Section 2
Battersea Regional Transect Study

2.1Introduction
2.1.1 Background

The Regional Transect Study in the Battersea arsauthern Alberta builds upon previous
work conducted in the 1990’s and early 2000’s bgWwmget al. (1998, 2002). Site locations
and methods were generally consistent with th@héstl work in order to compare groundwater
quality between the 1990’s and the current studywvéier, some changes in site locations and
methods were required as outlined below. Groundveatepling of the regional transect
addresses Objective 1 (Section 1) to determinegdsaim groundwater quality in the Battersea
area with time.

2.1.2 Stratigraphy of the Battersea Area

The stratigraphy of the Battersea area has prelyibbeen described by Rodvartgal.
(2002). In summary, the Battersea area can beativirsto two physiographic regions: (1) a
bedrock high (Blacksprig Ridge) in the west undarlay Bearpaw Shale bedrock with thin
unconsolidated sediments overlying the bedrock,(a8hd lacustrine plain in the east with
thicker unconsolidated sediments ranging in thiskrfeom 40 to 100 m overlying bedrock of the
Oldman Formation. The unconsolidated sediment, kvbierlies bedrock in both regions,
consists of glacial till overlain by fine- to coargrained glacio-lacustrine deposits.

The wells examined in the current study are inldlsastrine plain region of the Battersea
area. In the lacustrine plain, the surficial lithgy is divided into two groups: (1) glacial tillah
is overlain by up to 15 m of glacio-lacustrine pi@silty clay in the western portion of the plain,
and (2) glacial till that is overlain by up to 27ahcoarse- to fine-grained sand overlying fine-
grained lacustrine material in the eastern porbibtine plain.

The coarse-grained lacustrine material in the eagtertion of the lacustrine plain is an
unconfined aquifer with an area of approximatel9 8@ in a rough triangle shape between Iron
Springs and the Little Bow and Oldman rivers (Feg@rl). This unconfined aquifer has been
used as a water supply by farms in the area si®2@ (Rodvanget al. 2002). A buried aquifer
was identified by Rodvanegt al (2002) immediately west of the unconfined aquifdre buried
aquifer extends from Keho Lake to Picture Buttetsaa the Oldman River near Lethbridge
(Figure 2.2).



The wells in the Battersea area were initially déd into 11 geochemical groups based on
location and soil type but were subsequently diioio six statistically-relevant groups as
follows (Table 2.1, Rodvanet al. 2002):

1) Lethbridge Northern Irrigation District (LNID) Cose_Sand (LCS, which was oxidized
sand at a manure study plot).

2) Other Sand (OS, which included all oxidized samgssnot on the LCS site).

3) Reduced sediments (R, which included all reducedlgemical groups: reduced sand.
reduced medium lacustrine, and reduced till ang)cla

4) Shallow Till and Clay (STC, which included shalléWand clay and shallow medium
lacustrine not on the LFC site).

5) Deep Till and Clay (DTC, which included deep titicaclay at all sites and deep medium
lacustrine sites).

6) LNID Fine Clay (LFC, which was oxidized fine lactet sediment at a manure study
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Figure 2.1.Approximate thickness of the surficial aquifer in the Battersea area (adapted
from Rodvang et al. 2002). The numbered red triangles indicate the lation of historical
groundwater well nests.
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Figure 2.2.Approximate thickness and depth of the buried aquiér in the Battersea area
(adapted from Rodvanget al. 2002). The numbered black triangles show the lodan of
historical groundwater well nests.

2.2 Methods
2.2.1 Weather Data

The Iron Springs weather station (latitud€ 89’ 2”, longitude 11244’ 24", elevation 893
m) is located within the Battersea area (Fig. 2dbnual weather data (2009 to 2011) from this
site were obtained from the Irrigation Managemenn@te Information Network (ARD 2010).
In addition, the 30-yr average (1971 to 2000) valwere obtained from the Lethbridge Canada
Department of Agriculture (CDA; now Agriculture aAgri-Food Canada) weather station
(latitude 49 41’ 427, longitude 11246’ 3", elevation 910 m) because of the lack wtdrical
data from the Iron Springs weather station (Enviment Canada 2011).



Table 2.1. Summary of geochemical and statisticalgupings (adapted from Rodvanget al. 2002).

Statistical Geochemical Depth
Formation | groug group Description of geochemical group (m)
Coarse 1. LCS LCS _LC Sand: oxidized sand on the' ls@e <74
Lacustrine | 2. OS (0K _Other Sand: oxidized sand not on the teC si <7.5
3.R RS _Reduced Sand 8-19
Medium 4, STC SML _Shallow Medium Lacustrine: oxidized meadi <8.5
Lacustrine lacustrine where tritium was detected.
5.DTC DML Deep Medium Lacustrine: oxidized medium 5-8
lacustrine where tritium was not detected.
3.R RML Reduced Medium Lacustrine 5-20
Till and Fine| 6. LFC LFC _LF Clay: oxidized fine lacustrine abdven on <5
Lacustrine the LF site plot.
4, STC STC _Shallow Till and Clay: oxidized till afide <5
lacustrine above 5 m and not on the LF site.
5.DTC DTC _Deep Till and Clay: oxidized till andhé 5-12
lacustrine below 6 m, on and off the LF site.
3.R RTC _Reduced Till and Clay: reduced till arkfi 3-75
lacustrine.
Buried BA Buried Aquifer: reduced inter-till sand and geh 36 — 66
Aquifer

? LCS = Lethbridge Northern Irrigation District cegrsand; OS = other sand; R = reduced sedimen&=ST

shallow till and clay; DTC = deep till and clay;cahFC= Lethbridge Northern Irrigation District firgay.

Y Two small plot research sites, which were less tH20 by 100 m in size. One was on a coarse-teksoé (LC)
and the other on a fine-textured soil (LF). Reseavas conducted on the plots from 1993 to 2001104 al.

2009).



2.2.2 Regional Transect Site Description and Instrmentation

The historical wells described by Rodvagtaal (1998, 2002) included a total of 115 wells in
22 nests along a transect (Figure 2.3), which westalled in 1993 and 1994 (Appendix 1). A
nest typically consisted of one water table well ane-to-seven piezometers with screens at
various depths. The current Regional Transect Siiségl 12 historical wells that were located at
11 different nests (Appendix 1). Five historicalllweould not be reactivated due to damage;
thus, new replacement wells were installed in 2@4gpendices 1 and 2). Additionally, six new
wells were installed at five of the original nesgigyive a total of 23 wells in 11 nests (Appendix
2).

Transect sites, from LB2 to LB19 (Figure 2.3), weedected to represent a cross-section of
geologic, hydrogeologic, and anthropogenic condgiwithin the area. Geological conditions
ranged from fine- to coarse-grained soils. Hydrdggioal conditions differed from the
upgradient (northwest) to the downgradient (soudt)ewhere groundwater discharges into the
Oldman and Little Bow rivers. Wells were locatectt® cultivated fields, confined feeding
operations, and pasture land. Often, wells werkliesl adjacent to road allowances to allow for
easy access and to minimize the potential for danfragn farm equipment.

Installation details of the historical wells wemn@yiously reported by Rodvareg al (1998,
2002). Installation of historical well replacemeatsl new wells was completed in February,
March, and December 2010, and November 2011. Bteehiding and well installation was
completed utilizing a C-1150 or C-72 truck moundedl rig equipped with solid stem or hollow
stem augers. A lithologic/borehole log was recorbedoreholes instrumented in 2010 and
2011. Lithologic logs were only recorded for theplest borehole when two or more wells were
instrumented in a nest.

Water table wells and piezometers were construesety schedule 40 PVC pipe with a
nominal diameter of 50.8 mm. Water table wells warestructed with screens 1.5 t0 5.0 m in
length. Piezometers were constructed with scree@s$an to 1.0 m in length. Wells were
completed with a stickup extending approximateB/m.above ground surface and covered with
a steel-case protector. Sand was packed arounvdelleefrom the end of the borehole to a
minimum of 0.1 m above the top of the screen. Bateaclay was used to backfill from the top
of the sand pack to the soil surface. Informatioritee construction details of the new wells is
included in the borehole logs (Appendix 3).
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Figure 2.3. Historical (Rodvanget al 1998, 2002) and new groundwater regional transect
sites in the Battersea area. Active wells are momwited in the current study.

Site LB2

There is one nest along the southwest boundatyeodtiarter section at site LB2. There are a
total of five wells in the nest, which were ins¢allin 1993 and 1994 (Appendix 1). Only one
water table well, LB2-1, was monitored in the cuatrstudy (2009 and 2010). The water table at
the site was not influenced by anthropogenic sayroeluding agricultural activities, or recent
contributions from the ground surface (Rodvan@l.2002). Monitoring of this site was
discontinued in 2011 but may be re-activated irssgbent years.

Surface topography surrounding the quarter seditiigher in elevation than east of the
guarter section. The area is on the eastern flaakoedrock high. A Lethbridge Northern
Irrigation District (LNID) canal runs from west &ast directly south of the site with an access
road separating the canal bank on the south edgetfre nest of wells on the north edge.
Cropland on the northern half of the quarter sedtarrigated with a wheel move. The LNID
office is directly south of the quarter sectiontwiirmsteads in the vicinity of the site. No
permanent manure storage facilities are locatetth@wguarter section.
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Site LB4

Site LB4 contains one nest, which includes a wilele well and two piezometers. Three
wells (LB4-2, LB4-4, LB4-5) were installed in 1998d 1994 in the southeast corner of the
guarter section near an old farmstead (AppendiXd¢. historical wells were unserviceable for
monitoring; thus, three new replacement wells (LB41.B4-4x, LB4-5x) were installed in
February 2010 (Appendices 2 and 3). The new wetlewnstrumented in the southeast corner
of the quarter section and are approximately 1580 m northeast of the historical nest.

The site is east of a high elevation ridge and weatsurface topographic divide (Rodvang
et al 2002). Cropland on the quarter section is iredawith a center pivot. A farmstead with a
small feedlot is immediately east, with a horsetyrasto the south. Manure has been stockpiled
in a horse/calf pasture just south of the nestelfsy

Site LB6

At Site LB6, there is one nest along the east baundf the quarter section with two new
wells (a water table well and a piezometer; LB6a6xl LB6-7, respectively) that were
monitored (Appendices 2, 3, and 4). A total ofwedls were installed at the site during the
historical study (Appendices 1 and 4); howevery faitthe six wells were decommissioned. The
two remaining historical wells, both piezometersrevnot used in the current study. The new
wells were installed in December 2010 next to tiséohical nest.

Surface topography surrounding the quarter sedtioglatively flat; however, surface water
accumulates in a low area in the northeast corh#treoquarter section when the area receives
excess precipitation. Cropland on the quarter @eds irrigated with a center pivot, and there is
an acreage on the east boundary, immediately obttie nest. Irrigated cropland exists to the
north, east, and west of the quarter section whbraestead directly south of the quarter section.
No permanent manure storage facilities are locatethe quarter section, and manure was not
stockpiled on the quarter section from 2009 to 2@ fnanure-rate study was previously
conducted on a portion of the quarter section (Rodet al. 1998, Olsoret al. 2009).

Site LB7

At Site LB7, there is one historical nest with tat@f seven wells that were installed in
1994. The nest lies in a shelterbelt along thelmboundary of the farmstead on the quarter
section, next to the gravel road on the west sideeoquarter section (Appendix 4). Only LB7-2,
the water table well, was monitored (Appendicesd 2).

Surface topography gently slopes from north totsoamd surface water accumulates in the
tree line along the north boundary of the farmstd@&e Battersea Drain also runs in an irregular
pattern across the quarter section from the sohiwenortheast. Crop land on the quarter
section is irrigated with a wheel move irrigatigrs®m. Farm buildings are present to the
southwest of the quarter section, with croplantheonorth, east, and south. A large dairy
operation is on the west side of the adjacent draael. There are no permanent manure storage
facilities on Site LB7.
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Site LB9

At Site LB9, there is one nest in the northwesheoiof the quarter section. There are 9 wells
in the nest; however, only two of the wells weredis the current study. Seven of the wells
were installed in 1993 and 1994, and one(LB9-6)dees decomissioned (Appendices 1 and 4).
Of the historical wells, only LB9-2, the water tablell, was monitored (Appendix 2). One deep
(LB9-8) and two shallow (LB9-9, LB9-10) piezometevsre installed next to the historical nest
in December 2010 and November 2011, respectivghpéhdices 2 and 3). Monitoring of LB9-8
began in February 2011, while the other two piezensewill be monitored in subsequent years.

Surface topography in the area is relatively leaatj any low lying areas in the quarter
section have been modified to allow for farminglod entire quarter section. The quarter section
is irrigated with a center pivot. The Batterseai®ra approximately 400 m north of the quarter
section. Farmland surrounds the quarter sectiatl mhirections. There are no permanent manure
storage facilities on the quarter section or inithmediate vicinity.

Site LB11

There is one nest at Site LB11 in the northwesteoof the quarter section along a
homestead access road. Five wells were install@893 and 1994 (Appendices 1 and 4). Only
the water table well, LB11-4, was monitored (App&rid).

Surface topography is gently undulating, and tkeisilocated on the crest of the Oldman
River Valley (Figure 2.3). Highway 845 is approxiels 300 m west of the wells. The quarter
section and surrounding land consists of pastun@. [Rhere are no permanent manure storage
facilities on the quarter section or in the immeelMcinity.

Site LB13

There is one nest of five wells at Site LB13 ia Houtheast corner of the quarter section
(Figure 2.3). Of the five wells at Site LB13, faane historical wells installed in 1994
(Appendices 1 and 2). A deep piezometer, LB13-5 mstalled next to the historical nest in
2010 (Appendices 2 and 3). All five wells (LB13-2, -3, -4, -5) were monitored and sampled at
this location in the current study. The water takédl, LB13-4, was damaged in December
2011. The historical well will need to be decomnured and a replacement water table well
instrumented in 2012.

Surface topography in the area is undulating. Aigation canal runs east to west along the
southern boundary of the quarter section, and tlaeter section is irrigated with a pivot system.
Manure is applied on the fields near this site, iaméhs part of a manure-rate study conducted
from 1993 to 2001 (Rodvargg al. 1998, Olsoret al. 2009).

Site LB13 is part of Field B in the Field-scale Mia@ Spreading Study and is described
further in Section 3 of this report.

12



Site LB18

Site LB18 was located in the southwest cornehefquarter section. Of the five wells at the
site, three were monitored, including a water tatd (LB18-1x) and two piezometers (LB18-
4, LB18-5) installed in February 2010 (Appendix Bhe two historical wells in the nest, one
water table well (LB18-1) and one piezometer insthin 1994, were not monitored
(Appendices 1 and 2). The new water table well @BX) was instrumented because the
historical water table well (LB18-1) was thoughti® a piezometer. Subsequent discussion of
the water table well at Site LB18 refers to the weater table well, LB18-1x. The historical
water table well, LB18-1, will be monitored in selsient years.

Surface topography in the area is undulating. Aigation canal runs east to west along the
southern boundary of the quarter section, and tlagter section is irrigated with a pivot system.
There are some low lying areas in the center ofjtleter section, and the nest is north of some
irrigation ponds. Manure is applied on the fielésnthis site, and it was part of a manure-rate
study conducted from 1993 to 2001 (Rodvangl 1998, Olsoret al. 2009).

Site LB18 is part of Field B in the Field-scale Ma& Spreading Study and is described
further in Section 3 of this report.

Site LB19

There is one nest with four wells at Site LB19he tentre of the quarter section along an
access trail at the top end of a natural draw. Wells were installed at Site LB19 in the 1990’s
(LB19-1 and LB19-2, Appendix 1). Two piezometergevmstalled next to the historical nest in
December 2010 and November 2011 (Appendices 2 ambde3historical water table well
(LB19-2) and the piezometer installed in Decemi@s@2(LB19-3) were monitored. The
piezometer installed in November 2011 will be usesubsequent years of the study.

Surface topography in the area is gently undulafiing quarter section is on the crest of the
Oldman River Valley and is the furthest east sitéhe study area (Figure 2.3). The Site is
surrounded by native prairie range land, whichrézgd by beef cattle. A gas plant is
approximately 600 m east of the wells.

Site LB21

There is one nest at Site LB21 in the northeasteroof the quarter section. Two historical
wells, including one water table well and one praeter, were installed in the 1990’s (Appendix
1). The historical water table well, LB21-2, anézpmeter, LB21-1, were monitored for the
Regional Transect Study. There are three othes né#t a total of four wells in the northwest,
southwest, and southeast corners of the quarteosgbut these wells were not monitored for
the Regional Transect Study and are describeddtidde3 as part of the Field-scale Manure
Spreading Study.

The quarter section was consolidated with the gaghquarter section into a single half-
section field with a common pivot irrigation systeBurface topography in the area is gently
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undulating. All natural surface water featureslo@ $ection have been physically altered by the
landowner to allow for farming practices.

Site LB22

There is one nest at Site LB22 along the eastdenyrof the quarter section. The nest
consists of three wells installed in the 1990hmtree line on the south side of an acreage
(Appendices 1 and 4). The water table well, LB22+8&s the only well sampled at this site
(Appendix 2).

Surface topography in the area is gently undulatng a large wetland area lies along the
south boundary of the quarter section. The sieagt of the Little Bow River. The quarter
section is irrigated with a center pivot, with clapd to the south and west. A side-roll irrigation
system is used to the south of the acreage. Atuieuand Agri-Food Canada maintains test
plots to the south of the wells.

2.2.3 Soil Core Sampling and Analysis

Soil cores samples were obtained during drilling@iv wells. A soil core sample was
collected from each incremental foot depth fromdbepest well completed at each field site
(LB6-7, LB9-8, LB13-5, LB18-5, and LB19-3) in Felamy and December (Figure 2.4). A soil
core (7 to 8 cm long) for isotope analysis was reeddoelow each foot depth mark starting at 1
ft (0.30 m) below ground surface (Figure 2.4). didi&ion, a soil core (7 to 8 cm long) for
physical and chemical analysis was removed aboggy@ther foot mark depth starting at 2 ft
(0.61 m) below the ground surface. Samples weleated to a depth of about 20 m. The
samples were analyzed by the University of Saskataeh (U of S) for physical and isotope
parameters. The physical parameters included getxitrand volumetric moisture contents and
bulk density.

For the physical parameters, each core sample utasto two pieces. The first piece was
used to measure gravimetric water content and deuisity, and the second piece was used to
measure volumetric water content. Each core samaéedipped in hot wax. Samples for
volumetric water content analysis were placed km@avn volume of water in a graduated
cylinder to determine the volume of water displabgdhe sample. Samples for bulk density
analysis were attached to the under-hook of artrel@c precision balance and weighed while
suspended in water. The wax was then removed fnensamples, which were dried for 48 h in
an oven ranging from 60 to 80 °C.

For isotope analysis, core samples were doubledabiggZip Lock bags, and the inner bag
containing the sample was inflated with dry airy @ir was produced using compressed air
flowing through a tube containing Drierite. Sample=ye equilibrated with head space/dry air
for a minimum of 3 d. Samples were then analyzéagudff-Access Integrated Cavity Output
Laser Spectroscopy (OA-ICOS). Two different staddadhat isotopically bracket the core
samples were used. Standards were prepared Img fdip Lock bags with 10 mL of water with
known isotopic values for deuteriufiH) and oxygen-18'¢0). Standards were double bagged,
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Re-drills
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Figure 2.4.Soil sampling profiles for various boreholes in 200 and 2011. Soil cores were
collected for isotope (black bars) and chemical (gy bars) analyses. Cores collected for
chemical analyses were also used for analysis ofysical parameters. Cores collected in
February 2010 were only analyzed for chemical paraeters. Cores collected from LB13-5
and LB18-5 are illustrated in Section 3.2.4 (Figuré&.5).
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filled with dry air, and left to equilibrate forrminimum of 30 min. One standard was run for
every two core samples. Measurements were madg &0es. Standards were left for a
minimum 3-min run time. Pore water samples fromdbees were extracted by dehydrating the
cavity with dry air until the water vapor concenima was less than 800 ppm. Data points 8 to
10 were repeated following each sample analysita @are corrected against the Standard
Mean Ocean Water (SMOW) line to determine actuabisic values of the liquid pore water for
each core.

After the samples were analyzed for physical patarady the U of S, the samples (i.e.,
samples collected above every other foot markistpst 2 ft below the ground surface) were
analyzed for chemical parameters and particledigteibution by Alberta Agriculture and Rural
Development (ARD). Samples were air dried and giddmrpass through a 2-mm sieve. The time
between when the samples were collected and dscawninimum of 6 mo, and samples were
stored at room temperature during this period. Sesnpere analyzed for the following
parameters (Appendix 5):

pH (saturated paste extract)

Electrical conductivity (EC) (saturated paste eotira

Anions: nitrate nitrogen (N&N), nitrite nitrogen (N@-N), chloride (Cl) bicarbonate
(HCOy), carbonate (C8)), sulphate sulphur (S&-S), and phosphate phosphorus (PO
-P) (saturated paste extract)

Cations: ammonium nitrogen (NHN), calcium (C&"), magnesium (M%), potassium
(K™), and sodium (N3 (saturated paste extract)

Extractable N@-N and NH'-N (10:1 ratio of 2M potassium chloride (KCI):soil)
Extractable P@'-P (modified Kelowna extraction)

Particle size analysis (hydrometer method)

Gravimetric moisture content (oven dried)

Sodium absorption ratio (calculated)

Because the above samples were stored wet at mopetature for a minimum of 6 mo,
there was concern about the accuracy of thg INanalysis. Therefore, a second set of
boreholes were drilled adjacent to LB6-7, LB9-8] &B19-3 in November 2011. A soil core
(15 cm long) was collected above every foot magthistarting at 1 ft (0.30 m). Samples were
collected to a depth of about 10 m. The sampleg wemediately air dried and ground to pass
through a 2-mm sieve. Samples from every othervi@ye analyzed for nutrients and anions by
ARD. As well, a soil core (7 to 8 cm long) was eclied below every foot mark depth starting at
1 ft (0.30 m). These samples were analyzed foopes by the U of S by first squeezing pore
water from the soil cores and then analyzing theewa

Core samples were also collected using disturbegblsag from LB4-2x and LB4-4x in
February 2010. Core segments 30- to 50-cm long watected from the bottom of every 1.5-m
incremental layer (Figure 2.4). Drilling was contpkd using a hollow stem auger. Chemical
analyses were the same as for the deep borehofgesa(Appendix 5).
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2.2.4 Point Velocity Probe Instrumentation

Point velocity probe (PVP) stands were installext ne three nests in August 2011. Two
PVP stands were installed at Site LB9, one PVPdstarsite LB18, and one PVP stand at Site
LB19. The purpose of the PVPs is to measure groatetwelocity direction and magnituae
situ at the centimetre scale (Dehahal. 2009, Schillinget al.2011). The PVP stands were
installed by Ernco Environmental Drilling and Cagimc. using a Geoprobe system with EC
probe under the direction of the Universities ohKas and Saskatoon. A total of six PVP units
were installed between the two stands at Site tB@e at PVP8 next to LB9-1 and three at
PVP9 next to LB9-2 (Appendix 2). One PVP standhvwito PVP units, was installed next to
LB18-4. Three PVP units were installed at the st@nidB19 next to LB19-2 (Appendix 2).
Depths were estimated to intercept wet collapshled layers. Preliminary tests were conducted
in November 2011 with the University of Kansas épedmine if borehole settling had occurred
and instrumentation was working. These data ar@atof the Regional Transect Study but will
be discussed in subsequent reports.

2.2.5 Well Elevation Surveying

The horizontal location of the wells was ob&al using a survey grade, handheld global
positioning system (GPS) unit. Groundwater wellthattransect sites were surveyed for
geodetic elevations in October 2010 and Novemb#i 2§ Brown Okamura and Associates
Ltd. of Lethbridge, Alberta. Vertical elevations mgaletermined relative to mean sea level.

2.2.6 Well Development

Well development was initiated shortly after thdls/evere installed and prior to the
collection of the first water samples. Well devetagnt consisted of removing water from the
wells using a polyethylene bailer (1 L), Waterrarymy or purge pump. A minimum of two well
volumes were removed from each well in order toaeafine particles from around the well
screen, improve the rate of water moving into tkedl vand stabilize the aquifer to produce
samples representative of the aquifer. Well deveakaqt was carried out for a longer period for
some wells in the sandier portions of the studwp amil water turbidity was visibly reduced.

2.2.7 Groundwater Monitoring
Groundwater Elevation

Groundwater elevations were determined using mamealurements, pressure transducer
measurements, and well survey measurements. Tlie egroundwater was measured by
lowering a sounding tape into each water table amdl piezometer and recording the depth to
water from a mark placed on the inside of the wadling. Groundwater measurements during
2010 and 2011 were conducted prior to each pur@mbsampling event, and additional
measurements were made on a monthly basis in 2@ whater sampling was changed to a
guarterly basis (Appendix 6). Measurements wererdsz on field sheets for subsequent entry
into the electronic database.
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Pressure transducers (Levelodgéold, Model 3001, Solinst Canada Ltd.) were used t
record changes in absolute pressure (i.e., watemeopressure plus barometric pressure) in 4-h
intervals in order to determine water height. Ruessransducers were installed at LB5a-1, LB7-
2, LB8a-1, LB11-4, LB13-4, LB21-2, and LB22-3 iretsecond half of 2010. All pressure
transducers were changed to log at 15-min inteimalxcember 2011. Two pressure
transducers (LB4-2x and LB21-2) were used to me&aatmospheric pressure, which was used
to calculate groundwater elevations.

The levelogger data were reviewed based on the ahameasurements, and the data and
height of the pressure transducer were adjusteglcasred to match the manual measurements.
Contour plots were prepared using ArcGIS 10.0 (A& Besktop Release 10.0 © 1999-2010.
ESRI Inc., Redlands, California, United States)ntoars were prepared with grids generated
using the Spline method of interpolation. Sincedlevation was unknown for surface water in
the Battersea Drain, interpolation barriers weredus account for the change in landscape and
groundwater flow paths around the Battersea Drain.

Groundwater Purging

Prior to groundwater sampling, the wells were pdrgsing a Waterra pump or polyethylene
bailer (1 L). Wells were purged until three wellimmes of water had been removed or until the
well was dry (piezometers were not purged belowibk screen). Purged water was disposed of
adjacent to the wells. All equipment was thorougitiged with deionized water and dried with a
paper towel between wells.

If a pressure transducer was present in a wellag removed after the water table depth was
measured but prior to well purging. The total vekdpth was measured after the pressure
transducer, if present, was removed. Total weltlilems measured to examine whether the
effective screen interval had changed as a resalitimg in the well.

Groundwater Sampling and Analysis

Groundwater samples were collected from selectdld 'wem monthly to bi-monthly in
2010 (Appendix 6). Groundwater sampling was changeglarterly sampling in 2011 as it was
determined that an adequate baseline had beenigstalband seasonal trends could still be
observed.

Groundwater samples were collected 7 to 14 d pfieging, depending on the recovery rate
of the water in the well. Samples were collectexnfthe top of the water column in the well
using a polyethylene bailer. Sample bottles wapdetrinsed with sample water before filling.
One, 1-L high density polyethylene bottle was #lligith as little headspace as possible for
chemical analysis, and one, 1-L high density polyleine bottle was filled for isotopic analysis.
In August 2011, one, 250-mL glass bottle was fillath as little headspace as possible for total
organic carbon analysis. After collection, sampl¥ese placed in coolers with ice packs or
frozen 1-L bottles of water. Samples for chemicallgsis were submitted to the ARD laboratory
in Lethbridge on the same day as sampling. Saniptasotopic analysis were shipped in
coolers without ice to the U of S.
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In-field measurements of pH, electrical conducyiyEC), dissolved oxygen (DO), and
temperature were measured in a spare sample beitlg the first bail from the well [WTW
multi 3400i and 3500i with Oxical-cx (DO and EC)da8enTix 41 (pH) probes, Global Water
Instrumentation, Inc.]. Field alkalinity measurensewere also conducted during the August
2011 sampling event (Alkalinity Test Kit, Model ART, HACH Company).

Groundwater samples were analyzed in the ARD ldabordor nutrients, anions, and cations
(Appendix 7). Nutrients included TN, NGN, NO,-N, ammonia nitrogen (N&N), TP, total
dissolved phosphorus (TDP), and £@®; cations included ¢§ Mg?*, Na', and K’; and anions
included S@, CI, HCO;, and CQ*. Other parameters analyzed included dissolved tota
carbon (D-TC), dissolved non-purgeable organic @ar-NPOC), and dissolved inorganic
carbon (D-IC). Chemical analyses were completethbytab within 24 h of sample collection
for nutrients and anions, with TN analyzed as sa®the samples were received, and TDP and
TP analyzed within 7 d. Samples for cation analysee filtered, preserved with nitric acid
(HNO3), and analyzed within 7 d. Dissolved total carbod dissolved non-purgeable organic
carbon analyses were completed within 2 wk of sarapllection.

Groundwater samples were analyzed at the U of tBed_aboratory fofH and*®O.
Isotopic data are not presented in this report.

All groundwater data were validated to ensure foast of N and P did not exceed the totals
(TN and TP) and that individual samples met thagiple of electrical neutrality. Duplicate
groundwater samples were collected at a rate of 4&l08amples collected per day and submitted
for analysis as part of the quality control/quabasurance protocol. Relative percent difference
was examined for duplicate samples. Quality corttedh are not presented in this report.

Changes in methods and method detection limitsdmtvinistorical and current data
(Appendix 7) are not expected to influence anydsein the data as the methods were considered
comparable (Ki Au 2011, personal communication, ARD

2.2.8 Hydraulic Conductivity Testing

Hydraulic conductivity data for historical wells meeobtained from Rodvareg al. (2002).
Hydraulic conductivity testing for wells installéa 2010 and 2011 will be carried out in 2012.

2.2.9 Geochemical Groupings

Given that the current study did not sample the WESFC (Subsection 2.2.1) sites, only
four geochemical categories were used to group keadapa collected from 2009 to 2011. The
geochemical groups used were other sand (OS)pghall and clay (STC), deep oxidized till
and clay (DTC), and reduced sediments (R) (Tallg 2 total of 23 wells were used in the
geochemical groupings (Table 2.2). Geochemical migipees were compared between the
historical and current groupings.
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Table 2.2.Water table wells and piezometers in the four geo@&@mical groupings used in the

Regional Transect Study.

Well name Well type Geochemical gréup
LB2-1 Water table DTC
LB4-2x Water table STC
LB4-4x Piezometer R
LB4-5x Piezometer R
LB6-6 Water table STC
LB6-7 Piezometer R
LB7-2 Water table STC
LB9-2 Water table oS
LB9-8 Piezometer R
LB11-4 Water table oS
LB13-1 Piezometer R
LB13-2 Piezometer R
LB13-¥ Piezometer oS
LB13-4 Water table oS
LB13-5 Piezometer R
LB18-1xY* Water table STC
LB18-4 Piezometer R
LB18-5 Piezometer R
LB19-2 Water table oS
LB19-3 Piezometer R
LB21-1 Piezometer R
LB21-2 Water table oS
LB22-3 Water table oS

? STC =_shallow till and clay; DTC = deep till anidy; OS = other sand; R = reduced sediments.

Y Used for comparisons between historical and ctidata.

* Historical LB18-1 was compared with current LB18-fvhich was re-drilled to match the historical kel

2.2.10 Comparisons to Historical Data

Historical and current data from regional transeells were compared to assess groundwater
guality changes with time in the Battersea arean@arisons were only made for wells screened
in the shallow oxidized zone. Wells in deep oxidizél and fine textured lacustrine sediments
were not included in the comparisons, as groundvgaeater than 6 m below the ground surface
was not highly vulnerable to contamination (Rodvahgl 2002). Wells screened in reduced
sediment were not included in the comparisons stefical analyses suggested denitrification
removed N@-N from reduced sediments (Rodvaetgal 2002). Nine wells initially used by
Rodvanget al (2002) were used for the comparisons. Six wellatied in oxidized coarse fluvial
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sediments (LB9-2, LB13-3, LB13-4, LB19-2, LB21-B22-3), two wells located in medium
lacustrine sediments (LB11-4, LB18-1x), and onel Veelated in oxidized fine lacustrine
sediments (LB7-2) were used. The wells fit into dfleer sand, LC sand, and shallow till and
clay geochemical groups that Rodvaai@l (2002) used in mixed model and regression
analyses with data collected from 1994 to 2001.

Data were separated into historical (1994 to 2@@) current (2009 to 2011) sampling
periods. Data were compared by well rather thagdmchemical groupings as the majority of
the nine wells used for historical comparisons werde OS group (Table 2.2).

2.2.11 Statistical Analysis

Basic summary statistics were computed using SYST2A{Version 13.00.05. SYSTAT
Software, Inc. 2009, Chicago, lllinois, United &8t The minimum measurable detection limit
(MMDL) was used when reporting concentration ran@es, minimum concentrations detected),
but a value of half the MMDL was used in mean aradlian calculations. Minimum method
detection limits for each parameter are listed ppéndix 7.

Historical and current data from regional transeells were compared using the Proc Mixed
procedure in SAS 9.2 with variance components @asdhniance structure and repeated measures,
Ismeans, and pdiff options (©2002-2008 by SAS tatilnc., Cary, North Carolina, United
States). A significance leveP) of <0.05 was used.

2.3 Results and Discussion
2.3.1 Weather

Total annual precipitation received in 2009, 20drid 2011 was 384, 451, and 391 mm,
respectively. Total annual precipitation was abthwee30-yr (1971 to 2000) average of 365 mm
for all three years. In 2009, the summer monthed,Jduly and August) and October received
above average precipitation, while other montheivat precipitation below the average (Figure
2.5). In contrast, 2010 and 2011 had two to threed the average precipitation in April and
May. Additionally, precipitation in October 2011 svenore than double the average
precipitation, and July 2011 was also above thgr3®serage. Precipitation in August and
September was three to seven times below avera@f#lin
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Figure 2.5.Monthly precipitation comparisons for the Batterseaarea from 2009 to 2011.

2.3.2 Stratigraphy

Stratigraphy at the wells installed in 2010 wasststent with the stratigraphy previously
described in Subsection 2.1.2. Details of the ldgi®s encountered during drilling of each well
are included with the borehole logs in Appendix 3.

2.3.3 Groundwater Elevation

Groundwater elevation results for all wells are sarized in Appendix 8. Shallow
groundwater elevations were generally consistetit gioundwater elevations reported by
Rodvanget al (2002). The flow direction was from northwesstmtheast in the study area (i.e.,
from the bedrock high to the Oldman and Little Bawvers) (Figure 2.6).

Water table elevations increased in the springesmty summer in response to spring runoff,
spring and summer rainfall, and irrigation (Figdr@). Elevations declined through the fall and
into the winter. Mean water table measurementsa@mgm approximately 1 to 3 metres below
ground surface (mbgs) throughout the study areall@&twater table elevations were similar
between 2010 and 2011 (Figure 2.7, Appendix 8).Waker table was 2 to 17 cm higher in 2011
than in 2010.
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Figure 2.6.Shallow groundwater elevation for the Battersea trasect in October 2011 (2-m
contour interval; numbers represent metres above selevel; arrows indicate inferred
groundwater flow direction).
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2.3.4 Groundwater Chemistry
Current Groundwater Chemistry

Chloride and N@-N concentrations varied among the geochemicalpgoGhloride
concentrations ranged from the minimum measuragtiection limit (MMDL) to 1096 mg L,
with a mean concentration of 104 mg (Table 2.3). The mean Gloncentration was highest for
the STC geochemical group. The meancGhcentration in the DTC well was similar to tHECS
wells, while concentrations in the OS and R wekseawthree to five times lower. Nitrate N
concentrations ranged from the MMDL to 144 mYj with a mean concentration of 27 mg L
(Table 2.3). The mean NGN concentration was highest for the DTC geochehgoaup,
followed by the STC and OS groups. Similar tog@ncentrations, the lowest JEN
concentrations were measured in the R geochenticapg

Chloride and N@-N concentrations in soil saturated-paste extnagasured in 2011 at well
LB6-7 (which belongs to the STC group) increasetth wepth, reaching maximum
concentrations at about 10 mbgs before decreasthgiepth (Figure 2.8). Similar soil Cl
profiles were observed by Rodvaepal.(1998) in some wells in the STC group. Elevated ClI
and NQ'-N concentrations in the STC wells suggest thatiigdevater has been impacted by land
use management practices. However, it is unceiftalavated N@-N concentrations in some of
the STC wells, as well as the DTC well, represefiténces from manure application or
geologic conditions.

Elevated Cland NQ'-N concentrations measured in LB2-1, the well steglen DTC, were
consistent with historical measurements collectetthé 1990s (Rodvargg al. 1998). Previous
work concluded the elevated NEN concentrations measured in LB2-1 were of gealogigin
as tritium was not detected, which is used as dicamor of recharge after 1951 (Rodvasal.
1998). Additional analyses will be required in sedpgent years to confirm the water table at
LB2-1 is still not influenced by anthropogenic soes or recent contributions from the ground
surface.

In general, groundwater quality in the Battersesmavas highly mineralized, with a mean
total dissolved solids (TDS) content of 1590 my(Lable 2.3). Total dissolved solids
concentrations were greatest in the STC and DTChgauoical groups, with mean concentrations
of 3428 mg [* and 4292 mg L, respectively, and lowest in the OS group wellgna mean
concentration of 829 mgL
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Table 2.3. Concentrations of chloride (C), nitrate nitrogen (NO3-N), and total dissolved solids (TDS)
for geochemical groups in the Battersea area fromQ®9 to 2011.

Cr NO;-N TDS
Geochemicdl Min. Max. Mean Min. Max. Mean Min. Max. Mean
group (n) (ny L)
STC (4) 5 1096 256 0.05 144 33 666 7360 3428
DTC (1) 225 240 234 71 78 74 3155 4448 4292
0S (7) 5 228 67 0.05 74 23 262 1552 829
R (11) 5 182 44 0.05 82 12 346 4632 1319
All wells (23) 5 1096 104 0.05 144 26 262 7360 1580
2 STC = shallow till and clay; DTC = deep till anidy; OS = other sand; R = reduced sediments.
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paste extracts at LB6-7 in December 2010.

26



Preliminary geochemical typing was completed orugdwater samples, using the median
values of the major ions for the major geochengealpings (Table 2.4). Results indicate that
groundwater types were similar between the sanplen in the 2000 and the current study. For
the STC geochemical group, sodium {Naas present in 2000 but not in 2010. For the OS
group, sulphate (S8) was present in 2000 but not in 2010. Sulphate beagemoved through
reduction processes, while Naay be removed through ion exchange reactionsgkspand
Postma 1996). Additional analyses in subsequentyed refine the geochemical typing and
assist with interpretations.

Table 2.4.Geochemical types of groundwater samples in 2000 &2010.

Geochemical group 2000 water type 2010 water type
STC Mg-Na-Ca-SQ Mg-Ca-SQ
DTC Ca-Mg-SQ Ca-Mg-SQ

OS Mg-Ca-HCQ@-SO, Mg-Ca-HCQ

R Ca-Mg-HCQ Ca-Mg-HCQ

? STC = shallow till and clay; DTC = deep till anidy; OS = other sand; R = reduced sediments.

No consistent seasonal pattern was observed fg-N@nd Clin most geochemical groups.
Chloride and N@-N concentrations fluctuated in some of the welleened in the OS
geochemical group, but there were no consistetgnoatamong years (Figure 2.9). Nitrate N
appeared to decrease from 2009 to 2011 in a fatveoDS wells. Concentrations fluctuated in
2009 and 2010 in one well screened in the STC geodal group, and the highest
concentrations in 2009 and 2010 were elevated caedpga 2011 (Figure 2.10). However,
sampling also decreased from every 2 wk to a guiptiesis in 2011. Data were only available
for 2011 in the majority of the wells in the R ghemical group and will be assessed for annual
variability in subsequent years.
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2011 in wells screened in the Other Sand (OS) geachical group.
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Figure 2.10. Chloride (CI) and nitrate nitrogen (NOs-N) concentrations from 2009 to 2011
in wells screened in the Shallow Till and Clay (ST{geochemical group.

Comparison to Historical Data

Four of the nine wells (LB9-2, LB13-3, LB18-1x, ahB19-2) had significantly higher CI
and NQ'-N concentrations during the current sampling k(009 to 2011) compared to the
historical sampling period (1994 to 2001) (Tablg)2Three wells (LB11-4, L22-3, and LB21-2)
had either significantly higher Gdr NO;-N concentrations in the current sampling perioihw
no significant difference between the two samppegods for the other parameter. Two wells
(LB7-2 and LB13-4) had a significantly higher contration of one parameter in the current
period compared to the historical period; wheré@s opposite was true for the other parameter
(i.e., significantly less concentration in the @ntrperiod). Comparisons between the historical
and current concentrations are discussed sepafatedach of the nine wells.
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Table 2.5.Comparison of mean chloride (C)) and nitrate nitrogen (NOs-N) concentrations
between historical 1994 to 200} and current (2009 to 2011) groundwater samples dm nine wells
in the Battersea area.

Cr NO;-N
Well Sampling period (mg L™h)? (mg L'Y)?
LB7-2 Historical 438.03a 0.53b
Current 65.91b 2.91a
LB9-2 Historical 20.99b 40.46b
Current 220.25a 59.83a
LB11-4 Historical 22.07a 4.74b
Current 24.34a 6.73a
LB13-3 Historical 28.37b 19.98b
Current 69.77a 41.19a
LB13-4 Historical 46.91b 38.33a
Current 89.24a 21.77b
LB18-1¥ Historical 4.96b 4.88b
Current 54.95a 66.27a
LB19-2 Historical 4.96b 5.03b
Current 26.36a 14.58a
LB21-2 Historical 14.14b 23.25a
Current 24.60a 19.04a
LB22-3 Historical 7.77a 7.50b
Current 7.87a 15.57a

? Means for each well site comparison (i.e., histrizs. current) followed by the different lettare significantly
different atP  0.05.

Y Historical LB18-1 was compared with current LB18-fvhich was re-drilled to match the historical well

Well LB7-2

In water table well LB7-2, the current NEN values were elevated relative to historical
values; whereas, Clalues were lower in the current sampling periochpared to the historical
period (Figure 2.11, Table 2.5). These resultediifom those previously observed in other
wells screened in till and fine sediments wheréhstiltanges were not observed from 1994 to
2001 (Rodvangt al.2002). It remains to be determined why N@ increased and ClI
decreased at this site from the historical perathé current period.
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Figure 2.11. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB7-2.
Historical data are from 1994 to 2001 and the curnet data are from 2009 to 2011.

Well LB9-2

In LB9-2, CI and NQ'-N concentrations were significantly elevated byoasher of
magnitude relative to historical values (Figure22.Table 2.5). Rodvangt al (2002) did not
observe any changes in BN or CI concentrations in LB9-2 from 1995 to 2001. Chlerahd
NOs3-N concentrations in soil saturated-paste extrfaota borehole LB9-8 in November 2011
increased with depth to approximately 9 and 5 miaggpectively, before decreasing with depth
(Figure 2.13). Nitrate N was not detected belowriitgs, which is where reduced sediments
were observed during drilling (Appendix 3). It isagertain whether the elevated &hd NQ™-N
concentrations with depth in the soil are a resiihanure management practices or a
combination of agricultural and natural sourceshdligh Cland NQ'-N concentrations were
higher in the current period compared to the histbperiod, concentrations appeared to
decrease from 2009 to 2011 (Figure 2.12). Watde tallevations may have influenced
concentrations as the water table fluctuated sedlyaas well as increased from 2009 to
2011(Appendix 8).
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Figure 2.12. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB9-2.
Historical data are from 1995 to 2001 and the curnet data are from 2009 to 2011.

0
[
[ ]
[ J [ ]
[ ) ]
[} ]
[ ) [ ]
m .. ] "
N AL
£ “a
= "a
o = _
g 10 -
= I.
2 .
[
n
15
® NO3-N
" Cr
20 T T T T T T T
0 100 200 300 400 500 600 700

-1
NO3-N and CI(mg L )
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paste extracts at LB9-8 in November 2011.
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Well LB11-4

In LB11-4, NG'-N concentrations were elevated relative to hisedrconcentrations;
however, Clconcentrations were similar between the curredthastorical periods (Figure 2.14,
Table 2.5). Generally, NON concentrations were similar to concentrationsisneed from
1999 to 2001. Rodvaret al (2002) found increasing NGN and Cl concentrations in LB11-4
from 1994 to 2001 (slope=0.09 and 0.3 and p=0.0@B0a004, respectively). Although current
CI" concentrations were not significantly higher thstorical concentrations, Gkended to
increase from 2009 through 2011. Site LB11 is itivearangeland near the Oldman River and is
well separated from cultivated fields. It was poasly suggested lateral groundwater transport
from other fields was responsible for the N@ and Clmeasured at site LB11 (Rodvaepal.

2002).
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Figure 2.14. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB11-4.
Historical data are from 1994 to 2001 and the curnet data are from 2009 to 2011.
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Well LB13-3

Chloride and N@-N concentrations were generally elevated by two & LB13-3
compared to those observed from 1995 to 2001, tweélexception of June 2001 (Table 2.5,
Figure 2.15). Rodvanet al. (2002) did not find a significant increase in N@® and Cl
concentrations from 1995 to 2001. It is uncertaitywhe concentrations were elevated in June
2001 compared to the rest of the historical dataNigrate N concentrations in 2010 and 2011
were variable and decreased from 2010 to early 20khibride concentration was also higher in

2010 than in 2011.
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Figure 2.15. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB13-3.
Historical data are from 1995 to 2001 and the curnet data are from 2010 to 2011.
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Well LB13-4

Chloride concentrations in LB13-4 were higher, @wlIO;-N concentrations were lower
compared to historical values (1995 to 2001) (Fegud.6, Table 2.5). In comparison, &hd
NO3-N concentrations remained relatively stable i thell from 1995 to 2001 (Rodvaeg al.
2002). The elevated Gioncentrations and decrea$¥@s-N concentrations in LB13-4 will be
investigated further in subsequent years.
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Figure 2.16. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB13-4.
Historical data are from 1995 to 2001 and the curnet data are from 2009 to 2011.
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Well LB18-1x

In LB18-1x, current Cland NQ-N concentrations were significantly elevated byrenthan
an order of magnitude relative to historical val(fégure 2.17, Table 2.5). Rodvaagal (2002)
did not look at trends in this well from 1994 ta020 although N@-N concentrations appeared
elevated in 2001 compared to the previous year@rida and NQ-N concentrations in soil
saturated-paste extracts were elevated near theusfsice and decreased with depth to
approximately 5 mbgs, where concentrations wereigdly below the MMDL (Figure 2.18).
The elevated concentrations in the shallow watdetaell suggest leaching has occurred from
the ground surface (where higher concentrationslaserved) and that groundwater has been
impacted by land use management (including manargagement) in the Battersea area. Fine
unoxidized sediments were observed below 5 mbgaglborehole drilling in 2010 (Appendix
3). This suggests that NEN leaching below 5 m may be reduced in the unaridizone where
anoxic conditions can support denitrificaiton. Alttyh Cl was detected in piezomters 10
(LB18-4) and 20 mbgs (LB18-5) (17 to 49 mg)LNOs-N was generally less than the MMDL
(Appendix 9).
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Figure 2.17. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB18-1x.
Historical data are from 1994 to 2001 and the curnet data are from 2011.
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Figure 2.18. Chloride (CI) and nitrate nitrogen (NO3-N) concentrations in soil saturated-
paste extracts at LB18-5 in 2011.
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Well LB19-2

In LB19-2, NG'-N and Clconcentrations were elevated relative to histogoalcentrations
(Figure 2.19, Table 2.5). Rodvaagal (2002) also found an increasing trend inzN® and Cl
concentrations in LB19-2 from 1996 to 2001 (slopé2tand 0.19 and p=0.008 and 0.006,
respectively). Similar to site LB11, LB19 is in & rangeland near the Oldman River and well
separated from cultivated fields. It was suggektstal groundwater transport from other fields
was responsible for the NGN and Clmeasured at LB19 (Rodvaegal 2002).
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Figure 2.19. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB19-2.
Historical data are from 1996 to 2001 and the curnet data are from 2010 to 2011.
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Site LB21

Chloride concentration was significantly highethe current period compared to the
historical period in LB21-2 (Table 2.5). Althougheam NQ™-N concentrations were not
statistically different between the two study pdapNQ™-N appeared to increase from 1996 to
2000 and decrease from 2009 to 2011 (Figure 2&8imilar pattern was observed for Cl
Rodvanget al. (2002) found a significant increase in N® and Clfrom 1996 to 2001
(slope=0.41 and 0.31 and p=0.002 and 0.005, raspbot As with LB9-2, water table elevation
at LB21-2 increased from 2009 to 2011 with seashiwdls in June (Appendix 8).
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Figure 2.20. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB21-2.
Historical data are from 1996 to 2001 and the curnet data are from 2009 to 2011.
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Well LB22-3

The mean N@-N concentration increased from the historical getto the current period in
LB22-3 (Table 2.5). Chloride concentrations appeaievated in groundwater samples taken
between May 2009 and July 2010 (Figure 2.21); h@nawnean concentrations of samples taken
throughout the year were not different betweenweperiods. Rodvanegt al (2002) did not
report a significant trend in NGN or CI concentrations from 1996 to 2001. Although N®
concentrations were elevated compared to the ldat@tudy, N@-N values appeared to
decrease from 2009 to 2011 (Figure 2.21). It iseuiain why NQ-N decreased from 2009 to
2011. Water table elevation increased from 20020thl by approximately 1 m (Appendix 8),
and this may have played a role in diluting nitraté groundwater or created conditions
favorable for removal of NO-N.
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Figure 2.21. Concentrations of nitrate nitrogen (N@-N) and chloride (CI) in LB22-3.
Historical data are from 1996 to 2001 and the curnet data are from 2009 to 2010.
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2.4 Summary and Future Work
2.4.1 Summary

The monitoring of groundwater quality in the Basta area from 2009 to 2011 builds upon
previous work conducted in the 1990’s and early®2€0rhe main objective of the Battersea
Regional Transect Study is to determine changgsonndwater quality with time. This study
will continue from 2012 to 2015.

Field work from 2009 to 2011 included the instatiatof new water table wells and
piezometers, re-establishment of some historiclbywgater table elevation monitoring,
groundwater sampling, surveying of wells, and tbkection of soil samples for chemical and
isotopic analyses. Transect site locations and odstivere generally consistent with the
historical work in order to compare groundwaterlgudetween the two sampling periods.

Transect sites were selected to provide a reprademtross section of geologic,
hydrogeologic, and anthropogenic conditions withie Battersea area. Geological conditions of
the selected sites ranged from fine-grained tossegrained soils. Hydrogeological conditions
ranged from the upgradient side to the downgradiel&, where groundwater discharges into the
Oldman and Little Bow rivers. The various hydrogegt conditions found within the area were
represented by the different study sites. Anthrepagconditions were represented by sites
adjacent to cultivated fields, confined feedingrapiens, and rangeland.

Groundwater elevations measured in the currenysugde consistent with groundwater
elevations previously measured, and the resulisatetl a flow direction from northwest to
southeast in the area (i.e., from the bedrock taghe Oldman and Little Bow rivers). Water
table elevations increased in the spring and eantymer in response to spring runoff, summer
rainfall, and irrigation of the fields, and thenctieed through the fall and into the winter.

Nitrate N and Clconcentrations from 2009 to 2011 were generali lm wells in the
shallow and deep till and clay and oxidized sanith mean N@-N and Cl concentrations of 26
and 104 mg L, respectively. These elevated concentrations suiggat groundwater impact has
occurred from anthropogenic sources, likely mamuia@agement activities, within the Battersea
area. In general, groundwater quality in the Ba#ararea was highly mineralized.

Generally, increases in NEN and Cl concentrations were observed in wells when
compared to the historical data (1994 to 2001 xatN and/or Clconcentrations significantly
increased from the historical period to current itaying period at the majority of wells in
oxidized sand. The initial trends suggest thagNDand CI from manure are continued to move
downward into the aquifer at greater intensity. &&e water table fluctuations during the current
study compared to the historical period may haveedanore N@-N and Cl into the
groundwater in 2009 to 2011. Wells constructedr@as overlain by shallow till also had
significant increases in NON; however, varying patterns were observed for Cl
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2.4.2 Future Work
The following work is planned for the Regional Tsant Study:

Groundwater monitoring and sampling will be conédctour times per year (winter,
spring, summer, and fall). Monitoring frequencysofme of the deeper piezometers will
be reduced where the recovery in water levels btvgampling has not occurred during
past sampling events (e.g., LB5a-5 and LB5a-6).

Twelve additional historical wells will be re-actited for monitoring in 2012: LB7-3,
LB7-4, LB7-7, LB8-4, LB9-7, LB11-3, LB12-2, LB14-2B16-1, LB16-2, LB18-1, and
LB22-2.

Groundwater samples will be analyzed for additiosadopes, including tritium,
deuterium, oxygen-18, nitrogen-15, and helium-3riaker to age date groundwater
within the Battersea area.

Hydraulic conductivity testing will be conducted mpresentative wells included in the
monitoring network and groundwater velocities Wi calculated.

Preliminary tests on the point velocity probes (BYViAstrumented at Sites LB9, LB18,
and LB19 will be conducted to determine if borehsa¢tling has occurred and then
determine groundwater velocity direction and magiet

Further geochemical evaluation of groundwater samggults will be conducted.

A more detailed statistical analysis of groundwatsgmistry will be completed to assess
trends in groundwater quality.

Land management information will continue to bdexikd. This information will

include manure application timing and rates, ciagpsted/harvested, and irrigation
application rates.

Soil samples collected in 2011 will be analyzedl Sampling in the fields will be
conducted in subsequent years in order to deterafaeges in the soil concentrations of
the parameters of concern with time.

Manure samples will be collected prior to or attinge of manure application.

42



