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SECTION 3

WHELP CREEK SUB-WATERSHED

Nutrient Beneficial Management Practices – Progress Report – Whelp Creek Sub-watershed2010

3.1 Introduction

In 2007, the Whelp Creek (WHC) Sub-
watershed was chosen as a second watershed to
implement, monitor, and test BMP effectiveness.
This watershed is north of Red Deer and
approximately 6 km west from the Town of
Lacombe (Figure 3.1). The total drainage area of
the WHC Sub-watershed is 4595 ha (45.95 km ),
or approximately 18 sections of land. The total
drainage area is larger than was reported for 2009
(Olson and Kalischuk 2010) due to improved
drainage information.

The WHC Sub-watershed lies in the Central
Parkland Sub-region, which is part of the
Parkland Region of the Alberta natural region
classification. The 30-yr average (1971 to 2000)
annual precipitation for Lacombe is 446 mm
(Environment Canada 2009). The annual runoff
for the WHC Sub-watershed is estimated to be
approximately 38 mm (Bell 1994). The
watershed is in the Black Soil Zone (Alberta Soil
Information Centre 2001) and the soils are
generally medium textured, including loam and
silty loam. The soil types within the watershed
include poorly drained soils (Alberta Soil
Information Centre 2001) and there have been
problems with water erosion in the watershed
(Lacombe County 2007).

Whelp Creek flows from the northwest corner
of the sub-watershed in a south direction then
turns and flows east until it is joined by the

2

The Central Parkland Sub-region has a gently
rolling landscape and surficial deposits, which
range from intermediate textured hummocky and
ground moraines to fine textured glaciolacustrine
deposits and coarse outwash (Alberta Parks
2006). Specifically for WHC, the topography is
undulating with high relief landforms (Figure
3.2). When divided into 20 smaller sub-
watersheds, the slope of the land varies from 0.5
to 2.25%. The WHC Sub-watershed slopes
downward from west to east, with about a 90-m
difference between the lowest and highest
elevation points.
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southern tributaries. The creek then crosses under Highway 2, which is the outlet of the sub-
watershed. Whelp Creek continues to flow north for about 30 km and empties into the Battle River
near Ponoka, Alberta (Figure 3.1). Whelp Creek and its tributaries, within the sub-watershed, are
small intermittent streams, typically only flowing from early spring to early summer following
snowmelt or heavy rainfall events. Runoff is also influenced by a shallow water table, indicative of
several sloughs and wetlands dotting the landscape. Unlike the Indianfarm Creek Watershed, the
stream beds are usually undefined with shallow channels (Figure 3.3a). These characteristics,
combined with the variability of the weather, enable producers to cultivate through the creek and
tributaries during some years (Figure 3.3b).

The primary land use in the sub-watershed is agriculture with annual cereal crops and livestock
dominating the agricultural activities in the watershed. A large portion of the land is cultivated for
barley, canola, and wheat; however, potato, corn, oat, and rye are also grown. In addition to
cultivated crops, hay crops and pasture cover about 20 to 25% of land within the watershed.
Livestock production primarily includes dairy and beef operations. Hog operations that were once
active in the sub-watershed have recently gone out of business. In addition to agriculture, the oil
and gas sector is active in the area. Major future development is projected for the eastern half of
the sub-watershed as it is zoned for industrial development.

There are six established BMP and two reference sites in the WHC Sub-watershed. Pasture and
range management will be the focus at the two BMP pasture sites, while manure and nutrient
management will be the focus at the other four BMP sites. There are 20 water monitoring stations
and two automated weather stations in the watershed (Figure 3.4). The water monitoring stations
were installed in 2007 and water quality samples (Olson and Kalischuk 2008) and flow data were
collected from 2008 to 2010. Fifteen stations are associated with the BMP and reference sites and
the remaining stations are used for watershed-wide monitoring.

During 2010, the water quality stations were monitored for surface water runoff. Compared to
the two previous years, 2010 was a fairly wet year, resulting in a large number of active stations.
The runoff events were limited during snowmelt; however, a large amount of summer rainfall

Figure 3.1. Location of the Whelp Creek Sub-watershed.
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Figure 3.2. Topography and elevation of Whelp Creek Sub-watershed.
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Figure 3.3. Views of (a) Whelp Creek and (b) a farmed-through tributary. Images taken in
2007.
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Figure 3.4. The Whelp Creek Sub-watershed showing the locations of the water monitoring
stations, best management practices sites, reference sites, and weather stations.
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generated above average runoff at the watershed and BMP stations. Snowmelt events were
observed from March 10 to March 19. Additional snowfall in early May triggered additional flow
at the watershed sites. Heavy summer rains accounted for flow from late May to early August at
several BMP sites as well as at the watershed-wide sites. The outlet station intermittently flowed
till early October, while flow in the main stem tributary ended on November 2, 2010.

In April and May 2008, two automated weather stations were installed in the sub-watershed to
collect temperature, relative humidity, and precipitation data. One weather station (WWS1) was
located near water monitoring Station 319 (lower elevation) and the other weather station (WWS2)
was located near water monitoring Station 317 (upper elevation) (Figure 3.4). The two weather
stations continued to monitor weather throughout 2010. Further details about the instrumentation
can be found in Olson and Kalischuk (2009).

Data collected from the weather stations were used to calculate the average relative humidity,
average minimum and maximum temperatures, and the amount of precipitation in the watershed
for the interpretation of water flow and quality data. The data were verified against a nearby
Environment Canada Station (Lacombe CDA2) and compared to 30-yr average data (1971 to
2000). Data for Lacombe CDA2 (latitude 52 26' 56.006”, longitude 113 45' 21.005'', elevation
860 m) were obtained from the Agroclimatic Information Services (ARD 2011b) and the 30-yr
average data were obtained from Environment Canada (2011). Data from Lacombe CDA2 reported
previously for 2007, 2008, and 2009 (Olson and Kalischuk 2008, 2009, 2010) were revised and the
revised values are presented in this report.

Monthly average daily temperatures at Lacombe CDA2 in 2010 were split when compared to
the 30-yr average. January, February, March, April, and October were warmer than the 30-yr
average, while May, September, November, and December were cooler (Figure 3.5a). June, July,
and August were similar to the average values. Monthly average daily temperatures in 2010 were
often cooler than in 2007, with only February, March, April, August, and October being warmer in
2010. Monthly average daily temperatures were warmer in 2010 compared to 2008 for January,
February, March, April, October, and December; whereas, May, August, September, and
November were cooler in 2010. Monthly average daily temperatures were warmer in 2010
compared to 2009 for January, February, March, April, October, and December; whereas, May,
September, and November experienced cooler temperatures.

Total annual precipitation received at Lacombe CDA2 in 2010 was 532 mm, which was above
the 30-yr average of 446 mm. Total precipitation in 2010 was also greater than in 2007 (517 mm),
2008 (280 mm), and 2009 (295 mm). Conditions were considered wet in 2010 and 2007; whereas,
2008 and 2009 were dry. Precipitation received in the spring and early summer of 2010 (April
through July) was higher than the 30-yr averages, with amounts 1.5 to 2 times the 30-yr averages
(Figure 3.5b). These four months provided the majority of the precipitation in 2010. Below
average precipitation was experienced in January, February, March, August, October, and
December of 2010. In contrast, spring 2007 experienced above average precipitation while spring
2008 and 2009 experienced below average precipitation.

3.2 Weather

3.2.1 Methods

3.2.2 Results and Discussion

o o
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Figure 3.5. Comparison of 30-yr averages (1971-2000) with (a) monthly average daily
temperature; (b) total monthly precipitation; and (c) total monthly precipitation from the
Whelp Creek Sub-watershed weather stations and 2010 Lacombe.
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Daily precipitation events were also the highest in June and July (Figure 3.6). The single
highest daily precipitation was 65.0 mm, which occurred on July 13 followed five days later by the
second highest daily amount of 56 mm. Snowfall through the winter was low in 2010. Snow depth
peaked at 10 cm in January and decreased to 3 to 4 cm in March.

The 2010 precipitation recorded at the two watershed weather stations were generally similar to
or slightly higher for most months compared to the Lacombe CDA2 weather station (Figure 3.5c).
Precipitation at the two watershed weather stations was slightly lower in April and December
compared to the Lacombe CDA2 station. In May and November, precipitation was lower at one
watershed station and higher at the other watershed station compared to Lacombe CDA2. One
notable difference was in July when precipitation at WWS1 was higher than at WWS2 and
Lacombe CDA2. Some of these variations among weather stations could be due to local variation
in precipitation.

Land cover information in the WHC Sub-watershed was collected during a 2-d survey on
August 18 and 19, 2010 using the AgCapture software (Sub-section 2.3.1). Details about
AgCapture and history of the software are reported in Olson and Kalischuk (2008, 2009, 2010).
The software version was the same as used in the 2009 survey. Survey results were compared and
verified with land cover information from previous years along with the ongoing field visits and
producer feedback.

3.3 Land Use and Land Cover

3.3.1 Methods

Nutrient Beneficial Management Practices – Progress Report – Whelp Creek Sub-watershed2010
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Figure 3.6. Total daily precipitation and snow depth at the Lacombe (CDA2) weather station.
Data from Environment Canada (2010).



3.3.2 Results and Discussion

The total area of the WHC Sub-watershed is 4595 ha and includes approximately 60
landowners with 50 active producers. Agricultural land accounted for approximately 87.3%
(annual, perennial, and farmyards) of the land surveyed in the sub-watershed in 2010 (Table 3.1).
The agricultural land percentage in 2010 was comparable to previous years. In 2010, 61.1% of
sub-watershed was annually cropped and this is consistent with data from previous years (Olson
and Kalischuk 2008, 2009, 2010).

Annual crops in the WHC Sub-watershed included barley, canola, wheat, corn, oat, rye, and
potato, along with some fallow (Table 3.1; Figure 3.7). There was a large increase in barley
production in 2010 (31.2%) compared to 2009 (23.6%) and a subsequent decrease in wheat
production to 3.9% from 16.1%. While some of these trends mirror commodity prices, mis-
classification of wheat for barley during this survey was detected. Canola production was slightly
greater in 2010 (18.8%) compared to (16.9%) in 2009. Perennial land cover increased slightly to
24.5% in 2010 from 23.8% in 2009 (Figure 3.8). Commodity prices had a strong influence on crop
production within WHC; however, crop rotation also had a significant role. Perennial crops, such
as alfalfa, are often used in long-term rotations. Vegetation cover for perennial species included
pasture (9.0%) and hay varieties (15.5%). According to the surveys, annual cropping is most
prevalent in the WHC Sub-watershed; however, there is a significant livestock component, which
is dominated by confined feeding operations, and more specifically dairy, and to lesser extent beef
feedlots (Figure 3.9). Based on estimations, there are approximately 2160 cows (1880 dairy and
280 on pasture) and 480 calves in the WHC Sub-watershed. At a smaller scale in WHC, there is
also a component of pasture and grazing for non-confined livestock. The grazing component is
limited compared to the other agricultural production.

In addition to agricultural production, the sub-watershed also contained about 465 ha of natural
areas (forest, grassland, water bodies, and wetlands) and 182 ha of non-agriculture land use
(residential, commercial, industrial, transportation, and idle land) in 2010 (Table 3.1).

Overall, the proportion of different land uses within the sub-watershed was similar among the 3
yrs, and small differences were mostly attributed to changes in classification methods and human
error associated with indentifying land cover.
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Table 3.1. Percent cover of land use practices in the Whelp Creek Watershed from 2008 to 2010.
z

Annual
crops 2008 2009 2010

Perennial
crops 2008 2009 2010 Other land use 2008 2009 2010

Barley 23.6 23.6 31.2 Hay-grass 2.2 1.8 3.3 Idle 0.0 0.0 0.03
Canola 23.7 16.9 18.8 Hay-legume 5.0 7.9 8.6 Commercial 0.3 0.2 0.2
Corn 2.7 3.1 3.5 Hay-mixed 5.3 4.4 3.6 Industrial 0.2 0.1 0.1
Fallow 1.1 0.4 1.3 Pasture 7.6 9.7 9.0 Natural areas 8.8 9.2 9.2
Oat 0.2 0.8 1.1 Residentialy 1.3 0.1 0.02
Potato 0.9 0.9 0.5 Transportation 3.2 3.2 3.2
Rye - - 0.8
Wheat 10.8 16.1 3.9 Farmyardx 1.7 1.6 1.7
Total 63.0 61.8 61.1 20.1 23.8 24.5 15.5 14.4 14.5
z 2008 percent cover does not include area not surveyed (1.3 %).
y In 2009 and 2010, much of the residential areas were classified as natural areas. Residential areas were
classified as natural grass to satisfy the modelling component. In the model, residential assumes pavement/gravel
so this would give a much different runoff coefficient.
x Includes greenhouses and potato storage.
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3.7. Annual crop distribution and types in the Whelp Creek Sub-watershed in 2010.
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Figure 3.8. Perennial crop distribution and types in the Whelp Creek Sub-watershed in 2010.
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Figure 3.9. Livestock distribution in the Whelp Creek Sub-watershed in 2010.



3.4 Watershed-wide Water Flow and Quality

3.4.1 Methods

3.4.2 Results and Discussion

3.4.2.1 Watershed-wide Assessment

Station 303.

Four watershed-wide sites in the WHC Sub-watershed were sampled during snowmelt and
rainfall runoff in 2010. These data represented the third year of watershed-wide assessment in the
WHC Sub-watershed.

Three stations (305, 304, 303) plus the outlet (301) were sampled in 2010 when water was
flowing or when there was a change in flow due to a snowmelt or rainfall event (Figure 3.4).
Stations on the tributaries, 303, 304, and 305, were all grab sampled while the outlet, Station 301,
was either grab or Isco sampled. Grab samples were taken at the Station 301 when the Isco could
not be operated due to cold weather or was not activated. A total of 72 water samples were
collected among the four monitoring stations. Further information on flow monitoring can be
found in Olson and Kalischuk (2009, 2010).

Water quality results that were less than the method detection limits (MDL) were assigned a
value of half the MDL. This was especially the case for nitrite nitrogen (NO -N), nitrate nitrogen

(NO -N), ammonia nitrogen (NH -N), and total suspended solids (TSS), which had 99, 49, 69, and

33% of samples below the MDL, respectively.

In 2010, the lab analyzing water samples changed, resulting in the analysis of total nitrogen
(TN) instead of total Kjeldahl N and altering the way N fractions were calculated. Quality control
information regarding the change in laboratories can be found in Appendix 1.

Other aspects of the watershed-wide analysis including calculations of mass loading, flow
weighted mean concentrations (FWMC), and the nutrient water quality sub-index (from the
Alberta Agricultural Water Quality Index) were reported previously (Olson and Kalischuk 2010).

In June and July 2010, WHC Sub-watershed experienced several rainfall events that resulted in
some of the highest flows measured since the beginning of the project in 2008 (Sub-section 3.2.2).
All but three of 72 samples from the four stations were collected during rainfall runoff from May
to September. Three snowmelt samples were collected from Station 303 in March.

Differences in tributary flow resulted in the sampling of watershed-wide stations on different
days, with the exception of July 14, 15, 20, 22, and 26 when all four stations were sampled. Flow
at Station 304 subsided at the end of September while Stations 301, 303, and 305 had minimal
flows until early November. Some of this latter flow may have been the result or a combination of
rainfall runoff, dugout overflow, or shallow groundwater discharge (Sub-section 3.5).

Flow at Station 303 started with snowmelt in March, before the other watershed-
wide sites flowed, and ended on November 2 (Figure 3.11). Flow at Station 303 peaked on July 19
at 0.9 m s . This flow was the highest measured at Station 303 since the beginning of the project
in 2008. In 2010, 78% flow at the outlet originated from this tributary. Observations from this year
and previous years showed that the majority of flow at Station 303 originated from a ditch, north
of the station, rather than from the main stem of WHC Sub-watershed (Figure 3.10).

2

3 3

3 -1
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Throughout the snowmelt and rainfall runoff events at Station 303, three snowmelt and 26
rainfall samples were collected. The snowmelt event in mid-March and rainfall events in July
resulted in peak or near-peak concentrations of TN and total phosphorus (TP) (Figure 3.11). The
highest TP concentration was measured on July 14 at 2.28 mg L , while the highest TN
concentration was measured on June 10 at 6.45 mg L . All TP concentrations measured at Station
303 exceeded the protection of aquatic life (PAL) guideline of 0.05 mg L , while all but one
sample on September 22 exceeded the TN PAL guideline of 1.0 mg L (Alberta Environment
1999). Note that the high nutrient concentrations on July 14 have been the result of a combination
of high flows and the removal of a culvert upstream of Station 303. The samples on that day had
the highest measurement of TSS at Station 303 (33 mg L ) and highest fraction of particulate P
(PP; 16%).

Consistent with previous years, the majority of TP was measured as total dissolved phosphorus
(TDP), ranging between 83 to 100% of TP. Organic N was the largest fraction of TN, ranging from
58 to 97% of TN. Typically in WHC Sub-watershed, with the exception of snowmelt samples,
NO -N concentrations were below MDL (Olson and Kalischuk 2010); however in 2010, the large

rainfall events resulted in higher NO -N concentrations at Station 303, reaching a peak at 1.55 mg

L on July 13.

Typical of the WHC Sub-watershed, and other agricultural watersheds (Lorenz et al. 2008),
( ) concentrations were high during the summer months of June and July.

On July 13, concentrations reached the highest value measured in WHC since the beginning
of the study at 613,100 mpn 100 mL .
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Figure 3.10. Station 303 was heavily influenced by water flowing down the road ditch from
the north (top), rather than the main stem (flow from the left). Station 303 is located at the
downstream end of this culvert. (Picture taken June 12, 2010)



Station 304. In 2010, Station 304 flowed from June 10 to July 16 (Figure 3.12). During this time,
10 samples were collected, all of which were rainfall runoff samples. Station 304 represents one of
two southern tributaries in the WHC Sub-watershed. Similar to Station 303, Station 304 was
responsive to the rainfall event on July 13 as flow peaked on July 14 at 0.38 m s . Flow in 2010
was the highest at Station 304 since the beginning of the project in 2008. In 2010, 9% of the flow
volume at the outlet originated from this tributary.

3 -1

The first sample of the season on June 10 had the highest TN concentration (2.90 mg L )
(Figure 3.12). Total P, however, peaked with the highest flow on July 14 at 0.24 mg L . All TP and
TN concentrations exceeded the protection of aquatic life guidelines of 0.05 and 1.0 mg L ,
respectively.

As with all watershed-wide stations in WHC, the majority of P was dissolved, ranging from 84
to 97% of TP. The largest portion of TN was organic, ranging from 73 to 98% of TN. Generally,
the dissolved N fraction of TN was low with the exception of the first three samples, which had
high NO -N concentrations.

concentrations were generally below 60 mpn 100 mL , with the exception of 3
d: June 10, July 14, and 15. Concentrations peaked on July 14 at 2008 mpn 100 mL . Peaks in

may relate to wildlife activity or manure application in the area as cattle were not present
upstream or around Station 304. Previous microbial source tracking in this area traced to a
muskrat host (Olson and Kalischuk 2010).
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Figure 3.11. Flow, total phosphorus (TP) concentration, and total nitrogen (TN)
concentration from March 1 to December 1, 2010 at Station 303.



Station 305. Station 305 represents the second of the southern tributaries in the WHC Sub-
watershed. Station 305 is located downstream of a large wetland and flow at this station is
dependent on overflow from the wetland. In 2010, there was flow at Station 305 from July 13 to
October 3 (Figure 3.13). The highest flow rate at Station 305 was measured on August 14 at 0.05
m s . Flow at Station 305 in 2010 was the highest measured since the beginning of the project in
2008. In 2010, 10% of the flow volume at the outlet originated from this tributary.

At Station 305, TP peaked at 0.19 mg L on July 14, one day following the 86-mm rainfall
event (Figure 3.13). Total N peaked at the end of July at 2.31 mg L . As with other watershed-wide
sites, the largest portion of TP was measured as TDP, ranging from 81 to 98% of TP. The largest
proportion of PP was measured in the first sample taken on July 14, the same day that had the
highest TP concentrations. The largest portion of TN was measured as organic, ranging from 87 to
97% of TN. The largest proportion of dissolved inorganic N was also measured on July 14 with
NO -N and NH -N concentrations above the MDL. All TP and TN concentrations exceeded PAL

guidelines of 0.05 and 1.0 mg L , respectively.

concentrations at Station 305 remained higher than the other watershed-wide

sites, with concentrations not less than 98 mpn 100 mL . These high concentrations could be
related to the upstream wetland, which is habitat to many waterfowl species.
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Figure 3.12. Flow and instream concentration of total phosphorus (TP) and total nitrogen
(TN) during 2010 at Station 304.



Station 301. Although samples were taken on May 11 and 12, flow at the outlet did not start until
May 21 and flow ended on October 2 (Figure 3.14). From May 21 to October 2, 22 rainfall runoff
samples were collected. Flow rate at Station 301 peaked on July 14 at 1.48 m s , one day
following a large rainfall event. This flow was 14-fold higher than the peak flow in 2009 and
seven-fold higher than the peak flow in 2008 (Olson and Kalischuk 2009, 2010).

Total P concentration at the outlet, was highest on July 14, reaching 1.50 mg L (Figure 3.14).
This TP concentration was the highest measured during the project at the outlet of the WHC Sub-
watershed. Total P consisted of 66 to 99% TDP. The higher flows in July resulted in higher PP
concentrations. Total N peaked with the high precipitation and flows on July 14 at 3.22 mg L .
This TN concentration, however, was also reached on June 11 when flows were not as high. The
TN concentration in June had a high NO -N fraction, which is typical in WHC Sub-watershed

during the first part of the runoff season. For the remainder of the season, the largest portion of TN
was organic, ranging from 70 to 97% of TN. All TP and TN concentrations exceeded PAL
guidelines of 0.05 and 1.0 mg L , respectively.
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Figure 3.13. Flow and instream concentrations of total nitrogen (TN) and total phosphorus
(TP) in 2010 at Station 305.



Water balance.

Mass loads and FWMC.

The combined total volume of surface water at Stations 303, 304, and 305 was
within 3% of the total volume measured at the outlet of WHC Sub-watershed (Table 3.2). In 2010,
however, flow from the nearby Station 319 (Reference 2 site) also contributed to flow at the outlet.
Including Station 319 in the total volume contributing to Station 301 increased the volume of the
tributaries to within 1% of the total volume measured at Station 301.

Generally, nutrient mass loading at each watershed-wide station was
reflective of the flow volumes, as Stations 303 and 301 had the highest load values (Table 3.3).
Mass loads at the outlet in 2010 were higher than those in 2008 and 2009 for all parameters. Note,
however, that the periods of flow and runoff events captured in 2008, 2009, and 2010 were
different (Olson and Kalischuk 2009, 2010).

The nutrient FWMCs were typically highest at the outlet of WHC Sub-watershed (Table 3.4).
Furthermore, the nutrient FWMCs at Station 301 were higher than in 2008 and 2009 (Olson and
Kalischuk 2009, 2010), reflecting the higher concentrations and flows that occurred in 2010.
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Figure 3.14. Flow and instream concentrations of total nitrogen (TN) and total phosphorus
(TP) in 2010 at Station 301.
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Table 3.2. Flow volumes for each major tributary and the outlet (Station 301) of Whelp

Creek Sub-watershed in 2010.

Station
Volume

(m3)
Totals
(m3)

301 644,965 644,965
303 500,221

625,088z

z

304 58,049
305 66,817
319 26,175 651,262x

x

Summation of Stations 303, 304, and 305.

Summation of 303, 304, 305, and 319.

Table 3.3. Mass loads of nutrient parameters at watershed-wide stations of Whelp Creek

Sub-watershed during 2010.

Station 303z Station 304y Station 305x Station 301w

Parameter --------------------------------------- (kg) ---------------------------------------

TP 545 13 10 655
TDP 502 12 10 585
PP 41 1 1 70
TN 1138 105 140 1523
ON 891 91 135 1288
NO2-N 12 1 2 16
NO3-N 166 10 2 166
NH3-N 69 3 2 53
TSS 3190 121 103 7976
z

Intermittent flow from March 16 to November 2, 2010.
y Intermittent flow from May 9 to July 26, 2010.
x Intermittent flow from July 13 to October 25, 2010.
w Intermittent flow from May 21 to October 3, 2010.

Table 3.4. Flow-weighted mean concentration (FWMC) of nutrient parameters at

watershed-wide stations of the Whelp Creek Sub-watershed during 2010.

Station 303 Station 304 Station 305 Station 301
Parameter ---------------------------------- (mg L-1) ----------------------------------

TP 1.09 0.23 0.16 1.02
TDP 1.00 0.21 0.15 0.91
PP 0.08 0.02 0.01 0.11
TN 2.27 1.81 2.10 2.36
ON 1.78 1.57 2.02 2.00
NO2-N 0.02 0.03 0.03 0.03
NO3-N 0.33 0.17 0.03 0.26
NH3-N 0.14 0.05 0.03 0.08
TSS 6.38 2.09 1.54 12.4



3.4.2.2 Nutrient Water Quality Sub-Index

3.4.3 Summary

The Nutrient Water Quality Sub-Index (NWQI) rated all watershed-wide stations in the WHC
Sub-watershed as poor in 2010 (Figure 3.15). A poor quality rating was assigned to index scores
that were less than 40. Scores in 2010 ranged from 15 at Station 303 to 38 at Station 305. Scores in
2010 were highest since 2008 with the exception of Station 303. At Station 301, although TP and
TDP concentrations were high in 2010, concentrations of TN, NH -N, TKN, NO -N and NO -N +

NO -N concentrations were lower and exceeded NWQI objectives less frequently. Exceeding

fewer objectives by lower concentrations and less frequently will result in a higher overall NWQI
score. The lower concentrations of N may be the result of the lack of snowmelt data, which in
WHC, typically has higher N concentrations. In 2010, Station 303 had more frequent and higher
exceedences of TDP and TP objectives, resulting in a lower NWQI score.

In general, due to rainfall in the summer months, the WHC Sub-watershed had higher flows as
well as greater nutrient loads and FWMCs in 2010 compared to previous years. At Station 301,
concentrations of TDP, PP, TP and were the highest measured since the beginning of the
project in 2008. In general, the largest fraction of TP was dissolved, while the largest fraction of
TN was organic. To reduce concentrations of nutrients in WHC Sub-watershed, management
practices should focus on reducing these fractions.

Although P concentrations were high at Station 301, N concentrations did not reach the levels
captured in 2008, possibly due to the lack of snowmelt runoff in 2010. Exceedences of TN, NH -N,

NO -N + NO -N, NO -N, and TKN occurred less frequently and by lower concentrations in 2010,

resulting in higher NWQI scores at the watershed-wide stations compared to 2008 and 2009.
Stations 304 and 305 also had higher NWQI scores as a result of less frequent and lower
concentrations exceeding the objectives.

3 2 2
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2 3 2
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Figure 3.15. Nutrient water quality sub-index scores for four watershed-wide stations
including the outlet (301) in the Whelp Creek Sub-watershed in 2008, 2009, and 2010.



3.5 Groundwater

3.5.1 Introduction

3.5.2. Methods

3.5.2.1. Site Selection and Instrumentation

3.5.2.2 Well Development and Water Level Measurements

Groundwater and surface water interactions are often not always obvious; however, nearly all
surface water features, such as streams, lakes, and wetlands, interact with groundwater in some
way. Thus, the development or contamination of one may impact the other. An understanding of
the basic principles of interactions between groundwater and surface water is therefore needed to
effectively manage water resources.

In addition to sustaining base flow in a stream, groundwater can also quickly enter a stream in
response to a precipitation event. A single mechanism or combination of mechanisms, depending
on the magnitude of the precipitation event, antecedent soil-moisture conditions, soil hydraulic
properties, water table depth, and/or capillary fringe length (Sophocleous 2002; Hudak 2005), may
contribute to stream flow response to a precipitation event. Translatory flow, macropore flow,
groundwater ridging (or capillary fringe groundwater ridging), and return flow are some of the
mechanisms by which groundwater may enter a stream in response to a precipitation event
(Sophocleous 2002; Kirchner 2003; Cloke et al. 2006). Groundwater may discharge directly into
the stream channel or enter the channel as overland runoff.

A groundwater investigation in the WHC Sub-watershed was initiated in 2009 as groundwater
appeared to be a potential contributor to surface water flows. The goal of the groundwater work is
to understand the physical and chemical characteristics of groundwater in the WHC Sub-
watershed. The focus will be on the shallow groundwater environment where surface and
groundwater interaction is greatest. The work conducted in 2009 and 2010 was a partnership
between Alberta Agriculture and Rural Development (ARD) and Dr. Gary Kachanoski's research
group in the Department of Renewable Resources at the University of Alberta.

Monitoring wells were installed in and around the WHC Sub-watershed from August to
December 2009 (Olson and Kalischuk 2010). Seventeen groundwater nests were established
within the WHC Sub-watershed with an additional 10 nests installed east of the watershed (Figure
3.16). Groundwater nests were installed at each of the BMP sites, with the exception of Stations
310 to 313 in the North Field. Groundwater nests outside of the watershed were located between
Lacombe Lake and the WHC Sub-watershed. The nests were installed using a Geoprobe© 7730DT
(Figure 3.17; Olson and Kalischuk 2010). The majority of nests included one water table well and
two piezometers (Figure 3.17). If bedrock was shallow, only one piezometer was installed. The
depths of water table wells among the sites ranged from 3.5 to 4.0 m below the ground surface,
while the piezometers ranged from 4.5 to 17.0 m.

Well development was initiated in October 2009 and completed in February 2010 using a bailer
(Solinst, Canada). Two times the standing water volume was removed from each well, or until the
well was dry, in order to remove fine particles from around the well screen to improve the rate of
water movement into the well and stabilize the aquifer to produce more representative samples.
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Figure 3.16. Location of groundwater nests in and around the Whelp Creek Sub-watershed.
All but two nests at the East Field (EFD) included one water table well and two piezometers.
Nests at the EFD site have only one piezometer.

12

2

0 1 2 km

E

N

S

W

Tp. 40 – Rg. 27 – W 4

Tp. 39 – Rg. 27 – W 4
Groundwater well and

piezometer nest

Piezometers only

North Field (NFD), West

Field (WFD), South Field

(SFD), East Field (EFD),

North Pasture (NPS), South

Pasture (SPS), Reference 1

(REF1), Reference 2 (REF2)

SFD

REF1

SPS

REF2

NSP

EFD

WFD

NFD

309

308

306

315

316

317

318

314

303

301
319

330

Ag1

Ag3
Ag2

Ag4

Ag5

304

343 339

337

305
342 338

341 340

324

L
a
co

m
b

e
L

a
k

e



Water levels were recorded using a water level meter with depth sounder (Solinst model 102,
Canada). A Level Troll (in-Situ Inc., Fort Collins, Colorado) was installed in the water table well at
the outlet of the watershed and provided continuous water level measurements (Figure 3.18).

Well elevation and location were measured and recorded using a Thales ZMax GPS (±0.05 m
vertical accuracy).
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Figure 3.17. Schematic diagram of water table well (301A) and piezometer (301B and C)
installations at a typical nest site. Wells are approximately 1 m apart.
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Figure 3.18. Measuring groundwater level using (a) a Level Troll at Station 301 (outlet) and
(b) a water level meter with depth sounder at Station 317 (Reference 1).



3.5.2.3 Groundwater Sample Collection and Analysis

3.5.2.4 Groundwater Data Analysis

Groundwater flow and quality were investigated from March to November 2010. Groundwater
samples were collected every other week in March and April and monthly from May to November
2010. Water table wells were purged and then sampled 2 d later. Dedicated bailers (Solinst,
Canada) were left inside each water table well and used for purging and sampling. Prior to
purging, the dedicated bailer was removed from the well, the contents of the bailer poured back
into the well, and the water level measured using a water level meter with depth sounder (Solinst
model 102, Canada). Water levels were recorded for the water table wells and piezometers when
possible. The piezometers were only used for water level measurements. Water table wells were
purged using the dedicated bailer by removing a minimum of two times the standing well volume
or until the well was dry. Sampling included the collection of field measurements and groundwater
samples. Field measurements (pH, EC, temperature) were measured in a sample bottle using the
first bailed volume from the well. Two sample bottles were then filled for each water table well.
Sample bottles were triple rinsed with sample water before filling. One, 1-L high density
polyethylene bottle was filled with as little headspace as possible for chemical analysis. One, 200-
mL sample containing sodium thiosulphate preservative was used for bacterial analysis. Two to
three 1-L duplicate samples were collected during each sampling event for quality control
purposes. All samples were packed in ice in a cooler and shipped over night to the appropriate
laboratory for analysis.

Major ion and nutrient analyses were conducted by the Irrigation and Farm Water Division of
ARD in Lethbridge, Alberta. Groundwater samples were analyzed in the lab for calcium (Ca),
magnesium (Mg), sodium (Na), potassium (K), sulphate (SO ), chloride (Cl), bicarbonate (HCO

as CaCO ), carbonate (CO as CaCO ), nitrate nitrogen (NO -N), nitrite nitrogen (NO -N),

ammonia nitrogen (NH -N), total nitrogen (TN), orthophosphate (PO -P), total dissolved

phosphorus (TDP), and total phosphorus (TP) (Table 3.5). Total coliforms and (
) were analyzed by membrane filtration at the Provincial Laboratory for Public Health in

Calgary, Alberta.

All groundwater data were validated to ensure fractions of N and P did not exceed the totals
(TN and TP) and that individual samples met the principle of electrical neutrality. Parameter values
that were less than the measurable method detection limit (MMDL) for the analytical methods
were given a value of one half the MMDL.

All statistical analyses were computed in SYSTAT 11 (SPSS Inc. 2004). Data were first tested
for normality using probability plots. Variables that were not normally distributed were left
untransformed and analyzed using nonparametric statistical tests. Data analysis consisted of
summary statistics, Spearman's rank correlations (r ), and Kruskal Wallis One-Way ANOVA (H),

and Mann-Whitney tests (U). Groundwater data were also compared to drinking water quality
guidelines and aesthetic objectives for NO -N and Cl, respectively (Health Canada 2010) as well as

Alberta Tier 1 Groundwater Remediation Guidelines for agricultural land (AENV 2010a).

Not all data from every well were used in data interpretations and statistical analyses. Water
level measurements from all water table wells were used when discussing groundwater flow
directions, while only data from water table wells within the Whelp Creek Sub-watershed were
used for discussion of groundwater quality and comparison to surface water data. These latter
wells included sites 301 to 330 (Figure 3.16). Sites 343 and Ag4 were within the sub-watershed
boundary, but east of the Highway 2, and were not included.
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3.5.2.5 Leaching Profiles

Soil cores were collected using a B30 drilling rig with 1.9-cm core barrel at the Reference 2,
East Field, and North Field sites in fall 2009, and at the Reference 1, West Field, and South Field
sites in fall 2010 (Figure 3.16). Cores were collected in conjunction with agronomic soil sampling
at these sites.

Three soil cores were collected at each field when possible and were located in lowland,
highland, and level areas of the field. Soil samples were collected from 0 to 15 cm, 15 to 30 cm,
and every 30 cm thereafter to a depth of 1 to 3 m. Core samples were air dried, ground (< 2 mm),
and sent to the laboratory for analysis. Samples collected in 2009 were analyzed for extractable
NO -N and NH -N (2M KCl extraction method; 10:1 extractant-to-soil ratio), extractable PO -P

(modified Kelowna extraction method; 10:1 extractant-to-soil ratio), and Cl (water saturated
paste). Cores collected in 2010 were air dried, ground, and stored for future analysis.

3 3 4
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Table 3.5. Standard procedures for groundwater sample analysis.

Analytical parameter
Sample

preservation MMDLz Analtical methody Labx

pH chill to 4oC 0.1 pH units ± 8% electrode ARD
conductance (EC) chill to 4oC 0.01 dS m-1 ± 7% conductivity Cell ARD
calcium (Ca) chill to 4oC 3.0 ppm ± 8% FAASw ARD
magnesium (Mg) chill to 4oC 3.0 ppm ± 8% FAASw ARD
sodium (Na) chill to 4oC 0.1 mmolc L-1 ± 8% flame photometry ARD
potassium (K) chill to 4oC 0.1 mmolc L-1 ± 8% flame photometry ARD
sulphate (SO4) chill to 4oC 6.0 mg L-1± 5% turbidimetric method ARD
chloride (Cl) chill to 4oC 5.0 mg L-1± 5% CFAv ARD
bicarbonate (HCO3 as CaCO3) chill to 4oC 0.1 molc L-1 ± 7% titration ARD
carbonate (CO3 as CaCO3) chill to 4oC 0.1 molc L-1 ± 7% titration ARD
nitrate N (NO3-N) chill to 4oC 0.10 mg L-1± 5% CFAv ARD
nitrite N (NO2-N) chill to 4oC 0.10 mg L-1± 5% CFAv ARD
ammonia N (NH3-N) chill to 4oC 0.10 mg L-1± 5% CFAv ARD
total N (TN) chill to 4oC 0.5 mg L-1± 5% chemiluminescence ARD
Orthophosphate (PO4-P) chill to 4oC 0.01 mg L-1± 5% CFAv ARD
total dissolved P (TDP) chill to 4oC 0.01 mg L-1± 5% CFAv ARD
total P (TP) chill to 4oC 0.01 mg L-1± 5% digestion and CFA v ARD
total coliforms Na2S2O3

u NDt membrane filtration Prov. Lab

Escherichia coli (E. coli) Na2S2O3 ND membrane filtration Prov. Lab
z MMDL: measurable method detection limit.
y Reference: Eaton et al. (1995).
x ARD: Alberta Agriculture and Rural Development, Lethbridge, Alberta; Prov. Lab: Provincial Laboratory for
Public Health, Calgary, Alberta.
w FAAS: flame atomic absorption spectrometry.
v CFA: air-segmented continuous flow-analysis.
u Na2S2O3: sodium thiosulphate preservative.
t ND: no detection.



3.5.3 Results and Discussion

3.5.3.1 Shallow Groundwater Levels and Flow Direction

3.5.3.2 Shallow Groundwater Levels and Surface Flow Comparisons

Shallow groundwater generally moved from west to east and levels fluctuated from March to
December (Table 3.6, Figure 3.19). The water table was generally furthest from the ground surface
in March and closest to the ground surface in August. Water table levels within the WHC Sub-
watershed ranged from approximately 0.3 to 4.1 m below ground surface from March to December
2010 (Table 3.6). Findings are consistent with the range of water level measurements for Lacombe
County (Hydrogeological Consultants Ltd. 2001). Groundwater levels in the WHC Sub-watershed
changed in individual wells by 0.3 to 3.0 m (Table 3.7). Shallow groundwater appeared to be
influenced more by precipitation events in the eastern portion of the watershed and near the outlet
than in the western and southern portions.

Shallow groundwater levels measured near the outlet of the watershed varied seasonally with
levels rising during the spring and peaking in July or August (Figures 3.20 and 3.21). The rise in
the shallow groundwater levels during the spring and summer may be attributed to recharge from
spring and early summer precipitation (April through July), which was 1.5- to 2-fold higher than
the 30-yr monthly averages (Sub-section 3.2.2, Figure 3.5). The low water level in the early spring
(March and April 2010) was a result of no recharge to the groundwater flow system when the
ground was still frozen. The shallow water table at the outlet was quite responsive to precipitation
events in June and late July (Figure 3.20). Water table elevation occurred shortly after surface
water flow started to peak at the outlet, and it appeared that groundwater discharge may have
extended surface water flows between precipitation events. Instantaneous water table
measurements were not available at the North Pasture site (Station 303), and it is uncertain
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Table 3.6. Range of depth to shallow groundwater measured in water table wells within the

Whelp Creek Sub-watershed from March to December 2010.

Date
Water table depth range

(m bgsz)

March 2 1.9 - 4.1y

March 8 2.3 - 3.6y

March 15 1.4 - 3.4y

March 22 1.3 - 3.4y

March 29 1.1 - 3.9y

April 6 1.1 - 4.1y

April 20 1.1 - 3.8y

May 11 0.5 - 3.5y

June 7 0.4 - 3.6
July 5 0.5 - 3.2

August 3 0.6 - 3.0
September 7 1.0 - 3.4
October 12 0.5 - 3.5

November 5 0.3 - 3.0y

z m bgs: metres below ground surface.
y At least one water table well was dry on measurement date.
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Figure 3.19. Groundwater elevations (metres above sea level; m asl) calculated from water
table well measurements on (a) March 8 and (b) August 3, 2010. Groundwater elevations
were not available for some wells on March 8 as the wells were dry (i.e., water table was
below the bottom of the well screen).



whether groundwater levels reacted as quickly to precipitation events or coincided as well with
peaks in surface water. However, groundwater discharge likely supported the extended recession of
surface water flows in mid June and late July 2010 (Figure 3.21). Similar patterns were observed
for shallow groundwater levels measured at the Reference 2 site (Station 319) as for the outlet
(Station 301) and North Pasture sites (Station 303) (data not shown). Groundwater discharge likely
contributed to surface water flows at the Reference 2 site in 2010 as well.

Water levels measured in water table wells in the southern part of the watershed also peaked in
August but did not respond as quickly to precipitation events, as observed for the South Pasture
site (Figure 3.22). Surface water flows were not sustained by groundwater discharge as surface
water flows generally during spring snowmelt. The southern portion
of the WHC Sub-watershed contains bedrock highs, or upland areas, which generally experience
lower groundwater yields (Hydrogeological Consultants Ltd. 2001).

Groundwater contributions to surface water in the WHC Sub-watershed differed among the
2008, 2009, and 2010 field seasons. Such differences may be attributed to differences in
precipitation volume and intensity, antecedent soil moisture levels, and human activities (e.g.,
groundwater withdrawals) (Lane and Miller 1998). Extended periods of stream flow between
precipitation events in 2008 (Olson and Kalischuk 2009) and 2010 at sites near the outlet indicated
groundwater discharge was contributing to surface flows. In contrast, flows peaked and quickly
receded in 2009 and the outlet (Station 301) only flowed for 3 wk in April during snowmelt (Olson
and Kalischuk 2010). Groundwater discharge, in support of base flow or in response to
precipitation events through mechanisms such as groundwater ridging, would have been negligible
in 2009.

peaked and quickly receded
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Table 3.7. Statistical summary of measureable depth to shallow groundwater for water

table wells within the Whelp Creek Sub-watershed.

Wellz
Water table depth

range (m bgsy)
Medianx

(m bgsy)
Averagex

(m bgsy)

301A 1.6 - 3.1 2.8 2.5
303A 1.2 - 3.6 2.1 2.0
304A 0.8 - 3.4 3.3 2.6
305A 0.9 - 3.2w 2.0 2.0
309A 1.2 - 4.1w 2.0 2.5
314A 1.7 - 3.5w 3.4 3.1
315A 0.8 - 2.1w 2.1 1.8
316A 1.6 - 3.6w 2.6 2.6
317A 1.3 - 3.5w 2.1 2.3
318A 1.9 - 2.2w 2.2 2.1
319A 0.3 - 2.8 1.1 1.1
324A 1.7 - 3.4 2.1 2.2
330A 1.4 - 2.9 2.1 2.1

z A represents the water table well.
y m bgs: metres below ground surface.
x Measurements could not be made when groundwater levels were below the bottom of the well screen; dates when
this occurred were omitted from the calculation.
w Well was dry on at least one sampling date.
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Figure 3.20. A comparison of (a) daily precipitation at the Whelp Weather Station 1 and (b)
groundwater elevation and surface water discharge at the Whelp Creek Sub-watershed
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Figure 3.22. Comparison of (a) daily precipitation at Whelp Weather Station 2 and (b)
groundwater elevation and surface water discharge at the South Pasture site (Station 324)
from March to December 2010. (m als = metres above sea level)



3.5.3.3 Groundwater Quality

Groundwater NO -N and Cl concentrations measured in the water table wells within the WHC

Sub-watershed were generally low and only a few samples exceeded the Canadian Drinking Water
Quality Guidelines or Alberta Environment Tier 1 guidelines for agricultural land (Health Canada
2010; AENV 2010a) for NO -N. Groundwater NO -N concentrations ranged from 0.05 to 29

mg L (Figure 3.23a). Only three of the 84 (4%) groundwater samples collected within the WHC
Sub-watershed were above the NO -N drinking water quality guideline of 10 mg L and were

measured in August, September, and October in one well (Well 303A; Figures 3.16 and 3.23a).
Four of the 84 samples (5%) exceeded the Tier 1 NO -N guideline of 2.9 mg L , and exceedences

occurred in the same well from August to November 2010. Nitrate N generally occurs at low
concentrations in groundwater, and levels above 3 mg L are considered to be from anthropogenic
sources (Madison and Brunett 1985), with the exception of geologic nitrate (Hendry et al. 1984,
Rodvang and Simpkins 2001, Rodvang et al 2002). Chloride concentrations measured in the
shallow groundwater ranged from 5 to 92 mg L and were below the aesthetic drinking water
quality guideline of 250 mg L and Tier 1 guideline of 100 mg L for agricultural land (Figure
3.23b). Nitrate and Cl are highly soluble and can be indicators of manure contamination in
groundwater. In particular, chloride does not undergo biological transformations or adsorb to soil
and is considered to travel at the same rate as groundwater. It can therefore be used as a tracer and
an indicator of manure contamination (Olson et al. 2005; Rodvang et al. 2004). Shallow
groundwater with Cl concentrations greater than 10 to 20 mg L may be from anthropogenic
sources (Forrest et al. 2006).

Generally, groundwater NO -N and Cl concentrations did not differ seasonally in the watershed,

and NO -N and Cl were not correlated within the watershed. However, seasonal differences and

correlations were observed for NO -N and Cl in a few individual wells near the outlet of the

watershed. Nitrate N concentrations measured at the outlet (Station 301) and Reference 2 site
(Station 319) were higher in the spring than in the summer (U = 14, = 0.04 and U = 21, =
0.015, respectively) or fall (U = 0, = 0.017 and U = 0, <0.015, respectively) (Table 3.8). No
seasonal differences were observed for Cl at either site (data not shown). Interestingly, NO -N and

Cl were positively correlated at the outlet (r = 0.764, <0.05). Chloride was never detected above

the MMDL at the Reference 2 site. The absence of Cl from the shallow groundwater measured in
the well at the Reference 2 site suggests the NO -N measured in the well was not a result of

manure contamination.

Groundwater NO -N and Cl concentrations increased from spring to fall at the North Pasture

site (Station 303). Concentrations were highest in fall and lowest in spring (U= 21, = 0.017 for
NO -N and Cl) (Table 3.8). Groundwater NO -N and Cl concentrations were positively correlated

as well at this site (r = 0.841, <0.05). The elevated NO -N and Cl concentrations measured in the

fall may have been a result of increased leaching of manure constituents during precipitation
events in the summer. Cattle were present in the summer and fall at the North Pasture site.

was detected in 10% of all groundwater samples collected and was only found
at two of the sites (Table 3.9). was detected twice at the North Pasture site
(Station 303; once in July and once in September) and once at the South Pasture site (Station 324
in September). Cattle were present at both pasture sites when detections occurred. Total
coliforms were detected in almost all samples collected in 2010.
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Figure 3.23 Groundwater (a) nitrate nitrogen (NO -N) and (b) chloride (Cl) concentrations

measured in wells located within the WHC Sub-watershed from March to December 2010.
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3.5.3.4 Groundwater and Surface Water Quality Comparisons

Within the WHC Sub-watershed, groundwater average Cl concentration was lower than in
surface water; whereas, the opposite was true for average NO -N concentration (Table 3.10).

Groundwater and surface water concentrations are discussed for those areas of the watershed
where groundwater discharge may have occurred.

Groundwater NO -N and Cl concentrations were generally lower than surface water

concentrations at the outlet (Station 301) and Reference 2 site (Station 319), and peak NO -N

concentrations did not coincide with peaks in surface water concentrations (Figures 3.24 and 3.25).
In fact, NO -N and Cl concentrations measured at the Reference 2 site were always below the

MMDL. Groundwater NO -N concentrations at the outlet were slightly higher in March 2010

when the water table was furthest from the ground surface, while surface water concentrations
were highest in July when surface flows peaked during summer precipitation events. The slightly
lower groundwater NO -N concentrations measured from May to December may be a result of

dilution through the addition of recharge water. Background groundwater concentrations at the
outlet and Reference 2 site did not contribute to the elevated surface water NO -N and Cl

concentrations observed during the summer months.

In spring and summer 2010 at the Pasture site (Station 303), surface water Cl concentration was
higher than in the groundwater, while NO -N concentration was similar between surface water and

groundwater (Figure 3.26). Concentrations of NO -N and Cl were higher in groundwater in the

fall, and higher than the concentrations observed for one surface water sample collected in
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Table 3.8. Average NO3-N and Cl concentrations by season at the outlet, Reference 2, and

North Pasture sites.

Outlet
(Station 301)

Reference 2
(Station 319)

North Pasture
(Station 303)

NO3-N Cl NO3-N Cl
Seasonz -------------------------------- (mg L-1) --------------------------------

spring 0.16 a 25.2 a 0.54 b 18.1 b

summer 0.05 ab 20.8 c 0.90 ab 17.8 ab

fall 0.05 b 24.4 b 17.2 a 58.8 a
zSeasons: spring (Mar.-May); summer (Jun.-Aug.); fall (Sept.-Nov.).
Note: averages with the same letter are not significantly different from one another at P<0.1 and P<0.05 for Stations
301 and 303, respectively, as tested with Kruskal -Wallis One-Way ANOVA and Mann-Whitney significance tests
on untransformed data.

Table 3.9. Summary statistics for total coliforms and Escherichia coli measured in shallow

groundwater samples in the Whelp Creek Sub-watershed from March to November 2010.

Statistic Total coliforms Escherichia coli

Number of samples 31 31
Number of detects 29 3
Minimum (mpn 100 mL-1) ndz ndz

Maximum (mpn 100 mL-1) >2420 120
Median (mpn 100 mL-1) 261 0
Average (mpn 100 mL-1) 759 5
z nd = not detected.
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Table 3.10. Summary statistics for groundwater and surface water nitrate nitrogen (NO3-

N) and chloride (Cl) concentrations in the Whelp Creek Sub-watershed from March to

December 2010.

Surface water Groundwater

Cl NO3-N Cl NO3-N

Minimum (mg L-1) 0.5z 0.01z 5.0y 0.050y

Maximum (mg L-1) 227 8.20 92 29
Median (mg L-1) 14.5 0.20 15 0.14
Average (mg L-1) 40.9 0.60 17 1.1
Standard deviation (mg L-1) 54.5 1.18 15 3.9
Number of samples 151 151 84 84
z Less than the minimum detection limit (MDL).
y Less than the measurable method detection limit (MMDL).
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Figure 3.24. Groundwater and surface water nitrate nitrogen (NO -N) and chloride (Cl)

concentrations measured at the outlet (Station 301) from March to December 2010.
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October. The increase in groundwater NO -N and Cl concentrations occurred after surface water

flows stopped. As discussed above, groundwater discharge likely contributed to surface water flow
near the outlet area of the sub-watershed. However, the elevated surface water concentrations
measured in June and July was probably not a result of groundwater contributions, because surface
water concentrations were either higher or similar to groundwater concentration during this time
period. Though, it is possible that groundwater discharge may have caused increased overland
flows, which may have picked up more nutrients from the land surface. Of interest are the elevated
surface water Cl levels in the summer, which were likely from an anthropogenic source.

3
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Figure 3.25. Groundwater and surface water nitrate nitrogen (NO -N) and chloride (Cl)

concentrations measured at the Reference 2 site (Station 319) from March to December 2010.
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Figure 3.26. Groundwater and surface water nitrate nitrogen (NO -N) and chloride (Cl)

concentrations measured at the North Pasture site (Station 303) from March to December
2010.
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3.5.3.5 Leaching Profiles

3.5.4 Summary and Future Work

Deep soil cores collected in 2009 from the East Field and Reference 2 sites showed similarly
low levels of soil NO -N and Cl (Figures 3.27 and 3.28), while soil concentrations were higher at

the North Field (Figures 3.27 and 3.28), where solid and liquid manure was applied to the annually
cropped fields each year. Nitrate N concentration at the North Field was highest from 0 to 30 cm
below the ground surface and continued to decrease with depth. In contrast, NO -N concentrations

at the East Field and Reference 2 sites peaked from 90 to 180 cm below the soil surface before
decreasing with depth. Chloride concentrations measured in deep soil cores at the North Field
generally appeared to increase with depth from 50 cm below the ground surface. Chloride
concentrations measured in cores from all three fields were generally highest from 90 to 180 cm
below the soil surface. The higher NO -N and Cl measured in the North Field compared to the East

Field and Reference 2 sites were likely a result of higher intensity manure application on the North
Field. Net leaching is likely occurring in the watershed; however, the time frame for manure
constituents to leach through the soil profile to the shallow groundwater and the extent of leaching
is not known.

Shallow groundwater generally moved from west to east through the watershed and varied
seasonally, with levels generally increasing in the spring and peaking in July or August. The rise in
the shallow groundwater levels during the spring and summer may be attributed to recharge from
spring and early summer precipitation. Low water levels in the early spring may be attributed to no
recharge to the groundwater flow system when the ground was still frozen.
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Figure 3.27. Average soil nitrate nitrogen (NO -N) concentrations by 30 cm increments at the

East Field, North Field, and Reference 2 sites. Horizontal bars are standard errors.
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Groundwater contributions to surface water in the WHC Sub-watershed varied spatially,
seasonally, and among years. Water table levels near the outlet of the watershed were quite
responsive to larger precipitation events in the summer, and groundwater discharge likely
supported extended surface water flows in mid June and late July 2010 near the outlet of the
watershed. Water levels measured in water table wells in the southern part of the watershed did not
respond as quickly to precipitation events or help sustain surface water flows. Shallow
groundwater levels and contributions to surface flows differed among the 2008, 2009, and 2010
field seasons. Groundwater discharge likely supported extended periods of stream flow between
precipitation events in 2008 and 2010 but was negligible in 2009. This was consistent with field
observations.

Shallow groundwater NO -N and Cl concentrations measured within the WHC Sub-watershed

rarely exceeded Canadian Drinking Water Quality Guidelines and generally did not differ
seasonally. Seasonal differences and correlations were observed for NO -N and Cl in a few

individual wells near the outlet of the watershed. Groundwater NO -N and Cl concentrations were

generally similar to or lower than those measured in surface water within the WHC Sub-watershed.
Groundwater discharge near the outlet did not contribute to the elevated surface water
concentrations measured during the summer months.

Groundwater will continue to be studied in the WHC Sub-watershed in 2011 to better
understand the physical and chemical characteristics and interactions with surface water flows in
the area.
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Figure 3.28. Average soil chloride (Cl) concentrations by 30 cm increments at the East Field,
North Field, and Reference 2 sites. Horizontal bars are standard errors.



3.6 Beneficial Management Practices Sites

3.6.1 West Field

3.6.1.1 Site Description

3.6.1.2 Routine Management Activities in 2010

3.6.1.3 Beneficial Management Practices Activities in 2010

Eight sites were established in the WHC Sub-watershed in 2008 (Figure 3.4). These include the
West Field (WFD), North Field (NFD), East Field (EFD), South Field (SFD), North Pasture (NPS),
and South Pasture (SPS) sites. In addition, two Reference (REF1 and REF2) sites were also
established. The purpose of the reference sites was to monitor annually cropped fields with no
manure application; however, both sites received manure in the fall of 2008. No manure has been
applied since. Water quality and agricultural management continued to be monitored at all of the
sites in 2010. Beneficial management practices plans were discussed with the producers and
implemented from the spring to fall 2010 at the WFD, EFD, NFD, SFD, NPS, and SPS sites. All
sites will continue to be monitored in 2011 and 2012.

The WFD site is in NW7-40-27-W4. The size of the management unit is 65 ha,
with an estimated drainage area of 45 ha. The WFD is drained primarily by a shallow channel,
which carries water to the northeast corner of the quarter (Figure 3.29) The channel is often
cultivated and cropped in drier springs; however, crop growth can be poor in the channel. From
2000 to 2005, the majority of the site was used as a pasture except for the northeast corner where
about 20 ha were in cereal crop production. Since then, the entire area has been used for annual
crop production. Annual solid manure was applied to the 20-ha area from 2000 to 2005 and the
entire field received liquid hog manure in 2006 and 2007. In 2008, the farm was converted from
hog to chicken broiler production. The conversion initially started with one barn containing 13,000
chickens in 2009. The operation expanded to 35,000 birds in two barns in 2010. There are 6.5
production cycles per year. Further information about this site has been reported in Olson and
Kalischuk (2008, 2009, 2010).

A portion (13.7 ha) of the WFD site received an application of chicken manure on April 15 and
16, 2010 and incorporated about 1 wk later. There was insufficient manure for application on the
whole field. The rest of the field was fertilized with 265 kg ha of 73-23-12-8.4-CU1 inorganic
fertilizer on May 11. The field was disked and seeded to wheat on May 13. Herbicide was applied
in the middle of June. About 30 ha along the southern part of the field were sprayed with a
fertilizer mixture of unknown composition at a rate of 4.9 L ha . The crop was desiccated on
September 6 and combined on October 8. The yield was 4.16 Mg ha . The straw was baled and
removed from the field. The field was disked and harrowed about October 15. The frequency of
poultry manure application is planned to be once every 3 to 4 yr.

The BMPs for the WFD site focused on manure management to reduce the amount of nutrients
and bacteria transported from the field. Specifically, the BMP focused on the location, timing, and
method of manure application. A nutrient management plan was developed to determine the
manure application rate. The nutrient management plan was based on soil and manure analysis.
The Alberta Farm Fertilizer Information and Recommendation Manager (AFFIRM) software
(AAFRD 2005b; Appendix 4) was used to determine nutrient requirements.

-1
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(Figure 3.4)
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The nutrient management plan recommended an application rate of 134 kg ha N and no
application of P for medium moisture conditions. The application rate for N was higher than
reported in Olson and Kalischuk (2010). In the previous plan, a 2:1 investment ratio was used. This
was adjusted to a 1:1 ratio because the source of nutrients was chicken manure owned by the
producer. The manure application plan for this field is to apply manure once every 3 to 4 yr. Since
P was not required, any application of manure would result in excess P addition to the soil.
However, since soil-test phosphorus (STP) was not excessively high, a manure application rate of
7.1 Mg ha was recommended based on 4 yr of harvested crop P removal.
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Figure 3.29. West Field site showing the drainage channel, water monitoring station (Station
309), soil sampling points, and the manured area, with a 30-m set back used in 2010.
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An application area of 13.7 ha was selected near Station 309 in the NE corner, in order to
capture the effects of the BMP in the runoff (Figure 3.29). There was not enough manure to apply
to the whole field. The manure was applied using a solid manure spreader with vertical beaters
(Figure 3.30). A setback of 30 m on either side of the drainage channel was implemented where
manure was not applied (Figure 3.29). The 30-m distance was based on the Agricultural Operation
and Practices Act (AOPA; Province of Alberta 2010). About a 50-m section of the channel setback
was mistakenly applied with manure. Manure was applied during the spring 2010 after snowmelt
instead of during the previous fall. Delaying the application of manure until after the snowmelt
runoff period reduces the amount of time when the land was most vulnerable to the loss of
nutrients in runoff.

Manure was applied on April 15 and 16, 2010. The actual rate applied was the same as the
recommended rate at 7.1 Mg ha . Incorporation of the manure was delayed 1 wk, which likely
resulted in significant loss of ammonium nitrogen (NH -N) through volatilization. Manure samples

were collected at the time of application (Sub-section 3.6.1.6). Results from these samples showed
that 5 yr of crop P removal was applied instead of the planned 4 yr of P removal. The higher
amount was caused by the drier conditions of the manure at the time of application (27.8%)
compared to when manure was sampled in February (48.3%). The results showed the amount of
manure supplied 142 kg ha of N, which was slightly higher than the recommended amount of 134
kg ha based on the nutrient management plan.
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Figure 3.30. Manure application using a solid manure spreader with vertical beaters
(Bunning Lowlander Widebody 230) at the West Field on April 15, 2010.



3.6.1.4 Cost of Beneficial Management Practices

Costs for the BMP implementation in 2010 were few, except for the cost of soil and manure
sampling and analysis, as well as the time to produce a nutrient management plan. The cost to haul
and spread the manure was covered by the producer and therefore no additional costs were
incurred for this portion of the BMP. The distance to haul the manure was approximately 3.2 km.
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3.6.1.5 Soils

Methods.

Results and discussion.

Soil samples collected at the WFD site included (1) agronomic soils and (2) soil-test
samples. The agronomic samples were collected on May 27, 2010 after seeding and on October 27,
2010 after all field activities were completed, including nutrient applications. Sampling points
were on a 200- by 200-m grid covering the area of the BMP site. The 2010 sampling points were
located using a GPS unit and were 5 m east of the 2007 locations. There were a total of 15
sampling points. In the spring, at each sampling point, a Dutch auger was used to collect five, 0- to
15-cm cores, which were mixed together and sub-sampled (about 1 kg). The sub-samples were air
dried, ground (< 2 mm), and sent to the laboratory for analysis. Soil samples were analyzed for
soil-test phosphorus (STP), extractable NO -N, and extractable (NH -N). The fall sampling was

carried out using a trunk-mounted hydraulic coring unit in conjunction with soil-test samples. The
fall sampling points were located 5 m east of the 2007 sampling points.

Due to time constraints, soil-test samples were collected using the 200- by 200-m agronomic
grid rather than transects used in previous years (Olson and Kalischuk 2010). Because the fields
had relatively low topographic relief, it was assumed the grid pattern would capture the variations
within the field as well as the transects and provide representative samples. The soil-test samples
were obtained by collecting a single, 60-cm deep core at each grid sampling point in three
increments: 0 to 15 cm, 15 to 30 cm, and 30 to 60 cm. The samples from all of the sampling points
were then mixed per incremental depth and sub-sampled (about 1 kg). Samples were air dried,
ground (< 2 mm), and sent to the laboratory for analysis. The samples were analyzed for STP,
extractable NO -N, and extractable NH -N.

In 2010, soil nutrient concentrations in the agronomic samples remained
similar to the previous years. Nitrate N concentration in the fall was reduced compared to the
spring of 2010, NH -N remained relatively unchanged, and STP decreased slightly from the spring

to the fall (Table 3.11). Nitrate N concentrations tended to be higher in the spring compared the fall
during the years of monitoring. The decrease in average STP concentration from 2008 to 2010 may
indicate a general downward trend, after hog manure was last applied in 2007. No manure was
applied in 2008 or 2009. In the fall of 2010, STP concentration ranged from 10 to 98 mg kg
among the 15 sampling points. This was not unexpected as the application of manure often causes
greater variability for some soil parameters, particularly for this field because manure was applied
to only 13.7 ha of the quarter section. There was no consistent trend with NH -N concentrations

with time.

3 4

3 4

4

4
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Soil samplingz $308.25 4 h

Manure sampling
y

517.50 2 h
Nutrient management plan - 1 h

Total $825.75 7 h
z Three samples (0-15, 15-30, 30-60 cm) were submitted in fall
2009, and the cost of analysis was $34.25 per sample.
y Six samples were submitted in February 2010, and the cost of
analysis was $86.25 per sample.



The soil-test samples were used to determine fertilizer recommendations (Table 3.12) for the
2011 crop year, using the AFFIRM software (AAFRD 2005b; Appendix 4). Soil data, land use
records, fertilizer and crop prices were entered into the program along with three crop choices:
feed barley, CWRS wheat, and canola. For feed barley and CWRS wheat, an N application is
required ranging between 34 to 73 kg ha depending on the soil moisture conditions, as well as a 5
kg ha application of P. If canola is grown, an N requirements range from 67 kg ha for dry soil
conditions to 174 kg ha for wet soil moisture conditions. A 5 kg ha application of P is also
required for canola.

The P fertilizer recommendation for 2011 was based on soil samples taken throughout the
whole field. Of the 15 sampling points, only six sampling points were within the manured area
(Figure 3.29). The manured area will not require added P for a few years.

Six manure samples were collected from stockpiled chicken broiler manure on
February 18, 2010. Three samples were collected from two separate piles. Each sample was a
composite of four to five sub-samples. The two manure piles were re-sampled on April 14, just
prior to field application. The samples in April were collected the same as in February. The
samples were sent to the laboratory for water content and TN, TP, total potassium (TK), total
sulphur (TS) and NH -N analysis. The results from the February samples were used to develop a

nutrient management plan to determine the manure application rate. The results from the April
samples were used to confirm the nutrient application rates.
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3.6.1.6 Manure

Methods.
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Table 3.11. Average concentrations for nitrate nitrogen (NO3-N), ammonium nitrogen (NH4-N), and

soil-test phosphorus (STP) for the agronomic soil samples collected from 2007 to 2010 at the West

Field site.

NO3-N NH4-N STP
Season and year ---------------------------------- (mg kg-1) --------------------------------

Fall 2007 25 19 52
Spring 2008 62 5 61
Fall 2008 17 7 68
Spring 2009 23 18 49
Fall 2009 5 6 46
Spring 2010 29 7 42
Fall 2010 16 7 40

Table 3.12. Soil-test sample results for nitrate nitrogen (NO3-N), ammonium nitrogen (NH4-N), and

soil-test phosphorus (STP) for samples collected on October 27, 2010.

Soil layer NO3-N NH4-N STP

(cm) ---------------------------------- (mg kg-1) ----------------------------------

0 to 15 10.8 6.6 30.9
15 to 30 3.9 3.0 7.0
30 to 60 3.6 2.9 3.6



Results and discussion.

3.6.1.7 Water Flow and Quality

Hypothesis.

Methods.

The water content in the stockpiled manure decreased from 48% in
February to 28% in April (Table 3.13). The nutrient content was generally higher in the April
samples compared to the February samples. Precipitation in generally is low from February to
April and the stockpiles simply lost water through net evaporation. The apparent increase in
nutrient content was due to water loss. When the concentrations were expressed on a dry-weight
basis (data not shown), the concentrations of NH -N, TP, TK, and TS were similar between the two

sampling dates. The exception was for TN, which decreased in concentration from February to
April. On a dry-weight basis, TN concentration was 81 kg Mg in February and 51 kg Mg in
April. Since NH -N content remained the same, on a dry-weight basis, between sampling dates, N

loss due to volatilization was likely minimal. Therefore, the reason for the decrease in TN
concentration during the 2-mo period is unknown.

Average values reported for chicken broiler manure in Alberta are 19.5 kg Mg for NH -N, 34.1

kg Mg for TN, 9.5 kg Mg for TP, and 10.0 kg Mg for TK (AAFRD 2000). No value was
reported for TS. Total N, P, and K contents in the WFD site manure were slightly higher than the
Alberta averages; whereas, NH -N content was 2.5-fold less than the Alberta average.

The underlying assumption is that applying manure without a nutrient management
plan and farming through the drainage pathway is contributing dissolved nutrients in rainfall and
snowmelt runoff at this site. The null hypothesis is that the implementation of BMPs (i.e., manure
application based on crop P removal and using setbacks) will have no affect on water quality
parameter concentrations in runoff at this site.

The WFD site was equipped with one edge-of-field monitoring station (Station 309),
which included a circular flume and an automatic Isco water sampler. Details on instrument
installation, water sampling, and water analysis are reported in Olson and Kalischuk (2008).
Twelve samples were collected by the Isco sampler in 2010. Two water samples were collected on
March 16 and 17 during the snowmelt period and 10 rainfall runoff samples were collected
between June 10 and July 23.

Daily loads were determined by multiplying the total volume by the water quality
concentrations in the sample collected that day. Flows on days when no samples were collected
were combined to the closest day when a sample was collected in order to account for the un-
sampled flow in the load calculation. Total annual loads were the sum of all the daily loads
throughout the year when runoff occurred at this site.
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Table 3.13 . Average (n = 6) water, dry matter, and nutrient content in chicken broiler manure applied on the

West Field in 2010.

Water Dry matter NH4-N Total N Total P Total K Total S
Sample date (%)z (%)z ------------------------------ (kg Mg-1)z ------------------------------

Feb 18, 2010 48.3 51.7 6.5 41.7 9.6 9.6 3.1
Apr 14, 2010 27.8 72.3 9.1 37.1 12.8 13.7 4.8
z Expressed on a wet-weight basis.



Results and discussion. Runoff was generated by snowmelt from March 15 to 18, 2010 (Figure
3.31). Winter snowfall precipitation from December 1, 2009 to March 31, 2010 was 30 mm below
the 30-yr average of 56 mm (Figure 3.5b). Snowmelt runoff occurred for 60 h with a total volume
of 186 m and a small rainfall event on June 10 generated 25 m of flow. There was 169 mm of
rainfall in July 2010 and this was 89% greater than the 30-yr average (Environment Canada 2010).
The high rainfall intensity in July generated 4,054 m of runoff from July 13 to 23 at this site
(Figure 3.32). The rainfall runoff volume in 2010 was greater than the combined total runoff
generated in 2008 (58 m ; rainfall runoff only), but was slightly less than snowmelt in 2009 (4,387
m ; snowmelt runoff only).

The average TN concentration was 3.2 mg L for the two snowmelt samples and 2.4 mg L for
the 10 rainfall runoff samples collected at Station 309 in 2010 (Table 3.14). The TN concentration
peaked at the onset of snowmelt, decreased in June, and then increased throughout the July rainfall
runoff period (Figure 3.33a).The TN was mostly composed of ON in 2010 (88%). Ammonia N and
NO -N concentrations were low. The NO -N concentrations in 2010 were much lower than was
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Figure 3.31. Hydrograph for Station 309 (edge-of-field) at the West Field in 2010.

Figure 3.32. Rainfall runoff at West Field site in July 2010.



observed during the 2-d rainfall event in May 2008 and slightly lower during snowmelt in 2009
(Table 3.14). The previous manure application in fall 2007 along with the higher temperature
conditions in May, favoring high microbial N turnover in the soil, may explain this difference with
2008. However, soil-test values for NO -N were not excessive in any of the 3 yr.

The mean TP concentration was 1.9 mg L during snowmelt and 1.1 mg L during rainfall
runoff in 2010 (Table 3.14). Initial TP concentrations were close to 2.0 mg L then decreased and

leveled off at 1.0 mg L (Figure 3.33b). Mean TP concentration during snowmelt was higher in
2010 compared with 2009 and was lower during rainfall runoff in 2010 compared with 2008
(Table 3.14).

Average TSS concentrations were lower in rainfall runoff in 2010 compared to 2008, but were
higher during snowmelt in 2010 compared to 2009 (Table 3.14). The highest TSS peak (64 mg L )
occurred on June 10 in 2010 (Figure 3.33c). The mean concentrations in 2010 were lower
compared to 2008 when levels were high with a rainfall runoff mean of 660 mpn 100 mL .
Rainfall runoff average concentration was higher than during snowmelt (Table 3.14). This
is likely explained by lower biological activity in frozen and/or thawing soils during snowmelt and
there were a few large peaks on July 14, 16, and 23 in 2010 (Figure 3.33d). The manure
applications that occurred in the fall of 2007 and 2009 may have contributed to the higher
spikes in 2008 and 2010 compared with 2009. The EC concentrations were lowest during rainfall
runoff in 2010 compared to 2008 and 2009.

The load of TN exported was 0.6 kg during snowmelt and 8.9 kg during rainfall runoff in 2010
(Table 3.15). The 2010 TN load was greater than the 2008 load, but lower than the 2009 load. Most
of the 2010 TN loading was due to ON with 80% during snowmelt and 88% during rainfall runoff
in 2010. A TP load of 0.36 kg was exported during snowmelt and 4.2 kg was exported during
rainfall runoff in 2010. The TP load in 2010 was greater than in 2008 and was similar to the
snowmelt 2009 load. Most of the TP exported from this site was in the dissolved form. Rainfall
runoff in 2010 was more erosive, as the PP load was 1.6-fold greater and the TSS load was 2-fold
greater than during snowmelt in 2009.
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Table 3.14. Average concentration for water quality parameters at the edge-of-field monitoring Station

309 at the West Field site from 2008 until 2010.

Parameterz

2008
May 8-9
rainfally

2009
April 7-18
snowmelt

2010
March 15-18

snowmelt

2010
June and July

rainfall

TN (mg L-1) 75.9 5.3 3.2 2.4
ON (mg L-1) 2.7 3.3 2.6 2.1
NO3-N (mg L-1) 73.1 2.0 0.55 0.11
NH3-N (mg L-1) 0.37 0.03 0.03 0.11
TP (mg L-1) 1.61 1.28 1.9 1.10
TDP (mg L-1) 1.42 1.23 1.70 1.02
PP (mg L-1) 0.20 0.06 0.24 0.09
TSS (mg L-1) 43 10 19 15
E. coli (mpn 100 mL-1) 660 6 205 416
EC (µS cm-1) 1053 374 398 271
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids, Cl =
chloride, EC = electrical conductivity, TC = total coliforms, E. coli = Escherichia coli.
y In 2008 n = 2, in 2009 n = 11, in 2010 snowmelt n = 2, and in 2010 rainfall runoff n =11.
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(d) ( ) measured at the edge-of-field monitoring Station 309 at the West
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BMP effects on water quality - This site has a single edge-of-field monitoring station. A significant
decrease in water quality parameter concentrations from the pre-BMP phase to the post-BMP
phase would signify a positive effect by the BMPs and a rejection of the null hypotheses.

The P-based application of solid manure and the use of 30-m application setbacks were
implemented in April 2010. Therefore, the snowmelt runoff samples in 2010 were in the pre-BMP
phase; while only the rainfall runoff samples were in the post-BMP phase. The BMP effects will
not be determined until a full year of data has been collected and snowmelt runoff can be included
in the post-BMP phase analysis. A statistical comparison between the 2008 (pre-BMP) and 2010
rainfall (post-BMP) data is weak because of the low number of samples in 2008 (n = 2) collected
during a 2-d period. However, as a preliminary assessment, it is interesting to note that all of the
average concentrations in the 2010 rainfall runoff were less than during rainfall runoff in 2008
(Table 3.14), suggesting a possible improvement by the BMPs.

In 2010, the third year of pre-BMP monitoring was completed when snowmelt ended on March
18, 2010. The post-BMP monitoring started when manure application was completed on April 16,
2010 based on timing, a nutrient management plan, and the use of setbacks. Highlights for this site
included:

Due to the limited supply of chicken manure, only 13.7 ha of the quarter section field
received manure.

Soil extractable NO -N was higher in the spring than in the fall, and STP has decreased with

time from 2008 to 2010.

Runoff samples collected in 2010 were from snowmelt and rainfall runoff events with a total
flow volume similar to 2009 and about 74-fold greater than in 2008. Most (96%) of the
runoff volume was caused by rainfall in 2010.

In 2010, the concentrations of most water quality parameters were lower in rainfall runoff
compared to snowmelt runoff.

Non-statistical comparison between the 2008 rainfall (pre-BMP) and 2010 rainfall (post-
BMP) runoff events suggest possible improvement in water quality caused by the BMPs.

Post-BMP monitoring will continue during 2011 and 2012 with no manure application during
this time.

3.6.1.8 Summary and Future Work
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Table 3.15. Water quality parameter loads at the edge-of-field monitoring Station 309 at the West Field site

from 2008 to 2010.

2008 Rainfally 2009 Snowmelt 2010 Snowmelt 2010 Rainfall

Parameterz ------------------------------------------------- (kg) ----------------------------------------------

TN 4.8 24.0 0.60 8.9
ON 0.25 13.7 0.48 7.8
NO3-N 4.5 9.8 0.12 0.75
NH3-N 0.01 0.12 0.005 0.32
TP 0.09 5.6 0.36 4.2
TDP 0.09 5.4 0.32 3.8
PP 0.01 0.25 0.04 0.40
TSS 2 36 3 71
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = part iculate phosphorus, and TSS = total suspended solids.
y In 2008 n = 2, in 2009 n = 11, in 2010 snowmelt n = 2, and in 2010 rainfall runoff n = 11.



3.6.2 North Field

3.6.2.1 Site Description

3.6.2.2 Routine Management Activities in 2010

3.6.2.3 Beneficial Management Practices Activities in 2010

Nutrient management plan.

The NFD site is in SE19-40-27-W4 (Figure 3.4) and consists of a dairy operation. The site
covers 65 ha and has a drainage channel, which flows from north to south in approximately the
middle of the site (Figure 3.34). The site is divided into four field management units. Surface
runoff flows into the main drainage channel from a few shallow field channels, which are
generally cultivated through. Crop rotation includes annual cereal crops and forage. Solid and
liquid dairy manure is fall applied on an annual basis to some of the cultivated areas. Further
details regarding this site are reported in Olson and Kalischuk (2008, 2009, 2010).

The southwest field (16 ha) of the NFD site grew alfalfa, which produced two cuts of silage,
yielding 11.21 and 8.97 Mg ha as wet weight (35% dry matter). The southeast field (10.5 ha) was
seeded to corn and fertilized with 112 kg ha of 46-0-0 with the seed on May 3. The corn was
straight-cut for silage on October 12, yielding 22.42 Mg ha (wet weight). The northwest field (17
ha), which was rented to another producer, was seeded to 202 kg ha of wheat with no fertilizer
during the first week of May, desiccated near the end of August, and harvested during the second
week of October. The wheat crop yielded 5.38 Mg ha . The northeast field (11 ha) was seeded with
15.69 kg ha of a 90:10 alfalfa-timothy mixture on May 14 and was harvested for silage on August
27. The yield was 6.73 Mg ha (wet weight) with a 35% dry matter content.

On October 11, 2010, a contractor surface applied liquid dairy manure at a rate of 89,869 L ha
on the southeast and northwest fields. The manure was incorporated on October 25. Then on
November 1, a different contractor applied solid dairy manure on the same fields at a rate of 21.6
and 21.3 Mg ha , respectively. The solid manure was incorporated on November 2.

Beneficial management practices implemented at this site included the development of a
nutrient management plan, manure application modification, manure storage relocation, and
erosion control.

A nutrient management plan was developed to determine dairy
manure application rates for fall 2010 to meet crop nutrient requirements in 2011. A nutrient
management plan was developed for the two annual cropped fields: the northwest and southeast
fields. Fall 2010 soil sampling was delayed, and as a result, current soil-test results were not
available at the time manure was applied. Therefore, soil-test results were used from fall 2009 as
proxy values. Also, manure samples were only taken at the time of application in fall 2010.
Average manure nutrient content values were based on 2007 to 2009 samples for solid manure and
from 2008 to 2009 samples for liquid manure. Nutrient requirements were determined using the
AFFIRM software (AAFRD 2005b; Appendix 4). The crops for 2011 will be corn and barley;
however, the intended fields were unknown. Based on previous crop rotations at this site, it was
assumed corn will be grown on the northwest field and wheat will be grown on the southeast field
in 2011. Results from the AFFIRM program predicted 44 kg ha N and no P for corn on the
northwest field and no nutrient application for wheat on the southeast field. It is anticipated that
the small amount of N required for the northwest field will likely be supplied from residual N from
the manure applied in fall 2009. Therefore, the BMP would be not to apply any nutrients.
However, the producer had a large supply of manure and required land to dispose of the manure.
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Soil-test P is not excessive at this site. To prevent accumulation of STP, manure application was
based on 1 yr of total P removal by the crops. The recommended rates for liquid dairy manure
were 92 and 74 Mg ha for the southeast and northwest fields, respectively. It was calculated that
the former application rate would supply the required amount of total P; however, the later
application rates would be insufficient to provide enough P. An additional application of solid dairy
manure at a rate of 13 Mg ha was required on the northwest field to meet P requirements.

Part of the BMP implementation plan included the application of liquid
manure by injection rather than by surface application and incorporation. This change would
capture and utilize more of the N in the manure and at the same time reduce the risk of nutrient
losses to surface runoff and the atmosphere. Unfortunately, the liquid manure contained too much
straw for injection and the manure had to be surface applied in fall 2010. Modification to manure
application did include adoption of setback zones. A setback distance of 30 m from the drainage
channel was used for the solid and liquid manures (Figure 3.34). Had the liquid manure been
injected, a 10 m setback could have been applied as outlined by AOPA (Province of Alberta 2010).
The setback areas from the main channel targeted the high risk area for nutrient loss. This will
serve to help protect the surface water at this site and still utilize essential nutrients in the manure.
A setback was also applied during manure application in 2009. This was not reported in the 2009
Progress Report (Olson and Kalischuk 2010).

-1

-1

Manure application.

Nutrient Beneficial Management Practices – Progress Report – Whelp Creek Sub-watershed2010

191

Figure 3.34. The North Field site showing the four field management units, the three water
monitoring stations (Stations 310, 311, and 313), soil sampling points, the manure application
setbacks along the main drainage channel used in fall 2010, and the location of the old and
re-located manure piles.
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Liquid manure was applied on October 11, 2010 and solid manure was applied on November 1,
2010 on the northwest and southeast fields. However, the above recommended rates were
exceeded during application. The liquid manure was applied at 89.9 Mg ha , on the southeast and
northwest fields and the solid manure was applied at a rate of 21.6 and 21.3 Mg ha , respectively.
The target goal was to apply 36 kg ha total P on the northwest field (corn) and 22 kg ha total P
on the southeast field (wheat). These amounts were estimated at 1 yr of total P removal by the
crops. Instead, about 56 kg ha total P were applied to both fields resulting in an over application
of P. Also, the setback for the liquid manure application was about 75 m instead of 30 m.

The timing of the manure application was not targeted at this site as the producer believes that
changing from fall to spring application is not appropriate for his farm considering that the soils
are often too wet in the spring prior to seeding. Therefore, manure application will continue in the
fall at this site.

The storage of solid manure next to the drainage channel was a concern at this
site (Olson and Kalischuk 2010). To reduce the risk of surface water contamination solid manure
storage was restricted to an area on the northwest field further away from the drainage channel in
2010 (Figure 3.35).

An area of concern for erosion was the crossing of the shallow drainage channel
from the southwest field immediately upstream from Station 311 (Figure 3.36) and just before it
enters in the main channel. Machinery is taken across this channel to access the northwest field.
There were obvious signs of erosion that were exacerbated during extended periods of runoff. The
BMP involved the installation of a culvert in the channel to allow the machinery to cross the
drainage without causing soil erosion.

The culvert installation was completed on July 27, 2010 after the rainfall runoff period (Figure
3.36b). The culvert was 0.4 m wide and about 7.62 m long. It was covered with 11.3 Mg of fill
sand and 32.55 Mg of fill clay. The producer used a front loader tractor to spread and compact the
material. Crushed, 60-mm gravel (24.13 Mg) was spread on the surface. A portion of the gravel
was spread further along the trail from the culvert.
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a b

Figure 3.35. Manure pile at the North Field site in (a) April 2008 and (b) September 2010.
Note the Whelp Creek drainage channel in the left image.



The break-up of the alfalfa in the southeast field in fall 2008 was identified as a potential source
of nutrients and sediment in the water quality samples collected at Station 310. Possible erosion
control measures will be taken when the alfalfa is broken on the southwest field in fall 2011. The
BMP will consist of a forage strip, which will be left along part of the drainage channel leading to
Station 311. The strip will act as a buffer to catch soil particles and improve infiltration.

Costs for the BMP implementation in 2010 were associated with the culvert installation, soil
and manure sampling and analysis, as well as the time to produce a nutrient management plan. The
cost to install the culvert included the purchase and delivery of the clay and gravel. The culvert
itself was donated by the county of Lacombe and labour was covered by the producer. The cost of
the culvert is included for economic purposes.

3.6.2.4 Cost of Beneficial Management Practices
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a b

Figure 3.36. Images of the North Field site showing rosion in the drainage channel (April
2008) and (b) installed culvert in July 2010 immediately upstream of Station 311.

(a) e

Soil sampling z $308.25 4 h

Manure samplingy $1035.00 2 h
Nutrient management plan - 1 h
Culvert pipe (7.62 m)x $373.53 -
Clay and gravel fill material $817.34 -

Trucking $259.88 -
Installation of culvert and fill - 4 h

Total $2,794.00 11 h
z Three samples (0-15, 15-30, 30-60 cm) were submitted in fall

2009, and the cost of analysis was $34.25 per sample.
y Twelve samples were submitted in October 2010, and the cost of
analysis was $86.25 per sample.
x The cost was approximated at $49.02 per metre (Armtec Ltd.).



3.6.2.5 Soils

Methods.

Results and discussion.

Soil samples collected in 2010 at the NFD site included (1) agronomic soil samples and
(2) soil-test samples. The agronomic samples were collected on May 27, 2010 after seeding and on
November 9, 2010 after all field activities were completed. Sampling points were on a 200- by
200-m grid covering the area of the BMP site. The spring 2010 sampling points were located using
a GPS unit and were 5 m east of the 2007 soil sampling points. There were a total of 13 sampling
points. In the spring, at each sampling point, a Dutch auger was used to collect five, 0- to 15-cm
core samples, which were mixed together and sub-sampled (about 1 kg). The sub-samples were air
dried, ground (< 2 mm), and sent to the laboratory for analysis. Soil samples were analyzed for
extractable NO -N, extractable NH -N, and STP. The fall sampling was carried out using a truck-

mounted hydraulic coring unit in conjunction with the soil-test sampling. The fall sampling points
were also located 5 m east of the 2007 sampling points.

The soil-test samples were obtained by collecting a single 60-cm core at each grid sampling
point in three increments: 0 to 15 cm, 15 to 30 cm, and 30 to 60 cm. The BMP site consisted of
four management units, which were designated as the northwest, northeast, southwest, and
southeast fields. Samples collected within each field were mixed per incremental layer and sub-
sampled (about 1 kg). The number of sampling points in each field was four in the northwest, three
in the northeast field, four in the southwest field, and two in the southeast field. Samples were air
dried, ground (< 2 mm), and sent to the laboratory for analysis. The samples were analyzed for
extractable NO -N, extractable NH -N, and STP.

The nutrient concentrations in the agronomic soil samples (0 to 15 cm) in
2010 were generally similar to previous years for each field, particularly for NH -N, which

averaged less than 9 mg kg among the fields in 2010. Nitrate N concentrations tended to be
slightly lower in the fall compared to the spring in 2010; however, there was no consistent trend
for NH -N or STP. Average STP in spring 2010 in the northwest field was the highest observed at

the NFD site since the start of the study. Among the four sample points in this field, STP ranged
from 75 to 136 mg kg . This was not unexpected since manure application often causes greater
variability for some soil parameters. Another notable difference was a large decrease in NO -N

concentration in the northeast field from spring to fall 2010. This decrease reflects the switch from
annual crops to alfalfa when the field was seeded to alfalfa in mid May 2010 (Table 3.16). The
higher concentration in the spring was the residual effects of previous annual crops; whereas, by
the fall, the growing alfalfa had depleted the soil NO -N concentration to less than 5 mg kg . The

lower NO -N concentration is consistent with what was observed when the southeast field was

under alfalfa in 2007 and 2008 and the southwest field, which has been under alfalfa for the
duration of the study (Table 3.17).
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Table 3.16. North Field land use management from 2007 to 2010, including crop type and manure

applications.

Northwest field Northeast field Southeast field Southwest field

Year Crop
Manure

application
Crop

Manure
application

Crop
Manure

application
Crop

Manure
application

2007 barley silage yes barley silage yes alfalfa no alfalfa no
2008 corn silage yes barley silage yes alfalfa yes

z
alfalfa no

2009 corn silage yes barley silage yes wheat yes alfalfa no
2010 wheat yes alfalfa no corn silage yes alfalfa no

z
Manure was applied after the last cut and when the alfalfa was removed by herbicide and tillage in preparation for the

annual crop in 2009.



There is some indication that crop type with or without manure may cause STP to increase or
decrease. Average STP concentration in the southeast field tended to increase after the field was
converted from alfalfa to annual crops, with the highest concentration measured in fall 2010 (Table
3.17). In contrast, in the southwest field, STP tended to decrease with no manure application on the
alfalfa crop. This suggests that the alfalfa crop has slowly depleted some of the STP that may have
accumulated from previous manure application prior to the study. There was no consistent tends
with STP concentration with time in the other two fields.

The results from the soil-test samples collected in fall 2010 were used to develop nutrient
recommendations for the 2011 crop year. However, because of the late harvest and wet soil
conditions, soil samples could not be collected early enough for the two fields that received
manure in the fall 2010 (Sub-section 3.6.2.2). These included the northwest and southeast fields. In
order to develop a manure nutrient management plan, as part of the BMP implementation plan, the
fall 2009 soil-test results were used. Nutrient requirements were determined using the AFFIRM
software (AAFRD 2005b; Appendix 4), which predicted no N or P requirement for the northwest
field and 44 kg ha N and no P for the southeast field in 2011. It was assumed that in 2011, soil
moisture conditions will be wet and corn silage is grown on the northwest field and wheat is grown
on the southeast field. The actual fall 2010 soil-test values (Table 3.18) for NO -N (0- to 60-cm

average) and STP (0 to 15 cm) were similar to the fall 2009 values, and therefore, the 2010 results
would not have changed the nutrient recommendations for the 2011 crop year for the northwest
and southeast fields.

For the other two fields, which are in alfalfa, the fall 2010 soil-test results were used to develop
nutrient management plans for 2011. Nutrient recommendations were for no N or P additions to
the northeast field; whereas, the southwest field requires 7 to 22 kg ha of P depending on moisture
conditions.
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Table 3.18. Soil -test results for nitrate nitrogen (NO 3-N), ammonium nitrogen (NH4-N), and soil-test phosphorus

(STP) for samples collected at the North Field site in fall 2010.

Soil Northwest field Northeast field Southeast field Southwest field

layer NO3-N NH4-N STP NO3-N NH4-N STP NO3-N NH4-N STP NO3-N NH4-N STP
(cm) ------------------------------------------------------ (mg kg-1) ------------------------------------------------------

0-15 36.5 3.5 74.8 4.2 3.9 75.9 34.0 3.4 75.9 1.9 4.0 23.1
15-30 4.8 3.4 40.6 1.8 2.7 19.2 3.2 2.5 6.9 1.0 2.3 2.2
30-60 2.7 3.3 4.1 1.2 3.1 6.8 3.2 2.6 3.5 1.1 2.6 <2.0

Table 3.17. Average concentrations for nitrate nitrogen (NO3-N), ammonium nitrogen (NH4-N), and soil-test

phosphorus (STP) for the agronomic soil samples (0 to 15 cm) collected from 2007 to 2010 at the North Field

site.

Northwest field Northeast field Southeast field Southwest field

Season and NO3-N NH4-N STP NO3-N NH4-N STP NO3-N NH4-N STP NO3-N NH4-N STP
year ------------------------------------------------------ (mg kg-1) ------------------------------------------------------

Fall 2007 38.7 6.7 79 46.3 8.4 64 2.1 6.1 53 3.0 7.2 48
Spring 2008 74.2 3.1 69 88.5 3.8 75 3.5 4.8 50 6.8 3.9 46
Fall 2008 22.9 6.2 46 81.2 5.2 81 41.0 4.9 57 8.6 5.5 51
Spring 2009 32.5 11.7 96 46.4 6.3 63 55.9 5.5 77 12.9 8.5 46
Fall 2009 23.9 11.9 79 37.1 6.9 76 23.0 11.7 75 7.5 7.5 47
Spring 2010 38.2 6.5 112 35.1 7.0 71 46.1 6.5 73 5.7 5.5 31
Fall 2010 37.2 7.0 77 4.8 7.8 77 36.4 5.8 94 2.7 8.2 32



3.6.2.6 Manure

Methods.

Results and discussion.

As indicated above, liquid manure was applied in October 2010 and solid manure was
applied in November 2010. Unfortunately, the liquid manure was applied before manure samples
could be collected, and the storage lagoon was nearly empty after application. Therefore, no liquid
manure samples were obtained in 2010. Solid manure samples were collected on October 21,
2010, which was 11 d before the manure was applied. A total of 12 samples were collected from
among seven different windrows of manure. Each sample was prepared from 5 to 6 composite
samples. The samples were frozen and then sent to the laboratory for analysis.

The nutrient content of the solid manure in 2010 was generally either
similar to or slightly higher than the values measured in the previous 3 yr (Table 3.19). The
exception was for NH -N, which was less than the values for 2007 to 2009. It should be noted that

of the seven windrows of manure, only one was used for manure application in 2010. Four out of
the 12 samples analyzed were collected from this windrow. The average values for these four
samples were generally comparable to the average values for all 12 samples, except the total N
was higher for the average of four samples (Table 3.19).

The average values from 2007 to 2009 for the solid manure and from 2008 to 2009 for liquid
manure were used to develop recommended manure application rates for fall 2010. The target was
to apply 1 yr of total P removed by the crop. The values obtained from manure samples collected
at the time of sampling were used to compare the actual amount of P applied compared to the
recommended value. However, since the liquid manure was not sampled, this could only be
carried out using average values from 2008 and 2009 for the liquid manure.
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Table 3.19 . Annual average water, nutrient, and solid content of dairy manure at the North Field site.

Water NH4-N Total N Total P Total K Total S Total Na Solids
Year nz (%)y -------------------------------- (kg Mg-1)y -------------------------------- (%)y

Solid manure

2007 3 80.8 1.1 6.9 1.2 5.0 1.0 nax 19.2
2008w 18 66.8 1.3 6.1 1.3 5.7 2.1 na 33.2
2009 18 75.8 0.8 8.0 1.6 8.3 2.0 na 24.2
2010v 12 70.3 0.7 8.5 1.9 9.4 1.8 na 29.7
2010u 4 74.1 0.8 10.2 1.6 9.9 1.7 na 25.9

Liquid manure
t

2008 2 96.8 1.0 1.5 0.3 1.4 0.2 0.7 3.2
2009 3 97.7 0.9 1.5 0.2 1.6 0.2 0.7 2.3
z Number of samples.
y Expressed on a wet-weight basis.
x Not analyzed.
w These values were adjusted compared to the values reported in Olson and Kalischuk (2010).
v Average of all samples collected in 2010.
u Average of four samples collected from the manure wind row that was actually spread on the land.
t Liquid manure samples were not collected in 2007 or 2010.



3.6.2.7 Water Flow and Quality

Hypothesis.

Methods.

Results and discussion.

The underlying assumption is that surface-applying and incorporating manure
without setbacks and a nutrient management plan may contribute dissolved nutrients in rainfall and
snowmelt runoff at this site. The null hypothesis is that the implementation of BMPs (manure rates
based on crop P removal, application setbacks, re-location of manure storage, erosion control) will
have no affect on water quality parameter concentrations in runoff at this site.

This site was equipped with three water monitoring stations: Stations 310, 311, and
313. Each station consisted of a circular flume and an automatic Isco water sampler (Olson and
Kalischuk 2008). Station 311 is an edge-of-field site on a small channel within the field and
Stations 310 (downstream) and 313 (upstream) are located on the main drainage channel, which
bisects the quarter section in a north-south direction (Figure 3.34). Twenty-two water samples were
collected at Station 310 in 2010, including one snowmelt sample and 21 rainfall runoff samples.
Fifteen rainfall runoff and two snowmelt samples were collected from Station 311 and seventeen
rainfall runoff samples and no snowmelt samples were collected from Station 313 in 2010. Water
quality measurements from all stations at this site were affected by pooling prior to active flow,
particularly during the snowmelt period. The pooling was caused by a lack of slope in the natural
landscape and by additional snow blockage in the main channel. Attempts were made to collect
water samples during active flow when pooling was minimal.

The 2010 snowmelt period yielded total flow volumes of 49 m at Station
310 and 914 m at Station 311; whereas, Station 313 had no snowmelt runoff. These volumes were
lower compared to the 2008 and 2009 snowmelt periods at Stations 310 and 313. The lower than
normal precipitation during the preceding fall and winter season resulted in minimal flow in 2009
and 2010, compared to 2008 (Sub-section 3.2.2). Most of the snowmelt from Station 311 did not
reach Station 310 (Figure 3.37). The flow period at downstream Station 310 consisted of a small
snowmelt event on March 30 to 31 and rainfall runoff events in June, July, and August of 2010
(Figure 3.37b). The 2010 rainfall period yielded total flow volumes of 24,095 m , 6969 m , and
18,424 m at Stations 310, 311, and 313, respectively. Small rainfall runoff events occurred in May
and June, and a large rainfall runoff event occurred from July 13 to 22 in 2010 at Station 311
(Figure 3.38). Small rainfall runoff events occurred in May and August and large rainfall runoff
events occurred in June and July at Stations 310 and 313 (Figure 3.37b). In 2010, nearly all of the
runoff flow at Station 310 (99.8%) and all of the runoff flow at Station 313 was caused by rainfall
and this was likely due to the greater than normal precipitation in July (Sub-section 3.2.2). This is
in contrast to 2008 and 2009 when all of the runoff at Station 310 was due to snowmelt (Olson and
Kalischuk 2009, 2010).

The average TN concentration at Station 311 was lower in 2010 compared with the previous 2
yr (Table 3.20). Concentrations peaked in May, and continually decreased throughout the year
(Figure 3.39a). The TN was comprised mostly of ON in all 3 yr at this station ranging from 54 to
78%. The average TN concentration at upstream Station 313 was lower in 2010 compared with the
previous 2 yr and was mostly comprised of ON (80%). In 2008, the TN was mostly comprised of
NO -N (44%) and in 2009, TN was mostly comprised of ON (55%). Total N peaked on July 27,

2010 (12.5 mg L ) at Station 313 and generally increased throughout the July rainfall runoff event
(Figure 3.39a). At the downstream Station 310, average TN concentration in 2010 was greater than
in 2008, but lower than in 2009 (Table 3.20). Total N was mostly ON in 2010 (71%) and 2008
(88%) and was mostly NO -N in 2009 (68%). The TN concentrations peaked on June 10 (16.8 mg

L ) and generally decreased throughout the events in June and July in 2010 (Figure 3.39a).
Average NH -N concentrations were lower in 2010 at Stations 311 and 313, but were greater at

Station 310 (Table 3.20).
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Figure 3.37. Hydrographs for (a) Station 311 and (b) Stations 310 and 313 at the North Field
site in 2010.
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Figure 3.38. Rainfall runoff event at Station 311 of the North Field site on July 20, 2010.



The average TP concentration at edge-of-field Station 311 was about double the concentrations
measured in previous 2 yr (Table 3.20). Eighty-six percent of the TP was in the TDP form. Stations
310 and 313 had lower TP concentrations at 1.61 and 1.54 mg L , respectively, in 2010. Total P
consisted of 63% of TDP at Station 313 and 83% of TDP at Station 310. Particulate P and TSS
concentrations were higher in 2010 than in 2008 and 2009 for all three stations. Station 310 tended
to have the lowest PP and TSS concentration and Station 313 tended to have the highest PP and
TSS concentrations. Total suspended solids concentrations peaked on May 21 at Station 311 and in
late July at Station 313 (Figure 3.39c).

peaked on different dates at the stations. The largest peaks occurred on July 13
at Station 311 (14,600 mpn 100 mL ), on June 10 at Station 313 (86,640 mpn 100 mL ), and on
July 27 at Station 310 (241,960 mpn 100 mL ) (Figure 3.39d). These high concentrations,
which occurred during rainfall runoff, caused the 2010 average concentrations at Stations 310 and
313 to be much higher than in 2008 and 2009. There were larger concentrations during
rainfall runoff in 2008 at Station 311 and this was caused by peaks, which occurred on June
24 (98,000 mpn 100 mL ) and 25 (22,000 mpn 100 mL ) in 2008 (Olson and Kalischuk 2008).

Annual loading from this BMP site was much larger in 2010 compared to 2009 and 2008 for
nearly all water quality parameters, except for NO -N and NH -N (Table 3.21). The larger loads in

2010 was mostly due to the larger flow volume during rainfall runoff in 2010. The NO -N annual

load was greater in 2009 due to the higher concentrations during snowmelt in that year.
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Table 3.20 . Yearly average concentrations for runoff water quality parameters measured at the upstream

Station 313, edge-of-field Station 311, and at the downstream Station 310.

TNz ON NO3-N NH3-N TP TDP PP TSS E. coli

Station ---------------------------------- (mg L-1) --------------------------------- (mpn 100 mL-1)

Station 313 (2008)y 8.42 3.37 3.71 1.23 1.02 0.90 0.12 19 1
Station 313 (2009) 8.61 4.70 2.40 1.17 1.57 1.23 0.35 81 19
Station 313 (2010) 4.71 3.77 0.63 0.29 1.54 0.97 0.57 193 5941
3-yr average 6.68 3.63 2.18 0.78 1.30 0.95 0.35 105 2807

Station 311 (2008)x 6.36 4.95 0.46 0.90 1.29 1.09 0.22 36 6648
Station 311 (2009) 6.01 3.22 1.88 0.71 1.20 1.07 0.12 8 329
Station 311 (2010) 4.62 3.52 0.69 0.35 2.51 2.17 0.34 76 2025
3-yr average 5.63 4.25 0.65 0.66 1.78 1.53 0.26 50 4325

Station 310 (2008)w 5.19 4.59 0.04 0.54 1.30 1.11 0.19 9 315
Station 310 (2009) 22.45 6.41 15.29 0.26 1.53 1.35 0.18 6 36
Station 310 (2010) 7.11 5.08 0.99 0.92 1.61 1.33 0.28 17 24,774
3-yr average 8.21 5.03 2.40 0.66 1.46 1.23 0.23 12 10,244
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids, E. coli =
Escherichia coli.
y Station 313 in 2008 n = 17 (1 rain and 16 snow), in 2009 n = 2 (snow), and in 2010 n = 17 (rain), total n = 36.
x Station 311 in 2008 n = 22 (2 rain and 20 snow), in 2009 n = 3 (snow), and in 2010 n = 17 (15 rain and 2 snow) , total
n = 42.
w Station 310 in 2008 n = 25 (snow), in 2009 n = 7 (snow), and in 2010 n = 22 (21 rain and 1 snow), total n = 54.



BMP effects on water quality - Three-year averages showed that most parameters tended to
increase from upstream (Station 313) to downstream (Station 310) (Table 3.20). The exceptions
include NH -N, PP, and TSS. Possibly, the shallow slope and relatively slow flows and pooling

caused particulate material to settle downstream. The BMPs were implemented in fall 2010, and
the first post-BMP year will be in 2011. Therefore, BMP effects on water quality cannot be
assessed at this time. If concentrations between the upstream and downstream stations are less
different or are similar in the post-BMP phase compared to the pre-BMP phase, this will signify a
positive BMP effect and a rejection of the null hypothesis. A significant decrease in water quality
parameter concentrations at edge-of-field Station 311 from the pre-BMP phase to the post-BMP
phase would also signify a positive effect by the BMPs and a rejection of the null hypotheses.

In 2010, the third year of the pre-BMP monitoring phase was completed and BMPs were
implemented. Unfortunately, the liquid manure could not be injected due to straw in the manure,
which was part of the BMP plan, and was instead surface applied. Also, manure was applied at a
slightly higher rate than what was recommended in the BMP plan because of the need to dispose of
excess manure. Highlights for this site included:

The implemented BMPs included erosion control, manure storage re-location, and a nutrient
management plan.

Soil NO -N concentrations are lower under alfalfa production than under annual cereal

production, with manure only applied to the cereal crops.

Soil-test P tended to increase with manure application on the cereal fields; whereas,
continuous alfalfa production reduced STP with time.

This operation has insufficient land to accommodate the manure produced based on annual
crop total P removal.

Runoff in 2010 was mostly from rainfall, compared to 2008 and 2009 runoff, which was
mostly snowmelt. Because of the shallow slope of the drainage channel, water often pooled
and at times lacked connectivity.

Runoff in 2010 generally had lower TN concentrations but higher TP concentrations
compared to 2008 and 2009.

During 3 yr, TN was comprised mostly of ON, while TP was comprised mostly of TDP.

Three-year averages showed that most parameters tended to increase from upstream to
downstream at this site.

The first year of the post-BMP phase will be in 2011 and continue into 2012. Manure will be
fall applied in 2011 based on the recommended nutrient management plan and setbacks. Injection
of the liquid manure will be attempted again in fall 2011. Future work will address runoff
contributions from livestock corrals and possibly leaving a vegetative buffer along the drainage
channel when the alfalfa is removed from the southwest field and the field is converted to annual
crop production.

3
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3.6.2.8 Summary and Future Work
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Table 3.21 . Water quality parameter loads at Station 310 at t he North Field site from 2008 to 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS
Year --------------------------------------------------- (kg) --------------------------------------------------

2008 41 34 0.27 6.9 9.4 8.0 1.4 76
2009 52 13 36 0.9 2.9 2.3 0.6 14
2010 104 81 14 7.0 34 30 4.1 282
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids.



Nutrient Beneficial Management Practices – Progress Report – Whelp Creek Sub-watershed2010

201

Mar 1 Apr 1 May 1 Jun 1 Jul 1 Aug 1 Sep 1

0

1

2

3

4

5
b

Mar 1 Apr 1 May 1 Jun 1 Jul 1 Aug 1 Sep 1

0
50

100
150

500
750

1000
1250

c

Time (2010)

Mar 1 Apr 1 May 1 Jun 1 Jul 1 Aug 1 Sep 1

0
5000

10000
15000

240000

242000

244000
d

Mar 1 Apr 1 May 1 Jun 1 Jul 1 Aug 1 Sep 1

0
5

10
15
20
25
30
35

Station 310 (downstream)

Station 311 (edge of field)

Station 313 (upstream)

a

T
o
ta

l
n
it

ro
g
en

(m
g

L
)

-1
T

o
ta

l
p
h
o
sp

h
o
ru

s
(m

g
L

)
-1

T
S

S
(m

g
L

)
-1

E
.
co

li
(m

p
n

1
0
0

m
L

)
-1

Figure 3.39. Concentrations of (a) total nitrogen, (b) total phosphorus, (c) total suspended
solids (TSS), and (d) ( ) at Stations 310, 311, and 313 at the North Field
in 2010.
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3.6.3 East Field

3.6.3.1 Site Description

3.6.3.2 Routine Management Activities in 2010

3.6.3.3 Liquid Manure Application Evaluation Activities in 2010

Nutrient management plan.

The EFD site is in SE17-40-27-W4 (Figure 3.4). This field is divided into two parts separated
by a tributary flowing east-northeast from the southwest corner of the field (Figure 3.40).
Approximately 16 ha on the northwest side of the tributary, including part of the field west of the
EFD site, drain towards the tributary. The field south of the channel is 18 ha in size with a
contributing area of 14 ha. Liquid dairy manure has been applied annually to some areas of the site
with the most recent application in fall 2007. The entire site is now in alfalfa production. Further
details about the site are reported in Olson and Kalischuk (2008, 2009, 2010).

Most of the area to the north of the tributary has been in alfalfa since 2007. The rest of the field
was seeded to alfalfa-grass mixture in 2009. The field was fertilized with 135 kg ha of 11.8-36.4-
18-4.8 on April 22, 2010. This field was harvested for silage production three times in 2010. The
first cut of alfalfa occurred on June 28 and yielded 16.9 Mg ha . The second cut of alfalfa was on
August 10 and yielded 11.8 Mg ha . The third cut of alfalfa was on October 23 and yielded 3.6 Mg
ha . The total wet-yield in 2010 was 32.3 Mg ha .

Initial results from this site indicated that manure application in 2007 may have impacted water
quality as surface runoff from the edge-of-field station contained higher nutrient concentrations in
2008 than in 2009 (Olson and Kalischuk 2010). Unfortunately, the conversion of the site from
annual crop to alfalfa during the pre-BMP phase created difficulties in selecting manure
management BMPs to reduce the amount of nutrients and bacteria transported from the field.
Permanent crops are typically not tilled nor receive manure. However, perennial crops, such as
alfalfa, offer benefits of decreased erosion and nutrient loss from surface runoff, as well as an
increased land base and timeframe for manure application compared to annual crops. The surface
application of liquid manure on a forage crop would be considered a higher environmental risk
compared to no application of manure. Therefore, relative to the current practice, i.e., no manure
application during the forage phase of the crop rotation, the application of manure would not be
considered a BMP. Nevertheless, circumstance at this site provided an opportunity for an
environmental assessment of liquid manure application on a forage crop. As such, economics will
not be assessed, particularly since the evaluation was only carried out on a small portion of the
field.

Even though, in this case, the application of liquid manure may not be considered a BMP,
practices were used to minimize the environmental risk such as a P-based application rate,
setbacks from the in-field drainage channel, and equipment to apply the manure directly on the soil
surface to facilitate infiltration and to avoid aerial exposure.

Soil-test results were used from the fall 2009 samples collected
from the site (Olson and Kalischuk 2010). These results were used to predict nutrient
recommendations using the AFFIRM software (AAFRD 2005b; Appendix 4). The AFFIRM
predictions showed that the EFD site did not require nutrient application in 2010. Applying
nutrients, therefore, would not be considered a BMP. In fall 2009, soil-test NO -N was low at less

than 1 mg kg in the 0- to 60-cm layer, and STP was not excessive at 70 mg kg in the 0- to 15-cm
layer (Olson and Kalischuk 2010). Since nutrients were not excessive at this site, a nutrient
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Figure 3.40. The East Field site showing the three water monitoring stations (Stations 306
307, and 308), soil sampling points, the area where manure was applied in 2010, and the 30-m
setback area.

management plan was developed to determine the amount of manure to apply based on the total P
removed by the crop, through harvest, during the growing season. The estimated manure nutrient
content was based on previous samples collected at the SFD site and on the small-plot carried out
at the EFD in 2009. Details about the small-plot study are reported in Olson and Kalischuk (2010).
The EFD and SFD sites are owned by the same producer and use the same source of manure. The
manure application rate calculated to provide 1 yr of total P crop removal was 34.8 Mg ha .
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Manure application on alfalfa.

Alfalfa yield.

Liquid dairy manure was applied on July 5 and 6, 2010 after the
first cut of alfalfa on June 28. The application was carried out as soon as possible after harvest so
to minimize crop damage from field equipment. The manure was applied using drag tubes with
Aerway technology (Figure 3.41) in order to place the liquid directly on the soil surface and to
promote infiltration. This application method minimizes manure contact with plants while
reducing odour and nutrient losses. Manure was only applied in the 6-ha drainage area of the edge-
of-field Station 307. The setback distance was 30 m from the edge of the trees and from the centre
of the field drainage channel leading to Station 307 (Figure 3.40). Taking into account the setback
areas, the total area that received manure was about 2.96 ha.

The calculated application rate was determined at 34.8 Mg ha . The actual application rate
achieved in the field was higher at 57 Mg ha . The ground speed of the application equipment was
too slow and this resulted in a higher application rate. As it turned out, the yield in 2010 (32.3 Mg
ha ) was much higher than in 2009 (14.5 Mg ha ; Olson and Kalischuk 2010) and more total P was
removed than was applied with manure. The alfalfa crop was harvested twice in 2009; whereas, the
crop was harvest three times in 2010. Also, the first harvest yield in 2009 was low (Olson and
Kalischuk 2010) due to below average precipitation in April to June 2009 (Section 3.2.2). If the
actual yield in 2010 was used to re-calculate the manure application rate, an application rate of
77.5 Mg ha could have been used to match 1 yr of crop P removal.

In order to evaluate potential yield benefits of manure application on alfalfa,
manure and non-manure yield samples were collected prior to the second and third harvest cuts.

Two transects were laid out starting from the west side of the field (Figure 3.40). One
transect was located 60 m north from the south edge of the manure applied area, and the other
transect was located in non-manured area about 40 m south of the application area. The first
samples were taken on August 9, 2010, 1 d before the second cut of the alfalfa crop and 34 d after
manure was applied. The second samples were taken on September 27, 26 d before the third cut.
Six forage samples were harvested from each transect. Square half-metre (0.5 by 0.5 m) samples
were collected at the 10, 20, 30, 40, 50 and 60 m distances along each transect. Samples were cut
by hand near to the ground surface, bagged, and then oven dried at 50 to 55 C. After drying, the
samples were weighed and average dry-weight yields were calculated. Yield differences were
calculated by comparing the average yield from manure transect to the average yield from the non-
manure transect for each cut. The Mann-Whitney paired test was used to determine if the sample
sets were significantly different ( <0.1).
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Figure 3.41. Manure applicator using drag tubes with Aerway technology used for applying
liquid dairy manure on alfalfa at the East Field site in July 2010.



Results and discussion - Dry-matter yield was similar between the manure and non-manure
treatments (Table 3.22). In August, the alfalfa yield was 16% higher for manure compared to non-
manure. However, in September, the opposite was true with a 6% higher yield for non-manure
compared to manure. However, these differences were not statistically different.

The lack of yield response may be due to amount of manure applied. Previously at the EFD site,
a small-plot study was carried out in 2009 to compared two application methods and four
application rates (Olson and Kalischuk 2010). The application rates were 0, 16.9, 33.7, and 50.6
Mg ha . The average dry-matter alfalfa yield for no manure application was 4.1 Mg ha . Average
yield for the three manure treatments ranged from 4.2 to 4.3 Mg ha . The yield data from the 2009
small-plot study suggest no yield response to manure. Therefore, and application rate of 57 Mg ha
used in 2010 would unlikely cause a yield response in the alfalfa crop. Also, the soil had adequate
STP concentration, and alfalfa can obtain N through biological N fixation.

Soil samples collected in 2010 at the EFD site included (1) agronomic soil samples and
(2) soil-test samples. The agronomic samples were collected on May 27, 2010 after seeding and on
November 15, 2010 after all fall activities were completed. Sampling points were on a 200- by
200-m grid covering the area of the EFD site with some additional sites added in order to cover the
site more thoroughly. The spring 2010 sampling points were located using a GPS unit and were 5
m east of the 2007 soil sampling points. There were a total of 15 sampling points. In the spring, at
each sampling point, a Dutch auger was used to collect five, 0- to 15-cm core samples, which were
mixed together and sub-sampled (about 1 kg). The sub-samples were air dried, ground (< 2 mm),
and sent to the laboratory for analysis. Soil samples were analyzed for extractable NO -N, and

extractable NH -N, and STP. The fall sampling was carried out using a truck-mounted hydraulic

coring unit in conjunction with the soil-test sampling. The fall sampling points were located 5 m
east of the 2007 sampling points.

The soil-test samples were obtained by collecting a single 60-cm deep core at each grid
sampling point in three increments: 0 to 15 cm, 15 to 30 cm, and 30 to 60 cm. Samples collected
from all the sample points were mixed per incremental layer and sub-sampled (about 1 kg). The
sub-samples were air dried, ground (< 2 mm), and sent to the laboratory to be analyzed for
extractable NO -N, extractable NH -N, and STP.

Nutrient concentrations of the 2010 agronomic samples remained
relatively unchanged compared to previous years. There are no consistent trends with time for
NO -N, NH -N, or STP (Table 3.23). The lower NO -N concentrations are consistent with what
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Table 3.22 . Average alfalfa dry -matter yield from square half-metre samples collected at the East Field site in

2010.

Harvest date Treatment
Dry-matter yield

(Mg ha-1)z

August 9, 2010 Manure 3.1a

Non-manure 3.7a

September 27, 2010 Manure 1.9a

Non-manure 1.8a
z For each sampling date, averages followed by the same letter are not significantly different (P < 0.1).
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was observed for southwest field at the NFD site, which has been under alfalfa for the duration of
the study (Sub-section 3.6.2.5). Average STP in 2010 was slightly higher than the agronomic
threshold of 60 mg kg .

Results from the soil-test samples collected in fall 2010 (Table 3.24) were used to develop
nutrient recommendations for the 2011 crop year. The nutrient requirements were determined
using the AFFIRM software (AAFRD 2005b; Appendix 4), and based on the crop (alfalfa) and the
fall 2010 soil nutrient lev ere were no additional requirements for N or P.

Manure samples were collected on July 5 and 6, 2010 at the time liquid manure was applied at
the EFD site. Four, 1-L samples were directly taken from the applicator at different times. The
samples were frozen and sent to the laboratory for analysis. Unfortunately, due to a laboratory
error, which could not be resolved, reliable results were not obtained for these samples. As a result,
the nutrient content of the actual manure applied in July 2010 at the EFD could not be compared
with the average nutrient concentrations from previous applications.

The underlying assumption is that applying liquid manure without incorporation on a
forage crop will increase the risk of nutrient and bacteria loss in surface runoff compared to no
manure application. The null hypothesis is that the application of liquid dairy manure on an alfalfa
crop will have no affect on water quality parameter concentrations in runoff at this site.

-1

3.6.3.5 Manure

3.6.3.6 Water Flow and Quality

Hypothesis.

els, th

Table 3.23. Average concentrations of nitrate nitrogen (NO3-N), ammonium nitrogen (NH4-N), and soil-test

phosphorus (STP) for the agronomic soil samples (0 to 15 cm) collected from 2007 to 2010 at the East Field

site.

NO3-N NH4-N STP

Season and year

Fall 2007 8 9 64

-------------------------------- (mg kg-1) ------------------------------------

Spring 2008 36 8 70
Fall 2008 3 3 79
Spring 2009 6 11 65
Fall 2009 1 4 67
Spring 2010 3 5 76
Fall 2010 4 4 70

206

-------------------------------- (mg kg-1) ------------------------------------

Table 3.24. Soil -test results for nitrate nitrogen (NO 3-N), ammonium nitrogen (NH4-N), and soil-test

phosphorus (STP) for samples collected at the East Field site in fall 2010.

Soil layer
(cm)

NO3-N NH4-N STP

0 to 15 3.6 2.9 67.7
15 to 30 1.5 1.7 13.9
30 to 60 1.0 2.5 7.2



Methods.

Results and discussion.

The EFD site was equipped with three water monitoring stations: Stations 306, 307, and
308. Station 308 is upstream on a tributary of WHC near the southwest corner of the quarter
section and Station 306 is downstream on the same tributary at the exit point on the east side of the
quarter section. Station 307 is an edge-of-field monitoring station located at a discharge point of a
channel draining part of the field northwest of the tributary. All three stations included a circular
flume and an automatic Isco water sampler (Olson and Kalischuk 2009). A total of four Isco
samples were collected during the 2010 rainfall runoff period at Station 308. No samples were
collected during snowmelt or rainfall at Stations 306 or 307 in 2010.

A brief flow event (July 10 to 19) occurred during rainfall runoff at the
upstream Station 308, but this flow did not reach downstream to Station 306. The flow at Station
308 did not move far beyond the flume and did not reach the wooded part of the channel, which
starts about 80 m downstream. Rainfall was retained in the field and was not enough to reach
Station 307 (Figure 3.42), and as a result, no flow was generated at Station 307 in 2010.

Since no flow occurred at Stations 306, 307, and 308 in 2010 prior to manure application in
early July, the pre-manure application phase will only include water quality data from 2008 and
2009. The below average precipitation during the winter may explain the lack of runoff during
spring 2010 (Figure 3.5). In addition, dry soil conditions from the previous year may have caused
water to infiltrate more readily thereby reducing runoff potential. The entire field is now in forage
production and this may have also increased water retention and infiltration of surface flow.

After the manure was applied in early July, no runoff flow occurred at Stations 306 and 307 in
2010. As already indicated, the small amount of flow at Station 308 did not move far beyond the
flume. Therefore, no useful post-manure application water quality data were collected in 2010.

Total N, ON, NH -N, TP, and TDP levels at Station 308 were lower in 2010 compared to the

previous 2 yr (Table 3.25). However, PP, TSS, and concentrations were higher in 2010.
These concentrations were likely higher because the samples in 2010 were collected during rainfall
runoff; whereas, the samples in 2008 and 2009 were collected during snowmelt.

3

E. coli
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Figure 3.42. Pooled rainfall water at East Field site on July 14, 2010.
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Manure application effects on water quality - This site has upstream (308) and downstream (306)
monitoring stations and one edge-of-field monitoring station (307) as previously described. In
2010, as well in the previous 2 yr, minimal flow occurred at Stations 306 and 308, and no
connective flow was observed between these two stations since after the study began. We have no
useful pre-manure application data for Stations 306 and 308, and therefore, these stations cannot
be used for pre- and post-manure application comparisons. The only possibility to assess the
effects of manure application is with the edge-of-field Station 307.

The EFD site is different from most of the other BMP sites because of the conversion from
annual crop to alfalfa, which has compromised our ability to compare a BMP effect between the
pre-BMP and post-BMP phases. Instead, this provided an opportunity to test the potential effects
of surface application of liquid manure on alfalfa. If there is no significant difference in water
quality parameter concentrations between the pre- and post-manure application phases, the null
hypothesis would be accepted, and this would suggest that liquid manure application did not cause
any negative effect on runoff water quality. Because no runoff occurred at Station 307 in 2010,
preliminary comparisons between the pre- and post-phases could not be made at this time.
However, with no runoff, the surface applied liquid manure posed no risk to surface water quality
in 2010.

The third year of pre-manure application monitoring was concluded after manure was applied in
early July 2010. Highlights of this site included:

Implemented a manure management plan to assess the environmental impact of liquid
manure application on alfalfa based on P removal and setbacks.

In 2010, soil extractable N and STP concentrations were not excessive in the soil. Soil-test P
was just above the agronomic threshold.

There w

3.6.3.7 Summary and Future Work
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as no significant yield difference between the manured and non-manured areas.

In 2010, as well in the previous 2 yr, minimal and non-connective flow occurred at Stations
306 and 308. Therefore, the evaluation of manure application will rely on the edge-of-field
Station 307.

No flow occurred at the site in 2010 prior to manure application in early July. Therefore, the
pre-phase will only include water quality data from 2008 and 2009.

With no runoff, the surface applied liquid manure posed no risk to surface water quality in
2010.

Total N, ON, NH -N, TP, and TDP levels at Station 308 were lower in 2010 compared to the

previous 2 yr. However, PP, TSS, and concentrations were higher in 2010.
3
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Table 3.25 . Average values for runoff water quality parameters measured at the upstream Station 308 of the

East Field site from 2008 to 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS E. coli

Year y -------------------------------------------- (mg L-1) --------------------------------------------- (mpn 100 mL-1)

2008 5.1 3.1 1.6 0.37 1.12 1.09 0.09 5.4 20.0
2009 2.4 2.1 0.1 0.14 0.64 0.53 0.10 30.0 3.25
2010 1.1 0.9 0.1 0.05 0.52 0.36 0.16 40.0 5045
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids, E. coli =
Escherichia coli.
y 2008 n=8 (snowmelt), 2009 n=2 (snowmelt), and 2010 n=4 (rainfall).



The post-manure phase monitoring of runoff water quality will continue in 2011. Liquid manure
will be applied shortly after the first cut of the alfalfa crop in 2011. The manure application rate
will be based on 1 yr of P removal by the harvested alfalfa. Crop yield will also be measured in the
manured and non-manured areas.

3.6.4 South Field

3.6.4.1 Site Description

The SFD is in the SW8-40-27-W4 (Figure 3.4). The size of the management unit is 65 ha;
however, only 51 ha are included in the BMP site. Two shallow drainage channels enter the SFD
site from the west and converge into a single shallow channel within the BMP site (Figure 3.43).
This channel flows to the northeast and exits the quarter section. The north branch is 518 m long
and the south branch is 684 m long. After the confluence of the branches, the channel that reaches
the boundary of the quarter section is 257 m in length. Connective flow from the upstream stations
to the downstream station seldom occurs. The channels are often farmed through. Land use is
currently annual cereal crop production; however, forage has been part of the rotation. Manure is
applied annually in the spring as well as inorganic fertilizer. Further information regarding this site
is reported in Olson and Kalischuk (2008, 2009, 2010).

Liquid manure was applied from April 12 to 19, 2010 at a rate of 47.9 Mg ha and incorporated
from April 15 to 22. The field was harrowed from May 11 to 13. Inorganic fertilizer was
broadcasted on May 17 on the central portion of the field with 194 kg ha of 63-0-9-4.8 (Figure
3.43). Most of the field was seeded to barley from May 21 to 22 and rolled on May 26. A small,
5.7-ha strip along the south edge of the field was seeded to Italian rye grass and under seeded with
alfalfa from May 21 to 22. The barley portion of the field was sprayed with herbicide on June 15.
Also in June, the north and south sections of the barley crop received an application of 6-18-6
foliar fertilizer at 4.94 L ha of product (Figure 3.43). The first cut of the rye grass consisted
mostly of weeds; whereas, a second cut in mid August yielded 1.24 Mg ha (wet weight). The
barley was desiccated about September 20. The barely crop was harvested for grain on October 4
and 10, yielding 4.43 Mg ha . The yield was close to the prediction of 4.4 Mg ha from the
nutrient management plan. The barley straw was then baled about 1 d later. The field was
cultivated with disks and harrows about 1 wk later.

The BMP plan focused on the method and location of manure application as well as a
permanent vegetative buffer area around the outlet of the field drainage channel (i.e., by Station
314) (Figure 3.43).

A nutrient management plan was developed based on soil samples
collected in fall 2009 and manure samples collected in 2008 and 2009. The AFFIRM program
(AAFRD 2005b; Appendix 4) predicted that 67 kg ha N and no P were required for the 2010 crop
year under medium moisture conditions. This was slightly higher than the recommended rate
reported (62 kg ha ) in Olson and Kalischuk (2010). The difference was due to a slight adjustment
to the investment ratio used in the AFFIRM program, from 2.1 to 2. It was predicted that residual
N from manure applied in 2008 and 2009 provided 10.6 kg ha of crop available N in 2010.
Therefore, the net amount of N required was 56.4 kg ha . To provide this amount of crop available
N from manure, and application rate of 43.4 Mg ha was calculated.

3.6.4.2 Routine Management Activities in 2010

3.6.4.3 Beneficial Management Practices Activities in 2010

Nutrient management plan.
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Manure application. Manure at the SFD site is generally annually applied in the spring after
snowmelt and before seeding. Spring application of manure can increase nutrient uptake efficiency
and avoid the spring snowmelt period when the risk of nutrient loss to surface runoff is often the
greatest.

The intended manure BMP plan included a modification to the method and location of manure
application. The manure was to be injected rather than surface applied and incorporated.
Unfortunately, the manure injection equipment was unavailable at the time the producer needed to
apply the manure, and as a result, the BMP of manure injection was forfeited in 2010. Instead, the
liquid dairy manure was surface applied and then incorporated, which has been the normal practice
at this site. The modification in the application location of the BMP plan was successfully
completed. A setback distance of 30 m from the drainage channel was used, as outlined by AOPA
(Province of Alberta 2010). The manure setback was implemented along the defined portion of the
drainage channel, extending 190 m upstream from edge-of-field Station 314 (Figures 3.43 and
3.44).

210

Figure 3.43. The South Field site showing the location of the three water monitoring stations
(Stations 314, 315, and 316), soil sampling points, the 30-m setback along a portion of the
main drainage channel, grass buffer zone near Station 314, fertilized areas, and crop types
used in 2010.
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As indicated above, the actual application rate used in April 2010 was 47.9 Mg ha , which was
slightly higher than the recommended rate of 43.4 Mg ha as determined by the nutrient
management plan. The manure was sampled at the time of application and later analyzed. The TN
concentration was 1.4 fold and TP concentration was 1.7 fold higher in the actual manure applied
compared to the nutrient content estimated from 2008 and 2009 samples used in the nutrient
management plan. With the higher application rate and higher TN concentration, the amount of
available crop N applied was 72.8 kg ha , which was about 30% more than the amount
recommended. In addition, the producer also applied commercial fertilizer N to the middle of the
field at a rate of 122 kg ha N, which added considerably more N than was recommended. In total,
an excess of 138 kg ha N was added. The crop yield in 2010 was the same as predicted by the
AFFIRM program, and therefore, it was unlikely the crop removed more than was predicted. Even
though the barley straw was baled and removed, most of the nutrients in a mature cereal crop are
in the grain. Commercial foliar fertilizer was also applied on the south and north ends of the field;
however, the amounts of N and P were small at less than 0.5 kg ha .

The actual amount of TP applied was 35.9 kg Mg . It was estimated that a yield of 4.4 Mg ha
of barely grain would remove 16.4 kg ha TP. The amount of TP applied in manure was a little
more than twice the amount the crop may have removed. Even though no P application was
recommended, the STP concentration at this site was not excessive. It is unlikely, in this case, the
excess P applied would cause a significant risk to surface runoff water quality. However, continued
excess application will result in P accumulation in the surface soil and the potential risk of P loss in
runoff may increase with time. Regular soil testing is recommended to monitor STP.

-1

-1

-1

-1

-1

-1

-1 -1

-1

211

Figure 3.44. Manure setback staking at the South Field site in April 2010.
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Grass buffer near Station 314.

3.6.4.4 Cost of Beneficial Management Practices

This field has a very flat drainage area and the flow in the
drainage channel is often non-connective. Therefore, a grass buffer along the entire drainage
channel was not justified since it would result in an 8.5-ha area loss to the producer with minimal
environmental benefits. Instead, the area around the edge-of-field Station 314, where the runoff
flow is concentrated, was targeted. A localized, 30-m wide semi-circle grass buffer around Station
314 was established (Figure 3.43). This area receives a significant amount of runoff from the
drainage channel as well as flow from along the northern edge of the field. A grassed buffer would
improve infiltration as well as trap sediments, reducing the amount of nutrients leaving the field.
The 0.14-ha area was seeded at a rate of 15.6 kg ha with a low land grass mixture on May 25,
2010. The grass mixture consisted of 35% orchardgrass (Kay), 25% timothy (Climax), 20%
creeping red fescue, 10% alsike clover, and 10% reed canary grass (Palaton). The seed was
broadcast with a push-type spreader on top of the seeded barley and rolled on May 26. The low
land mixture was chosen for the location due to its tolerance to moist soils. However, the grass
buffer failed to establish because germination was very sparse and as a result the area was
cultivated in the fall. Another attempt at seeding the grass buffer is proposed in spring 2011.

Costs for the BMP implementation in 2010 included the cost of soil and manure sampling and
analysis, flagging the 30-m manure setback, producing a nutrient management plan, and seeding
the grass buffer.

-1
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3.6.4.5 Soils

Methods. Soil samples collected in 2010 at the SFD site included (1) agronomic soil samples and
(2) soil-test samples. The agronomic samples were collected on May 26, 2010 after seeding and on
October 18, 2010 after all field activities were completed. Sampling points were on a 200- by 200-
m grid covering the area of the BMP site. The 2010 sampling points were located using a GPS unit
and were 5 m east of the 2007 soil sampling points. There were a total of 13 sampling points. In
the spring, a Dutch auger was used to collect five, 0- to 15-cm core samples at each sampling
point, and the samples were then mixed together and sub-sampled (about 1 kg). Samples were air
dried, ground (< 2 mm), and sent to the laboratory for analysis. Soil samples were analyzed for
extractable NO -N, extractable NH -N, and STP. The fall sampling was carried out using a truck-

mounted hydraulic coring unit in conjunction with the soil-test sampling. The fall sampling points
were located 5 m east of the 2007 sampling points.

3 4

Soil sampling z $102.75 4 h

Manure samplingy $345.00 2 h
Manure setback - 2 h
Nutrient management plan - 1 h
Grass buffer $30.00 2 h

Total $477.75 11 h

z Three samples (0-15, 15-30, 30-60 cm) were submitted in fall
2009, and the cost of analysis was $34.25 per sample.
y Four samples were submitted in April 2010, and the cost of
analysis was $86.25 per sample.



The soil-test samples were obtained by collecting a single 60-cm deep core at each grid
sampling point in three increments: 0 to 15 cm, 15 to 30 cm, and 30 to 60 cm. Samples from all the
sampling points were mixed per incremental layer and sub-sampled (about 1 kg). Samples were air
dried, ground (< 2 mm), and sent to the laboratory for analysis. Soil samples were analyzed for
extractable NO -N, extractable NH -N, and STP.

Nutrient concentrations remained relatively unchanged in 2010
compared to the previous years (Table 3.26). Nitrate N and NH -N concentrations were slightly

lower in the fall compared to the spring in 2010; however, the reverse was true for STP. Average
STP in the fall of 2010 was the highest observed since commencement of the study at 79 mg kg .
Among the sampling points within the field, STP ranged from 50 to 111 mg kg in 2010.

Results of the soil-test samples collected in fall 2010 were used to develop nutrient
recommendations for the 2011 crop year (Table 3.27). The AFFIRM software (AAFRD 2005b;
Appendix 4) was used to predict nutrient requirements. Predicted nutrient requirements, depending
on soil moisture conditions, for feed barley and CWRS wheat ranged from 22 to 67 kg ha for N.
For a canola crop, AFFIRM predicted an N requirement of 56 mg kg for dry conditions and 163
mg kg for wet conditions. No P was recommended for either crop.

Liquid dairy manure was applied during mid April 2010. Manure samples were
collected on April 13 and 15 while the manure application equipment was being filled from the
storage lagoon. The liquid manure was agitated as the lagoon was emptied. Four, 1-L samples were
sub-sampled from four pails filled under the lagoon pump. The samples were frozen and sent to the
laboratory for analysis.

The total N, P, and K concentrations were higher in 2010 compared to
2008 and 2009 (Table 3.28). Total S concentration was either the same or higher in 2010 and total
Na concentration tended to be lower in 2010. The average values obtained for NH -N, TN, TP, and

TK concentrations in the 2010 manure samples were similar to typical values used in Alberta
(AAFRD 2000).
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Results and discussion.

3.6.4.6 Manure

Methods.

Results and discussion.

-1

-1

-1

-1

-1

213

Table 3.26 . Average concentrations for nitrate nitrogen (NO 3-N), ammonium nitrogen (NH4-N), and soil-test

phosphorus (STP) for the agronomic soil samples (0 to 15 cm) collected from 2007 to 2010 at the South Field

site.

NO3-N NH4-N STP

Season and year )-------------------------------- (mg kg-1 --------------------------------

Fall 2007 7 6 66
Spring 2008 31 4 70
Fall 2008 18 4 78
Spring 2009 25 5 65
Fall 2009 6 5 66
Spring 2010 28 8 53
Fall 2010 18 5 79

)-------------------------------- (mg kg-1 --------------------------------

Table 3.27. Soil-test results for nitrate nitrogen (NO 3-N), ammonium nitrogen (NH4-N), and soil-test

phosphorus (STP) for samples collected on October 18, 2010.

Soil Layer
(cm)

NO3-N NH4-N STP

0 to 15 13.3 3.2 72.7
15 to 30 7.6 2.1 6.9
30 to 60 2.7 2.8 4.2
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The results from 2008 and 2009 were used in the nutrient management plan to calculate manure
application in spring 2010. The results for 2010 samples were used to confirm the amount of
nutrient actually applied compared to the amount recommended based on the nutrient management
plan. As previously described in Sub-section 3.6.4.3, the amount of actual total N and P applied
was greater than recommended amounts because, in part, of the higher nutrient concentrations than
what was used in the nutrient management plan calculations.

The underlying assumption is that applying manure without a nutrient management
plan and setbacks is contributing dissolved nutrients in rainfall and snowmelt runoff at this site.
The null hypothesis is that the implementation of BMPs (i.e., manure application based on crop P
removal and using setbacks) will have no affect on water quality parameter concentrations in
runoff at this site.

This site was instrumented with three water monitoring stations. Stations 315 and 316
were located upstream at two entry points to the field, and Station 314 was located downstream at
the exit point (Figure 3.43). All three stations were equipped with circular flumes and Isco
automated water samplers. Nine rainfall runoff and two snowmelt samples from Station 314, four
rainfall runoff samples from Station 316, and one rainfall runoff sample from Station 315 were
collected in 2010.

Snowmelt generated most of the surface flow at the SFD site in 2010
(Figure 3.45). There was no flow recorded at the upstream Station 315 in 2009 or 2010. Snowmelt
generated a flow volume of 4795 m at the downstream Station 314 from March 7 until March 22.
Two small rainfall runoff events occurred on June 10 and July 14 at Station 314 with a total flow
volume of 19 m . There was no snowmelt at Station 316 in 2010; however, two rainfall runoff
events generated 935 m in June and July. The snowmelt flow volume at Station 314 may be
inaccurate as freeze-thaw conditions (Figure 3.46a,b) and pooling in front and back of the flume
(Figure 3.46c,d) affected runoff at this station. The pooling of water was exacerbated by the low
slope and buildup of snow and ice in the drainage channel downstream of the flume; however,
attempts were made to collect water samples during active flow when pooling was minimal. There
was 1.4-fold more flow in 2010 (4814 m ) than in 2008 (3,416 m ) and 4.2-fold more flow than in
2009 (1,148 m ) at Station 314.

Most of the flow was likely due to pooling caused by the downstream snow and ice obstructions
as there was less than normal precipitation during the winter months in Whelp Creek (Sub-section
3.2.2).

3.6.4.7 Water Flow and Quality

Hypothesis.

Methods.

Results and discussion.
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3

3 3
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Table 3.28 . Annual average water, nutrient, and solid content of liquid dairy manure at the South Field site.

Water NH4-N Total N Total P Total K Total S Total Na Solids
Year nz (%)y -------------------------------- (kg Mg-1)y -------------------------------- (%)y

2008x 3 98.8 2.7 3.0 0.3 1.6 0.1 0.6 1.2
2008w 3 95.2 2.1 3.0 0.4 2.3 0.3 0.3 4.8
2009 3 91.7 1.9 3.3 0.6 2.8 0.4 0.5 8.3
2010 4 90.9 2.0 4.1 0.8 3.3 0.4 0.4 9.1
z Number of samples.
y Expressed on a wet-weight basis.
x Sampled May 6, 2008.
w Sampled May 14, 2008.
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Figure 3.45. Hydrographs for downstream Station 314 at the South Field in 2010.
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Figure 3.46. Images taken at Station 314 showing (a) snowmelt runoff water pooled upstream
and (b) snow in drainage channel downstream on March 9, 2010, and (c) runoff water frozen
upstream and (d) downstream on March 10, 2010.
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The main focus for water quality at this site was at the downstream Station 314. However,
Stations 315 and 316 were installed to characterize upstream water contributions entering the field.
The majority of the flow leaving the field at Station 314 occurred before March 22 (99.8%) and
there was no flow generated at either upstream stations during snowmelt in 2010. In addition,
visual observations during rainfall runoff confirmed that flow through Station 316 did not reach
Station 314. In 2008 and 2009, it was also observed that the upstream stations did not contribute to
the flow at Station 314 (Olson and Kalischuk 2009, 2010). As a result, Station 314 will be treated
as an edge-of-field site in the pre-BMP phase.

Concentrations of water quality parameters at the Station 316 were generally higher compared
to Station 315 in 2010, except for PP and TSS (Table 3.29). This is consistent with the results from
2008 when runoff occurred at both stations. In 2008 and 2009, TP concentrations at Station 316
were the highest measured in the WHC Sub-watershed (Olson and Kalischuk 2009, 2010). The
higher concentrations at Station 316 may be caused by a wooded area immediately to the west of
the station, a homestead south of the wooded area, and manure that was applied very close to the
fence line and may have drained to the flumes (Olson and Kalischuk 2009, 2010). It is interesting
to note that the TN, ON, NO -N, NH -N, TP, and TDP concentrations were lower during rainfall

runoff in 2010 at Stations 315 and 316 compared with snowmelt in the previous 2 yr (Table 3.29).
However, the concentrations were much higher at Station 316 in rainfall runoff in 2010
compared with snowmelt in the previous 2 yr. This is consistent with higher soil microbial activity
in spring and summer months in the watershed.

In 2010, average concentrations of all N parameters, PP, and TSS were higher at downstream
Station 314 compared to the two upstream stations (Table 3.29). This was also true for TP, TDP,
and between Stations 314 and 315, but opposite between Stations 314 and 316. In 2008 and
2009, concentrations of most parameters were generally higher at Station 316 compared to Station
314. In contrast, most parameters were generally lower at Station 315 compared to Station 314 in
2008 and 2010. These differences between the upstream (Station 316) and downstream (Station
314) stations suggest the field was a net source of nutrients and sediment during runoff in 2010.
This is in contrast to the previous 2 yr when concentrations and runoff volumes were higher at the
upstream Station 316 suggesting the field was a net sink for nutrients (Olson and Kalischuk 2009,
2010). Because run-on from Stations 315 and 316 has not been connective with runoff at Station
314 and there was pooled water at the two upstream stations prior to lowering the flumes in fall
2009, it is likely that the major source of the nutrients and sediment in 2010 was runoff from a
portion of the field just upstream of Station 314.

At Station 314, TN concentration was highest at the onset of snowmelt runoff and then
decreased with time (Figure 3.47a). Total N concentration was also high during the rainfall runoff
period. This was also true for ON and NO -N. The NH -N concentrations remained more stable,

but tended to decrease with time during the snowmelt. Total N was composed mainly of ON (77%)
during snowmelt and mainly of NO -N (56%) during the two small rainfall events.

Total P at Station 314 was composed mainly of TDP in snowmelt (93%) and rainfall (82%)
runoff in 2010 (Table 3.29). Total P, TDP, and PP concentrations were highest at the onset of
snowmelt on March 10 and decreased throughout the snowmelt and rainfall runoff periods (Figure
3.47b). There was a small increase in PP during the June rainfall runoff event.
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Concentrations of TSS and PP were low in all 3 yr and this is likely due to the low flow activity
and the low slope gradient at Station 314. The TSS concentrations remained relatively stable in
2010, with small increases in concentration during the two small rainfall runoff events (Figure
3.47c). The concentrations of were low during the snowmelt period in all three 3 yr (Table
3.29); however, a large peak occurred on March 17, 2010 (Figure 3.47d). These results
reflect the colder conditions and minimum biological activity during spring snowmelt.

Concentrations of ON, TP, TDP, and at Station 314 were higher in 2010 compared to the
two previous years. Total N, NO -N, NH -N, PP, and TSS concentrations were higher in 2008

compared with 2009 and 2010.

Annual loads of TN, ON, TP, and TDP were higher in 2010 compared with 2008 and 2009
(Table 3.30) and this was mostly due to the greater flow volume in 2010. The NO -N, NH -N, PP,

and TSS loads were higher in 2008 compared to 2010, and this was due to higher concentrations.

As indicated above, because of the lack of connectivity flow
between the upstream stations and the downstream station, BMP assessment will be based on
Station 314 as a single edge-of-field station influenced by runoff generated within the field, with
no influence from runon through Stations 315 or 316. A significant decrease in water quality
parameter concentrations from the pre-BMP phase to the post-BMP phase would signify a positive
effect by the BMPs and a rejection of the null hypotheses.

E. coli
E. coli

E. coli

BMP effects on water quality -
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Table 3.29 . Average concentrations for runoff water quality parameter measured at the upstream and

downstream monitoring station at the South Field site from 2008 to 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS E. coli

Stationy ------------------------------------------- (mg L-1) ------------------------------------------- (mpn 100 mL-1)

2008 samples

316 (9s) x 11.4 5.18 4.88 1.22 6.64 6.19 0.48 48 6
315 (1s) x 2.67 2.17 0.34 0.13 0.64 0.57 0.08 5 41
314 (13s) 4.94 3.37 0.43 1.04 1.62 1.38 0.22 22 8
314 (1r) 6.42 2.65 3.59 0.15 2.18 1.79 0.39 72 1600
314 (14a) 5.05 3.32 0.65 0.97 1.66 1.41 0.23 25 153

2009 samples

316 (5s) 12.6 6.41 5.34 0.83 5.50 5.23 0.27 8 59
314 (14s) 3.75 2.39 0.95 0.37 1.25 1.13 0.12 16 4

2010 samples

316 (6r) 2.74 2.46 0.21 0.04 2.73 2.65 0.08 11 10,511
315 (1r) 1.30 1.14 0.11 0.03 0.54 0.42 0.12 34 387
314 (2r) 4.18 1.71 2.36 0.08 1.39 1.14 0.24 44 1129
314 (9s) 3.68 2.84 0.63 0.16 2.87 2.66 0.22 12 154
314 (11a) 3.77 2.63 0.95 0.15 2.60 2.38 0.22 18 331
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids, E. coli =
Escherichia coli.
y Number of samples and event types are shown in parentheses where s = snowmelt, r = rainfall, and a = all events.
x In the previous two progress reports (Olson and Kalischuk 2009, 2010), a sample collected on March 24, 2008 at
Station 316 was labelled as Station 315 on the chain of custody and laboratory report. This sample had been analyzed
in the previous 2 yr as a Station 315 sample, when it was actually collected at Station 316. This was confirmed from
field observation log books.
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Figure 3.47. Concentrations of (a) total nitrogen (TN), organic nitrogen (ON), nitrate
nitrogen (NO -N), and ammonia nitrogen (NH -N); (b) total phosphorus (TP), total dissolved

phosphorus (TDP), and particulate phosphorus (PP); (c) total suspended solids (TSS), and
(d) measured at the downstream monitoring Station 314 at the
South Field in 2010.
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In 2010, only two water quality samples were collected from rainfall events during the post-
BMP phase at Station 314. Therefore, the BMP effects will not be determined until a full year of
data has been collected and snowmelt runoff can be included in pre- and post-BMP phase analysis.
Also, only a portion of the BMP plan was successfully implemented. The 30-m manure setback
was initiated in April 2010 when manure was applied; however, other aspects of the BMP plan was
not successful including manure was surface applied rather than injected, the vegetative buffer
failed to establish, and nutrients were over applied compared to the recommended nutrient
management plan.

The third year of pre-BMP monitoring was completed after snowmelt in March 2010. Post-
BMP monitoring started after manure application in April. Highlights for this site included:

A manure nutrient management plan was implemented; however, the amount of N and P
applied exceeded the crop requirements. A 30-m setback was successfully applied. Manure
injection and grass buffer BMP implementations were unsuccessful.

Soil NO -N and STP concentrations were not excessive in 2010. The nutrient management

plan only recommended the application of N.

In 2010, as well in the previous 2 yr, the upstream stations did not contribute to field outflow.
As a result, pre-BMP evaluation will rely solely on Station 314 as an edge-of-field station.

Snowmelt generated nearly all of the flow at Station 314 in 2010, and total flow volume in
2010 was higher than in 2008 and 2009. Only two water samples were collected from rainfall
events after the BMPs were implemented in 2010.

Total N was composed mainly of ON, while total P was composed mainly of TDP in 2010.

Concentrations of TSS and PP were low in all 3 yr and this is likely due to the low flow
activity and the low slope gradient at this site.

Concentrations of ON, TP, TDP, and at Station 314 were higher in 2010 compared to
the previous 2 yr. Total N, NO -N, NH -N, PP, and TSS concentrations were higher in 2008

compared with 2009 and 2010.

Because the implementation of the BMP plan was only partially successful and too few post-
BMP water samples were collected, a comparison between pre-BMP and post-BMP cannot be
made at this time. In 2011, liquid manure injection will be attempted again in the spring, as well as
reseeding of the grass buffer area. A nutrient management plan and setbacks will continue to be
used. The post-BMP phase started in May 2010 will continue in 2011 and 2012.

3.6.4.8 Summary and Future Work
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Table 3.30 . Water quality parameter loads for the water monitoring Station 314 at the South Field site from

2008 to 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS
Year --------------------------------------------------- (kg) --------------------------------------------------

2008 17.3 12.3 1.32 3.28 5.98 5.40 0.80 76.9
2009 4.3 2.7 1.14 0.38 1.41 1.30 0.12 15.1
2010 21.3 19.3 1.04 0.96 16.2 15.5 0.68 28.2
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids.
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3.6.5 North Pasture

3.6.5.1 Site Description

3.6.5.2 Routine Management Activities in 2010

3.6.5.3 Beneficial Management Practices Activities in 2010

Pasture size.

Bioengineering.

The NPS site is in NW15-40-27-W4 and has been managed by the current producer for
approximately a decade. The North Pasture site consists of two pastures. At the start of the study,
cattle grazed in Pasture A (Figure 3.48). As part of the BMP plan, the grazing area was doubled by
including Pasture B. The total area of the pastures is 9 ha, and the pastures are used to graze dairy
heifers (Figure 3.49).

Whelp Creek enters the Pasture A in the northwest corner via a road culvert and flows
diagonally until it exits at the southeast corner of the pasture. The northwest inlet point is the
deepest part of the creek in the pasture. This area is the severely impacted by livestock access, high
volume of flow from the culvert during spring runoff, proximity to adjoining cropped field (bank
slumping), and the lack of vegetation (Figure 3.50). In the past, some measures have been taken to
alleviate the erosion with rip-wrap, however, degradation has continued.

In 2010, management activities, such as cattle herd size and fertilizer application, continued as
in previous years. Cattle grazing started, with a herd size of 11 heifers, in Pastures A and B on May
31. This herd size continued until July 7 when an additional 12 heifers were added. Two weeks
later on July 21, the total herd size was decreased to 17 heifers. Cattle continued to graze until
August 18, when they were removed for weed control measures. Mowing was the weed control
measure used by the producer. At the time of mowing, the grass was well grazed and only areas
with high weed density were mowed. The mowing did not effect the production cage (Sub-section
3.6.5.5) sampling points. Almost a month passed before cattle were allowed to graze the pastures
again with 10 heifers starting on September 10. This number of cattle remained in the pastures
until November 1 when they were removed. Cattle were in the pasture for 133 d. The pasture was
fertilized on July 17 with N fertilizer broadcasted at a rate of 112 kg ha .

The NPS site has two main sources for watering cattle. One source is Whelp Creek in Pasture
A. The second watering source is from a nose-pump (Figure 3.51). Water for the nose-pump came
from a shallow groundwater well. The nose-pump used in Pasture A was connected to another
nose-pump used in a separate pasture unrelated to the North Pasture site. The nose-pumps were
implemented by the producer before the NPS was established as a BMP site.

The pasture size was increased by including Pasture B (Figure 3.48) during the
grazing period, and this was initiated in 2009 by the producer, even though the implementation of
the original BMP plan was scheduled for 2010. The use of Pasture B (5 ha), along with Pasture A
(4 ha), was continued in 2010. Including Pasture B essentially reduced the stocking density.

As indicated above, where WHC passes through a culvert and enters Pasture A,
the stream channel is highly degraded (Figure 3.50). This area was fenced to exclude the cattle and
bioengineering was established in the middle of May 2010. A total of 3 d were required to build
terraces and plant willows within the terraces.

Initially willows stakes were cut from a nearby growing area. The stakes were allowed to soak
in a pond for 12 d. Two terraces were constructed along the north bank of the creek (Figure 3.52).
Terraces were placed parallel to each other and the creek. One terrace was slightly higher than the
other. The total length of each terrace was slightly more than 14 m. The terraces were made of
wood and packed soil for willow planting.

-1
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The willow stakes were transported to the North Pasture site and cut into 0.3- or 0.6-m lengths.
In doing so, a 45 cut was used to assist the willow in rooting and establishing new growth. It was
found that creating planting holes for the willow within each terrace was difficult due to excessive
gravel in the construction area. As such, planting holes were created using a crowbar and a
hammer. The planting holes were place approximately 0.3 m apart and staggered in each terrace.
Each willow stake was planted so that approximately one-third of its length was exposed. This
combination of terracing and planting utilized the area in the best possible way, creating a stable
creek bank (Figure 3.52). The bioengineering and encompassing creek are excluded from cattle via
a four barbwire fence.

o
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Figure 3.48. The North Pasture site showing Whelp Creek, Pastures A and B, water
monitoring stations (Station 302 and 303), the excluded and bioengineering area, and nose-
pump location.

Nutrient Beneficial Management Practices – Progress Report – Whelp Creek Sub-watershed2010

Pasture A

Pasture B

exclusion area

and bioengineering

303

302

nose-pump

0 100 200 m

N

S

W E

Whelp Creek

fence



222

Figure 3.49 Dairy cattle grazing in the North Pasture site in October 2010. .

Figure 3.50. Creek bank erosion near Station 303 at the inlet to the North Pasture site in May
2009.

Figure 3.51. Nose-pumps used at the North Pasture site.



3.6.5.4 Cost of Beneficial Management Practices
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Figure 3.52. Images of the bioengineering in the northwest corner of Pasture A at the North
Pasture site in May 2010.

3.6.5.5 Forage Production Monitoring

Hypothesis.

Methods.

Production cages were placed in the NPS site to test the null hypothesis that the
implementation of BMPs (i.e., increase pasture size) will have no effect on grass, forbs, and litter
production. The BMP of increasing the grazing area, which effectively reduced the stocking
density, was implemented in 2009. Collecting production cage data also started in 2009 and no
production cage data were collected in the pre-BMP year of 2008. Therefore, pre- BMP and post-
BMP comparisons cannot be made. However, if it is assumed that potential recovery of an over-
grazed pasture may require a few years, then production cage data may show improvement with
time during the post-BMP phase. Based on this, a significant reduction in the difference between
inside and outside of the cages during the post-BMP phase for grass, forbs, or litter would signify a
positive BMP effect and a rejection of the null hypothesis.

Three, 1.5-m production cages were placed in the NPS site before the grazing season
began in 2010. On October 21, 2010, two, 0.25-m vegetation samples were clipped for each cage:
one within the cage and the other outside of the cage. Clippings were separated by grass, forb, and
litter and placed in perforated paper bags. The samples were dried in a drying room at 35°C for 5 d
and were weighed to determine dry-weight yield.

2

2
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2010 Willow stakesz $0.00 40 h

Terracing
y

$44.00 4 h
Building exclusion fencey $130.00 4 h

Total $174.00 48 h



For each year and for each biomass type (grass, forb, and litter), a single population of yield
differences was created by subtracting the outside cage yield from the inside cage yield to create
one value for each cage. Statistical comparisons were made by comparing the average yield
difference values between the first (2009) and second (2010) post-BMP years. Statistical analyses
of the cage harvest data were completed using SAS version 9.1 (SAS Institute Inc. 2003). The
Univariate procedure was used to test the distribution of the data and the Means procedure was
used to generate descriptive statistics. The difference between the 2 yr was tested using the Least
Squared Means test in the Mixed procedure with variance components, as the variance structure,
and the repeated and pdiff options. A significance level of < 0.10 was used in this study.

The average grass production inside the cages was 4161 kg ha , while
grass production outside of the cages was 83 kg ha . Average forb production was 42 kg ha inside
of the cage and no forbs outside of the cage. Average litter production was 306 kg ha inside the
cage and 119 kg ha outside the cage. Visually comparing the cage enclosures and grazed areas,
the NPS appeared to be overgrazed with minimal grass, forbs, and litter existing outside of the
cages near the end of the grazing season (Figure 3.53).

The average yield differences between inside the cage and outside the cage for grass, forb, and
litter production in 2009 were not statistically different from the inside and outside cage yield
differences in 2010 (grass: F = 0.15, = 0.722; forb: F = 1.84, = 0.246; litter: F = 1.33, =
0.314). It is unknown whether or not there was a BMP effect between the pre-BMP and post-BMP
phases because of a lack of pre-BMP data; however, the results support the null hypothesis in that
at least no improvement in rangeland yield occurred from 2009 to 2010. The pasture is considered
to be in poor condition. Even though the stocking density was reduced by increasing the pasture
size from 4 to 9 ha, the pasture is still overstocked. The herd size varied from 11 to 23 animals
during the 2010 grazing season, with a time-weighted average of 13 animals. About 32 ha of
pasture land, in similar poor conditions, are recommended for a herd this size for a period of 133 d
in this area (Kaulbars 2009). Even for excellent to good pasture in this area, 11 to 16 ha of land are
required to support 13 animals and to maintain good pasture conditions. It is possible that a BMP
effect will be unlikely if overstocking continues at the NPS site. A reduction in the herd size and/or
grazing period or even a complete rest period for one or more seasons may be required to achieve
pasture recovery.

P

P P P

Results and discussion.
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Figure 3.53. Production cage at the North Pasture site before clipping on October 21, 2010.



3.6.5.6 Water Flow and Quality

Hypothesis.

Methods.

Results and discussion.

The underlying assumption is that cattle grazing and fecal pats are contributing
nutrients, sediments, and bacteria in rainfall and snowmelt runoff at this site. The null hypothesis is
that implementation of BMPs (increased pasture size, bioengineering) will have no affect on water
quality parameter concentrations in runoff at this site.

The NPS site is a small pasture bisected by the main branch of WHC just before it
reaches the sub-watershed outlet (Figure 3.4). Two water quality monitoring stations were
installed: one upstream (Station 303) and another downstream (Station 302) in the fall 2007
(Figure 3.48). Station 303 was at the exit of a culvert leading into the NPS site and was
instrumented with a Level Troll to measure flow, while Station 302 was instrumented with a staff
gauge. In 2010, water samples were collected four times at the upstream station and two times at
the downstream station during snowmelt. Twenty-six and 20 rainfall runoff samples were collected
at the upstream and downstream stations, respectively. Only the samples collected on the same
days at both stations were used in the comparison, which included 22 paired samples. Further
details about this site have been reported in Olson and Kalischuk (2008, 2009, 2010).

Considering the short distance (about 250 to 300 m) between the two
monitoring stations, runoff into the creek from within the pasture was likely very small. Snowmelt-
derived flow occurred at the NPS site in March and rainfall runoff occurred in May, throughout
most of June, from mid July to early August, and in late September (Sub-section 3.4; Figure 3.11).
Rainfall generated most of the flow in the creek at the NPS site in 2010, and the two largest flow
peaks measured in 3 yr occurred from July 13 to 14 and July 19 to 20, 2010 (Figure 3.54a,b). The
total snowmelt flow volume was 5154 m and total rainfall runoff volume was 495,068 m in 2010.
This was likely due to the lower than normal winter season precipitation and greater than normal
precipitation in July 2010 (Sub-section 3.2). The 2010 flow volume was about 5.6-fold and 15.7-
fold greater than the 2008 and 2009 flow volumes, respectively.

Concentrations of all parameters, except NO -N, were higher at the downstream station

compared to the upstream station in 2010. The concentrations of TN, ON, and increased the
most from upstream to downstream (Table 3.31). This trend also occurred during the 2008 rainfall
period, when there were increases in TN and ON concentrations from upstream to downstream
(Kalischuk and Olson 2009). This tendency suggests that cattle only had influence on water quality

3 3

3

E. coli
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a b

Figure 3.54. Images showing (a) flow metering at Station 303 on July 19, 2010 and (b) high
flow at Station 302 on July 14, 2010.
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during rainfall events when they grazed in the pasture. It should be noted that inorganic N fertilizer
is typically applied to the pasture in June and this could explain the increase of N during the
rainfall events in 2008 and 2010.

Average TN and TP concentrations were above the water quality guidelines for the protection of
aquatic life (1.0 mg L TN, 0.05 mg L TP; AENV 1999). Total N was mostly in organic form
(82%) and TP was mostly in the dissolved form (92 to 96%) at both stations in 2010. Total N
concentrations fluctuated throughout the rainfall runoff period (Figure 3.55a). Total P
concentrations were highest during snowmelt runoff, decreased in May, and peaked on June 10
(Figure 3.55b). The TSS concentrations were generally low, except for a high peak (176 mg L ) at
the downstream station on September 22 (Figure 3.55c). The mean concentrations were
very high during the rainfall runoff period in 2010 due to peaks on June 10 and July 14 (Figure
3.55d), and this was likely due the presence of cattle in the pasture from May 31 to July 21 and
from mid September to October in 2010. There was also an peak (98,040 mpn 100 mL ) on
June 8 at the downstream station and the cattle in the pasture were likely the cause of this peak, as
the upstream concentration was lower (1120 mpn 100 mL ) on that day. All of the runoff in 2009
and 52% of the runoff in 2008 were derived from snowmelt (Olson and Kalischuk 2009, 2010).
The much lower concentrations in these 2 yr were likely due to the cooler conditions during
the snowmelt periods (Table 3.31).

-1 -1
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Table 3.31. Average concentrations for runoff water quality parameters measured during

snowmelt at the Station 303 (upstream) and Station 302 (downstream) at the North Pasture

site in 2008, 2009, and 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS E. coli

Station ----------------------------- (mg L-1) ----------------------------- (mpn 100 mL-1)

2008 samples
y

303 4.31 2.74 1.34 0.21 1.15 1.04 0.08 5 27
302 4.41 3.04 1.13 0.22 1.13 1.00 0.11 6 19
Change

x
0.10 0.30 -0.21 0.01 -0.02 -0.04 0.03 1 -8

2009 samples
y

303 2.71 2.06 0.60 0.03 0.54 0.52 0.02 2 3
302 2.67 2.27 0.35 0.03 0.52 0.48 0.05 2 2
Change

x
-0.04 0.21 -0.25 0 -0.02 -0.04 0.03 0 -1

2010 samples
y

303 2.55 2.10 0.35 0.10 1.11 1.04 0.07 4 27,554
302 2.95 2.41 0.33 0.11 1.16 1.07 0.10 14 38,701
Change

x
0.40 0.31 -0.02 0.01 0.05 0.03 0.03 10 11,147

z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total su spended solids, E. coli =
Escherichia coli.
y There were 25 paired samplings in 2008 (21 snowmelt and 4 rainfall), two paired samplings in 2009 (2 snowmelt),
and 22 paired samples in 2010 (2 snowmelt and 20 rainfall).
x A negative number indicates a decrease in concentration from upstream to downstream.
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Figure 3.55. Concentrations of (a) total nitrogen, (b) total phosphorus, (c) total suspended
solids (TSS), and (d) measured at Stations 302 (downstream) and 303 (upstream) at
the North Pasture site in 2010.

E. coli

Nutrient Beneficial Management Practices – Progress Report – Whelp Creek Sub-watershed2010



BMP effects on water quality - This site has upstream and downstream monitoring stations. An
increase in parameter concentrations during the pre-BMP phase would suggest water quality
degradation from upstream to downstream. A significant reduction in this difference between the
upstream and downstream stations after BMP implementation would signify a positive effect by
the BMPs and a rejection of the null hypotheses. However, during the pre-BMP phase, the
concentration of many parameters actually decreased from upstream to downstream. In 2010, the
first post-BMP year, parameter concentrations had a stronger tendency to increase from upstream
to downstream. These preliminary post-BMP results suggests that the BMPs had no positive effect
on water quality and possibly other factors masked BMP effects and caused greater water
degradation in 2010 compared to the pre-BMP phase. Also, as indicated for the rangeland yield
results, the pasture remains overstocked, and this may result in no positive BMP affect in water
quality as well.

The third year of pre-BMP phase monitoring was completed in May 2010. The post-BMP phase
began with cattle grazing in May. The BMP plan included the establishment of a bioengineering
site in May and increased pasture size. Forage production cages, water sampling and general
observations continued to be utilized to assess the site. Highlights for this site included:

Grazing occurred from May 31 to November 1. The longest period of grazing on Pastures A
and B was approximately 1 mo. Herd sized varied from 10 to 23 animals.

At the end of the grazing season, the area outside of the production cages was heavily grazed
and the pasture was in poor condition. The average yield differences of grass, forb, and litter
between inside and outside the production in 2009 were not statistically different from the
yield differences between inside and outside the production cages in 2010. This suggests no
improvement to rangeland yield after 1 yr of BMP implementation. Even though the grazing
area was increased as part of the BMP plan, the combined pastures remained overstocked,
which will likely prevent pasture recovery.

Most of the flow (99%) was caused by rainfall in 2010 with peaks flows in July. The 2010
flow volume was 5.6-fold greater than in 2008 and 15.7-fold greater than in 2009.

Concentrations of nearly all parameters, except for NO -N, were higher at the downstream

station compared to the upstream station in 2010. This is in contrast to the pre-BMP phase
(2008 and 2009) when the concentration of many parameters either decreased or increased to
a lesser extent from upstream to downstream.

Preliminary post-BMP results suggest that the BMPs had no positive effect on water quality,
and that the greater than normal precipitation in 2010 masked our ability to detect changes.
On the other hand, the BMP did not eliminate the overstocking condition in the pasture, and
because of this, improvement in water quality may not occur.

The post-BMP phase monitoring will continue in 2011.

The SPS site is located in NW32-39-27-W4 and is 36-ha in size (Figure 3.4). A neighbouring
producer rents the pasture for cattle to graze through the summer and fall. A water trough is located
in the northeast part of the SPS, immediately adjacent to the barn and corrals (Figure 3.56). An
inactive, fenced off dugout is located in the northeast part of the pasture. Most often the dugout is
dry and is not a reliable source of water. The SPS site is a tame forage stand. Historically, the SPS

3.6.5.7 Summary and Future Work

3.6.6 South Pasture

3.6.6.1 Site Description
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was forested, but mass clearing of the area made way for ranching and farming practices.
Hydrology includes three drainage channels, which flow from west to east in the central part of the
SPS site. These drainage channels drain to a tree grove and wetland area. Flow is seasonal and
driven by snowmelt more so than by rainfall. Further information on this site can be found in
Olson and Kalischuk (2009, 2010).

The BMP plan was implemented in 2010 with the application of rotational grazing among three
paddocks established in the pasture. This grazing management plan was developed with the
assistance of the Rocky Mountain Forage Association (Olson and Kalischuk 2010).

On May 12, 2010, the pasture was divided into three paddocks using electric fences (Figures
3.56 and 3.57). The electric fences consisted of 1.8-m long heavy duty steel T-posts spaced every
30 m supporting the electric fence wire. The producer's existing electric fencing system supplied
voltage to operate the paddock electric fences.

3.6.6.2 Beneficial Management Practices Activities in 2010
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Figure. 3.56. The South Pasture site showing the electric fence and watering system installed
in 2010 and the water monitoring Station 324.
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Two water troughs were then installed on May 13. One trough was located between the central
and north paddocks allowing cattle to water while in either pasture. The second trough was placed
in the south paddock (Figure 3.58). A cattle barrier was constructed at each trough to protect the
trough from damage by the cattle. A waterline was trenched in the pasture to connect the water
troughs to an existing water line from a trough in the corrals. A trenching machine was rented and
approximately 600 m of 7-cm diameter plastic pipe was installed on June 2 and 3 (Figure 3.59).
The pipe was installed about 10 to 20 cm below the soil surface. After the cattle were removed
from the pasture in late fall and prior to freezing conditions, the buried pipe was drained and
cleared of water using forced air.

Cattle spent three periods (12 to 26 d) in each paddock from late spring to mid fall (Table 3.32).
The herd consisted of 35 cow-calf pairs. On bull was added on June 19. The September 30 to
October 26 rotation was the longest duration in a single paddock at 26 d in the south paddock. The
average time in a paddock was 15 d. On October 26, the cattle were allowed to graze all three
paddocks simultaneously for 4 d, after which they were removed from the SPS site.

230

Figure 3.57. Electric fence dividing two of the three paddocks at the South Pasture site.

Figure 3.58. Installation of a water trough and the underground water line at the South
Pasture site.



3.6.6.3 Cost of Beneficial Management Practices Implementation
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a b

Figure 3.59. Installation of the underground water pipe at the South Pasture site in early
June 2010.

Table 3.32. The rotational grazing schedule used for 35 cow-calf pairs and one bull, which

was added on June 19, at the South Pasture site in 2010.

Period Paddock Days in paddock

June 12 to 24 North 12
June 24 to July 8 Centre 14
July 8 to 26 South 18
July 26 to August 6 North 11
August 6 to 19 Centre 13
August 19 to September 2 South 14
September 2 to 16 North 14
September 16 to 30 Centre 14
September 30 to October 26 South 26
October 26 to 30z All 4
z The cattle were removed from the South Pasture site on October 30.

Nutrient Beneficial Management Practices – Progress Report – Whelp Creek Sub-watershed2010

Paddocks establishment (electric fence)z $549.00 14 h

Watering stations
z

$739.00 8 h
Waterline installationz $1,932.00 14 h
Waterline winterizing $120.00 8 h

Total $3,340.00 44 h
z 5% miscellaneous was added to account for nails, screws, small construction material .



3.6.6.4 Forage Production Monitoring

Hypothesis.

Methods

Results and discussion.

Production cages were placed in the SPS site to test the null hypothesis that the
implementation of BMPs will have no effect on grass, forbs, and litter production. A significant
reduction from pre-BMP (2008 and 2009) to post-BMP (2010) in the difference in yield of grass,
forbs, or litter between inside and outside of the cages during the post-BMP phase for grass, forbs,
or litter would signify a positive BMP effect and a rejection of the null hypothesis.

. Before the start of the grazing season, nine, 1.5-m cages were placed in the SPS site,
three in each paddock. On October 21, 2010, the cages were clipped using a 0.25-m frame. Grass,
forb, and litter samples were taken from inside the cage enclosure and outside the cage within a
representative grazed area. The samples were separately bagged in perforated paper bags and dried
at 35°C for 5 d. Samples were then weighed to determine the dry-weight yield. During the grazing
season, one cage in the centre paddock was knocked over. Therefore, the 2010 results and
discussion are based on eight cages.

For each biomass type (grass, forb, and litter), a single population of yield differences was
created by subtracting the outside cage yield from the inside cage yield to create one value for each
sampling location. There were 18 values for the pre-BMP phase (2008 and 2009) and eight values
for the post-BMP phase (2010). Statistical comparisons were made by comparing average yield
difference values between the pre-BMP and post-BMP phases. Statistical analyses of the cage
harvest data were completed using SAS version 9.1 (SAS Institute Inc. 2003). The Univariate
procedure was used to test the distribution of the data and the Means procedure was used to
generate descriptive statistics. The pre-BMP and post-BMP implementation differences were tested
using the Least Squared Means test in the Mixed procedure with variance components, as the
variance structure, and the repeated and pdiff options. A significance level of < 0.10 was used in
this study.

The dry-weight production of grasses, forbs, and litter were greater
within the cage enclosure than in the grazed area. In 2010, the average grass production inside of
the cage was 2488 kg ha while average grass production in the grazed area was 492 kg ha .
Average forb production was 82 kg ha inside the production cages while there was no forb
production outside of the cage. Average litter production inside the enclosure was 352 kg ha ,
while litter production outside of the enclosure was 61 kg ha .

It was found that the south paddock had the largest difference between grass and litter
production in the enclosure versus production in the grazed area. The north paddock had the largest
difference between forb production between the enclosure and grazed area. As noted above,
regardless of the paddock, there was a noticeable difference between production in the enclosure
and the grazed area with minimal vegetation existing outside of the cages at the end of the grazing
season. The pasture was considered to be in poor condition.

The average inside and outside cage yield differences for grass, forb, and litter in the pre-BMP
phase were not statistically different from the inside and outside cage yield differences in the post-
BMP phase (grass: F = 0.14, = 0.717; forb: F = 0.52, = 0.478; litter: F = 0.19; = 0.669).
These findings support the null hypothesis in that the rotational grazing BMP did not have an
effect on range quality at this site. This pasture is considered to be in poor condition, and an
estimated land base for a herd of 35 cow-calf pairs for a period of 4.5 mo in this area is 90 ha
(Kaulbars 2009), which is about 2.5-fold greater than the size of the SPS site. In addition, the
average return period to a given paddock was about 30 d and this was unlikely enough time for
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adequate re-growth of a pasture in poor condition. Overgrazing for extended periods may cause
reduced root developed and low soil nutrient status in the upper soil zone where the majority of the
roots may exist

. Because of these latter factors, several years may be required for
improvement to occur. However, this may be difficult if the overgrazing pressure is not relieved, as
in the case at this site, and a simple rotational grazing practice may not be enough to improve
rangeland yield. In fact, the herd size at this site has increased from 26 cow-calf pairs in 2008, to
30 pairs in 2009, to 35 pairs in 2010.

The underlying assumption is that cattle grazing and fecal pats are contributing
dissolved nutrients in rainfall and snowmelt runoff at this site. The null hypothesis is that the
implementation of BMPs (i.e., rotational cattle grazing) will have no affect on water quality
parameter concentrations in runoff at this site.

The SPS site has one edge-of-field water monitoring station (Station 324). Grab
samples were taken in 2008; however, in 2009, Station 324 was instrumented with a circular flume
and an automatic Isco water sampler. A total of eight water samples were collected at Station 324
from March 13 to 30, 2010. Details about this site have been reported in Olson and Kalischuk
(2009, 2010).

Runoff occurred during snowmelt; whereas, no runoff was generated by
rainfall at this site in 2010 (Figure 3.60). There was little overland flow observed at the SPS site
and the total flow volume from snowmelt was 521 m , which was less than the snowmelt flow in
2009 (677 m ). Similar to 2009, the majority of flow observed was from melting snow in the main
channel located near Station 324 (Figure 3.61). No flow volume was recorded in 2008; however,
runoff was observed for a longer period of time in 2008, from April 3 to 28 (Olson and Kalischuk
2009).

3.6.6.5 Water Flow and Quality

Hypothesis.

Methods.

Results and discussion.

3

3

(Dr. Bjorn Berg, Alberta Agriculture and Rural Development, Lethbridge, Alberta,
personal communications)
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Figure 3.60. Hydrograph for the edge-of-field Station 324 at the South Pasture site in 2010.
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Average TN concentration was 3.25 mg L and the average TP concentration was 1.34 mg L in
2010 (Table 3.33). About 79% of the TN was in the ON form and about 94% of TP was in the TDP
form. Total N and TP concentrations were greatest on the first day of the snowmelt event and
decreased throughout the rest of the event (Figure 3.62a,b). Total suspended solids concentrations
were quite low and remained below 10 mg L throughout the event (Figure 3.62c). Concentrations
of peaked on March 17 and then decreased with time (Figure 3.62d). Water quality
parameter concentrations in 2010 were either similar to or lower than in 2008 and 2009.

Nutrient and sediment loadings at the SPS site were lower in 2010 compared to 2009 for all
water quality parameters (Table 3.34). This was mainly due to the higher flow volume in 2009
(677 m ) compared to 2010 (521 m ).

-1 -1
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3 3
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a b

Figure 3.61. The South Pasture site in (a) late winter conditions showing minimal forage as
evidence of overstocking or extended grazing periods and minimal snow cover and (b) snow
in the main channel upstream of edge-of-field Station 324. Images were taken on March 18,
2010.

Table 3.33. Average concentrations for runoff water quality parameters during snowmelt

measured at the edge-of-field water monitoring Station 324 at the South Pasture site

from 2008 to 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS E. coli

Year y -------------------------------- (mg L-1) -------------------------------- (mpn 100 mL-1)

2008 2.65 2.07 0.27 0.28 1.59 1.46 0.13 27.3 56
2009 3.01 1.94 0.29 0.75 2.16 2.09 0.07 15.8 331
2010 1.92 1.22 0.30 0.37 1.34 1.26 0.08 5.3 272
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids, E. coli =
Escherichia coli.
y 2008 n = 6, 2009 n = 5, and 2010 n = 8.
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Figure 3.62. Concentrations of (a) total nitrogen, (b) total phosphorus, (c) total suspended
solids (TSS), and (d) ( ) measured at the edge-of-field monitoring
Station 324 at the South Pasture site in 2010.

Escherichia coli E. coli
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BMP effects on water quality

E. coli

- This site has a single edge-of-field monitoring station. A significant
decrease in water quality parameter concentrations from the pre-BMP phase to the post-BMP
phase would signify a positive effect by the BMPs and a rejection of the null hypotheses. The
rotational grazing management plan was initiated in June 2010 when cattle were introduced into
the pasture to begin the grazing season. All runoff in 2010 occurred prior to the grazing season,
and therefore, no post-BMP phase water quality data were collected in 2010. Possible BMP effects
will not be determined until after the first year of post-BMP data are collected in 2011.

The third year of the pre-BMP monitoring phase was completed at the SPS site in 2010. The
BMP management plan was successfully implemented in June 2010 after cattle were introduced to
the SPS site. Highlights for the site included:

Cattle were rotated among the three paddocks from mid June to the end of October. The
average grazing period in each paddock was 15 d, rotated three times during the grazing
season.

At the end of the grazing season, the area outside of the production cages was heavily grazed
and the pasture was in poor condition. The average inside and outside cage yield differences
for grass, forb, and litter in the pre-BMP phase were not statistically different from the inside
and outside cage yield differences in the post-BMP phase. The rotational BMP may be
ineffective as long as the pasture remains overstocked during the grazing period.

Runoff occurred during snowmelt and no runoff was generated by rainfall in 2010. The
runoff volume in 2010 was about 77% the amount measured in 2009.

Total N and TP concentrations were greatest on the first day of the snowmelt event and
decreased throughout the rest of the event. Total suspended solids concentrations were quite
low and concentration peaked in mid March and then decreased with time.

No surface runoff occurred during or after the grazing season (i.e., post-BMP phase).

The rotational grazing BMP will be implemented for a second year in 2011. The first year of
post-BMP monitoring for water quality data and the second year of post-BMP monitoring for
production cage data will occur in 2011.

3.6.6.6 Summary and Future Work

�

�

�

�

�

Table 3.34. Water quality parameter loads for Stations 324 at the South Pasture site in

2009 and 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS
Year ------------------------------------------ (kg) ----------------------------------------

2008 nay na na na na na na na
2009 2.04 1.31 0.20 0.51 1.46 1.42 0.047 10.7
2010 1.00 0.62 0.16 0.20 0.69 0.64 0.045 2.85
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids.
y na = not available. Loads could not be determined in 2008 because flow data were not collected until 2009.



3.6.7 Reference 1 Site

3.6.7.1 Site Description

3.6.7.2 Routine Management Activities in 2010

The REF1 site is in NW5-40-27-W4 (Figure 3.4). The area to the north of the farmstead
includes the REF1 site and is approximately 30 ha in size (Figure 3.63). The crop rotation used at
this site includes potato, corn, barley, and canola.

The REF1 site was selected using criteria similar to those used in the selection of the nutrient
management BMP sites. The purpose of the REF1 (and REF2) site was to monitor an annually
cropped field with no manure application. This site had not received manure in the recent past (5
yr or more) and it was anticipated that this site would not have manure applied for the duration of
the Nutrient BMP Evaluation project. Unfortunately, because of the high cost of commercial
fertilizer, the producer applied manure in fall 2008 (Olson and Kalischuk 2009). Because of the
reduction in fertilizer prices relative to 2008, the producer returned to using commercial fertilizer
in 2009. Therefore, water quality monitoring will continue for the original purpose until 2012
without the implementation of BMPs. Further information regarding this site is reported in Olson
and Kalischuk (2008, 2009, 2010).

The field was direct seeded to wheat with 101, 11, 39, and 17 kg ha of N, P, K, and S fertilizer,
respectively, on May 3, 2010. The field was rolled a few days later. The field was sprayed with
herbicide on May 5 before the crop emerged, and on May 23 when the crop was at the one-leaf
stage. Herbicide and fungicide were applied on June 12 and 29, respectively. The wheat was
desiccated on September 6 and harvested on October 10. The field was cultivated on October 20.
The wheat yielded approximately 5.62 Mg ha of grain.

-1

-1

Figure 3.63. Reference 1 site showing the upstream (317) and downstream (318) water
monitoring stations and the soil sampling points.
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3.6.7.3 Soils

Methods.

Results and discussion.

3.6.7.4 Water Flow and Quality

Methods.

Soil samples collected in 2010 at the REF1 site included (1) agronomic soil samples
and (2) soil-test samples. The agronomic samples were collected on May 26, 2010 after seeding
and on October 27, 2010 after all fall activities were completed, including the application of
nutrients. Soil sample points were on a 200- by 200-m grid covering the area of the BMP site. The
2010 sampling points were located using a GPS unit and were 5 m east of the 2007 soil sampling
points. There were 17 sampling points. In the spring, at each sampling point, an Oakfield probe
was used to collect five, 0- to 15-cm core samples, which were mixed together and sub-sampled
(about 1 kg). The sub-samples were air dried, ground (< 2 mm), and sent to the laboratory for
analysis. Soil samples were analyzed for STP, extractable NO -N, and extractable NH -N. The fall

sampling was carried out using a truck-mounted hydraulic coring unit in conjunction with the soil-
test sampling. The fall sampling points were located 5 m east of the 2007 sampling points.

The soil-test samples were obtained by collecting a single 60-cm deep core at each grid
sampling point in three increments: 0 to 15 cm, 15 to 30 cm, and 30 to 60 cm. The samples
collected from all the sample points were mixed per incremental layer and sub-sampled (about 1
kg). Samples were air dried, ground (< 2 mm), and sent to the laboratory for analysis. Soil samples
were analyzed for STP, extractable NO -N, and extractable NH -N.

The nutrient concentrations from the agronomic soil samples in 2010
were generally similar to the previous years (Table 3.35). Extractable NO -N concentration was

lower in the fall compared to the spring in 2010. This was consistent with 2008 and 2009.
Extractable NH -N concentrations were also lower in the fall compared to the spring in 2009 and

2010. There was no consistent trend for STP and concentrations have remained below the
agronomic threshold of 60 mg kg .

The soil-test results (Table 3.36) indicate that the NO -N and STP concentrations were low. A

potato crop is planned for 2011; however, a nutrient management plan was not developed due to
the lack of fertilizer recommendations for rainfed potato in Alberta.

The REF1 site was equipped with two water monitoring stations in the field drainage
channel: one upstream (Station 317) near the west side of the quarter section and the other

3 4

3 4

3

4

3
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Table 3.35. Average concentrations for nitrate nitrogen (NO 3-N), ammonium nitrogen

(NH4-N), and soil-test phosphorus (STP) for the agronomic soil samples (0 to 15 cm)

collected from 2007 to 2010 at the Reference 1 site.

NO3-N NH4-N STP
Season and year ------------------------ (mg kg-1) -----------------------

Fall 2007 11 5 40
Spring 2008 33 6 28
Fall 2008 10 35 40
Spring 2009 42 25 46
Fall 2009 13 5 38
Spring 2010 24 15 39
Fall 2010 8 5 34
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downstream (Station 318) near the east side of the quarter section (Figure 3.63). Both stations were
equipped with circular flumes and automatic Isco water samplers. In 2010, one water sample was
collected by the Isco sampler at the upstream station. The downstream station had no flow 2010,
which was same as 2009. Details on instrument installation, water sampling, and water analysis are
reported in Olson and Kalischuk (2008, 2009, 2010).

Rainfall generated only 1 d (July 14) of runoff at the REF1 site in 2010.
The total flow volume at the upstream station was 62 m . The flow volume at Station 317 in 2010
was only 8% of the 2009 flow (764 m ; Olson and Kalischuk 2010) and only 1.4% of the flow
volume in 2008 (4592 m ; Olson and Kalischuk 2009). The lower than normal precipitation during
the preceding fall and winter seasons resulted in low flow in 2010 compared to 2008 (Sub-section
3.2.2). In 2009 and 2010, flow at the upstream did not meet the minimum volume needed to
generate flow at the downstream station. This was in contrast to larger flow volumes generated
during rainfall runoff at BMP sites in the watershed in 2010.

Since no flow occurred at the downstream Station 318 in 2009 and 2010, yearly water quality
comparisons were made only at Station 317. The TN, ON, NO -N, NH -N, and PP concentrations

were lower in 2010 than in 2008 and 2009 (Table 3.37). The increase in TN in 2009 was mostly
due to the large increase in NH -N and the increase of TP was due to an increase in TDP. The TN

and TP concentrations in 2009 likely increased because of the manure application that occurred on
this field in the fall of 2008 (Olson and Kalischuk 2010). Total suspended solids were low in 2009
and 2010, and this was likely due to the lower flow conditions during both years. The
concentrations of were higher in the 2010 rainfall runoff sample compared with snowmelt
samples collected the previous 2 yr.

Water quality parameter loads in 2010 were smaller than in 2008 and 2009 (Table 3.38) due to
the low flow volume. Even though concentrations were generally larger in 2009, the much smaller
flow volume resulted in smaller loads compared to 2008.

Results and discussion.
3

3

3

3 3
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Table 3.36. Soil-test results for nitrate nitrogen (NO3-N), ammonium nitrogen (NH4-N), and

soil-test phosphorus (STP) for samples collected at the Reference 1 site in fall 2010.

Soil layer NO3-N NH4-N STP
(cm) ---------------------------- (mg kg-1) ----------------------------

0 to 15 5.7 2.9 28.4
15 to 30 1.7 2.7 12.0
30 to 60 1.0 3.3 8.1
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Table 3.37 . Average concentrations for water quality parameters measured during snowmelt at the upstream

water monitoring Station 317 at the Reference 1 site from 2008 to 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS E. coli

Datey ------------------------------------- (mg L-1) --------------------------------------------- (mpn 100 mL-1)

2008 3.48 2.67 0.49 0.28 1.02 0.89 0.13 71 22
2009 9.70 3.25 1.08 5.28 3.28 3.16 0.12 8 16
2010 1.48 1.39 0.04 0.03 1.03 0.94 0.09 11 225
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids, E. coli =
Escherichia coli.
y 2008 n = 18 (snowmelt), 2009 n = 4 (snowmelt), and 2010 n = 1 (rainfall).



3.6.7.5 Summary and Future Work

3.6.8 Reference 2 Site

3.6.8.1 Site Description

3.6.8.2 Routine Management Activities in 2010

3.6.8.3 Soils

Methods.

The REF1 site was monitored for a third year and will continue to be monitored for the
remainder of the study, without implementing BMPs. Highlights for this site included:

Extractable NO -N and STP concentrations were low at this site.

Rainfall generated a small runoff event at the upstream Station 317 in 2010. No runoff
occurred at the downstream Station 318 for a second consecutive year.

Most nutrient water parameters at Station 317 were had lower concentrations in 2010
compared to the previous 2 yr. A notable exception was for , which was higher in
2010. This likely reflects a seasonal difference as the 2010 sample was collected during
rainfall in mid July and the 2008 and 2009 samples were collected during cooler snowmelt
periods.

The REF2 site is in SE16-40-27-W4 (Figure 3.4). The site is approximately 47 ha in size and
crop rotations include canola and cereal crops. A low wet area extends from the northwest corner
of the farmstead to the northeast corner of the quarter section and a groundwater spring was
identified as a source of water in this area (Figure 3.64).

The REF2 site was selected with the same criteria as REF1 (Sub-section 3.6.7.1). Similar to
REF1, the REF2 producer applied manure in the fall of 2008 because of the increased cost of
commercial fertilizer. The site continued to be monitored and the potential to develop a BMP plan
was considered. However, similar to REF1, no manure was applied in 2009 and the BMP plan for
the site was abandoned. Further information regarding this site can be found in Olson and
Kalischuk (2008, 2009, 2010).

The field was chemical fallowed in 2010 and was not tilled. Herbicide was applied in June and
in August. No manure was applied in 2010.

Canola is the planned crop for 2011. A nutrient management plan was developed for 2011 and
the recommended nutrient requirements for wet spring soil conditions are 185 kg ha N and 10 kg
ha P to achieve optimum crop yield (Sub-section 3.6.8.3).

Soil samples collected in 2010 at the REF2 site included (1) agronomic soil samples
and (2) soil-test samples. The agronomic samples were collected on June 2, 2010 after seeding and
on October 28, 2010 after all fall activities were completed. Soil sample points were on a 200- by
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Table 3.38 . Water quality para meter loads at the upstream Station 317 at the Reference 1 site in 2008, 2009,

and 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS
Year --------------------------------------------------- (kg) --------------------------------------------------

2008 19.1 14.6 2.61 1.65 5.5 4.67 0.76 537
2009 7.1 2.3 0.85 3.92 2.41 2.31 0.09 6
2010 0.09 0.09 0.002 0.002 0.06 0.06 0.005 0.7
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids.



200-m grid covering the area of the BMP site, with additional sampling sites added in order to
cover the site more thoroughly. The 2010 sampling points were located using a GPS unit and were
5 m east of the 2007 soil sampling points. In the spring, at each of the 11 sampling points, a Dutch
auger was used to collect five, 0- to 15-cm core samples, which were mixed together and sub-
sampled (about 1 kg). The sub-samples were air dried, ground (< 2 mm), and sent to the laboratory
for analysis. The samples were analyzed for extractable NO -N, extractable NH -N, and STP. The

fall sampling was carried out using a truck-mounted hydraulic coring unit in conjunction with the
soil-test sampling. Due to wet field conditions, four sampling points were sampled by hand, using
a Dutch auger, on October 29, 2010. The fall sampling points were located 5 m east of the 2007
sampling points.

The soil-test samples were obtained by collecting a single 60-cm deep core at each grid
sampling point in three increments: 0 to 15 cm, 15 to 30 cm, and 30 to 60 cm. Samples from all the
sampling points were mixed per incremental layer and sub-sampled (about 1 kg). The samples
were air dried, ground (< 2 mm), and sent to the laboratory for analysis. Samples were analyzed
for extractable NO -N, extractable NH -N, and STP.

Nitrate N concentrations in the spring tended to decrease with time;
whereas, in the fall, NO -N concentration was relatively consistent (Table 3.39). The low NO -N

concentration in spring 2010, compared to the previous 2 yr, was the result of no nutrient
application under the chemical fallow conditions. The higher spring NO -N concentrations in the

previous 2 yr were due to fertilizer application in the spring 2008 and manure application in the
fall 2008. Soil extracted NH -N and STP remained relatively unchanged during the study period.

Compared to most of the other annually cropped BMP sites in the WHC Sub-watershed, STP
concentration at the REF2 site was substantially less than the agronomic threshold of 60 mg kg ,
and this may be due to the relative low amount of manure this site has received in recent years.
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Figure 3.64. The Reference 2 site showing the location of the water monitoring Station 319,
the soil sampling points, and the location of the groundwater spring discharge.
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Results from the fall soil-test samples indicate that soil N and P concentrations were low (Table
3.40) and nutrients are required in 2011 for optimum crop yield. Soil data, land use records,
fertilizer, and crop prices were entered into the AFFIRM program (AAFRD 2005b; Appendix 4) to
obtain fertilizer recommendations for the 2011 crop of canola. The AFFIRM program predicted an
N application ranging from 78 kg ha for dry conditions to 185 kg ha for wet conditions.
Phosphorus requirements ranged from 7 to 10 kg ha depending on moisture conditions.

The REF2 site was equipped with an edge-of-field water monitoring station (Station
319) in the northeast corner of the quarter section (Figure 3.64). The monitoring station consisted
of a circular flume and an automatic Isco water sampler. A total of four samples were collected
during snowmelt from March 12 to 16, 2010. A total of twenty-five rainfall runoff samples were
collected from May 30 to 31, June 10 to 13, July 13 to 26, September 17, 21, 22, 29, and 30.

The REF2 site had active flow during snowmelt and rainfall periods in
2010 (Figure 3.65). Snowmelt generated 496 m of runoff and rainfall generated 25,680 m of
runoff in 2010. The flow volume in 2010 was two-fold larger than in 2008 (13,013 m ; Olson and
Kalischuk 2009) and 27-fold larger than in 2009 (980 m ; Olson and Kalischuk 2010).
Observations during rainfall events in 2008 (Olson and Kalischuk 2009) and 2010 noted that there
was groundwater discharge in the southeast corner of the site; however; this was not observed in
2009 (Olson and Kalischuk 2010). In 2010, there was below normal precipitation in the winter
months and above normal precipitation in the summer (Sub-section 3.2.2), which explains the
large flow volume at this site, particularly in the month of July (Figure 3.65).
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3.6.8.4 Water Flow and Quality
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Results and discussion.
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Table 3.40. Soil-test results for nitrate nitrogen (NO3-N), ammonium nitrogen (NH4-N),

and soil-test phosphorus (STP) for samples collected at the Reference 2 site in fall 2010.

Soil layer NO3-N NH4-N STP
(cm) ------------------------------- (mg kg-1) -------------------------------

0 to 15 7.9 6.3 18.4
15 to 30 3.7 3.3 13.8
30 to 60 2.2 2.5 2.7

Table 3.39. Average concentrations for nitrate nitrogen (NO 3-N), ammonium nitrogen

(NH4-N), and soil-test phosphorus (STP) for the agronomic soil samples (0 to 15 cm)

collected from 2007 to 2010 at the Reference 2 site.

NO3-N NH4-N STP
Season and year -------------------------------- (mg kg-1) --------------------------------

Fall 2007 11 7 21
Spring 2008 29 8 16
Fall 2008 8 14 16
Spring 2009 14 7 18
Fall 2009 8 7 21
Spring 2010 6 6 18
Fall 2010 9 6 16



The overall average TN concentration in 2010 was lower than in 2008 and 2009 (Table 3.41).
The higher concentration in 2009 may have been caused by the manure application in fall 2008.
However, soil-test concentrations for NO -N were not excessive (Table 3.39). The ON

concentrations remained relatively stable throughout the year and there was a small increase in
NO -N concentrations on July 13, 14, and 15 (Figure 3.66a). Total N was mostly composed of ON

(89%) in 2010; whereas, NO -N made up most of the TN in 2009 (77%) and 2008 (59%). It is

interesting to note that snowmelt and rainfall runoff concentrations were similar for ON and NO -

N at this site in 2010. Ammonia N and NO -N accounted for small portions (2% and 7%,

respectively) of overall TN in 2010.

The average TP concentration at Station 319 was 1.43 mg L during snowmelt and decreased to
0.42 mg L during the rainfall runoff period in 2010 (Table 3.41; Figure 3.66b). A similar decrease
was also observed in 2008. Total dissolved P made up 91% of the TP in 2010 runoff and this was
similar to 2009 (88%), but higher than in 2008 (73%). Particulate P content was low during both
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Table 3.41. Average concentrations for runoff water quality parameters measured at the edge-of- field

monitoring Station 319 at the Reference 2 site from 2008 to 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS E. coli

------------------------------------- (mg L-1) ------------------------------------- (mpn 100 mL-1)

2008 samples

Snowmelt (17)y 12.4 3.85 8.46 0.04 0.43 0.30 0.11 31 28
Rainfall (6) 3.5 3.30 0.07 0.11 0.15 0.13 0.02 2 189
All (23) 9.2 3.65 5.44 0.06 0.33 0.24 0.08 21 91

2009 samples

Snowmelt (6) 44.8 7.65 34.6 0.68 1.14 1.00 0.14 4 10

2010 samples

Snowmelt (4) 2.64 2.43 0.15 0.03 1.43 1.29 0.14 9 3
Rainfall (25) 2.55 2.28 0.20 0.05 0.42 0.38 0.04 7 215
All (29) 2.57 2.30 0.19 0.05 0.56 0.51 0.06 8 186
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids, E. coli =
Escherichia coli.
y Number of samples in parentheses.
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Figure 3.65. Hydrograph for the edge-of-field monitoring Station 319 at the Reference 2 site
in 2010.
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Figure 3.66. Concentrations of (a) total nitrogen, (b) total phosphorus, (c) total suspended
solids (TSS), and (d) ( ) at the Reference 2 site edge-of-field monitoring
Station 319 in 2010.
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event types and in all 3 yr. The average TP and TDP concentrations were higher during snowmelt
in 2010 compared with the previous 2 yr, and the average rainfall runoff TP and TDP
concentrations were higher in 2010 compared with 2008 (Table 3.41). As with extractable soil
NO -N, the STP concentrations were not excessive and the increase in TP concentration in runoff

water in 2010 and 2009 may be explained by the manure application in fall 2008. This field was
fallowed in 2010, and as a result, no P was removed by crop harvest.

Total suspended solid concentrations were low at this station, averaging 8 mg L (Table 3.41).
Concentrations remained relatively stable throughout the year, except for a TSS peak of 68 mg L
on July 13, 2010 (Figure 3.66c). The low TSS concentrations likely reflected the low flow activity
and low slope gradient, as well as minor pooling upstream of the flume. In 2008,
concentration averaged 189 mpn 100 mL during rainfall runoff and this was similar to the average
2010 rainfall runoff concentration (215 mpn 100 mL ). There were a number of large peaks
in the spring and summer of 2010 (Figure 3.66d). The three largest peaks occurred on May 30 (579
mpn 100 mL ), July 13 (1414 mpn 100 mL ), and July 19 (1203 mpn 100 mL ).

Parameter loads in 2010 were generally higher compared to the 2008 and 2009 loads, except for
TN and NO -N (Table 3.42). The higher loads in 2010 were mostly due to the high flow volume

produced during rainfall runoff in 2010. The TN load in 2008 was larger than in 2010 because of
higher concentrations, and the NO -N loads were larger in 2008 and 2009 compared to 2010

because of higher concentrations.

The REF2 site was monitored for a third year and will continue to be monitored for the
remainder of the study, without implementing BMPs. Highlights for this site included:

The site was chemical fallowed in 2010 with no nutrient application.

Extractable NO -N and STP concentrations were not excessive in the soil.

Surface runoff was caused by snowmelt and rainfall events in 2010, with 98% of runoff
caused by rainfall.
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Table 3.42 . Water quality parameter loads for Stations 319 at the Reference 2 site from 2008 to 2010.
z

TN ON NO3-N NH3-N TP TDP PP TSS
------------------------------------------------ (kg) -----------------------------------------------

2008 samples

Snowmelt 91.5 22.2 68.5 0.31 2.7 2.2 0.53 38.3
Rainfall 26.7 25.5 0.4 0.58 1.3 1.1 0.14 17.3
All 118.2 47.7 68.9 0.89 4.0 3.3 0.67 55.6

2009 samples

Snowmelty 47.8 7.9 37.1 0.82 1.2 1.0 0.15 4.6

2010 samples

Snowmelt 1.3 1.2 0.09 0.01 0.75 0.68 0.07 3.9
Rainfall 74.2 50.3 22.4 0.91 11.3 9.0 2.3 457
All 75.5 51.5 22.5 0.92 12.1 9.7 2.4 461
z TN = total nitrogen, ON = organic nitrogen, NO3-N = nitrate nitrogen, NH3-N = ammonia nitrogen, TP = total
phosphorus, TDP = total dissolved phosphorus, PP = particulate phosphorus, TSS = total suspended solids.
y No rainfall runoff events occurred in 2009.
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The flow volume in 2010 was two-fold larger than in 2008 and 27-fold larger than in 2009.

Groundwater discharge was observed during flow events in 2008 and 2010, but not in 2009,
which was a drier year.

On average, the concentrations of most water quality parameters were less in 2010 compared
to 2008 and 2009. Runoff in 2010 was dominated by rainfall, and rainfall tended to have
lower parameter concentrations than snowmelt at this site. The exception was , which
had higher concentration in 2010 than in 2008 and 2009.

The TP concentration in 2010 snowmelt runoff was higher than in 2009, suggesting the
manure applied in 2008 may still had a residual effect, which was not the case for N.

Manure was not applied in 2010 and it is uncertain whether manure will be applied in the
future. The REF2 site will provide an opportunity to further investigate groundwater discharge and
surface-derived runoff interactions and the site will continue to be monitored in 2011.

In 2010, the third season of the pre-BMP phase monitoring was essentially completed in the
spring after snowmelt. The BMP plans were implemented throughout the remainder of the year.
Nutrient BMPs addressed method, timing, and location of manure application in the field. Pasture
BMPs focused on rotational grazing and bioengineering. Data collected in 2010 included water
flow, water quality, soil, manure, forage production, weather, and land cover information.

In 2010, the winter and spring were warmer, the summer average, and fall cooler compared to
the 30-yr monthly averages. Total precipitation in 2010 was similar to 2007 and above 2008, 2009,
and the 30-yr average. Spring and early summer were particularly wet in 2010 providing the
majority of the precipitation in the year. Monthly precipitation at the two sub-water stations was
generally similar to or slightly higher compared to the Environment Canada weather station at
Lacombe.

The annual land use and land cover survey was completed from August 18 to 19, 2010. Overall
land use was similar to the two previous years. Agriculture land accounted for nearly 90% of the
area with a majority in annual crops along with some forage production. Barley production
increased and wheat production decreased in 2010. Canola production increased slightly. In part,
these changes reflected commodity prices, but were mostly attributed to changes in classification
methods and human error in classification. Livestock production remains dominated by dairy
operations and to a smaller extent beef operations. The WHC Sub-watershed also has nearly 10%
of natural areas and a small area of non-agriculture use.

Watershed-wide water quality monitoring continued to be carried out at four stations on the
main channel and southern tributaries in 2010. There was a small amount of snowmelt runoff.
However, heavy spring and early summer rainfall caused most of the flow in 2010 and the highest
flow was recorded at all stations since the start of the project in 2008. In contrast, most of the flow
in 2008 and 2009 was from snowmelt runoff. Some of the highest TN, TP, and
concentrations were recorded in 2010 since after the start of project, and concentrations generally
peaked at the highest flow in mid July. All tributaries showed high concentrations of TDP, while N
fractions showed higher organic concentrations. The total flow recorded at the outlet was within

E. coli

E. coli

3.7 Overall Summary and Future Work

3.7.1 Weather

3.7.2 Land Use and Land Cover

3.7.3 Watershed-wide Water Flow and Quality
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3% of the added volumes at the tributary stations. Nutrient mass loads were higher in 2010 than in
2008 and 2009 for all parameters, reflecting the larger flow volume in 2010. The NWQI scores
continue to remain of poor quality; however, apart from Station 303, the NWQI scores were the
highest since 2008, and this reflected the lower concentrations of dissolved N fractions during
rainfall when compared to snowmelt runoff.

Groundwater work initiated in 2009 was continued in 2010 in partnership with the University of
Alberta. Wells were monitored from March to November 2010. Results showed that shallow
groundwater moved from west to east in the sub-watershed. Groundwater elevation peaked in July
or August. The rise of groundwater levels was attributed to heavy spring and early summer rainfall
in 2010. Groundwater elevation was more responsive to precipitation in the eastern part of the sub-
watershed near the outlet than in the western and southern parts. Groundwater discharge likely
supported extended periods of stream flow between precipitation events in 2008 and 2010 but was
negligible in 2009. Groundwater NO -N and Cl concentrations were low and did not exceed

drinking water quality guidelines and generally did not vary seasonally. Concentrations were
generally similar or lower than surface concentrations, indicating that groundwater did not increase
surface water quality concentrations.

In 2010, six BMP sites (WFD, NFD, EFD, SFD, NPS, and SPS) and the two reference sites
(REF1 and REF2) were monitored for a third year. The pre-BMP phase ended during the spring at
the BMP sites. The implementation of BMP plans was completed from April to October. There was
rainfall runoff at some of the sites during the post-BMP phase; however, the BMP effects will not
be determined until a full year of data has been collected.

Runoff volume in 2010 was similar to 2009 and much larger compared to 2008. Most of the
runoff (96%) was caused by rainfall in 2010. Nutrient and concentrations were generally
lower compared to previous years, except for the snowmelt samples, which contained higher
concentrations of P and . Soil extractable NO -N was higher in the spring than in the fall,

and STP decreased with time from 2008 to 2010. The BMP plan was implemented in the spring
prior to seeding. The BMP plan included the application of poultry manure based on 3 to 4 yr of P
crop removal and the use of 30-m setbacks from the drainage channel. Non-statistical comparison
between the 2008 rainfall (pre-BMP) and 2010 rainfall (post-BMP) runoff events suggest possible
improvement in water quality caused by the BMPs.

In 2010, the third year of the pre-BMP monitoring phase was completed and BMPs were
implemented in the summer and fall. Soil NO -N concentrations are lower under alfalfa production

than under annual cereal production and STP tended to increase with manure application on the
cereal fields; whereas, continuous alfalfa production reduced STP with time. In 2010, most of the
flow occurred as rainfall runoff compared to the previous 2 yr, which only had snowmelt runoff.
Shallow surface drainage continues at this site with pooling and lack of connectivity. The TN
concentrations were generally lower, while TP was higher in 2010 compared to previous years.
The BMP plan was implemented from late July to the fall and included installation of a culvert to
control erosion, re-location of a solid manure pile away from the drainage channel, and using
manure application setbacks. Liquid manure could not be injected due to the unavailability of

3.7.4 Groundwater

3.7.5 Beneficial Management Practices Sites

3.7.5.1 West Field

3.7.5.2 North Field
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proper field equipment and the manure application rates were higher than was recommended in the
nutrient management plan. Liquid manure injection will be attempted again in fall 2011.
Additional BMPs include controlling corral runoff and leaving a buffer strip in the southwest field
when the alfalfa is removed in 2011.

The pre-manure application phase ended in early July 2010 when liquid manure was surface
applied on a portion of the alfalfa field after the first harvest cut. The manure management plan
included setbacks from the drainage channels and an application rate based on 1 yr of P crop
removal. In 2010, there was only a minor flow event during rainfall runoff at the upstream station
and no flow at the downstream station. Since the start of the project, only minimal and non-
connective flow has occurred between the upstream and downstream stations, and as a result, these
stations cannot be used to assess the application of manure on the alfalfa crop. Only the edge-of-
field Station 307 will be used to evaluate the liquid manure application. Unfortunately, no runoff
occurred at Station 307 in 2010, and therefore, no comparison could be made with the pre-manure
application water quality data. However, with no runoff, the surface applied liquid manure posed
no risk to surface water quality in 2010. Alfalfa yields from the second and third cuts were not
significantly different between the manured and non-manured areas. Liquid manure will be surface
applied in 2011 using the setback and P-based application.

The third year of pre-BMP monitoring was completed after snowmelt in March 2010. Post-
BMP monitoring started after manure application in April. Only the manure application setbacks
were successfully applied in the BMP plan. Higher manure nutrient content and the application of
commercial fertilizer resulted in the application of more N than was recommended in the nutrient
management plan. Manure was surface applied rather than injected and the permanent vegetated
buffer near Station 314 failed to establish. Manure injection and establishing the vegetated buffer
will be re-attempted in 2011. As in previous years, flow was not continuous between the upstream
(Stations 315 and 316) and downstream (Station 314) stations. As a result, Station 314 will be used
as an edge-of-field station to compare pre-BMP to post-BMP. Nearly all of the flow occurred
during snowmelt at downstream Station 314 in 2010, and total flow was greater than in 2008 and
2009. Concentrations of ON, TP, TDP, and at Station 314 (edge-of-field) were higher than
was observed during snowmelt in 2008 and 2009. Total N, NO -N, NH -N, PP, and TSS

concentrations were higher in 2008 compared with 2009 and 2010. Total N was composed mainly
of ON, while TP was composed mostly of TDP. Concentrations of TSS and PP were low in all 3 yr
and this is likely due to the low flow and slope at this site. Because the implementation of the BMP
plan was only partially successful and too few post-BMP water samples were collected, a
comparison between pre-BMP and post-BMP cannot be made at this time. The post-BMP phase
started in May 2010 will continue in 2011 and 2012.

The third year of pre-BMP phase monitoring was completed in May 2010 and the post-BMP
phase began with cattle grazing in May. The BMP plan included the establishment of a
bioengineering site in May and increased pasture size. Production cage results showed no
significant improvement in rangeland yield from 2009 to 2010. Even though the pasture size was
increased, the pasture was still overstocked, which likely prevented rangeland yield from
improving. Water flow in 2010 was mostly rainfall generated, and total flow volume was 5.6-fold
greater than in 2008 and 15.7-fold greater than in 2009. Plus, flow occurred for a longer period in

3.7.5.3 East Field

3.7.5.4 South Field

3.7.5.5 North Pasture
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2010 than in 2008 and 2009. The downstream station concentrations of all parameters, except for
NO -N, were higher than the upstream station in 2010. This is in contrast to the pre-BMP phase

(2008 and 2009) when the concentration of many parameters either decreased or increased to a
lesser extent from upstream to downstream. This suggests that the implemented BMPs did not
have a positive effect on water quality at this site. However, other factors, such as a much larger
flow volumes in 2010, may have caused greater water quality degradation during the first year of
the post-BMP phase.

The post-BMP phase began at this site in June 2010 when cattle (35 cow-calf pairs) were
moved to the pasture. The BMP plan involved rotational grazing among three paddocks created
with electric fences. A rotational period averaged 15 d, and the herd was in the pasture from mid
June to the end of October. Production cage results showed no significant improvement in
rangeland yield in the post-BMP phase compared to the pre-BMP phase. It is likely that the
rotational grazing BMP may not be enough to counteract the effects of overstocking at this pasture.
Similar to previous years, 2010 runoff only occurred during spring snowmelt. Total flow volume in
2010 was about 23% less than the flow volume recorded in 2009. Concentrations of nutrients in
2010 were either similar or lower than the previous 2 yr. No runoff occurred during the first year of
the post-BMP phase. As a result, there was no post-BMP water data that could be compared to the
pre-BMP data. The BMP plan of rotational grazing will continue in 2011 as well as water quality
and rangeland yield monitoring.

The third year of monitoring was completed at the REF1 site in 2010. Soil nutrient
concentration in 2010 remained similar to previous years with relatively low concentrations of
NO -N and STP. As in 2009, there was not enough runoff to reach the downstream station. No

runoff occurred at the downstream station in 2010. Most nutrient concentrations at the upstream
station were lower in 2010 compared to the previous 2 yr. A notable exception was for ,
which had a higher concentration in 2010. The REF1 site will continue to be monitored in 2011
without the implementation of BMPs.

The third year of monitoring was completed at this site in 2010. The site was chemical fallowed
in 2010 with no nutrients applied. This was reflected in the agronomic soil samples, which had low
NO -N concentration in spring 2010 compared to spring 2008 and 2009. A nutrient management

plan for a canola crop in 2011 recommended the application of N and P fertilizer. Most of the
runoff (98%) in 2010 was generated by rainfall. Total flow volume in 2010 was two-fold larger
than in 2008 and 27-fold larger than in 2009. As in 2008, rainfall runoff events were correlated
with groundwater discharge in the southeast corner of the site. On average, the concentrations of
most water quality parameters were less in 2010 compared to 2008 and 2009. Runoff in 2010 was
dominated by rainfall, and rainfall tended to have lower parameter concentrations than snowmelt at
this site. The exception was , which had higher concentration in 2010 than in 2008 and
2009. Monitoring of the site will continue in 2011 without the implementation of BMPs. This site
provides the opportunity to continue investigating groundwater discharge and surface-derived
runoff interactions.
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3.7.6 Future Work

The 2011 season will be the fourth year of monitoring and the first full year of the post-BMP
phase in the WHC Sub-watershed. Compared to 2008 and 2009, 2010 was a wet year, particularly
during the summer season from rainfall. The much needed flow and water samples helped to
establish the pre-BMP conditions and BMP plans were then initiated at all the BMP sites. The
implementation of some BMPs were not completely successful in 2010 (e.g., SFD) and will be
tried again in 2011. Additional BMPs will be implemented at the NFD, such as runoff control from
corrals and establishment of a buffer strip when alfalfa is removed from a field. The other
important activity in 2011 will be to continue assessing the physical and chemical interactions of
groundwater to surface flow in the WHC Sub-watershed.


