tend to vary in a
systematic fashion with depth, and if average levels of soil properties vary between
AMPP sites. The statistical analysis was confined to composite samples from the 10
sites that were irrigated with Tongue River water (Table 3-2 and Appendix E).

All measured soil properties exhibited significant statistical variation between sites and
also differed according to soil depth. Only a few soil properties significantly varied with
time, however. These included soil pH, soluble calcium, CEC, clay, ESP and lime
content. Some of these apparent variations (especially static properties such as CEC,
clay and lime) may be due to analytical differences associated with laboratory
techniques. Depth-related trends in some soil properties varied between sites (e.g. site
by depth interaction), and depth-related trends also varied through time.

Table 3-2. Analysis of variance statistical analysis of AMPP soils data.
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3.3.1 Depth Variation in AMPP Soil Properties

Statistical analysis showed that all soil properties exhibited significant variation with soil
depth and between locations (Appendix E). Additionally, with exception of pH, sodium,
SAR and CEC, the pattern of change in soil properties with depth tended to differ
between sites. While changes in soil properties with depth differed greatly from site to
site, the “average” relationship between various soil properties and depth accurately
portrays the general depth trends. For example, clay content (Figure 3-8) tended to be
higher near surface than at depth, which is typical of fluvial deposits, which “fine
upwards”. Conversely, soil pH (Figure 3-9) was slightly lower near-surface than at
depth, which is typical of most western soils. At depth, abundant lime tends to control

pH around 8.0, while closer to the soil surface; organic matter causes a slightly lower
pH.

Average EC increased with depth to about 36 inches, where maximum average value
occurred and then decreased slightly from 3 feet to 8 feet (Figure 3-10). EC increasing
with depth is typical of both dryland and irrigated soils in semi-arid climates. Infiltration
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of rainwater or low EC irrigation water tends to maintain low EC levels near the surface.
As plant roots extract water from the soil, they absorb mostly pure water and exclude
soluble salts. A gradually decreasing proportion of soil water is extracted by plants with
an increase in depth of the root zone. Consequently, the greatest accumulation of
soluble salts should be expected near the base of the root zone.

The magnitude of increase in salinity that occurs between the top and base of the root
zone provides an indication of the proportion of water extracted by plants and the
remainder, which percolates through the soil passing the base of the root zone. When
the quantity of deep percolation is expressed as a percentage of applied water, it is
called the “leaching fraction (LF)” in irrigated soils.

Leaching fraction can be determined from changes in soil EC with depth by applying the
simple formula [1] where EC of irrigation water divided by EC of drainage water is the
leaching fraction (Ayers and Westcot 1994). The long-term average EC of Tongue River
irrigation water is around 650 uS/cm. Drainage water EC can be estimated (equation
[2]) from measured soil EC by correcting for the difference in water content of a
saturation paste extract (water content at which soil EC is measured) and field soil water
content in the deep soil horizons (assumed to be at field capacity since deep drainage
occurs). The ratio of saturation water content to field capacity (8+/6;.) varies widely but
averages around 2.

LF = EC/ECq4 [1]

Average saturated paste extract EC in deep horizons is around 3 dS/m, so average EC
of drainage water from irrigated soils is around 6 dS/m. Assuming average irrigation
water EC of 0.65 dS/m, the leaching fraction is around 11 percent. This is the long-term
average quantity of leaching compared to the quantity of rainfall plus applied irrigation
water. If average rainfall is 14 inches, and applied irrigation is 26 inches, then on
average, about 4.4 inches of leaching occurs. Deep water movement will not occur after
each irrigation, but is likely to occur during wetter seasons of the year (e.g. March
through May), and in wetter years.

The higher EC levels that occur at around 3 feet in depth may result from a temporary
accumulation of soluble salts resulting from the recent multi-year drought cycle, because
of associated reductions in the amount of applied irrigation water. The accumulation
may also be indicative of a shallow water table that impedes removal of salts by deep
drainage.
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Tongue River AMPP Average Clay
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Figure 3-8. Trend in average clay content with depth in composite samples
from fields irrigated with Tongue River water.
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Figure 3-9. Trend in average pH with depth in composite samples from fields
irrigated with Tongue River water.
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Tongue River AMPP Average EC
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Figure 3-10. Trend in average EC with depth in composite samples from
fields irrigated with Tongue River water.

Average ESP and SAR also increase with depth, but not in the same way as EC. ESP
increases more continuously from an average of around 2 percent near the soil surface
to about 8 percent in the 5 to 8 foot depth (Figure 3-11). ESP increase is in part related
to increased EC at depth. Average soil EC (Figure 3-8) increases from about 1 dS/m to
4 dS/m between the surface and 36 inches in depth. Since average EC increases by a
factor of 4, SAR and ESP should increase by a factor of 2 from the surface SAR of 1 or
surface ESP of 2 percent. The actual increase is much larger. The larger increase in
ESP is attributed to selective removal of calcium and magnesium from solution due to
formation of calcite and magnesium-calcite in deeper soil layers, and to selective
removal of ions by clay minerals (e.g. ion exchange).

The more pronounced increase in sodium with depth than calcium and magnesium is
illustrated in (Figure 3-12). SAR, as expected, also increases with depth and reaches a
maximum value around 4 to 5 feet (Figure 3-13).
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Tongue River AMPP Average ESP
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Figure 3-11. Trend in average ESP with depth in composite samples from
fields irrigated with Tongue River water.
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Tongue River AMPP Average SAR
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Figure 3-13. Trend in average SAR with depth in composite samples from
fields irrigated with Tongue River water.

Increasing EC with depth is consistent with withdrawal of about 85 to 90 percent of
rainfall and applied irrigation water through crop uptake and evaporation. Additionally,
the observed increase in ESP and SAR is attributed to evaporative concentration of salts
and due to precipitation of calcite and magnesium-calcite compounds.

A geochemical model was used to determine whether evaporation and formation of soil
minerals (e.g. calcite and gypsum) would simulate both the EC and SAR trends
observed with depth. The model used, called PHREEQC (Parkhurst and Appelo 1999),
is commonly used for geochemical evaluations involving evaporation and chemical
precipitation. The composition of typical Tongue River water was input into the model
and plant removal of water was then simulated by evaporating the water in steps until
only 2 percent of the original water remained. The model simulations included three
differing assumptions about formation of soil minerals. In the first case, no minerals
were permitted to form. In the second case, calcite (CaCO3;) and gypsum (CaSO,4-H,0)
were allowed to form. In the third case, calcite, gypsum and a calcite phase containing
magnesium substituting for the calcium (Ca(\MgCO3) were allowed to form. All
minerals included in the simulations are commonly observed in AMPP soils.

The model results were evaluated in two ways. First, calculated values of EC and SAR
derived from the simulated evaporation of Tongue River water were compared to
saturated paste extracts obtained from deep horizons of AMPP Tongue River irrigated
soils. Additionally, shallow boreholes were installed in selected AMPP fields to observe
whether shallow groundwater occurred in AMPP soils, and also to sample the chemistry
of shallow groundwater. If deep percolation from irrigated soils reaches the shallow
groundwater, the chemistry should be similar to the saturated paste extracts for the
deeper soil horizons. The water quality of samples obtained from the boreholes was
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also compared to model simulations. Water quality data from the shallow boreholes,
and depth to groundwater, are presented in Figures 3-14 to 3-15.

Tongue River AMPP Shallow Groundwater Samples
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Table 3-14. Trends in EC in shallow borehole water samples in selected AMPP
fields in the upper Tongue River. For location DA, it looks like the last
year of data is not recorded on the graph
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Tongue River AMPP Shallow Groundwater Samples
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Table 3-15. Trends in SAR in shallow borehole water samples in selected AMPP
fields in the middle Tongue River.

Results of the geochemical modeling are shown in Figure 3-16, and the ternary
diagrams of Figure 3-17. The model shows that if no soil minerals formed, SAR in the
deeper soil layers at an EC of 5 to 10 dS/m would only be in the range of 2 to 3. If
calcite and gypsum form (which does not remove magnesium from soil water), SAR
would range from 3 to 8 in the EC range of 5 to 10. If a magnesium calcite is also
allowed to form, then SAR could range from 3 to 17, which is close to the observed
range found in soil extracts. The trend in EC versus SAR in soil extracts yielded a
slightly higher SAR at a specific EC level than was predicted by the geochemical model.
This small difference is attributed to the effects of ion exchange on SAR levels.

The trend in EC and SAR in water samples obtained from shallow boreholes was very
similar to observations in soil extracts, which lends support to the hypothesis that
shallow groundwater quality is determined by percolation of water from irrigated soils.
Additionally, EC and SAR levels observed in deep soil horizons and in boreholes
corresponded to a range in simulated leaching fraction from 5 percent or less to greater
than 30 percent. The most commonly observed EC and SAR values corresponded to a
leaching fraction of 10 to 20 percent.
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Simulated Evaporation of Soil Water
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Figure 3-16. Comparison of simulated Tongue River water evaporation to
saturated paste extract and shallow borehole water quality.
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Figure 3-17. Ternary diagrams of soluble calcium, magnesium and sodium in
simulated Tongue River water evaporation, saturated paste
extracts and shallow borehole water samples.

3.3.2 Differences Between AMPP Sites

All soil properties analyzed in AMPP significantly differed between sites. This is not
surprising given the natural variability in soil properties. Some soil properties are
unlikely to be affected by differences in agronomic management or CBNG development.
Differences in these properties are therefore likely caused by natural differences in

geology and soil development processes.

Soil properties that change little through time (sand, silt, clay, saturation water content,
organic matter and lime) were averaged for all composite samples to a depth of 36
inches (12 inches for organic matter). Although there are significant differences between
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sites (Figure 3-18 to 3-23), there is no systematic change with location along the Tongue
River. Sand content (Figure 3-18) averaged 25 percent, but was less than 15 percent at
sites GC, EA, BC, BD, and BHA. Site BD had corresponding higher silt content (Figure
3-19) while remaining sites were higher in clay (Figure 3-20). Average clay content
across all sites was only 28 percent, which dispels conventional wisdom that Tongue
River irrigated fields have high clay soils. While a few sites, notable site BC, have
relatively high clay content, most soils are medium-textured with loam or silt loams
predominant.

Saturation percentage, which is the water content at which soil appears saturated,
(Figure 3-21) averages about 40 percent by weight, and generally parallels clay content.
Sandier soils have saturation percentage around 30 percent while finer textured soils
reach as high as 60 percent. Saturation percentage is important, because it is the water
content at which the saturated paste extract solution is prepared. As such, saturation
percentage influences measured EC, soluble calcium, magnesium, and sodium levels.
As saturation percentage increases, ion concentrations decrease.

Organic matter content (Figure 3-22) varies from 1 to 2 percent in the upper 12 inches,

while lime content (Figure 3-23) ranges from 4 to 10 percent with a possible decrease in
lime content from the upper to lower river.
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Figure 3-18. Average sand content (percent) in the <2mm fraction to 36
inches in AMPP sites for each sampling period.
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Figure 3-19. Average silt content (percent) in the <2mm fraction to 36
inches in AMPP sites for each sampling period.
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Figure 3-20. Average clay content (percent) in the <2mm fraction to 36
inches in AMPP sites for each sampling period.



Tongue River Agronomic Monitoring & Protection Program Page 39
2009 Progress Report

100

w0
Py
S 90 -
oy
3 i
2 a0
—-—
X 70 -
S
& 60
g

w
£ o 50
35
g2
8= 40
a
=
= 30
(1.1
s
] 20
Q
w
o 10
(2]
o
Q
o _
q

Figure 3-21.

30

25 4

20

1.5

ST ™
EEEEEEEEEEEE

=
=
by

&

September 2009
Tongue River AMPP
u Fall 2003 i 5 2 @ |8
u Spring 2004 | o v 2 £ | &
pring =1 ) o [+] o
a g =2 I s
Fall 2004 P 2 5| <
wFall 2005 | E % ....... e
=Fall2006 | o >
= Fall 2007
B Fall 2008

] D D 6 O

Average saturation percentage water content to 36 inches in

AMPP sites for each sampling period.

= Fail 2003
B Spring 2004
Falf 2004
B Fall 2005
u Fail 2005
1 Fall 2007
B Fall 2008

Tongue River AMPP

Otter Cr.
Average

Average Organic Matter (%) in upper 12 inches

|

Prairié Dog Cr.
Yellowstone R.
Big Horn R.

MA LA GA GB GC EA DB DA BA BD BC YAA MB OAA YBA BHA

Tongue River Water ——————————*
Site

Figure 3-22. Average organic matter content (percent) to 36 inches in AMPP
sites for each sampling period.
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Figure 3-23. Average lime content (as CaCO3 percent) to 36 inches in AMPP
sites for each sampling period.

Soil pH, EC, ESP and SAR (Figure 3-24 to 3-28) are properties that are more sensitive
to short term changes in management, water quality, and climate than the static soil
properties discussed above. As such, changes in these properties through time are
carefully scrutinized to detect changes due to CBNG development or other factors.

Statistically significant changes through time (section 3.2.3) occurred only for pH, CEC,
lime, soluble calcium and ESP. Other apparent changes through time are too small to
be considered statistically meaningful. Average pH of all soils (Figure 3-24) fell in a very
narrow range of 7.6 to 8.0 that reflects control of soil pH by abundant lime in Tongue
River soils. When lime is present, soil pH tends to remain between 7.5 and 8.3 unless
very high sodium levels exist. In sodic soils, pH may exceed 9.0. Overall average pH
changed from 7.8 to 7.6 between first and last soil sampling event, though this change is
attributed to laboratory techniques.

Depth-weighted average EC in the upper 36 inches is shown in (Figure 3-25). The
average for all soils was around 2.5 dS/m and most individual fields fell close to this
average value. Sites GC, DB, and BA had lower than average EC, probably owing to
application of a greater quantity of irrigation water at these sites. Site DA, had higher
than average EC, which was probably caused by contributions from tributary runoff onto
this field, that prior to 2003 was non-irrigated. In irrigation research, soil EC is often
expressed on a “root zone uptake weighted” basis. This approach reflects the fact that
most water uptake (about 40 percent) occurs in the upper 25 percent of the root zone,
and only about 10 percent of the water is taken up from the deepest part of the root zone
(e.g. 36 to 48 inches). Root zone uptake weighted EC (Ayers and Westcot 1991)
(Figure 3-26) was similar to depth weighted average EC (in the upper 3 feet of soil).
Depth weighted ESP (Figure 3-27) averaged just over 4 percent and most soils had
field-average ESP values close to this value. The only exception was site DA, which
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was recently brought under irrigation and which also had high EC values. Greasewood,
a common indicator of sodium-enriched soils, is abundant in the vicinity of this field near
the mouth of Foster Creek.

SAR values (Figure 3-28) were similar to ESP, with an average value of just under 4
percent. Only site DA had SAR significantly higher than 4 percent.

Average ESP in AMPP soils decreased from around 4 in the first 3 measurements to
less than 3 in the fall 2005 sampling. This change, which is statistically significant, may
be due to subtle differences in the laboratory analytical technique, or may be due to
increased rainfall and irrigation in 2005, which rinsed sodium from the soils. ESP levels
again increased to around 5 percent in 2007 and 2008.

Tongue River AMPP
9.0 - - ; ;
B Fall 2003 5 & € ¢
c
8 88 | =Spring2004 g—8—5—35
fé Fall 2004 S 8 ¢
o 86 | =Fal 2005 s 2o
N 54 = Fall 2006 o >
g - Fall 2007
3 g, J| mranzos
g
_—
2 80 i
e
I J 1
S 78
§ 76
@ 97
o
-
o 74
§
- -
3 72
70 4

MA LA GA GB GC EA DB DA BA BD BC YAA MB OAA YBA BHA

+ Tongue River Water -
Site

Figure 3-24. Average paste pH to 36 inches in AMPP sites for each sampling
period.
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Figure 3-25. Average paste EC (dS/m) to 36 inches in AMPP sites for each
sampling period.
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Figure 3-26. Root zone water uptake averaged paste EC (dS/m) to 48 inches
in AMPP sites for each sampling period.
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Figure 3-27. Average ESP (percent) to 36 inches in AMPP sites for each
sampling period.
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Figure 3-28. Average paste extracts SAR to 36 inches in AMPP sites for
each sampling period.
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3.23 Trends in AMPP Soil through Time

Only five soil properties exhibited any statistically significant changes through time
(Appendix E). These included pH, CEC, lime content, soluble calcium and ESP (Figure
3-29 to 3-32). Except for ESP and soluble calcium, these properties are usually
regarded as static rather than dynamic soil properties. Soil pH (Figure 3-29), however,
may vary through time response to fertilization or changes in ESP. The pH decreased
slightly from 7.76 in fall 2003 to 7.58 in fall 2005, increased to 7.86 in fall 2007 and
decreased subsequently to 7.63 in 2008, which is likely due to laboratory influences
such as instrument calibration. While differences in average CEC (Figure 3-30) and lime
content (Figure 3-28) were larger than for pH, the authors could not conceive of a
process (other than laboratory measurement bias) that could cause significant changes
in these properties. Small year to year variations in lime content (Figure 3-31) are
attributed to small laboratory measurement variations.

The decrease in ESP (Figure 3-32) could have been caused by an increase in rainfall
and applied irrigation water in 2005, which represented a return to normal rainfall after 4
or more years of drought. ESP decrease from fall, 2004 to 2005 (from 5.5 to 3.2
percent) also corresponded to a measured increase in CEC from 22.3 to 26.5 meqg/100
g, which was probably the result of changes in laboratory practices. However, even after
correcting for CEC bias, the 72 percent decrease in ESP still represents a 45 percent
decline in exchangeable sodium (in meq/100 g). Therefore, the decrease in ESP is
assumed to be a real phenomenon that is related to increased rainfall and subsequently
greater leaching. ESP increased from 3.7 percent to 5.0 percent between fall 2006 and
fall 2007, despite relatively high rainfall and ample availability of irrigation water in 2007.
For 2008, ESP declined slightly to 4.8. No obvious explanation satisfactorily explains
ESP trends as a function of irrigation water quality or climate, though systematic
differences in irrigation management may account for these observations.
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Figure 3-29. Trend in average pH from composite samples irrigated with
Tongue River water.
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Figure 3-30. Trend in average cation exchange capacity from composite
samples irrigated with Tongue River water.
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Trend in average lime content from composite samples irrigated
with Tongue River water.
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3.3.3 Variation in Intake Rate through Time

Soil infiltration or intake rate is an important
property for sustained irrigation. Ideal soils
should have an intake rate between 0.2 and
2.0 inches per hour (Scherer et al. 1996).
Reduced intake rate is symptomatic of
sodium induced permeability problems.

Intake rate was measured in selected AMPP
soils in fall 2003, spring and fall 2004, fall
2007 and fall 2008. A device called a
tension infiltrometer (Figure 3-33) was used
to measure intake rate.

Soil hydraulic properties are inherently
variable so that even when numerous
measurements of a property like intake rate
are recorded, estimate of mean hydraulic
properties results are still highly variable.

Two to three intake rate readings were
collected from all sampled fields on each of 7,
the five dates listed above.

Figure 3-33. Device used to measure
soil intake rate for the
AMPP soils

In general, there were no statistical differences in intake rate between measurement
dates that indicate a consistent trend in intake rate (Figure 3-34). Fall 2004 had a
statistically lower intake rate than in previous measurements, but was not significantly
different from 2007 or 2008. Some soils had frozen surface layers in fall 2004, which
was thought to contribute to the lower intake rate readings. Infiltration measurements in
fall 2005 and 2006 were not taken because of frozen soil surfaces and/or zones.
Sampling events were in late October 2005 and mid-December 2006.

Additionally, even though average intake rate ranged from 0.4 inches per hour at site BC
to 2.0 inches per hour at site DB, there were no statistically significant differences
between sites because of large within field variability (Figure 3-35). Nonetheless, all
sites had intake rates that were within the range that is suitable for flood or sprinkler
irrigation according to Scherer et al. (1996).
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3.4 Variation in Crop Yield and Mineral Content

Crop production was estimated based on grower records in 2003 (Table 3-3). During the
2004 through 2008 growing seasons, plant clippings were taken in Tier 2 fields at every
soil sample collection point (GPS waypoint) prior to each forage cutting by cooperators.
If a crop is normally hayed, collected plant material is air dried, , then net weight is
determined, forage processed through a chipper/shredder, and a representative sample
sent to a laboratory for analysis. Crops that are normally ensiled (primarily corn) are
processed immediately to replicate this harvest process. Yields are adjusted to 12
percent moisture content for hayed forages and 70 percent for ensiled crops. Feed
analyses include nutritional parameters as well as a complete mineral determination
(sodium, calcium, sulfur, and others). Irrigation water applied and yield information is
contained in Table 3-3 for 2003 and 2004, Table 3-4 for 2005 and 2006, and Table 3-5
for 2007 and 2008. Detailed harvest data and agronomic management utilized for each
AMPP field are summarized in Tables 3-6 to 3-10 for the 2004, 2005, 2006, 2007 and
2008 growing seasons, respectively. More complete forage analysis data is contained in
Appendix F.

Large differences in forage yields were evident between sites, but yield variations
showed no systematic changes through time. A myriad of factors have affected forage
crop yields including age of stand, quantity of irrigation water used, fertilizer applied,
weed and insect control, climate, and number and timing of cuttings. Although it is
difficult using existing data to precisely determine causes of yield variations among
AMPRP fields, it is clear that there is no systematic decline in yields that could be
associated with CBNG production.

Yield results are somewhat difficult to compare due to differences in cropping systems
between fields. However, large differences in yield were evident between sites, even
when similar crops, such as alfalfa or mixed grass and alfalfa, were compared.
Variations in crop yield did not appear to correspond to differences in either EC (Figure
3-36) or ESP (Figure 3-37) of the fields. Only the amount of irrigation water used (Figure
3-38) seemed to influence forage yields.

Overall AMPP crop and forage yields were comparable to the range of yields generally
obtained by growers in southeastern Montana. Lack of correlation between crop yields
and soil salinity or sodium levels, and generally good crop and forage yields indicates
that salinity and sodium in Tongue River water have no adverse effect on irrigated crops.

Vegetation takes up minerals contained in soil and water. If sodium increases in
irrigation water, sodium concentration in the plant material will also increase. Tier 2
forage mineral analysis provided a means of detecting changes in the abundance of
sodium in water or soils, which could be the result of CBNG development. Forage
sodium monitoring provides an indicator of sodium content in irrigation water, but should
not be used to infer a deleterious effect on forage quality. If sodium content increases in
forages, it does not imply that the forage is toxic or otherwise unsuitable for animal
consumption. As sodium content of forage increases, livestock merely decrease their
salt intake. Reduced supplemental salt intake has been observed in cattle that drink
CBNG water.

No changes in sodium content of forages have been detected for the period of 2004 to
2008 due to CBNG development. In 2004 and 2005, forage sodium contents were
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relatively constant in fields that were in the same crop both years. However, for 2006,
nine of the ten fields that have had the same crop for at least two of the three years had
sodium levels at or below the previous two years (Figure 3-39). The exception was
alfalfa at the EA site, near Brandenburg Bridge, which increased in sodium substantially
in the third cutting. This resulted in the 2006 average sodium content for EA to
increase, compared to 2005. EA third cutting alfalfa had 0.36 percent sodium. The first
and second cuttings were 0.06 percent and 0.04 percent, respectively. This site was
fallowed in 2004 and alfalfa established in 2005. In 2006, first year of full production,
first cutting was destroyed by a severe hail storm as it was being swathed. The alfalfa
struggled to recover for the second cutting, and was not irrigated for the second or third
cuttings. Lack of irrigation may have caused sodium to increase. Third cuttings have
tended to have higher sodium levels than first and/or second. For 2007, eight of eleven
that have been the same crop for at least three out of four years were at or below the
2004-2006 average sodium levels. As of 2008, six of six fields that have had the same
crop since 2004 and are within the Tongue River Drainage, have forage sodium levels
that are at or below 2004 figures (MA, LA, GA, EA, BC, and YAA). DB, which has had
the same crop from 2004 through 2007, has a slight elevated sodium when compared to
2004 OAA’s sodium content has varied from 0.01 to 0.06 percent during 2004 to 2008,
This site has been in grass/alfalfa since before 2004. It is along Otter Creek, near
Ashland. OAA has not been irrigated during the 2004 to 2008 period, so natural
precipitation has caused its sodium content variations. YBA, which is irrigated with
Yellowstone River water and has been in alfalfa since second cutting in 2005, has had a
steady increase in sodium content from 2006 (0.14%) to 2008 (0.19%). The Yellowstone
River above Miles City, which is where water is taken from for YBA, contains no CBNG
discharge water.

With elevated sodium levels in CBNG water, increases in sodium content of forage crops
should be among the first effects of CBNG activity because plants take-up what is
applied to the soil. Alfalfa at site MA, which located near most of the CBNG water
discharge sites, had a sodium level of 0.07 percent in both 2004 and 2005. It then
declined to 0.04 percent in 2006, returned to 0.07 percent in 2007, and was 0.8 percent
during 2008. LA, which is below all CBNG water discharge points and above the
Tongue River Reservoir, has had a steady sodium decline from 0.06 percent in 2004,
0.05 percent in 2005, 0.04 percent in 2006, 0.03 percent in 2007, and 0.02 percent in
2008. Sodium decline in 2006 forages could be attributed to the significant ESP decline
in fall 2005 soil samples (Figure 3-28).

Sodium levels have varied between AMPP locations due to soil EC and ESP as well as
crops being grown (Figure 3-38). In 2004, the highest sodium level (0.47%) was in hay
barley at YBA, which is irrigated with Yellowstone River water. In 2005, YBA also had
the highest sodium level (0.59%) which was hay barley under seeded to alfalfa for first
cutting. However, sodium was only 0.17% in the pure alfalfa hay harvested for second
cutting in 2005. Site DA, which has the highest soil EC and ESP, had a sodium level of
0.27% in the 2004 alfalfa/grass, but only 0.02% in the 2005 corn silage. For 2006, this
field was in peas the first cutting (no feed analysis) and hay millet for the second crop
(0.22%). For 2007, it was seeded to alfalfa/grass. First cutting was predominantly
weeds, such as kochia, and had a sodium content of 0.81%. Second cutting was
alfalfa/grass (0.25% sodium). In 2008, sodium increased in 5 fields and decreased in 4
fields that remained in the same crop. Overall, sodium content decreased in 2008 by 30
% compared to 2007 levels.
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Another example of plants absorbing what is applied to the soil was that mineral content
changed at individual AMPP locations in response to fertilizer applications. In 2004,
phosphorus in alfalfa hay at YAA site increased from 0.20 percent to 0.29 percent in the
first cutting to second cutting, respectively. The landowner applied 20-100-0 (actual N-
P,05-K,0) per acre after first cutting. Normally, phosphorus levels decline from first to
third cutting. Other minerals remained unchanged when comparing the same crop from
year to year at individual AMPP locations.

Table 3-3. Generalized cropping system, irrigation management, and crop yields
in 2003 and 2004

Vear 2003 2004
Started Irrigation | Mum YWWater Grower | Mum YWWater Yields
Site Water Source rrigate  Method Irri. App (in)  Crop Yields i, App(in)  Crop  Grower AMPP
MA Tongue River 2000  SR-Pu ] 3 Mewr Al " r e Alfalfa 28T 2127
MB Prairie Dog Crk 1503 Flood 2 12 Hay Millet 2T 1 2 Barley * *
LA Tongue River 1955 SR 7 21 Grafdlf 43T 5 14 GrsfAlf 37T 3.53T
GA Tongue River 1973 SR 4 12 AlffGrs 4T 4 21 AlffGrs 2757 2.79T
GB  MNAA (dryland) A A 0 0 Range * 0 0 Range * *
GC Tongue River 1950 Flood 2 9 Alfalfa 47 3 24 AlffiGrs 3757 3.13T
OAA Otter Creek 1978 Flood 1] 1] Grafblf 2T 1] 0 Grafblf * 1.14T
EA Tongue River 1950  Flood 2 10 Hay Millet 2T 0 a Fallowed * *
DA Tongue River 2003 Pivot 1 1 GrafAlf 2T &} 24 Grafdlf 28T 157T
DB Tongue River 1943 Fld-Put 10 15 Alfalfa 6T ] 24 Alfalfa 58T 4437
BA T &Y Ditch 1903 Flood 5 25 Corm 28T 4 20 Com 200 18817
BC T &Y Ditch 1903 Flood 3 18 AlffGrs 3757 3 15 Grafblf 2T 2717
BD MAA (dryland) A&, MAA, 1 0 Imp Range  * 0 a Imp Range ™ *
YAA T &Y Ditch 1913 Flood 2 12 Mewr Al 2T 3 15 Alfalfa aT 4977
YBA Yellowstone Rvr 1940 Flood 0 0 Barley 80 bu 2 g Bar Hayed 2T 2.69T
BHA Big Horn River 1903 Flood 4 24 Beets 39T 2 12 WY WWht. 126 bu 125 bu

Irrigation Method: If two types are listed, the first one is the original and the second is the current method.

Yields:
Grower: Yields were taken from Soil Sampling Information sheets. They are yield estimates that the cooperating grower
figured the field to make. Yields are at varying moistures.

Waypoint: Harvests taken from each soil sampling waypoint. First year this occurred was 2004, Yields for hay and grain
are 12% moisture. Corn silage yields are 70% moisture.

* Did not harest due to being dryland range, newly established alfalfa, crop not being planted, or did yield enough to
harvest due to lack of irigation water.

** Includes fall grazing instead of taking a 3rd cutting.
* Includes hailed out first cutting that yielded almost nothing.
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Table 3-4. Generalized cropping system, irrigation management, and crop
yields in 2005 and 2006

fear 2005 2008
Started Irrigation | Murm Water Yields Mum Water Yields
Site \Water Source Irrigate  Method Iri. App (ing  Crop  Grower AMPP Irr. Appfin)  Crop Grower  AMPP

MA Tongue River 2000 SR-Pwt 0 o Alfalfa  228T  2.23T 10 10 Alfalfa 07T 0997
MB Prairie Dog Crk 1903 Flood 0 Fallow = - 0 0 Mew Grs aT T

LA Tongue River 1988 SR ] Gradblf AT 4367 4 12 Grsfalf 4257 3407
GA Tongue River 1973 SR 17 AlffGrs 4.75T 2047 3 15 AlfiGrs 34T 37T
GB M/A (dryland) TAA, NAA, 0 Range nfa nfa 0 0 Range * -

GC Tongue River 1950 Flood 16 AlffGrs T 2817 3 18 AlffGrs 38T 31T
OAA Otter Crask 1978 Flood ] Gradblf 1T 1.27T ] 0 Grafalf 1T 09ET
EA Tongue River 1950 Flood 18 Mewe Alf T 2327 1 B Alfalfa AT 415T

13 Com 2T FELT 12 12 Peas/Millet 9 Bu™ 18.2B8/.59T|
18 Alfalfa 45T 3407 26 28 AlffGrs 38T 3.38T

DA Tongue River 2003 Pivot
DB Tongue River 1943 Fld-Put

BA T & Y Ditch 1903 Flood 24 Corh HT T 12 S Wwht B2Bu 558 Bu
BC T &Y Ditch 1903 Flood 12 Gradblf 27 1.67T 0 GrsfAf 10T 1.88T
BD M/A (dryland) I INAA 0 Imp Range  ~ - 0 Imp.RHange * -

18 Alfalfa 2487 4557
24 Alfalfa B.3T 6407
24 Beets 36.7T 45367

12 Alfalfa ar= 3377
7 H BarfAlf - 27T 4.04T
0 WWOWVHE 78 by VBT bu

YAA T & Y Ditch 1913 Flood
YBA Yellowstone Rwr 1340 Flood
BHA Big Horn River 1903 Flood

Lo o A T Y N SO T o S s O s YA T SN T o

B A R I e B R )

Irrigation Method: If two types are listed, the first one is the original and the second is the current method.

Yields:
Grower. Yields were taken from Soil Sampling Information sheets. They are yield estimates that the
cooperating grower figured the field to make. Yields are at varying moistures.

Waypoint: Harvests taken from each soil sampling waypoint. First year this occurred was 2004,
Yields for hay and grain are 12% moisture. Corn silage yields are 70% moisture.

* Did not harvest due to being dryland range, newly established alfalfa, crop not being planted, or did
yield enough to harvest due to lack of irigation water.

" Includes fall grazing instead of taking a 3rd cutting.
** Includes hailed out first cutting that yielded almost nothing.
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Table 3-5. Generalized cropping system, irrigation
management, and crop yields in 2007 and
2008
Year [ 2007 [ 2008
Started Irrigation Water Yields Water Yields

. App(in) _ Crop Grower Waypnt
8 Alfalfa 0.75T 1167
24 Hay Millet 0.8T** 1.14T
12 Grass 5257 4107
12 Alfala 4T 3.09T

—

Site Water Source |migate Method | lr. App (in.)_ Crop Grower Waypnt
MA Tongue River 2000 SR-Puvt 0 Alfalfa 32T 27T
MB Prairie Dog Crk 1903 Flood 0 nfa 0.0T 0.00T
LA Tongue River 1988 SR 9 Grass BAT 5417
GA Tongue River 1973 SR 13 AlffiGrs  3.0T  3.56T

GB MN/A (dryland) MIA MAA 0 Range 0 Range *

GC Tongue River 1950  Flood 12 H. Barley 20T 1.38T 18 Grs/Alf 16T 1777

OAA Otter Creek 1978  Flood 0 Grass 1.0T 1107 0 Grass 1.25T  1.62T
0 Alfalfa 3T 2.33T

DA Tongue River 2003 Pivot 13 Alfalfa 3.0T 2267
DB Tongue River 1943 Fld-Pwt 12 AlfiGrs 38T  4.23T
BA T &Y Ditch 1903 Flood 24 Comn 24T 26.27T
BC T &Y Ditch 1903  Flood 6 Grs/Alf  Grazed 1.547
BD MN/A {dryland) MIA MAA 0 Imp. Rnge *
YAA T &Y Ditch 1913 Flood
YBA Yellowstone Rwr 1940  Flood
BHA Big Horn River 1903 Flood
AVERAGE WATER APPLIED 8.1

12 Alfalfa 45T 4557
2 S Wht. 538 bu 47.5bu
18 H. BardAF 3T 2917
12 Grs/Alf Grazed 0.87T
Imp. Rnge *
12 Alfalfa AT 3.287
18 Alfalfa 575T 5437
M. Barley 110 bu 114.8 bu

=

13 Alfalfa  B.0T  3.73T
12 Alfafa  BYT  4.89T
M. Barley 120 bu  nfa

0
0
3
3
0
2
0
EA Tongue River 1950  Flood 0 0 Alfalfa 33T 3.22T
7
6
4
1
0
3
2
1

S WO N WM O O WS AR o

[l=3]
lon

w
o

Irrigation Method: If two types are listed, the first one is the original and the second is the current method.

Yields:
Grower Yields were taken from Soil Sampling Information sheets. They are yield estimates that the cooperating grower figured the field
to make. Yields are at varying moistures.

Waypoint: Harvests taken from each soil sampling waypoint. First year this occurred was 2004, Yields for hay and grain are 12%
maisture. Com silage yields are 70% moisture.

* Did not harvest due to being dryland range, newly established alfalfa, crop not being planted, or did yield enough to harvest due to lack of
irrigatian water.

** Includes fall grazing instead of taking a 3rd cutting.
= Includes hailed out first cotting that yielded almast nothing.

WA site is at the Wyoming-Montana state line.

GE & BD are dryland sites.

&8 s east of Miles City on the T & ¥ District.

YBA is watered from the Yellowstone River near Miles City.
BHA is watered from the Big Horn River near Hardin,

Table compiled by Meal E. Fehringer, Certified Professional Agronamist, C.C.A. an 1/20/04, revised 1/30/07.
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Harvest %  Yield Ft® Yield Act. Nutrients|
Site  Year Crop Cutting Date Wt,lbs Water @ 12% Harvest T/Ac App.fAc., Ibs
MA 2004  Alfalfa 1st m 26 100 27 5221 1M 12-70-0-0-4
2nd  9/30 32 3358 24 5227 101 0-0-0-0-0
TOTALYIELD 212 AVE  12-T0-0-04
LA 2004 Grs/Af  1st  6/28 5.0 9.6 5.1 5227 214 38-12-0-0-0
2nd 9116 34 137 33 5227 139 70-40-30-0-0
TOTAL YIELD 3.53 AVE  118-32-0-0-0
GA 2004 AIfiGrs 1st  6/28 26 9.4 27 4356 134 0-0-0-0-0
2nd  8/20 32 201 2.9 4356 145 0-0-0-0-0
TOTAL YIELD 2.79 AVE  0-0-0-0-0
GC 2004 AlfiGrs st 615 21 9.3 22 435 1.08 15-40-100-0-3
2nd  7/30 21 8.6 22 4356 109 0-0-0-0-0
3rd 9423 20 1586 19 4356 096 0-0-0-0-0
TOTAL YIELD 313 AVE  15-40-100-0-3
DA 2004  AIfGrs 1st  B/22 11 9.7 1.1 4792 0.5 100-70-40-0-3
2nd 8/2 25 180 23 4792 106 0-0-0-0-0
TOTAL YIELD 1.57 AVE  100-70-40-0-3
DE 2004 Alfalfa 1st 615 18.3 9.0 18.9 34000 121 20-50-80-0-3
2nd  T7/22 45 9.0 46 4356 230 0-0-0-0-0
3rd 91 26 32 2.0 4356 1.02 0-0-0-0-0
TOTAL YIELD 4.53 AVE  20-50-80-0-3
BA 2004  Com Chop 9116 2792 768 2159 25000 18.81 200-70-0-0-0
TOTAL YIELD 18.81 AVE  200-70-0-0-0
BC 2004 Grs/Af  1st 622 23 9.0 24 4356 119 100-40-0-0-0
2nd 8/2 7.8 9.2 8.0 260.00 O0.67 0-0-0-0-0
3rd 916 18 171 1.7 4356 0.85 0-0-0-0-0
TOTAL YIELD 2.711 AVE  100-40-0-0-0
YAA 2004  Alfalfa st 615 14.8 9.3 153 180.00 1.85 0-0-0-0-0
2nd  T7/22 34 108 34 3920 1M 22-104-0-0-0
3rd 10/6 16.6 204 150 270.00 1.21 0-0-0-0-0
TOTAL YIELD 4.97 AVE  22-104-0-0-0
OAA 2004 Grs/AF  1st 6/28 22 91 23 4356 114 0-0-0-0-0
TOTAL YIELD 1.14 AVE  0-0-0-0-0
YBA 2004 Barley 1st T3 52 9.1 54 4356 269 35-40-20
TOTAL YIELD 2.69 AVE  3540-20
BHA 2004 W Wht Harvest T7/22 5 120 7.5 4356 1250 200-30-20-0-0
TOTAL YIELD (bufac) 125.0 200-30-20-0-0
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Table 3-7. Agronomic management and crop yields in 2005

Harvest % Yield F¢ Yield Act. Nutrients
Site  Year Crop  Cutting Date  Wt,Ibs Water @ 12% Harvest T/Ac App.fAc., Ibs
MA 2005  Alfalfa 1st 6/20 52 9.3 54 8227 223 0-0-0-0-0
2nd  Did not get a second cutting due to pivot wheel tracks too deep. 0-0-0-0-0
TOTALYIELD 2.23 AVE 0-0-0.0-0
LA 2005  Grs/AIf 1st 6/20 74 9.2 76 5227 318 95-40-40-0-0
2nd 8/26 28 108 28 5227 118 45-0-0-0-0
TOTAL YIELD 4.36 AVE 140-40-40-0-0
GA 2005  AIfiGrs 1st 6T 1.1 5.4 1.1 2178 1.15 90-60-60-0-0
2nd 729 18 124 18 21978 179 0-0-0-0-0
TOTAL YIELD 2.94 AVE 90-60-60-0-0
GC 2005  AIfiGrs 1st 6T 25 8.8 26 4356 1.30 30-40-50-0-0
2nd 8/26 24 111 24 4356 1.21 0-0-0-0-0
3rd  Did not get a 3rd cutting. n/a n/a
TOTAL YIELD 2.51 AVE 30-40-50-0-0
EA 2005  MNew Al 1st 729 46 111 46 4356 232 11-52-30-0-0
TOTAL YIELD 2.32 AVE 11-52-30-0-0
DA 2005 Cormn Chop 913 2535 589 3473 24000 3152 170-80-50-0-2
TOTAL YIELD .52 AVE 170-80-50-0-2
DB 2005  Alfalfa 1st 6/T 1.9 5.4 20 4356 0.99 11-52-30-0-0
2nd 7129 26 114 26 4356 1.31 0-0-0-0-0
3rd 913 22 113 22 4356 110 0-0-0-0-0
TOTAL YIELD 3.40 AVE 11-52-30-0-0
BA 2005 Com Chop 9/6 N0 7008 3211 25000 27.97 170-40-60-0-2
TOTAL YIELD 271.97 AVE 170-40-60-0-2
BC 2005  Grs/AIf 1st 6/T 20 9.9 20 4356 1.02 35-20-35-0-0
2nd 7129 1.3 128 1.3 4356 0.64 0-0-0-0-0
3rd  Grazed nfa n/a n/a
TOTAL YIELD 1.67 AVE 35-20-35-0-0
YAA 2005  Alfalfa 1st 67 2.1 9.1 22 3920 1.21 15-65-75-0-0
2nd 7129 39 M3 39 3920 247 0-0-0-0-0
3rd  Did not have 3rd cutting due to lateness of 2nd. Second was actully n/a
TOTAL YIELD 3.37 AVE 15-65-715-0.0
QAA 2005 Mot cropped in 2005
YBA 2005  Bar/Alf 1st 17 77 3.2 57 4356 284 0-0-0-0-0
Alfalfa 2nd 9/6 24 114 24 4356 121 0-0-0-0-0
TOTAL YIELD 4.04 AVE 0-0-0-0-0
BHA 2005 WWht Hawv @ 7/22 46 120 46 4356 767 200-40-30-0-0
TOTAL YIELD 76.7 200-40-30-0-0
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Table 3-8. Agronomic management and crop yields in 2006

Harvest % Yield Ft& Yield Act. Nutrients|
Site Year Crop Cutting Date Wt,lbs Water @ 12% Harvest T/Ac App.lAc., Ibs

MA 2006 Alfalfa 1st 8/8 2.3 9.0 24 5227 0.99 T/Ac 0-0-0-0-0

LA 2006 Grass  1st  6/21 242 69 256 270.00 2.07 100-35-50-0-0
2nd  8/16 18.3 145 178 270.00 1.43 45-0-0-0-0
TOTAL YIELD 3.50  AVE 145-35-50-00
GA 2006 Grs/Alf 1st  6/21 15 7.0 16 218 157 16-30-40-0-0
2nd  8/8 1.7 176 16 218 160 0-0-0-0-0
TOTAL YIELD 3.7 AVE 15-30-40-0-0
GC 2006 AlffGrs  1st  B/21 23 B4 23 4356 1.7 30-40-60-0-0
2nd  B8/8 38 102 39 4356 1.94 0-0-0-0-0
TOTAL YIELD 311 AVE 30-40-60-0-0
EA 2006 Alfalfa st 6/5 325 95 3.3 4356 167 0-0-0-0-0
2nd  THT 325 1.2 33 4356 164 0-0-0-0-0
3rd  10/4 255 433 16 4356 082 0-0-0-0-0
TOTAL YIELD 4.13  AVE 0-0-0-0-0
DA 2006 Peas st TMT 1.3 120 1.3 5227 18.20 BufAc 0-0-0-0-0
H. Millet  2nd 10/ 23 160 21 5227 0.88 T/Ac 0-0-0-0-0
AVE 0.0-0-0.0
DB 2006 Grs/Alf 1st  B/5 24 91 25 4356 1.24 0-42-70-0-2
2nd  THMT 20 82 21 4356 1.04 0-0-0-0-0
3rd  8/21 23 168 21 4356 1.06 0-0-0-0-0
TOTAL YIELD 3.35 AVE 0427002

BA 2006 S.Wht  Harv M7 335 120 335 4356 55.83 BufAc 80-70-60-0-3

BC 2006 Grs/Alf 1st  6/5 60 94 6.2 4356 3.09 0-0-0-0-0
2nd  THB 15 86 16 4356 078 0-0-0-0-0
TOTAL YIELD 3.87 AVE 00000

YAA 2006 Alfalfa 1st  6/5 32 79 33 3920 186 12-55-55-0-0
2nd 81 27 91 28 3920 1.55 0-0-0-0-0
3rd  10/4 9.0 161 .6 16400 1.14 0-0-0-0-0

TOTAL YIELD 4.55  AVE 12-55-55-0-0

MB 2006 Mew Grs Seeded to grass in June. n/a nfa nia 0-0-0-0-0

OAA 2006 Grass 1st B2 1.8 59 1.9 4356 0.96 T/Ac 0-0-0-0-0

YBA 2006 Alfalfa  1st  7/10 40 940 41 4356 206 0-60-60-0-2-18
2nd 821 47 870 48 4356 241 0-0-0-0-0
3rd  10/4 40 150 3.9 4356 193 0-0-0-0-0

TOTAL YIELD 6.40 AVE 0-60-60-0-2-1B)

BHA 2006 Beets Dug 10/6 2083 Asls nfa 10000 454 T/Ac 200-130-0-0-0
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Table 3-9. Agronomic management and crop yields in 2007

Harvest %  Yield FE Yield Act. Nutrients
Site Year Crop Cutting Date WtIbs Water @ 12% Harvest T/Ac App.lAc., Ibs

MA 2007 Alfalfa 1st 6/1B 640 104 6.5 5227 272 T/Ac 0-0-0-00

LA 2007 Grass 1st 6/15 6.05 101 6.2 3220 418 140-0-50-0-0
2nd 824 260 169 25 4386 123 45-0-0-0-0

TOTAL YIELD 5.41 AVE 165-0-50-0-0

GA 2007 Grs/Af  1st  B/15 1.85 9.5 19 2178 190 15-30-40-0-0
2nd  T7/30 165 114 1.7 2178 166 0-0-0-0-0

TOTAL YIELD 3.56 AVE 15-30-40-0-0

GC 2007 HBar. 1st 919 278 125 28 4356 13

{==]

0-0-0-0-0

TOTAL YIELD 1.38 AVE 0-0-0-00
EA 2007 Alfalfa 1st 6/15 315 9.7 nia nfa 222 0-0-0-0-0
2nd  7/23  Baled 112 n/a nfa 1.00 0-0-0-0-0
TOTAL YIELD 3.22 AVE 0-0-0-00
DA 2007 AfGrs 1st  7/1 Baled to AMPP harvesting. 1.49 T/Ac 40-40-0-3-0
2nd  8/20 195 121 1.9 5227 0.81 T/Ac 0-0-0-0-0
TOTAL YIELD 2.30 AVE 40-40-0-30
DB 2007 AlffiGrs 1st  G/4 325 105 33 4356 165 13-60-27-5-0
2nd  6/6 425 125 42 4356 211 0-0-0-0-0
3rd 920 130 375 0.9 4356 046 0-0-0-0-0
TOTAL YIELD 4.23 AVE 13-60-27-50

BA 2007 Comn 1st 9/5 2154 580 3016 250.00 26.27 TfAc 220-80-90-0-3

BC 2007 Grs/AF  1st 612 1.85 10.8 19 4366 094 0-0-0-0-0
2nd 95 1.30 15.2 1.3 4356 0.63 0-0-0-0-0

TOTAL YIELD 1.56 AVE 0-0-0-0-0

YAA 2007 Alfalfa st G4 230 114 23 3320 129 0-0-75-0-0
2nd  7/30 306 102 31 3920 173 0-0-0-0-0

3d 910 1.35 16 8 13 3920 072 0-0-0-0-0
TOTAL YIELD 3.73 AVE 0-0-75-0-0

MB 2007 Weeds Grass did not take. nfa nfa nfa 0-0-0-0-0

OAA 2007 Grass 1st 615 215 103 2.2 4356 1.10 T/Ac 0-0-0-0-0

YBA 2007 Alfalfa st 6/4 290 970 3.0 4356 149 0-55-20-0-1-1B
2nd  TAT 360 T7.80 38 4356 1.89 0-0-0-0-0
id 95 330 194 30 4356 151 0-0-0-0-0

TOTAL YIELD 4.89 AVE 0-55-20-0-11B

BHA 2007 M. Bar Did not take a harvest because field combined before arrived.
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Table 3-10. Agronomic management and crop yields in 2008

Harvest % Yield Ft Yield Act. Nutrients
Site Year Crop Cutting Date Wt,Ibs Water @ 12% Harvest T/Ac App./Ac., Ibs
Grams Grams
MA 2008 Alfalfa 1st  6/23 267 8.3 3 5227 116 TlAc 0-0-0-00
LA 2008 Grass 1st  6/23 1.2T 8.7 8 5227 314 140-0-50-0-0
2nd  8/23 2.35 14.2 2 5227 095 45-0-0-0-0
TOTAL YIELD 4.10 TlAc 165-0-50-0-0
GA 2008 AfiGrs st 6/30 1224 7.8 13 23000 1.2 15-30-40-0-0
2nd  Yield based on bale count. néa 1.88 0-0-0-0-0
TOTAL YIELD 3.09 TlAc 15-30-40-0-0
2008 Barley 1st  Yield based on bale count. 3.76 T/Ac 15-30-40-0-0
GC 2008 Grs/AKF st 9/2 2778 14.9 27T 330,00 177 TAc 0-0-0-00
EA 2008 Alfalfa 1st  6M7 3.07 71 3 4356  1.62 0-0-0-0-0
2nd 7129 1.46 14.3 1 435 0.1 0-0-0-0-0
TOTAL YIELD 2.33 TlAc 0-0-0-0-0
DA 2008 AfGrs st 617 4.39 7.9 5 5227 1M 50-26-0-0-0
2nd  7/29 3.92 12.9 4 5227  1.62 0-0-0-0-0
3rd  B/25 248 12.9 2 5227 1.02 0-0-0-0-0
TOTAL YIELD 4.55 TlAc 50-26-0-0-0
DB 2008 S Wht. Harv 7/29 2.85 12.0 3 4356 47.54 BulAc 140-40-0-0-0
BA 2008 Bar/Alf st 7/25 5.93 13.8 6 435 2.9 16-78-0-0-0
2nd  Did not get a harvest for yield. 0-0-0-0-0
TOTAL YIELD 2.91 TlAc 16-78-0-0-0
BC 2008 Grass 1st 617 1.67 7.6 2 4356  0.87T TiAc 0-0-0-00
YAA 2008 AlfGrs  1st 617 342 7 4 3920 1.99 11-52-0-0-0
2nd  B/25 2.35 13.1 2 3920 1.29 0-0-0-0-0
TOTAL YIELD 3.28 TlAc 11-52-0-0-0
MB 2008 HMillet 1st 910 2.32 13.3 2 4356 1.4 TiAc 0-0-0-00
Yield compromised by neighbor's cattle repeatedly getting into field and grazing crop.
OAA 2008 Grass 1st  6/30 2.90 7.8 3 4356 1.52 TlAc 0-0-0-00
YBA 2008 Alfalfa 1st  6M17 411 8.1 4 4356 214 0-55-20-0-1-1B
2nd  7/28 3.85 14.2 4 4356  1.88 0-0-0-0-0
3rd 916 307 190 3 435 1M 0-0-0-0-0
TOTAL YIELD 5.43 TlAc 0-55-20-0-11B
BHA 2008 M. Bar. Harv  7/16 5.51 12.0 6 4356 114.8BulAc 90-30-20-0-0
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3.5 Variation in Trace Metal Abundance

Selected trace metals were analyzed at two depths (0 to 6 and 36 to 60 inches) in AMPP
soils (Table 3-11). All trace elements were within a safe range for crops grown in
Montana. Boron and zinc, which are also plant nutrients, were adequate to slightly
deficient. Element concentrations showed only minor variation between sites or with
depth with the exception of barium which was at times elevated in surface horizons.
Higher barium near the soil surface was attributed to lower sulfate levels in shallow soils.
Barium solubility is usually controlled by formation of barite (BaSO,), which has a low
solubility. At lower sulfate concentrations, the equilibrium concentration of barium tends
to increase.
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Table 3-11. Average levels of trace elements in AMPP soils.
Site Depth (inches) Barium Boron mg/L Fluoride Selenium | Zinc mg/kg
mg/L Method mg/kg mg/L Method
Method SW6010B Method Method SW6010B
SW6010B A4500-F C | SW6010B

MA 0 to 6 5.35 1.03 ND 0.06 1.10
MA 36 to 60 1.22 1.10 1.18 0.05

LA 0 to 6 3.10 0.75 1.25 0.06 1.20
LA 36 to 60 0.52 0.70 1.28 0.05

GA 0 to 6 5.00 1.03 1.13 0.07 0.67
GA 36 to 60 1.05 1.20 1.52 0.06

GB 0 to 6 ND 0.30 ND ND 0.39
GB 36 to 60 ND 0.70 1.90 0.04

GC 0 to 6 4.35 0.72 1.20 0.08 0.68
GC 36 to 60 2.90 0.85 1.10 0.08

EA 0 to 6 3.65 1.00 ND 0.07 0.74
EA 36 to 60 1.10 1.25 1.18 0.05

DB 0 to 6 4.16 1.10 1.10 0.05 1.24
DB 36 to 60 1.94 1.10 1.00 0.05

DA 0 to 6 2.20 1.20 ND 0.04 0.69
DA 36 to 60 0.89 1.16 1.23 0.04

BA 0 to 6 4.05 1.10 1.20 0.04 0.81
BA 36 to 60 1.77 1.20 1.10 0.05

BD 0 to 6 9.00 ND ND ND 1.17
BD 36 to 60 ND ND ND ND 0.50
BC 0 to 6 3.68 1.03 1.23 0.05 0.90
BC 36 to 60 0.47 1.53 1.27 0.08

YAA 0 to 6 4.65 0.92 1.30 0.05 0.49
YAA 36 to 60 1.20 1.09 1.52 0.05

MB 0 to 6 4.55 0.88 ND 0.04 0.29
MB 36 to 60 0.75 0.95 1.27 0.04

OAA 0 to 6 6.40 0.90 ND 0.08 0.91
OAA 36 to 60 1.53 0.79 1.10 0.06

YBA 0 to 6 3.45 1.01 1.40 0.06 0.58
YBA 36 to 60 2.10 1.29 1.65 0.04

BHA 0 to 6 4.63 0.97 1.30 0.04 0.94
BHA 36 to 60 3.90 1.10 1.70 0.05
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4.0 Tier 2 — Trends for Individual Fields
41 Tongue River Irrigated and Dryland Sites

41.1 Site MA

A side roll (wheel line) was installed at site MA in 2000. It was replaced with a pivot in
2003. New alfalfa was planted in August 2003. Alfalfa was not harvested in 2003, but
yielded 2.1 to 2.2 tons per acre in 2004 and 2005. About 27 inches of irrigation water
was applied in 2004, but there was no irrigation in 2005 due to deep wheel tracks. In
2006, 10.9 inches of irrigation water were applied to the alfalfa which yielded 1 ton per
acre in a single cutting. Although the alfalfa was not irrigated or fertilized in 2007, it
yielded 2.7 tons per acre in one cutting owing to ample spring rains. Alfalfa yield was
1.16 tons per acre in 2008 with 8 inches of applied irrigation water.

Soil characteristics remained relatively unchanged from 2003 through 2008 at site MA,
despite changing irrigation management (Table 4-1 and 4-2). EC was low near soil
surface, increased to a maximum at a depth of 24 to 36 inches and again decreased at
depth (Figure 4-1). This pattern of EC with depth indicates that a shallow water table
exists at least during the irrigation season, causing water (and contained salts) to flow
downward from the soil surface and upward from the water table. Salinity at 24 to 36
inches increased from fall 2003 to spring 2004, but has steadily decreased from fall 2004
to 2007. In 2008, salts and sodium increased slightly below 36 inches, probably due to
accumulation in the capillary fringe above the water table. EC in shallow groundwater
(Figure 3-14 and 3-15) ranged from 800 to 1,000 yS/cm and SAR values were less than
1.2, indicating that shallow groundwater at this location was similar to Tongue River
water.

As of fall 2008, EC, SAR and ESP in the top 24 inches are at or below fall 2003 levels
indicating no sodium accumulation in the primary root zone. Below 36 inches, EC, SAR,
and ESP increased slightly (Figures 4-1, 4-2 and 4-3). The pH (Figure to 4-4) of the 0 to
2 and 0 to 6 inch depths were nearly identical on all dates and remain near 7.5, further
indicating that the sodium status of this soil has not measurably changed through time.
If sodium is increasing in either irrigation water or soil, it would accumulate in the top six
inches, particularly in the upper two. The pH increases as sodium increases in soil and
water. A sodic soil has a pH of greater than 8.5
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Table 4-1. Soil pH, EC, saturation extractable ions and SAR for site MA
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Table 4-2. Soil texture, lime, CEC and ESP for site MA
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41.2 Site LA

Site LA (Table 4-3 and 4-4) consists of an older stand of predominantly grass (95
percent) and alfalfa (5 percent) that is irrigated with a side-roll system. Yields have
varied from 3.5 to 5.4 tons per acre with 21 inches of irrigation water applied in 2003, 14
inches in 2004, 6 inches in 2005, 12 inches in 2006, 9 inches in 2007 and 12 inches in
2008.

Salinity has been variable through time (Figure 4-5), perhaps in response to irrigation
quantity and timing. Salinity decreased in the upper 3 feet from 2003 to 2004, with a
commensurate increase below 3 feet. Salinity increased from 2004 to 2006, which may
have been the result of reduced irrigation. However, EC decreased from 2006 to 2008
even though only 9 to 12 inches of water were applied. Five acres in the northwe4st
field corner were under water for about half of the growing season due to the high level
of water in the Tongue River Reservoir in 2007. The water table is locally within 3 feet of
the soil surface at site LA (Figure 3-14 and 3-15) and had an EC of 2.7 dS/m and a SAR
of 3t0 4.6. The elevated water table probably accounts for the pattern of EC with depth,
causing maximum EC levels to form just above the water table.

ESP, SAR and pH levels (Figures 4-6 to 4-8) in site LA were more stable than EC.
Sodium was low near the surface and increased moderately with depth indicating that
site LA generally maintains adequate leaching.
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Table 4-3. Soil pH, EC, saturation extractable ions and SAR for site LA
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1-Fall, 2003
0 2 7.3 1.62 541 g2 54 4 15 8.2
0 6 74 276 515 144 8.9 12.5 37 52
6 12 7.7 356 475 15.7 9.8 201 56 36
12 24 748 4.33 474 217 18.8 221 49 29
24 36 79 443 116 19.8 226 208 45 25
36 60 8 3.78 36.3 102 16.1 238 6.6 27
60 96 7.8 42 314 1.5 18.5 254 6.6 26
2-Spring, 2004
0 2 7.5 252 527 19.8 9.83 2.4 0.6 52 0.7
0 6 A 1.72 50.4 14.2 75 2.96 0.9 6.2 0.99
6 12 7.8 143 428 843 4.33 532 21 38 0.42
12 24 79 328 474 13.7 11.9 15 4.2 3 0.42
24 36 8 528 40.5 223 237 309 6.4 26 0.14
36 60 8.1 5.86 384 207 252 293 6.1 22 0.42
60 96 7.9 3.38 238 10.6 14.3 222 6.3 3 0.42
3-Fall, 2004
0 2 7 107 58.2 9 5.46 2487 0.96 9.2 ND ND
0 6 72 1.65 514 7.78 4.01 317 1.3 74 ND ND
6 12 75 0.92 459 4.58 2.29 2 15 5 ND ND
12 24 7.7 148 48.5 6.06 441 4.3 19 41 ND ND
24 36 77 4.71 425 24 219 121 245 28 ND ND
36 60 7.8 4.54 40.2 124 16.8 20 52 28 ND ND
60 90 7.7 4.89 A 17.8 235 209 46 ND ND ND
4-Fall, 2005
0 2 6.6 24 61.4 194 7.61 1.81 0.49 12.6
0 6 6.7 207 54 15 6.89 2.02 0.61 10.8
6 12 72 28 475 16.2 10.2 8.87 24 412
12 24 74 4.49 46.9 211 18.1 19 473 39
24 36 7.7 6.06 44.9 24 321 T 6 275
36 60 77 6.57 379 224 328 36.3 6.9 217
60 96 7.7 4.95 321 101 16.9 349 9.5 3.32
5-Fall, 2006
0 2 71 1.38 584 8.51 3.16 1.99 0.82 8.1 0.48
0 6 71 1.07 519 6.33 2.72 2497 14 6.89 0.46
6 12 7.3 3 49 21 12.6 512 12 4.46 1.34
12 24 7.5 4.26 46.7 257 215 17.6 36 527 0.86
24 36 7.8 597 45 227 28.3 33 6.5 243 1.67
36 60 7.7 42 374 13.7 19.5 20 49 2.16 0.36
60 96 (A 314 298 7.33 114 13.2 43 2.64 017
6-Fall, 2007
0 2 74 1.06 30.2 5.67 2.56 237 12 5.99 0.6
0 6 74 1.12 55.8 6.55 3.12 243 1.1 559 0.99
6 12 76 328 50.8 208 13.2 9.72 24 44 0.81
12 24 7.8 334 48.9 18.3 13.3 105 26 24 0.4
24 36 79 414 464 16.9 18.4 16.5 39 24 04
36 60 8 3.98 62.7 6.85 10.9 13.3 45 28 0.3
60 96 8 43 46.4 7.16 13.7 284 8.8 36 0.4
7-Fall, 2008
0 2 74 0.57 56.8 2.86 1.37 0.98 0.67 4.57 0.34
0 6 7.3 1.46 541 8.93 4.24 2.44 0.95 4.27 0.32
6 12 7.5 2.39 48.5 134 8.67 8.55 26 3.78 0.57
12 24 78 4.64 38.2 17.3 18.9 16.4 473 219 0.98
24 36 7.8 274 445 11 8.69 9.69 31 212 0.31
36 60 78 419 373 14.6 18.2 14.9 37 1.59 03
60 96 79 3 29.9 523 9 15 56 1.79 0.35
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Table 4-4. Soil texture, lime, CEC and ESP for site LA
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Tongue River AMPP ;1o 4 - irrigated/side-roll on Tongue River, 99 - Havre
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Figure 4-5. Trends in EC with depth for site LA
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Figure 4-6. Trends in ESP with depth for site LA
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Tongue River AMPP Site LA - Irrigated/Side-rolion Tongue River,99-
Havre loam
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Figure 4-7. Trends in SAR with depth for site LA
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Figure 4-8. Trends in pH with depth for site LA
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41.3 Site GA

Site GA (Table 4-5 and 4-6) is also irrigated with a side-roll sprinkler and contains an
alfalfa/grass stand. This field is located on a bench of the Tongue River. Yields were
2.8 to 3.6 tons/per acre within the AMPP monitoring area, but were reported to be higher
for the field overall. Portions of the field that were lower in the floodplain (outside of the
AMPP monitoring area) most likely had slightly better yields. Applied irrigation water
varied from 12 to 20 inches in 2003 through 2008.

Soil EC generally increased from less than 1 dS/m in the upper footto 5to 7 dS/m at 3
feet in depth, and then decreased at 8 feet. Surface EC levels did not change through
time, but tended to decrease at 3 feet in 2004 and 2005, then again increased in 2006
and decreased in 2007 and 2008 (Figure 4-9). Removal of salts was due to increased
duration of each irrigation set from 12 to 24 hours in 2004. It may have also been due to
higher rainfall in 2005, 2007 and 2008. Depth to water at site GA was 8 to 9 feet and EC
was 1.4 to 1.7 dS/m while SAR ranged from 3.4 to 4.6 (Figure 3-14 and 3-15). Soil ESP,
SAR, and pH were generally unchanged through time (Figure 4-10 to 4-12), with the
exception of ESP at 8 feet which varied widely. ESP decreased from 2004 to 2005 at
site GA.
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Table 4-5. Soil pH, EC, saturation extractable ions and SAR for site GA
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Table 4-6. Soil texture, lime, CEC and ESP for site GA
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Figure 4-9. Trends in EC with depth for site GA
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Figure 4-10. Trends in ESP with depth for site GA
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Tongue River AMPP Site GA - Irrigated/Fiood on Tongue River, 99 -
Havre loam
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Figure 4-11. Trends in SAR with depth for site GA
Tongue River AMPP Site GA - Irrigated/Flood on Tongue River, 99 -
Havre loam
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Figure 4-12. Trends in pH with depth for site GA
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Site GB (Table 4-7 and 4-8) is a dryland field that was sampled only in 2003 to provide a
comparison between irrigated and dryland fields that had the same soil mapping unit and
similar landscapes. Soil EC, ESP, SAR and pH (Figures 4-13 to 4-16) are very similar
between sites GA and GB except salts had been leached by the irrigation water from the
12-24 inch depth in GB to 24-36 inch depth in GA.

Table 4-7. Soil pH, EC, saturation extractable ions and SAR for site GB

= - o7 ~
2 £ g = = z = =] s =
3 2 - g g = T = £ = T3 ! g
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= = LLE= S U= =Ew = weEo o= & = O E o=
TFall, 2003
i 2 7.7 0,73 438 ] 13 0.4 0.2 6.5
] B 7.9 063 421 3.8 16 0.5 0.4 5.1
B 12 ] 0.64 385 26 16 1.7 1.2 4.3
12 2 8.1 405 9.2 14 17.4 16.8 4.2 37
24 3 ] 549 421 13.1 %6 308 6.9 2.4
¥’ OAD 8.1 5.85 427 176 77 327 B.2 2.4
B0 95 ] 264 .4 53 103 156 56 2.8
Table 4-8. Soil texture, lime, CEC and ESP for site GB
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T-Fall, 2003
0 2 ki 49 14 L 43 287 0.4 1.2
0 B 33 50 17 siL 59 77 0.3 1
B 12 34 47 13 L B.3 232 0.5 1.8
12 M 3 45 18 L 7 225 15 35
240 3 46 13 L 7.0 15 26 ]
W/ 6D 41 41 18 L 7.8 14.1 2.4 B8
B0 96 56 28 16 5L B.3 216 13 36
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Tongue River AMPP site GB - Dryland on Tongue River, 99 - Havre loam
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Figure 4-13. Trends in EC with depth for site GB
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Figure 4-14. Trends in ESP with depth for site GB
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Tongue River AMPP Site GB - Dryland on Tongue River, 99- Havre
loam
SAR

= |-Fall, 2003

-20 \

7

-40

-50

Depth (inches)

-60

ﬂ
l

-80

90
0 2 4 6 8 10 12 14 16 18 20 22 24

Sodium Adsorption Ratio (SAR)

Figure 4-15. Trends in SAR with depth for site GB
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Figure 4-16. Trends in pH with depth for site GB
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41.5 Site GC

Site GC (Table 4-9 and 4-10) is a flood-irrigated alfalfa field that has been land-leveled.
Alfalfa yields varied from 2.5 to 3.2 tons per acre and 24, 16, and 18 inches of irrigation
water was applied in 2004, 2005, and 2006, respectively. Due to the alfalfa stand
thinning from age, it was torn out and planted to hay barley in 2007. Yield was 1.4 tons
per acre because of being planted late spring. Twelve inches of water were applied in
2007. Anirrigated grass mixture with 10 percent alfalfa was planted spring 2008 and
yielded 1.8 tons per acre in 2008 with 18 inches of applied water.

All soil properties (Figure 4-17 to 4-20) were uniform with depth and through time
indicating that this field has a higher leaching fraction than other AMPP fields and was
well-drained (e.g. no water table within 8 feet of surface).
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Table 4-9. Soil pH, EC, saturation extractable ions and SAR for site GC.
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=1 ) w E w = [SR7) = w_in w = =L =L [ O =L O =t
1-Fall, 2003
0 2 7.7 078 64.1 46 2.8 15 08 6.6
0 6 7.8 0.67 57.9 36 21 17 1 5
6 12 7.9 0.61 54.1 27 16 23 15 35
12 24 7.9 0.83 50.6 a7 24 26 15 22
24 36 8 0.86 434 4 26 25 14 27
36 60 7.9 0.77 38.9 33 24 23 13 27
B0 96 8 0.64 274 27 2 1.9 12 29
2-Spring, 2004
0 2 75 1.58 58.7 8.07 514 1.74 07 7 4.94
0 6 7.7 0.72 56.8 3.93 227 1.35 08 56 24
6 12 7.8 0.53 50.5 257 1567 1.62 1.1 4 127
12 24 7.9 078 47.9 338 212 2 12 28 113
24 36 7.9 0.81 433 368 24 2.01 12 32 141
36 60 7.8 0.99 39.5 5.35 374 2.59 1.2 36 8.04
B0 96 7.9 1.27 24.9 6.8 451 5.02 21 36 113
3-Fall, 2004
0 2 73 1.29 69.7 5.69 357 211 0.98 9.2 ND ND
0 G 7.9 1.12 59.8 6.22 39 25 1.1 8.8 ND ND
6 12 76 0.94 55.8 445 283 274 14 ND ND ND
12 4 76 1.25 511 532 3.54 323 15 36 ND ND
24 36 7.7 143 439 6.43 447 333 14 33 ND ND
36 60 76 0.76 36.7 38 254 214 12 ND ND ND
60 90 75 0.65 30 287 265 1.8 1.1 ND ND ND
4-Fall, 2005
0 2 7.2 1.23 69.7 6.39 4.05 1.19 0.52 104
0 6 73 0.87 64.1 543 3.38 1.35 0.64 7.8
6 12 76 0.62 57.8 3.23 215 1.96 12 5.06
12 M 77 0.87 515 407 2.81 2.96 16 3.61
24 36 76 1.45 483 778 532 3.69 14 2.89
3 60 76 0.93 385 4.89 337 2.49 12 2.75
B0 96 76 08 273 361 2.74 225 13 2.75
5-Fall, 2006
0 2 74 0.79 514 418 24 08 0.44 6.79 017
0 G 71 1.09 59.3 5.99 3.85 15 0.68 73 0.38
6 12 75 0.63 53.7 288 1.93 1.49 0.96 3.24 0.28
12 M 76 0.67 182 293 207 1.74 11 345 0.36
24 36 76 117 444 553 3.92 2.95 14 243 0.49
36 60 76 147 38.8 515 3.69 263 12 2.84 0.09
B0 96 75 0.92 26.8 4.05 3.01 2.06 1.1 2.97 0.05
6-Fall, 2007
0 2 7.8 07 58.7 3.97 2.36 1.42 08 5.99 0.53
0 g 76 0.84 534 464 277 147 0.76 44 07
6 12 7.7 0.66 52.6 34 215 1.48 0.89 4.99 035
12 2 7.9 072 474 314 224 234 14 16 04
24 36 8 0.85 452 349 258 284 16 35 0.53
36 60 7.9 1.19 31.2 55 4.09 335 15 32 141
B0 96 7.8 0.99 24.9 442 33 224 1.1 25 0.85
7-Fall, 2008
0 2 74 08 61 459 277 0.71 037 7.55 0.54
0 6 74 06 58.7 32 1.96 1.02 0.64 5.57 041
6 12 75 048 56.2 221 137 1.11 0.83 378 0.21
12 24 7.8 042 433 157 1.03 1.21 1.1 258 0.22
24 36 7.8 0.63 434 249 1.64 1.85 13 2.78 033
36 60 7.7 1.38 36.4 6.41 4.43 2.5 1.1 1.99 041
B0 96 7.7 1.31 29 6.06 4.96 247 1 2.19 0.38
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Table 4-10. Soil texture, lime, CEC and ESP for site GC
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Tongue River AMPP site GC - Irrigated/Side-roll on Tongue River, 99 - Havre
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Figure 4-17. Trends in EC with depth for site GC
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Figure 4-18. Trends in ESP with depth for site GC
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Tongue River AMPP Site GC - Irrigated/Side-roli on Tongue River, 99 -
Havre loam
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Figure 4-19. Trends in SAR with depth for site GC
Tongue River AMPP Site GC - Irrigated/Side-roll on Tongue River, 99 -
Havre loam
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Figure 4-20. Trends in pH with depth for site GC
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4.1.6 Site EA

Site EA (Table 4-11 and 4-12) was in a transitional cropping pattern with hay millet in
2003, fallow in 2004, and new alfalfa established in 2005. This field is flood irrigated.
About 10 inches of irrigation water was applied in 2003. Irrigation was increased in 2005
to 18 inches to support the new alfalfa stand. Only 6 inches of irrigation water was
applied in 2006 and none was applied in 2007 although the field yielded over 4 tons per
acre in 2006 and 3.2 tons per acres in 2007 suggesting that the field is sub-irrigated. EA
was not irrigated in 2008 but yielded 2.3 tons per acre in two cuttings.

The third cutting in 2006 had a sodium content of 0.35 percent while the first two cuttings
averaged 0.05 percent. EA was irrigated only once in 2006 and that was prior to the first
cutting. That cutting was destroyed at harvest time (early June) from a hail that killed 90
per cent of a neighboring corn field. The third cutting was a result of ary? sub-irrigation
when 2006 growing season water levels in the Tongue River at Brandenburg Bridge
were substantially below long-term average, 155 vs. 605 cfs, respectively (Figure 4-5).

EC at site EA (Figure 4-21), like at most AMPP sites, was low (<2 dS/m) near surface
and increased to around 5 dS/m at 3 to 5 feet in depth. Salinity decreased significantly
in 2005 in the upper 4 feet in response to increased leaching from irrigation and rainfall.
EC at depth remained low in 2006, but increased slightly in subsequent years, probably
owing to the lack of irrigation to remove salts. The pattern of EC with depth was similar
in 2007 with one exception - measured EC was 12.1 at the 6 to 12 inch depth while the 0
to 6 and 12 to 24 inch depths remained low. Soil SAR and ESP were also elevated in
2007 at this depth only. This unusual increase in EC was confirmed by a repeated
analysis of a subsample split obtained in the lab. Elevated EC, SAR, and ESP were not
evident in the 2008 samples indicating these 2007 elevated parameters may have been
due to a mis-labeled or mis-managed sample.

ESP, SAR and pH (Figure 4-22 to 4-24) exhibited an increase with depth as occurs in
most AMPP soils. ESP and SAR decreased from 2004 through 2006 owing to irrigation
management, but increased in 2007 and 2008, perhaps owing to the lack of irrigation
coupled with evaporation from a water table. EC, SAR and ESP were all at or above fall
2007 levels for all depths, most likely due to lack of irrigation. Site EA had a water table
at 7 feet in depth (Figure 3-14 and 3-15) with an EC of 1.9 dS/m and an SAR of 2.9.
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Table 4-11. Soil pH, EC, saturation extractable ions and SAR for site EA
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1-Fall, 2003
0 2 7.6 4 ar.8 71 4.4 29 1.2 7.6
0 6 78 1.88 60.1 93 5. 54 2 6.4
6 12 79 1.55 476 57 4 6.6 3 4
12 24 78 4 537 17.6 14.9 18.5 4.6 32
24 36 8 477 523 16.1 211 242 5.6 248
36 60 79 558 501 174 281 26.7 5.6 24
60 96 g 219 456 5 9.3 1 41 238
2-Spring, 2004
0 2 75 0.99 58.2 6.09 3.46 1.87 0.9 8.4 0.7
0 6 76 0.94 56.3 542 3.09 2.33 11 10 0.71
6 12 7.6 2.66 556 135 10 716 21 46 042
12 24 7.6 46 51.8 246 212 131 27 4 0.56
24 36 7.8 552 485 20 249 207 4.4 36 028
36 60 3 417 428 8.41 161 19.6 56 3 0.56
60 96 7.8 316 407 11.6 16.3 1.7 31 26 042
3-Fall, 2004
0 2 76 1.09 555 509 3.29 217 1.1 ND ND MND
0 6 [ 2.28 847 107 6.64 549 19 6.4 ND MND
6 12 76 33 56.1 15.2 114 125 34 36 ND MD
12 24 78 537 545 227 19.6 217 47 MND ND MD
24 36 78 481 534 16.7 18.9 221 52 31 ND MD
36 60 g 588 453 14.4 254 30 6.7 24 ND MD
60 90 g 27 432 451 9.14 125 4.8 238 ND MD
4-Fall, 2005
0 2 73 1.26 61.9 7.94 5.39 1 0.39 11.9
0 6 73 1.14 576 6.4 416 1.59 0.69 954
6 12 7.6 0.9 46.3 454 31 283 14 49
12 24 7.6 1.26 447 443 3585 462 23 477
24 36 7.7 314 515 12.3 131 112 32 3.06
36 60 7.8 474 431 147 256 283 6.3 246
60 96 7.9 3.56 456 7.86 17.7 21.6 6 2.75
5-Fall, 2006
0 2 74 097 58.2 5.54 327 072 0.34 71 0.21
0 6 73 11 54 577 3.96 1.21 0.55 8.52 0.75
6 12 [ 1.12 48.7 516 342 251 12 3.85 0.27
12 24 76 1.28 463 4.09 3.85 528 27 4.26 0.27
24 36 77 292 475 9.81 ih 126 39 27 0.38
36 60 79 359 386 73 13.9 18.7 57 2.64 0.21
60 96 79 292 358 5.78 12.8 127 42 2.16 0.59
6-Fall, 2007
0 2 7.6 1.21 574 6.13 362 25 11 5.99 0.85
0 6 7.6 0.96 531 a1 3587 151 0.71 §.39 0.88
6 12 8.1 11.9 13 16.1 267 101 22 3 2
12 24 7.7 244 47 6 114 8.67 TAT 24 34 07
24 36 7.8 4.01 50.3 19.2 18.6 16.9 39 28 042
36 60 5.2 3.87 492 5.37 12.2 244 8.2 2.75 0.7
60 96 5.1 2.46 50.3 4.0 8.79 135 5.3 3 0.53
7-Fall, 2008
0 2 73 12 59.8 71 375 0.48 0.21 1.7 0.35
0 6 74 0.79 526 4.49 2.58 0.83 0.44 7.55 0.3
6 12 [ 0.79 46 3.49 2.38 214 12 517 0.42
12 24 76 297 456 14.5 123 121 33 3.58 0.42
24 36 78 555 483 202 259 275 57 2.58 0.52
36 60 78 431 427 10.6 209 212 53 2.78 0.31
60 96 79 3.04 364 587 131 15.6 51 1.99 0.3
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Table 4-12. Soil texture, lime, CEC and ESP for site EA
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1-Fall, 2003
0 2 3 42 27 CL 3 325 1 24
0 6 17 54 29 SiCL 6.3 325 12 238
6 12 21 52 27 CL 6.5 311 15 4
12 24 20 45 35 SiCL 73 30.2 2. 4.3
24 36 29 4 30 CL 8.4 251 23 4.1
36 60 30 42 28 CcL 8.1 242 2 4
60 96 19 56 25 SiL 76 208 16 53
2-Spring, 2004
0 2 21 50 29 CcL 58 264 0.51 1.5
0 6 17 53 30 SiCL 286 0.7 2
6 12 12 54 34 SiCL 6.1 266 1.33 35
12 24 13 51 36 SiCL 7.2 263 1.83 44
24 36 23 49 28 CcL 8.8 205 23 6.4
36 60 36 42 22 L 8.1 19.6 217 6.8
60 96 39 37 24 L 8 16.9 12 43
3-Fall, 2004
0 2 22 51 27 CcL 6.1 268 0.55 1.6
0 6 18 56 26 SiL 6.3 355 0.36 1.6
6 12 17 53 30 SiCL 6.5 28 1.78 38
12 24 17 50 33 SiCL 71 263 245 4.8
24 36 20 57 23 SiL 79 24 244 52
36 60 34 40 26 L 8.5 227 2.55 52
60 90 33 4 26 L 8.5 18.6 1.73 6.4
4-Fall, 2005
0 2 22 52 26 SiL 6.7 338 0.47 1.2
0 6 19 56 25 SiL 7 347 0.49 1.2
6 12 23 53 24 SiL i 30.3 0.65 1.7
12 24 26 46 28 CcL 7.8 325 0.39 21
24 36 20 52 28 SiCL 9.9 3.2 1.46 2.8
36 60 38 40 22 L 9.3 251 2.08 34
60 96 38 34 28 CcL 9.4 278 1.92 34
5-Fall, 2006
0 2 22 a7 21 SiL 59 35 0.43 1.1
0 6 24 51 25 SiL 4.6 395 0.45 1
6 12 20 58 22 SiL 54 322 0.64 1.6
12 24 28 49 23 L 72 3158 1.1 28
24 36 22 53 25 SiL 8 341 1.71 33
36 60 45 39 13 L 7.8 261 1.85 4.3
60 96 45 39 13 L 7 241 1.48 4.3
6-Fall, 2007
0 2 21 54 25 SiL 54 326 0.41 0.8
0 6 21 55 24 SiL 55 30.9 0.47 1.3
6 12 63 28 9 SL 6.1 12.9 579 21
12 24 26 46 28 CcL 6 284 1.24 31
24 36 21 47 32 CcL 7 273 218 4.9
36 60 37 44 19 L A 209 2.57 6.6
60 96 36 36 28 CcL 6.9 274 2.16 54
7-Fall, 2008
0 2 18 54 28 SiCL 57 332 0.35 1
0 6 18 50 32 SiCL 6.1 32 0.41 12
6 12 25 47 28 CcL 6.7 264 A 23
12 24 24 46 30 CcL 74 276 16 38
24 36 18 50 32 SiCL 9.3 244 27 57
36 60 32 42 26 L 8.7 211 22 6.4
60 96 38 38 24 L 8.1 174 1.7 6.3
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Figure 4-21. Trends in EC with depth for site EA
Tongue River AMPP Site EA - Irrigated/Flood on Tongue River, 197 -
Yamac loam
ESP (%)
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Figure 4-22. Trends in ESP with depth for site EA
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Tongue River AMPP Site EA - Irrigated/Flood on Tongue River, 197 -
Yamac loam
SAR
I == 1-Fall, 2003
b M sl PSP S |y *2-Spring, 2004
T e==E===1 -w=23Fal 2004
- —e -4-Fall, 2005
—4—5-Fal, 2006 |
== 6-Fall, 2007
7-Fall_2008
I
GJ
S
)
'\.S;, \\ \"'s
s L3 W
g 50 Py
& e
60 ," iy
5
/ / 2,
70 / ,’J
/L]
80 £ o
-90
0 2 4 6 8 10 12 14 16 18 20 22 24
Sodium Adsorption Ratio (SAR)
Figure 4-23. Trends in SAR with depth for site EA
Tongue River AMPP Site EA - Irrigated/Flood on Tongue River, 197 -
Yamac loam
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Figure 4-24. Trends in pH with depth for site EA



Tongue River Agronomic Monitoring & Protection Program Page 91
2009 Progress Report September 2009

41.7 Site DA

Site DA (Table 4-13 and 4-14) was a dryland field in 2003 in which a center pivot was
installed and was first operated in late summer in 2003. Over the years, DA received
event water during high flows in Foster Creek. The field was in alfalfa/grass in 2003 and
2004 with 2004 yields of 1.6 tons per acre. Corn yield in 2005 was 31 tons per acre.
The field was cropped with peas followed by millet in 2006 with yields of 18 bushels and
0.9 tons/ per acre, respectively. The field was seeded to alfalfa/grass spring 2007. First
cutting contained a high percentage of weeds, particularly kochia, resulting in a sodium
level of 0.81 percent. Second cutting was over 95 percent alfalfa/grass and had a
sodium level of 0.25, which is the same as 2004 levels (0.27 percent average) when the
field was last in alfalfa/grass. Alfalfa yielded 2.3 and 4.6 ton per acre in 2007 and 2008,
respectively. Applied irrigation water was 24, 13, 12, 13 and 12 inches in 2004 through
2008, respectively.

EC at site DA (Figure 4-25) reflects historical effects from tributary drainages. The field
is located near the mouth of a tributary to the Tongue River, which intermittently conveys
water with elevated EC and SAR. As a result, soil EC was the highest of any AMPP
field, increasing from 2 to 3 dS/m near surface to 9 dS/m at 3 feet in depth. Surrounding
dryland fields have abundant greasewood, which is an indicator of sodium-enriched
soils.

EC levels decreased dramatically in the upper 2 feet of soil between 2004 and 2006.
This was due to the change in water source, application of 24 inches of irrigation water
in 2004, 13 inches in 2005 plus above average 2005 growing season, and 12 to 13
inches of irrigation water in 2006 through 2008. Soluble salts were effectively removed
from the upper 2 feet of soil by the end of the second cropping season on this new pivot,
but salts were still present in the 3 to 5 foot zone. Similar to site EA, EC increased
abruptly at the 36 to 48 inch depth to 8.7 dS/m in 2007. In this case, a split sample
obtained in the lab had an EC of 0.91 indicating a QA error. A similar discrepancy was
noted in the split sample analysis for SAR (18.4 and 1.7), so the lab data for this sample
is assumed to be invalid. The vertical EC and SAR profile in 2008 was less erratic than
in 2007, and reflected continued declines in EC and SAR. Site DA has a high water
table at 3 feet, which may account for the slow removal of salts below 3 feet. Water in
boreholes had an EC of 4.5 to 11 dS/m and an SAR of 12 to 20 (Figure 3-14 and 3-15).

ESP, SAR and pH (Figure 4-26 to 4-28) at site DA also reflect the influences of the
elevated EC and SAR tributary water that historically spread over this field. ESP in the
upper 5 feet appeared to decrease from 12 to 15 percent in 2003 and 2004 to around 4
percent in 2005 and 2006, indicating a rapid decrease in exchangeable sodium status.
However, CEC was also much higher in 2005 and 2006 than in earlier years, which
probably results from lab error. Overestimation of CEC would explain the apparent ESP
decrease. SAR probably provides a more realistic measure of sodium status at site DA
from about SAR 17 in 2003 to 11 in 2008 at 12 to 24 inches.
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Table 4-13. Soil pH, EC, saturation extractable ions and SAR for site DA
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1-Fall, 2003
0 2 74 1.33 39.6 6.1 35 38 18 9.4
0 6 76 5.49 424 219 13 30.2 72 54
6 12 78 78 419 209 18.7 48.5 1 4.8
12 24 8.1 9.16 36.5 19.3 2438 79.5 17 32
24 36 8.3 6.86 356 78 12.8 539 17 2.8
36 60 8.1 6.09 351 77 11.9 511 16 2.8
60 96 8 3.54 256 52 57 273 12 3.2
2-Spring, 2004
0 2 74 3.55 343 212 10 8.99 23 8.8 24
0 6 75 4.29 35 261 13.5 15.7 35 6.6 2.68
6 12 78 7.32 341 297 208 41.6 8.3 56 0.99
12 24 8 9.05 31.2 19.5 204 56 13 4.2 127
24 36 7.9 7.56 277 17.8 226 46.5 10 4 1.55
36 60 78 6.31 255 17.6 215 34.2 77 2.8 0.99
60 96 7.9 3.85 21.3 7T 8.47 23.2 g2 3.2 0.42
3-Fall, 2004
0 2 75 1.64 354 592 4.47 4.07 1.8 10.7 ND MND
0 6 7.6 1.99 391 12.6 7.9 6.59 2 ND ND MND
6 12 7.6 2 36.7 26.2 16.6 21.7 47 8.3 ND MND
12 24 8 5.22 30.8 217 204 64.5 14 3 ND MND
24 36 8 8.85 29 18.6 208 67.9 15 3.3 ND MND
36 60 8 713 27 12.5 16.4 56.4 15 ND ND MND
60 90 78 6.08 25 114 12.3 51.5 15 4.8 ND MND
4-Fall, 2005
0 2 74 0.8 379 5 2.53 133 0.69 599
0 6 74 4 373 204 10.3 19 4.8 559
6 12 76 4.8 381 208 127 284 7 4
12 24 77 4.65 353 12.6 1 324 94 333
24 36 8 7.55 30.7 14.3 18 68.3 17 3
36 60 79 8.97 276 16.1 219 85.8 20 28
60 96 78 4.69 248 719 7.78 41.4 15 28
5-Fall, 2006
0 2 76 1.42 376 4.44 3 4 21 6.89 ND
0 6 76 2.04 384 745 415 721 3 6.08 0.68
6 12 77 5.05 36.6 228 135 26.3 6.2 345 0.99
12 24 8 7.54 325 18.2 18.6 542 13 243 0.86
24 36 8 6.61 314 13.8 17.6 50.5 13 223 1.98
36 60 8.1 9.23 28 16.6 254 83.2 18 203 246
60 96 7.9 5.83 243 §.79 1.1 47.2 15 264 1.32
6-Fall, 2007
0 2 77 1.03 38.2 387 2.94 31 1.7 742 047
0 6 77 1.59 374 7.83 4.81 4.66 1.8 549 0.7
6 12 7.9 1.45 3r 6.12 3.98 592 26 4.2 0.4
12 24 5.2 7.66 36.2 16.8 17.7 69.9 17 283 1.64
24 36 7.9 0.9 51.6 328 2.22 2.86 35 4 1.23
36 60 8.4 16.5 36.8 18 314 162 33 24 2.56
60 96 8.1 7.59 297 9.03 124 64.7 20 35 1.69
7-Fall, 2008
0 2 74 1 36.6 4.19 242 3.03 1.7 10.5 0.36
0 6 7.5 0.99 403 4.79 2.82 2.03 1 7.36 0.31
6 12 77 3.45 353 13.8 9.97 18.8 55 4897 0.55
12 24 78 5.56 31.3 15.9 16.2 425 1 3.98 1.1
24 36 8 6.32 30.7 10.8 167 549 15 378 12
36 60 79 7.18 272 151 212 61.2 14 318 13
60 96 79 4.22 242 6.33 7.44 3T 14 1.59 0.74




Tongue River Agronomic Monitoring & Protection Program Page 93
2009 Progress Report September 2009

Table 4-14. Soil texture, lime, CEC and ESP for site DA
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Figure 4-25. Trends in EC with depth for site DA
Tongue River AMPP Site DA - Dryland (03) then Irrigated/Pivoton
Tongue River, 99 - Havre silty clay loam
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Figure 4-26. Trends in ESP with depth for site DA
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Tongue River AMPP Site DA - Dryland (03) then Irrigated/Pivoton
Tongue River, 99 - Havre silty clay loam
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Figure 4-27. Trends in SAR with depth for site DA

Tongue River AMPP Site DA - Dryland (03) then Irrigated/Pivoton
Tongue River, 99 - Havre silty clay loam
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Figure 4-28. Trends in pH with depth for site DA
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41.8 Site DB

Site DB (Table 4-15 and 4-16) is located just north of site DA on somewhat more clay-
rich soils. Site DB was in alfalfa that yielded 3.4 to 4.5 t/ac until 2007. The field was
planted to spring wheat in 2008 that yielded 48 bu/ac. The field is irrigated from a center
pivot system applying from 12 (2007) to 26 (2006) inches per year from 2003 to 2007.
Only 2 inches were applied in 2008.

A spike in 2007 second cutting sodium level (0.24 percent) resulted in the highest
average sodium level of 0.17 percent during the first four years of this study. The 2004
average was 0.15 percent with 2005 (0.13) and 2006 (0.08). Sodium was lowest in
2006, which was the year that the highest amount of irrigation water was applied (26
inches). Conversely, the highest sodium level resulted in 2007, which had the lowest
amount of irrigation water applied (12 inches) to the forage crop present from 2003 to
2007.

EC at site DB (Figure 4-29), unlike site DA, increases only slightly from 1 dS/m near
surface to 2 to 3 dS/m as depth. EC near the surface did not vary appreciably between
years, but varied somewhat more widely in subsoil layers.

ESP, SAR and pH pattern with depth was similar to many irrigated AMPP sites (Figure
4-30 to 4-32), showing low levels near surface and moderately higher levels at depth.
ESP decreased markedly between 2004 and 2005 but increased in later years. These
changes in ESP are most likely attributed to CEC measurements errors. SAR levels at
site DB are a better indicator of sodium status, and did not vary widely between years. A
slight increase in subsoil SAR in 2008 is attributed to the minimal amount of applied
irrigation water.
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Table 4-15. Soil pH, EC, saturation extractable ions and SAR for site DB
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1-Fall, 2003
0 2 73 077 637 35 24 23 14 6.8
0 6 T3 0.83 66.1 36 25 31 18 6
6 12 76 0.83 nz2 27 1 43 29 42
12 24 i 1.57 425 5 3 72 34 34
24 36 78 1.51 367 4.4 39 6.6 32 28
36 60 78 1.33 9 33 29 6.6 v 36
60 96 79 157 326 35 4 7.8 4 2
2-Spring, 2004
0 2 73 1.15 497 6.71 4.51 218 09 4 226
0 B 74 1.39 49 713 479 324 1.3 8.8 0.99
6 12 ii 0.9 491 3.68 238 4.26 46 042
12 24 [ 1.64 399 6.09 437 6.81 3 38 042
24 36 ii 1.33 33 595 426 4.42 2 28 0.56
36 60 [ 0.78 nz 287 1.98 398 26 32 0.85
60 96 79 1.81 294 4.08 43 914 45 28 0.28
3-Fall, 2004
0 2 72 0.99 634 45 314 304 16 78 ND MD
0 B 73 1.39 564 562 3.76 447 21 8.6 ND MND
6 12 75 141 521 514 325 6.23 3 71 ND MD
12 24 i 1.58 37 3.86 275 744 41 37 ND MND
24 36 [ 1.93 332 4.02 3.16 10.5 56 35 ND MD
36 60 i 2.69 39 7.33 6.35 124 4.8 27 ND MND
60 90 79 282 30 441 524 16.8 i 26 ND MD
4-Fall, 2005
0 2 7 0.84 62.4 514 333 1.85 09 7.06
0 6 7.2 0.69 59 3.44 217 2.38 14 5.39
6 12 76 0.92 486 3.86 234 5.36 3 519
12 24 7.6 1.86 4 587 4.28 1 4.9 4.8
24 36 76 2.05 354 6.28 536 10.7 44 3
36 60 7.6 1.66 31.9 5 4.91 7.51 34 32
60 96 i 263 39 6.31 712 16 6.2 24
5-Fall, 2006
0 2 6.8 0.97 66.4 489 3T 227 11 A 0.04
0 6 7.3 0.8 56.9 3.27 2.09 2.44 15 4.66 0.13
6 12 75 1.09 h24 38 24 394 22 345 0.21
12 24 7.6 1.82 396 5.99 4.38 7.25 32 3.24 0.07
24 36 75 228 338 8.39 6.43 9.04 33 2457 0.54
36 60 7.6 2.66 287 7.1 6.96 1.4 4.3 2.03 0.46
60 96 79 314 302 502 6.48 203 85 297 0.3
6-Fall, 2007
0 2 76 082 60.6 322 23 224 14 519 117
0 6 7.6 0.76 536 32 2.14 214 1.3 5.19 0.6
6 12 79 0.83 50 2.86 1.98 389 25 6.79 1.06
12 24 8 1.63 394 4.07 326 994 2 506 07
24 36 8 1.7 362 364 362 9.35 49 32 0T
36 60 2 16 293 2.89 34 932 53 28 1.06
60 96 8.1 2.05 339 359 437 M7 59 24 042
7-Fall, 2008
0 2 71 0T h22 3.76 225 143 082 6.56 03
0 6 [ 0.7 A7 6 3.04 2 1.79 11 5T 041
B 12 75 0.99 475 381 243 3.3 19 596 0.52
12 24 ii 126 364 3.35 25 6.86 4 417 0.38
24 36 i 1.81 333 538 4.39 975 44 3.38 0.45
36 60 [ 1.78 286 363 352 111 59 318 042
60 96 78 3.32 301 744 723 237 88 278 0.37
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Table 4-16. Soil texture, lime, CEC and ESP for site DB
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Figure 4-29. Trends in EC with depth for site DB
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Figure 4-30. Trends in ESP with depth for site DB



Tongue River Agronomic Monitoring & Protection Program Page 100

2009 Progress Report September 2009
Tongue River AMPP Site DB - Irrigated/Pivoton Tongue River, 901 -
Sonnettthin surface
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Figure 4-31. Trends in SAR with depth for site DB
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Figure 4-32. Trends in pH with depth for site DB
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419 Site BA

Site BA (Table 4-17 and 4-18) borders the Tongue River and is flood irrigated with water
from the T&Y canal just below Pumpkin Creek. The field was in continuous corn from
2003 to 2005 with yields ranging from 19 to 28 tons per acre. Corn yield was 19 tons
per acre in 2004 due to the late freeze on May 12 which resulted in only two-thirds of a
stand at harvest time. The field was planted to spring wheat in 2006, which yielded 55
bushels per acre Corn was planted again in 2007 and yielded 26.3 tons per acre. The
2007 yield was lower than 2005 because the stand was approximately 90 percent of
2005. Applied irrigation water varied from 20 to 25 inches in most years, except for the
2006 spring wheat crop when it was reduced to 12 inches. In 2008 alfalfa was
established under a hay barley cover crop which yielded 2.9 tons per acre with
application of 18 inches of irrigation water.

Sodium levels were 0.02 percent for all three years of corn, regardless of stand and
yield. Corn had the same level of sodium when planted at DA site, which had much
higher salt and sodium levels indicating that corn has little tendency to take up sodium.

Use of ample irrigation water has maintained relatively low EC levels throughout the soll
profile at site BA (Figure 4-33). BA has had the highest average amount of irrigation
water applied at 21 inches per acre since 2003. The field, which is located on a bench
above the Tongue River, appears to be well-drained, accounting for the low EC levels in
the 3 to 8 foot zone.

ESP and SAR at site BA are also low, reflecting the irrigation management and good
drainage conditions (Figures 4-34 to 4-36). Like many other fields, ESP decreased
between 2004 and 2005, remained low in 2006, but increased slightly in 2007 through
2008.
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Table 4-17. Soil pH, EC, saturation extractable ions and SAR for site BA
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1-Fali, 2002
0 2 7.h 2.56 48.5 13.8 6.3 31 1 52
0 6 77 1 48 6 4.2 24 28 145 4
6 12 77 1.34 494 53 T 38 18 32
12 24 76 1.7 453 56 47 53 24 32
24 36 76 24 387 93 77 74 24 24
36 60 T7a 1.46 404 43 36 6.1 31 32
60 96 749 1.35 286 33 26 6.4 T 36
2-Spring, 2004
0 2 76 0.89 534 577 2.86 1.63 08 58 0.85
0 6 76 0.9 506 5.564 275 207 1 i 0.85
6 12 77 1.09 504 589 3582 2.99 14 4 1.83
12 24 77 1.61 434 6.82 5AT 494 2 4 071
24 36 77 1.86 404 7.32 594 524 2 28 127
36 60 T8 1.61 42 589 467 A 2.4 3 085
60 96 7.8 1.07 273 3.22 2.32 487 29 b 0.14
J-Fall, 2004
0 2 7.3 313 48.4 154 7.97 4.09 12 52 MND MND
0 B 7.h 1.33 477 555 2.86 3.24 16 3.8 MND MND
6 12 76 112 46.3 473 285 T 19 38 MND MND
12 24 76 1.74 42 597 461 6.32 24 24 MND MND
24 36 77 1.76 36.8 5.36 432 6.72 3 26 MND MND
36 60 77 1.51 36.2 471 36 546 27 MND MND MND
60 90 76 1.35 284 4.95 32 479 24 24 MND MND
4-Fall, 2005
0 2 Tha 0.66 47 6 443 219 1.31 0.72 5.06
0 6 Tha 0.66 479 393 1.92 1.87 11 4.4
6 12 76 0.92 441 5.03 283 294 145 42
12 24 TA 248 "7 595 8.1 767 26 213
24 36 76 21 343 74T 596 86 33 24
36 60 76 1.59 386 579 418 6.5 29 226
60 96 76 0.89 27T 333 232 476 28 22
5-Fall, 2006
0 2 74 0.76 481 36 1.84 1.85 11 487 0.18
0 B 7.h 0.96 48.8 4.1 2.2 237 1.3 568 01
6 12 7.h 1 46.1 4.8 287 2.1 14 3.65 0.21
12 24 76 0.85 407 323 213 293 18 3.24 0.43
24 36 T4 1.88 364 6.69 52 544 22 213 0.22
36 60 76 1.99 358 6.46 534 6.33 26 203 0.44
60 96 76 0.99 283 299 205 3.64 24 233 04
6-Fall, 2007
0 2 76 1.78 453 8.09 471 6.92 27 6.79 1.29
0 6 7 0.74 453 374 1.96 218 13 4.8 0.88
6 12 Ta 1.14 423 N 2.44 5.81 34 375 0.88
12 24 8 1.09 411 2.85 235 5.56 34 34 0.85
24 36 79 1.76 37 595 524 813 34 28 113
36 60 79 2.06 aFT 7.69 589 843 32 2 66 0.99
60 96 8 114 258 i 2.38 503 3 3 0.99
7-Fali, 2008
0 2 74 0.63 47.2 3.56 1.8 1.27 0.78 5T 0.58
0 B 7.3 0.74 478 3.87 2.04 142 0.83 6.16 0.53
6 12 7.h 0.58 454 2.73 1.62 1.7 12 457 0.3
12 24 7.6 1.12 40.2 416 in 4.66 2.4 417 0.38
24 36 76 246 343 9.93 8.43 9.96 33 298 0.75
36 60 76 215 333 8.92 6.82 8.78 31 2568 1
60 96 T7a 12 287 3.85 263 5T 32 1.59 0.52
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Table 4-18. Soil texture, lime, CEC and ESP for site BA
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1-Fall, 2003
0 2 18 53 24 SiL 6.1 292 06 1.7
0 B 10 66 24 SiL 6.3 30 0.8 2.2
6 12 18 58 24 SiL 6.7 294 1 26
12 24 18 61 21 SiL 6.6 256 1.1 32
24 36 42 44 14 L 58 125 1.1 6.2
36 60 36 48 16 L 6.3 14.5 1.3 74
60 96 69 23 g SL 55 13.3 0.9 52
2-Spring, 2004
0 2 19 54 27 SicL 54 233 0.45 16
0 6 18 55 27 SiCL 54 231 0.49 1.7
b 12 16 59 25 SiL 59 215 07 26
12 24 27 52 2 SiL 6.1 19 0.62 21
24 36 38 44 18 L 55 16.7 0.93 43
36 60 47 39 14 L 58 141 082 4.4
60 96 72 20 3 SL 54 957 0.72 6.2
3-Fall, 2004
0 2 24 52 24 SiL 56 217 0.7 23
0 6 22 55 23 SiL 58 214 0.69 25
6 12 23 55 22 SiL 6.2 208 07y 29
12 24 29 52 19 SiL 6.5 16.6 1.08 49
24 36 45 41 14 L 58 134 1.02 5T
36 60 44 42 14 L 6.3 12.3 0.54 52
60 90 68 23 9 SL 52 8.87 0.74 6.8
4-Fall, 2005
0 2 24 52 24 SiL 6 274 0.51 1.6
0 6 25 53 22 SiL 6.2 279 052 15
G 12 27 53 20 SiL 6.4 23 0.64 2.2
12 24 3 51 18 SiL 6.8 216 0.93 28
24 36 53 35 12 SL 59 15.9 0.89 37
36 60 47 4 12 L 6.2 205 0.85 29
60 96 T4 20 6 SL 58 16.8 0.68 33
5-Fall, 2006
0 2 26 52 22 SiL 54 273 0.58 1.8
0 6 23 54 23 SiL 53 276 0.65 19
6 12 26 53 21 SiL 6 26.6 0.68 21
12 24 28 53 19 SiL 58 238 07 24
24 36 48 39 13 L 55 17 083 3T
36 60 50 39 11 L 52 14.8 087 43
60 96 T2 21 T SL 43 962 0.55 46
6-Fall, 2007
0 2 23 55 22 SiL 53 287 0.56 0.8
0 6 24 55 21 SiL 53 28 0.63 1.9
6 12 24 56 20 SiL 57 255 0.75 2
12 24 28 56 16 SiL 6.3 2213 0.92 31
24 36 42 45 13 L 513 191 1.2 47
36 60 44 44 12 L 58 19.5 111 41
60 96 80 17 3 LS 52 10.6 0.61 4.5
f-Fall, 2008
0 2 17 a7 26 SiL 57 262 044 15
0 6 19 33 48 C 57 272 05 1.6
6 12 17 55 28 SiCL 6.2 2513 0.62 21
12 24 21 a7 22 SiL 6.6 226 0.88 31
24 36 39 45 16 L 58 18.3 1.2 47
36 60 43 43 14 L 58 17.3 1 4.3
60 96 69 21 10 SL 52 M7 074 5
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Tongue River AMPP  sje BA - irrigated/Fiood on Tongue River, T9A -
EC (uS/cm) Yamacall loam
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Figure 4-33. Trends in EC with depth for site BA
Tongue River AMPP Site BA - Irrigated/Flood on Tongue River, 79A -
Yamacallloam
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Figure 4-34. Trends in ESP with depth for site BA



Tongue River Agronomic Monitoring & Protection Program Page 105

2009 Progress Report September 2009
Tongue River AMPP Site BA - Irrigated/Flood on Tongue River, 79A -
Yamacallloam
SAR
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Figure 4-35 Trends in SAR with depth for site BA
Tongue River AMPP Site BA - Irrigated/Flood on Tongue River, 79A -
Yamacallloam
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Figure 4-36. Trends in pH with depth for site BA
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4110 Site BC

Site BC (Table 4-19 and 4-20) is an older stand of grass/alfalfa that is flood irrigated with
Tongue River water obtained from the T&Y Canal. Site BC soils are the highest in clay
content of any AMPP fields. Yields were 3.7, 2.7, 1.7, 3.9, 1.6, and 0.9 tons per acre in
2003 through 2008. In 2007 and 2008, BC had been grazed prior to each cutting
accounting for at least 50 % reduction in measured yield. Applied irrigation water was
18, 15, 12, 0, 6 and 12 inches in 2003 through 2008, respectively.

Forage sodium content has generally been declining since 2004. Test levels have been
0.13, 0.12, 0.11, 0.8 and 0.11 percent from 2004 through 2008, respectively.

EC (Figure 4-37) increased from around 1 dS/m in the upper 18 inches to around 7 dS/m
below 3 feet in depth. As of fall 2008, EC is at or below fall 2003 levels for all depths.
The soil is probably poorly drained judging from the elevated salinity and its location in
the lower Tongue River floodplain. The pH (Figure 4-40) was typical of AMPP soils
showing no change through time, ESP (Figure 4-38) appeared to increase from 2003 to
2004, decrease again in 2005 then rebound in later years. The 2008 SAR (Figure 4-39)
is below fall 2003 levels in the top 24 inches. Below 36 inches, results have been
variable.
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Table 4-19. Soil pH, EC, saturation extractable ions and SAR for site BC
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1-Fall, 2003
0 2 75 1.05 63 34 28 25 14 7.8
0 5 75 0.82 533 28 22 26 16 6.4
5 12 77 0.82 533 22 19 34 24 56
12 7.8 163 155 41 36 8.1 42 44
24 36 7.8 5 619 194 16.4 247 5.8 28
3% 60 7.8 6.9 66.1 19.9 15 343 8.2 28
60 96 7.8 6.98 496 20 13.9 33. 8.2 3.3
2-Spring, 2004
0 2 75 0.94 528 411 279 319 17 7.6 155
0 5 7.6 0.93 50.2 5.09 361 337 16 5.6 0.71
5 12 77 0.91 512 343 279 435 24 5 0.42
12 2 7.9 14 54 1 35 317 6.78 37 4 0.14
24 36 7.8 541 598 259 207 253 5.2 2 0.42
3 60 7.9 5.99 594 237 16.8 329 7.3 22 0.85
60 96 7.9 6.76 50.1 29 206 6.8 74 286 0.85
3-Fall, 2004
0 2 7.3 16 61.2 6.72 54 3.94 16 ND ND ND
0 5 74 14 54 8 5.62 3.95 446 2 5.8 ND ND
6 12 77 234 56.9 6.7 54 107 44 3.9 ND ND
12 24 7.7 3.12 59.8 1 9.22 147 46 1.9 ND ND
24 36 7.8 6.64 65.9 238 18 418 9.1 ND ND ND
3% 60 7.8 6.98 737 223 15.8 48.5 1 23 ND ND
60 90 7.8 6.01 65.9 222 134 86 9.2 22 ND ND
4-Fall, 2005
0 2 7.2 1.31 58.3 6.78 486 204 0.85 9.46
0 5 7.3 0.92 55.1 5.38 37 277 13 5.33
5 12 76 0.81 514 3.31 247 488 27 5.46
12 24 7.8 1.96 53.3 57 4.82 114 5 3.33
24 36 7.6 6.15 54.9 27 20 321 6.6 226
3% 60 7.8 7.02 64.3 23 17.3 486 1 2
60 96 77 6.53 518 247 15.6 437 97 22
5-Fall, 2006
0 2 7.3 111 61 5.8 416 185 0.83 9.13 0.0
0 5 7.1 0.91 g5 42 3 222 12 6.49 0.08
5 12 75 0.99 474 327 241 3.95 23 436 0.09
12 7.6 3.29 56.5 14 9.75 13.2 4 233 0.16
24 36 77 416 57 15.1 12 225 6.1 365 063
3% 60 7.8 5.68 60.1 19.4 14.6 39 9.4 203 1.02
60 96 7.8 5.08 494 195 12.1 352 8.8 162 0.9
6-Fall, 2007
0 2 75 097 595 407 298 207 11 559 1.06
0 5 7.7 0.74 548 3.02 217 184 1.1 6.66 05
5 12 7.9 0.48 524 157 118 205 18 28 1.06
12 2 8 0.9 634 261 137 412 28 32 05
24 36 7.9 403 62.8 148 119 236 6.5 186 0.94
3% 60 7.8 443 614 208 14.3 27 5.2 2 047
60 96 8 6.07 59.7 185 12.2 462 12 16 0.79
7-Fall, 2008
0 2 75 058 48 25 184 1.91 13 517 0.34
0 5 75 0.69 638 3 213 224 14 537 0.46
6 12 76 075 503 278 2.09 249 16 457 0.54
12 2 7.8 0.95 634 263 217 5.39 35 358 0.42
24 36 76 3.64 55 167 12 179 47 239 0.32
3% 60 77 467 56.9 17.9 12.8 287 7.3 219 04
60 96 77 407 491 192 17 214 55 199 02
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1-Fall, 2003
0 2 18 51 K SiCL 9.7 418 0.7 14
0 6 17 51 32 SiCL 9.6 411 0.8 1.7
6 12 13 51 36 SiCL 9.7 45 1.1 2
12 24 3 48 44 Sic 94 50.8 21 1.6
24 36 4 48 48 Sic 8.9 437 32 39
36 60 5 49 46 Sic 9.4 391 41 4.8
60 96 23 45 32 CcL 10.2 303 3.2 5
2-Spring, 2004
0 2 19 43 33 SicL 6.6 28.8 0.71 19
0 6 16 43 36 SicL 6.6 272 0.86 25
6 12 13 51 36 SicL 6.7 309 1.06 27
12 24 8 49 43 Sic 42 311 2.07 55
24 36 5 49 46 Sic 6 313 343 6.1
36 60 8 50 42 Sic 6.8 264 532 13
60 96 25 44 K| CcL 7.3 216 3.39 7.2
3-Fall, 2004
0 2 21 a0 29 CcL 7 26.6 0.9 25
0 6 17 68 18 SiL 71 271 1.04 29
6 12 16 a0 4 SiCL 7.2 26.5 1.88 4.8
12 24 9 86 35 SiCL 6.5 2584 2.44 5.5
24 36 7 a0 43 SicC 6.5 3.5 5.8 9.7
36 60 3 49 48 SicC 6.5 287 7.29 13
60 90 13 42 45 Sic 7 248 54 12
4-Fall, 2005
0 2 19 49 32 SiCL 71 394 0.53 1
0 6 18 50 32 SiCL 74 379 0.68 14
6 12 17 52 K SiCL 76 355 1.01 22
12 24 13 47 40 Sic 74 40.2 1.98 34
24 36 7 47 46 Sic 6.5 2 3.35 51
36 60 5 52 43 Sic 48 36.3 559 6.8
60 96 19 48 33 SiCL 7.9 282 3.98 6.1
5-Fall, 2006
0 2 18 51 K SiCL 6.5 T 0.67 15
0 6 20 48 32 SiCL 6.6 372 0.75 1.7
6 12 26 47 27 CL 7.3 322 1.09 238
12 24 12 47 41 Sic 6.5 381 2.5 4.6
24 36 12 46 42 Sic 6.5 359 34 59
36 60 6 51 43 Sic 6.7 339 552 9.4
60 96 28 43 29 CL 74 25 3.99 9
6-Fall, 2007
0 2 17 51 32 SicL 6.4 333 0.71 18
0 6 18 49 33 SicL 6 342 0.7 18
6 12 16 50 34 SicL 6.2 289 0.87 26
12 24 10 50 40 Sic 6.3 298 1.39 3.9
24 36 9 69 22 SiL 57 259 422 91
36 60 5 52 43 Sic 6.2 252 342 5.3
60 96 13 52 35 SicL 6.5 236 568 12
7-Fall, 2008
0 2 14 48 38 SiCL 7 30.3 0.72 21
0 6 18 47 35 SiCL 7.2 296 0.74 21
6 12 12 a1 v SiCL 71 2584 0.85 25
12 24 10 48 42 SicC 7 323 1.7 4.3
24 36 16 40 44 c 74 354 29 56
36 60 6 52 42 SicC 7.6 26 4.2 9.9
60 96 20 44 36 SiCL 74 231 2.8 7.5
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Tongue River AMPP Site BC - Irrigated/Flood on Tongue River, 47A -
EC (uS/cm)

Harlake silty clay
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Figure 4-37. Trends in EC with depth for site BC

Figure 4-38. Trends in ESP with depth for site BC
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Tongue River AMPP Site BC - Irrigated/Flood on Tongue River, 47A -
Harlake silty clay
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Figure 4-39. Trends in SAR with depth for site BC
Tongue River AMPP Site BC - Irrigated/Flood on Tongue River, 47A -
Harlake silty clay
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Figure 4-40. Trends in pH with depth for site BC
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41.11 Site BD

Site BD (Table 4-21 and 4-22) is a dryland field located across the Tongue River from
site BC that was sampled in 2003 to identify differences in salinity, SAR, ESP, and pH
between irrigated and dryland soils. This site had the same soil mapping unit as BC and
YBA at Fort Keogh. The area had spreader dikes installed.

Soil EC (Figure 4-41) ranged from 1 to 3 dS/m at 12 and 36 inches, respectively. ESP
(Figure 4-42) increased from 1 near-surface to around 6 percent at depth, while SAR
(Figure 4-43) varied from 0.5 to 7 across the same depth intervals. Soil pH (Figure 4-44)
ranged from 7.1 to 8.1, similar to most AMPP soils. This dryland soil had slightly lower
EC and sodium levels than its irrigated counterparts indicating that the irrigated soil does
not have adequate drainage or is not provided with enough irrigation water to induce
leaching for salinity control.

Table 4-21. Soil pH, EC, saturation extractable ions and SAR for site BD

Table 4-22. Soil texture, lime, CEC and ESP for site BD
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1-Fall, 2003
0 2 18 52 30 SiCL 44 545 0.7 1.1
0 6 17 54 29 SiCL 53 40.7 0.6 1.2
6 12 5 62 33 SiCL 7.3 359 0.6 1.5
12 24 7 64 29 SiCL B8 346 14 29
24 36 12 63 25 SiL 8 319 21 4
36 60 20 58 22 SiL 8.1 27.2 22 46
60 96 51 36 13 L 6 18.7 18 6.3
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Tongue River AMPP Site BD - Dryland on Tongue River, 47A - Harlake
EC (uS/cm) silty clay
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Figure 4-41. Trends in EC with depth for site BD

Figure 4-42. Trends in ESP with depth for site BD
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Tongue River AMPP Site BD - Dryland on Tongue River, 47A - Harlake
silty clay
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Figure 4-43. Trends in SAR with depth for site BD

Tongue River AMPP Site BD - Dryland on Tongue River, 47A - Harlake
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Figure 4-44. Trends in pH with depth for site BD
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4112 Site YAA

Site YAA (Table 4-23 and 4-24) is a flood-irrigated alfalfa field located in the T&Y
irrigation district on a terrace of the Yellowstone River about 8 miles downstream of the
confluence of the Tongue River with the Yellowstone River. Alfalfa yields were 2.0, 5.0,
3.4, 4.6, 3.7 and 3.3 tons per acre in 2003 through 2008, respectively, while applied
irrigation water was 12 to 18 inches per year.

Soil EC (Figure 4-45) increased in a linear fashion from 1 dS/m near surface to around 5
to 6 dS/m in the 5 to 8 foot zone. Water obtained at 6 feet below the surface from a
shallow borehole had an EC of 6 to 9.6 dS/m and a SAR of 17 to 21(Figure 3-14 and 3-
15). ESP and SAR appeared to increase during drought years in 2003 and 2004, and
then decreased in 2005 and 2006, similar to the pattern for other AMPP sites (Figure 4-
46 and Figure 4-47). EC and sodium levels increased from 2006 to 2008, but remained
similar to 2004/2005 levels; pH (Figure 4-48) did not change appreciably through time.
As of fall 2008, EC, and SAR are at or near fall 2003 levels indicating no sodium or
salinity build-up.
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Table 4-23. Soil pH, EC, saturation extractable ions and SAR for site YAA
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=} 2 o w E n = =R = nn n = <L =C o =t O =t O =t
1-Fall, 2002
0 2 7.6 1 539 43 3.2 26 13 7
0 6 7.6 122 56.2 5.5 3.9 3T 1.7 54
6 12 (A 11 494 4.1 3.3 4 21 4.8
12 24 [N 1.53 554 51 4.7 6.4 29 42
24 36 [N 215 8T 55 4.7 11 49 42
36 60 79 273 507 6 51 159 6.8 4
60 96 78 483 525 13 9.9 293 87 36
2-Spring, 2004
0 2 7.6 0.92 49 4.14 2.85 243 13 7.2 0.85
0 6 7.6 0.92 51.6 4.14 277 272 15 g 0.
6 12 [N 0.68 514 3im 214 2.8 18 438 0.56
12 24 78 1.73 491 6.55 6.16 7.06 28 12 0.28
24 36 79 237 49 512 435 13 6 46 0.28
36 60 8 408 56.2 746 599 264 10 34 042
60 96 7.8 6.88 511 209 14.3 477 11 3.2 071
3-Fall, 2004
0 2 [E 1.08 573 5445 4.04 3.88 18 g2
0 6 [E 1.35 538 593 41 4.36 2 6.9 MD MD
6 12 76 14 516 538 412 503 23 53 MD MD
12 24 [N 245 512 782 7.09 1.3 41 49 MD MD
24 36 79 2.92 521 517 454 19.1 8.7 46 ND ND
36 60 7.9 441 51.9 5.11 6.53 30.9 11 3.2 ND ND
60 90 7.9 4.83 48.6 9.64 7.58 2.8 " 3.2
4-Fall, 2005
0 2 7 1.35 631 288 2.09 1.04 0.95 10.8
0 6 [E 0.78 574 483 34 226 11 8.67
6 12 [N 0.95 496 469 369 387 19 497
12 24 7.8 2.24 50 743 7.65 10.6 3.9 52
24 36 7.8 2.25 498 519 5.05 16.5 7.3 477
36 60 7.8 3.24 489 7.8 6.97 254 9.3 4.55
60 96 78 448 46.6 114 9.13 339 11 332
5-Fall, 2006
0 2 74 0.78 534 3TT 248 147 0.83 568 0.38
0 B 74 0.79 518 379 245 177 1 548 01
6 12 75 0.98 526 429 3 2.67 14 4.06 0.19
12 24 7.7 1.14 50 315 2.66 3.97 23 3.65 0.22
24 36 (A 24 478 5.84 5.6 13.4 5.6 4.06 0.09
36 60 [E 3.16 534 942 8.05 24 8.1 4 66 1.46
60 96 78 4.08 454 9.47 8 262 8.9 284 1.21
6-Fall, 2007
0 2 [E-] 1.06 563 402 275 253 14 559 053
0 6 [ 0.71 556 3.2 2.16 19 12 438 0.35
6 12 7.8 0.79 505 3.32 2.36 3.03 18 3.6 1.06
12 24 8.1 1.63 511 374 343 il 58 32 0.35
24 36 79 237 482 6.31 528 14 58 36 1.06
36 60 8 365 497 9.3 7ar 243 g2 28 0.53
60 96 8.1 [N 507 17.5 143 64 2 13 28 1.59
F-Fall, 2008
0 2 7.2 0.77 56.9 419 2.65 14 0.76 6.96 0.3
0 6 7.3 0.63 835 2.95 1.98 167 1 5.96 0.23
6 12 [E 0.55 489 243 1.56 1.88 457 0.25
12 24 [N 0.76 46.9 233 18 49 4 537 0.58
24 36 [N 1.56 503 397 3.16 9.42 5 358 0.29
36 60 [N 312 46.7 9.44 7.35 202 7 3.98 0.33
60 96 [ 43 431 141 9.93 296 5.6 3.18 0.37
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Table 4-24. Soil texture, lime, CEC and ESP for site YAA
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1-Fall, 2003
0 2 28 40 32 CL 6.6 358 0.9 2
0 6 18 52 30 SICL 6.7 393 1 2
6 12 28 50 22 SiL 7 309 1.1 3
12 24 34 4 21 L 6.7 38.9 1.8 3.6
24 36 14 85 K| SiCL 7.3 329 24 57
36 60 26 48 26 L 75 303 27 6.2
60 96 29 45 26 L 75 288 31 55
2-Spring, 2004
0 2 29 43 28 CcL 3T 27.2 0.75 23
0 6 23 47 30 CL 39 286 0.73 21
6 12 23 45 32 CL 26 287 0.8 23
12 24 29 43 28 CL 44 249 142 43
24 36 27 45 28 CcL 45 249 248 74
36 60 29 43 28 CcL 4.3 249 4.42 12
60 96 26 45 29 CL 4.7 256 501 10
3-Fall, 2004
0 2 22 48 30 CL 4 285 0.87 2.3
0 6 23 46 K CcL 41 254 1 26
6 12 21 48 K| CcL 4.5 30.9 12 i
12 24 26 46 28 CL 4.7 272 1.69 41
24 36 26 45 29 CL 49 27 314 8
36 60 28 46 26 L 45 25 4.35 1
60 90 32 45 23 L 51 213 3.98 1
4-Fall, 2005
0 2 27 44 29 CL 38 393 0.59 1.1
0 6 24 47 29 CL 42 38.8 0.61 1.2
6 12 26 45 29 CcL 47 375 0.81 17
12 24 28 44 28 CcL 4.5 379 1.44 24
24 36 26 47 27 CL 53 33 249 51
36 60 30 45 25 L 54 326 3.04 55
60 96 32 44 24 L 6.1 304 3.33 57
5-Fall, 2006
0 2 23 48 29 CcL 35 414 0.64 14
0 6 23 50 27 CL 38 372 0.61 14
6 12 20 51 29 SiCL 39 3|7 0.89 1.9
12 24 20 52 28 SicL 44 36.1 1.32 31
24 36 27 50 23 SiL 46 345 2.16 44
36 60 29 50 2 SiL 45 33 3.36 6.3
60 96 34 45 21 L 48 291 3.62 8.4
6-Fall, 2007
0 2 25 46 29 CcL 35 345 0.83 2
0 6 23 a0 27 CcL 37 338 0.78 2
6 12 22 48 30 CL 35 A 0.99 27
12 24 27 46 27 CL 46 311 2.37 58
24 36 26 46 28 CL 41 2938 23 55
36 60 28 47 25 L 43 289 346 7.8
60 96 29 44 27 CcL 5.3 30 6.56 "
7-Fall, 2008
0 2 22 44 34 CL 39 353 0.59 14
0 6 20 45 35 SicL 4 34 0.74 1.9
6 12 24 42 34 CcL 44 30 0.8 24
12 24 24 46 30 CL 4.9 306 13 37
24 36 24 44 32 CL 45 315 23 57
36 60 24 49 27 CL 5 28.2 29 7
60 96 30 44 26 L 57 259 35 5.6
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Tongue River AMPP Site YAA - Irtigated/Flood on Tongue

River, 534 - Kobase silty clay loam
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Figure 4-45. Trends in EC with depth for site YAA.
Tongue River AMPP Site YAA - Irrigated/Flood on Tongue River, 53A -
Kobase silty clay loam
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Figure 4-46. Trends in ESP with depth for site YAA



Tongue River Agronomic Monitoring & Protection Program Page 118

2009 Progress Report September 2009
Tongue River AMPP Site YAA - Irrigated/Flood on Tongue River, 534 -
Kobase silty clay loam
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Figure 4-47. Trends in SAR with depth for site YAA

Tongue River AMPP Site YAA - Irrigated/Flood on Tongue River, 53A -
Kobase silty clay loam
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Figure 4-48. Trends in pH with depth for site YAA
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4.2 Tongue River Tributary AMPP Sites
421 Site MB

Site MB (Table 4-25 and 4-26) is irrigated with water from Prairie Dog Creek and is
located in Wyoming just above the confluence with the Tongue River. A hay millet crop
was harvested from the field in 2003.Hay barley was planted in 2004 but was not
harvested due lack of broadleaf weed control. MB was fallowed in 2005. Grass was
seeded in 2006, but was not irrigated and failed to establish. MB was mostly weeds in
2007 and 1.1 tons per acre of hay millet was harvested in 2008. Irrigation was erratic
with 6 to 12 inches applied in 2003 to 2004, but no irrigation through 2007. In 2008, 24
inches of irrigation water was applied.

In fall 2003 composite samples, EC (Figure 4-49) was generally below 1 dS/m in the
upper 24 inches, but increased to around 3 dS/m from 24 to 36 inches and again
decreased to less than 2 dS/m from 5 to 8 feet. This pattern of salinity may be due to the
water table being within 6 to 8 feet of the surface. SAR and ESP increased only
modestly with increasing depth.

Measured EC, SAR, ESP, pH (Figures 4-49 to 4-52) showed few trends through time.
Low precipitation amounts and limited irrigation may account for the lack of change in
soil chemistry.
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Table 4-25. Soil pH, EC, saturation extractable ions and SAR for site MB
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g =~ SE £3 52 PFPE T2 T3 =25 5§ =% z@
=) & u E 0n = [SH7] = [ZR7] n = =L =T [ O = O =
1-Fall, 2003
0 2 75 0.82 405 3T 3 16 09 4
0 6 75 0.81 408 3T 3 14 038 55
6 12 7T 06 433 25 23 13 038 43
12 24 8 0.63 535 2.3 2.4 2 13 3.2
24 36 8 0.89 524 2.5 3 38 2.3 31
36 60 [ 3.89 44 223 249 9.1 19 14
60 96 [ 3.23 435 20.7 204 8.1 18 1.2
2-Spring, 2004
0 2 i 0.62 40.9 2.86 2.4 0.98 0.6 44 0.7
0 6 7.6 0.55 43 2.6 2.06 1.15 0.8 3.2 0.56
6 12 79 0.74 478 275 233 149 0.9 36 212
12 24 8.1 0.58 487 1.86 1.93 21 15 3 0.28
24 36 8.1 1.26 46.5 41 55 6.07 28 24 0.28
36 60 79 395 47 226 23 834 1.7 1.6 042
60 96 78 im 428 246 226 8.67 18 1.6 014
3-Fall, 2004
0 2 74 0.53 384 232 1.81 0.99 0.69 5
0 6 73 0.76 442 324 279 1.34 0T 4
6 12 [E 0T 46.3 326 342 1.73 0.95 36
12 24 [N 0.73 484 216 278 272 1.7 32
24 36 [N 2.51 4345 6.37 101 7.88 28 24
36 60 76 379 396 12.8 19.5 19 3 2
60 96 76 458 425 231 245 109 22 14
4-Fali, 2005
0 2 75 0.78 408 43 3.33 0.79 04 723
0 6 75 06 423 2.95 246 0.97 0.59 52
6 12 76 0.85 449 317 321 187 1 347
12 24 (] 0.85 495 2.92 36 244 14 282
24 36 (] 132 47 3.54 497 4.04 2 2.46
36 60 7.6 4.49 46.8 245 253 9.03 148 1.59
60 96 7.6 4.23 47.2 231 228 9.4 2 1.45
5-Fall, 2006
0 2 74 0.66 A 3.09 217 0.23 0.14 4.06 0.04
0 6 7a 0.64 46.9 3.08 2.3 04 0.24 4.46 ND
6 12 7a 1.22 46 501 4.83 1.83 0.83 6.08 0.07
12 24 [ 0.61 444 212 2.51 1.28 0.84 2.97 0.16
24 36 78 0.93 432 254 i 288 1.7 243 0.38
36 60 76 367 405 202 207 6.83 15 1.62 1.42
60 96 76 4.01 431 228 212 729 16 1.42 1.45
G-Fall, 2007
0 2 [N 0.79 42 3.56 2.65 0.74 042 559 117
0 6 76 0.51 429 274 2.04 0.64 041 36 0.81
6 12 78 06 46.1 238 252 1.7 11 4 04
12 24 8 045 456 1.95 1.97 1.66 12 36 0.3
24 36 8.1 0.9 46.4 269 338 359 21 2 042
36 60 387 429 19.6 216 833 18 1.6 047
60 96 78 387 424 234 231 9.58 2 1 0.28
F-Fall, 2008
0 2 [N 0.54 424 1.78 1.7 1.23 0.93 318 0.3
0 6 7T 0.48 434 1567 1.31 1562 13 278 0.39
6 12 (] 0.63 46.7 242 158 1 219 0.3
12 24 B8 06 491 1.83 1.76 12 219 0.28
24 36 79 0.74 46.3 2.23 221 14 2.39 02
36 60 (] 2.28 429 9.94 4.31 13 1.39 017
60 96 77 378 435 17 4 541 19 1.39 0.25
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Table 4-26. Soil texture, lime, CEC and ESP for site MB
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1-Fall, 2003
0 2 23 46 Kl CcL 12 274 06 2
0 6 26 45 29 CcL 12 35 06 15
6 12 25 42 33 CL 29 346 06 1.6
12 24 23 4 36 CL 9.3 339 0.8 1.9
24 36 24 43 33 CL 10.8 294 1.1 31
36 60 30 42 28 CL 78 267 1.3 33
60 96 K 4 28 CL 59 28.2 1.3 3.3
2-Spring, 2004
0 2 27 45 28 CL 11 248 0.48 1.8
0 6 24 46 30 CcL 16 242 115 46
6 12 21 42 37 CcL 47 285 0.76 24
12 24 16 47 37 SiCL 10.6 247 0.92 33
24 36 30 40 30 CL 10.8 229 1.29 4.4
36 60 29 43 28 CL 71 208 1.35 46
60 96 38 36 26 L 58 202 124 43
3-Fall, 2004
0 2 28 47 25 L 15 295 0.58 1.8
0 6 28 42 30 CL 1.6 33 0.68 1.9
6 12 22 45 33 CcL 58 318 0.85 24
12 24 22 42 36 CcL 10.3 319 1.07 3
24 36 33 4 26 L 10.8 273 163
36 60 44 33 23 L 8.3 226 163 51
60 96 38 ar 25 L 6 277 163
4-Fall, 2005
0 2 29 45 26 L 1.9 24 0.36 14
0 6 29 45 26 L 25 295 0.41 1.3
6 12 22 45 33 CcL 58 295 0.54 16
12 24 21 53 26 SiL 10.3 279 0.66 19
24 36 30 4 29 CcL 10.2 256 077 23
36 60 35 39 26 L 74 247 1.06 26
60 96 36 38 26 L T 236 1.02 25
5-Fall, 2006
0 2 30 46 24 L 12 279 033 1.1
0 6 28 45 27 CL 1.8 276 0.42 14
B 12 23 46 Kl CL 52 247 0.55 1.9
12 24 22 45 33 CcL 98 258 0.61 21
24 36 30 43 27 CcL 10.6 244 077 27
36 60 48 33 19 L 6.5 19 0.86 31
60 96 43 36 21 L 513 234 1.09 33
6-Fall, 2007
0 2 28 46 26 L 11 244 044 1.7
0 6 29 43 28 CL 4 247 046 1.7
6 12 22 44 K| CL 6.4 253 0.65 22
12 24 19 45 36 SicL 10.9 24 0.81 3T
24 36 32 40 28 CcL 111 224 1.08 41
36 60 36 40 24 L 77 213 115 3T
60 96 40 38 22 L 6.3 19.8 1.34 47
7-Fall, 2008
0 2 20 52 28 SiCL 0.3 261 05 1.7
0 6 28 42 30 CL 1.9 281 0.55 1.7
6 12 22 46 32 CL 5 275 06 1.9
12 24 20 44 36 SiCL 8.9 276 0.72 2.3
24 36 24 44 32 CL 10.6 245 0.75 2.7
36 60 36 38 26 L 76 212 0.86 32
60 96 40 34 26 L 52 205 13 44
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Tongue River AMPP Site MB - Irrigated/Flood on Prairie Dog
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Figure 4-49. Trends in EC with depth for site MB
Tongue River AMPP Site MB - Irrigated/Flood on Prairie Dog River, 171
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Figure 4-50. Trends in ESP with depth for site MB
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Tongue River AMPP Site MB - Irrigated/Flood on Prairie Dog River, 171
- Kishona (50%) Cambria (30%)
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Figure 4-51. Trends in SAR with depth for site MB
Tongue River AMPP Site MB - Irrigated/Flood on Prairie Dog River, 171
- Kishona (50%) Cambria (30%)
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Figure 4-52. Trends in pH with depth for site MB



Tongue River Agronomic Monitoring & Protection Program Page 124
2009 Progress Report September 2009

4.2.2 Site OAA

Site OAA (Table 4-27 and 4-28) was formerly flood irrigated with water from Otter Creek,
but has not been non-irrigated from 2003 through 2008. Yields were 1 to 2 tons of
dryland (or subirrigated) grass/alfalfa mix hay during this period.

Despite higher EC and SAR typically found in water from Otter Creek, site OAA had a
surprisingly low EC (Figure 4-53), ESP (Figure 4-54), and SAR (Figure 4-55). Trends in
pH are shown in (Figure 4-56). The chemistry was similar to Tongue River soils, which
may be because the field has been mostly rain fed as opposed to irrigated with more
saline Otter Creek water. It is also possible that the field was only irrigated from Otter
Creek historically when flows were higher and EC values more comparable to the
Tongue River.
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Table 4-27. Soil pH, EC, saturation extractable ions and SAR for site OAA
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Table 4-28. Soil texture, lime, CEC and ESP for site OAA.
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Tongue River AMPP Site OAA - Irrigated/Flood on Otter River, 99
EC (uS/cm) - Havre loam
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Figure 4-53. Trends in EC with depth for site OAA
Tongue River AMPP Site OAA - Irrigated/Flood on Otter River, 99 -
Havre loam
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Figure 4-54. Trends in ESP with depth for site OAA
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Tongue River AMPP Site OAA - Irrigated/Flood on Otter River, 99 -
Havre loam
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Figure 4-55. Trends in SAR with depth for site OAA
Tongue River AMPP Site OAA - Irrigated/Flood on Orter River, 99 -
Havre loam
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Figure 4-56. Trends in pH with depth for site OAA



Tongue River Agronomic Monitoring & Protection Program Page 129
2009 Progress Report September 2009

4.3 Reference AMPP Sites in Other River Basins
4.3.1 Site YBA

Site YBA (Table 4-29 and 4-30) is located on the Fort Keogh Experiment Station on a
bench above the Yellowstone River. The field was in barley for grain in 2003, barley for
hay in 2004, hay barley under seeded to alfalfa in 2005, and established alfalfa in 2006,
2007, and 2008. Yields were 80 bushels, 2.7 tons, 4.0 tons, 6.4, and 4.9 and 5.4 tons
per acre in 2003 through 2008, respectively. It is flood irrigated, receiving 0, 8, 7, 24, 12
and 18 inches of applied irrigation in 2003 through 2008.

Highest forage sodium contents thus far in AMPP have been in the hayed barley in 2004
and first cutting 2005 at 0.47 and 0.59 percent, respectively. Since the second cutting in
2005, alfalfa has had an average sodium content of 0.15 percent, ranging from 0.10 to
0.22 percent. Annual average sodium content for 2005 to 2008 has been 0.17, 0.14,
0.16 and 0.19 percent, respectively. For 2006 through 2008, sodium increased from first
cutting to third cutting.

Soil EC (Figure 4-57) increased after the non-irrigated barley in 2003, and then

decreased in 2004 through 2008 when the field was irrigated. Similarly, ESP decreased
in the upper 3 feet both in 2004 and remained lower in 2005 through 2008 (Figure 4-58)
because of increased leaching with irrigation and rainfall. SAR (Figure 4-59) showed an
increasing trend at depth between 2003 and 2005, but pH did not change (Figure 4-60).
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Table 4-29. Soil pH, EC, saturation extractable ions and SAR for site YBA
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1-Fall, 2003
0 2 74 1.71 581 9.6 33 3T 15 9.6
0 6 7.6 1.19 584 4.8 21 3 16 5.2
6 12 i 1.3 584 54 29 34 1.7 44
12 24 [ 1.83 855 59 35 8 3T 44
24 36 [ 1.78 65.5 4.7 31 9 4.4 4
36 60 (8] 242 845 52 35 155 74 4
60 96 8.2 2 69.2 1.7 12 15.2 13 44
2-Spring, 2004
0 2 i 1.42 50.3 8.19 3.33 3.96 16 4.6 0.99
0 6 7.6 248 49.9 4.7 5.6 7.3 2.3 3.8 2.54
6 12 7.6 2.83 53 15.6 6.46 9.73 29 54 5.08
12 24 [ 3.48 474 "7 7.42 4.7 4.8 3.2 3.81
24 36 [ 512 435 18 1.8 224 58 24 3.24
36 60 T7a 249 461 52 328 13.7 6.7 34 127
60 96 8 2.2 46.1 2.78 1.63 15.2 10 5 1.55
3-Fall, 2004
0 2 7a 1.89 48.5 10 39 4.93 19 4.2
0 6 7.6 1.37 493 6.43 249 3.74 18 3T
6 12 7.6 1.07 49.2 547 2.19 3.14 16 4
12 24 [ 1.95 46.2 737 4.88 V.22 29 24
24 36 (8] 1.95 447 5.45 38 121 56 26
36 60 (8] 2.27 519 3.07 2.02 16.9 " 3.3
60 90 8.2 1.95 5.2 2.19 1.32 226 17 3.6
4-Fall, 2005
0 2 74 0.89 46.5 6.14 2.3 1.95 0.96 6.99
0 6 7a 0.79 46.8 4.76 1.92 2.96 16 573
6 12 7.6 1.3 47 6.54 2.86 5.39 24 4.26
12 24 7.6 2.4 448 9.68 6.75 121 42 2.93
24 36 i 3.33 44 10.9 8.2 216 7 2.26
36 60 8 2.36 5286 321 2.18 21.3 13 3.2
60 96 8.1 21 571 1.44 0.87 19.6 18 44
5-Fall, 2006
0 2 7a 0.74 534 4.28 1.48 1.15 0.68 5.68 0.61
0 6 7a 0.75 47.2 4.08 1.55 1.35 0.8 5.68 07
6 12 7a 0.75 46.4 3.67 1.66 245 15 4.87 0.21
12 24 i 1.72 447 5.35 3.67 7.24 34 2.84 0.56
24 36 i 3.79 458 1 8.24 19.6 6.3 2.84 0.49
36 60 [ 2.87 501 4.38 2.97 18.2 9.5 2.84 0.57
60 96 8.3 1.68 594 15 1.04 19.2 17 4.56 0.14
6-Fall, 2007
0 2 7.6 0.82 46.2 4.39 1.85 2.3 13 7.99 1.06
0 6 77 0.64 46.5 373 157 1.79 11 9.74 07
6 12 T7a 0.81 457 416 1.97 245 14 34 0.42
12 24 (8] 3.2 48.3 16.1 1.9 134 36 3.2 1.41
24 36 8 2.89 46.3 8.19 6.86 157 57 2.8 1.41
36 60 8 27 48.3 6.39 417 174 7.6 3.5 1.41
60 96 8.6 1.95 61 0.99 0.74 16.6 18 5.99 1.06
f-Fall, 2008
0 2 74 0.54 48.2 3.38 1.28 1.02 0.67 557 0.19
0 6 7a 0.63 48.6 3.82 1.53 1.54 0.94 6.36 0.39
6 12 7.6 0.62 46.5 2.67 1.29 2.37 1.7 4.37 0.43
12 24 [ 1 433 3.04 2.1 575 36 318 0.93
24 36 [ 1.27 43.7 3.87 2.87 7.69 43 2.78 1.3
36 60 (8] 2.19 487 3.68 2.1 151 8.5 2.98 1.2
60 96 8.1 456 2.28 1.18 14.9 " 3.98 11
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1-Fall, 2003
0 2 13 64 23 SiL 6.9 307 0.9 23
0 6 16 53 25 SiL 6.7 329 0.9 2.3
6 12 16 60 24 SiL 7 306 0.9 23
12 24 10 86 34 SicL 6.7 35 3 7.3
24 36 23 55 22 SiL 73 285 1.7 39
36 60 18 26 26 SiL 6.7 307 27 59
60 96 14 58 28 SicL 6.6 324 3.8 5.6
2-Spring, 2004
0 2 17 58 25 SiL 6 233 0.66 2
0 6 15 59 26 SiL 58 222 1.15 35
6 12 10 63 27 SicL 6.2 238 1.46 4
12 24 14 63 23 SiL 6.8 223 25 5.3
24 36 21 LT 21 SiL 6 21.5 29 9
36 60 15 58 27 SicL 6.1 19.1 26 1
60 96 23 51 26 SiL 56 238 29 9.5
3-Fall, 2004
0 2 20 a7 23 SiL 6.6 211 0.86 29
0 6 16 59 25 SiL 6.2 228 0.85 2.9
6 12 19 58 23 SiL 6.6 2238 0.76 27
12 24 18 61 21 SiL 7.2 19.6 12 44
24 36 24 56 20 SiL 6.3 19 174 6.3
36 60 18 56 26 SiL 6.1 21 357 13
60 90 20 50 30 SicL 6.1 245 553 17
4-Fall, 2005
0 2 19 59 22 SiL 6.7 356 0.81 12
0 6 20 57 23 SiL 6.7 353 0.74 17
6 12 18 LT 24 SiL 7.3 304 0.94 2.3
12 24 21 59 20 SiL 7T 304 1.56 34
24 36 21 60 19 SiL 7 30.8 221 41
36 60 21 54 25 SiL 6.3 2438 3.24 8.5
60 96 21 48 N CL 55 269 535 16
5-Fall, 2006
0 2 19 60 21 SiL 6.2 311 0.51 14
0 6 18 62 20 SiL 6.4 305 0.56 1.6
6 12 16 63 21 SiL 6.9 311 0.74 2
12 24 18 65 17 SiL 7.5 255 14 4.2
24 36 21 63 16 SiL 6.6 234 223 57
36 60 23 56 21 SiL 56 2581 3.06 7y
60 96 19 a4 27 SicL 6 328 56 14
6-Fall, 2007
0 2 22 LT 20 SiL 56 2.7 0.66 2
0 6 19 61 20 SiL 6 272 0.64 21
6 12 17 63 20 SiL 6 26.9 0 2.2
12 24 14 65 21 SiL 6.6 277 1.85 43
24 36 24 58 18 SiL 6.1 239 224 6.3
36 60 17 55 28 SicL 53 307 299 7
60 96 24 54 22 SiL 56 276 7.03 22
7-Fall, 2008
0 2 14 58 28 SicL 6.2 289 0.44 13
0 6 14 86 30 SicL 6.6 28.2 0.55 1.7
6 12 76 ND 27 SCL 6.7 26.2 0.85 2.8
12 24 16 60 24 SiL 7.6 21.2 12 4.6
24 36 14 62 24 SiL 7 22 16 58
36 60 18 54 28 SiCL 6.3 245 33 11
60 96 24 50 26 SiL 6.7 23 47 17
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Tongue River AMPP Site YBA - Irtigated/Flood on Yellowstone
EC (uS/cm) River, 474 - Harlake silty clay
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Figure 4-57. Trends in EC with depth for site YBA
Tongue River AMPP Site YBA - Irrigated/Flood on Yellowstone
River, 47A - Harlake silty clay
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Figure 4-58. Trends in ESP with depth for site YBA
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Figure 4-59. Trends in SAR with depth for site YBA

Figure 4-60. Trends in pH with depth for site YBA
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4.3.2 Site BHA

Site BHA (Table 4-31 and 4-32) is a reference field flood-irrigated with Big Horn River
water. It was planted to beets (39 tons per acre), winter wheat (120 and 77 bushels per
acre), sugar beets (45 tons per acre), and 2 years of malt barley (120 and 115 bu/ac) in
2003 through 2008, respectively. In 2006, cooperator yield was 36.7 tons per acre due
to having to top the beets twice. BHA was harvested late November 2003 due to heavy
precipitation beginning early October. By late November, beets had frozen and needed
topping twice to remove the frozen portion of the beet. Quantity of irrigation water was
24 inches in 2003 to 12 inches in 2004, zero in 2005, 24 inches in 2006, 6 inches in
2007 and 2008. Amounts varied due to changes in crop requirements and precipitation
received.

EC, SAR, and ESP at site BHA were elevated in the 0 to 2 inch depth in 2003 (Figure 4-
61 to 4-63), but subsequently decreased. The 0-2 inch SAR, and ESP were elevated
again fall 2006, EC was somewhat elevated in that depth fall 2007. This pattern is
probably because soil must be moist for digging beets. Once the beets were defoliated,
soil moisture (and salts) rapidly moved to the surface and evaporated, leaving the salts
behind. In 2004, 2005, 2007 and 2008, the small grain canopy was more open than with
the beet tops, therefore the soil surface dried slowly, reducing the wicking of salts
upward. After 2006, it appears that beet leaves also accumulated sodium that is present
at the soil surface after mechanical defoliation. ESP and SAR were significantly higher
in 2006 when compared to soil samples collected after small grain crops. This occurred
even after all the precipitation in 2006, but decreased in 2007 and 2008. Except for the
0 to 2 inch depth, EC, ESP, SAR, and pH (Figure 4-64) values are relatively unchanged
with depth or through time except for an overall increase in EC in 2007, indicating that
the soil is well-drained and is adequately leached to maintain a salt balance. An
apparent increase in ESP in 2007 is attributed to low measured values for CEC.
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Table 4-31. Soil pH, EC, saturation extractable ions and SAR for site BHA
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1-Fall, 2003
0 2 7.3 3.14 439 8.2 47 136 5.4 14.7
0 6 75 2.07 56 7.2 35 7.3 3.2 7.2
5 12 7.6 157 54 48 4 56 27 5
12 2 77 114 56.1 3 18 42 27 33
24 36 74 36 50.8 231 116 8.3 2 32
36 60 74 38 50.8 255 7 9.2 21 28
60 96 74 34 447 223 12.3 8 19 22
2-Spring, 2004
0 2 74 3.36 533 135 577 13 3.8 48 0.99
0 6 7.6 1.95 E5.7 8.24 3.3 5.95 25 8 1.69
5 12 77 142 £8.2 7.03 2.86 455 2 4 3.81
12 24 77 214 60.7 118 6.45 a.97 16 4 0.85
24 36 77 3.32 58.2 26.3 127 8.01 18 2 0.42
36 60 7.6 351 517 273 12.1 9.11 2 4 0.42
60 96 76 317 51 226 126 74 18 2 0.42
3-Fall, 2004
0 2 77 1.04 55.9 3.93 1.86 518 3 4 244
0 6 77 0.89 58.9 3.01 1.33 515 34 4 172
5 12 77 0.8 655 331 151 438 28 4 077
12 24 7.8 1.1 64.4 444 242 4.9 26 2 1.33
24 3 77 3.14 58 226 10.6 7.65 19 1 0.93
36 60 7.6 3.3 £5.1 26.3 115 8.33 19 1 0.51
60 96 77 344 526 263 133 7.81 18 2 047
4-Fall, 2005
0 2 8.1 047 558 151 0.61 3.07 3 297
0 5 7.9 0.8 574 3.84 152 456 28 3.13
5 12 8 0.69 58 267 11 436 32 3.85
12 2 8.1 0.91 63.6 407 213 493 28 255
24 36 7.8 3.35 56.5 292 127 9.8 21 1.26
36 60 7.8 3.12 493 26.7 9.74 8.33 2 1.27
B0 96 77 2.83 £2.9 219 10.1 5.97 15 1.43
5-Fall, 2006
0 2 77 1.38 62.1 3.23 1,54 8.19 53 32 495
0 5 74 0.92 576 411 177 372 22 24 075
5 12 76 0.83 55.9 367 162 347 21 24 0.24
12 24 7.8 0.82 64.1 3.04 155 3.52 23 24 015
24 36 7.6 3.81 594 268 119 817 19 16 075
36 60 7.6 439 476 33 148 12.8 26 16 0.82
B0 96 74 408 476 266 152 9.26 2 12 087
6-Fall, 2007
0 2 7.8 0.92 50.8 3.64 1,67 3.32 2 3.33 3.62
0 6 7.8 0.74 56.7 2.3 1 347 27 3.33 1.64
5 12 7.8 0.66 58.3 251 1.05 3.07 23 2 07
12 2 8 0.6 57.1 178 0.93 265 23 266 07
24 36 7.9 2.31 546 15.1 8.61 5 59 16 2 05
36 60 7.8 294 476 16.9 8.41 7.2 2 1.33 07
60 96 7.8 271 473 17 10.9 6.66 18 1.33 042
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Table 4-32. Soil texture, lime, CEC and ESP for site BHA
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1-Fall, 2003
0 2 9 45 46 Sic 41 404 31 6.1
0 6 10 44 46 Sic 31 kil 17 42
6 12 4 50 46 Sic 31 36.9 1.3 27
12 24 3 45 52 Sic 76 ar 1.2 27
24 36 T 47 46 Sic 56 404 15 27
36 60 22 48 30 CL 438 293 15 34
60 96 K 38 K CL 3.8 298 15 3.8
2-Spring, 2004
0 2 10 45 45 Sic 2.3 298 2.8
0 6 1 44 45 Sic 23 295 113 27
6 12 8 44 48 Sic 28 316 25
12 24 9 40 51 C 49 287 1.1 28
24 36 9 45 46 Sic 4.4 2538 1.27 31
36 60 15 48 ar SiCL 29 2238 1.21 32
60 96 25 38 ar CL 6.5 222 1.18 36
3-Fall, 2004
0 2 14 4 45 Sic 2.7 36.3 1.06 21
0 6 15 40 45 C 26 434 1.18 2
6 12 13 42 45 Sic 3 388 1.16 22
12 24 9 40 51 C 49 361 119 24
24 36 12 43 45 Sic 45 36 1.27 26
36 60 15 46 39 SiCL 33 2813 1.15 24
60 96 23 ar 40 C 58 334 123 25
4-Fall, 2005
0 2 ] 44 48 Sic 34 36.8 1.39 3.3
0 6 b 44 48 Sic 3.2 34 1.26 29
6 12 10 40 50 C 41 36.6 1.24 27
12 24 7 43 50 Sic 6 341 14 32
24 36 9 44 47 Sic 52 294 147 31
36 60 13 46 4 Sic 41 265 124 31
60 96 22 35 43 C 58 292 1.29 33
5-Fall, 2006
0 2 14 43 43 Sic 28 374 357 8.2
0 6 14 4 45 Sic 26 38.9 1.23 26
B 12 12 43 45 Sic 36 KT 1.33 3
12 24 9 44 47 SiC 52 323 147 38
24 36 7 45 48 Sic 42 287 1.34 3
36 60 18 51 Kl SicL 3T 246 1.26 26
60 96 23 42 35 CL 52 282 20 56
6-Fall, 2007
0 2 11 45 44 Sic 27 309 1.21 34
0 6 12 43 45 Sic 26 32 1.39 3T
6 12 9 45 46 Sic 27 276 1.24 3.8
12 24 7 45 48 Sic 4.9 232 1.49 58
24 36 6 46 48 SiC 45 234 154 53
36 60 12 51 37 SicL 31 18.6 158 6.7
60 96 22 4 37 CcL 36 204 157 6.2
7-Fall, 2008
0 2 24 34 42 C 25 32 1.14 31
0 6 14 42 44 Sic 25 333 1.21
6 12 12 43 45 Sic 4 302 1.29 38
12 24 " 45 44 Sic 4.9 19.2 1.32 6
24 36 b 46 46 Sic 4 207 1.36 5
36 60 16 48 36 SicL 25 206 1.33 5
60 96 28 38 34 CcL 6.6 256 1.31 4
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Tongue River AMPP Site BHA - Irrigated/Flood on Big Horn
EC (uS/cm) River, Bs - Bew silty clay loam
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Figure 4-61. Trends in EC with depth for site BHA
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Figure 4-62. Trends in ESP with depth for site BHA
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Figure 4-63. Trends in SAR with depth for site BHA

Figure 4-64. Trends in pH with depth for site BHA
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5.0 Summary and Recommendations

Ten Tongue River fields irrigated with water from the Tongue River are being
monitored for their baseline soil chemistry and to detect soil chemical
changes that may occur through time.

AMPP consists of three tiers of sampling. Tier 1 soil sampling and crop
monitoring is provided to facilitate development of crop systems management
plans, provided as a service to participating growers. Tier 2, described in this
report, is a systematic basin-wide soil sampling effort repeated each fall since
2003. Tier 3, described in a separate report, consists of test plots to evaluate
irrigation with varying mixtures of CBNG produced water and Tongue River
water.

Tier 2 fields represent a wide variety of cropping systems including alfalfa,
grass, hay barley, and corn. Forage yields (grass, alfalfa, and alfalfa/grass)
ranged from 1 to 6 tons/ per acre. Yields were comparable to average yields
from Big Horn, Custer and Rosebud Counties in 2003 through 2008.
Variations in crop yields observed between AMPP fields were not correlated
to differences in salinity or sodium levels. Other factors, especially crop and
irrigation management, appeared to more strongly affect yields.

EC and SAR of Tongue River irrigation water varies seasonally in response
to the quantity of surface water flow. During high flow periods in May and
June when surface water is dominated by snowmelt of mountain snowpack,
EC and SAR are lowest. At other times of the year, groundwater baseflow,
which is higher in EC and SAR, provide a larger proportion of flow.

The general chemistry of Tongue River surface water, shallow groundwater,
and soil water are a calcium-magnesium-sulfate type water. Produced water
from CBNG operations is quite distinct being almost exclusively sodium and
bicarbonate. Therefore, modest downstream increases in the proportion of
sodium and sulfate in the Tongue River are likely due to input of shallow
groundwater and/or irrigation return flows.

Measured SAR is often used to predict ESP that would develop in soils with
sustained irrigation. In most regions, ESP follows a linear relationship with
SAR developed by USDA (1954). SAR and ESP relationship is weak in the
AMPP data, however. SAR tends to under-predict ESP at a SAR of 5 or less,
and over-predict ESP above SAR 10. ESP measurements are thought to be
more subject to error than SAR measurements. Therefore SAR is probably a
better indicator of sodium status than ESP.

All Tongue River soils had water infiltration or intake rates that are considered
suitable for sustained irrigation. There was no correlation between intake
rate and either clay content or ESP. Intake rates did not vary through time.

EC and SAR of irrigation water vary between years in response to
precipitation. Wet years have lower EC and SAR than dry years. There is a
tendency for EC and SAR to gradually increase in a downstream direction.
Despite these seasonal, annual, and spatial variations in EC and SAR, the
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Tongue River generally meets Montana irrigation water quality standards,
except occasionally below the T&Y Diversion Dam. Hydrology of the Tongue
River is described in more detail in the 2009 Tongue River Hydrology Report
(HydroSolutions, 2009).

. Since water from CBNG operations contains excessive levels of sodium,
sodium content of plant tissue may provide an early indication of CBNG
effects. Plant tissue samples collected from irrigated crops and forages did
not show a trend of increasing sodium levels indicating that CBNG activity is
not affecting major ion uptake (including sodium) by crops.

° Irrigated soils that are clay in texture and have a predominance of swelling
clays (e.g. smectite) are known to be more susceptible to the adverse effects
of sodium. Tongue River AMPP soils are not high-clay, and do not have
predominantly smectite clays. Scientific literature indicates that the “safe”
level of SAR in irrigation water for these soils would be 8 or higher (Bauder,
no date).

. Except for site DA, soils monitored in AMPP were non-saline and non-sodic
to a depth of 3 feet according to criteria developed by the Brown Salinity Lab.

. Irrigated Tongue River soils are mostly loam, or silty clay loam in texture, and
have an average clay content of about 26 percent near surface decreasing to
about 19 percent at 48 inches in depth. Clay-textured soils (e.g. with more
than 40 percent clay sized particles in the < 2 mm sized fraction) are scarce
in the Tongue River floodplain.

o AMPP soils are generally non-saline and non-sodic near surface. Average
EC is about 1.2 dS/m in the upper 6 inches and increases to around a
maximum EC of 4 dS/m at 36 inches in depth, and gradually decrease to 3
dS/m at 8 feet. Average ESP is less than 2 percent in the upper 6 inches and
increases with depth to 7 percent at 60 inches.

o Despite these generalizations, soils monitored in Tier 2 varied significantly
between sites, and most soil properties exhibited some characteristic pattern
with depth. Spatial differences between AMPP soils did not appear to relate
to the location of CBNG activities. It appeared to be caused by random
variation in soil properties caused by the variable nature of river flood
deposits that the soils formed in, and due to differences in agronomic
management.

. There were no statistically significant changes in EC or SAR through time in
AMPP soils. Similar results have occurred for the four non-Tongue River
irrigated fields. ESP levels showed a statistically significant decrease
between the 2004 and 2005 samples, which may have been due to greater
quantity of available rainfall and irrigation water in 2005 than in previous
years. ESP remained low in 2006, but increased again in 2007 and remained
near 5 in 2008. Variations in ESP were attributed to CEC and exchangeable
sodium measurement errors.
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Appendices
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Appendix A — AMPP Flyer sent to Tongue River Irrigators

AMPP

Agronomle Monlioring
and Protectlon Program

T sign up Tor the: program, plesss retum the card inoluded inthis mading in the ssi-addmes sed ammslops . Wa will
oot adt you to sohedule o samplig and ooreuiation. Pleass feal Traa b aall with your questione of 1877 J71-1877.

Saa us ot the Exedarn Montars Fairl! Meal Fehringan, Havin Harvey, and Dr. Bil Sohafer will be available af the
Ecrrtem Montana Fairin Miles Cify. They will be in the Exhibition Hall ot o boolh angwanng quasbon: regarding the
& gronomio Monitoring & Frobeotion Frogram feom 1o & pm on Frideay, Sugust 2 and, from 10 am to 4 pm on
Saturday, Auguet 22 Shop by and have an e cold watsr or pop ard well aew or your quesions and disouss ary
QOPERT NS You may hirs. Lok for the boothwith the big blus AMPP banner.
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AMPP

Agronomle Monltoring
:r'u:l Pratectlon Frngra.rn

Frome  Meal Fehiingen, Certified Professional Agronomist (CP&Z
Hewin Haresy, Cortified Profassional Soil Sokntit (CP5 5
C+. Eill Schafar, Soil Sokrtit

Cemta:  Aupatis, 2003

Fidality Exploration & Proeduction Compary has engaged oF ssrvioes o oollert beealing 2ol and orop data in your ara. This
ivoirnation Wil Felp vou and Felalty (along with the Skats and Fedsral &gancies who monilor osalbed natural gas devaloprost)
baiter under dand the poieniial efeote of oabed rabunal goe (CENG ) devslopmeant on your =oil ard rngated onps.
Adchitionally, e ifommation gatrwmd through the Tongus Rlker&gronomi Moniioring ard Protection Frogram (8MPFwill give
ol e oppomunity e irmpnoye aned protert your opsratons. We o requssing wurvobatary partiipation in this program

To gather the recesany boesling doba we hoee dasigned tha & MPF whioh inoludes oollecting soil ard crop samplkes threugh-

oLk the Torgus Fiver drarage. In deigring this sampling program we Fave sught advioe and review Trom sciantists aifiliat-
ad with Momtana Stabe Uriversity and the Natural Resow ms Conssrvation Service. 'We hope that land ewrse throughout the
bzt iy Dika yoursslr, will allow v to gather thess samplkes Trom thair irigated fislds. The sampling and anakme, whichis free
o you, will reok only provide iformation asential to undsmtanding the pobartial impaots of developresnt, buk & wil ako pro-
vicks daba and analysis valaable to your orop production. Speoifioally, this servios will provide you Tachusl deoumentation of
your oropyiekd and =0l charsrtenstios wuch a2 rar e aeslabdity, skotrioal condudtivity (EC L and sodium o phiom ratio
{S&R) prior tothe Tull devslopmant of CEMG produstion. The data and analysizyou wil reoeiva from this fres teating program
will ako inolde a detaled agronomio aesommert of the Tisldis) we tasl

T oomiplkibs this o e, & oompoeits 200 2ample wil ba oolactad from the fiskd and the ossrall arep of Torage dond-
tiore will ba gvalugbed. Meal Fehringar, a Cortified Professional & gronomist, will than provids ranohs peoifio reoommend -
o The debaled plan will disouss:

+ Faiiizer + 'Waed, desons and imsot ookl
+ Saoil amendmsnts + Cropping rotations

+ Stand sstabishment + Warwtias

+ Saqding rorbes, dabes arnd depth + How to deal with problam sods

This oomprehensive agronomio sssgsament will allow you to betbar undersband your sod chemisty ard meifods of orop
management Wit your pemnisson, This agroromio e e ament oan be repeated inthe ikune themby srabling Fidality and
yFowresll o further under stard the impants of water dischanges from CENG predustion.

1T you oumertly irigabe S0 or more acres Wing water from the Tongus River, you are eligibke for thie free wervios. Addiionally,
Fiigaton: LRing warter from tributanse to the Tongus River, especially Hanging 'Worman, Ofttor Croeak and Pumphkin Craak maay
akao be aligible.

T g up Tor the progrann, plesse retumithe oord inokdad inthis maiing inthe ssit-addresead amebops. We will oomat
youto soheduls a sampling and oonsubation. Pleass fesl freq to oall with your questions ot 1857 77 1-1877.

Seg LE @ the Exdtam Mortana Fairll Beal Fehiinger, Havin Hawey, o D Bill Sohafoerwil be svailable of the Extam
Montare Fair in Miles City. They will be inthe Exhibition Hall at & booth amew ering questions regarding the &gronomio

Monitoring & Probeotion Frogram from 1t & pmoon Friday, Bugust Z2: and, from 10 am to 4 pm oon Satunday, Suguest 23,
Stop by ard hidve an ics ook watar of pop and wa'll arewsd FoLr quations and disoles any 9ondems you mey Feve. Look for
thig oot with the: big blue AMFF banner.



o D r o8 OR
Gruwgs W aTs, Wioe Prasdend off O pevalia e
Faedy Exponalion & Rt sl re Qo1 o

Doz thie creation of this program
rnean that Fidelity beleves impoots
will ocowr from it water discharges
into the Tongue River?

The bast oy mation wa have tedats
indimarted: oW disohange of unaltargd
groundwatad inbo tha Torgus Fiver has
not had arnd will not havs 8 nagative
impact on imigabed kard dow natrearm
from owr opsrabions. Howa'sar, we
woul liks to gather sokrtfoaly sound
bazalire dota ot the sarly sbages of
devalopmant b ba able o eIk any
sgniwant changss ¥ they coour ard to
gt tham aaily on. That's tha o
for the AMPFE Bvary hurnan sobieily,
wharthar it's grazing cattle, Fiigating
alfalfa or extrarting rabaral gas - Fee
impacts. Tha B2us B whathar the
impats an 2igrificat anough to
oreabe damige or whather they can ba
mEnaged in away o minimize or
alimirats it

fibout the testing itsef, how
intnshos is it? How long will you
rezead to be an oy land doing the
actual testing?

Frior to conducting any tating Haal
Farwirgar, Hevin Harsy, and Di. Eill
Sohatar woldd [k o mastwith
indiviual lardowners for the purpoes
of discLesing wherg to condudt the:
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taskirg. maaning whioh fiel of fields,
and how that eting wil ba oondurted.
For mask figld, the soil =amping
program woulkd b idantioal to that
uzad by Tertilizer duakim. Hevin and Eill
wouk liks 1o take oomposite ol
saTples uing & trick-meintsd 27
bafing tood Troin thres diffenemt depths
ot Bbodd differant lmations aonces &
fiskd In @ight to tan inskaroes the
gampling would b rmcd o debaled o
analysis would be dorg by exoevating
ong o o baokhos pits to 8 B o 8 fook
dupth in addition o oolacting the
oTpecEite Samipde. To minimize any
impacts, thay wil s @ ubbertied
backhisg, will 2akt the koaton of the
pit undar the kardowners direction, and
will reolaim the afea whars the pit iz
emovarted. Capanding upon the
outocms of thair disosionm with
individual lardowner s, they e sbimate
ek the tirme thay would reed to
ooimplets this testing woul be no o
train half & day, Duwring that tima
paiiod, Haal will Turther conduct a

orop Yisld analy s through

ooy ereaiore wih the land ow ner

and & Teld imsstigaton.

W her will the initial testing be done?

Wawould liks o complais the tesling,
i Eaptambar.

o mertion Bt folew-up testing
will be dons to detemrine il damags:
hag oo red. Wil this testing oo ba
fraa of ohargs tothe paripating
larechow s T & red, whsn o ol think
thig tasting will be dons?

Ml Havin, and Bl baleoya that
vondudting addinal testing et
pring i etantial to urdanstanding the
dynamice of iroressed dohags from
Fidality's opa rations and saamonal
vanabiities. Additionaly, pericdio
sampling may be contiried throughour
e pariod of CEMG development o
lorg &% & Hgnifwant numbsy of
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larecdkow nars wark o oortinus to
partiiEats in the program. &gain, thiz
teakirg woukl ba fras and would ba
vonductad with the coopanation

ol the landow niar,

'Whio created this program?

Tha Torgus Fivar & gronormin
Muonitoring, and Probsotion Frogram

was desigrned by Meal Fahringer,
Hawin Harvey and Dr. Eill Sohatar.

Haal iz & Cartifisd Profaszional
& gronoimisd and e bean prvding
AgMNoMmE Sarvioss inthe region Tor
wear 20 yeams. He was aooredited o o
Cartified Coop &dvizorin 19595, and &
Cartified Frofesional Agronomist in
A58, by the Amanioon Sooieky of
A gronoiry. He alag ssred on the
Montana Agricubural Exparimant
Skation Shake Adveaoly Cormmsson
friormn 1955 to 1955 ard on the
Southsm Mortans &grioubuns
Exparimant SEatkon &dWsody
Comrmiibos from 1530 to 1558,

Hawin Harvey v 6 boond Caitifiad
Frofessiona Soil Soientit (aleo by the
Armarnan Sodiely of Agrorony ) arel
hag 23 yaors sxparkres providing
amdironmantal dorsuking saras b
e private and publio ssoor through-
outthe U.5., Cansda, Maxioo and
Euraps. Mr. Harvay s teohnical
ehrgngthe: am in 2ol 0N, land
e kot b0, U rToo s woarber ohsmist iy
and hpcdrokogy, and genaral
amvimnmantal problem solving.

Eidl Sohafer sarned a Ph.D.in Soil
Soianos fromn Mortana Shats: Linisr sty
in 1975 and ha managsd ovar S0
amdironmantal propot s imlving
mining imigated agrouliun, haoadoues
wasks remediation arnd petroleum
devalopmant. D Sohater's wxpaitiss
ingluckes mine: reolamtion, watar
quakiy, ol soiands, Fiigated ard
diylard agricutural gytoms, and
surfacs wator, groundw abar, and
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uresrturated zons ydrdlogy. Whie on
s Taouly at Momtana Stabte Urev ey
{LS7E o 1985 and the Coopsrative
Exctaares i Saivioe (1520 to 19855

Cv. Saheafer’s respongibiitias inoludsd
iantification and managameant of
salire and Sedi sods, irigaion water
quelity, and 2ol fertilty

How did you select the soientists
which designed the AMPPT

Ty qretion goss o the heart of &
krgar cquisalion of “whode Sciende do
ywoutiisk” | urderstand wham soma
pople right be shaptical of wiamisk:
hirsd by indwedry grear the ameunt
of mizinfomation theat Fee bean
distributed by those that oppoes CEMG
devglopment. Ba asured that our
sciqmiisty hateg e highest inbegricy and
arg impartial. 'We ore e king them o
s thew kremwlsdgs and aducation o
dabarming the actual ohor aotanestng of
thia bare, orope, and ik, We arg rot
e king tham o provide dats that
profeas oW position We don't opanats
it wisy. Wa are niot talling, tham whiat
o oy, o e o do &,

Ta participating kardow ne ., wa wil
splk the samplkes that are relrkyad 2
- fyou ohieoas - you oan havs your
oWt et done: by wWiomsw ar ol
sqleot This teeting, of tourss, needs 1o
b dons o your sxpsres. In order to
produn e soientifeally vald dota, ositain
teeding profoook must be followad, T
Fou dugirg botask tha aplk 2ampla, we
wil prosiide the: infoimnation for thie
protoaol.

Additioreadly, wa have e kad sokmste
Troir Mombana Stabe Urivarsky and the
Mt ol Flessou s Corpaiy ation
Saiice o bsmme eoopanater mthe
program. Inosdertally, we heve ako
vitad somniishs that hevve worksd with
tha Mortham Flaires Resouns Courod
o participate in this program alongHde
e, bk Hhey deolned ol i baton

lsm't it true that you want this
infermation in order to defend
Fidelity s@ainst litigation brought
forward by the Northem Plains
Resource Coundl, the Tongue Riser
Worker Users’ Azsociation, ard the
Murzna Ervdronmertal
Infomrnaton Cerer?

Yag, Hras it 2004, thas
of ganiz ations wied the Motana
Cepartment of Emironmamtal Quality
and Fidalify. The organications allaged
that e Department’s issuares of
Fidakty's parmitviolated state kyws ared
thie nonrtinkon and speoifoally, that
the dizohange of ualared groundwater
alkhorized by Fidality's pamit hee
aaugad, is oauing, and wil s ham
o the ervironment (Torgue Fiver
‘Watar Lare’ Assodiation, ot al. v
Montara Departmrsnt of Ervirormental
Camlity and Fidelity Explorartion &
Frodudtion Company, GOV -2 001-258:
Az part of our lgal disowey proosss
Fidakty balivvas wa reqd to gathar
soigntifio dats to detenring § ow dis-
aharges hives oaused harm orwill
aaugs ham in the fuls. Howssarn,
Fdalty ako baleves ths mormation B
asantial o we move Torward with
production so that all of ue oan bees
olF degiiore on the facts rather than

speaulation oF aggenation

Wo did seak acoess o gather this
soiamtifio dota on lards avnad by
mambarg of thase organizations, b
ther attomeys denkd us sooss siating
thay did niot balave the rformation wa
are deaking & relavart tothe litigation
Unfortunataly, Cistrict Cowrt Judgs
Katray Sherook agresd that the
iformation was not relkavant W hile this
kgal batte aontinlies, we an
attempling 1o gathar this beeeing
data through thess wolumtarny maan.

We simply do nob urderstand why

e of garszations woukl deny s
the dght o gathar this information.
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Tha infor mation will be weiul b
agraukunal proedusens and to CEMNG
devalapans, Hihese groups an

fght abouk CENG devalopment, this
iTormation wolldd prova their dlaima.
Sinoe they wart 1o obel ot s from
Bty g imfommation wa think thay
balieva, aswe do, that itwill disprove
thaw claime In s ende, thess groups
dorrtwant us - oF you - o get the
ifor mation that proves sur point that
darmage has not soourmd.

Eut, agide from thess legal issuas,
£ et makes good oomimon e b
gathar this information in onder o
orgats batalire data for the futue.
Ragardki of IKigaton imploatons,
Fdalty rwsrds bo oontirus with this
program in order to maks sure that i
diznharges wil not negatisly impact
your 2oiks of onof produotion.

How will Fidelity use the data that

iz oollected from this program?
Wil the informiaton b made publiz?

W would ako Bke to publish &
summey of the data in & annual
publication, whioh wil be distributsd
o aoopeanion, leoal Comeration
Cigtricts and MRCS offices forthe
barwfits of all agrioutural producens.
IFyou Eks, the looation of your fiskd oan
b probgoted by LEing a mods o meler bo
aaoh samplke Inthisway only po and
ok youn reighbecy, will Wredw your
gl of thartyou herss patiipatad
N the program. Tha infommaticon
gakherad thiough the AMFP could also
potarially be usad by Fidality to defend
isalf inthe litigaton mentioned inthe
previcie question aswell o inposeible
Tuture aotiore. Through this litigation, it
& poaaible that the infomnation will b
areslable o the pulli in oolrt eoods,
whigh af o aresilable b the media.
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Appendix B — Quality Assurance Sample Results

Table B-1. AMPP blind field duplicate analyses for suite 1
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samplet| Site | AveDep | Sample aa Collection | 1: Dry % L:ph| 12 1: T 1: %3 1z g
went Date Wt | Saturation | {Paste] | Dlecirical Sodium | Sodium Chiaride
Pementage Conducti (Paste] | Adsarpti ¥ nate {Paste]
wity on Ratio | {Paste] |(Paste) | (Pasta)
[Paste)

1 BC a8 0] BFD 15-Gce-03 5] 78 [X] 183 15 M3 (5] EX )
1 BC -8 50 A 15-0uct03 645 78 .66 183 14 2 74 3
1 w0 -8 1 BFD 00103 a3 [ EET) 10 106 16 5 13
1 L] 8 50 QA 20-0ct-03 41 79 489 189 16 N3 a3 15
1 BHA -18 10 Bre 22-0ct-03 561 77 LM 1 18 4.2 17 13
1 BHA -18 50 as 22.0c1-03 56 77 L8 4 2 44 15 4
1 oA -an 10 8D 11-0¢t-03 LLRT Bl 6o 13 s s 16 za
1 DA 24 50 QA 1100203 n 81 603 T 12 8.2 % 34
1 oe £l 1 BFD 1003 602 e g4 w9 M6 94 168 EEl 52
1 o8 9 50 =) 11-0ct-03 .5 EE] 197 16 179 196 5 ]
L EA 48 10 BFD 10-Oct-03 50,1 74 558 174 281 26.7 56 24
1 EA 48 50 QA 10-0cs-03 451 79 a3 0.2 18 88 5 24
1 GA 19 1 BFD 0B-Oet-00 552 £1.3 78 o0E 7 13 18 13 a
1 GA -19 50 an 08-0ct-03 618 79 on a2 15 19 13 3
1 ah 78 10 (1] 08-Oct-03 05 B1 137 24 5.2 7 42 3
1 G -7 51 as 08-Oct-03 n B1 14 26 14 72 41 28
1 - ™ 10 BED 08.0ct-0 2ra 3 o6 27 ] 18 12 FE ]
1 aC : 50 Qs 0800108 74 E1 0% 28 148 12 26
1 LA -18 bl BFD 02-0c1-03 ara 8 433 a7 21 49 9
1 LA BT 50 [0} 02:001-03 a7 18 357 199 139 EE] 28
1 [Ty -3 10 BFD 01-Oct-03 a3 74 0m da 46 15 55
1 [ur <3 50 QA Ol-Ouct-0d 412 78 a7 3.6 15 [5] a6
1 A 3 1 BFD 01-Det-03 539 05 76 o:m a7 oR (¥ =
1 WA -8 52 QA 01-0ct-03 a2 77 [} 37 0.8 0.4 7
1 MA -30 10 BFD 01-0ct-03 419 77 & 185 13 28 25
1 A -30 53 as 01-Dct-03 438 74 13 105 14 27 24
1 e 3 10 BED 30-50p.03 208 15 om a7 18 (¥} a8
1 MB 3 50 QA 30-5ep-03 8 75 0.5 35 7 (1] 35
1 oaa 1 10 aFD 09-0ct-03 513 17 0 57 [ 0.3 81
1 oA 1 50 =) 05-0ct-03 521 L o 57 06 0.3 8
1 Yah -4 10 BFD 1dOct-03 484 77 11 41 4 21 48
L whh -4 51 QA 1800203 50.7 7 108 6 15 2 a6
1 AR 40 1 oD 14-0ct-00 568 329 51 07 24 134 75 54
1 TR 40 50 ;1) 14-0ct-03 95 [ 2 6 129 7 64
1 YA -48 10 BFD 20-Oct-03 545 74 42 52 155 T4 4
1 VEA -48 50 as 20-Oct-03 56.7 74 218 45 126 64 4
2 [ 18 w0 8D 18-Apr-04 34 LT o1m 682 ase 2 4 o
2 ua 18 50 Qs 18- Apr0s 268 17 188 Te2 a8 17 12 127
2 EA -18 10 BFD 18-Apr-04 518 146 46 46 131 27 4 0.5
2 E& 18 50 oA 14-Apr04 sa.7 T am 159 0.9 28 4 0.z
1 Gh -4 10 BFD 30-Apr-04 4 S 558 168 30 63 14 133
2 Ak -8 50 QA 30-Apr-0a 3.7 | =] 74 183 afs a3 13 268
2 MB -4 10 BFD 30-Apr-04 47 79 395 236 234 17 L5 042
2 MB 48 50 QA 30-Apr-04 45,7 79 16l 165 77 21 L6 0.56
2 AR -18 10 BFD 14-Apr-0d4 481 748 17 655 .06 28 12 0.8
2 YA -18 50 as 14-Apr-0d a7 7 165 534 . 6.52 28 4 0.42
3 Ba -30 1 BFD 13-O1-04 3.8 7.7 1.7 5,36 45 a7 3 6 ND{1} ND(Y)
5 BA 30 0 Qa 1300104 /4 .7 186 323 a1 827 29 25  ND(1) ND(1)
E BHA 18 10 aFD 075008 [ 748 11 am a3 26 2 133
3 BHA 18 50 =) 07-5ep-0a 57 79 11 ass a3 am 26 2 1.2
i oA -30 10 BFD 13-0ct-04 E] [ 885 186 08 679 15 33 ND(1 ND(1)
i na <30 50 oA 13Ot a4 (%] 114 194 mé 102 n 34 NO(1} ND(1)
3 GA -30 1 BFD 13-Oct-04 404 74 471 19 N6 208 5 35 ND{1) ND(L)
3 Gh -30 50 QA 13-0ct-04 1|1 74 619 172 63 183 5 3 ND(I MDY
3 MA -30 0 (1] 12.0ct-04 40 77 553 153 41 175 13 24
3 MA -30 50 as 12-Oct-04 3 77 63 184 48T 202 15 2
3 wan 30 0 BED 13-0ct-04 s21 78 2 517 4s 9 87 46  WO(Y WO
3 van <50 50 Qs 1300104 0.8 19 227 as1 388 138 6.8 EEY
a BHA -a8 0 BFD D8-Ag-05 448 78 3z 83 %M 843 2 127
4 BHA 48 50 oA O8-Alag 05 0.8 T4 7% 238 856 T4 18 117
a DA =30 10 RFD IT0ut-05 30.7 & 7.55 a3 18 6.3 17 E]
4 oA 30 50 Qs TT-0et-05 303 73 763 15 173 574 1 14
4 EA -30 0 BFD 26-0ct-05 5L5 77 A ma Ll uz iz 3.06
4 EA -30 50 QA 26-001-05 519 77 453 B8 #7558 55 4.62
4 1) -30 10 BFD 26-Oct-05 418 78 416 123 181 209 54 132
a G -30 50 aa 2600105 ara 8 6ar 188 2] M5 71 S8
4 LA -0 b BFD 250005 245 7 6.06 L EES a7 L} 7
4 [ -20 50 as 2500108 31 7T s w7 my 9 51 03
4 YA £ 1 BFD 21005 8.8 748 225 519 505 165 73 an
4 Yan 30 50 1) 26-0ct-05 485 74 217 a8 a8 13.2 63 344
4 VRA 30 0 BFD Ta-Oct-05 L 77 133 108 83 6 ki 236
4 YEA 30 50 an TGOS s 76 166 87 64l 179 65 253
5 oA -30 U] BFD 13-Dec-06 364 75 18 68 52 544 22 3 0.2
5 [ -30 50 an 13-Dec-06 ar7 7T a4 W1 T 168 5.6 0 168
5 D& -30 0 L1 12-Dec-06 4 [ 661 138 176 505 n 3 1.0
5 o -30 50 aa 12-Dec-06. 5 5 BES 18 46 801 17 8 .
5 Gn 30 0 8D 13.0ec-08 209 78 685 174 305 422 ue 28 147
5 Ga -50 50 Qs 12-Dec-08 121 19 628 197 w8 A8 84 24 1.3
5 LA 30 0 BFD 13-Duec- 0 a5 T8 597 ar B3 33 65 243 167
5 [} -30 50 QA 11-Dec-06 .6 T 15 661 572 668 27 2.2 064
5 [.TY3 -30 10 BFD 13-Dac-06 6.5 77 161 55 613 138 57 338 0.3
5 1) <30 50 QA 13-Dac-06 433 74 545 5.3 FLE 7 53 4 a5
5 ¥an -30 10 BFD 13-Dec-06. 478 77 241 585 56 134 56 05 0.9
5 YA -30 50 QA 13-Dec-06 48.9 74 195 681 68 17.7 6.8 32 038
] oA E ] 10 (1] 20-5ep-07 451 77 0™ AT 1% L1 13 4.8 0.8
3 B4 -3 50 Qs 20-5ep-07 48.6 76 0B s, wm am 14 LR 087
3 BC 18 E1] 8D 21-5ep-07 s34 [ aa 261 137 A 27 a2 05
] BC 18 50 Qs 20-Sep-07 068 1:m LE 384 28
] o0& 50 w 8D 20-3ep-07 sLe 1% 0m 32 axm 28 17 4 128
& na 30 s QA 19-50p-07 052 a2 257 196 35
[} EA -9 n BFD 15-5ep-07 31 B3 113 161 25 1w o E 2
& Ea il 50 QA 158-Sap-07 3.3 &1 12.1 173 6.7 05 1
o Ea & 10 BFD 19-58p-07 503 &1 146 401 B 135 53 a 0.53
3 A - 50 aa 19-58p-07 - ] 142 an 98 13 H 236 055
] GA -4 10 BFD 19-52p-07 434 78 055 2% 13 L66 11 45 042
3 aA - 50 aa 19-5ep-07 413 77 0E Am 14 196 12 L15 on
3 MA -30 10 BFD 1B-5ep-07 416 B 28 8% 18 a8 27 12 L1
6 na -30 50 Qs 18-5ep-07 426 79 183 T 157 108 11 305 07
] oas 30 10 BFD 18-Sep-07 35 &1 0.68 5§ 0.95 464 a8 519 0.58
L] oas 30 o Qa 18-5¢p07 053
& van 18 10 BFD) 20-50p-07 511 81 163 394 343 1 58 3.2 0.3
3 van 18 50 A H5epa7 517 139 21 576 596 143 59 ERLY 0,43
& LT < 10 BFD -5ap-07 50.7 &1 2.7 175 prE] (8 15 18 1.5
& Wi <78 50 =% -Sap0T 547 10.8 /.47 a1.1 13
7 BC -30 10 BFD 24-Det-08 55 75 ie4 167 12 178 a7 239 0.32
7 BC -30 50 QA 24-001-08 5.4 77 sz 131 w1l na 6.2 219 0.33
7 [ -1 10 (13 23-Oct-08 5.8 73 12 71 175 o4 oa 1.7 0.35
7 A -1 50 as 22.0c1-08 60 75 0 5 8 082 o4 228 0.4
7 1) -16 10 BFD 20008 e 146 147 108 86y LX) 27 518 0.9
7 GA 18 30 QA ZO0E 223 T8 17 492 a5 8T EX] 158 0.8
7 Gt a8 1] BFD o002 6.4 7 138 6.41 443 251 i1 199 041
r (1 8 50 QA T2Oet-08 415 78 1.2 5.03 3.95 £ 18 338 033
7 VHA 3 10 8FD 2400008 6.5 6 0e2 287 LW 237 17 437 0.3
7 YEA 3 50 [:0) 20008 283 L7 078 A3 146 308 2 388 0.33
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Table B-2. AMPP blind field duplicate analyses for suite 2

SampleE| Site | AveDep | Sample aa Collection | 2: Cation|  2: 2: 2: Lime|2: Sand | 2:5ilt | 2:Clay
vent Date a5
Capacity | eable able |CaCO3
Sodium | Sodium
Percanta
ge

T BC ] 10 BFD o3| 31 B £ 5 ] 36
1 BC 8 50 Qs 1 Oct-03 I 58 ah L] 50 a5
L 8D 48 10 BFD HN-0c03 | 172 46 &1 n 58 2
1 L) 4R 50 A 11-0ct-03 i EL] &6 19 L] 2
1 BHA 18 10 BFD moca| a7 27 76 3 a5 52
1 BHA -18 50 QA 12-0ct-03 E 38 5.8 i - A6
1 oA 48 b BFD 11-0ct-03 132 u 69 69 n 1
1 D& -48 50 oA 11-Oct-03 | 129 15 6.6 61 n 12
1 oB -3 1 BFD 11-0ct-03 %7 6.6 74 8 62 an
1 o8 ) 50 as mocos| ns s L7 ] L] 27
1 EA 48 o BFD 0-0ct-03 | 242 a4 1 30 a 8
1 Ea 48 50 QA W0-0ct03 | 204 ] L3 2 42 28
1 GA 19 1 BFD osoct-03 | ana 1.5 B2 WD) a6
1 GA -19 S0 Qa 08-0ct-03 | 408 16 &6 ND(1 52 a8
1 G - 10 BFD 08-Oct-03 17 a8 53 7% 15 8
) G -7 51 A 02-0ct-03 | 126 45 51 ] 17 &
1 [ - 1 BFD moe0a| 17s ¥ &1 52 32 18
1 GC -7 50 Qs 09-0ct-03 P 32 9.6 62 % 12
1 A -18 b BFD 02-Oct-03 8.2 36 &2 P2 0 Fry
1 LA -18 50 aa 02-0ct-03 | 403 11 79 26 4 5
1 Ma -3 10 BFD 01-Oct-03 %3 2 &6 26 50 u
1 Ma ] 50 as onocto3 | 32 19 54 P 51 2
1 M R 1 BFD on-oct03 | 223 23 a8 24 = 2
1 M 1! s oA 01-0t-03 3 12 a7 % =2 22
1 mMa 0 10 BFD oot | 33 19 10 = a8 2
1 na 30 53 na om-oct03 | 195 33 0.2 a0 al 2
1 MR -3 n BFD 30-5ep0i| 355 15 1.2 % 45 28
) M -3 50 A 30-Sep0d| 348 18 13 ® 43 b
1 CAn -1 w BFD 09-0ct-03 9.6 L7 Bl F 47 5
1 CAA -3 50 aa 9-0ct-03 z8 Ll o4 9 4 )
1 YAA ] 1w BFD 14-0ct-03 308 1 7 8 L] ke
1 TaA -3 51 as 14-0ct-03 M6 2 7 ra) 4 25
1 ran 40 1 BFD woct03 | 262 61 16 4 E ] 1
L AL 0 td Qs Woc0d | =3 3 .7 as = 17
1 TRA a8 1w BED W-0ct03 | 307 59 &r 1w El 28
1 YEA 4 50 oA W0-0ct-03 | 349 &1 Bb 16 53 a
2 Ha 18 n BFD 14-Aprd C) 21 [} 7w 52 a
2 L5y 8 50 Qs l4-aprad | 181 45 B4 5 53 2
2 EA =18 1 BFD l4-Aprd w3 44 72 13 5 36
2 EA =18 30 QA 14-Apr-04 peag 32 71 15 0 i
2 GA 48 i BFD W-Apr-04 997 &2 539 59 E 1
1 A -8 50 QA W-Apr-04 iz5 u 65 s M 15
2 MB -8 1w BFD M-Apr-04 | 208 46 71 ] 43 28
2 mB -48 50 aa M-Apr-0d | 227 38 71 n n 3
2 van -18 10 BrD 1-aprod | 24 a3 44 -] a3 m
2 A 1% 50 Qa la-apr0a ] 27 a a2 r] ar 3
3 Ba 30 0 BFD o0 | 234 o8 57 58 as 41 13
3 BA 30 50 aa 13-0ct-04 | 12.7 o8 67 58 s 0 15
3 BHA 18 1w BFD orSepos] 361 24 49 9 an a1
3 BHA -18 50 Qs 07-5ep0d] 374 13 53 ] a5 53
8 oA =30 w0 BFD 13-0ct-04 | 983 Ly 17 74 61 B 10
3 oA =30 30 o 130104 967 2 0 72 67 n E
E] GA -3 1w BFD 13-Cct-04 w7 1 59 &7 4 E 18
3 GA -30 50 an 13-Oct-04 179 L5 &5 67 az n 13
1 Ma -30 n BFD 12-0ct-04 | 255 12 48 0.7 n 51 20
3 Ma -3 50 aa 12-Oct-04 | 256 15 58 106 n 50 17
3 ras 0 w0 BFD 130ut0 r 11 L] ay 25 a5 a8
3 AR 50 50 QA 0ctpd | 274 2 T3 a8 i a4 E Y
a BHA 48 1w BFD og-augas| 265 o8 31 a1 13 a 41
4 BHA 48 50 s ng-Aug0s | 268 13 a8 a 12 4 34
4 .7 -30 10 BFD 1oct05| 118 04 7 [] 67 7 [
4 .1 30 50 QA 10ct05| 595 (% E] 714 68 u [
a A -3 n BFD woet05| 2 09 8 a9 20 52 m
4 EA -30 50 QA 26-0ct-05 | 326 o8 4 9.3 a 48 i
4 GA -3 10 [12-] 26-0ct-05 | 206 12 57 73 b1 “ 18
a GA -30 50 =) 26-0ct-05| 204 11 54 74 a2 42 16
4 a 30 1] BID moct05 | 223 (] E%] 17 a0 a0 20
a A =30 50 QA B0ct-05 | 223 1 3 T8 a2 o a
4 ¥an <30 w BED mocos| B 17 51 54 % a7 2?
4 van 0 50 ) woct0s| na 16 10 43 % a1 7
a VBA =30 w BFD 280ct05 | 308 13 a1 7 2 & 19
4 VRA <30 50 QA 20ct-05 | 325 L3 4 69 19 &1 20
5 Aa ~30 10 BFDN 12:Dac-06 17 o6 7 55 ag £+ 13
5 oA -0 50 QA 13-Dec06| 248 14 57 6.8 18 61 i
5 oA -¥0 b BFD 12-Dec06| 158 o8 49 64 64 n L]
5 D& -30 50 aa 12-Dec-06| 124 o9 73 71 53 n 10
5 GA -30 1w BFD 13-Dec-06 L] 12 6.6 6.9 a 4 1
5 Ga = 50 a8 12-Decos| 155 13 7 BE EL] a5 bL]
5 LA 30 1o BFD 13-Decos ) 284 s a7 7.3 38 a8 13
5 LA 30 50 A 1-Decoi| 173 o3 23 54 4 a3 1
5 Oaa 30 n BFD 13-Decob| 165 0.4 53 a2 . a0 a1
5 O =30 50 A 13-Decofi | 327 0.8 6 64 az #n 18
5 Yan ~30 10 BFD 13-Doc-06 s 15 44 a6 n 50 n
5 YA -30 50 an 13-Dec06| 30 14 48 48 ] 45 E
& A -2 1 BFD 20-5ep-07 n 05 19 53 F 55 Fy
& oA -2 50 @ 20-5ep-07] 259 o5 8 54 El %6 4
& BC -18 1w BFD 21-Sep-07| 298 12 i3 83 10 50 40
L] BC -18 50 aa 20-5ep-07

] oA 20 1w BED 2-sepot| =9 o6 21 BB 20 £ LY
] o 50 50 Qs 18-5ep.07

& EA -3 0 BFD 19-5ep07| 129 e &1 63 e 2
B EA £ 50 oA p-07] 111 17

& Fi <M 10 BFD p-07| 274 54 69 6 3 m
& EA ] 50 QA 15-5ep-07] 157 &1 75 i 43 2
L] GA -8 o BFD 19-5ep-07| 7.3 2 5.8 E a5 24
L] GA 2 50 [*L} 19-5ep-07| 2.5 L7 51 a 43 24
& Ma -30 10 BFD 18-5ep-07| 134 57 105 12 50 18
& Ma -30 50 aa 18-Sep-07 154 48 a9 » 51 20
L] oas 30 10 BFD 19-Sep-07| 163 1 59 18 a0 4 16
[} oaA =30 50 as 19-5ep-07

& YAs 18 10 BFD 20-5¢p07] N1 18 58 a6 n ] Fr g
3 YA 18 50 04 a-sepa?| 3:a 16 51 a3 3 &7 0
3 A 78 10 BFDY 20-Sep-07 30 33 n 53 £l & a7
& YAA <78 50 s 20-Sep-07

¥ BC 30 10 BFD o0 | 54 2 56 74 15 a0 a
7 BC -30 50 QA 24-0ct-08 7 5 &8 71 i - 46
7 EA -1 1w BFD -0ct-08 | 332 02 1 57 18 - 28
7 EA -1 50 aa 22-0ct-08 | 358 o3 o8 a7 2 5 7
7 =) -8 10 BrD mocos| na 0 4z 11 0 a5 4
7 GA % 50 QA oct08 | 208 1 ] r4 £l ay i
T (- R w0 BFD L-Oct08 | 189 06 31 76 an % 1
7 &L 28 50 oA 0ct08 | 181 s 25 79 EL a an
d B -9 1w BFD -0ct08 | 262 o7 8 BT kLl a
7 YEA 9 50 [0} nocos]| =7 06 22 [ 0 % b
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samplet| Site | AweDep | Sample as Collection |2 : Cation|  2: 1.- 3: 3: 4: 4 4: 4: [d:Znc | 5: |5:ulite | 5: HE 6: [6:Boron| &: 6: 2
vant Date Nitrate | Sulfate | Organic phor| Potassiu | Potassie Chiarite Barium Flucride Sadium
Capacity | eable | able asN | (Paste) | Matter us m m by
Sodium | Sodium qf Weight
Percenta [l
gt
1 BC 28 it BFDY 15-0ct-03 [¥1 NO[3] WMD) NO[l) WND(0.05]
1 BC 48 50 QA 15-Oct03 58 NO(S)  ND[1) NO(1) WNO{o.0s)
1 o -4 o BFD 1-0st-03 46 05 ND[5) ND[1] ND[1) ND{0.05
1 L] -4 50 an 21-0ct-03 39 ND[5) ND{1) ND[1) ND{e.05]
1 BHA -18 10 BFD 22.0ct-00 17 29 62
1 BHA -18 50 aa 2-0ct-03 s 5 5.6
1 DA 28 w BFD 12-0ct-03 w ND(3) ND[1) ND{1) NOD{0.05)
1 [0} 45 50 Qs 1104803 1% NDIS)  ND[2)  ND{1) ND{0.05)
1 De 9 1 BFD 11-0ct-03 X 19 28
1 DB £ 50 QA 11-0ct-03 L 5]
1 Fa -4f 10 BFD 10-0ct-03 a ND[5) ND(1) ND[1j NO{005)
1 EA -4 50 an 10-0ct-03 5 ND[5) ND[1) ND[1) ND{o.05)
1 Gh -19 1 BFD 08-0ct-03 L5 13 16 7 n b 5
1 1) -19 50 Qs 06-Oct-03 L6 71 16
1 1) 78 10 BFD 08-Oct-03 18
1 GA 7B 51 QA 0Ot -03 a5
1 &L 78 b BEDY 0S-Oct03 34
1 Gt m 50 QA 05-Oct-03 32
i La -18 10 BFD 02-Oct-03 16 o3 588
) Li =18 50 A 00-Oct-03 1 or 474
1 M 3 10 BFD o1-Oet-03 2 15 24 232 BA 521 521 06 ND 5] 0s ND([1) ND{0.01)
1 WA -3 50 an 01-0et-03 L9 12 2 2 87 524 524 053 ND[5) 05  ND(l} o0
1 MA -8 1 BFD 01-Oct-03 23 ME 18
1 WA -8 52 as £1-Oct-03 11 21 17
1 g 30 w BED 01-0xt-03 39
1 M 0 53 s 0-0et-03 3.3 NO(5) 0.6 11 001
1 ME -3 1w BFD 30-5ep-03 15 79 16 2 14 an3 83 oz RO (5] 05 NO(1) ND{001)
1 MB 3 s0 [+7 3-Sep-03 18 EAY 18 18 12 518 518 oz MO (5) 05 11 0.
1 Ol -1 10 RFD 05-Oct=03 17
1 ona -1 50 aa 05-0ct-03 11
1 AR -4 10 BFD 14-0ct-03 3 1 5.2
1 YA e 51 an 14-0ct-03 2 (2] 42
1 YAn -40 1 BFD 14-Oct-03 62
1 YA &0 50 aa 18-0ct 03 3
1 YEA 4B w0 BFD 200103 59 ND(S) ND(1) ND(1) NO{003)
1 YEA -af 50 oA 0-0ct-03 &1 NOS)  NO(1)  KO(1) NOo05)
2 aa 18 10 BFD 14-apr04 F2 Y s 962
2 aa <18 50 s 14-Apr-0d a5 516 1.7
2 Ea =18 10 RFD 14-Apr-0d 44 <01[08] 576
2 EA -18 50 an 14-Apr-04 12 <0606 357
2 GA -4 10 BFD 30-Apr-4 [ ¥ 1 L6 15 [ 5
2 an -48 50 as 30-Apr-0d 1 0.66 15 18 012
2 mB -5 o BFD M0-Apr-0d a6 o6 1z 12 0.081
2 MB 25 50 aa 30-Aprd 38 LR 13 13 0.058
2 s 18 10 BFD 18.Apra a3 104 1.6
2 Yaa 18 50 A 14-Apro4 4 7 143
i Aa -30 10 BFD 13-Oct-0d4 08 57
3 aa <30 50 Qs 13-0ct-0d of &7
1 BHA -18 10 BFD 07-5ep-04 24 14 808
3 BHA -18 50 an 07-52p-04 13 1 818
3 DA -3 10 BFD 13-Oct-0d 17 17
3 oA -30 50 o 13-Oct-04 2 0
3 @A 0 w0 BFDY 130004 1 Lt
3 Ea £ L] s 3Oct-0a 13 L]
3 s 30 1w BFD 120ct-04 1.2 a8
3 Ma -30 50 A 12-Oct-0d L5 58
F Yk <30 0 RFD 130ct-0d 1 ]
3 Yo -30 50 aa 13-Oct-04 2 73
4 BHA -48 0 BFD 0d-Aug-05 0 31 06 15
4 BHA -4 50 as 08-Aug-05 13 a8 0.6 15
4 1) -30 10 BFD 27.0ct-05 04 7
4 oA 50 50 oA P0en05 or 2
4 EA -50 0 BFD 26-0c1-05 09 18
4 EA 30 50 A 26-0ct-05 08 24
4 GA 30 1 BFD 26-0ct-05 12 57
4 1) 30 50 QA 16-0ct-05 11 54
a LA 30 1w BFD 35005 o8 ES ]
4 ) -30 50 QA 25-0ct-05 L 5
4 i -30 10 BFD 27-0st-05 17 5.1
4 YA -30 50 as 26-Oct-05 16 1
4 Yo -30 10 BED I8.0c1-08 13 a1
a vEA =30 50 aa 280105 L3 a
5 aa 30 10 BFD 12-Dec-0h (X3 7
5 aa 30 50 QA 13-Dec-0h 14 57
5 D& <30 1w BFD 12-Dec-06 0.8 a5
5 oA <30 50 A 12-Dec-06 0.8 73
5 GA -30 10 BFD 13-Dec-06 L2 66
5 Gh -30 50 an 13-Dec-05 1 7
5 L 30 10 BFD 13-Dec-05 15 57
5 [ -30 50 Qs 11-Dec-06 05 29
3 o8 0 bl BFD 13-Dec-08 o8 a3
5 oas 30 50 Qs 12-Dec0b L] 36
5 Yah =30 1w BFD 13:-Dec-06 15 a4
5 YA -30 50 o 13.Dac06 14 4
o [T -3 10 RFD 0-5ep-07 (X3 19 85 293 P11 748 126 126 048 1 0.31
6 [ -1 50 an 20-5ep-07 05 L8 76 .08 2 ] 042 0.96 024
] BC -18 10 BFD 21-Sep-07 12 1 146 5.66
] BC -18 50 as 20-5ep-07
L] D& » 10 BFD 20-Sep-07 n 00 1
3 oa 20 50 Qs 19-5¢p-07
& EA -3 o BFD 19-5ep-07 27 3t [+ 147
& EA -5 50 A 19-5ep-07 18 17
6 EA -TR 1o RFD 19-5ep-07 15 54
] EA -78 50 an 19-5p-07 L2 61 15
3 an -3 10 BFD 19-5ep-07 06 2 58 169
L] Ga L] S0 aa 19-Sep-07 oa L7 L 201
3 mMa 0 0 BED 18-5ep-07 1 57
& A 30 50 QA 18-Sep-a7 [E ] a8 m\a
& Qi <30 1 BFD 19-5ep-07 1 58
3 OAA 30 50 QA 19-5ep-07
6 Ths -18 10 BFD 20-5ep-07| 301 18 5.8 44 15
3 Yt -18 50 Qs 0-Sep-07| 311 16 5.1 72 0.6
3 AR -7 10 BFD W-Sep-07| 30 1 1
L] AR T8 50 Qa 20-Sep-07
T BC 30 0 BFD aocos | 354 2 a6 407
7 BC 30 5l oA 2e-0ct08 | 37 25 68 aM
7 EA - 1w BFD 10ct08 | 332 0.3 L EEe
7 EA -1 50 an 22-0ct-08 | 358 03 0.8 41
7 Gh -18 10 BFD 2-0ct-08 | 214 09 4.2 u ] 246
7 an -18 50 as 2.0ct-08| 208 1 5 64 18 240
4 Ge 24 1w BFD oo | 1=8 o8 1 0.33 0.7 s
7 aC 25 50 as 20008 | 151 05 25 0.3 0.5 08
T YEA 9 1o BFD 28-0ct-08 .2 oy 28 16 22 aom
7 YBA £l 5l (=) 0ct08) |7 06 22 10 E) 330
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Table B-4. AMPP blind field duplicate relative percent difference for suite 1 data

pairs
Sample| Site |AveDep|Sample QA Collectio | 1: Dry Wt 1: 1:pH iz 1: Calcium iz iz iz ig 1: 1:
Event nDate saturation | (Paste) |Electrical| (Paste) |Magnesi| Sodium | Sodium | Alkalinit | Bicarban |Carbona
Percentage Conducti um | (Paste) |Adsorpti|y(Paste)| ate te
ity (Paste) on Ratio (Paste) [ (Paste)
(Paste)
1 BC 48 10 BFD 105/03 | no data 2% 0% 4% 5% % 6% 4% T% nodata no data
1 BD 48 10 BFD 10/21/03 | no data 6% 1% 1% 62% 50% 27% 2% 19% nodata no data
1 BHA -18 10 BFD 10/22/03 | no data 0% 0% 5% 29% 1% 5% 8% 19% nodata nodata
1 DA -48 10 BFD 10/11/03 | no data 9% 0% 1% 0% 1% 4% 0% 19% nodata nodata
1 DB -9 1 BFD 10/11/03 | no data 14% 6% 4% T2% 49% 15% 43% 42% nodata no data
1 EA -48 10 BFD 10/10/03 | no data 1% 0% 28% 52% 43% 356% 1% 0% nodata nodata
1 GA -19 1 BFD 10/8/03 no data 1% 0% 13% 17% 14% 5% 0% 14% nodata nodata
1 GA -78 10 BFD 10/8/03 | nodata 2% 0% 2% 8% 6% 3% 2% % nodata no data
1 GC 78 10 BFD 10/8/03 | no data 0% 1% 8% 8% 1% 5% 0% 1% nodata no data
1 LA -18 10 BFD 10/2/03 no data 3% 0% 19% 9% 17% 46% 39% 4% nodata nodata
1 MA -3 10 BFD 10/1/03 | nodata 0% 5% 18% 20% 15% 54% 50% 18% nodata no data
1 MA -8 1 BFD 10/1/03 | no data 3% 1% 3% 24% 19% 0% 0% 7% nodata no data
1 MA -30 10 BFD 10/1/03 no data 4% 3% 9% 30% 16% 16% 4% 4% nodata nodata
1 MB -3 10 BFD 9/30/03 no data 3% 0% 6% 8% 0% 13% 12% 0% nodata nodata
1 0AA -1 10 BFD 10/9/03 | nodata 2% 0% 6% 0% 0% 0% 0% 1% nodata no data
1 YAA -9 10 BFD 10/14/03 | no data 3% 0% 6% 13% 16% 13% 5% 4% nodata nodata
1 YAA -40 1 BFD 10/14/03 | no data 18% 0% 3% 8% 7% 4% % 10% nodata nodata
1 YBA 48 10 BFD 10/20/03 | no data 4% 0% 10% 12% 12% 21% 14% 0% nodata no data
2 BA -18 10 BFD 4/14/04 no data 8% 0% 14% 1% 16% 10% 16% 22% nodata nodata
2 EA -18 10 BFD 4/14/04 no data 2% 1% 39% 43% 46% 18% 4% 0% nodata nodata
2 GA 48 10 BFD 4/30/04 | nodata % 2% 21% 12% 29% 48% % 9% nodata no data
2 MB -48 10 BFD 4/30/04 no data 3% 0% 9% 31% 16% 5% 21% 0% nodata nodata
2 YAA -18 10 BFD 4/14/04 no data 1% M% 4% 20% 16% 8% 0% 108% nodata nodata
3 BA -30 10 BFD 10/13/04 | no data 4% 0% 6% 2% 5% % 3% 4% nodata no data
3 BHA -18 10 BFD 9/7/04 no data 12% 1% 1% 2% 4% 2% 0% 0% nodata no data
3 DA -30 10 BFD 10/13/04 | no data 1% 2% 25% 4% 32% 40% 33% 3% nodata nodata
3 GA -30 10 BFD 10/13/04 | no data 3% 0% 2% 29% 22% 3% 18% 18% nodata no data
3 MA -30 10 BFD 10/12/04 | no data 3% 0% 14% 18% 15% 14% 6% 18% nodata no data
3 YAA -30 10 BFD 10/13/04 | no data 3% 0% 256% 16% 22% 32% 23% 21% nodata nodata
4 BHA -48 10 BFD 8/8/05 no data 2% 1% 13% 1% 13% 12% 1% no data 8% no data
4 DA -30 10 BFD 10/27/05 | no data 2% 1% 1% 1% 4% 17% 19% no data 22%  nodata
4 EA -30 10 BFD 10/26/06 | no data 1% 0% 36% 47% 58% T9% 63% no data % no data
4 GA -30 10 BFD 10/26/05 | no data 1% 0% 38% 40% 46% 49% 2% no data 9% no data
4 LA -30 10 BFD 10/25/05 | no data 4% 0% 5% 6% 1% 20% 16% no data 10%  nodata
4 YAA -30 10 BFD 10/27/06 | no data 2% 0% 4% 7% 25% 22% 16% no data 32% no data
4 YBA -30 10 BFD 10/28/05 | no data 2% 1% 22% 22% 25% 19% % no data 1% no data
5 BA -30 10 BFD 12/12/06| no data 27% 3% 60% 41% 39% 102% 87% no data 27%  nodata
5 DA -30 10 BFD 12/12/06 | no data 5% 0% 29% 26% 33% 45% 27% no data 23% no data
5 GA -30 10 BFD 12/13/06 | no data 3% 0% 9% 12% 2% 2% 2% no data 7% no data
5 LA -30 10 BFD 12/13/06 | no data 13% 1% 103% 110% 133% 133% 83% no data 10%  nodata
5 OAA -30 10 BFD 12/13/06 | no data 16% 1% 70% 128% 131% 65% 9% no data 17%  nodata
5 YAA -30 10 BFD 12/13/06 | no data 2% 1% 20% 16% 19% 28% 19% no data 24% no data
6 BA -3 10 BFD 9/20/07 no data 7% 1% 13% 29% 33% 24% % no data 25% no data
6 BC -18 10 BFD 9/21/07 | no data nodata nodata  26% 30% 36% 15% 4% nodata nodata nodata
6 DA -30 10 BFD 9/20/07 no data no data no data 1% 23% 16% 194% 181% nodata nodata nodata
6 EA -9 10 BFD 9/19/07 no data 1% 2% 2% 7% 7% 4% 0% nodata nodata nodata
6 EA -78 10 BFD 9/19/07 | no data 13% 1% 2% 2% 12% 3% 6% no data 24%  nodata
6 GA -9 10 BFD 9/19/07 no data 5% 1% 23% 4% 25% 7% 9% no data 35% no data
6 MA -30 10 BFD 9/18/07 no data 2% 1% 1% 12% 14% % 14% no data 5% no data
6 OAA -30 10 BFD 9/19/07 | no data nodata nodata  20% nodata nodsta nodata nodata nodata nodata nodata
6 YAA -18 10 BFD 9/20/07 | no data 1% 2% 25% 43% 54% 26% 2% no data 2% no data
6 YAA -8 10 BFD 9/20/07 no data no data no data 39% 47% 51% 44% 21% nodata nodata nodata
7 BC -30 10 BFD 10/24/08 | no data 17% 1% 5% 4% 17% 17% 28% no data 9% no data
7T EA -1 10 BFD 10/23/08 | no data 0% 3% 21% 35% 28% 52% 65% no data 23%  nodata
7 GA -18 10 BFD 10/22/08 | no data % 3% 33% 75% 66% 8% 29% no data 12% no data
7 GC -48 10 BFD 10/22/08 | no data 13% 1% 14% 24% 1% 4% 48% no data 52% no data
T YBA -9 10 BFD 10/24/08 | no data 4% 1% 23% 13% 12% 25% 16% no data 12%  nodata
Average RPD (%) 5.4% 13%  185%  252%  261% 291% 222% 135%  19.5%
Completeness (%) 0% 93% 93% 100% 98% 98% 98% 98% 51% 40% 0% |
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Table B-5. AMPP blind field duplicate relative percent difference for suite 2
data pairs

Sample| site |AveDep|Sample QA Collectio iz 2:Cation| 2: 2: |2:Lime(2:Sand| 2:Silt | 2:Clay
Event nDate | Chloride [Exchange|Exchang|Exchan| as
(Paste) | Capacity | eable |geable| Caco3
Sodium | Sodiu
m
Percen
1 BC 48 10 BFD 10/15/03 ] no data 6% nodata 19% 2% 0% 2% 2%
1 BD -48 10 BFD 10/21/03 | no data 3% nodata 16% 6% 5% 0% 4%
1 BHA -18 10 BFD 10/22/03 | no data 6% nodata  34% 27% 108% 2% 12%
1 DA 48 10 BFD 10/11/03 | no data 2% nodata 40% 4% 8% 13% 18%
1 DB -9 1 BFD 10/11/03 | no data 20%  nodata 40% 3% 12% 3% 1%
1 EA -48 10 BFD 10/10/03 | no data 9% nodata 22% 1% 6% 0% %
1 GA -19 1 BFD 10/8/03 | no data 1% no data 8% 6% nodata 4% 4%
1 GA -78 10 BFD 10/8/03 | no data 30% nodata 17% 4% 1% 6% 0%
1 GC -78 10 BFD 10/9/03 | no data 1% no data 6% 17% 18% 21% 29%
1 LA -18 10 BFD 10/2/03 | no data 1% nodata 15% 4% 12% 2% 8%
1 MA 3 10 BFD 10/1/03 | no data 20%  nodata 5% 2% 4% 2% 0%
1 MA -8 1 BFD 10/1/03 | no data 39% no data 56% 1% 4% 2% 0%
1 MA -30 10 BFD 10/1/03 | no data 15% nodata 17% 2% 7% 2% 4%
1 MB 3 10 BFD 9/30/03 | no data 2% nodata 18% 8% % 5% 0%
1 0AA -1 10 BFD 10/9/03 | no data 10% nodata 43% 25% 4% 0% 4%
1 YAA 9 10 BFD 10/14/03 | no data 1% no data  40% 0% 4% 4% 13%
1 YAA 40 1 BFD 10/14/03 | no data 1% nodata 21% 1% 2% 0% 6%
1 YBA -48 10 BFD 10/20/03 | no data 13% nodata 3% 2% 12% 6% 18%
2 BA -18 10 BFD 4/14/04 67% 5% nodata 73% 5% 8% 2% 5%
2 EA -18 10 BFD 4714104 67% 17%  nodata 32% 1% 38% 2% 18%
2 GA 48 10 BFD 4/30/04 36% 23%  nodata 29% 10% 15% 13% 3%
2 MB -48 10 BFD 4/30/04 29% 9% nodata 19% 0% % 10% %
2 YAA -18 10 BFD 4714704 40% 8% no data % 5% 15% 9% 0%
3 BA -30 10 BFD 10/13/04 | no data 5% 0% 16% 0% 0% 2% %
3 BHA -18 10 BFD 9/7/04 9% 26% nodata 32% 8% 127% 12% 4%
3 DA -30 10 BFD 10/13/04 | no data 2% 16% 16% 3% 2% 0% 1%
3 GA -30 10 BFD 10/13/04 | no data 1% 40% 36% 0% 2% 0% 5%
3 MA -30 10 BFD 10/12/04 | no data 0% 22% 19% 1% 13% 2% 16%
3 YAA -30 10 BFD 10/13/04 | no data 1% 5% 9% 2% 7% 2% 1%
4 BHA 48 10 BFD 8/8/05 | no data 1% 48% 43% 2% 8% 6% 5%
4 DA -30 10 BFD 10/27/05 | no data 17% 55% 60% 12% 1% 12% 29%
4 EA -30 10 BFD 10/26/05 | no data 4% 12% 15% 6% 5% 8% 10%
4 GA -30 10 BFD 10/26/05 | no data 1% 9% 5% 1% 10% 5% 12%
4 LA -30 10 BFD 10/25/05 | no data 0% 20% 25% 1% 5% 8% 5%
4 YAA -30 10 BFD 10/27/05 | no data 5% 6% 65% 21% 0% 0% 0%
4 YBA -30 10 BFD 10/28/05 | no data 5% 0% 2% 1% 10% 2% 5%
5 BA -30 10 BFD 12/12/06 | 154% % 80% 43% 21% 91% 4% 47%
5 DA -30 10 BFD 12/12/06 | 167% 24% 12% 39% 10% 8% 10% 22%
5 GA -30 10 BFD 12/13/06 8% 3% 8% 8% 1% 20% 5% 38%
5 LA -30 10 BFD 12/13/06 |  89% 42% 100%  65% 30% 20% 5% 3%
5 0AA -30 10 BFD 12/13/06 27% 32% 12% 38% 25% % 3% 10%
5 YAA -30 10 BFD 12/13/068 | 123% 14% 7% 9% 4% 4% 8% 12%
6 BA 3 10 BFD 9/20/07 10% 8% 0% 5% 2% 18% 2% 13%
6 BC -18 10 BFD 8/21/07 | nodata nodata nodata nodata nodata nodata nodata nodata
6 DA -30 10 BFD 9/20/07 | nodata nodata nodata nodata nodata nodata nodata nodata
6 EA 9 10 BFD 9/19/07 | no data 15% 35% 21% nodata nodata nodata nodata
6 EA -78 10 BFD 9/19/07 4% 33% 22% 12% 8% 9% 18% 18%
6 GA 9 10 BFD 9/19/07 54% 15% 40% 16% 13% 10% % 0%
6 MA 30 10 BFD 9Msm7 20% 0% 20% 17% 6% 0% 2% "%
6 OAA -30 10 BFD 9/19/07 | nodata nodata nodata nodata nodata nodata nodata nodata
6 YAA -18 10 BFD 8720107 33% 0% 12% 13% 7% 16% 2% 1%
6 YAA -78 10 BFD 9/20/07 | nodata nodata nodata nodata nodata nodata nodata nodata
7 BC -30 10 BFD 10/24/08 3% 4% 22% 19% 4% 46% 0% 4%
T EA -1 10 BFD 10/23/08 23% 8% 0% 22% 0% 20% 6% 4%
7T GA -18 10 BFD 10/22/08 | 125% 3% 1% 17% 4% 18% % 13%
7 GC 48 10 BFD 10/22/08| 22% 4% 18% 21% 4% 62% 29% 18%
7T YBA -9 10 BFD 10/24/08 26% 9% 16% 24% 1% 117%  no data 12%
Average RPD (%) 50.7%  11.9%  223% 245% 62% 17.9% 65%  114%
Completeness (%) |_39% 93% 1% 93% 91% 89% 89% 9N%
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Sample| Site |aveDep|sample| @A |Collectio] 31
Event nDate | Nitrate
N
T BC EE] i) BFD [ 10115703
1 BD 48 L] BFD 1072903 po dats
1 BHA -8 1w BFD 1022403 5%
1 DA 48 10 BFD | 1011903 no data
1 DB 9 1 BFD | 10M1103 o data
1 48 n BFD | 101003 no data
1 19 1 BFD 108103 ™%
1 GA T8 10 BFD | 10@m03  nodata
1 G 8 0 BFD | 10803  nadata
1 LA % 0 BFD | 10203 8%
1 Ma -3 0 BFD | 1003 2%
1 MA 4 1 BFD 1011103 45%
1 oM 30 10 BFD | 1003 naodata
1 Ma ] ] BFD 3003 5%
1 08 A 1] BFD | 100903 nodata
1 YAA L] 10 BFD w0 1%
1 YAA 40 1 BrD 10/14/02  no data
1 ¥BA 48 10 BFD | 10720003 no data
H 18 w BFD | 4t TR
2 EaA 18 0] BFD | 41414 o data
2 GA 48 0 BFD A4 no data
2 M8 -8 10 BFD 43004 nodata
2 YAA 18 10 BFD | 41404 118%
3 BA 0 0 BFD | 101304 1o dota
3 oBMA B 0 BFD | 974 3%
3 DA <30 1w BFD 10/11¥04  no data
3 GA .30 10 BFD | 101304 no data
TN 0 10 BFD | 1011204  na dats
3 Yaa W 1] BFD | 101304 no data
4 BMA a8 0 BFD | &@05 nodsta
4 DA -0 1 BrD 102705 na data
4 EA n 0 BFD | 1026405  nadata
4 Ga 30 0 BFD | 1072605 o data
4 LA -3 L] BFD | 10/25/05 o date
4 YAA -0 (] BFD 10/27/05  no data
4 YBA 30 10 BFD | 102805 nadata
& BA 30 10 BFD 121206  nao data
5 DA 30 0 BFD | 121206 o data
5 Ga -30 0 BFD | 121306 nodata
B LA -0 (1] BrD 121306  no data
5 OAA n 10 BFD | 1211306  no data
& Yaa -0 w BFD | 1213008 o data
6 Ba -3 0 BFD | w0Or 1%
6 BC -8 L] BFD 92107 nodata
& DA 0 0 BFD | 92007 nodata
6 EA ] 1] BFD | 91907 o dato
£ EA 18 n BFD | 971907  nodata
6 GA L] L] BFD ananr 5%
6 MA n 10 BFD | 918107  nodata
B OAA 0 0 BFD | 1907 nodota
B YAA 1 0 BFD | w2007 5%
6 YAA T 1w BFD 92007 nodata
7 BC n 10 BFD | 10/2408  no data
T oEA 1 1] BFD | 102308 o data
ToGA 18 n BFD | @208 53%
T GC 48 (] BrFD 10/22/08  no data
7 ¥BA 4 10 BFD | 102808 45%
Awerage RPD (%) «.z:

o data

na data
1%

no dota

o data
na data
o data
no data
no data
na data
no data
no data
no date
o data
o data
na data
no data
no data
na data
ro data

no data

na data
no data
no dota
no data
%
o data
no data
%
o data
na data
no data
161%
na data

%

mi%
2%

o data
o data
no data
na data
o data
no data
no data
o data
o data
no data
no data
nio data
na data
o data
no data
%
na data
no data
no data
no data
na data
o data
no data
no data
o data
no data
no data
no data
na data

o data

59%

o data
no data
o data
na data
o data
no data
no data
o data
o data
no data
no data
nio data
na data
o data
no data
0%
na data
o data
no data
no data
na data
o data
no data
nio data
no data
no data
no data
nio data
na data

o data

2%

no data
no data
na data
o data
no data
no data
no data
o data
o data
no data
nio dats
no data
o data
o data
no data
o data
na data
o data
no data
no data
no data
o data
no data
no data
no data
na data
o data
no data
nio dats
no data
o data
no date
no data
na data
o data
no data
nio dats
no data
o data
no data
no data
no data

o data

1%
4%

no data
no data
na data
o data
no data
o date
no data
o data
o data
no data
no dats
no data
o data
o data
no data
no data
no data
no data
no data
no date
no data
o data
o data
no data
no data
na data
o data
no data
no dats
no data
no data
o dato
no data
no data
o data
no data
no dats
no data
o data
no data
o data
no data

o data

1%
4%

no data
o dats
na data

no data

06%
5%

o dals
no dats
ne data
o data
no data
no data
no data
o data
o data
no data
o data
ne data
o data
o data
no data
no data
ne data
no data
no data
no dats
%
3%
no data
no data
o dats
ne data
o data
o data
no data
o data
ne data
o data
no data
no date
ne data
o data

no data

no dats
ne data
o data
no data
no data
ne data
o data
o data

no data

ne data

no data

no data
no data
ne data
o data
no data
o data
%

no data
no data
o data
ne data
o data
o data

no data

ne data
o data
no data
ne daty
ne data
o data
o data
no data
o data
ne data
o data
no data
13%
no data
o data
no data
no data
ne data
no data
no data
o data
ne data
o data
no data
o data
no data

no data

no data
no data
no dats
ne data
no data
no data

no deta

ne data
o data
no data
no data
ne data
no data
o data
no data
o data
ne data
o data
no data
no data
ne data
no data
no data
no data
ne data
no data
no data
no dats
ne data
o data
no data

no data

no data

121%
™

n
no data
nedsta  nodata 21%
nodata  no data %
nodata  nodata %
nodala  nodsla
nedsta  nodata
nodata o data
nodata  no data
nodata  nodata
nodata  nodata
nedsta  nodata
nodata  nodata
nodata  no data
nodsts  nodata
nodsta  nodata
nedata  nodaia
nodata  no data
nodala  nodata
nodsts  nodsta
% ne data
3% nodsa
nodaa o data
nodata  nodata
nodats  no dats
nedsta  nodata
nodaa  nodata
nodata  nodata
nodala  nodsla
nodsta o dats
nedata  nodata
nodata  no data
nodata  nodata
nodala  nodsla
ne data  nodata
nodata o data
nodata  no data
nodata  nodata
nodsts  no dats
nedata  nodaia
nodata  no data
nodata  nodata
nodata o data
nodata  nodaia
nodata  no data
nodata  nodata
nodsta  no dsta
nodata  nodata
nodaa o data
nodata  nodata
nodats  no dats
nedsta  nodata
no data 5%
no data %
nodata 2%
ne data %
no data ¥
209% 5% 4.0%
4% 9% 48%
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Appendix C — Spatial Variability of Soils
Depth Variability of Soil Data

Variability of field measurements due to sampling and laboratory techniques was found
to account for variations of up to 15 to 30 percent. Another source of soil variability is
natural spatial variation that occurs laterally and with depth. AMPP was designed to
minimize effects of spatial variability by using composite soil samples and by using
standardized soil sample depths. However, it is important to understand the magnitude
of spatial variability, especially when comparing AMPP data to soils data compiled from
other sources.

Soil properties often vary with depth. Natural soil-forming processes and agricultural
management tend to amplify differences in soil properties within the soil profile. These
changes result principally from the fact that water content, water movement,
temperature, and biological activity in soils all vary with depth. Surface soil layers
typically have more flux of water, have more pronounced seasonal variation in water
content and temperature, and have more biological activity (e.g. root mass and microbial
activity) than in deeper layers. Through hundreds to thousands of years, these
processes tend to increase organic matter levels, decrease pH, and remove soluble
salts and lime near the soil surface. Soluble salts, lime, and clay minerals often
accumulate within or near the base of the root zone at 24 to 30 inches.

Tongue River soils data were used to assess the degree of variability in soil properties
with depth. Most soil properties including physical properties such as texture and
chemical properties such as EC and exchangeable sodium percentage (ESP) were
found to vary significantly with depth. The effect of soil depth on soil properties is
important because any monitoring program which seeks to compare two or more soils,
or identify trends in soil properties through time must carefully control depth. Soil
properties in areas within a field that have been eroded, leveled, or have received recent
sediment deposition may be significantly different than more stable portions of the same
field.

Spatial Variability of Soil Data

Another important factor which influences variability of soil monitoring data is lateral
spatial variability. In order to assess the degree of spatial variability in AMPP fields,
each composite subsample collected in the upper 24 inches from two representative
fields were individually analyzed. Field MA, which was 60 acres in size, was sampled
using 12 subsamples, while field YAA (19.3 acres) had 10 subsamples.

Results of the spatial variability tests are shown for field MA in Table C-1 and Figure C-1
through C-3. Spatial location of the individual samples is shown on the X and Y axis,
while the size of the symbol at each location indicates the value measured for each soil
property. Results for the 0 to 6, 6 to 12, and 12 to 24 inch layer are shown on the left,
middle and right, respectively. Results for selected parameters in field YAA are shown
in Table C-1 and Figure C-4.

A measure of the variability of the individual samples can be obtained by determining the
standard deviation, a measure of variability. Standard deviation is divided by the mean
to determine the coefficient of variability (CV). A series of measurements that has a CV
of 20 percent means that 67 percent of the samples will fall within 80 to 120 percent of
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the mean while about 16 percent of samples will be less than 80 percent of the mean
and 16 percent greater than 120 percent of the mean.

Results of spatial variability testing (Table C-4) showed that soil pH had little variability,
soil texture had CV values from 10 to 40 percent, and chemical properties such as EC,
SAR, and ESP had greatest variability. CV ranged from 20 percent to over 100 percent.
In general, the variability of chemical properties was greatest deeper in the soil profile.
The large variability that occurs within a field indicates that a reliable soil testing program
designed to identify trends should use the same sampling locations each time the field is
sampled.
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Table C-1. Spatial variability of individual samples collected at three depths from randomly spaced locations in fields MA and YAA

Site and Depth pH, Conduct- Calcium, Magnesium, Sodium, Sodium | Saturation | Cation Ex- | Exchange Lime as Sand Silt Clay
Saturated ivity, Saturated Saturated Saturate Adsorp- change able CaCO3
Paste Paste Paste Paste d Paste tion Capacity Sodium
Extract Ratio Percent-
(SAR) age
Coefficient of Variability (Population standard deviation divided by the mean)

MA 0-6 1.2% 14.7% 14.9% 19.3% 36.8% | 35.4% 9.7% 19.1% 18.7% 20.6% 30.3% 11.5% 10.8%
MA 6-12 1.7% 21.7% 31.5% 36.0% 48.7% | 52.0% | 14.5% 17.6% 20.6% 18.6% 44.2% 12.4% 20.0%
MA 12-24 3.2% 55.3% 37.4% 87.3% 107.7% | 96.1% 11.4% 27.8% 48.6% 19.4% 53.5% 17.6% 17.4%
YAA 0-6 1.7% 77.4% 120.2% 120.9% 55.2% | 17.6% 13.7%
YAA 6-12 1.9% 63.3% 94.1% 96.5% 48.0% | 17.1% 16.9%
YAA 12-24 1.3% 65.1% 64.2% 72.8% 88.0% | 46.9% 13.7%

Field MA is 60 acres in size and consisted of 12 subsamples, field YAA is 19.3 acres in size and consists of 10 subsamples.
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(percent) for 12 composite samples from site MA collected at three depths 0 to 6
inches (green-left), 6 to 12 inches (yellow-middle), and 12 to 24 inches (red-right). The
size of the symbol indicates the EC and ESP values



Tongue River Agronomic Monitoring & Protection Program Page 157
2009 Progress Report September 2009

Spatial Variability Spatial Variability Spatial Variability
Site MA - SAR Site MA - SAR Site MA - SAR
45.002 - 45002 . ; . 45002 -
! I I | I
‘ : ‘ :
45.001 45,001—————‘—————— [ 45001 - — — — — |S1z2inches| . _ _ g
| 4.50
| | |
| | |
45.000 ! ! 45,000 | 060 @
| | ) |
| | | |
| | ! | 060 @
[ 44.999 | | | 449994 — — — — — — — | - - - — = — = — =
) )
S ] I | T !
S 2 | ! O 2 ! 2.00 =
© = = 110 g
© ! O‘ © 05 @ ! .
- — 44.998 o | | S a0 [0 @ o |
| | | |
| O\ | 05 @
| I | |
44.997 | ; O | 44.997 11.00 .
I I I ! 6.30
| | | |
44.9% ! ! ! 0AeFD : 1.60 .
| | |
| | | |
sasos | | | | |
44995 } } } 44995 |
106855  -106854  -106.853  -106852  -106.851 -106.85 -106.849
-106.855 -106.854 -106.853 -106.852 -106.851 -106.85 -106.849 -106.855 -106.854 -106.853 -106.852 -106.851 -106.85 -106.849
Longitude Longitude Longitude
Spatial Variability Spatial Variability Spatial Variability
Site MA - pH Site MA - pH Site MA - pH
45.002 - - - 45.002 T 45.002 - -
| | | | | |
| | | | |
—_o-a h [~ 6-12inches| P
45.001 I e ! 45.001 Inchos B [o 1224 nches| |
| | 17.80 | g,
| | | | |
| | | | |
45000 - — — — L — — — J— — — 1 AL 45000 - — — — — — — — 4 45.000 !
| | | | |
| | | | |
| | | | |
w44.999 | | | 44.999 { | © 44.999 |
© | °
=1 =1
= | 2
= F=1
© 54
—124.998% - — 44,9989

3
,
1
|
'
3
Latitude

0 g b
44.998°%
|
44.997 S ' 44.997 ‘ Q 44.997
| |
I | | O
44996 - — — — L — — — d— — — 1 — 60 S - — — — 44996 4 — — — — — — — - —————le0 @ N — — — 44.996

44.995 + T + 44.995 44.995
-106.855 -106.854 -106.853 -106.852 -106.851 -106.85 -106.849 -106.855 -106.854 -106.853 -106.852 -106.851 -106.85 -106.849 -106.855 -106.854 -106.853 -106.852 -106.851 -106.85 -106.849

Longitude Longitude Longitude

Figure C-2. Variation in sodium adsorption ratio and pH for 12 composite samples from site MA
collected at three depths 0 to 6 inches (green-left), 6 to 12 inches (yellow-middle), and 12
to 24 inches (red-right). The size of the symbol indicates the SAR and pH values
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Figure C-3. Variation in clay and sand content (percent) for 12 composite samples from site MA
collected at three depths 0 to 6 inches (green-left), 6 to 12 inches (yellow-middle), and
12 to 24 inches (red-right). The size of the symbol indicates the clay and sand values
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Figure C-4. Variation in electrical conductivity (dS/m) and sodium adsorption ratio for 10 composite
samples from site YAA collected at three depths 0 to 6 inches (green-left), 6 to 12 inches
(yellow-middle), and 12 to 24 inches (red-right). The size of the symbol indicates the EC

and SAR values
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Table C-2 illustrates the magnitude of errors that may result from selecting a single soil
sample (as opposed to a composite sample as was used in the AMPP) to represent an
entire field. For example, in field MA, average surface EC was 0.67 dS/m, but individual
samples varied from 0.53 to 0.91 dS/m. Even greater differences occurred at depth,
where in field YAA, average EC from 12 to 24 inches was 1.33 dS/m, but individual
samples varied from 0.67 to 3.77 dS/m. Table C-3 provides an estimate of error
associated with estimated mean EC at 0 to 6 and 12 to 24 inches in field MA for varying
numbers of composite samples. Estimated mean for a field cannot be precisely derived
using 10 or even 100 composite subsamples. However, 10 subsamples yield precision
that is comparable to larger numbers of subsamples, and is far superior to use of a
single sampling location. Additionally, when the same subsample locations are used
each time a field is sampled, field variability is eliminated and chronological results
should more precisely identify trends than if subsample locations are changed each
sampling event.

Table C-2. Average, low, and high electrical conductivity measurements from
samples collected at three depths in fields MA and YAA

Location Average Lowest Highest | Std Dev | Coef Var
Electrical Conductivity Paste (dS/m)
MA 0-6 0.67 0.53 0.91 0.10 14.7%
MA 6-12 0.79 0.48 1.11 0.17 21.7%
MA 12-24 1.14 0.57 3.00 0.63 55.3%
YAA 0-6 1.22 0.73 4.01 0.94 77.4%
YAA 6-12 1.11 0.72 3.20 0.70 63.3%
YAA 12-24 1.33 0.67 3.77 0.86 65.1%

Field MA is 60 acres in size and consisted of 12 subsamples, field YAA is 19.3 acres in size and
consists of 10 subsamples.

Table C-3. Effect of number of composite sub-samples on the potential error in
measuring the electrical conductivity (dS/m) at site MA for the 0 to 6
and 12 to 24 inch depths

Location Sample Size Mean Std Error Lowest 5 Highest 95
percent percent
MA 0-6 1 0.67 0.10 0.51 0.83
MA 0-6 2 0.67 0.07 0.55 0.78
MA 0-6 5 0.67 0.04 0.60 0.74
MA 0-6 10 0.67 0.03 0.62 0.72
MA 0-6 100 0.67 0.01 0.65 0.68
MA 12-24 1 1.14 0.63 0.10 2.19
MA 12-24 2 1.14 0.45 0.41 1.88
MA 12-24 5 1.14 0.28 0.68 1.61
MA 12-24 10 1.14 0.20 0.81 1.47
MA 12-24 100 1.14 0.06 1.04 1.25
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Appendix D — Initial Soil Sampling and Characterization

Sixteen fields were selected for study in Tier 2 AMPP (Table D-1). Ten fields were
irrigated with Tongue River water and were located along the entire length of the River
from above the Tongue River Reservoir to the lower T&Y Irrigation District east of Miles
City. Two additional Tongue River fields were selected that were non-irrigated, but were
located in a similar landscape position and had similar soils as the nearby Tier 2 fields.
Two fields were irrigated with water from Tongue River tributaries (Hanging Woman and
Otter Creek), and two reference fields were irrigated with Yellowstone River or Big Horn
River water. Throughout this report, sites are discussed in order starting with the most
upstream Tongue River sites, and ending with sites irrigated with Tributary water or
other irrigation sources.

Table D-1. Characteristics of sites selected for Tier 2 AMPP monitoring

Site Irrigation Irrigation County Mapped Mapped Classification
Water Soil Series
Source
MA | Irrigated/Pivot | Tongue Big Horn Hfa - fine-loamy, mixed
Haverson (calcareous) mesic Ustic
loam Torrifluvents
LA Irrigated/Side- | Tongue Big Horn Hfa - fine-loamy, mixed
roll Haverson (calcareous) mesic Ustic
loam Torrifluvents
GA Irrigated/Side- | Tongue Rosebud 99 - Havre fine-loamy, mixed
roll loam (calcareous) frigid Ustic
Torrifluvents
GB | Dryland NA Rosebud 99 - Havre fine-loamy, mixed
loam (calcareous) frigid Ustic
Torrifluvents
GC | Irrigated/Flood | Tongue Rosebud 99 - Havre fine-loamy, mixed
loam (calcareous) frigid Ustic
Torrifluvents
EA Irrigated/Flood | Tongue Rosebud 197 - Yamac | fine-loamy, mixed Borollic
loam Camborthids
DB Irrigated/Pivot | Tongue Custer 901 - Sonnett | fine, montmorillonitic frigid
thin surface Typic Eutroboralfs
DA Dryland (03) Tongue Custer 99 - Havre fine-loamy, mixed
then silty clay (calcareous) frigid Ustic
Irrigated/Pivot loam Torrifluvents
BA Irrigated/Flood | Tongue Custer 79A - fine-loamy, mixed, frigid Aridic
Yamacall Ustochrepts
loam
BD Dryland NA Custer 47A - Harlake | fine, montmorillonitic
silty clay (calcareous) frigid Aridic
Ustifluvents
BC Irrigated/Flood | Tongue Custer 47A - Harlake | fine, montmorillonitic
silty clay (calcareous) frigid Aridic
Ustifluvents

YAA | Irrigated/Flood | Tongue Custer 53A - Kobase | fine, montmorillonitic, frigid
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Site Irrigation Irrigation County Mapped Mapped Classification
Water Soil Series
Source
silty clay Aridic Ustochrepts
loam
MB Irrigated/Flood | Prairie Sheridan 171 - fine-loamy, mixed
Dog Kishona (calcareous) Mesic Ustic
(50%) Torriorthernts
Cambria
(30%)
OAA | Irrigated/Flood | Otter Rosebud 99 - Havre fine-loamy, mixed
loam (calcareous) frigid Ustic
Torrifluvents
YBA | Irrigated/Flood | Yellowsto | Custer 47A - Harlake | fine, montmorillonitic
ne silty clay (calcareous) frigid Aridic
Ustifluvents
BHA | Irrigated/Flood | Big Horn Big Horn Bs - Bew silty | fine, montmorillonitic mesic
clay loam Ustollic Haplargids

Tongue River Irrigated and Dryland Sites
Site MA

Site MA is the most upstream sample in the AMPP program, and is located just north of
the Wyoming-Montana boundary and about 4.1 km (2.5 miles) from the point where the
Tongue River first enters Montana (Figure D-1). The site is located below most, but not
all, of the Fidelity water discharge points and is above the confluence of Prairie Dog
Creek, a tributary that drains nearly 25 percent of the upper Tongue River watershed.
The center pivot sprinkler irrigated field lies on a nearly level floodplain area within a
large meander bend of the Tongue River floodplain (Figure D-2). At the time of the first
sampling, the field had been recently planted to alfalfa and had a poor to moderate crop
stand with significant weed growth and some bare areas.

The soil mapping unit sampled within the field is Hfa - Haverson loam and Hfd -
Haverson silty clay loam (Figure D-3). These soils are undeveloped floodplain soils with
18 to 35 percent clay. They have moderate amounts of organic matter that is stratified
with depth, and contain ample amounts of lime throughout the profile. The two units
differ only in that Hfd has a slightly more clayey surface layer.

The pedon described and sampled at site MA was fairly typical of soils mapped as
Halverson loam (Table D-2). Clay content was variable with depth and ranged from 22
to 30 percent. Dominant clay minerals were illite and kaolinite, which are non-swelling
clays that are not easily affected by excess sodium. Soil pH (7.6) was mildly alkaline
and moderate levels of lime (10 percent) occurred at all depths. Both pH and lime
content were unchanged with depth owing to the lack of soil profile development in these
recent river deposits. EC was moderate (1 to 2 dS/m) throughout the profile. Both SAR
(0.4 to 1.0) and ESP (1.8 to 2.3) were low at all depths. Nutrient levels were generally
adequate except for available zinc which was moderately low, and nitrogen which was
also low for crops other than alfalfa. This crop obtains its own nitrogen source from the
atmosphere.
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Profile description for soil pit MA-14.

Landscape position: |Terraceffloodplain

Parent material: | Alluvium.

County and mapped soil unit: (Bighom County, Haverson Senes

Vegetation: [Seeded alfalfa’weeds.

Management Status: | Center pivot sprinkler rigation

Slope and Aspect: | 1% slopes with a northeast facing aspect

Classification: |fine-loamy, mixed (calcarecus) mesic Tstic Tormifluvents

Depth
{(inches)

Horizon USDA Description

Brown (10TE 5/3) dry and brown (10TER 4/3) moeast silt loam, weal,
medium, platy parting to weak, medium, subangular blocky structure; loose,
Apl 0to 5 |loose, slightly sticky, and non-plastic; commeon fine and few medivm roots;
cotmon, medm, rregular, discontinuous pores: strongly effervescent,
clear smooth boundary

Tellowish brown (10TR 5/4) dry and dark brown (10TE 3/3) moist silt
loam; wealk, medium, subangular blocky structure; slightly hard, very fiiable |
Ap2 5to 10 |slightly sticky, and nen-plastic; common fine roots; commeon, medium,
irregular, discontinuons pores, strongly effervescent; clear smooth
boundaty.

Light olive brown (2.5 5/3) dry and olive brown (2.57 4/3) moist silty
clay loam, weak, medium, subangular blocky structure; hard, friable, slightly
Bwr 10to 26 |sticky, and slightly plastic; common fine roots; common, fine, irregular,
discentinuous pores; strongly effervescent; soft white masses, clear smooth
boundary.

Light olive browen (2.5 5/3) dry and hght olive brown (2.57 3/4) moist
ok 26 to 37 silty clay loatn; massive; hard, fiable, slightly sticky, and non-plastic; few
fine roots, few, fine, rregular, discontmuous pores, wiolently effervescent,

clear smooth boundary

Light yellowish brown (2.57 6/3) dry and light olive brown (257 5/3)
moist silty clay loam; massive; hard, friable, slightly sticky, and slightly
plastic, few fine roots; few., fine, iregular, discontinuous pores; strongly
effervescent; stratified by dark organic-like zones 1 to & inches thick.

C3 37to 65

Motes

1 Soils were described using protocol defined by Soil Survey Division Staffl
1993 Soil Swrvey Mavual. US DA Agriculfure Handbook 18 Photo of Soil Pit MA-14.

2 faxonomy

Figure D-3. Soil profile description and photo of soil at site MA
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Table D-2. Soil profile chemical, physical, and mineralogical data for site MA

Paste pH, Conductivity, Organic Matter, Lime and Texture

Harizan Upper Lower  Dry Wi, g pH, Conductivity,  Organic Lirne as  Texture Sandwt%  Siltwt%  Clay wit%
Depth (in) Depth (in) Saturated Paste Matter CaCO3 unitless  Method Method Method
Faste s.u. Extract witda with Method — ASATSE  ASAISE  ASAISS

Method mmhosfcm  Method Method — ASA1S-5
ASAM10- Method ASAZS-3 USDAZIC
32 ASAMI0-3

Al a 5 562 7.6 0.64 205 g4 SiL 24 52 24
Az al 10 529 7.6 072 98 SiL 24 a4 22
B 10 ] 603 7.6 1.45 1.1 SicL 12 61 7
2k ] 7 518 7.6 1.85 154 SicL 16 a7 7
3 7 G5 580 78 0.9 85 SicL 16 54 30
Paste Extract and Exchangeable lons
Harizon Upper Lower  Saturation  Calciurn,  Magnesium,  Sodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wit% Saturated  Saturated  Saturated Adsorption Saturated Exchange Extractable eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/100g  Sodium
USDAZY 4 el Method el (SAR) meg/l  meg/100g  Method  Percentage
Method S¥WBE0106 Method unitless  Method Method  SWED10B % Method
SWED10B SWEO10B  Method  ASAN0-3 SWED10B USDAZ0L
Calculation
Al a 5 407 37 17 1.1 o7 48 2 0.6 21
ApZ 5 10 40.6 47 23 0.s 0.4 32 223 0.6 23
B 10 ] 45.4 6.8 5.1 15 06 26 30 0.6 18
C2k 2 37 457 9 93 28 0 21 253 0.6 21
3 7 G5 47.8 47 3.4 2 1 22 293 o7 22
Clay Minerals and Nutrients
Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos-  Potassium,  Sulfate,  Zinc (DTPA
Depth (in) Depth (in) Method 3= Method ¥ Method ¥ Method ¥ M, phorus  MH40Ac  Saturated  Extract)
ray ray ray ray Saturated  (Dlsen  Extractable  Paste mgfky

Diffraction  Diffraction  Diffraction  Diffraction Paste mg/l NaHCO3  mogfky meg/L Method
(based on  (based on  (basedon (based on  Method  Extract)  Method Method  SWEO10B

clay clay clay fraction) clay ASAID-3 mofkng ASAI3-3 ASAI0-3
fraction) fraction) fraction) Method
ASA-G
Al a 5 ] 52 17 5 108 23 s02 18 0.38
ApZ 5 10 348 18
B 10 ] 7 43 17 2 124 1.1
2k ] 7
C3 37 55
Site LA

Site LA is located just upstream of the Tongue River Reservoir below all Fidelity water
discharge points and below the confluence of Prairie Dog Creek (Figure D-4). The
sprinkler irrigated field uses a side roll system and lies on a nearly level portion of the
Tongue River floodplain. This field contains brome, orchard, and blue grasses with
occasional alfalfa plants (Figure D-5).

The soil mapping unit sampled is Hfa - Haverson loam (Figure D-6), the same as was
mapped at site MA. These soils are undeveloped floodplain soils with 18 to 35 percent
clay. They have moderate amounts of organic matter that is stratified with depth, and
contain ample amounts of lime throughout the profile.

The pedon described and sampled at site LA (Table D-3) was more clayey than other
soils mapped as Halverson loam. Clay content was variable with depth and generally
ranged from 29 to 42 percent, except for a horizon from 28 to 42 inches which had 50
percent clay. This soil was more strongly layered than at site MA., This layering is the
result of successive stream sediment deposits which vary slightly in texture. Layered

soils may have slower internal drainage than unlayered soils. Dominant clay minerals
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Figure D-4 Map of site LA

Figure D-5. Landscape view of site LA
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Profile description for soil pit LA-18.

Landscape position: |Tetrace/floodplamn,

Parent material: | Alluvium

County and mapped soil unit: (Bighorn County, Haverson Senes.

Vegetation: |IMized pasture grasses with small amount of alfalfa

Management Status: | Sideroll sprinkler rngation.

Slope and Aspect: | 1%5 slopes with an east facing aspect

Classification: |fine, mixed (calcareous) frigid Ustic Torrifluvents

Depth
{inches)

Horizon USDA Descri_ptionl

Dark grayish brown (10TER 4/2) dry and brown (10TE &/3) moist silty clay
loam; wealk, medium, platy parting to moderate, medium, granular structure,
Ap Oto 6 |soft, very friable, slightly sticky, and slightly plastic; many fine and few
tnedium roots; commen, fine, continuous pores; strongly effervescent, clear,
smooth boundary,

Brown (10TE 5/3) dry and dark brown (10YE 3/3) moeist clay loam;

e 51012 mederate, medium, subangular blocky structure; hard, fiiable, sticky, and
plastic, many fine and few medim roots; few, fine, discontitmons pores,
strongly effervescent, clear, smooth boundary.

Brown (10TE. 5/3) dry and brown (10TR 4/3) meist silty clay, moderate,
2C1 18te 24 |medium, subangular blocky structure; hard, fiiable, sticky, and plastic;
cotnmon, fine roots; interstitial pores; strongly effervescent, commen, fine,
threads and seams of gypsum, abrupt, wavy boundary.

Light olive browen (2,57 3/3) dry and olive brown (2,57 4/3) moist clay
a0y 2 to 25 |loam; massive, soft, very friable, slightly sticky, and slhightly plastic; few, fine
roots; interstitial pores; commeon, medium, distinct mottles; strongly
effervescent, abrupt, smooth boundary

Light vellowish brown (2.5Y 6/3) dry and very dark gramsh brown (2.57
3/2) moist silty clay, weak, medium, subangular blocky structure, very
friable, stickey, and plastic; few, fine roots; interstitial pores, commen,
medium, distinct mottles, strongly effervescent, gradual, smoeth boundary.

3 2810 42

202 42 1o 604 Olive bro@ 2 S.Y 4i3) moist loamn; massive; very ffiable, nonsticky, and
nonplastic, interstitial pores; strongly effervescent

Motes

1 Soils wete desctibed using protocol defined by Soal Survey Division Staff Fhoto af Setl Fit L4-18.
19932, Soil Survey Maveal, U.SDA Agriculfure Handbook 18 .

Figure D-6. Soil profile description and photo of soil at site LA

excess sodium. Swelling clays (smectite) accounted for 20 to 23 percent of the clay
minerals. Soil pH was weakly alkaline (7.6 to 8.0) and moderate levels of lime (10
percent) at all depths. Both pH and lime content were unchanged with depth owing to
the lack of soil profile development. EC was moderately low at this location (0.8 to 1.1
dS/m), but was higher at other locations in the field. Both SAR (1.3 to 1.9) and ESP (1.2
to 2.7) were low at all depths. Nutrient levels were variable with nitrogen deficient for
irrigated grass. Soil test levels of phosphorus, potassium, sulfur and zinc were generally
adequate.
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Table D-3. Soil profile chemical, physical, and mineralogical data for site LA

Paste pH, Conductivity, Organic Matter, Lime and Texture
Harizan Upper Lower  Dry W, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwi¥  Clay wi%
Depth (in) Depth (in) Saturated Paste hatter CaCo3 unitless  Method Method hethod
Paste 5.u. Extract wit ¥ i Method  AZSATS-G  AZAISS  ASAISS
tethod  mmhosicm Method Method  ASA1S-5
ASAMI0- hethod ASAZRT USDAZGC
32 ASAM10-3
Ap 0 G 241 74 0.53 38 8.5 SicL 19 52 29
c G 18 205 75 079 8.3 CL 27 41 32
21 18 24 237 78 1.02 G5 Sic 7 52 41
2c2 24 28 210 78 1.07 75 cL 2 45 28
3C1 23 42 23 g 1.1 6.5 Sic MO a0 al
3c2 42 G0 22 g 0.95 1249 L 43 35 13
Paste Extract and Exchangeable lons
Harizaon Upper Lower  Saturation  Calcium,  Magnesium,  Sodiom, Sodium  Alkalinity,  Cation Sodiurn,  Exchang-
Depth (in) Depth (in) et %o Saturated  Saturated  Saturated Adsorption Saturated Exchange Extractable  eable
hethod Paste Paste megfl  Paste Ratio Paste Capacity  meg/1000  Sodium
USDAZY a megyl hethod rnegy] (SAR) meg/l.  megf00y  Method Percentage
tlethod SWEOM0E Method unitless  Method hWethod  SWEO10E % Method
SWEO108 SWED10E  Method  ASA10-3 SWEO10B USDAZ0b
Calculation
Ap 0 G a7.3 458 2B 25 1.3 4.8 451 [Rs] 1.3
[ G 18 532 37 1.7 27 1.7 4.3 43 s 1.2
21 18 24 a5 37 25 31 1.8 34 429 ns 1.8
2c2 24 23 43.2 36 38 27 1.4 3 3945 0B 12
31 23 42 0B 3 =3 31 16 258 442 1.1 2
3c2 42 G0 7 23 38 3.3 19 3 20 07 27
Clay Minerals and Nutrients
Harizon Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos-  Potassium,  Sulfate,  Zinc (DTPA
Depth (in) Depth (in) Method ¥-  Method X-  Method ¥-  Method X- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Ewxtractable  Paste mofky
Diffraction  Diffraction  Diffraction  Diffraction Paste mg/L NaHCO3  mafkg meg/L Method
(based on (based on  (based on (based on  Method  Extract)  Method Method  SWWEO10B
clay clay clay fraction) clay ASAID-3 modkg ASA133 ASA10-3
fraction) fraction) fraction) Method
AZA-5
Ap 0 G 45 32 20 4 [Ug=] 19 365 3 1
c G 18 1 28
21 18 24 35 39 23 2 1.4 5.5
2c2 24 28
3C1 23 42
3c2 42 G0
Site GA

For several miles downstream of the Tongue River Reservoir, the floodplain is narrow
and little irrigation occurs. Site GA is about 25 miles downstream of the Tongue River
Reservoir, and is below the confluence of Hanging Woman Creek near Birney (Figure D-
7). The sprinkler-irrigated field uses a side roll system and straddles the Tongue River
floodplain and a low terrace situated a few feet above the active floodplain. At the time
of the first sampling, this field had an older stand of alfalfa-grass on the north half and a
newer alfalfa stands in the south half (Figure D-8).

The soil mapping unit sampled is 99 — Havre loam (Figure D-9), the dominant soill
mapped throughout most of the Tongue River floodplain. These soils mapped in both
Rosebud and Custer Counties are similar to Haverson soils mapped in Big Horn County.
They are undeveloped floodplain soils with 18 to 35 percent clay, which have moderate
amounts of organic matter that is stratified with depth, and contain ample amounts of

lime throughout the profile.
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Figure D-8. Landscape view of site GA
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Profile description for soil pit GA-11

Landscape position: [Floodplain

Parent material: | Alluvium

County and mapped soil unit: [Rosebud County, Havre loam, 0 to 2%

Vegetation: | Alfalfa/grass havfield, greasewood on field margins

Management Status: | Sideroll sprinkler rngation.

Slope and Aspect: |0 to 2% slopes with a west facing aspect

Classification: (fine, mized (calcareous) figd Ustic Tornifluvents

Depth
{inches)

Horizon USDA Desl:riptiunl

Tellowish brown (10YE 5/4) dry and dark yellowish brown (10TE 4/4)
Ap Oto 6 |motst silty clay, moderate, mednim, granular structure; shightly hard, very
fhable, sticky, and shightly plastic, common coarse and marny fine roots; very
slightly effervescent; clear smooth boundary.

Brown (10TE 4/3) moist silty clay, moderate, medium, subangular blocky
structure; hard, firm, sticky, and slightly plastic; commen coarse and many
fine roots; common fine tubular pores; very slightly effervescent; abrupt
smooth boundary.

Cl Gto 12

Dark brown (10YVE. 3/3) moist silty clay, weak, coarse, columnar structure;
hard, firm, sticky, and slightly plastic, few coarse and common fine roots,
many fine tubular pores; shghtly effervescent, gradual smooth boundary.
Wery dark grayish brown (10TE 3/2) modst silty clay; weal:, medum,
subangular blocky structure; slightly hard, friable, sticky, and slightly plastic,
few fine roots; many fine tubular pores; shghtly effervescent; common fine
threads and seams of gypsum; clear smooth boundary

Olive brown (2.5Y 4/4) moist sty clay loatn; massive, very fhable, sticky,
4 4210 49 |and slightly plastic; common fine tubular pores; strongly effervescent;
cotmmon fine threads and seams of gypsum;, abrupt wavy boundary.

Olive brown (2 .57 4/3) moist silty clay, massive, friable, sticky, and plastic;
85 49 to 72+ |common fine tubular pores; common mediim distinet mottles; strongly
effervescent, common fine threads and seams of gypsum.

Cc2 12t0 26

C3 26 to 42

Motes

1 Boils were described using protocol defined by Soil Survey Division Staffl
1993 Soil Survey Mavual. U8 DA Agricuiture Handbook 18

2 taxonomy Phoia af Soil Fii GA-11.

Figure D-9. Soil profile description and photo of soil at site GA

The pedon described and sampled at site GA (Table D-4) was much higher in clay
content than soils typically mapped as Havre loam and represents an inclusion of a
different soil series. Clay content was variable with depth and generally ranged from 32
to 48 percent. Composite samples collected across the entire field had an average clay
content of only 23 percent, which is typical of Havre loam. Dominant clay minerals were
kaolinite and illite, which are non-swelling clays that are not easily affected by excess
sodium. Soil pH was mildly alkaline (7.7 to 8.0) and moderate levels of lime (5 to 8
percent) at all depths. Both pH and lime content were relatively unchanged with depth
owing to the lack of soil profile development. EC was low at this location (0.6 to 0.9
dS/m) throughout the profile, but was higher at other locations in the field. Both SAR
(0.9to 1.4) and ESP (1.2 to 1.8) were low at all depths. Patches of greasewood were
found near an irrigation ditch a few hundred feet from this site indicating that higher
sodium levels occur in the vicinity. Nutrient levels were variable with nitrogen deficient
for irrigated alfalfa-grass. Soil test levels of phosphorus, sulfur, potassium and zinc were
generally adequate.
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Table D-4. Soil profile chemical, physical, and mineralogical data for site GA.

Paste pH, Conductivity, Organic Matter, Lime and Texture

Harizon Upper Lower Dy W, g pH, Conductivity, Organic Lime as  Texture Sandwt®%  Siltwt%  Clay wt%
Depth (in) Depth (in) Saturated Paste hatter CaCo3 unitless  Method hethod Method
Paste s.u. Extract wih wi Yo hWethod  AZSATSS  ASAISS  ASATS-S
Method  mmhosicm Method Method  ASA15-5
ASAMI0- tethod ASAZST USDAZSC
32 ASAM10-3
Ap 0 53 o245 T 0.6z 31 5.4 Sic 5 47 45
1 |4} 12 a7h F= .69 6.8 Sic 4 a1 45
cZ 12 26 292 78 063 6.2 Sic MO 54 45
] 26 42 530 78 0.58 7.1 Sic MO 54 45
) 42 44 435 7 067 73 SiCL al 63 32
5 44 72 624 g 0.89 72 Sic MO 54 42
Paste Extract and Exchangeable lons
Harizon Upper Lower  Saturation  Calcium, Magnesium, Sodiom, Sodium  Alkalinity,  Cation Sodiurn,  Exchang-
Depth (in) Depth (in) wit % Saturated  Saturated  Saturated Adsorption Saturated Exchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/100g  Sodium
USDAZY A megdl hethod meq/l (SAR) meg/ll  megf00y  Method Percentage
Method SWWED10E  Method unitless  Method Method  SWEO10B % Method
SWiE0108 SWEDM0E  Method  ASAID-3 SWEO10B SDAZ0b
Calculation
Ap 0 |4} 66.3 34 1.7 14 ns 458 341 0.5 1.2
1 G 12 5.9 35 1.7 22 1.4 38 349 07 16
cZ 12 26 G1.3 27 1.3 1.8 1.3 2 40.1 07 15
3 26 42 9.1 25 1.4 1.8 13 22 367 0.6 1.2
4 42 44 51.2 28 2 14 12 22 34 06 1.4
[ 43 72 G4.7 28 248 24 1.4 24 31.4 07 1.8
Clay Minerals and Nutrients
Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as~ Phos-  Potassium, Sulfate,  Zinc (DTPA
Depth (in) Depth (in) Wethod ¥ Method X Method »=  Method *- M, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  {Olsen  Ewxtractable  Paste mfky
Diffraction  Diffraction  Diffraction  Diffraction Paste mg/L NaHCO3  mogfkg meg/L Method
(basedon (basedon (based on (based on  Method  Ewxtract)  Method hWethod  SWEO10B
clay clay clay fraction) clay ASA10-3 mokg ABA133 ASAID3
fraction) fraction) fraction) hlethod
ASAZL-G
Ap 0 53 42 42 3 12 48 el 299 1.4 07
1 |4} 12 215 3.1
cZ 12 26 35 Kl 25 7 33 3k
] 26 42
) 42 44
C5 44 72

Site GB

Site GB (Figure D-7) was located adjacent to and southwest of field MA. Site GB was a

dryland soil, which had the same soil mapping unit as field GA. The field is in a native
range condition (Figure D-10) and contains a mixture of perennial grasses (blue grama,
crested wheatgrass, needle-and-thread, red three-awn, and smooth brome), forbs
(yellow sweetclover) and shrubs (silver sagebrush and greasewood). A separate soil

profile description was not performed on this field because it was thought to be similar to

field GA.
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Figure D-10. Landscape view of site GB

Site GC

Site GC is located a few miles further north of sites GA and GB, and is about 30 miles
downstream of the Tongue River Reservoir (Figure D-11). The flood-irrigated field has
been leveled and contains border dykes to facilitate even distribution of water. The field
lies on the Tongue River floodplain and had an established alfalfa stand at the time of
the first sampling (Figure D-12).

The soil mapping unit sampled within the field is 99 — Havre loam (Figure D-13), the
same soil mapped at sites GA and GB just upstream. Havre loam is an undeveloped
floodplain soil with 18 to 35 percent clay, which has moderate amounts of organic matter
that is stratified with depth, and contains ample amounts of lime throughout the profile.
The soil profile was lighter in color than GA soil, indicating that the soil pit may have
been located in a portion of the field that was scalped of much of the surface soil during
leveling. Measured organic matter content (4.2 percent) seems excessive given the light
soil color. High lime content may have interfered with the organic matter measurement.

The pedon described and sampled at site GC (Table D-5) was higher in clay content
than soils typically mapped as Havre loam. Like the soil pedon at site GA, it represents
an inclusion of a different soil series. Clay content was variable with depth and generally
ranged from 30 to 47 percent, with an average of around 40 percent in the upper 40
inches. Composite samples collected across the entire field had an average clay
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content of only 32 percent, which is at the upper end of the Havre loam. The dominant
clay minerals were kaolinite and illite,

P, AR
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A Pedon [ uspa
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Figure D-11. Map of site GC

Figure D-12. Landscape view of site GC
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Profile description for soil pit GC-17.

Landscape position: [Floodplain,

Parent material: | Alluvium

Comnty and mapped soil unit: [Rosebud County, Havre Senies

Vegetation: | Alfalfa

Management Status: |Flood irrigation.

Slope and Aspect: |0 to 1% leveled slopes with a west facing aspect.

(e e fine, mixed {calcareous) frigid Ustic Terrifluvents

Depth
{inches)

USDA Dest:ri]:n:im'll

Hornzon

Tellowish brown {10TR 5/4) dry and dark brown (10TR 3/3) moist silty
clay loam, medium, platy parting to fine, granular structure; slightly hard,
wery friable, sticky, and slightly plastic;, common coarse and few fine roots,
few fine wesicular pores, strongly effervescent, clear smooth boundary
Wery pale brown (10TR 7/3) dry and dark grayish brown (10YER 4/2)
tnedst silty clay, weale, medmm, subangular blocky structure; slightly hard,
fhable, sticky, and slightly plastic, common coarse and few fine roots, few
fine vesicular pores; strongly effervescent; gradual smooth boundary
Brownish yellow (10YR 6/6) dry and dark vellowish brown (10TE 3/4)
moist silty clay, massive; hard, friable, sticky, and slightly plastic; few
coarse and few fine roots; commeon fine vesicular pores; violently

Ap Ote 5

C1 Sto 18

Cc2 18t0 30

effervescent, gradual smooth boundary.

Tellow (10YR 7/8) dry and brown (10TE 4/3) moist silty clay loam,
massive, slightly hard, friable, sticky, and slightly plastic, few coarse and
few fine roots, few fine vesicular pores; violently effervescent, commen fine
threads and masses of gypsum.

Cc3 30 te 60+

Motes

1 Soils were described using protocol defined by Soil Survey Division Staffl
1993 Soil Survep Manual. 78D A Agriculfure Hondbook 18

2 taxonomy

Fhote of Sail Fit GC-17.

Figure D-13. Soil profile description and photo of soil at site GC

which are non-swelling clays that are not easily affected by excess sodium. The soil had
a mildly alkaline pH (7.7 to 8.1) and moderate levels of lime (8 to 10 percent) at all
depths. Both pH and lime content were relatively unchanged with depth owing to the
lack of soil profile development. EC was very low and uniform at this location (0.6 to 0.9
dS/m) and was low at other locations in the field as well. Both SAR (0.7 to 0.9) and ESP
(1.4 to 2.0) were low in the pedon and in the field composite samples. Site GC had the
lowest EC, SAR and ESP of any soils sampled. Nutrient levels were generally adequate
for alfalfa production.
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Table D-5. Soil profile chemical, physical, and mineralogical data for site GC

Paste pH, Conductivity, Organic Matter, Lime and Texture
Harizan Upper Lower  Dry Wi, g pH, Conductivity,  Organic Lirne as  Texture Sandwt%  Silt wt%  Clay wit%
Depth (in) Depth (in) Saturated Paste Matter CaCo3 unitless  Method Method Method
Paste s.u. Euxtract wt %o wt %o Method  ASA1S5-5  ASAISS  ASAISS
Method  mmhosicrm Method Method  ASATS-S
ASAMT0- Method AZAZAT USDAZSC
3.2 ASAMI0-3
A a 5 485 7 071 42 8.1 SicL G 64 30
1 5 18 617 g 072 8.6 Sic MO e 41
cz2 18 30 551 78 1.08 RS Sic MO a3 47
c3 3a 50 558 8.1 072 8.8 SicL 19 43 35
Paste Extract and Exchangeable lons
Harizon Upper Lower  Saturation  Calcium, Magnesium, Sodium, Sodium  Alkalinity, — Cation Sodium,  Exchang-
Depth (in) Depth (in) wi% Saturated  Saturated  Saturated Adsorption Saturated Exchange Extractable  eable
Method Paste Paste megdl  Paste Ratio Paste Capacity  meg/100g  Sodium
USDAZYa ey Method eyl (SAR) meg/l.  meg/100g  Method  Percentage
Method SWWE010B Method unitless  Method Method  SWEBO10B % Method
SWWED10B SWWEO10E  Method  ASAI0-3 SWED10B USDAZ0h0
Calculation
A a 5 63.9 4.2 24 18 1 a6 453 0s 17
1 5 18 55.4 38 21 22 1.3 38 38.9 0s 2
c2 18 30 G3.5 5.5 38 2.4 1.1 48 41.8 07
c3 3a 50 55.8 28 24 18 1.1 24 40.8 o8
Clay Minerals and Nutrients
Horizon Upper Lower  Kaolinite % llite % Srectite %  Chlarite % Mitrate as Phos-  Potassium,  Sulfate,  Zinc (DTPA
Depth (in) Depth (in) Method 3= Method ¥- Method 3= Method *- M, phorus  MH40Ac  Saturated  Extract)
ray ray ray ray Saturated  (Olsen  Extractable  Paste migfky
Diffraction  Diffraction  Diffraction  Diffraction Paste mgf/L NaHCO3  mgfkg meg/L Method
(based on (based on  (basedon (based on  Method  Ewxtract)  Method Method  SWEB010B
clay clay clay fraction) clay ASAID-Z mogdkg  ASA13-3 ASATD3
fraction) fraction) fraction) Method
ASAZL-G
A a 5 35 35 16 1 48 24 218 148 0.61
1 5 18 26.5 35
c2 18 30 35 k)l l 1 5.4 8.1
c3 3a 50
Site EA

Site EA is located just upstream of the Brandenburg Bridge on the west side of the
Tongue River (Figure D-14). The site is located on a low terrace above the floodplain,
and is flood-irrigated. At the time of the first sampling, the field contained hay millet
stubble (Figure D-15). The field was not planted, irrigated or harvested in 2004. It was

planted to alfalfa in the spring of 2005.

The soil mapping unit sampled within the field is 197 - Yamac loam (Figure D-16). This
soil differs from soils typically mapped lower on the floodplain in that it has a subsurface
horizon enriched in clay. The soil was higher in clay content (averaging greater than 35

percent clay) than typical floodplain soils.

The pedon described and sampled at site EA (Table D-6) was probably typical of soils
mapped as Yamac, except that lime content was higher in the surface layer than typical
values, and the subsurface layers were darker than usually observed. Additionally, clay
content was slightly higher than occurs in Yamac soils. These differences may indicate
that the clay-enriched subsoil may have resulted from more deposition of texturally

contrasting layers rather than soil development processes.

Clay content was variable

with depth and ranged from 13 to 50 percent. The soil was strongly layered as a result
of successive stream sediment deposition, creating layers which varied in texture.
Layered soils may have slower internal drainage than unlayered soils. Dominant clay
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Figure D-14. Map of site EA
BN

Figure D-15. Landscape view of site EA



Tongue River Agronomic Monitoring & Protection Program Page 177
2009 Progress Report September 2009

Profile description for soil pit EA-12.

Landscape position: [Floodplainfterrace

Parent material: | Allyvium.

Clounty and mapped soil unit: [Rosebud County, Yamac Seres

Vegetation: | Alfalfa/prassiweeds.

Management Status: |Flood irigation.

Slope and Aspect: |0 to 2% slopes with an east facing aspect

Classification: (fine, mized (calcareous) Borolic Catnborthids

Depth

{inches) USDA Descri_pﬁonl

Horizon

Light gray (2.57 7/2) moist sty clay loam; moderate, medum, platy

Ap Otod |structure; firm, sticky, and plastic; common fine roots, common medum
pores, strongly effervescent; abrupt irregular boundary.

Light vellowish brown (2.57 6/4) moist silty clay; strong, very coarse,
angular blocky structure; extremely firm, sticky, and plastic; few fine roots,
cotnmon fine pores; strongly effervescent; very few, small, organic bands
throughout; clear smooth boundary.

Dark olive brown (2,57 3(3) modst silty clay, massive; firm, sticky, and
C1 18 t0 33 plastic, few fine roots; commeon fine pores, wiolently effervescent, many,

Bw 410 18

medium, soft white masses and threads; gradual smooth boundary
Very dark grayish brown (2.5 3/2) moist silty clay, massive, friable,
c2 331050 sticky, and plastic; few fine roots; commoen fine pores, few fine faint mottles,
violently effervescent; clear smooth boundary.

Light olive browen (257 5/3) moist loam;, massive; loose, nonsticky, and
C3 50 to 60 |nonplastic; few fine roots; common medium pores; few fine famt mottles,
wiolently effervescent to noneffervescent

Motes

1 Boils were described using protocol defined by Soul Survey Division Staffl
I1993. Soil Swrvey Mavual U85 D A Agriculture Handbook 18

2 tazonomy

Photo of Soil Pit FA-12.

Figure D-16. Soil profile description and photo of soil at site EA

minerals were kaolinite and illite, which are non-swelling clays that are not easily
affected by excess sodium. Swelling clays (smectite) accounted for 13 to 14 percent of
clay minerals. The soil had a mildly alkaline pH (7.5 to 8.6) and moderate levels of lime
(6 to 9 percent) at all depths. EC was higher than average at this location (1.4 to 8
dS/m) with higher levels found at depth. EC levels were slightly lower in the composite
samples. SAR (1.5 to 17) and ESP (1.8 to 8.4) were also higher than average for the
Tongue River and increased with depth. Soil test levels of nitrogen were low for
irrigated grass, but since the field was seeded to alfalfa in 2005, nitrogen content was
not a concern. Levels of phosphorus, potassium, sulfur and zinc were generally
adequate.
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Table D-6. Soil profile chemical, physical, and mineralogical data for site EA

Paste pH, Conductivity, Organic Matter, Lime and Texture

Harizan Upper Lower  Dry W, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwi¥  Clay wi%
Depth (in) Depth (in) Saturated Paste hatter CaCC3  unitless  Method tethod tethod
Paste 5.u. Extract wit ¥ i Method  AZSATS-G  AZAISS  ASAISS

hethod  mmhosicm Method Method  ASATS-5
ASAMI0- Method ASAZRZ USDAZIC
32 ASAMI0-3

Ap 0 4 75 1.4 45 6.2 SicL 1 J5i5] 33
= 4 18 618 78 325 6.3 Sic 1 55 44
C1 18 33 645 g.1 10 956 Sic 2 45 a0
cZ 33 a0 623 g5 737 a Sic 1 58 41
C3 a0 60 495 g6 g g.5 L 42 45 13
Paste Extract and Exchangeable lons
Hatizon Upper Lower  Saturation  Calcium, Wagnesium, Sodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wio Saturated  Saturated  Saturated  Adsorption Saturated Ewchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/1000  Sodium

USDAZY & [UELH! hethod rred] (SAR) e/l meg00y  Method Percentage

Methad SWh0108 Method unitless Method Method  SWEO10B % Method

SWEO108 SWEO10E  Method  ASA10-3 SWEO10B USDAZ00

Calculation
Ap 0 4 70 7 4 35 15 8.4 456 1.1 1.8
= 4 18 g9.3 1.3 1.7 16.1 4.8 36 50.2 25 28
1 18 33 a5 18.1 45.3 56.4 99 24 506 6.5 4.1
cZ 33 al 722 38 281 g1.2 14 28 42.8 7 5.1
C3 al g0 40 32 B9 70 17 3 127 3% g4
Clay Minerals and Nutrients
Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos- Potassium,  Sulfate,  Zinc (DTRPA
Depth (in) Depth (in) Method ¥-  Method X-  Method 3= Method X- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Extractable  Paste maofky

Difftaction  Difftaction  Diffraction  Diffraction Paste mg/l NaHCO3  mafky e/l Method
(based on {based on  (based on {(based on  Method  Ewxtract])  Method Method  SWWEO10B

clay clay clay fraction) clay ASAID-3 mokg ASAIS3 ASAIN0-3
fraction) fraction) fraction) Method
ASAZY-5
Ap 0 4 38 40 14 g 05 2 522 B 0.64
= 4 18 0s iE]
1 18 33 39 36 13 1 1.8 47.1
c2 33 a0
c3 50 =]
Site DA

Site DA is located between Brandenburg Bridge and the T&Y lIrrigation Diversion Dam
(Figure D-17) and is near the mouth of Foster Creek, an ephemeral tributary that joins
the Tongue River from the east. The field is somewhat sub-irrigated and has been
sporadically irrigated with event water. It was brought under full irrigation when a pivot
was constructed in August 2003. The field lies on the Tongue River floodplain and had
an established alfalfa/grass stand at the time of the first sampling (Figure D-18).

The soil mapping unit sampled within the field is 99 — Havre loam (Figure D-19), the
same soil mapped extensively along the Tongue River. The soil profile was much
sandier in texture at this site owing to sediment from Foster Creek. The pedon described
and sampled at site DA (Table D-7) was lower in clay content than soils typically
mapped as Havre loam and represents an inclusion of a different soil series that has
from 18 to 35 percent clay. The soil very nearly fits the sandy particle size class,
especially deeper in the profile. Clay content was variable with depth and averaged less
than 10 percent in the upper 40 inches. Dominant clay minerals consisted of nearly
equal parts of kaolinite and smectite with lesser amounts of illite. Dominant clays are
non-swelling clays that are not easily affected by excess sodium. The soil had a mildly
alkaline pH and moderate levels of lime at all depths.
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Figure D-17. Map of site DA

Figure D-18. Landscape view of site DA
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Profile description for soil pit DA-14.

Landscape position: [Floodplainfterrace

Parent material: | Allywium.

County and mapped soil unit: | Custer County, Havre Senes

Vegetation: | Alfalfa/grassiweeds

Management Status: | Center pivet sprinkler irrigation.

Slope and Aspect: |0 to 2% slopes with a northwest facing aspect

Classification: coarse-loamy, mized (calcareons) fhigid Tetic Tornfluvents

Depth
{inches)

Horizon USDA Desn:riptiunl

Light yellowish brown (10YE. 6/4) dry and dark vellownsh brown (10TR
Ap Oto 8 414 modst loam; weak, medum, platy structure; soft, loose, nonsticky, and
nonplastic; common fine and commen coarse roots; few fine pores; strongly

effervescent, abrupt smooth boundary

o1 Bto 21 |Pale brown (10TR 6/3) dry and brown (10TR 4/3) moist loam, smgle
grain; loose, loose, nonsticky, and nonplastic; common fine and common
coarse roots, many fine interstitial pores; very abrupt wavy boundary
Tellowish brown {10TR 5/4) dry and dark yellowish brown (10TE. 4/4)
moist sand; massive; soft, loose, nonsticky, and nonplastic; few fine and few|
c2 21t0 37 |coarse roots, few fine pores; common medium faint mottles; strongly
effervescent; common medium soft white threads and masses from 21 to 27

inches; abrupt wavy boundary.

Brown (10TE 5/3) moist sand, single grain; loose, loose, nonsticky, and
C3 3710 60+ | nonplastic; few coarse roots, many fine interstitial pores; 20 percent coarse

fragments.

Motes

1 Soils were described using protocol defined by Soil Survey Division Staffl
1993 Soil Survey Mavual. U8 DA Agricuiture Handbook 18

2 taxonomy

Photo of Sed Pt DA-14

Figure D-19. Soil profile description and photo of soil at site DA

Both the pH and lime content were relatively unchanged with depth owing to the lack of
soil profile development. EC was widely variable with the highest value (EC = 8.9 dS/m)
occurring at a depth of 8 to 21 inches. SAR (1 to 20) and ESP (5 to 24) were also much
higher than other Tongue River soils, low, probably as a result of runoff of high EC and
sodium-enriched water from the nearby tributary. This soil was so recently placed under
irrigation that its soil chemical status had not reached equilibrium with Tongue River
irrigation water. As of fall 2005, EC, SAR, and ESP had significantly decreased in the 6-
12 and 12-24 inch depths due to 24 inches of irrigation water in 2004 and 15 inches of
irrigation water plus above normal precipitation in 2005. Nutrient levels were generally
very low for nitrogen, phosphorus and potassium.
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Table D-7. Soil profile chemical, physical, and mineralogical data for site DA

Paste pH, Conductivity, Organic Matter, Lime and Texture
Harizan Upper Lower  Dry W, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwi¥  Clay wi%
Depth (in) Depth (in) Saturated Paste hatter CaCC3  unitless  Method tethod tethod
Paste 5.u. Extract wit ¥ i Method  AZSATS-G  AZAISS  ASAISS
tethod  mmhosicm Method Method  ASA1S-5
ASAMI0- tlethod ASAZRT USDAZGC
32 AZAMI0-3
Ap 0 g 565 77 0.69 1.4 77 L a1 39 10
C1 g i 510 g.3 g9 g.5 L 45 45 9
cZ B 37 678 78 1.26 35 3 95 4 1
C3 37 G0 623 4.3 5 a2 g MO
Paste Extract and Exchangeable lons
Hatizon Upper Lower  Saturation  Calcium, Wagnesium, Sodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wio Saturated  Saturated  Saturated  Adsorption Saturated Ewchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/1000  Sodium
USDAZY & [UELH! hethod rred] (SAR) e/l meg00y  Method Percentage
hlethod SWeI108 Wlethod unitless  Method hlethod  SWBO10B % Method
SWEO108 SWEO10E  Method  ASA10-3 SWEO10B USDAZ00
Calculation
Ap 0 g 347 34 2 1.6 1 46 136 07 4.5
C1 g i 374 136 24 g2.4 19 28 134 4.4 949
cZ M 37 25 37 32 5.4 28 24 6B s 10
c3 37 g0 296 [IR=] 1.1 9.4 9.3 28 4 1.2 24
Clay Minerals and Nutrients
Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos- Potassium,  Sulfate,  Zinc (DTRPA
Depth (in) Depth (in) Method ¥-  Method X-  Method 3= Method X- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Extractable  Paste maofky
Difftaction  Difftaction  Diffraction  Diffraction Paste mg/l NaHCO3  mafky e/l Method
(based on {based on  (based on {(based on  Method  Ewxtract])  Method Method  SWWEO10B
clay clay clay fraction) clay ASAID-3 mokg ASAIS3 ASAIN0-3
fraction) fraction) fraction) Method
ASAZL-5
Ap 0 g 33 2 36 4 0.3 22 136 27 0.3z
1 g M 13 124
cZ 21 37 39 20 a0 i 1.3 1.4
C3 37 g0
Site DB

Site DB is located a few miles further north of site DA, and is situated between
Brandenburg Bridge and the T&Y Irrigation Diversion Dam (Figure D-20). The center
pivot sprinkler-irrigated field lies on a terrace above the Tongue River floodplain and had
an established alfalfa stand at the time of the first sampling (Figure D-21).

The soil mapping unit sampled within the field is 901 — Sonnett (Figure D-22), which is

classified as a fine-textured smectite-dominant soil with a pronounced subsurface layer
with elevated clay content. These soils are atypical of others mapped in the floodplain.
The mapped soil differed substantially from the soil that actually occurred in the field.

The pedon described and sampled at site DB (Table D-8) was lower in clay content than
Sonnett soils and did not have a clayey subsoil horizon. Soils at site DB resembled the
Havre loam mapped extensively elsewhere along the floodplain. Clay content generally
decreased with depth and varied from 8 to 35 percent. Composite samples collected
across the entire field had an average clay content of only 21 percent, which is similar to
the pedon location and is typical of the Havre loam. Dominant clay minerals were non-
swelling clays that are not easily affected by excess sodium. Swelling
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Figure D-20. Map of site DB

Figure D-21. Landscape view of site DB
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clays (smectite) accounted for 35 percent of the clay minerals. Soil pH ranged from was
moderately to strongly alkaline pH (7.8 to 9.2) and had moderate levels of lime (5 to 10
percent) at all depths. EC was higher than average at this location (1.4 to 8 dS/m) with
higher levels found at depth. EC levels were the highest of any soil sampled with EC
varying from 3 dS/m near surface to over 18 dS/m, which was much higher than the soill
EC based on composite sampling, which averaged 1.43 dS/m in the upper 36 inches.
SAR (11 to 66) and ESP (6 to 23) were also higher than average for the Tongue River
and increased with depth. By contrast, SAR and ESP of composite samples was 3 and
6, respectively, in the upper 36 inches. The large difference between the site DB pedon
and composite samples provides a striking example of natural soil spatial variability.
Nutrient levels were variable with nitrogen deficient for irrigated grass, but adequate for
alfalfa. Soil test levels of nitrogen, phosphorus, potassium, sulfur and zinc were
generally adequate.

Profile description for soil pit DB-11.

Landscape position: |Floodplain.

Parent material:| Alhrvium.

County and mapped soil unit: |Custer County, Sonnett Series.

Vegetation: |Alfalfa

Management Status:|Center pivot sprinkler irrigation.

Slope and Aspect:|0 to 4% slopes with a west facing aspect.

Classification: |fine-loamy. mixed (calcareous) frigid Ustic Torrifluvents

. Depth = ]
Horizon (nthos) USDA Description
Gray (10YR 6/1) dry and very dark brown (10YR. 2/2) moist silty clay
loam; moderate, medum, platy parting to weak, fine_ granular structure;
Ap 0t06 |shightly hard, friable, slightly sticky, and shghtly plastic; common fine and
common coarse roots; common fine pores; slightly effervescent; clear
smooth boundary.

Grayish brown (10YR 5/2) dry and very dark gravish brown (10YR 3/2)
C1 Gto 12 |moist silty clay loam; weak. medium, angular blocky structure; slightly hard,
friable, shghtly sticky, and slightly plastic; common fine and common coarse
roots; common fine pores; strongly effervescent; many fine and many
medium soft white threads and masses; clear wavy boundary.

Yellowish brown (10YR 5/6) moist sandy loam: massive; loose. nonsticky
c2 12014 |and nonplastic; few fine roots; common fine pores; strongly effervescent;
few fine soft white masses; clear wavy boundary.

Brown (10YR 5/3) dry and brown (10YR 4/3) moist silty clay loam:

c3 1410 25 massive: friable, sticky and plastic: few fine roots; common fine pores;
strongly effervescent: clear smooth boundary.

Pale vellow (2.5Y 7/4) dry and light olive brown (2.5Y 5/4) moist silt loam;
massive: very friable. nonsticky and nonplastic; common fine pores; few
medium faint mottles: strongly effervescent; abrupt smooth boundary.

Cc4 251039

Yellowish brown (10YR 5/6) dry and dark vellowish brown (10YR 4/4)

Ccs w44
o moist silt loam; massive; very friable, slightly sticky and nonplastic; common

fine pores; strongly effervescent; abrupt smooth boundary.

Notes:
1 Soils were described using protocol defined by Soi! Survey Division Staff 1993 So#l Survey Manual USD A Agriculture Hamdbook 18 Photo of Soil Pit DB-11.

2 taxonomy

Figure D-22. Soil profile description and photo of soil at site DB
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Table D-8. Soil profile chemical, physical, and mineralogical data for site DB

pH Electrical
(Paste) Conductivity Lime as
S.U. (Paste) Organic  CaC0O3  Texture
Upper Lower DryWt0 Method mmhosicm Matter % wit% unitless  Sand % Silt % Clay %
Depth  Depth Method ASAM10-  Method Method Method  Method  Method Method  Method ASA15
Horizon (in) (in) FIELD 32 ASAM10-3 ASA29-3 USDA23c ASA15-5 ASA15-5  ASA1E5 5
Ap 0 6 496 7.8 28 32 4.9 SiCL 6 59 35
C1 6 12 602 8.4 18.9 7.9 SiCL 8 62 30
c3 14 25 612 89 16.5 10.3 SiCL 4 69 27
C4 25 39 645 9.1 12.8 10.3 SiL 16 76 8
C5 39 44 638 9.2 146 10 SiL 24 60 16
Sodium Cation
Saturation Calcium Wagnesium Sodium Adsorption Alkalinty Exchange Extractable Exchangeable
Percentag (Paste) (Paste) (Paste) Ratio (Paste) Capacity Sodium Sodium
Upper  Lower e wtl megyl meg/l megyl unitless  meg/lL meg/100g meg100g Percentage %
Depth  Depth Method Method Method Method Method  Method  Method Method Method
Horizon (in) (in) USDA27a SW6010B SW6E010B SWE010B Calculation ASA10-3 SWE010B SWE010B USDAZ20b
Ap 0 6 703 38 29 209 11 87 337 38 68
C1 6 12 70.8 246 29.4 169 33 52 267 13.7 6.6
c3 14 25 83.3 73 13.2 160 50 56 19.3 17.9 23
C4 25 39 47 1.2 59 115 61 57 10.5 72 17
C5 39 44 60.3 1.2 73 136 66 6.3 15.2 10.8 17
Phospho Sulfate
Kaolinite % llite %  Smectite % Chlorite % Nitrate as rus  Potassium  (Paste)
Upper  Lower Method X- Method X- Method X- Method X- NmglL  magkg mg/kg meq/L Zinc mg/kg
Depth  Depth ray ray ray ray Method  Method  Method Method Method
Harizon (in}) (in) Diffraction Diffraction Diffraction Diffraction ASA10-3 ASA24-5 ASA13-3  ASA10-3 SWE0108
Ap 0 6 36 22 35 7 2.4 3 303 18.5 0.56
C1 6 12 1.9 228
c3 14 25 33 26 35 6 28 187

Site BA

Site BA is located just downstream of the T& Y Irrigation Dam (Figure D-23), and is
flood-irrigated from the T&Y Canal. The field lies on the Tongue River floodplain and
had recently disked-under corn stubble at the time of the first sampling (Figure D-24).

The soil mapping unit sampled within the field is 79A — Yamacall loam (Figure D-25),
which is somewhat similar to the Havre and differs mostly by having a weakly developed
subsurface horizon. The subsurface horizon that is diagnostic of the Yamacall series
was lacking at this location. The soil most resembled the abundant Havre. They are
undeveloped floodplain soils with 18 to 35 percent clay, which have moderate amounts
of organic matter that is stratified with depth, and contain ample amounts of lime
throughout the profile.

The pedon described and sampled at site BA (Table D-9) had clay content around 28
percent except for a thin layer of loamy fine sand from 27 to 36 inches in depth.
Composite samples collected across the entire field had an average clay content of only
19 percent, which is at the lower end of the Havre loam and was coarser textured than
the pedon sample. Smectite was the most abundant clay mineral, but non-swelling clays
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Figure D-23. Map of site BA

Figure D-24. Landscape view of site BA
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that are not easily affected by excess sodium still accounted for more than 50 percent of
the clay mineral abundance. The soil had a uniform pH (7.7 to 7.9) and moderate levels
of lime (6 to 7 percent) at all depths. EC was very low (less than 1 dS/m) with somewhat
higher levels found in composite samples. SAR (1 to 2) and ESP (2 to 4) were also low.
Nutrient levels were variable with low nitrogen following the corn crop while levels of
phosphorus, potassium, sulfur and zinc were generally adequate.

Profile description for soil pit BA-20.

Landscape position:|Floodplain‘terrace.

Parent material:| Alluvium.

County and mapped soil unit:|Custer County, Yamacall Series.

Vegetation:|Comn.

Management Status:|Flood rrigation.

Slope and Aspect:|0 to 2% slopes with a west facing aspect.

Classification: |fine-loamy, mixed (calcareous) frigid Ustic Torrifluvents

Boooe | & USDA Description®
(inches)
Yellow (10YR 7/6) dry and yellowish brown (10YR 3/6) moist silty clay
loam; moderate, medum, platy parting to wealk, fine, granular structure;
Ap Oto6 |shghtly hard, friable, slightly sticky, and slightly plastic; many fine and few
coarse roots; common very fine pores; slightly effervescent; clear smooth
boundary.
Dark vellowish brown (10YR 4/4) dry and very dark gray (10YR 3/1)
c1 61015 moist silty clay loam: weak. fine. subangular blocky structure; friable. sticky.
and plastic: common fine and few coarse roots: common fine pores;
strongly effervescent; clear smooth boundary.
Dark yellowish brown (10YR 3/4) moist silt loam: massive: very friable.
c2 151027

slightly sticky, and slightly plastic; common fine roots; common fine pores;
violently effervescent; clear smooth boundary.

Pale vellow (2.5Y 7/4) dry and light olive brown (2.5Y 5/4) moist sandy

Cc3 271036 (loam: massive: loose. nonsticky, and nonplastic; few fine roots: interstitial

pores; gradual wavy boundary.

Very dark gravish brown (10YR 3/2) moist silt loam: massive; very friable.
slightly sticky, and slightly plastic; few very fine roots; common fine pores;
common fine famt motiles; strongly effervescent; gradnal wavy boundary.

Cc4 36t045

cs 45 to 60+ | Yellowish brown (10YR. 5/4) moist loam: massive; loose, nonsticky, and
nonplastic; few very fine roots: common fine pores; few fine faint mottles.

Notes:

1 Soils were described using protocol defined by Soil Survey Division St
1993, Soil Survey Manual. US D A. Agriculture Handbook 15

2 tazonomy Photo of Soil Pit BA-20.

Figure D-25. Soil profile description and photo of soil at site BA
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Paste pH, Conductivity, Organic Matter, Lime and Texture
Harizan Upper Lower  Dry W, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwi¥  Clay wi%
Depth (in) Depth (in) Saturated Paste hatter CaCo3 unitless  Method Method hethod
Paste 5.u. Extract wit ¥ i Method  AZSATS-G  AZAISS  ASAISS
tethod  mmhosicm Method Method  ASA1S-5
ASAMI0- hethod ASAZRT USDAZGC
32 ASAM10-3
Ap 0 G 550 77 0.73 22 2.8 SicL 10 52 28
C1 G 14 605 77 [IR=] 6.2 SiCL g 54 23
cZ 15 27 578 78 073 6.4 Sik 24 54 22
C3 27 36 595 78 0.45 5.2 SL 74 22 4
C4 36 45 602 78 .71 6.5 Sik 9 71 20
C5 45 G0 535 78 0.e2 == L 40 42 18
Paste Extract and Exchangeable lons
Harizaon Upper Lower  Saturation  Calcium,  Magnesium,  Sodiom, Sodium  Alkalinity,  Cation Sodiurn,  Exchang-
Depth (in) Depth (in) et %o Saturated  Saturated  Saturated Adsorption Saturated Exchange Extractable  eable
hethod Paste Paste megfl  Paste Ratio Paste Capacity  meg/1000  Sodium
USDAZY a megyl hethod rnegy] (SAR) meg/l.  megf00y  Method Percentage
tlethod SWEOM0E Method unitless  Method hWethod  SWEO10E % Method
SWEO108 SWED10E  Method  ASA10-3 SWEO10B USDAZ0b
Calculation
Ap 0 G 55.3 3.1 1.8 25 1.6 4.3 337 1 25
C1 G 15 53.8 35 2 25 15 42 281 1 32
cZ 15 27 452 256 15 28 2 3 247 ns 27
C3 27 36 34 1.4 a7 1.7 1.6 2B 1.7 0B 4.3
C4 36 45 a0z 24 1.2 28 21 32 24 ns 2k
[ 45 G0 374 21 1.1 24 19 258 2145 ns 32
Clay Minerals and Nutrients
Harizon Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos-  Potassium,  Sulfate,  Zinc (DTPA
Depth (in) Depth (in) Method ¥-  Method X-  Method ¥-  Method X- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Ewxtractable  Paste mofky
Diffraction  Diffraction  Diffraction  Diffraction Paste mg/L NaHCO3  mafkg meg/L Method
(based on (based on  (based on (based on  Method  Extract)  Method Method  SWWEO10B
clay clay clay fraction) clay ASAID-3 modkg ASA133 ASA10-3
fraction) fraction) fraction) Method
AZA-5
Ap 0 G 29 20 46 = 16 47 267 29 [N
c1 G 14 36 18 42 4 1.1 32
cZ 15 27 34 23 39 4 16 33
C3 27 36
C4 36 45
C5 45 G0
Site BC

Site BC is located a few miles south of Miles City, and is flood-irrigated using water

from

the T&Y Canal (Figure D-26). The field lies on the Tongue River floodplain and had an

established alfalfa/grass stand at the time of the first sampling (Figure D-27).
Orchardgrass was inter-seeded spring of 2004 so the stand is now grass/alfalfa.

The soil mapping unit sampled within the field is 47A — Harlake silty clay (Figure D-28),

indicating a higher clay content than most other soils mapped in the Tongue River

floodplain. Finer textured soils may be expected to occur on lower portions of the river
floodplain where stream gradient decreases near the confluence with the Yellowstone
River. Harlake soils have greater than 35 percent clay, and smectite is the dominant

clay.

The pedon described and sampled at site BC (Table D-10) was similar in clay content to
the Harlake series, but smectite was not the dominant clay mineral. Mineralogy was
mixed and calcareous. Soil pH was mildly alkaline (7.4 to 8.0) and had moderate levels

of lime (5 to 8 percent) at all depths. EC was low at all depths except below
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Figure D-27. Landscape view of site BC
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5 feet where the EC was 11.6 dS/m. SAR (2 to 20) and ESP (2 to 12) were about
average within the upper 5 feet, but increased at depth as did EC. Nutrient levels were
variable with adequate nitrogen, phosphorus, sulfur and zinc and moderate levels of
potassium.

Profile description for soil pit BC-15.

Landscape position: [Floodplain,

Parent material: | Al

Comunty and mapped soil unit: | Custer County, Harlake Senies

Vegetation: | Alfalfa

Management Status: |Flood irrigation.

Slope and Aspect: |0 to 2% slopes with a west facing aspect

Classification: [fine, mized (calcareous) frigid Ustic Torrifluvents

Depth
{inches)

Horizon USDA Descri_ptionl

Tellowish brown {107R 5/4) dry and very dark grayish brown (10TR 3/2)
moist silty clay loam, moderate, medum, platy parting to moderate,

Ap Ote 5 |medum, subangular blocky structure, shghtly hard, friable, slightly sticky,
and slightly plastic, many fine and few coarse roots; many fine and common
coarse pores, slightly effervescent, gradual smooth boundary

Dark gragish brown (2.5Y 4/2) modst silty clay loam; moderate, medutm,
subangular blocky parting to weal, medium, prismatic structure; hard, firm,
AB Sto 15 |shghtly sticky, and slightly plastic; many fine and few coarse roats, many fing
and common coarse pores; strongly effervescent; many fine soft white
threads; clear smooth boundary

Olive brown (2.57 4/3) moist sity clay, massive, firm, sticky, and plastic;
1c 15t0 26 |common fine and common medium roots; common fine and few medium
pores; strongly effervescent; abrupt smooth boundary.

Olive brown (2.5T 4/3) moist clay, massive, very firm, very sticky, and
2C 26 to 60+ |very plastic; common very fine roots; common fine pores; slightly
effervescent, nodules and white masses

Notes

1 Boils wete described using protocol defined by Stal Survey Division St
1993, Soil Survey Manwal, U8 DA Agriculfure Handbook 18 .
2 tazotiomy

FPhota of Sai Fii BC-15.

Figure D-28. Soil profile description and photo of soil at site BC
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Table D-10. Soil profile chemical, physical, and mineralogical data for site BC

Paste pH, Conductivity, Organic Matter, Lime and Texture

Horizon Upper Lower  Dry Wi, g pH, Conductivity,  Organic Lime as  Texture Sandwt% Siltwt%  Clay wit%
Depth (in) Depth (in) Saturated Paste Matter CaCo3 unitless  Method Method Method
Paste s.u. Extract wit% wit% Method  ASATS-S  ASAISS  ASAISS

Method  mmhos/cm  Method Method  ASATS-5
ASANT0- Method ASAZHT LUSDAZ3C
3z ASAMI0-3

Ap 0 g 601 7.4 1.23 29 g SiCL 17 52 3
AB g 18 635 7.8 1.19 8.1 SiCL 18 53 32
1C 18 26 G465 8.1 39 6.6 SiC MND 45 52
2C 26 60 615 g 16 48 C MND 36 64

Paste Extract and Exchangeable lons

Harizon Upper Laweer Saturation  Calcium,  Magnesium,  Sodium, Sodiurm  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wit%o Saturated  Saturated  Saturated Adsorption Saturated Exchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/100g  Sodium
USDAZY a mecy! Method el (SAR) meg/l  megf00y  Method  Percentage
tethad SWWE010E  Method unitless  Method  Method  SWEDIOE % Method
SWWED10B SWED10B  Method  ASAI0-3 SWEO10B USDAZ00
Calculation
A a 5 50.3 47 38 46 22 a7 458 1 17
AB 5 15 451 33 29 5.6 32 6.7 38.2 14 29
10 15 ] 70.3 4.4 5.7 3y 14 4.4 48.3 5.7 7.1
2C 2 =il 826 17.8 12.9 a7.5 20 28 423 131 12

Clay Minerals and Nutrients

Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos- Potassium,  Sulfate,  Zinc (DTPA
Depth (in) Depth (in) Method %= Method »=  Method ¥ Method X- N, phorus  NH40Ac  Saturated  Extract)
ray ray ray ray Saturated  (Olsen Extractable  Paste mgfky

Diffraction  Diffraction  Diffraction  Diffraction Paste mg/L MaHCO3  mofky meg/L Method
(based on (based on  (based on (based on  Method  Extract)  Method Method  SWED10E

clay clay clay fraction) clay ASAID3 mofkyg ASAIS3 ASAID3
fraction) fraction) fraction) Method
ASAZL-G
A a 5 34 22 38 5 1 32 190 36
AB 5 15 29 46
1c 15 X 35 2 30 9 18 3549
2C ] =il
Site BD

Site BD (Figure D-29).is located close to BC, but is situated on the west side of the
Tongue River in a dryland field (Figure D-30). Several prominent spreader dikes
crossed the field and served to distribute runoff from tributary drainages across the field.
Vegetation consisted of perennial native (western wheatgrass) and introduced (crested
wheatgrass) species, annual grassy weeds (cheatgrass) and scattered stands of silver
sage and western snowberry.

The soil mapping unit sampled within the field is 47A — Harlake silty clay (Figure D-31),
the same as mapped across the river at BC. However, the pedon described and
sampled at site BD (Table D-11) was lower in clay content than Harlake soils and was
more representative of the Havre series. Clay content was variable with depth and
generally ranged from 22 to 36 percent, with an average of around 28 percent in the
upper 40 inches. Composite samples collected also had an average clay content of 28
percent, which is typical of the Havre loam. Dominant clay minerals were a mixture of
non-swelling clays (kaolinite and illite) that are not easily affected by excess sodium.

Swelling clays (smectite) accounted for 36 to 43 percent of the clay minerals, which is
greater than is typical farther upriver. The increased proportion of smectite clays at this
location may be due to changes in geologic parent material. The Lebo Shale member
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of the Fort Union formation, which outcrops near Miles City, may contain more abundant
smectite than the Tongue River member that occurs further upstream. Soil pH was
mildly alkaline (7.3 to 7.8) and had moderate levels of lime (4 to 8 percent) at all depths.
EC was relatively low (1 to 3 dS/m) with higher levels found in the middle of the profile
near the base of the root zone. SAR (1 to 2) and ESP (1 to 3) were also low. As
expected for native range or tame pasture, nitrogen levels were low but other nutrients
were generally adequate.

Profile description for soil pit BD-20.

Landscape position: [Floodplain,

Parent material: | Alluviumilacustrine

Comunty and mapped soil unit: | Custer County, Harlake Senies

Vegetation: |Pasture grasses (wheat grasses)

Management Status: | Dryland farming,

Slope and Aspect: |0 to 3% slopes with an east facing aspect

Classification: (fine-loamy, mixed (calcarecus) figd Ustic Tormifluvents

Depth
{inches)

Horizon USDA Description’

Tellowish brown (10TE 5/4) dry and dark brown (10TE 3/3) moist silty
Ap Oto 8 |clay loam; moderate, coarse, subangular blocky parting to moderate,
medium, platy structure; hard, very friable, shghtly sticky, and nonplastic;
many fine and common medium roots; commen fine discontinuous pores,
slightly effervescent; clear irregular boundary.

Light yellowish brown (2.57 6/4) dry and olive brown (2.5 4/3) moist silt
o1 8to 17 |loam, moderate, medium, platy parting to weak, medium, subangular blocky
structure; hard, very friable, nonsticky, and nonplastic; commeon fine and
few medum roots; commeon fine discontinuous pores; strongly effervescent;
clear wavy boundary.

Light vellowish brown (2.57 6/4) dry and olive brown (2.5 4/3) moist

c2 17to 24 silty clay loatn; massive, shghtly hard, finable, shghtly sticky, and shghtly
plastic; common fine roots; few very fine discontnuous pores; strongly
effervescent; varves; clear smooth boundary
3 24 1o 60+ |Pale vellow (257 7/4) dry and hght olive brown (2,57 5/4) moist silt loam,
massive, shightly hard, very fnable, nonsticky, and nonplastic, few fine roots;
few fine discontinuous pores; strongly effervescent, varves.
Motes

1 Boils were described using protocol defined by Soil Survey Division Staff
1993, Seal Survey Mavual. USD A Agriculture Handbook 1& FPhota of Sail Fii B0D-20.

Figure D-31. Soil profile description and photo of soil at site BD
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Table D-11. Soil profile chemical, physical, and mineralogical data for site BD

Paste pH, Conductivity, Organic Matter, Lime and Texture
Harizan Upper Lower  Dry W, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwi¥  Clay wi%
Depth (in) Depth (in) Saturated Paste hatter CaCC3  unitless  Method tethod tethod
Paste 5.u. Extract wit ¥ i Method  AZSATS-G  AZAISS  ASAISS
tethod  mmhosicm Method Method  ASA1S-5
ASAMI0- tlethod ASAZRT USDAZGC
32 AZAMI0-3
Ap 0 g 483 7.3 0.85 = 4.4 SicL g 58 36
C1 g 17 418 73 258 7h Sik 12 65 23
cZ 17 24 552 77 a7 8.1 SicL 1 70 29
C3 24 G0 574 78 0.64 8.3 Sik 7 71 22
Paste Extract and Exchangeable lons
Hatizon Upper Lower  Saturation  Calcium, Wagnesium, Sodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wio Saturated  Saturated  Saturated  Adsorption Saturated Ewchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/1000  Sodium
USDAZY & [UELH! hethod rred] (SAR) e/l meg00y  Method Percentage
hlethod SWeI108 Wlethod unitless  Method hlethod  SWBO10B % Method
SWEO108 SWEO10E  Method  ASA10-3 SWEO10B USDAZ00
Calculation
Ap 0 g 751 42 2 s 05 7.1 421 0s 1
C1 g 17 355 212 9.4 3.2 0.8 37 319 oy 2
cZ 17 24 40.1 21 16 2 1.4 4.3 362 s 12
c3 24 g0 6.4 1.3 1.3 23 2 4.3 27 ns 248
Clay Minerals and Nutrients
Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos- Potassium,  Sulfate,  Zinc (DTRPA
Depth (in) Depth (in) Method ¥-  Method X-  Method 3= Method X- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Extractable  Paste maofky
Difftaction  Difftaction  Diffraction  Diffraction Paste mg/l NaHCO3  mafky e/l Method
(based on {based on  (based on {(based on  Method  Ewxtract])  Method Method  SWWEO10B
clay clay clay fraction) clay ASAID-3 mokg ASAIS3 ASAIN0-3
fraction) fraction) fraction) Method
ASAZL-5
Ap 0 g 32 32 36 <2 MND 16 520 18 1.13
1 g 17 0.z 322
cZ 17 24 33 19 43 4 MDD 1.7
C3 24 g0
Site YAA

Site YAA is actually within the Yellowstone River floodplain and is located about 10 miles
northeast of Miles City (Figure D-32). The field is in the T&Y Irrigation District so
receives Tongue River water as an irrigation source. The flood-irrigated field uses
border dikes to facilitate even distribution of water and had an established alfalfa stand

at the time of the first sampling (Figure D-33).

The soil mapping unit sampled within the field is 53 A — Kobase silty clay loam (Figure
D-34), which is similar to the Harlake series mapped upstream on the Tongue River,
differing only in having a weakly develop subsoil horizon. The Kobase series has more
than 35 percent clay, moderate soil profile development, and smectite is the dominant

clay mineral.

The pedon described and sampled at site YAA (Table D-12) was much lower in clay
content than typical Kobase soils and more closely resembles the Havre loam. Clay
content was variable with depth and generally ranged from 22 to 44 percent, with an
average of 28 percent in the composite samples, which is typical of Havre loam. The
dominant clay mineral was smectite, at 51 to 62 percent of the clays. Soil pH was mildly
alkaline (7.8 to 8.1) and the soil had moderate levels of lime (5 to 7.5 percent) at all

depths. EC was similar to levels found in flood irrigated soils in the Tongue
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Figure D-32. Map of site YAA

Figure D-33. Landscape view of site YAA
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River floodplain (1 to 3.7 dS/m) with higher levels found at depth. SAR (2.2 to 13) and
ESP (2.5 to 9.6) were moderate and generally increased with depth. Soil test levels of
nitrogen, sulfur and zinc were adequate for alfalfa while phosphorus and potassium were
low.

Profile description for soil pit YAA-11.

Landscape position: [Terrace

Parent material: | Alluvium.

County and mapped soil unit: |Custer County, Eobase Series

Vegetation: | Alfalfa

Management Status: |Flood irrigation.

Slope and Aspect: |0 to 2% slopes with a north facing aspect,

Classification: |fine-loamy, mixed (calcareous) frigid Ustic Torrifluvents
Depth
{inches)

Horizon USDA Description”

Dark grayish brown (10YER 4/2) dry and very dark grayish brown (10YR
3/2) moist loam, strong, coarse, subangular blocky parting to moderate,

Ap Oto 6 |fine, granlar structure; shightly hard, firm, sticky, and plastic; many fine and
few coarse roots, many fine and few coarse pores; strongly effervescent;
clear smooth boundary

Brown (10TE 5/3) dry and very dark grayish brown (10TE 3/2) moist silt
loam, weak, fine, subangular blocky structure; soft, fiable, slightly sticky,
E 610 12 |and slightly plastic; common fine roots; many fine and commen coarse

pores; commen, fine, faint mottles; strongly effervescent; clear smooth
boundary.

Tellowish brown (107E 5/4) dry and dark brown (10YE 3/3) moist loatm;
Bw 12t0 15 |wealk, fine, angalar blocky structure, soft, Fiable, slightly sticky, and slightly
plastic, commeon fine roots; many fine and common coarse pores, common,
fine, faint mottles; strongly effervescent, abrupt smooth boundary.

Brown (10TE 4/3) dry and very dark grayish brown (10TE 3/2) moist silt
o1 15to 34 loam; massive, slightly hard, very friable, sticky, and plastic; common fine
roots, many fine and common coarse pores; common, fine, faint mottles;
strongly effervescent; clear wregular boundary.

Wery dark grayish brown (2.57 3/2) moist loam; tmassive; very fhable,
Cc2 34 to 47 |nonsticky, and nonplastic, few wery fine roots; interstitial pores, few, fine,
distinct mottles; diffuse and strongly effervescent; clear smooth boundary

o3 47 to 50+ Very darke gravish brown (107R 3/2) moist silty clay, massive, very fnable,
sticky, and plastic; many fine pores; strongly effervescent

Motes

1 Soils wete described using protocol defined by Soal Survey Division Staffl Fhoto of Setl Fit YA4-11.
1993 Soil Survey Mavual. U8 DA Agricuiture Handbook 18

2 taxonomy

Figure D-34. Soil profile description and photo of soil at site YAA
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Table D-12. Soil profile chemical, physical, and mineralogical data for site YAA.

Paste pH, Conductivity, Organic Matter, Lime and Texture

Harizan Upper Lower  Dry W, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwi¥  Clay wi%
Depth (in) Depth (in) Saturated Paste hatter CaCC3  unitless  Method tethod tethod
Paste 5.u. Extract wit ¥ i Method  AZSATS-G  AZAISS  ASAISS

hethod  mmhosicm Method Method  ASATS-5
ASAMI0- Method ASAZRZ USDAZIC
32 ASAMI0-3

Ap ] 5 587 7.8 1.06 27 6.5 L 28 48 24
E 3 12 G35 7.8 0.9z 6.5 SiL 26 52 22
C1 15 34 608 g 1.67 BB SiL 24 53 23
c2 34 47 588 5.1 207 7B L 44 38 18
C3 47 60 605 g.1 3.65 47 Sic g 48 44

Paste Extract and Exchangeable lons

Hatizon Upper Lower  Saturation  Calcium, Wagnesium, Sodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wio Saturated  Saturated  Saturated  Adsorption Saturated Ewchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/1000  Sodium
USDAZY & [UELH! hethod rred] (SAR) e/l meg00y  Method Percentage
Methad SWh0108 Method unitless Method Method  SWEO10B % Method
SWEO108 SWEO10E  Method  ASA10-3 SWEO10B USDAZ00
Calculation
Ap 0 G 409 38 258 45 24 6.6 33 12 248
E G 12 40.2 3 25 36 22 4.8 30.4 25
1 15 34 4112 45 5.1 5.3 23 4.2 307 12 32
cZ 34 47 329 24 38 13.4 7h 4.8 2.2 2.1 5.2
C3 47 g0 63.2 4 8z B3 13 4.2 356 8z 96

Clay Minerals and Nutrients

Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos- Potassium,  Sulfate,  Zinc (DTRPA
Depth (in) Depth (in) Method ¥-  Method X-  Method 3= Method X- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Extractable  Paste maofky

Difftaction  Difftaction  Diffraction  Diffraction Paste mg/l NaHCO3  mafky e/l Method
(based on {based on  (based on {(based on  Method  Ewxtract])  Method Method  SWWEO10B

clay clay clay fraction) clay ASAID-3 mokg ASAIS3 ASAIN0-3
fraction) fraction) fraction) Method
ASAZY-5

Ap 0 5 25 1 62 2 05 12 149 3.8 0.39
E 5 12 24 20 a1 3 1 4
1 15 34
c2 34 47
c3 47 =]

Tongue River Tributary AMPP Sites

Site MB

Site MB is located near the confluence of Prairie Dog Creek and the Tongue River in
Sheridan County, Wyoming (Figure D-35). The irrigated field lies on a gently sloping
upper terrace about 15 feet above the Tongue River floodplain, and is flood-irrigated
using water diverted from Prairie Dog Creek. At the time of the first sampling, the field
contained hay millet stubble with significant weed growth consisting of kochia, Russian
thistle, lambsquarter, field bindweed, and Canada thistle (Figure D-36).

The soil mapping unit sampled within the field is 171 - Kishona (50 percent) Cambria (30
percent) (Figure D-37). These soils are weakly developed floodplain soils with 18 to 35
percent clay, which have moderate amounts of organic matter that is stratified with
depth, and contain ample amounts of lime throughout the profile.

The pedon described at site MB differed slightly from the typical soils mapped in unit 171
(Figure D-13). The soil profile contained higher than average clay content ranging from
33 percent near the surface to 40 percent in a subsoil layer (3 to 17 inches). This soil
profile zone contained increased clay content called an argillic horizon. Dominant clay
minerals were kaolinite and illite, which are non-swelling clays that are not easily
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Figure D-35. Map of site MB

Figure D-36. Landscape view of site MB.
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affected by excess sodium. Soil pH was mildly alkaline (7.6) and lime content was low
for surface soil (1.3 percent), and both pH and lime content increased with depth. EC
was moderately low (< 1 dS/m) in the upper 30 inches and increased to 3.0 dS/m in the
deepest horizon (31 to 66 inches). Both SAR (0.5 to 2.3) and ESP (1.6 to 3.8) were low
throughout all depths. Nutrient levels were generally adequate, except for available zinc
which was low.

The composite soil samples collected from site MB were similar to most soils irrigated
with Tongue River water despite the slightly higher average salinity found in Prairie Dog
Creek. Owing to irrigation management, average salinity (based on a weighted average
in the upper 36 inches of the profile) was slightly lower than average for the Tongue
River soils. Site MB also had lower than average SAR and ESP. While clay content
was slightly higher in these soils, they were in other aspects similar to most soils
irrigated with Tongue River water.

Profile description for soil pit MB-14.

Landscape position:| Terrace.

Parent material:| Alhrvium.

County and mapped soil unit: (Bighorn County, Kishona/Cambria Series.

Vegetation: (Russian Thistle and other weed species.

Management Status:|Flood irrigation.

Slope and Aspect:|1% slopes with a north facing aspect.

Classification: |fine-loamy. mixed (calcareous) Borollic Camborthids

Depth
(inches)

Horizon USDA Description’

Yellowish brown (10YR 5/4) dry and dark brown (10YR 3/3) moist clay
Ap 0to3 [|loam: weak, medium, granular structure; soft, very friable, slightly sticky,
and slightly plastic; common fine and common medum roots; common very
fine pores; very slightly effervescent; clear smooth boundary.

Brown (10YR 5/3) dry and brown (10YR 4/3) moist silty clay; moderate,
medium platy parting to moderate, medivm subangular blocky structure;

Bt 3to7  |hard, very friable, slightly sticky, and slightly plastic; common fine and
common medium roots; few fine pores; slightly effervescent; clear smooth
boundary.

Brown (10YR 5/3) dry and dark yellowish brown (10YR 4/4) moist silty
clay; moderate, medium prismatic structure; hard, friable, sticky, and slightly|
plastic; common fine roots; common very fine pores; strongly effervescent;
clear smooth boundary.

Brown (10YR 5/3) dry and brown (10YR 4/3) moist clay loam; moderate,
B2 171031 medium prismatic parting to moderate, medium, subangular blocky
structure; hard, friable. slightly sticky. and slightly plastic; common fine
roots; few fine pores; violently effervescent; clear smooth boundary.

Light olive brown (2.5Y 5/3) dry and olive brown (2.5Y 4/3) moist loam;
massive: hard. friable. slightly sticky. and slightly plastic; few very fine and
few fine roots; few fine pores: strongly effervescent; common soft white
threads and masses.

Bkl Tto0 17

c 31to 66+

Notes:

1 Soils were described using protocol defined by Soil Survey Division Staf
1993, 501l Survey Manual. US.DA Agriculture Handbook 15 Photo of Seil Pit MB-14.

2 taxonomy

Figure D-37. Soil profile description and photo of soil at site MB
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Table D-13. Soil profile chemical, physical, and mineralogical data for site MB

Paste pH, Conductivity, Organic Matter, Lime and Texture
Harizan Upper Lower  Dry W, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwi¥  Clay wi%
Depth (in) Depth (in) Saturated Paste hatter CaCC3  unitless  Method tethod tethod
Paste 5.u. Extract wit ¥ i Method  AZSATS-G  AZAISS  ASAISS
tethod  mmhosicm Method Method  ASA1S-5
ASAMI0- tlethod ASAZRT USDAZGC
32 AZAMI0-3
Ap 0 3 2050 7B 0.69 21 1.3 cL 25 42 33
Bit 3 7 1340 78 0.43 4.8 Sic 14 44 41
Bk1 7 17 1940 g 0.43 12.4 Sic 16 44 40
Bk2 17 k)l 1860 g 0.54 1.2 cL 349 33 28
[ I Jala] 2030 78 253 74 L 39 39 22
Paste Extract and Exchangeable lons
Hatizon Upper Lower  Saturation  Calcium, Wagnesium, Sodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wio Saturated  Saturated  Saturated  Adsorption Saturated Ewchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/1000  Sodium
USDAZY & [UELH! hethod rred] (SAR) e/l meg00y  Method Percentage
hlethod SWeI108 Wlethod unitless  Method hlethod  SWBO10B % Method
SWEO108 SWEO10E  Method  ASA10-3 SWEO10B USDAZ00
Calculation
Ap 0 3 425 36 24 s 05 4.5 22 0s 1.6
Bit 3 7 49.5 21 1.6 1.1 0.8 32 5.6 0B 1.4
Bk1 7 17 476 23 1.8 1.1 0.8 37 323 05 1.4
Bk2 17 I 39 1.9 1.6 2.4 1.8 38 26 [IR=] 27
[ I Jala] 41.6 126 18.58 a1 23 1.6 247 13 38
Clay Minerals and Nutrients
Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos- Potassium,  Sulfate,  Zinc (DTRPA
Depth (in) Depth (in) Method ¥-  Method X-  Method 3= Method X- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Extractable  Paste maofky
Difftaction  Difftaction  Diffraction  Diffraction Paste mg/l NaHCO3  mafky e/l Method
(based on {based on  (based on {(based on  Method  Ewxtract])  Method Method  SWWEO10B
clay clay clay fraction) clay ASAID-3 mokg ASAIS3 ASAIN0-3
fraction) fraction) fraction) Method
ASAZL-5
Ap 0 3 33 a4 a g 34.8 16 533 13 024
Bt 3 7 126 06
Bk1 7 17 39 29 23 9 a6 1
Bk2 17 3
[ Kl GG
Site OAA

Site OAA is located near the mouth of Otter Creek, a tributary that joins the Tongue
River near Ashland (Figure D-38). The field is flood-irrigated using Otter Creek water,
which has a higher average EC and SAR than water from the Tongue River mainstem.
At the time of the first sampling, the field had a stand of crested wheat and brome
grasses with sparse patches of alfalfa (Figure D-39).

The soil mapping unit sampled within the field is 99 — Havre loam (Figure D-40), the
dominant soil series found in the Tongue River floodplain. The pedon described and
sampled at site OAA (Table D-14) averaged just 18 percent clay, which is at the lower
limit for Havre loam. Clay content was variable with depth and was somewhat finer near
the surface, decreasing to only 13 percent at depth. Dominant clay minerals were
kaolinite and illite, which are non-swelling clays that are not readily affected by elevated
levels of sodium. Smectite content was only 14 percent of the clays. The soil had mildly
alkaline pH (7.7 to 8.2) and moderate levels of lime (5 to 7.5 percent) at all depths. EC
was quite low (0.5 to 0.9 dS/m) when compared to Tongue River soils despite the higher
average EC of Otter Creek. This may indicate that the field is only irrigated during the
early part of the season when salinity is lower in Otter Creek. SAR (<1 to 4) and ESP (1
to 4) were moderately low as well, similar to EC.
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Figure D-38. Map of site OAA

Figure D-39. Landscape view of site OAA.
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Profile description for soil pit OAA-15

Landscape position: [Floodplain

Parent material: | Allywium.

County and mapped soil unit: [Rosebud County, Havre Series

Vegetation: | Alfalfa/grass

Management Status: |Flood irigation.

Slope and Aspect: |0 to 1% slopes with a northwest facing aspect

Classification: (fine-loamy, mixed (calcarecus) figd Ustic Tormifluvents

Depth
{inches)

Horizon USDA Description”

Dark yellowish brown (10YE 4/4) dry and brown [10TR 4/3) motst loam,
tnederate, medim, prismatic parting to weak, fine, gratular structure;

Ap Oto 6 |slightly hard, friable, nonsticky, and nonplastic, many fine and few coarse
roots; commen fine vesicular pores; strongly effervescent; clear smooth
boundary.

Brown (10YE 5/3) dry and dark yellowish brown (10TR 4/4) moist silt
o1 S5 loam; moderate, medium, subangular bloclky structure; slightly hard, firm,
slightly sticky, and slightly plastic; many fine and few coarse roots; common
fine vesicular pores: strongly effervescent, abrupt smooth boundary

Brown (10YE 5/3) dry and dark yellowish brown (10YER 4/4) medst loarm;
o2 15 to 39 massive, soft, loose, nonsticky, and nonplastic, many fine and few coarse

roots; commen very fine vesicular pores; very slightly effervescent; clear
smooth boundary

Brown (10YE 4/3) motst silty clay loam; massive; fiable, slightly sticky,
and slightly plastic; common fine and few coarse roots; common very fine

G} 38 to 60
& wesicular and common fine tubular pores, common fine famt mottles;

wiolently effervescent; soft white threads and masses

Motes

1 Boils were described using protocol defined by Soul Survey Division Steaffl
1993, Soil Survey Manual, U8 DA Agriculfure Handbook 14 .

2 tazonomy

Photo of Sail Pit OA4A-1 5,

Figure D-40. Soil profile description and photo of soil at site OAA

Soil test levels of nitrogen and phosphorus were low while other nutrients had generally
adequate levels of abundance.
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Table D-14. Soil profile chemical, physical, and mineralogical data for site OAA

Paste pH, Conductivity, Organic Matter, Lime and Texture
Harizan Upper Lower  Dry Wi, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwt¥  Clay wit%
Depth (in) Depth (in) Saturated Paste hatter CaCo3 unitless  Method Method hethod
Paste s.u. Extract wi % wit%o Method  ASAISS  ASATSS  ASAISS
hWlethod  mmhosicm Method Method  ASATS-5
ASAMI0- tlethod ASAZRT USDAZG:
32 ASAMI0-3
Ap 0 G 510 77 .87 33 75 L 24 47 25
C1 G 15 565 g.1 0s 8.2 Sik 20 54 26
cZ 14 39 fatatal 78 .87 g6 L a1 35 13
C3 349 g0 513 g2 069 8.4 SicL 18 55 30
Paste Extract and Exchangeable lons
Harizaon Upper Lower  Saturation  Calcium, Magnesium, Saodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wt % Saturated  Saturated  Saturated Adsorption Saturated Exchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity meg/100g  Sodium
USDAZY a meqgyl hiethod ey (SAR) meg/l megd100g  Method Percentage
hethod SWED10B Method unitless  Method hethod  SWBO10E % Method
SWE010B SWEO10E  Method  ASAI0-3 SWED1OEB USDAZ00
Calculation
Ap 0 G 499 4.4 4.4 a7 0.3 8.1 ki 05 16
C1 G 15 43.4 15 21 1.2 [Ug=] 4.1 293 0.4 1.2
cZ 14 39 327 258 3 1.8 1.1 25 187 0B 345
C3 349 g0 44.8 1 s 38 41 37 338 1.4 36
Clay Minerals and Nutrients
Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos-  Potassium,  Sulfate,  Zinc (DTRPA
Depth (in) Depth (in) Method ¥~ Method X- Method 3= Method X- M, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Dlsen Extractable  Paste mgfky
Diffraction  Diffraction  Diffraction  Diffraction Paste mg/L NaHCO3  mafkg megiL hethod
(based on  (based on  (based on (based on  Method  Extract)  Method Method — SWWED10B
clay clay clay fraction) clay ASAID-3 modkg ASAIS3 ASAI0-3
fraction) fraction) fraction) hethod
AZA-G
Ap 0 G 36 32 14 18 0.4 13 294 06 0.41
C1 G 14 36 0B
cZ 15 349 35 06
C3 34 G0 7 41 14 9

Reference AMPP Sites in Other River Basins

Site YBA

Site YBA is located on a low bench above the Yellowstone River (Figure D-41) just west
of Miles City on the Fort Keogh Research Center. The field is flood-irrigated with
Yellowstone River water which is generally similar in quality to the Tongue River. At the
time of the first sampling, the field had a stand of volunteer barley and weeds following a
barley grain crop harvested earlier in 2003 (Figure D-42).

The soil mapping unit sampled within the field is 47A — Harlake silty clay loam, the same
soil mapped upstream on the lower Tongue River (in Custer County) at sites BC and BD
(Figure D-43). The Harlake series differs from Havre by having more than 35 percent
clay with smectite as the dominant clay mineral. The Harlake series, like the Havre,
does not exhibit significant soil development and is typical of recent floodplain soils (e.g.
variable texture and organic matter content with depth).

The pedon described and sampled at site YBA (Table D-15) averaged just 22 percent
clay, which is much less than is found in Harlake soils and is near the lower limit for
Havre loam. Clay content varied from 24 percent in the upper 20 inches and decreased
to 18 percent at 20 to 40 inches. The dominant clay mineral was smectite (54 percent),
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Figure D-41. Map of site YBA

Figure D-42. Landscape view of site YBA
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Profile description for soil pit YBA-13

Landscape position: |Floodplan.

Parent material: | Allwium/lacustrine

County and mapped soil unit: |Custer County, Harlake Series

Vegetation: [Fallow.

Management Status: |Flood irrigation

Slope and Aspect: |0 to 2% slopes with a north facing aspect

Classification: |fine-loamy, mixed (calcareous) frigid Ustic Tomifluvents

Depth
{inches)

Horizon USDA Descri_ptionl

Pale brown {107R 6/3) dry and dark brown (10TR 3/3) moist silt loam;
weal, medium, subangular blocky parting to wealk, fine, granular structure;
Ap Oto 15 |slightly hard, wery friable, slightly sticky, and slightly plastic; common fine
roots; common fine and common medivm pores; slightly effervescent;
abrupt smooth boundary.

Tellow (2.5Y 7/6) dry and light olive brown (2.5 5/3) meist silt loam;
o1 15to 22 moderate, medium, platy structure; hard, very friable, slightly sticky, and
slightly plastic; few fine roots; common fine pores; common, fine, distinct
tnottles; wolently effervescent; clear smooth boundary.

Pale yellow (2.57 7i4) dry and light clive brown (2 57 5/6) moist silt loam,
massive, slightly hard, very friable, slightly sticky, and slightly plastic, few
fine roots; common fine and few coarse pores; commeon, fine, distinct
mottles; strongly effervescent; gradual smooth boundary.

Cc2 22t0 41

Very dark grayish brown (2.5 3/2) moist silty clay loam; massive, very
C3 41 to 60+ |fiiable, slightly sticky, and slightly plastic; few fine roots; common fine and
few coarse pores; comnmon, fine, distinct mottles; strongly effervescent

Motes

1 Boils were desctibed using protocol defined by Soil Survey Division Stoffl
19932, Soil Survey Mareal, U.SDA Agriculfure Handbook 18 .

2 tazonotmy

Phato of Seil Pie YBA-1 3.

Figure D-43. Soil profile description and photo of soil at site YBA

with the remainder composed of kaolinite and illite. The soil was mildly alkaline in pH
(7.7 to 8.0) and had moderate levels of lime (6 to 9 percent) at all depths. EC had a
similar range within the profile found in typical flood-irrigated Tongue River soils (0.8 to 3
dS/m), which was low near the surface and increased with depth. SAR (1 to 5) and ESP
(2 to 6) were moderately low as well, similar to the pattern for EC. Soil test levels of
phosphorus and potassium were low while other nutrients were generally adequate.
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Table D-15. Soil profile chemical, physical, and mineralogical data for site YBA

Paste pH, Conductivity, Organic Matter, Lime and Texture

Harizan Upper Lower  Dry W, g pH, Conductivity, Organic Lime as  Texture Sandwit¥  Siltwi¥  Clay wi%
Depth (in) Depth (in) Saturated Paste hatter CaCC3  unitless  Method tethod tethod
Paste 5.u. Extract wit ¥ i Method  AZSATS-G  AZAISS  ASAISS

hethod  mmhosicm Method Method  ASATS-5
ASAMI0- Method ASAZRZ USDAZIC
32 ASAMI0-3

Ap u] 15 620 77 0.83 2 7 Sik 16 60 24
C1 14 22 637 78 1.25 9.8 Sik 4 72 24
cZ 22 41 593 g 1.58 75 Sik 16 G5 18
C3 41 60 483 g 3.16 6.1 SicL 14 a7 29

Paste Extract and Exchangeable lons

Hatizon Upper Lower  Saturation  Calcium, Wagnesium, Sodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) wio Saturated  Saturated  Saturated  Adsorption Saturated Ewchange Extractable  eable
Method Paste Paste meg/l  Paste Ratio Paste Capacity  meg/1000  Sodium
USDAZY & [UELH! hethod rred] (SAR) e/l meg00y  Method Percentage
Methad SWh0108 Method unitless Method Method  SWEO10B % Method
SWEO108 SWEO10E  Method  ASA10-3 SWEO10B USDAZ00
Calculation
Ap 0 15 a7 32 1.4 25 16 5.2 333 ns 22
C1 14 22 a6.4 34 34 4.7 28 36 305 13 33
cZ 22 4 51.2 32 4 7B 4 33 246 16 5
c3 41 g0 G2 a5 9.1 14 4.2 28 336 24 5.2

Clay Minerals and Nutrients

Harizan Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos- Potassium,  Sulfate,  Zinc (DTRPA
Depth (in) Depth (in) Method ¥-  Method X-  Method 3= Method X- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Extractable  Paste maofky

Difftaction  Difftaction  Diffraction  Diffraction Paste mg/l NaHCO3  mafky e/l Method
(based on {based on  (based on {(based on  Method  Ewxtract])  Method Method  SWWEO10B

clay clay clay fraction) clay ASAID-3 mokg ASAIS3 ASAIN0-3
fraction) fraction) fraction) Method
ASAZY-5
Ap 0 15 23 22 a4 2 3 10 170 258 0.67
1 15 22 19 22 54 4 5 7
c2 22 41 2.1 11.4
c3 41 =]
Site BHA

Site BHA is located on the west side of the Big Horn River just south of Hardin, Montana
(Figure D-44). The field is flood-irrigated with Big Horn River water, which has a slightly
higher average EC than the Tongue River. Sugar beets were grown at site BHA in
2003, and were harvested just prior to sampling.

The soil mapped within the field is Bs — Bew silty clay loam. The Bew series, which is
mapped in Big Horn County, has more than 35 percent clay, is dominated by smectite,
and contains a lime-depleted and clay-enriched subsoil horizon (Figure D-45). The
pedon described and sampled at site BHA (Table D-16) averaged more than 40 percent
clay, but did not contain evidence of secondary clay accumulation or lime removal by
weathering. Consequently, this site contained a slightly different soil that, while similar
to Bew, was less developed. The dominant clay mineral was illite with lesser amounts of
kaolinite, with smectite comprising only 10 percent of the clay fraction.

The soil had a mildly alkaline pH (7.5 to 7.7) and had lower levels of lime (2.4 t0 6.3
percent) typically found in the Tongue River soils. The lower lime content probably
results from differences in the stream sediments from which the soils formed. EC was
low (0.8 to 1.2 dS/m), and was similar to many of the lower EC, flood-irrigated Tongue
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FProfile description for soil pit BHA-11.

Landscape position: (Floodplain

Parent material: | Allurarn.

County and mapped soil umit: |Big Horn County, Bew Series

Vegetation: | Sugarbeets

Management Status: |Flood irigation.

Slope and Aspect:|0 to 1% slopes with a south facing aspect.

Classification: |fine, mixed (calcareous) fngid Ustic Tormfluvents

‘Horizon ;.D Ei;]_j-th, ﬁsmﬁelﬂi‘gﬁnni‘

Dark brown (10TE 3/3) modst silty clay, moderate, medivm, subangular
Ap Ote 8 blocky structure; firm, sticky, and plastic; common fine roots, many fine
continucus pores; abrupt smooth boundary

Brown (10TR 43) moist silty clay, moderate, medm, subangular blocky

4 Bto 15 parting to weal, fine, granular structure; firm, sticky, and plastic; few fine
roots, many fine continuous pores, 5% coarse fragments; abrupt smooth
boundary.

Olive brown (2.5 4/4) moist silty clay, weak, medium, subangular blocky

Cl1 1510 30 (structure; wery firm, very sticky, and very plastic; few fine roots; common

fine discontinuous pores; strongly effervescent; clear smooth boundary
Darle grayish brown (2.57 4/2) moist silt loam; massive; firm, shghtly sticky,
cz 30 to 60+ |and nonplastic, few fine roots; commeon fine discontinuous pores; wiclently

effervescent

Motes

1 Boils wete described using protocol defined by Soil Survey Division Stafl
1993, Soil Survey Manual U5 DA Agriculfure Handbook 18

2 taxonomy

Photo of Sail Fit BHA-11.

Figure D-45. Soil profile description and photo of soil at site BHA.
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River soils. SAR (2 to 3 dS/m) and ESP (2.7 to 3.4) were relatively uniform and were
moderately low, indicating that amply applied irrigation water has leached excessive
salts from the profile. SAR and ESP in the 0-2 inch depth of the composite samples
were 5.4 and 6.1, respectively. Both had significantly been reduced to 3.8 and 2.8 by
April 2004 and 3.0 and 3.3 by fall 2005, respectively. Most likely, SAR and ESP were
elevated due to the warm dry fall prior to initial sampling. When the beet tops were
removed, soil moisture rapidly moved to the surface and evaporated, leaving salts
behind in the top 2 inches of soil. This field was planted to winter wheat in 2004 and
2005, so the plant canopy was more open and the soil drier at harvest than what is
normal for beets. When the wheat was harvested, moisture did not rapidly move to the
soil surface. Plant available nutrient levels were abundant.

Table D-16. Soil profile chemical, physical, and mineralogical data for site BHA

Paste pH, Conductivity. Organic Matter, Lime and Texture
Harizan Upper Lower  Dry Wi, g pH, Conductivity, Organic Lirme as  Texture Sandwi¥  Siltwt¥  Clay wi%
Depth (in) Depth (in) Saturated Paste Watter CaCo3 unitless  Method Method Method
Paste s.u. Euxtract wit ¥ it Method  AZATS-G  AZATSS  AZAISS
bethod  mmhosficm Method Method  ASATS-5
ASAMT0- tlethod ASAZRT USDAZIC
32 ASAMI0-3
Ap 0 g 495 75 1.21 1.8 24 Sic 10 43 47
A2 g 14 534 75 s 2kB Sic i 42 47
C1 15 30 663 77 1.05 6.3 Sic 9 43 45
cz 30 60 61 iy 1.24 4.1 Sik 20 55 25
Paste Extract and Exchangeable lons
Harizaon Upper Lower  Saturation  Calciurm,  Magnesium,  Sodium, Sodium  Alkalinity,  Cation Sodium,  Exchang-
Depth (in) Depth (in) et %o Saturated  Saturated  Saturated Adsorption Saturated Exchange Extractable  eable
hethod Paste Paste megd  Paste Ratio Paste Capacity  meg/100g  Sodium
USDAZY a meqgyl hlethod e (SAR) meg/l megd100g  Method Percentage
tlethod SWEO10E  Methad unitless  Method hWlethod  SWEO10B % Method
SWEO10B SWEO10E  Method  ASAN0-3 SWEDOT0B USDAZOL
Calculation
Ap 0 g 47 32 1.3 4.5 3 G 44.5 14 248
A2 g 15 476 2k 1 28 21 33 333 1 27
C1 14 30 43 33 1.7 3.1 19 3 331 1.3 34
cZ 30 g0 347 34 22 43 2B 22 245 0s 3
Clay Minerals and Nutrients
Harizon Upper Lower  Kaolinite % lllite % Smectite % Chlorite % Mitrate as Phos-  Potassium,  Sulfate,  Zinc (DTPA
Depth (in) Depth (in) Method ¥-  Method ¥-  Method ¥-  Method %- N, phorus  MH40Ac  Saturated  Ewxtract)
ray ray ray ray Saturated  (Olsen  Ewxtractable  Paste mgfky
Diffraction  Diffraction  Diffraction  Diffraction Paste mg/L NaHCO3  mog/kg medg/L Method
(based on (based on  (based on (based on  Method  Extract)  Method Method  SWWEO10B
clay clay clay fraction) clay ASAID-3 modkg ASA133 ASA10-3
fraction) fraction) fraction) Method
AZA-5
Ap 0 g 20 66 10 = 1.2 a2 332 3k 1.6
A2 g 14 33 37
C1 15 30 e 43 9 15 13.8 a7
cZ 30 G0
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Appendix E — Tier 2 Analysis of Variance Results

Table E-1. Analysis of variance for Tier 2 AMPP results to determine whether
results vary by site, time of sampling, or depth.

w 0
gl - = =] g §
s 2 £ R @ S = B
= o= F = _ = = - [ 2 = I
z 25 = % = =2 3B & 2% E £ @ g
5 22 s = & T F E2 % gz e £ = 3 9
=T ® @ —_— o . (r_l;(.l") i =2 £ E = &= w T
T T2 te E 2m E 53 .8 € B2 52 Bz = = @
£ 33 83 § 82 5 TBE £ m @= FTF 9§ o T3
= Bz 52 £ dgo = £S2 23 2 g 24 24 O £ 3
= =] oo m “"g [ we - = = =° o =g © = =
- Qe @ o E o ow® G 2 T 2o T@OJ = =
= mO 52 g =bh =0 <o »Z 2= 2> &> 2 =
8 2% 53 E5 88 E5 EB =2 =® &t T8 §% 8y =
Analysis of = *GJE == §§ &< §§ Z2£ 285 = £8 BE£ ££ o5 B =
VaianceResuts | T S f B2 833 232 53 42 3t 8 ob o2 52 58 § &
Site by Time X X X X X X X X X X X X X X X
Site X X X X X X X X X X X X X X X
Time X X X X X X X
Site X Time x
Site by Depth X X X X X X X X X X X X X X X
Site X X X X x x X X X X X X x x X
Depth X X X X X X X X X X X X X X X
Site X Depth X X X X X X X X X X X X X X X
Depth by Time X X X X X X X X X X X X X
Depth X X X X X X X X X X X X X X X
Time X X X X X X
Depth X Time

Table E-2. Analysis of variance for Tier 2 AMPP results to determine whether
results vary by time of sampling, or depth.

Multivariate Tests
Effect Value F Hypothesis Error df Sig.
df

Intercept Pillai's Trace 1 162471 14 428
Wilks” Lambda - 162471 14 428
Hatelling's Trace 5314 162471 14 428
Roy's Largest Root 5314 162471 14 428

TIME Pillai's Trace 1 8 84 2,598
Wilks” Lambda 0 9 a4 2,392
Hatelling's Trace 2 10 84 2.558
Roy's Largest Root 1 34 14 433

DEPTH Pillai's Trace 1 10 84 2,598
Wilks” Lambda 0 15 a4 2,392
Hotelling's Trace 4 23 84 2,558
Roy's Largest Root 4 109 14 433 -

TIME * DEPTH Pillai's Trace 1 1 504 6,174 1.00
Wilks” Lambda 0 1 504 5.650 1.00
Hotelling's Trace 1 1 504 5,966 1.00
Roy's Largest Root 0 3 36 441 -

Exact statistic
b The statistic is an upper bound on F that yields a lower bound on the significance level.
c Design: Intercept+TIME+DEFTH+TIME * DEPTH

w
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Table E-3. Comparison of means for Tier 2 AMPP results to determine whether
results vary by time of sampling, or depth (factors shown in red
cause statistically significant variation

Tests of Between-
Subjects Effects
Source Dependent Variable Type lll df Mean F Sig.
Sum of Square
Squares

Corrected Model pH (Paste) s_u_ Method ASAM10-3_2 20 43 0 20 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10- 665 43 14 4 0
Saturation Percentage wt% Method USDA27a 18,299 43 3 4 0
Calcium (Paste) meq/l Method SW6G010B 2,864 48 60 2 0.003
Magnesium (Paste) meqg/l Method SWG010B 10,043 48 209 5 0
Sodium (Paste) meq/l Method SW6010B 35,322 48 736 3 0
Sodium Adsorption Ratio unitless Method Calculation 2,358 48 43 4 0
Cation Exchange Capacity meq/100g Method SVWE010B 14,435 48 301 T 0
Clay % Method ASA155 9447 48 197 3 0
Exchangeable Sodium Percentage % Method USDA20b 2,663 48 85 7 0
Lime as CaCO3 wt% Method USDA23c 144 48 3 1 0.28
Sand % Method ASA15-5 55,220 48 1,150 5 0
Silt % Method ASA15-5 21143 48 440 7 0
Extractable Sodium meqg/100g Method SW6010B 203 48 4 4 0
Exchangeable Sodium meq/100g Method USDA20b 50 48 1 4 0

Intercept pH (Paste) s_u_ Method ASAIM10-3_2 28,966 1 28,966 1,394,234 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10- 3,077 1 3.077 862 0
Saturation Percentage wt% Method USDA27a 999,021 1 999.021 10.428 0
Calcium (Paste) meqg/l Method SW6E010B 34,496 1 34,496 978 0
Magnesium (Paste) meqg/l Method SW6010B 32,903 1 32,903 729 0
Sodium (Paste) meq/l Method SW6010B 80,203 1 80,203 337 0
Sodium Adsorption Ratio unitless Method Calculation 7.3758 1 7.375 631 0
Cation Exchange Capacity meq/100g Method SW6010B 295 076 1 295,076 6,621 0
Clay % Method ASA15.5 256 457 1 256,457 3.332 0
Exchangeable Sodium Percentage % Method USDA20b 10,193 1 10,193 1,315 0
Lime as CaCO3 wt% Method USDA23c 23529 1 23,529 8,782 0
Sand % Method ASA15-5 553728 1 553728 2,499 0
Silt % Method ASA15-5 927 464 1 927 464 13.908 0
Extractable Sodium meq/100g Method SW6010B 1.073 1 1.073 1.015 0
Exchangeable Sodium meq/100g Method USDA20b 440 1 440 1.752 0

TIME pH (Paste) s_u_ Method ASAM10.3_2 5 6 1 1 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 19 6 3 1 0.52
Saturation Percentage wt% Method USDA27a 841 6 140 1 0.189
Calcium (Paste) meg/l Method SW6010B 477 6 80 2 0.037]
Magnesium (Paste) meg/ Method SYWE010B 230 6 38 1 0.533
Sodium (Paste) meg/l Method SWG010B 692 6 115 0 0.819
Sodium Adsorption Ratio unitless Method Calculation 60 6 10 1 0.532
Cation Exchange Capacity meq/100g Method SVW6010B 2,57 6 429 10 0
Clay % Method ASA15.5 111 6 185 2 0.027]
Exchangeable Sodium Percentage % Method USDA20b 336 6 56 7 0
Lime as CaCO3 wt% Method USDA23c 64 6 " 4 0.001
Sand % Method ASA15-5 1,480 6 247 1 0.353
Silt % Method ASA15-5 224 6 i 1 0.762
Extractable Sodium meq/100g Method SW6010B 10 6 2 2 0.152
Exchangeable Sodium meqg/100g Method USDA20b 6 6 1 4 0.001

DEPTH pH (Paste) s_u_ Method ASAM10.3_2 15 6 2 17 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10. 615 6 102 29 0
Saturation Percentage wt% Method USDA2Ta 15,573 6 2,596 27 0
Calcium (Paste) meg/l Method SW6010B 2,187 6 365 10 0
Magnesium (Paste) meq/l Method SW6010B 9,345 6 1,558 35 0
Sodium (Paste) meq/l Method SW6010B 32,080 6 5,347 22 0
Sodium Adsorption Ratio unitless Method Calculation 2178 6 363 3 0
Cation Exchange Capacity meq/100g Method SW6010B 11,461 6 1.910 43 0
Clay % Method ASA15.5 7,965 6 1,327 17 0
Exchangeable Sodium Percentage % Method USDAZ20b 2182 6 364 47 0
Lime as CaCO3 wt% Method USDA23c 72 6 12 4 0
Sand % Method ASA15-5 52487 6 8.748 39 0
Silt % Method ASA15-5 19,922 6 3.320 50 0
Extractable Sodium meqg/100g Method SWG010B 181 6 30 29 0
Exchangeable Sodium meg/100g Method USDA20b 41 6 7 27 0
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Table E-3. (Continued

Tests of Between-
Subjects Effects
Source Dependent Variable Type lll df Mean F Sig.
Sum of Square
Squares

TIME * DEPTH pH (Paste) s_u_ Method ASAM10-3_2 0 36 0 1 0.98
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 Kl 36 1 0 1
Saturation Percentage wt% Method USDAZTa 1.884 36 52 1 0.986
Calcium (Paste) meg/l Method SW6010B 220 36 6 0 1
Magnesium (Paste) meg/l Method SWE010B 468 36 13 0 1
Sodium (Paste) meg/l Method SWE010B 2,549 36 m 0 1
Sodium Adsorption Ratio unitless Method Calculation 120 36 3 0 1
Cation Exchange Capacity meg/100g Method SW6010B 403 36 " 0 1
Clay % Method ASA15-5 n 36 10 0 1
Exchangeable Sodium Percentage % Method USDA20b 146 36 4 1 0.991
Lime as CaCO3 wt% Method USDAZ3c 8 36 0 0 1
Sand % Method ASA15-5 1252 36 35 0 1
Silt % Method ASA15-5 996 36 28 0 0.999
Extractable Sodium meq/100g Method SW6010B " 36 0 0 1
Exchangeable Sodium meg/100g Method USDAZ0b 4 36 0 0 0.999

Error pH (Paste) s_u_ Method ASAM10.3_2 9 441 0
Electrical Conductivity (Paste) mmhos/cm Method ASANM10. 1,574 441 4
Saturation Percentage wt% Method USDA2Ta 42,249 441 96
Calcium (Paste) meg/l Method SW6010B 15,550 441 35
Magnesium (Paste) meq/l Method SW6010B 19,892 441 45
Sodium (Paste) meq/l Method SW6010B 104,890 441 238
Sodium Adsorption Ratio unitless Method Calculation 5187 441 12
Cation Exchange Capacity meq/100g Method SVW6010B 19,655 441 45
Clay % Method ASA15.5 33,943 441 7
Exchangeable Sodium Percentage % Method USDA20b 3418 441 8
Lime as CaCO3 wt% Method USDA23c 1,182 441 3
Sand % Method ASA15-5 97,698 441 222
Silt % Method ASA15-5 29407 441 67
Extractable Sodium meqg/100g Method SW6010B 466 441 1
Exchangeable Sodium meq/100g Method USDA20b 111 441 0

Total pH (Paste) s_u_ Method ASAM10.3_2 28,995 490
Electrical Conductivity (Paste) mmhos/cm Method ASAM10- 5315 490
Saturation Percentage wt% Method USDA27a 1.059,569 490
Calcium (Paste) meg/l Method SW6010B 52,930 490
Magnesium (Paste) meqg/l Method SWG010B 62,838 490
Sodium (Paste) meq/l Method SW6010B 220415 490
Sodium Adsorption Ratio unitless Method Calculation 14,891 490
Cation Exchange Capacity meq/100g Method SVWE010B 329,166 490
Clay % Method ASA155 299 848 490
Exchangeable Sodium Percentage % Method USDA20b 16,274 490
Lime as CaCO3 wt% Method USDA23c 24 855 490
Sand % Method ASA15-5 706,646 490
Silt % Method ASA15-5 978,014 490
Extractable Sodium meqg/100g Method SWG010B 1,741 490
Exchangeable Sodium meqg/100g Method USDA20b 601 490

Corrected Total pH (Paste) s_u_ Method ASAM10.3_2 29 489
Electrical Conductivity (Paste) mmhos/cm Method ASAM10. 2238 439
Saturation Percentage wt% Method USDA2Ta 60,543 489
Calcium (Paste) meg/l Method SW6010B 18,434 489
Magnesium (Paste) meq/l Method SW6010B 29,934 489
Sodium (Paste) meq/l Method SW6010B 140,212 489
Sodium Adsorption Ratio unitless Method Calculation 7.515 489
Cation Exchange Capacity meq/100g Method SVW6010B 34,090 489
Clay % Method ASA15-5 433N 489
Exchangeable Sodium Percentage % Method USDAZ0b 6,081 489
Lime as CaCO3 wt% Method USDA23c 1,325 489
Sand % Method ASA15.5 152,918 489
Silt % Method ASA155 50,550 489
Extractable Sodium meg/100g Method SW6010B 669 489
Exchangeable Sodium meg/100g Method USDA20b 161 489

R Squared = 667 (Adjusted R Squared = .653)
R Squared = 297 (Adjusted R Squared = .221)
R Squared = 302 (Adjusted R Squared = .226)
R Squared = 156 (Adjusted R Squared = .065)
R Squared = .335 (Adjusted R Squared = .263)
R Squared = 252 (Adjusted R Squared = .170)
R Squared = 314 (Adjusted R Squared = .239)
R Squared = 423 (Adjusted R Squared = .361)
R Squared = 218 (Adjusted R Squared = .133)
R Squared = 438 (Adjusted R Squared = .377)
R Squared = 108 (Adjusted R Squared = .011)
R Squared = 361 (Adjusted R Squared = .292)
R Squared = 418 (Adjusted R Squared = 355)
R Squared = 303 (Adjusted R Squared = .227)
R Squared = 312 (Adjusted R Squared = .237)

0OS 3 -F—T TSwm hoao oo
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Table E-4. Analysis of variance for Tier 2 AMPP results to determine whether
results vary by site or time of sampling

Multivariate Tests
Effect Value F Hypothesis Error df Sig.
df
Intercept Pillai's Trace 1 203841 14 407
Wilks' Lambda - 203,841 14 407
Hotelling's Trace 7,012 203841 14 407
Roy's Largest Root 7,012 203811 14 407
SITE Pillai's Trace 3 15 126 3.735
Wilks' Lambda 0 20 126 3123
Hotelling's Trace 8 25 126 3,647
Roy's Largest Root 3 98 14 415
TIME Pillai's Trace 2 1 34 2472
Wilks' Lambda 0 13 84 2.275
Hotelling's Trace 3 15 84 2432
Roy's Largest Root 1 43 14 412
SITE * TIME Pillai's Trace 2 2 756 5,880
Wilks' Lambda 0 2 756 5,584
Hotelling's Trace 4 2 756 5,672
Roy's Largest Root 1 g 54 420

Exact statistic
b The statistic is an upper bound on F that yields a lower bound on the significance level.
c Design: Intercept+SITE+TIME+SITE * TIME

w
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Table E-5. Comparison of means for Tier 2 AMPP results to determine whether
results vary by site or time of sampling (factors shown in red cause
statistically significant variation

Tests of Between-
Subjects Effects
Source Dependent Variable Type Il Sum of df Mean F Sig.
Squares Square
Corrected Model pH (Paste) s_u_ Method ASAM10.3_2 9.402 69 01 2.885 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10- 781.442 69 1.3 3.265 0
Saturation Percentage wt% Method USDA27a 24200974 69 3507 4.083 0
Calcium (Paste) meq/l Method SW6010B 7211672 69 1045 3.912 0
Magnesium (Paste) meq/l Method SW6010B 6020.261 69 116.2 2.228 0
Sodium (Paste) meq/l Method SW6010B 49636.146 69 7194 3.336 0
Sodium Adsorption Ratio unitless Method Calculation 2846.837 69 4.3 3712 0
Cation Exchange Capacity meq/100g Method SW6010B 17136.614 69 2454 6.153 0
Clay % Method ASA15.5 2379551 69 3449 7.392 0
Exchangeable Sodium Percentage % Method USDA20b 2265622 69 327 3.589 0
Lime as CaCO3 wt% Method USDA23c 966.307 69 14.0 16.385 0
Sand % Method ASA155 68153.441 69 985.2 4.899 0
Silt % Method ASA15-5 16155.91 69 2341 2859 0
Extractable Sodium meq/100g Method SW6010B 218.393 69 32 2.952 0
Exchangeable Sodium meq/100g Method USDAZ0b 56.118 69 0.8 3444 0
Intercept pH (Paste) s_u_ Method ASAM10.3_2 28965 924 1 289659 6133666 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10. 3076.917 1 3.076.9  886.943 0
Saturation Percentage wt% Method USDA27a 999020.51 1 9990205 11543.96 0
Calcium (Paste) meq/l Method SW6010B 34496.492 1 34495 1291.089 0
Magnesium (Paste) meqg/l Method SWG010B 32903.335 1329033 630618 0
Sodium (Paste) meq/l Method SW6010B 80203.027 1802030 371.902 0
Sodium Adsorption Ratio unitless Method Calculation 7375.259 1 7.375.3  663.513 0
Cation Exchange Capacity meq/100g Method SW6010B 295075831 1 2950758 7T309.957 0
Clay % Method ASA15.5 256457 347 1 2664573 5496877 0
Exchangeable Sodium Percentage % Method USDA20b 10192.512 1 10,1925  1119.03 0
Lime as CaCO3 wt% Method USDA23c 23529429 1 235294 2752944 0
Sand % Method ASA155 5563728131 1 5537281 2744806 0
Silt % Method ASA15-5 927463.518 1 9274635 1132547 0
Extractable Sodium meq/100g Method SW6G010B 1072.734 1 1,072.7  1000.409 0
Exchangeable Sodium meq/100g Method USDAZ0b 439.929 1 4399 1795.648 0
SITE pH (Paste) s_u_ Method ASAM10-3_2 2133 9 0.2 5.018 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10. T05.688 9 T84 22602 0
Saturation Percentage wt% WMethod USDA27a 21111.988 9 23458 271086 0
Calcium (Paste) meq/l Method SW6010B 5794 507 9 6438 24.097 0
Magnesium (Paste) meg/l Method SWE010B 7048.2 9 7831 16.009 0
Sodium (Paste) meg/l Method SW6010B 45604.29 9 50671 23.496 0
Sodium Adsorption Ratio unitless Method Calculation 2599194 9 288.8 25982 0
Cation Exchange Capacity meq/100g Method SW6010B 12364.963 9 1,3739 34.035 0
Clay % Method A5A15-5 21951.347 9 24390 52.278 0
Exchangeable Sodium Percentage % Method USDA20b 1540 537 9 171.2 18.793 0
Lime as CaCO3 wt% Method USDA23c 798.512 9 88.7  103.807 0
Sand % Method ASA155 64159502 9 71288 35337 0
Silt % Method ASA15-5 13842.686 9 15381 18.782 0
Extractable Sodium meqg/100g Method SW6010B 182.223 9 202 18.882 0
Exchangeable Sodium meqg/100g Method USDAZ0b 42.809 9 48 19.447 0
TIME pH (Paste) s_u_ Method ASAM10-3_2 5.097 6 0.8 17.988 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 18.53 6 31 0.89 0.502
Saturation Percentage wt% Method USDAZ7a 840.919 6 1402 162 0.14
Calcium (Paste) meq/l Method SWE010B 477.358 6 79.6 2978 0.007]
Magnesium (Paste) meg/l Method SW6E010B 229.74 6 383 0.734 0.623
Sodium (Paste) meg/l Method SWE010B 692.429 6 1154 0.535 0.782
Sodium Adsorption Ratio unitless Method Calculation 59.623 6 9.9 0.894 0.499
Cation Exchange Capacity meq/100g Method SW6010B 2571.406 6 4286 10.617 0
Clay % Method A5A15-5 1111.482 6 185.2 3.97 0.001
Exchangeable Sodium Percentage % Method USDA20b 335.629 6 559 6.141 0
Lime as CaCO3 wt% Method USDAZ3c 64.138 6 10.7 12.507 0
Sand % Method ASA15-5 1480.327 6 2467 1.223 0.293
Silt % Method ASA15-5 224 367 6 374 0.457 0.84
Extractable Sodium meqg/100g Method SVW6010B 10.012 6 1.7 1.556 0.159
Exchangeable Sodium meqg/100g Method USDA20b 5.738 6 1.0 3.9 0.001




Tongue River Agronomic Monitoring & Protection Program Page 213
2009 Progress Report September 2009

Table E-5. (Continued)

Tests of Between-
Subjects Effects
Source Dependent Variable Type Il Sum of df Mean F Sig.
Squares Square

SITE * TIME pH (Paste) s_u_ Method ASAM10-3_2 2172 54 0.0 0.852 0.763
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 57.223 o4 11 0.305 1
Saturation Percentage wt% Method USDAZ7a 2248.067 54 416 0.481 0.999
Calcium {Paste) meg/| Method SWE010B 939.808 54 174 0.651 0.973
Magnesium (Paste) meqg/l Method SW60108 742341 a4 13.7 0.263 1
Sodium (Paste) meg/l Method SWE0108 3339427 54 618 0.287 1
Sodium Adsorption Ratio unitless Method Calculation 188.016 a4 35 0.313 1
Cation Exchange Capacity meg/100g Method SW6010B 2200.244 a4 407 1.009 0.461
Clay % Method ASA15-5 732682 54 13.6 0.291 1
Exchangeable Sodium Percentage % Method USDA20b 379.456 o4 7.0 0.771 0.38
Lime as CaCO3 wt% Method USDA23c 103.657 a4 1.9 2246 0
Sand % Method ASA15-5 2548612 54 472 0.234 1
Silt % Method ASA15-5 2088.857 54 BT 0.472 0.999
Extractable Sodium meq/100g Method SW6010B 26.158 54 05 0.452 1
Exchangeable Sodium meqg/100g Method USDAZ0b 9.5M1 a4 0.2 0.725 0.927

Error pH (Paste) s_u_ Method ASAM10-3_2 19.834 420 0.0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10- 1457.033 420 35
Saturation Percentage wt% Method USDA27a 36347.026 420 86.5
Calcium (Paste) meqg/l Method SWG010B 11221.939 420 26.7
Magnesium (Paste) meq/l Method SW6010B 21914.049 420 522
Sodium (Paste) meq/l Method SW6010B 90575 732 420 2157
Sodium Adsorption Ratio unitless Method Calculation 4668.499 420 1.1
Cation Exchange Capacity meg/100g Method SW6010B 16953.841 420 404
Clay % Method ASA15.5 19595143 420 46.7
Exchangeable Sodium Percentage % Method USDA20b 3825.506 420 91
Lime as CaCO3 wt% Method USDA23c 358.974 420 0.9
Sand % Method ASA15-5 84729429 420 2017
Silt % Method ASA15-5 34394571 420 1.9
Extractable Sodium meq/100g Method SW6010B 450.364 420 11
Exchangeable Sodium meq/100g Method USDA20b 102.727 420 0.2

Total pH (Paste) s_u_ Method ASAM103_2 2899516 490
Electrical Conductivity (Paste) mmhos/cm Method ASAM10- 5315.392 490
Saturation Percentage wt% Method USDA27a 1059568.51 490
Calcium (Paste) meq/l Method SW6010B 52930.103 490
Magnesium (Paste) meq/l Method SW6010B 62837.665 490
Sodium (Paste) meq/l Method SW6010B 220414 905 430
Sodium Adsorption Ratio unitless Method Calculation 14890.596 490
Cation Exchange Capacity meg/100g Method SW6010B 329166286 490
Clay % Method ASA15.5 299848 490
Exchangeable Sodium Percentage % Method USDA20b 16273.64 490
Lime as CaCO3 wt% Method USDA23c 2485471 490
Sand % Method ASA15-5 706646 490
Silt % Method ASA15-5 978014 490
Extractable Sodium meq/100g Method SW6010B 1741491 490
Exchangeable Sodium meq/100g Method USDA20b 600.775 490

Corrected Total pH (Paste) s_u_ Method ASAM10-3_2 29.236 489
Electrical Conductivity (Paste) mmhos/cm Method ASAM10- 2238.475 489
Saturation Percentage wt% Method USDA27a 60548 489
Calcium (Paste) meq/l Method SW6010B 18433.611 489
Magnesium (Paste) meq/l Method SW6010B 29934.33 489
Sodium (Paste) meq/l Method SW6010B 140211.878 489
Sodium Adsorption Ratio unitless Method Calculation 7515.336 489
Cation Exchange Capacity meq/100g Method SW6010B 34090.455 439
Clay % Method ASA155 43390.653 489
Exchangeable Sodium Percentage % Method USDA20b 6081.128 489
Lime as CaCO3 wt% Method USDA23c 1325 281 489
Sand % Method ASA15-5 152917.669 489
Silt % Method ASA15-5 50550 482 489
Extractable Sodium meq/100g Method SW6010B 668757 489
Exchangeable Sodium meqg/100g Method USDA20b 160.846 439

R Squared = .322 (Adjusted R Squared = .210)
R Squared = .349 (Adjusted R Squared = .242)
R Squared = 400 {Adjusted R Sguared = .301)
R Sguared = .391 {Adjusted R Sguared = .291)
R Sguared = .268 {Adjusted R Sguared = .148)
R Sguared = 354 {Adjusted R Squared = 248)
R Sguared = .379 {Adjusfed R Squared = .277)
R Squared = .503 (Adjusted R Sguared = .421)
R Squared = .548 (Adjusted R Squared = .474)
R Squared = .371 (Adjusted R Squared = .268)
R Squared = .729 {Adjusted R Sguared = .685)
R Sguared = 446 (Adjusted R Sguared = .355)
R Sguared = .320 {Adjusted R Sguared = .208)
R Sguared = 327 {Adjusted R Squared = 216)
R Sguared = 361 {Adjusfed R Squared = .256)
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Table E-6. Analysis of variance for Tier 2 AMPP results to determine whether
results vary by site or depth

Multivariate

Effect Value F Hypothesis  Error df Sig.
Intercept Pillai's Trace 1 122,913 14 407 -

Wilks' Lambda - 122,913 14 407

Hatelling's Trace 4.228 122,913 14 407

Roy's Largest Root 4,228 122,913 14 407

SITE Pillai's Trace 4 22 126 3.735

Wilks' Lambda 0 3r 126 3123

Hatelling's Trace 17 55 126 3.647

Roy's Largest Root 7 214 14 415

DEPTH Pillai's Trace 2 15 84 2472

Wilks' Lambda 0 27 a4 2.275

Hatelling's Trace 1 53 84 2.432

Roy's Largest Root 9 254 14 412

SITE *DEPTH  Pillai's Trace 4 4 756 5.880

Wilks' Lambda 0 5 756 5.584

Hatelling's Trace 13 7 756 5,672

Roy's Largest Root 4 31 54 420

Exact statistic
b The statistic is an upper bound on F that yields a lower bound on the significance level.
c Design: Intercept+SITE+DEPTH+SITE * DEPTH

[}
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Table E-7. Comparison of means for Tier 2 AMPP results to determine whether
results vary by site or depth (factors shown in red cause statistically
significant variation

Tests of
Between-
Subjects Effects
Source Dependent Variable Type lll df Mean F Sig.
Sum of Square
Squares

Corrected Model pH (Paste) s_u_ Method ASAM10-3_2 18.81 69 0.3 10.982 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 1776.101 69 257 23.382 0
Saturation Percentage wtla Method USDAZTa 45644 503 69 661.5 15.642 0
Calcium (Paste) meq/l Method SWG010B 13558.269 69 196.5 16.928 0
Magnesium (Paste) meq/l Method SUWW6010B 24281273 69 3519 26.145 0
Sodium (Paste) meq/l Method SVW6010B 107262.38 69 15545 19.815 0
Sodium Adsorption Ratio unitless Method Calculation 6105.096 69 88.5 26.351 0
Cation Exchange Capacity meq/100g Method SW6010B 26608.084 69 385.6 21.646 0
Clay % Method ASA15-5 38070.939 69 5518 43.562 0
Exchangeable Sodium Percentage % Method USDA20b 4411153 69 63.9 16.078 0
Lime as CaCO3 wt% Method USDA23c 1041.735 69 15.1 22.363 0
Sand % Method ASA15-5 138184.73 69 20027 57.091 0
Silt % Method ASA15.5 40752 482 69 5306 25317 0
Extractable Sodium meq/100g Method SW60108 527.196 69 76 22.669 0
Exchangeable Sodium meg/100g Method USDA20b 120.532 69 1.7 18.199 0

Intercept pH (Paste) s_u_ Method ASAM10-3_2 28965924 1 289659 1166892.53 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 3076.917 1 3,076.9 2794.939 0
Saturation Percentage wtla Method USDAZTa 999020.51 1 9990205 28153.702 0
Calcium (Paste) meqg/l Method SWG010B 34496.492 1 344965 2971.797 0
Magnesium (Paste) meq/l Method SW6010B 32903.335 1329033 2444 589 0
Sodium (Paste) meq/l Method SVW6010B 80203.027 1 80,2030 102233 0
Sodium Adsorption Ratio unitless Method Calculation 7375.259 1 7,375.3 2196.5612 0
Cation Exchange Capacity meq/100g Method SW6010B 295075.83 1 2950758 16563.179 0
Clay % Method ASA15-5 266457 35 1 2664573 2024772 0
Exchangeable Sodium Percentage % Method USDA20b 10192.512 1 10,1925 2563.426 0
Lime as CaCO3 wt% Method USDA23c 23529.429 1 235294 34852793 0
Sand % Method ASA15-5 55372813 1 5537281 15785214 0
Silt % Method ASA15.5 927463.52 1 9274635 39756.55 0
Extractable Sodium meq/100g Method SWE010B 1072.734 1 10727 3182712 0
Exchangeable Sodium meg/100g Method USDA20b 439.929 1 439.9 4583.386 0

SITE pH (Paste) s_u_ Method ASAM10-3_2 2133 9 0.2 9.546 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 705.6838 9 734 71.224 0
Saturation Percentage wtla Method USDAZTa 21111.988 9 23458 66.107 0
Calcium (Paste) meqg/l Method SWG010B 5794507 9 643.8 55.465 0
Magnesium (Paste) meqg/l Method SW6010B 7048.2 9 783.1 55.184 0
Sodium (Paste) meq/l Method SVW6010B 45604 29 9 50671 64.59 0
Sodium Adsorption Ratio unitless Method Calculation 2599194 9 288.8 86.011 0
Cation Exchange Capacity meq/100g Method SW6010B 12364.963 9 1,373.9 77119 0
Clay % Method ASA15-5 21951.347 9 24390 192 566 0
Exchangeable Sodium Percentage % Method USDA20b 1540.537 9 171.2 43.05 0
Lime as CaCO3 wt% Method USDA23c 798.512 9 88.7 131421 0
Sand % Method ASA15-5 64159.502 9 71288 203.223 0
Silt % Method ASA15-5 13842 686 9 1.538.1 65.931 0
Extractable Sodium meq/100g Method SW6010B 182.223 9 202 60.071 0
Exchangeable Sodium meq/100g Method USDA20b 42.809 9 4.3 49.556 0

DEPTH pH (Paste) s_u_ Method ASAM10-3_2 14,651 6 24 97.695 0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 614.943 6 102.5 93.099 0
Saturation Percentage wtl% Method USDA2Ta 15573.215 6 2,5955 73.146 0
Calcium (Paste) meq/l Method SWG010B 2187.093 6 3645 31402 0
Magnesium (Paste) meq/l Method SW6010B 9345177 6 15575 ME.718 0
Sodium (Paste) meq/l Method SWG010B 32080.372 6 5346.7 68.154 0
Sodium Adsorption Ratio unitless Method Calculation 2178 448 6 363.1 108.131 0
Cation Exchange Capacity meq/100g Method SW6010B 11460.691 6 1,910.1 107.218 0
Clay % Method ASA15.5 7964.91 6 13275 104.807 0
Exchangeable Sodium Percentage % Method USDA20b 2181.533 6 363.6 91.443 0
Lime as CaCO3 wt% Method USDA23c 71.589 6 11.9 17.673 0
Sand % Method ASA15-5 52487 269 6 8,747.9 249377 0
Silt % Method ASA15-5 19922253 6 33204 142,331 0
Extractable Sodium meq/100g Method SW6010B 181.346 6 30.2 89.673 0
Exchangeable Sodium meqg/100g Method USDAZ0b 40811 6 6.8 70.866 0
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Table E-7. (Continued).
Tests of
Between-
Subjects Effects
Source Dependent Variable Type lll df Mean F Sig.
Sum of Square
Squares

SITE *DEPTH  pH (Paste) s_u_ Method ASAM10-3_2 2127 54 0.0 1.587 0.007]
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 455 465 54 8.4 7.662 0
Saturation Percentage wit% Method USDA27a 8959.3 54 165.9 4.676 0
Calcium (Paste) meq/l Method SWG010B 5576.669 54 103.3 §.897 0
Magnesium (Paste) meq/l Method SW6010B 7887.897 54 146.1 10.853 0
Sodium (Paste) meq/l Method SW6010B 29577.719 54 5477 6.962 0
Sodium Adsorption Ratio unitless Method Calculation 1327 455 54 246 7.3 0
Cation Exchange Capacity meq/100g Method SW6010B 2782429 54 515 2.892 0
Clay % Method ASA15.5 8154 682 54 151.0 11.923 0
Exchangeable Sodium Percentage % Method USDA20b 639.083 54 12.8 3.209 0
Lime as CaCO3 wt% Method USDA23c 171.635 54 32 4708 0
Sand % Method ASA15-5 21537.955 54 398.9 11.37 0
Silt % Method ASA15-5 6967 543 54 1294 5.547 0
Extractable Sodium meq/100g Method SW6010B 163.627 54 3.0 8.99 0
Exchangeable Sodium meq/100g Method USDAZ20b 36.912 54 07 7122 0

Error pH (Paste) s_u_ Method ASAM10.3_2 10.426 420 0.0
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 462.373 420 1.1
Saturation Percentage wt'% Method USDA27a 14903.497 420 3585
Calcium (Paste) meq/l Method SWG010B 4875343 420 11.6
Magnesium (Paste) meqg/l Method SW6010B 5653.057 420 135
Sodium (Paste) meq/l Method SWG010B 32949.497 420 78.5
Sodium Adsorption Ratio unitless Method Calculation 1410.24 420 34
Cation Exchange Capacity meq/100g Method SW6010B 7482.371 420 17.8
Clay % Method ASA15-5 5319.714 420 12.7
Exchangeable Sodium Percentage % Method USDA20b 1669.974 420 4.0
Lime as CaCO3 wt% Method USDA23c 283.546 420 0.7
Sand % Method ASA15-5 14733.143 420 351
Silt % Method ASA15-5 9798 420 233
Extractable Sodium meq/100g Method SW6010B 141.561 420 03
Exchangeable Sodium meg/100g Method USDA20b 40.313 420 0.1

Total pH (Paste) s_u_ Method ASAM10-3_2 2899516 490
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 5315.392 490
Saturation Percentage wtla Method USDAZTa 1059568.5 490
Calcium (Paste) meq/l Method SW6010B 52930.103 490
Magnesium (Paste) meqg/l Method SW6010B 62837.665 490
Sodium (Paste) meq/l Method SVW6010B 220414.91 430
Sodium Adsorption Ratio unitless Method Calculation 14890.596 490
Cation Exchange Capacity meq/100g Method SW6010B 329166.29 490
Clay % Method ASA15-5 299848 490
Exchangeable Sodium Percentage % Method USDA20b 16273.64 490
Lime as CaCO3 wt% Method USDA23c 2485471 490
Sand % Method ASA15-5 706646 490
Silt % Method ASA15-5 978014 490
Extractable Sodium meq/100g Method SW6010B 1741.491 490
Exchangeable Sodium meq/100g Method USDAZ20b 600.775 490

Corrected Total pH (Paste) s_u_ Method ASAM10.3_2 29.236 439
Electrical Conductivity (Paste) mmhos/cm Method ASAM10-3 2238475 489
Saturation Percentage wt'% Method USDA27a 60548 489
Calcium (Paste) meq/l Method SW6010B 168433.611 4389
Magnesium (Paste) meq/l Method SW6010B 29934.33 489
Sodium (Paste) meq/l Method SW6010B 140211.88 489
Sodium Adsorption Ratio unitless Method Calculation 7515.336 489
Cation Exchange Capacity meg/100g Method SW6010B 34090.455 489
Clay % Method ASA15.5 43390653 489
Exchangeable Sodium Percentage % Method USDA20b 6081.128 489
Lime as CaCO3 wt% Method USDA23c 1326281 489
Sand % Method ASA15.-5 162917.87 489
Silt % Method ASA15-5 50550.482 489
Extractable Sodium meq/100g Method SW6010B 668.757 4389
Exchangeable Sodium meg/100g Method USDAZ20b 160.846 489
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R Sguared = .643 (Adjusted R Sguared = .585)
R Sguared = . 793 (Adjusted R Squared = .760)
R Sguared = .754 (Adjusfed R Squared = .713)
R Squared = .736 (Adjusted R Sguared = .692)
R Squared = .811 (Adjusted R Sguared = .780)
R Squared = .765 (Adjusted R Sgquared = .726)
R Squared = .812 (Adjusted R Squared = .782)
R Sguared = .781 (Adjusted R Sguared = .744)
R Sguared = .877 (Adjusted R Sguared = .857)
R Sguared = .725 (Adjusted R Squared = .650)
R Sguared = . 786 (Adjusted R Squared = .757)
R Sguared = .904 (Adjusfed R Squared = .888)
R Squared = 806 (Adjusted R Sguared = .774)
R Squared = .788 (Adjusted R Sguared = .754)
R Squared = .749 (Adjusted R Sguared = .708)
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Appendix F — Tier 2 Forage Analysis Results

Table F-1. Forage analysis for site MA

Year
2004

2005

2006

2007

2008

AMPP

Page 217
June 2008

MA Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied

Harvest % Wt Ft? %Cr. %
Crop Cutting Date Wt.lbs Water @ 12% Harvest Yield Protein  ADF
Alfalfa  1st TN 260 100 27 5221 111 153 437
2nd | 9730 320 334 24 5227 101 230 281
TOTAL YIELD 212 Tlhc 19.2 35.9
Alfalfa  1st  6/20 520 93 54 5227 2.23 TlAc 18.3 37.2
2nd Did not get a second cutting due to pivot wheel tracks too deep.
Alfalfa 1st  B/8 2.30 9.0 24 5227 0.99 TiAc 18.4 303
Alfalfa  1st  6/16 540 104 65 5227 2.712 TlAc 15.2 4041
Grams Grams
Alfalfa  1st  6/23 1,213 83 1264 5227 1.16 TiAc 19.7 354

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: MNeal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

% Calc
Digest
Protein
(]
16.4
12.1

13.0

nla

10.8

nla

%
TDM
53.6
68.6
61.1

58.9

55.8

60.8

Energy (mcalflb) Mineral Content. % Mineral Content. ppm
Lact Man Gan Ca P K Mg Ma S Fe Mn Zn Cu
054 050 025 153 029 433 037 007 042 138 246 328 148
0.63 0.61 0.35 1.44 0.29 3.66 0.31 0.07 0.40 131 24.7 24.7 13.6
0.60 058 032 1.6 0.33 3.26 0.27 0.07 0.30 106 37.1 27.0 135
0.68 069 042 1.59 0.26 2.74 0.31 0.04 0.38 280 32.4 354 8.80
0.57 053 0.28 0.70 0.30 2.64 0.33 0.07 0.30 145 37.0 37.9 11.0
0.62 061 035 1.13 0.22 3.19 0.29 0.08 0.25 326 32.8 37.9 126

Act. MNutrients

App.fAc.. bs
12-70-0-0-4
0-0-0-0-0
12-70-0-04

0-0-0-0-0

0-0-0-0-0

0-0-0-0-0

0-0-0-0-0
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Table F-2. Forage analysis for site MB.

AMPP

Page 218
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MB Location Yields, Forage Quality, Mineral Content, and Fertilizer

% Calc

Harvest % Wt Ft? % Cr. % Digest

Year Crop Cutting Date Wt.lbs Water @ 12% Harvest Yield Protein  ADF Protein

2004 Barley  Planted but was not irmigated much and was not sprayed or harvested. n/a

2005 Fallow Field was not planted. n/a nfa nfa nfa nfa nfa

New

2006 Grass Seeded to grass in June. n/a n‘a nfa n/a n/a n/a

2007 Weeds Grass did not take. n/a nfa nfa nfa nfa nfa
Grams Grams

2008 HMillet 1st 910 1,053 133 1,037 4356 1.14 TiAc 7.3 385 nfa

Yield compromised by neighbor's cattle repeatedly getting into field and grazing crop.

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

%
o
n/a

nfa

n/a

nfa

59.4

Energy (mcallb) Mineral Content. %

Lact Main Gain Ca _P kK

nfa nfa nla nfa nfa nfa nfa nfa nfa
nfa nfa nfa nfa nfa nfa nfa nfa nia
nfa nfa nla nfa nfa nfa nfa nfa nfa
nfa nfa nfa nfa nfa nfa nfa nfa nia
0.61 059 0.33 0.57 0.25 1.94 0.35 0.03 0.21

Mineral Content. ppm
Mg MNa S Fe Mn Zn Cu

n/a

n'a

n/a

n'a

99

nfa n/a nfa

nfa nia nfa

nfa n/a nfa

nfa nia nfa

82.3 34.8 134

Act. Mutrients

AppiAc.. Ibs
0-0-0-0-0

0-0-0-0-0

0-0-0-0-0

0-0-0-0-0

0-0-0-0-0
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Table F-3. Forage analysis for site LA.

2005

2006

2007

2008

Grs/Alf

Grs/Alf

Grass

Grass

Grass

Page 219
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LA Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied

1st
2nd

1st
2nd

1st
2nd

1st
2nd

1st
2nd

2.4
1.39
3.53 TiAc

3.18
118
4.36 T/Ac

2.07
143
3.50 T/iAc

4.18
123
5.41 T/Ac

314
0.95

Harvest % Wit Ft=
Crop Cutting Date Wit.lbs Water @ 12% Harvest Yield
/28 5.00 96 51 8227
9/16 340 137 33 h227
TOTAL YIELD
6/20 7.40 9.2 76 5227
B8/26 280 108 28 5227
TOTAL YIELD
6/21 242 69 256 27000
8/16 18.3 145 17.8 270.00
TOTAL YIELD
6115 6.05 101 6.2 32.20
8/24 260 169 25 4356
TOTAL YIELD
Grams Grams
6/23 3,302 B7 3426 5227
8/23 1,065 142 1,038 5227
TOTAL YIELD

4.10 T/Ac

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

% Cr.
Protein
10.2
15.8
13.0

8.9
175
13.2

9.1
149
12.0

10.1
1839
14.5

10.8
151
13.0

AMPP
% Calc

% Digest %

ADF Protein TDN
409 52 568
36.0 6.6 62.4
40.7 6.3 551
35.7 76 616
359 nfa 624
35.1 nfa 63.3
44.0 7.5 h24
375 107 59.8
384 nfa 594
39.5 nfa 58.4

Energy (mcal/lb) Mineral Content. % Mineral Content. ppm
Lact Man Gan Ca P K Mg Ma S Fe Mn Zn Cu
058 0455 029 030 021 252 015 0.04 018 103 378 196 9.10
0.64 0.63 0.37 0.36 0.30 2.86 0.20 0.06 0.25 179 52.4 11.9 10.2
0.6 052 027 025032 256 012 0.07 0.20 79.7 40.6 21.9 10.9
0.63 0.62 036 0.35 0.39 3.08 017 0.05 0.26 222 54.6 28.1 16.4
064 063 037 031 025 276 013 003 024 104 498 263 8.80
0.65 0.65 0.38 0.36 0.28 2.97 0.17 0.04 0.25 96.9 57.0 26.0 8.25
063 048 023 029 023 288 013 0.02 017 144 675 247 9.32
0.61 0.59 033 0.39 0.30 3.46 0.19 0.03 0.26 157 76.5 31.8 12.5
061 053 033 025 021 271 014 002 014 239 369 256 114
0.60 0.57 0.32 0.33 0.26 3.74 0.19 0.02 0.23 198 48.4 313 12.8

Act. Mutrients
App.fAc.. lbs
38-12-0-0-0
70-40-30-0-0
118-82-0-0-0

95-40-40-0-0
45-0-0-0-0
140-40-40-0-0

100-35-50-0-0
45-0-0-0-0
145-35-50-0-0

140-0-50-0-0
45-0-0-0-0
165-0-50-0-0

140-0-50-0-0
45-0-0-0-0
165-0-50-0-0



Tongue River Agronomic Monitoring & Protection Program
2009 Progress Report

Table F-4. Forage analysis for site GA.

Page 220
September 2009

GA Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied

% Calc
Harvest % Wt Ft %Cr. % Digest %

Year Crop Cutting Date Wit.lbs Water @ 12% Harvest Yield Protein  ADF Protein  TDN
2004 AIffGrs st 6/28 260 94 27 4356 134 16.5 395 B4 584
2nd  8/20 3.20 201 29 4356 145 18.7 387 133 573

TOTAL YIELD 2.79 TIAc 17.6  39.1 10.9 57.9

2005 AlffGrs 1st  6/7 1.10 8.4 1.1 2178 1.15 207 3479 124 628
2nd  7/29 180 124 18 2178 179 214 321 128 659

TOTAL YIELD 2.94 TiAc 211 335 126 644

2006 AIffGrs 1st  6/21 1.50 77 16 2178 157 16.2 343 nfa 642
2nd 878 1.71 176 1.6 2180 1.60 211 355 nfa B60.7

TOTAL YIELD 3.17 TIAc 18.7 349 nfa 62.5

2007 AlffGrs 1st 615 1.85 9.5 1.9 2178 1.90 16.1 404 114 565
2nd | 7/30 165 114 17 2178 166 186 357 131 618

TOTAL YIELD 3.56 TiAc 17.4 3841 12,3 59.2

Grams Grams

2008 AIffGrs 1st  6/30 5555 78 5820 23000 121 16.7 404 nfa 564
2nd Yield based on bale count. nfa 1.88 148 36.3 nfa 611

TOTAL YIELD 3.09 TIAc 1575 38.35 nfa 58.80

2008 Barley 1st Yield based on bale count. 3.76 TIAc 13.2 322 nfa 66.5

Forage quality data and mineral content are on a dry matter basis.

Energy (mcal/lb) Mineral Content. % Mineral Content. ppm
Lact Man Gan Ca P K Mg Ma S Fe Mn Zn Cu
060 047 031 104 027 278 036 012 031 111 320 286 118
0.59 0.56 0.31 1.00 0.27 2.76 0.34 0.11 0.32 155 28.3 30.7 11.4
0.64 064 037 166 0.66 482 042 016 049 375 51.2 444 171
0.66 0.66 039 1.42 0.43 3.80 0.42 0.14 0.41 588 #1.2 44.2 171
066 066 0239 099 022 223 026 009 031 235 318 318 101
0.64 0.64 0.37 111 0.27 2.48 0.36 0.09 0.34 188 30.5 32.0 10.9
0.7 054 029 088 022 248 0.29 012 0.26 229 291 26.1 12.9
0.60 0.58 0.33 1.01 0.24 2.61 0.32 0.10 0.30 240 26.3 27.8 12.3
047 054 029 079 025 265 026 005 021 200 239 239 106
0.60 0.58 0.32 0.78 0.22 2.69 0.27 0.08 0.22 255 25.8 26.1 11.0
0.69 0.69 0.42 0.36 0.32 2.66 0.21 0.22 0.19 175 70.6 36.7 11.3

Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

Act. Mutrients
App.fAc.. lbs
0-0-0-0-0
0-0-0-0-0
0-0-0-0-0

90-60-60-0-0
0-0-0-0-0
90-60-60-0-0

15-30-40-0-0
0-0-0-0-0
15-30-40-0-0

15-30-40-0-0
0-0-0-0-0
15-30-40-0-0

15-30-40-0-0
0-0-0-0-0
15-30-40-0-0

15-30-40-0-0



Tongue River Agronomic Monitoring & Protection Program Page 221
2009 Progress Report September 2009

Table F-5. Forage analysis for site GC.

AMPP
GC Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied
% Calc
Harvest % Wt Ft % Cr. % Digest % Energy (mcal/lb) Mineral Content. % Mineral Content. ppm  Act. Nutrients
Year Crop Cutting Date Wit.lbs Water @ 12% Harvest Yield Protein  ADF Protein  TDM Lact Main Gain Ca P K Mg MNa _ S Fe Mn Zn Cu AppJAc. lbs
2004 AlffGrs 1st  6/15 210 9.3 22 4356 108 158 361 8.1 622 064 063 036 127 031 344 043 018 036 149 490 327 229 15-40-100-0-3
2nd  T/300 210 86 22 4356 1.09 217 343 111 642 066 066 039 154 028 3.02 0.40 0.07 0.34 175 311 287 131 0-0-0-0-0
3rd 923 200 156 1.9 4356 096 226 274 160 634 072 073 046 115 031 253 030 005 0.34 135 31.7 262 109 0-0-0-0-0
TOTAL YIELD 3.13 T/Ac 20,0 326 1.7 653 0.67 0.67 0.40 1.32 0.30 3.00 0.38 0.10 0.35 153 37.3 29.2 15.6 154010003
2005 AlffGrs 1st  G/T 2.50 8.8 26 4356 130 154 381 109 58.0 059 056 0.3 104 043 263 030 008 038 186 422 281 141 30-40-50-0-0
2nd  B/26 240 111 24 4356 121 232 324 139 G656 066 068 041 134 0.31 2.66 0.36 0.07 0.32 438 41.0 36.6 176 0-0-0-0-0
TOTAL YIELD 2.51 TiAc 19.3 353 12.4  61.8 0.64 0.62 0.36 1.19 0.37 2.65 0.33 0.08 0.35 312 #1.6 324 159 30405000
2006 AlffGrs 1st  6/21 225 84 23 4386 147 176 329 nfa 657 0.68 068 041 138 024 2.03 0.29 0.05 0.29 124 33.2 276 870  30-40-60-0-0
2nd B/ 380 102 39 4356 194 159 398 nia 562 057 054 028 117 028 266 037 008 0.30 140 350 233 8.80 0-0-0-0-0
TOTAL YIELD 3.11 T/Ac 16.8  36.4 n/a 61.0 0.63 0.61 035 1.28 0.26 2.35 0.33 0.07 0.30 132 341 254 875 30-40-60-0-0

2007 HBar. 1st  9/19 278 125 28 4356 1.38 TIAc 19.0 30.2 nfa 68.7 0.71 0.72 045 0.97 0.25 2.58 0.41 0.16 0.33 557 72.8 39.2 11.2  0-0-0-0-D

Grams Grams
2008 Grs/AF 1st 92 12610 14.9 12194 330.00 1.77 T/Ac 17.7  40.0 nfa 57.0 0.58 0.55 0.29 0.65 0.23 2.88 0.35 0.06 0.26 201 57.6 31.5 143 00000

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A_ Finalized on 4/2/09.
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Table F-6. Forage analysis for site OAA.

OAA Location Yields, Forage Quality, Mineral Content, and Fertilizer
% Calc

Harvest % Wt Ft % Cr. % Digest % Energy (mcal/lb) Mineral Content. % Mineral Content. ppm
Year Crop Cutting Date Wt.lbs Water @ 12% Harvest Yield Protein  ADF Protein  TDM Lact Main Gain Ca P K Mg MNa _ S Fe Mn Zn Cu
2004 Grs/AF 1st  6/28 21 9.1 23 4356 1.14 T/Ac 8.0 37.8 41 60.2 0.62 0.60 034 0.44 0.14 1.43 014 0.03 014 111 389 304 7.30
2005 Grs/Alf 1st /A 240 7.0 25 43586 1.27 TiAc 9.6 3441 58 637 0.65 0.65 038 0.43 0.20 1.22 0.15 0.06 0.16 115 44.6 27.7 7.70
2006 Grass 1st  6/21 1.80 59 19 4356 0.96 T/Ac 7.80 32.8 nla 659 0.68 0.68 0.4 0.40 0.11 1.59 014 0.02 0.18 62.3 38.6 356 590
2007 Grass 1st 615 215 103 22 4356 1.10 T/Ac 11.2  38.8 8.4 584 0.60 0.57 031 0.45 017 1.86 0.14 0.01 0.18 85.8 40.9 33.9 .M

Grams Grams
2008 Grass st 6/30 1316 78 1379 4356 1.52 TiAc 10,6 37.0 nfa 61.1 0.63 0.61 035 0.48 0.16 1.86 015 0.06 0.17 93.8 26.4 41.0 8.80

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

Act. Mutrients

App.fAc.. lbs
0-0-0-0-0

0-0-0-0-0

0-0-0-0-0

0-0-0-0-0

0-0-0-0-0
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Table F-7. Forage analysis for site EA.

Year
2004

Harvest %
Crop Cutting Date Wi.lbs Water @ 12% Harvest Yield

Wit.

Ft

Fallow

Mot planted, irrigated, sprayed, or harvested.

2005 Mew AIf 1st

2006 Alfalfa

2007 Alfalfa

2008 Alfalfa

1st
2nd
3rd

1st
2nd

1st
2nd

1129

6/5
7
10/4

6/15
1123

617
7129

43.56

43.56
43.56
43.56

nfa
n/a

43.56
43.56

2.32 TiAc

1.67
1.64
0.82
4.13 T/Ac

222
1.00
3.22 TiAc

1.62
o

% Cr.
Protein

nfa

13.8

18.4
17.5
224
19.4

16.6
191
17.9

19.3
231
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September 2009
AMPP
EA Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied
% Calc
%  Digest % Energy (mcal/lb) Mineral Content. % Mineral Content. ppm
ADF Protein  TDN Lact Man Gan Ca P K Mg Ma S Fe Mn Zn Cu
nfa nfa nfa nfa nfa nfa nfa nfa nia nfa nfa nfa nla nfa nfa nfa
46 111 4.6 33.9 8.7 639 0.66 0.65 0.39 051 0.27 2.98 0.34 0.05 0.19 257 36.5 39.5 14.6
325 9.5 33 T nfa 594 060 059 033 137 024 322 024 006 0.31 119 205 352 103
325 112 33 411 nfa 566 058 054 029 113 025 276 0.31 0.04 0.27 166 238 327 11.9
255 433 1.6 326 n/a 638 066 065 033 190 034 233 0.68 036 064 372 366 366 141
TOTAL YIELD 371 n/a 60.0 0.61 0.59 0.34 1.47 0.28 2.77 0.41 015 0.41 219 27.0 34.8 121
315 9.7 n'a 40.6 114 553 056 052 027 114 031 302 038 004 024 120 197 358 137
Baled 11.2 n/a 30.0 135 G666 0.69 063 042 153 0.22 2.73 0.27 0.05 0.37 280 225 36.5 163
TOTAL YIELD 35.3 125 61.0 0.63 0.61 035 1.34 027 2.88 033 0.05 0.31 200 211 36.2 145
Grams Grams

1,392 71 1470 375 nfa 586 060 047 032 091 020 291 0.30 0.03 0.26 137 18.8 348 10.7
663 143 646 304 n/a 661 068 063 042 101 022 352 0.37 003 029 218 230 463 13.8
TOTAL YIELD 34.0 nla 62.4 0.64 0.63 0.37 096 0.21 3.22 0.34 0.03 0.28 177 20.9 40.9 12.3

2.33 TIAc

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

21.2

Act. Mutrients

App.fAc.. lbs
0-0-0-0-0

11-52-30-0-0

0-0-0-0-0
0-0-0-0-0
0-0-0-0-0
0-0-0-0-0

0-0-0-0-0
0-0-0-0-0
0-0-0-0-0

0-0-0-0-0
0-0-0-0-0
0-0-0-0-0
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Table F-8. Forage analysis for site DA.
AMPP
DA Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied
% Calc
Harvest % Wt Ft? % Cr. % Digest % Energy (mcal/lb) Mineral Content. % Mineral Content. ppm
Year Crop Cutting Date Wt.lbs Water @ 12% Harvest Yield @12% Protein  ADF Protein  TDM Lact Main Gain Ca P K Mg Ma _§ Fe Mn Zn Cu
2004 AlffGrs  1st  6/22 1.10 9.7 11 4792 0.M1 198 321 101 666 069 069 042 122 030 392 049 021 042 214 626 422 145
2nd  8/2 250 180 23 4792 1.08 122 397 62 581 059 057 031 110 0.25 3.60 0.49 0.33 0.44 96.0 30.3 26.9 11.8
TOTAL YIELD 1.57 TlAc 16.0 359 8.2 624 0.64 063 037 1.16 0.28 3.86 0.49 027 0.43 155 46.5 346 13.2
Wit

@ 70% Yield @ 70%

2005 Corn  Chop 913 2535 589 3473 24000 31.5 T/Ac 75 314 4.0 66.2 065 069 042 016 0.25 1.28 0.20 0.02 0.10 269 25.5 32.2 175
Wit
@ 12% Yield @12%
2006 Peas 1st  7M7 131 120 1.3 52.27 18.20 BulAc Did not test peas for feed and mineral content.

H. Millet 2nd 10/4 225 16.0 21 6227 0.89 T/Ac 14.5 339 nfa 64.8 0.67 0.67 040 055 0.25 2.82 0.41 0.22 0.23 263 39.8 37.2 8.00

Yield @12%
2007 AlffGrs  1st | 71 Yield based on bale count. 1.49 18.0 301 13.0 683 071 072 044 092 02 359 059 081 041 135 351 331 104
2nd | 8/20 195 121 19 5227 081 221 37 156 EBS 069 063 042 123 03 3.66 050 0.25 041 102 275 350 135
TOTAL YIELD 2.30 T/Ac 201 30,9 143 674 070 071 043 1.08 0.25 3.73 0.55 0.53 0.41 119 31.3 340 119

Grams Grams Yield @12%
2008 AfGrs  1st 61T 1993 79 2086 5227 1M 216 359 nfa 603 062 060 034 127 025 332 030 010 032 312 350 553 1.7
2nd  7/29 1,780 129 1,762 5227 182 240 325 nfa 639 066 065 039 129 029 342 035 013 0.39 171 264 36.9 13.2
3rd  B/25 1124 129 1113 5227 1.02 256 296 nfa E7.0 069 070 043 125 030 421 036 0.12 045 153 238 344 132
TOTAL YIELD 4.55 TiAc 237 320 nfa 63.7 0.66 0.65 039 1.27 0.28 3.65 0.34 012 0.39 212 28.4 422 127

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: MNeal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

Act. MNutrients
App.fAc.. Ibs
100-70-40-0-3
0-0-0-0-0

100-70-40-0-3

170-80-50-0-2

0-0-0-0-0
0-0-0-0-0

40-40-0-3-0
0-0-0-0-0
40-40-0-3-0

50-26-0-0-0
0-0-0-0-0
0-0-0-0-0
50-26-0-0-0
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Table F-9. Forage analysis for site DB.

AMPP
DB Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied
% Calc
Harvest % Wt Ft? % Cr. % Digest % Energy (mcal/lb) Mineral Content. % Mineral Content. ppm ~ Act. Nutrients
Year Crop Cutting Date Wt.lbs Water @ 12% Harvest Yield Protein  ADF Protein TDM Lact Main Gain Ca P K Mg Na _§ Fe Mn Zn Cu AppfAc.. lbs
2004 Alfalfa  1st 615 18.3 9.0 18.9 34000 1.1 210 364 107 618 063 062 036 137 023 246 040 016 030 474 183 268 11.3  20-50-80-0-3
2nd  T/22 445 90 46 4356 230 197 M6 100 560 057 053 028 139 033 378 049 014 038 133 17.0 358 153 0-0-0-0-0
3rd 91 260 312 20 4356 102 207 314 147 651 067 067 040 174 032 311 046 015 049 168 26.7 208 148 0-0-0-0-0
TOTAL YIELD 4.53 TiAc 205 3.5 1.8 61.0 0.62 0.61 0.35 1.50 0.29 3.12 0.45 0.15 0.39 258 20.7 27.8 13.8 20-50-80-0-3
2005 AlffGrs 1st BT 1.90 8.4 20 4356 099 217 3T 13.0 664 069 069 042 174 046 305 045 013 046 274 356 403 155  11-52-30-0-0
2nd  7/29 260 114 26 4358 1.3 207 328 124 651 067 067 040 144 030 227 046 012 038 414 285 327171 0-0-0-0-0
Jd 913 220 118 22 435 110 218 3.7 131 664 068 063 042 175 026 233 045 015 042 250 27.8 336 161 0-0-0-0-0
TOTAL YIELD 3.40 T/Ac 214 321 128 660 0.68 0.68 0.41 1.64 0.35 2.55 0.45 0.13 0.42 313 30.6 35516.2 11-52-30-00
2006 AlffGrs  1st  B/5 2.40 9.1 25 4356 1.4 207 328 nfa 636 065 065 038 127 028 232 035 011 037 158 256 355990 0-42-70-0-2
2nd 7MY 200 82 21 4356 1.04 194 327 nfa 638 066 065 039 122 029 224 038 006 028 M2 246 27.3 820 0-0-0-0-0
3rd  B/21 225 169 21 4356 106 225 328 n/a 636 065 065 038 126 035 291 047 0.08 0.35 170 26.8 328 8.90 0-0-0-0-0
TOTAL YIELD 3.35 TlAc 209 328 nfa 637 0.65 0.65 0.38 1.25 0.31 2.49 0.40 0.08 0.33 147 25.7 31.9 9.00 0427002
2007 Grs/AKF 1st B/4 325 105 33 4356 165 191 371 133 603 062 060 034 135 029 261 041 014 033 249 230 341105 13-60-27-5-0
2nd | 8/6 425 124 42 4358 2.1 220 304 155 679 070 071 044 112 029 306 044 024 039 100 21.0 33.7 106  0-0-0-0-0
Jrd 920 130 375 09 4356 046 242 295 n/a 689 071 073 045 162 036 277 045 014 044 437 434 492 145  0-0-0-0-0
TOTAL YIELD 4.23 TiAc 21.8 323 nfa 65.7 0.68 0.68 0.41 1.36 0.31 2.81 0.43 017 0.39 262 29.1 39.0 11.9  1360-27-50
Grams Grams
2008 S Wht. Harv 7/29 1295 120 1295 4356 47.5BulAc Did not have grain analyzed for feed parameters and mineral content. 140-40-0-0-0

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: MNeal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.
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Table F-10. Forage analysis for site BA.

BA Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied
% Calc
Harvest % Wt Ft % Cr. % Digest % Energy (mcal/lb) Mineral Content. % Mineral Content. ppm  Act. Nutrients
Year Crop Cutting Date Wt.lbs Water @ 70% Harvest Yield Protein  ADF Protein  TDM Lact Main Gain Ca P K Mg MNa _ S Fe Mn Zn Cu AppJAc. lbs
2004 Corn Chop 916 2792 768 2159 250.00 18.81 T/Ac 8.8 353 48 636 0.61 0.65 0.38 0.31 0.22 1.02 0.42 0.02 0.10 246 34.0 5.40 9.50 200-70-0-0-0

2005 Comm Chep 96 331.0 709 3211 250.00 27.97 T/Ac 8.2 315 44 622 0.5 0.63 036 0.32 0.20 0.91 0.42 0.02 0.10 167 32.5 26.6 8.90 170-40-60-0-2

2006 5. Wht Harv 717 335 120 3.35 4356 55.83 BulAc Did not have wheat analyzed for feed and mineral content. 80-70-60-0-3

2007 Com  1st 9% 2154 58.0 301.6 250.00 26.27 T/Ac 7.0 224 nfa 774 0.81 0.85 056 0.22 0.18 1.01 0.25 0.02 0.11 312 30.5 27.9 510 220-80-90-0-3

Grams Grams
2008 BarAf 1st  7/25 2694 138 2639 4356 291 122 334 nfa 644 066 066 040 078 019 277 027 039 023 134 187 267 107 16-78-0-0-0
2nd  Did not get a harvest for yield. I 225 281 n/a 68.6 071 072 045 164 027 2.28 037 012 0.35 316 66.4 304 13.6 0-0-0-0-0
TOTAL YIELD 2.91 T/iAc 17.4  30.8 nfa 66.6 0.69 0.69 043 1.21 0.23 2.53 032 0.26 0.29 225 426 28.6 12.3 16-78-0-0-0

Wheat yield is based on as is moisture content.
Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.
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Table F-11. Forage analysis for site BC.

Harvest % Wit Ft=
Year Crop Cutting Date Wt.lbs Water @ 12% Harvest
2004 Grs/Af 1st 6/22 230 9.0 24 4356
2nd  B/2 7.80 9.2 5.0 260.00
3rd  9/16 180 171 17 4356
TOTAL YIELD
2005 Grs/Af 1st B/T 2.00 99 20 4356
2nd | 7/29 1.30 129 1.3 43.56
3rd  Grazed nfa
TOTAL YIELD
2006 Grs/Alf 1st  6/5 6.00 94 62 4356
2nd 718 1.50 8.6 1.6 43.56
TOTAL YIELD
2007 Grs/Af 1st 612 185 10.8 1.9 43.56
2nd 945 130 152 13 4356
TOTAL YIELD
Grams Grams
2008 Grass 1st  6/17 756 76 794 4356

Yield
1.19
0.67
0.85
2.711 T/Ac

1.02
0.64
n/a
1.67 T/Ac

3.09
0.78
3.87 TiAc

0.94
0.63
1.56 T/Ac

0.87 TiAc

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

% Cr.
Protein
15.2
12.8
184
15.5

17.2
19.3

nfa
18.3

14.6
19.0
16.8

1.1
175
14.3

13.7

%o
ADF
42.5
40.7
31.0
38.1

365
334

n/a
35.0

3358
3341
33.3

42.6
349
J8.8

321
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AMPP
BC Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied

% Calc
Digest
Protein
77

6.5
131
9.1

10.3
11.6

nfa
11.0

nfa
n/a
n/a

8.0
n/a
nia

n/a

Yo
TDM
55.0
a7.0
65.5
59.2

61.0
64.5

n‘a
62.8

62.9
63.2
63.1

24.0
628
58.4

65.9

Energy (mcal/lb) Mineral Content. % Mineral Content. ppm
Lact Man Gan Ca P K Mg Ma S Fe Mn Zn Cu
04586 052 027 117 023 336 041 007 029 960 316 228 126
0.8 055 029 090 022 230 0.31 015 0.25 82.0 18.8 21.9 9.40
0.60 0.58 0.32 1.02 0.25 2.65 0.36 0.13 0.30 175 30.0 18.7 1.2
062 061 035 109 043 298 038 015 034 159 390 330 120
0.66 066 040 1.09 029 2156 0.37 0.09 0.31 429 405 43.3 159
nla nfa nfa nfa npfa p/a nfa nfa pna pa nfa na na
0.64 0.64 038 1.09 0.36 2.57 0.38 0.12 0.33 294 44.8 38.2 14.0
065 064 037 111 025 231 031 009 029 810 368 324 8380
0.65 0.64 0.38 117 0.26 2.18 0.33 0.11 0.31 83.8 31.8 31.1 8.85
065 050 025 054 024 191 0.20 0.06 0.20 994 29.8 23.8 8.11
0.60 0.57 031 0.80 0.29 1.49 0.27 0.08 0.29 247 46.7 321 9.81
0.68 0.68 0.41 0.63 0.26 2.39 0.25 0.11 0.21 212 31.8 23.9 10.6

Act. Mutrients
App.fAc.. lbs
100-40-0-0-0
0-0-0-0-0
0-0-0-0-0
100-40-0-0-0

35-20-35-0-0
0-0-0-0-0

nfa
35-20-35-0-0

0-0-0-0-0
0-0-0-0-0
0-0-0-0-0

0-0-0-0-0
0-0-0-0-0
0-0-0-0-0

0-0-0-0-0
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Table F-12.

Year
004

Crop
Alfalfa

)

2005 Alfalfa

2006

Alfalfa

2007

Alfalfa

2008 AlffGrs

Forage analysis for site YAA.

1st
2nd
3rd

1st
2nd
3rd

1st
2nd
3rd

1st
2nd
3rd

1st
2nd
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AMPP
YAA Location Yields, Forage Quality, Mineral Content, and Fertilizer
% Calc
%  Digest % Energy (mcal/lb) Mineral Content. % Mineral Content. ppm
ADF Protein  TDN Lact Man Gan Ca P K Mg Ma S Fe Mn Zn Cu
401 8T &7 0459 046 030 136 020 228 041 012 029 174 124 264 124
450 9.0 522 0.3 047 022 107 029 282 0.41 0.09 0.31 151 13.0 341 13.0
383 106 589 0.60 0.58 0.32 1.19 0.25 2.31 0.38 0.13 0.31 129 13.5 27.9 12.6
T4 107 600 061 053 033 118 039 280 039 013 034 186 340 340 162
388 134 &7.2 058 055 030 131027 1.93 0.41 012 0.32 511 244 473 158
actully harvested in late August. nfa nfa nfa na nfa nfa nfa nfa nla nfa nla na
381 121 586 0.60 0.57 032 1.25 0.33 2.37 0.40 0.13 0.33 348 29.2 40.7 16.0
352 nfa 611 063 061 035 119 022 213 026 006 029 803 223 268 8.90
kBT nfa 605 0.62 060 034 143 030 227 046 0.07 042 124 297 351 10.8
324 nia 640 066 066 033 240 022 159 049 017 041 170 266 239 106
34.4 n/a 61.9 0.64 0.62 036 1.67 0.25 2.00 0.40 0.10 0.37 125 26.2 28.6 10.1
369 104 593 061 048 033 041 029 229 042 012 033 249 360 331 123
349 119 614 0.63 062 035 111027 1.78 0.33 0.16 0.35 127 18.3 34.0 144
207 nia 691 071 073 046 158 036 223 044 013 049 118 230 384 128
33.2 n/a 63.3 0.65 0.64 038 1.03 0.31 210 0.40 0.14 0.39 164 258 35.2 13.2
322 nfa 642 066 066 0239 119 025 191 041 015 029 147 188 295 10.7
334 nia §2.9 065 064 037 111 0.24 1.90 0.36 0.12 0.28 102 13.56 26.9 10.8
32.8 nia 63.6 0.66 0.65 0.38 115 0.25 1.91 0.39 0.14 0.29 125 16.2 28.2 10.8

Harvest % Wt Ft® % Cr.
Cutting Date  Wt.lbs Water @ 12% Hamest Yield Protein
6/15 148 93 153 18000 1.85 17.0
1122 340 108 34 3820 19 17.6
10/6 16.6 204 150 27000 121 200
TOTAL YIELD 4.97 T/Ac 18.2
6T 210 91 22 3920 121 17.9
1129 390 119 39 3820 217 15.9
Did not have 3rd cutting due to lateness of 2nd. Second was
TOTAL YIELD 3.37 T/Ac 18.4
6/5 320 79 33 3920 1.86 15.2
i1 270 91 28 3920 1.585 204
10/4 9.00 161 .6 164.00 114 194
TOTAL YIELD 4.55 TlAc 18.3
6/4 230 114 23 3920 129 14.4
7130 306 102 31 3820 173 16.9
9/10 135 158 1.3 3920 072 231
TOTAL YIELD 3.73 T/Ac 18.1

Grams Grams
6/17 1554 7.7 1630 3920 1.99 18.0
8/26 1066 131 1053 3920 1.29 181
TOTAL YIELD 3.28 T/Ac 18.1

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

Act. Mutrients
App.fAc.. lbs
0-0-0-0-0
22-104-0-0-0
0-0-0-0-0
22-104-0-0-0

15-65-75-0-0
0-0-0-0-0

nfa
15657500

12-55-55-0-0
0-0-0-0-0
0-0-0-0-0
12-55-550-0

0-0-75-0-0
0-0-0-0-0
0-0-0-0-0
0-0-75-0-0

11-562-0-0-0
0-0-0-0-0
11-52-0-0-0
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Table F-13. Forage analysis for site YBA.
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YBA Location Yields, Forage Quality, Mineral Content, and Fertilizer

AMPP
% Calc
Harvest % Wt Ft? % Cr. % Digest %
Year Crop Cutting Date Wt.lbs Water @ 12% Harvest Yield Protein ADF Protein TDM
2004 Barley 1st  7/3 520 9.1 54 4356 2.69 TiAc 1.6 44.0 59 534
2005 Bar/Alf st T/7 770 352 57 4356 2.84 13.00 416 7.8 551
Alfalfa 2nd = 9/6 240 114 24 4356 1M 1r7 305 126 660
TOTALS 101 4.04 TiAc 15.4 361 10.2  60.6
2006 Alfalfa 1st  7/M10 400 950 41 4356 206 209 329 nfa 635
2nd | 8/21 4.66 8.70 4.8 43586 241 138 473 nfa 481
3rd 1074 400 150 39 4356 193 1r9 3rao nfa 591
TOTALS 12.7 6.40 T/Ac 17.5 3941 nfa 56.9
2007 Alfalfa  1st  6/4 290 970 30 4356 149 18.2 373 127 5388
2nd  THT 3.60 7.80 3.8 4356 1.89 18.6 342 12.9 621
3rd 95 330 194 30 4356 151 204 355 nfa 607
TOTALS 9.80 4.89 T/Ac 19.1 359 nfa 60.5
Grams Grams
2008 Alfalfa 1st 617 1,864 81 1947 4356 214 194 360 nfa 602
2nd 728 1,747 142 1,703 4356 188 213 327 nfa 637
3rd 916 1395 190 1284 4356 141 226 287 nfa 680
TOTAL YIELD 5.43 TiAc 211 325 nfa 64.0

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Neal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

Energy (mcal/lb)

Mineral Content. %

Mineral Content. ppm

Lact
0.54

0.56
0.68
0.62

0.65
0.48
0.60
0.58

0.60
0.64
0.62
0.62

0.62
0.65
0.70
0.66

Main
0.49

0.52
0.68
0.60

0.65
0.41
0.58
0.55

0.58
0.63
061
0.61

0.60
0.65
07
0.65

Gain
0.24

0.27
042
0.35

0.38
0.16
0.32
0.29

0.32
0.36
0.34
0.34

0.34
0.38
0.44
0.39

La

P

0.30

K Mg HMHa S
3.20 0.20 0.47

Fe
129

Mn
30.3

Zn Cu
25.5 9.60

177 10.5
344172

106 13.9

314114
206 5.90
24.8 8.30

25.6 8.53

M7 14
319126
37.6 14.5

33.012.8

27.8 111
28.2 10.3
246 10.9

26.9 10.8

Act. MNutrients

App.fAc.. Ibs
35-40-20

0-0-0-0-0
0-0-0-0-0
0-0-0-0-0

0-60-60-0-2-1B
0-0-0-0-0
0-0-0-0-0
0-60-60-0-21B

0-55-20-0-1-1B
0-0-0-0-0
0-0-0-0-0
0-55-20-0-11B

0-55-20-0-1-1B
0-0-0-0-0
0-0-0-0-0
0-55-20-0-11B
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Table F-14. Forage analysis for site BHA.

BHA Location Yields, Forage Quality, Mineral Content, and Fertilizer Applied
% Calc
Harvest % Wt Ft % Cr. % Digest % Energy (mcal/lb) Mineral Content. % Mineral Content. ppm
Year Crop Cutting Date Wt.lbs Water @ 12% Harvest Yield Protein  ADF Protein  TDM Lact Main Gain Ca P K Mg MNa _ S Fe Mn Zn Cu
2004 W Wht Harv 7/22 75 120 75 43.56 125.0 Bu/Ac Did not have grain analyzed for feed parameters and mineral content.
2005 W Wht Harv 7/22 46 120 4.6 4356 76.7 BulAc Did not have grain analyzed for feed parameters and mineral content.

2006 Beets Dug 10/6 2083 Asls n/a 100.00 45.4 T/Ac  wi/ 16.09% sugar. Did not have beets analyzed for feed parameters and mineral content.

2007 M. Bar Did not take a harvest because field combined before arrived.
Grams Grams
2008 M. Bar. Harv 716 2501 120 2501 43.56 114.8 Bu/Ac Did not have grain analyzed for feed parameters and mineral content.

Forage quality data and mineral content are on a dry matter basis.
Crop yields collected and sheet compiled by: Meal E. Fehringer, Certified Professional Agronomist, C.C.A. Finalized on 4/2/09.

Act. Mutrients

App.fAc.. lbs
200-30-20-0-0

200-40-30-0-0

200-130-0-0-0

90-30-20-0-0

90-30-20-0-0



