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FIGURE 1-2: EXTENT OF STUDY AREA
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1.6 ENVIRONMENTAL ASSESS MENT PROCESS 

The environmental assessment process included the following tasks: 
 
¶ Characterizing the existing (baseline) environmental conditions at the Study Area and underlying 

aquifer, considering climate, soils, surficial geology, aquifer characteristics, and water quality. 
Baseline characterization includes design and implementation of the monitoring program. 

¶ Describing farm operations at the Study Area, particularly manure and nutrient management. 
¶ Assessing the effects of current (since 2013) farm operations on the receiving environment 

(specifically Hullcar Aquifer 103), considering the magnitude, timing, duration, and reversibility of 
any adverse effects. As noted above, Regehr Farms began implementation of a nutrient 
management plan in 2013 that is intended to optimize nutrient use on farm land. 

¶ Assessing the effects of farm operations and nutrient management before 2013 on the environment 
to determine whether there are residual effects on Hullcar Aquifer 103 in the Study Area from the 
pre-2013 operations.  

¶ Identifying management practices or other mitigation measures to avoid or minimize the identified 
adverse effects. The EIA will include the recommended preliminary mitigation strategy, with the 
details to be developed later as part of the Action Plan.  

¶ Determining if there are likely any residual effects that cannot be reasonably mitigated. 
¶ Developing a monitoring program to assess the effectiveness of the mitigation measures. 
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2 Comprehensive Monitoring Program  
The Comprehensive Monitoring Program followed the tasks identified in Table 3-1 of the TOR and work 
plan (Appendix A). 
 
2.1 SUMMARY OF BACKGROUN D INFORMATION 

2.1.1 Climate  

Climate normals data are available for Silver Creek (Climate STN ID 1167337), which is located 
approximately 8 km northwest of the Study Area at an elevation of 419 m. Table 2-1 summarizes the 
1981-2010 climate normals data available for the climate station. During this period, the recorded average 
annual temperature and total precipitation at this station were 7.7ºC and 557.1 mm/year, respectively 
(Environment Canada 2016). Like most of the valley bottom areas in the BC Southern Interior, there is a 
significant soil moisture deficit from April to September, when potential evapotranspiration exceeds 
precipitation (Table 2-1). This deficit is offset at Regehr Farms and on most local farms through irrigation. 
Surplus moisture from autumn rain and spring snowmelt infiltrates to ground, providing the mechanism for 
the downward migration of water. If irrigation exceeds crop demands the excess water may also infiltrate 
below the rooting zone. 
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2.1.3 Surficial Geology and Soils  

The surficial geology within the Study Area results from the Fraser. The valley bottoms within the Study 
Area are dominated by stream terrace and kettle terrace deposits (sand and gravel). Towards the valley 
walls (including the area around the feedlot and Fields 101 to 105), the deposits include fan (poorly sorted 
gravel, sand, silt, and clay) and undifferentiated moraine (till with minor sand and gravel) (Fulton 1975). In 
these valley well areas, slow groundwater movement is expected, because poorly sorted deposits and till 
have low porosity, and will therefore have low hydraulic conductivity. For example, till has hydraulic 
conductivities in the range of 1X10-12 m/s to 1X10-6 m/s, compared to a sand which typically has a hydraulic 
conductivity of 1 X 10-4 m/s (Freeze and Cherry 1979).  
 
The soils of the Study Area are mapped by the provincial government as follows: 

¶ In the area of the feedlot, the soils are primarily Armstrong (sandy loam or loam to gravelly sandy 
loam) and Kalamalka (sandy loam to silt loam) (Wittneben 1986, Gough et al. 1994). These are 
well draining soils; however, they all contain silt and clay because loam is 33% silt, 33% sand, and 
33% clay. In a feedlot, the trampling action of cattle mixes manure with the soil and causes a 
compacted surface to build up. The compacted surface acts to minimize infiltration and prevent 
seepage of nutrients into the soil and groundwater underneath. A silty soil underneath a feedlot in 
particular will compact and seal well (Alberta Agriculture and Forestry 2000). More discussion of 
the compacted layer is presented in Section 2.5.4.   

¶ In the area of the fields, the soils range from loam to sand, and include both poorly draining and 
well draining soils. In the well-draining soils, potential for infiltration to ground and eventually 
groundwater is more likely.  
 

Figure 2-1 presents the surficial geology and soil series within the Study Area. Table 2-2 summarizes the 
soil series on the fields within the Study Area based on BC government mapping. 
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FIGURE 2-1: SOILS AND SURFICIAL
GEOLOGY MAPPING
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2.1.4 Aquifers  

The BC Water Resources Atlas indicates several aquifers near the Study Area (MOE 2016b). The locations 
of these aquifers are shown in Figure 2-2 and the characteristics are summarized in Table 2-3. Based on 
our review of the hydrogeology and soils data of the area and the information we received from the water 
operator at Purple Springs, as well as the site visit conducted by Marta Green, P.Geo., the feedlot is 
situated on a gentle east-facing slope and neither Aquifer 102 nor Aquifer 103 is beneath the feedlot.  
 
Aquifers 102 and 103 were mapped in 1999 by the BC Ministry of Environment. The aquifer boundaries are 
defined by area of development, geomorphic boundaries, surficial geology mapping, and borehole data. 
Note that, because these aquifers are large, the mapping may be inaccurate at the individual property level. 
However, MOE is currently updating the mapping of aquifers in the North Okanagan, which may provide 
improved information at a later date. Regardless of the mapping accuracy, precipitation that falls on the 
feedlot likely infiltrates the ground and any precipitation that exceeds evapotranspiration will eventually 
migrate down-gradient and enter Aquifer 102 or 103.  
 

Table 2-3 
Summary of aquifers in and surrounding the Study Area 

MOE Number Aquifer Type Size (ha) Vulnerability 

102 Sand & gravel confined >1,200 Low 

103 Sand & gravel unconfined >1,400 High 

104 Bedrock 200 Moderate 

355 Bedrock >1,550 Low 
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FIGURE 2-2: MAPPED AQUIFERS
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FIGURE 2-3: REGISTERED WATER
WELLS
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Project
Well

Number

Well Plate
ID

Well Tag
Number

Common Well name Well Use
Well

Depth (ft)
Depth to
water (ft)

Casing
diameter

(inch)

Aquifer based on
lithology from

well logs

well log
available

1 none unknown Swann Irrigation Irrigation 51 7 8 unconfined
n - only from
pump specs

2 none unknown Friesen old irrigation well Irrigation 54 16 8 unconfined
n - only info from

wall of pump-
house

3 none unknown
Rossworn Right-of-way well (on
Friesen land, but well owned by

Rossworn)
Irrigation and Domestic na na na na no

4 none unknown
Rossworn Right-of-way well (on
Friesen land, but well owned by

Rossworn)
Irrigation and Domestic na na na na no

17 none 94078 Gerald's #2 Irrigation 76 27 12 unconfined sand y - driller forms

18 none 94079 Gerald's #1 Irrigation na na 12 na no

20 none none Freisen Domestic Domestic 60 33 5
unconfined sand

and gravel
y - MOE forms

22 none unknown Swann Domestic Domestic 60 na 6 unconfined no

19 none unknown 150mm  testhole East Field Well
Closed. Backfilled with bentonite

chips. Stickup and cover still
present.

500 6 Bedrock y - MOE forms

Project
Well

Number

Well Plate
ID

Well Tag
Number

Common Well name Well Use
Well

Depth (ft)
Depth to
water (ft)

Casing
diameter

(inch)

Aquifer based on
lithology from

well logs

well log
available

5 none unknown Caravan old irrigation well Irrigation - not in service na na 8 na no

6 none unknown White Irrigation Irrigation - in service 60 NA 8
unconfined to
semiconfined

no

7 25872 unknown Purple Springs Wellfield Domestic Domestic 70 54 6
unconfined with

some fines (clay 3
to 16 ft)

y - driller forms

8 none unknown Purple Springs Wellfield Domestic Domestic 70 na 6 unconfined
y - driller forms
and MOE forms

9 none

94075 and
94076

(matching
descriptions)

Purple Springs Wellfield Irrigation 72 12.5
12inch

casing/8in
ch screen

unconfined with
fine sand 29-56ft

y - driller forms

10 lost unknown Purple Springs Wellfield Irrigation na na 8 na no

11 28065 unknown
Purple Springs wellfield: East Well

#1 2009
Irrigation 78 22 12

unconfined with
fines 0-15 ft

y - driller forms

12 none unknown Purple Springs Wellfield Irrigation na na 8 na no

13 none unknown
Wellfield shallow: between Red

Pumphouse
Irrigation 62.5 31.82 8

unconfined sand
and gravel with

fines 0-35 ft, and
45-55 ft

y - driller forms

14 none unknown
Purple Springs Wellfield: West Red

Pumphouse
Irrigation na na na na no

15 35119 unknown Purple Springs Wellfield Irrigation 68 22 8
unconfined sand
and gravel with

fines 0-15 ft
y - driller forms

16 28066 unknown
Purple springs wellfield: West well

#2 2009
Irrigation 95 21 12

unconfined sand
and gravel with

fines 0-15 ft
y - driller forms

21 none unknown White Domestic Domestic 40 20 6 unconfined sand y - MOE forms

30 none unknown unknown unknown na na 6 unknown unknown

31 12078 unknown unknown unknown na na nm unknown unknown

32 none unknown unknown unknown na na nm unknown unknown

33 4223 unknown unknown unknown na na 6 unknown unknown

34 42219 unknown unknown unknown na na 12 unknown unknown

35 none unknown unknown unknown na na 6 unknown unknown

36 none unknown unknown unknown na na 6 unknown unknown

37 none unknown unknown unknown na na 6 unknown unknown

38 none unknown unknown unknown na na 6 unknown unknown

Wells verified to be located within the Study Area
Table 2-4

Wells surveyed within 300 m outside of the Study Area
Table 2-5
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2.1.6 Observation Wells  

There are two MOE Groundwater Observation Wells (MOE 2016c) in the area within Hullcar Aquifer 102 
and 103 (Table 2-6). Based on the validated groundwater level data from these observation wells, the 
seasonal fluctuation of the potentiometric surface in both aquifers is about 0.5 to 1.0 m depending on the 
climate conditions in a specific year (Table 2-6). In addition, the water level in Hullcar Aquifer 103 increased 
by 0.2 m/year between 2012 and 2016, and the potentiometric level in Hullcar Aquifer 102 decreased by 0.2 
m/year over the same period. OBS 384 and OBS 409 correspond to the Environmental Monitoring System 
(EMS) IDs E275523 and E288429, respectively (MOE 2016d). Available nitrate-N data indicate 
concentrations ranging from 0.002 to 0.015 mg/L in OBS 409 between 2012 and 2015 (MOE 2016d). There 
was only one nitrate-N concentration recorded for OBS 384 in 2015, which was 3.29 mg/L. 
 

Table 2-6 
Summary of OBS wells 409 and 384 

 OBS 409 OBS 384 

Well Tag Number (WTN) 104830 93924 

Date installed November 2, 2011 March 12, 2008 

Depth to top of screen from ground surface (m 
bgs) 

21.9 90.2 

Aquifer Hullcar Aquifer 103 
Unconfined sand and 
gravel 

Hullcar Aquifer 102 
Confined sand and gravel 

Dates of validated data collection September 22, 2012 to 
September 14, 2016 

April 7, 2008 to September 
13, 2016 

Approximate rate of annual potentiometric 
surface change (m/year) 

+0.2 -0.2 

Fluctuation in potentiometric surface from 
annual lows and early summer highs (m) 

0.7 to 1.2 0.6 to 1.1 

Fluctuation in potentiometric surface from 
spring lows to early summer highs (m) 

0.37 to 1.02 (average 
0.66) 

Not calculated 

 
2.1.7 Nearest Receptors  

A receptor survey is currently being conducted by Golder Associates as part of a regional Hullcar Aquifer 
Study for the Ministry of Forests, Lands and Natural Resources (FLNRO), but the results are not yet 
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Table 2-7 
Summary of surface water points of diversion within 300 m of the study area. 

POD 
Licence 
Number 

Stream Name Licensee 
Licenced 

Use 

Licenced 
Volume 
(m3/day) 

Licence Status: Current 

PD59345 C056392 Milum Spring 
Milum John S & Susan G 
4504 Hullcar Rd Armstrong 
BC V0E1B4 

Domestic 4.55 

Irrigation: 
Private 

67.6 

PD59341 C041570 Annie Slough 
Curtis George Edward 
5058 Parkinson Rd. 
Armstrong BC V0E1B4 

Irrigation: 
Private 

162 

PD59340 C041571 Annie Slough 
Card Ivan R & Annette 
5131 Parkinson Rd. 
Spallumcheen BC V0E1B4 

Irrigation: 
Private 

243 

PD59346 C041923 Wiebe Spring 
Regehr Kenneth J & Brenda L 
4516 Hullcar Comp 1 RR 4 
Armstrong BC V0E1B0 

Domestic 11.4 

PD59349 C056396 Lyster Creek 
Milum John S & Susan G 
4504 Hullcar Rd Armstrong 
BC V0E1B4 

Irrigation: 
Private 

38.9 

Licence Status: Cancelled 

PD59350 C056394 Lyster Creek 
Regehr Kenneth J & Brenda L 
4516 Hullcar Comp 1 RR 4 
Armstrong BC V0E1B0 

Irrigation: 
Private 

1.69 

 
2.2 GROUNDWATER FLOW DIRECTION AND GRADIENT 

On December 1, 2016, water levels were measured from 19 of the Project wells within and around the 
Study Area, and the water elevation of Parkinson Lake. The top of casing and ground elevations of wells 
were surveyed using a Trimble R8 GPS rover using a Can-net network referenced base station. The 
accuracy is 0.005 to 0.025 m horizontally and 0.010 to 0.035 m vertically depending on proximity to trees 
and how many satellites are being tracked. Figure 2-5 presents peizometric elevations and shows the 
calculated groundwater flow direction. Table 2-8 provides the measured groundwater elevations. 
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Table 2-8 
Groundwater elevations 

Project Well 
Number 

Northing 
(m) 

Easting 
(m) 

Ground 
Elevation  

(m asl) 

Top of 
Casing 

Elevation  
(m asl) 

Depth to 
Water Dec 1, 

2016  
(m btoc) 

Piezometric 
Surface 

Elevation  
(m asl) 

1 5597405 339917 508.5901 508.909 3.14 505.77 

2 5596976 339736 510.1351 510.335 4.33 506.01 

5 5596655 339534 509.5701 509.970 3.47 506.50 
11 5595912 339138 510.211 510.878 4.00 506.88 
13 5595906 339109 510.064 510.817 3.96 506.86 
15 5595930 339124 509.718 511.187 4.33 506.86 
16 5595916 339123 510.233 511.344 4.46 506.88 
18 5595521 338372 514.696 514.896 7.76 507.14 
20 5597050 340318 514.566 515.240 9.74 505.50 
21 5596966 339639 511.075 511.783 5.63 506.15 
22 5597673 339896 512.516 512.684 3.73 508.95 
30 5597326 340328 512.531 512.708 7.30 505.41 
31 5597733 340510 510.314 510.786 5.78 505.01 
32 5597713 340537 509.751 510.490 5.51 504.98 
34 5597648 340545 507.638 508.310 3.29 505.02 
35 5597831 340518 513.147 513.650 8.82 504.83 
36 5597003 340448 517.3411 517.991 12.51 505.48 
37 5597124 340422 508.568 509.450 5.43 504.02 
38 5596733 340361 521.879 522.381 2.86 519.52 

Parkinson Lake      505.13 
Notes: 
1 Ground elevation was measured as the floor elevation inside the pumphouse 
m asl = metres above sea level 
m btoc = metres below top of casing 
n/a = not available 

 
Groundwater flows towards the valley bottom to the southeast from the northwest side of the valley and to 
the northwest from the southeast side of the valley. Within the valley bottom, groundwater levels suggest a 
groundwater divide between Field 205 and Field Corn (Figure 2-5). To the west of this groundwater divide, 
groundwater flows southwest towards Salmon River. To the east of this groundwater divide, groundwater 
flows east towards Parkinson Lake. A gradient of 0.0008, a very low gradient, was measured from between 
Project 13 well and Parkinson Lake. With a clean sand (and a hydraulic conductivity of 1 X 10-4 m/s, and 
porosity 0f 0.25), the groundwater travel time to Parkinson Lake would be over 200 years, indicating very 
slow groundwater flow.  
 
There may be a second groundwater divide in the region of Parkinson Lake and near Project well 37. In any 
event, these water levels suggest that the location of the watershed boundary between South Thomson 
(Salmon River watershed) and Okanagan River watershed (Deep Creek) may not be accurately known in 
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Results were also tabulated against Aquatic Life Guidelines for SW-2, a surface water sample. Results 
were not tabulated against Aquatic Life Guidelines because no aquatic life is present in groundwater. 
However, groundwater data was qualitatively assessed against aquatic life, because groundwater 
eventually discharges to surface water. 
2.3.2 Results  

Table 2-9 includes the results for nitrogen parameters compared with the applicable guidelines. Figure 2-6 
shows the spatial distribution of nitrate-N and ammonia concentrations. All results, tabulated and compared 
with guidelines, are provided in Table C-1 in Appendix C. Original laboratory reports are provided in 
Appendix D. None of the samples had nitrogen concentrations that exceeded guidelines. There are 
no guidelines for phosphorus in groundwater; therefore, phosphorus concentrations are not shown in the 
table below.  
 
There were other exceedances of the Drinking Water, Irrigation, and/or Livestock Guidelines (Table C-1, 
Appendix C). For comparison of surface water against Aquatic Life Guidelines, see Table C-2, Appendix C). 
However, some parameters that were found to exceed guidelines are naturally occurring in aquifers in the 
BC Interior (e.g., iron, manganese, uranium). Because this assessment focused on the potential for 
contamination caused by nutrient (manure and fertilizer) applications, only the nitrogen species are 
discussed further. 

Table 2-9 
Nitrogen concentrations in groundwater and surface water samples in 2016 

 Ammonia-
N (mg/L) 

Nitrate-N 
(mg/L) 

Nitrite-N 
(mg/L) 

Organic 
Nitrogen 
(mg/L) 

Total 
Nitrogen 
(mg/L) 

TKN 
(mg/L) 

G
u

id
el

in
e BCAWQG I - - - - - - 

BCAWQG L - 100 10 - - - 

BCAWQG DW - 10 1 - - - 

GCDWQ MAC - 10 1 - - - 

S
am

p
lin

g
 L

o
ca

ti
o

n
 

Project 11 0.237 <0.010 <0.010 0.136 0.373 0.37 

Project 21 0.053 <0.010 <0.010 0.136 0.189 0.19 

Project 61 0.057 <0.010 <0.010 0.171 0.228 0.23 

Project 131 <0.020 2.51 0.087 0.175 2.77 0.18 

Project 171 0.105 0.230 0.023 0.121 0.479 0.23 

Project 201 0.067 <0.010 <0.010 0.166 0.233 0.23 
Project 21 
(White 
Domestic) 1 

0.049 <0.010 <0.010 0.127 0.176 0.18 

Project 221 0.117 0.014 <0.010 0.107 0.238 0.22 

SW-22 0.052 <0.010 <0.010 0.089 0.141 0.14 
Notes: 
BCAWQG I = BC Approved Water Quality Guidelines for Irrigation (no guidelines for nitrogen parameters) 
BCAWQG L = BC Approved Water Quality Guidelines for Livestock watering 
BCAWQG DW = BC Approved Water Quality Guidelines for Drinking Water 
GCDWQ MAC = Guidelines for Canadian Drinking Water Quality Maximum Acceptable Concentration  
1 Sampled September 27, 2016; 2 Sampled December 1, 2016. 
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Table 2-10 provides a summary of the lithology between sampled wells. Where no lithology was available, 
the lithology from the nearest well log was provided (and noted if this was the case). The lithological data 
indicate the irrigation and drinking water wells are installed in unconfined sand and gravel. Some of the well 
logs describe fine sand and fines at layers above the screened interval of the well, indicating that there may 
be some fine layers between the ground surface and the depth of the screened interval. 

Table 2-10 
Lithology of sampled wells 

Project 
Well 

Number 

Common 
Well 

Name 

Well 
Depth 

(ft) 

Depth 
to 

water 
(ft) 

Aquifer 
based on 

geology from 
well logs 

Lithology from Well Log 

1 
Swann 

Irrigation 
51 7 unconfined  

No lithology available. From nearby well 
WT67911, 350 m SE: clean sand (0-60 ft). From 
WT43563 100 m NW: sand (0-15 ft), gravel (15-
35 ft), hard clay, rocks and sand (35-50 ft), hard 
clay (50-60 ft), hard sand and clay (60-100 ft).  

2 

Friesen 
old 

irrigation 
well 

54 16 unconfined 

No geology available. From nearby well 
WT62423 (250 m NW): Sand and gravel (0-6 ft), 
gravel (6-40 ft), silty sand (40-56 ft). From 
WT50316 200 m SE: clay and rocks (0-4 ft), 
sand (4-40 ft), sand and gravel (40-60 ft). 

6 
White 

Irrigation 
60 NA 

unconfined 
with fines 

No geology available: from WT44169, located 
20 m SE: top soil (0-8 ft), gravel (8-12 ft), water-
bearing sand and gravel (12-14 ft), silty clay like 
gravel and sand (14-25 ft), water-bearing sand 
and gravel (25-70 ft), silty sand (70-75 ft). 

13 
Wellfield 
shallow 

62.5 31.82 
unconfined 
with fines 

Silt to gravel (0-35 ft), clean gravel (35-40 ft), 
coarse sand and some gravel (40-45 ft), silt/fine 
sand/coarse sand (45-50 ft), gravel and some 
clay (50-55 ft), gravel and cobbles (55-60 ft), 
clean gravel (60-65 ft). 

17 Gerald's 76 27 unconfined Dry sand (0-29 ft), water-bearing sand (29-76 ft). 

20 
Freisen 

Domestic 
60 33 unconfined 

Top soil (0-4 ft), sand gravel (4-45 ft), coarse 
sand (45-60 ft). 

21 
White 

Domestic 
40 20 unconfined 

Sand and gravel (0-6 ft), gravel (6-40 ft), silty 
sand (40-56 ft). 

22 
Swann 

Domestic 
60 NA unconfined 

No geology available. From nearby well 
WT51771, 150 m NW: gravel and sand (0-85 ft). 
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Table 2-11 
Post harvest nitrate-N concentration in Regehr Farms fields 

Field ID 2016 Crop Sampling 
Depth 

Nitrate-N 
(NO3-N) 

Average 
Nitrate-N 
(NO3-N) in 
0-90 cm 
Depth 

Ammonium-N 
(NH4-N) 

  cm mg/kg mg/kg mg/kg 

101 Corn silage 0-15 32 11.5 7 

  15-30 8  5 

  30-60 3  4 

  60-90 3  4 

102 Corn silage 0-15 19 9.0 3 

  15-30 9  4 

  30-60 2  2 

  60-90 6  2 

105  Corn silage 0-15 12 6.5 6 

  15-30 5  6 

  30-60 4  4 

  60-90 5  5 

206  Corn silage 0-15 14 4.75 8 

  15-30 3  4 

  30-60 1  5 

  60-90 1  4 

207 & 208 Corn silage 0-15 11 4.25 7 

  15-30 4  5 

  30-60 1  5 

  60-90 1  3 

209 Corn silage 0-15 6 5.75 5 

  15-30 5  4 

  30-60 6  3 

  60-90 6  2 
210 Corn silage 0-15 10 11.5 4 

  15-30 16  3 

  30-60 12  2 

  60-90 8  2 

103 & 104 Alfalfa 0-15 11 6.0 6 

  15-30 2  4 

  30-60 10  4 
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2.5.1 Manure Management and Storage  

On October 17th, the feedlot pens were empty except for a couple of younger cattle in one pen. Young 
feeders are reportedly brought into the feedlot in the fall and fed over winter (D. Macfarlane, personal 
communication, 2016). All mortalities, if any, are taken off site and handled by others.  
 
The feedlot pens are located on two large sloped areas (Figure 2-7). The pens range in size, but are 
roughly 45 metres wide by 90 metres deep. Each pen is rectangular and sloped from back to front to a truck 
access path where feeding and handling take place. A load (estimated to be 3 cubic metres) of wood 
shavings (Photograph 1) is spread into each pen for bedding. We understand that the bedding and manure 
are removed in the spring and land applied as solid manure to the various fields as part of the Regehr 
Farms operation. Approximately 800 tonnes of the manure/wood chip combination are sent annually to the 
adjacent Purple Springs where it is composted for use in the nursery.  

 

 
Photograph 1 

Wood chips and observed stormwater drainage pattern (Oct. 17, 2016) 
 

  





Ken and Brenda Regehr 
 

2-28 
p:\20168112\00_poll_prevention\environmental_sciences\04.00_environmental_assessments\010 cmp and eia\02_reporting\rpt_regehr_cmp and eia_f3.docx 

 
Photograph 2 

Stormwater routing in feedlot pens 
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post-harvest soil nitrate data: These two fields were also found to have residual nitrate in the high 
environmental risk range (Section 2.4).  
 
The results of the nitrogen balance desktop study suggest that the current nutrient provision in manure is 
acceptable in eight of 10 fields, and that the farm overall was close to nutrient balance for nitrogen in 2016. 
However, the two high environmental risk fields (Field 101 and 210) may have been a source of nitrate-N 
leaching to the underlying soils and possibly groundwater.  
 
Because cropping and nutrient application has been similar at this operation for the past three years, we 
assume that the operation has been close to balance for nitrogen for three years. 
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3.5.3 Nutrient Management  

Regehr Farms generates manure in its feedlot and from its cow herd. The manure is applied to 
approximately 150 ha of cropped land. In general, it appears that manure application is done at the correct 
rate and time for the soils and crops that are on-site. However, the soil sampling and nutrient balance 
results indicate that on-going management is needed to optimize nutrient applications and reduce the 
potential for effects on groundwater. Recommended mitigation practices include:  
 
General 
¶ Continue to use a qualified person (CCA or P.Ag.) to prepare an annual Nutrient Management Plan 

or Farm Book that is based on soil sampling results. 
¶ Conduct annual post-harvest soil testing on all fields over Hullcar Aquifer 103 to 90 cm depth. Use 

the more conservative Kowalenko et al. (2007) draft recommendations to decide if residual nitrate 
levels are acceptable rather than the BC EFP Reference Guide target levels. 

¶ Participate in the BC Ministry of Agriculture benchmark soil study. There is currently a lack of 
information on how much of the nitrate leaching losses observed in the area is due to fall and winter 
precipitation and how much to over-irrigation. This study will provide site-specific information on fall 
and winter precipitation losses.  

 
Manure Management 
¶ Reduce manure application rate on Field 210 in 2017 based on post-harvest soil nitrate-N results. 
¶ Apply manure based on the field- and crop-specific recommendations from the annual Nutrient 

Management Plan or Farm Book. 
¶ Test feedlot manure for nutrient content in spring prior to manure application and use a running 

average of all annual analyses to determine manure application rates. 
 
Fertilizer Use 
¶ Avoid the use of inorganic fertilizer nitrogen on fields overlying the Hullcar Aquifer unless 

insufficient manure is available to meet crop demands or if manure cannot practically be applied to 
a field. If inorganic fertilizer nitrogen is applied, it must be done based on a field sampling program 
and recommendations from a qualified person. 

 
Irrigation 
¶ Consider installing soil moisture sensors in representative fields to fine-tune the irrigation rate. Field 

210 in particular would benefit from soil moisture monitoring because it had post-harvest residual 
nitrate in the high environmental risk category based on the proposed Kowalenko scale, had 
nitrate-N distributed throughout the 90 cm sampling depth and is located on a sandy soil. 
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4 Summary and Preliminary Action 
Recommendations  

4.1 MONITORING AND ENVIRONMENTAL ASSESS MENT RESULTS SUMMARY 

The Environmental Assessment indicates that the current farm management practices that were followed 
between 2013 and 2016 have had negligible effect on the usefulness of the environment (groundwater and 
surface water), except in groundwater in the vicinity of Project well 13, and in deep soil samples (and thus 
possibly groundwater) in the vicinity of Field 210. The magnitude of both effects is limited to an area around 
each location and no Guidelines have been exceeded. Based on the results of the Post-Harvest soil 
sampling and nutrient balance, the effects are reversible. Based on these characteristics, the significance of 
the observed negligible effect on the usefulness on the environment (i.e. groundwater as source of drinking 
and irrigation water) is judged to be low. This conclusion is supported by the following three lines of 
evidence: 

 
¶ All wells sampled were at background concentrations (less than 1 mg/L) for nitrate-N, except 

Project 13 well, which had an above-background nitrate-N concentration of 2.51 mg/L, but still 
below the Guidelines for both drinking water and aquatic life. There is a measured groundwater 
divide west of Project 13 well. Groundwater at Project 13 well would flow very slowly towards the 
east. From one set of water level measurements, and assuming the hydraulic conductivity value for 
sand, the calculated travel time to Parkinson Lake is more than 200 years; 

 
¶ Nutrient applications to fields were generally in balance with crop demands, with the exception of 

Fields 101 and 210. Project well 13 is downgradient from Field 101 which had post-harvest nitrate 
levels within the high environmental risk category according to Kowalenko et al. (2007). However, 
the residual nitrate in this field was concentrated in the surface 15 cm and this field has a silt loam 
texture, which appears to be adequately retaining nitrate. For these reasons, we do not believe that 
there has been significant leaching of nitrate from Field 101 over the past three years (2013-2016). 
Field 210 is of sandier texture and therefore more susceptible to leaching. However, water sampled 
from Project 20 well, located in Field 210, had nitrate-N concentrations within the range for 
background, indicating that any leaching to groundwater is limited in magnitude.  
 

¶ Subject to the limitations of the scope of our assessment, as prescribed in the terms of reference, 
the operations appear to be compliance with the AWCR. The constructed wetland appears to hold 
water and acts to protect downstream surface water quality. Project well 13 is downgradient from 
the constructed wetland, and water quality could be affected if there is any seepage to ground from 
the wetland. By adding a new test well downstream of the wetland and obtaining grab samples of 
the pond water on a regular basis, the potential effect from a connection to the groundwater layer 
can be further assessed.  
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4.2 SUMMARY OF PRELIMINA RY MITIGATION ACTION RECOMMENDATIONS 

As per the terms of the Order, an Action Plan will be developed based on the findings of the monitoring 
program and EIA, and subsequent review and discussion by MOE. Section 3.6 presents mitigation options 
in three categories: groundwater, farm infrastructure and operations, and nutrient management. 
 
Upgrades and maintenance of the constructed wetland are recommended. The berm was repaired in 
autumn 2016, but regular cleaning is recommended, with the material recycled for composting or land 
application. The margins of the wetland should be planted with cattails or bulrushes to increase plant 
uptake and promote denitrification.  
 
Based on the results of the post-harvest soil sampling program, it appears that Regehr Farms is close to 
nutrient balance with the exception of Fields 101 and 210. By continuing to monitor nutrient applications 
and irrigation rate particularly on fields with coarse-textured soil, it is expected that the operation can reach 
nutrient balance.  
 
With mitigation measures, it is expected that the nitrate-N concentrations in Project 13 to decrease; 
although we do not expect concentrations to start to decrease for several years given the unknown rate of 
nitrate-N movement (flux) through the unsaturated zone, and the slow groundwater travel time.  
 
 















September 23, 2016  File: UA Hullcar Aquifer\K Regehr 
 AMS#108432 
 
VIA EMAIL c/o Joe Klassen, Purple Springs 
 
Kenneth John Regehr and Brenda Lynn Regehr 
4516 Hullcar Rd  
Armstrong, BC  V0E 1B4 
 

RE:   Requirement 1: Terms of Reference and Work Plan 
 Pollution Prevention Order #108432 

Requirement 1 of the Order requires a Terms of Reference for an Environmental Impact Assessment 
and a work plan be prepared by a qualified professional and submitted to the Director for approval. 
The Ministry of Environment has received the revised Terms of Reference and Work Plan (the Plan) 
for Ken and Brenda Regehr, which was prepared by Associated Environmental, dated September 23, 
2016 and resubmitted under Pollution Prevention Order 108432 (the Order). This letter is my 
approval of the Terms of Reference and the Work Plan contingent on the following: 
 

Introduction 
The introduction and subsequent sections of the terms of reference refers to the � îssuance of 
the Order was for Aquifer 103�_. The Pollution Prevention Order requires an EIA ToR and work 
�‰�o���v���^�����������À���o�}�‰�������(�}�Œ���v�]�š�Œ���š���•�����v�����}�š�Z���Œ���v�]�š�Œ�}�P���v�����}�u�‰�}�µ�v���•���]�v���š�Z�����•�}�]�o�����v�����P�Œ�}�µ�v���Á���š���Œ���}�v��
�š�Z�����>���v���•���]�����v�š�]�(�]�������]�v���š�Z�]�•���}�Œ�����Œ�X�_   References in the ToR to the Lands subject to the EIA must 
���������Æ�‰���v���������š�}���]�v���o�µ�������^���•�•���•�•�€�u���v�š�•���}�(���š�Z�����]�u�‰�����š���š�Z�����Y�}�‰���Œ���š�]�}�v�•���Z���À�����}�v���v�]�š�Œ���š���•�����v����
�}�š�Z���Œ���v�]�š�Œ�}�P���v�����}�u�‰�}�µ�v���•�����v�š���Œ�]�v�P���•�µ�Œ�(���������}�Œ���P�Œ�}�µ�v���Á���š���Œ�_���(�Œ�}�u���š�Z�����>���v���•�X  
 
Definitions  
1. Section 2.2   
¶ An effect is a change or response in the environment as a result of the agricultural 

operation. 

¶ An impact is any effect to the environment that causes impairment of the environment 
and its uses. 

2. Section 2.5  
¶ Baseline conditions are pre-existing environmental conditions before development at a 

site which are used to determine actual effects [of agricultural operation] through 
comparison of natural and existing conditions.  
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Ministry of Environment Office of the Deputy Director 
Regional Operations 
Environmental Protection Division 

Mailing Address: 
PO Box 9334 Stn Prov Govt 
Victoria BC  V8W 9M1 

Telephone:     (250) 387-9990 
Facsimile:       (250) 356-5496 
Website: www.gov.bc.ca/env 
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I direct your attention to Requirement 2 of the Order which states: 
 

Immediately upon approval of the terms of reference and work plan by the Director, cause a 
Qualified Professional to implement the comprehensive monitoring program and complete 
the comprehensive EIA according to the work plan and terms approved by the Director, but 
subject to any further directions or amendments to the work plan or terms of reference 
made by the Director.  

  
As well, please be advised, per the recent Privacy Commissioners investigative report and orders to 
the Ministry of Environment regarding information pertaining to Spallumcheen water quality, the 
Final EIA report will be made available on the Ministry of Environment Hullcar Aquifer web page. 
 
Yours truly, 

 
Christa Zacharias-Homer 
Deputy Director 
for Director, Environmental Management Act  
 
Cc:  Devan Oldfield, P.Ag., Environmental Protection Officer, Compliance Team, Regional 

Operations Branch 
 Marta Green, P.Geo., Senior Hydrogeologist, Associated Environmental 
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Ken and Brenda Regehr  
 
 
Pollution Prevention Order 
File 108432 
 

September 2016 



 

 

CONFIDENTIALITY AND © COPYRIGHT 
 
This document is for the sole use of the addressee and Associated Environmental Consultants Inc. The document contains proprietary and 
confidential information that shall not be reproduced in any manner or disclosed to or discussed with any other parties without the express 
written permission of Associated Environmental Consultants Inc.  Information in this document is to be considered the intellectual property of 
Associated Environmental Consultants Inc. in accordance with Canadian copyright law. 
 
This report was prepared by Associated Environmental Consultants Inc. for the account of Ken and Brenda Regehr.  The material in it reflects 
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1 Introduction  
1.1 BACKGROUND  

Associated Environmental Consultants Inc. (Associated) was retained by Mr. Ken Regehr to complete the 
Terms of Reference (TOR) and work plan for a comprehensive monitoring program and an Environmental 
Impact Assessment (EIA) �R�I���W�K�H���F�R�P�S�D�Q�\�¶�V���R�S�H�U�D�W�L�R�Q�V�����I�R�F�X�V�V�L�Q�J���R�Q���W�K�H���S�R�W�H�Q�W�L�D�O���H�I�I�H�F�W�V���R�I��nitrates and 
other nitrogen compounds in the soil and groundwater. The focus of the comprehensive monitoring program 
and EIA is the agricultural operations located at 4516 Hullcar Road in Armstrong, BC, with the exception of 
the operations Purple Springs Nursery Ltd. The requirements for the monitoring program and EIA are 
specified in the Pollution Prevention Order issued by the BC Ministry of Environment on June 8, 2016 (File 
108432).  
 
The Pollution Prevention Order was issued for Aquifer 103, an unconfined aquifer known as the Hullcar 
Unconfined Aquifer. The agricultural operations include a feedlot and corn and hay fields. The feedlot does 
not overlie Aquifer 103. However, precipitation that falls on a portion of the feedlot may infiltrate the ground 
and eventually migrate down-gradient and enter Aquifer 103 and downstream surface water bodies (if 
present). Further details on this assessment are provided in the sections below.  
 
1.2 QUALIFIED PROFESSIONALS 

The following Qualified Professionals will complete the comprehensive monitoring program and the EIA. 
They are listed here with their qualifications as reference. Resumes can be provided on request. 
 

1. Marta Green, P.Geo.  of Associated will be responsible for the groundwater component. Through 
�H�G�X�F�D�W�L�R�Q���D�Q�G���H�[�S�H�U�L�H�Q�F�H���L�Q���F�R�Q�V�X�O�W�L�Q�J���I�R�U���W�K�H���S�D�V�W���������\�H�D�U�V�����0�D�U�W�D�¶�V���V�N�L�O�O�V�H�W���L�Q�F�O�X�G�H�V���S�K�\�V�Lcal 
hydrogeology (e.g., well testing �± pumping tests and slug tests), water quality, contaminant 
hydrogeology, and regional hydrogeological studies.  

2. Hugh Hamilton, PhD., P.Ag.  of Associated will provide guidance on monitoring design and EIA 
methodology, and provide senior review of the reports. He has been practicing in environmental 
and agricultural consulting in BC since 1990. His areas of practice include soil and water 
conservation, water quality, land use, and environmental impact assessment. 

3. Ruth McD ougall, M.Sc., P.Ag.  will contribute to the soil and nutrient management component of 
the EIA. Ruth is an acknowledged expert in BC in the characterization and recycling of organic 
residuals to agricultural land. She has expertise in soil fertility and nutrient cycling in agricultural 
systems, having started in this line of work in 1990. Ruth has been involved in writing provincial 
guidelines for residuals recycling, and has produced Land Application Plans for the application of 
many residuals to agricultural land as well as Environmental Farm Plans for livestock operations.  

4. Doug Macfarlane, CCA , will contribute to the soil and nutrient management component. He is a 
Certified Crop Advisor registered with American Soil Society of Agronomy and has many years of 
experience in BC. 

5. Rod MacLean, P.Eng. , with Associated will contribute to the operations facilities management (not 
including lands where nutrients are applied) and drainage management component. Rod is a senior 
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engineer responsible for civil, municipal, and agricultural design services in the Okanagan, and has 
a long history of experience in addressing water supply conservation issues. Rod has completed a 
variety of irrigation and drainage assessments for both small farming operations and larger 
corporate facilities. He is currently the BC Director of the Canadian National Committee for 
Irrigation and Drainage (CANCID) and supports research across Canada. 

 
1.3 BACKGR OUND TO THE TERMS OF REFERENCE 

Development of the TOR and work plan is intended to meet Requirement 1 of the Pollution Prevention 
Order (the Order) issued on June 8, 2016 by the Ministry of Environment (MOE) to Kenneth Regehr 
Holdings Ltd (File 108432). The Order applies to the following area (the Lands):  
 
¶ District Lot 48, Kamloops Division of Yale Land District, Parcel Identifier 011-227-486, other than 

that portion occupied by Purple Springs Nursery Ltd; and  
¶ Lands used from time to time for agricultural operations that are part of or associated with the 

agricultural operations of the above lands and are controlled by Ken Regehr Holdings Ltd. and 
Kenneth John Regehr.  
 

Requirement 2 in the Order is to implement the monitoring program and to complete the EIA. The 
monitoring program and EIA will begin as soon as the TOR and work plan are approved by MOE.  
 
 

2 Terms of Reference  
2.1 GOALS OF THE MONITORING PROGRAM AND EIA  

�7�K�H���2�U�G�H�U���V�W�D�W�H�V���W�K�D�W���³�W�K�H���X�V�H�I�X�O�Q�H�V�V���R�I���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W���K�D�V���E�H�H�Q���L�P�S�D�L�U�H�G���G�X�H���W�R���W�K�H���S�U�H�V�H�Q�F�H���R�I���Q�L�W�U�D�W�H�V��
in the groundwater as the presence of nitrates is causing the groundwater in the unconfined aquifer that lies 
in part underneath the Lands (commonly referred to Hullcar Aquifer 103) to be unfit for potable water for 
�V�S�H�F�L�I�L�F���S�H�U�V�R�Q�V���L�Q���W�K�H���S�R�S�X�O�D�W�L�R�Q���´���7�K�H���2�U�G�H�U���D�O�V�R���L�Q�G�L�F�D�W�H�V���W�K�D�W���W�K�H���(�,�$���L�V���W�R���D�V�V�H�V�V���W�K�H���L�P�S�D�F�W���W�K�H��
operation has on nitrates and other nitrogen compounds entering surface water or groundwater, and the 
monitoring program is to be designed to inform the EIA.  
 
The TOR and work plan are intended to clearly identify the methods to meet these goals. The TOR: 
¶ Outlines the regulatory context for the monitoring program and EIA (Section 2.2) 
¶ Defines the spatial and temporal boundaries of the EIA (Section 2.3) 
¶ Defines the environmental receptor that is the focus of the assessment (Section 2.4); and 
¶ Defines the basic steps that will be completed to design and implement the monitoring program and 

complete the EIA (Section 2.5). 
 
The monitoring program and EIA are described in the work plan (Section 3).  
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2.2 REGULATORY CONTEXT 

The Order is pursuant to section 81 of the Environmental Management Act (EMA) (SBC 2003 c. 53), and 
manure management is subject to the Agricultural Waste Control Regulation (BC Reg. 131/92). 
Fundamentally, the EMA prohibits pollution, and the Order indicates that pollution in this case has been 
caused by the introduction of agricultural waste to the environment. With respect to groundwater and 
surface water, a key indication that pollution has occurred is an exceedance of water quality guidelines or 
objectives; specifically, �+�H�D�O�W�K���&�D�Q�D�G�D�¶�V���*�X�L�G�H�O�L�Q�H�V���I�R�U���&�D�Q�D�G�L�D�Q���'�U�L�Q�N�L�Q�J���:�D�W�H�U���4�X�D�O�L�W�\�����+�H�D�O�W�K���&�D�Q�D�G�D��
2013) for the Hullcar Aquifer 103. 
 
H�H�D�O�W�K���&�D�Q�D�G�D�¶�V���*�X�L�G�H�O�L�Q�H�V���I�R�U���&�D�Q�D�G�L�D�Q���'�U�L�Q�N�L�Q�J���:�D�W�H�U���4�X�D�O�L�W�\���V�W�D�W�H���W�K�D�W���W�Ke maximum acceptable 
concentration of nitrate-N in drinking water is 10 mg/L (Health Canada 2013). Elevated nitrate consumption 
can lead to methaemoglobinemia, which is a blood disorder that affects the ability to transport and release 
oxygen throughout the body (Health Canada 2013). Its effects are most pronounced in infants, and as a 
�U�H�V�X�O�W���L�W���L�V���P�R�U�H���F�R�P�P�R�Q�O�\���U�H�I�H�U�U�H�G���W�R���D�V���³�E�O�X�H-�E�D�E�\���V�\�Q�G�U�R�P�H���´���7�K�H�U�H���D�U�H���D�O�V�R���F�R�Q�F�H�U�Q�V���W�K�D�W���Q�L�W�U�D�W�H���P�D�\��
impact thyroid gland function and be associated with cancer (Health Canada 2013). The maximum 
acceptable concentration of 10 mg/L nitrate-N is designed to protect the health of the most sensitive users, 
i.e., bottle-fed infants. However, Health Canada recommends that levels be kept as low as reasonably 
practicable (Health Canada 2013). The BC Approved Water Quality Guidelines also state a maximum 
acceptable concentration of nitrate-N in drinking water of 10 mg/L (MOE 2009).  
 
Under the regulatory guidelines, the landowner is responsible for the nitrates contributed by its operation to 
soil, groundwater, and surface water. It is therefore important to know the concentrations of nitrates in either 
groundwater or surface water as it enters the property (i.e., the levels of nitrates prior to the effect from the 
operations on the Lands). Therefore, if surface water bodies are present downgradient of the Lands, and 
Hullcar Aquifer 103 is discharging to the surface water bodies, then surface water guidelines would also 
apply, including aquatic life guidelines.  
 
The EIA will also consider the additive effect of farm operations on the Lands to the total nitrogen load in 
surface water and groundwater, which is likely also being contributed by activities on other properties. We 
will consider a statistically significant change from baseline �W�R���E�H���D�Q���³�H�I�I�H�F�W.�  ́If the statistically significant 
change results in a concentration above a relevant �J�X�L�G�H�O�L�Q�H�����W�K�L�V���Z�L�O�O���E�H���F�R�Q�V�L�G�H�U�H�G���D�Q���³�L�P�S�D�F�W.�  ́For 
example, if the background concentration in the area tends to be about 3.0 mg/L, and the Guideline for 
Canadian Drinking Water Quality is 10 mg/L, then if the agricultural operations from the Lands are causing 
groundwater in wells installed in the Hullcar Aquifer 103 to exceed 4.5 mg/L (i.e. a 50% increase), this 
would be considered �D�Q���³�H�I�I�H�F�W�´���E�X�W���Q�R�W���D�Q���³�L�P�S�D�F�W.�  ́Hullcar Aquifer 103 is actively farmed across its extent 
in this area; therefore, baseline concentrations will be established by sampling at least two wells upgradient 
of Hullcar Aquifer 103, or on the edge of Hullcar Aquifer 103 where possible (see Table 3-1 Task 3d for 
details), and other available background data.  
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2.3 SPATIAL AND TEMPORAL BOUNDARIES OF THE EIA  

Ken and Brenda Regehr operate a feedlot with about 3,500 head of feeders and 370 cow/calf pairs over the 
winter months. The operation includes several properties that Ken and Brenda Regehr either own or rent 
(Figure 2-1).  
 
The spatial extent of the study area is the lands identified in the Order. The spatial extent of the study is 
shown in yellow on Figure 2-1, and is referred to here as the Lands. The vertical extent of the study is from 
the land surface to the bottom of the Hullcar Aquifer 103. 
 
The Order is for pollution prevention. Therefore, the objective of the EIA in the Order is to assess current 
agricultural practices and their potential to adversely affect groundwater. Kenneth Regehr Holdings Ltd. has 
been following a nutrient management plan for the past three years (since 2013). We will therefore examine 
records on land use and nutrient management relevant to our assessment since that time, but we will also 
include historical information as part of our assessment (for example, how long has the feedlot been in 
operation, approximate number of agricultural units on the land over time). 
 
2.4 RECEPTOR 

As stated in the Order, the specific substance causing pollution is agricultural waste, including manure 
and/or manure-laden effluent, from which nitrate is leaching into groundwater. The Order describes the 
presence of nitrates in the groundwater, makes the Hullcar Aquifer 103 unfit for potable water. We therefore 
will focus on the impacts from nitrogen (all species) on drinking water wells installed in the Hullcar Aquifer 
103. The drinking water wells in the Hullcar Aquifer 103, which is an unconfined aquifer, are defined as the 
�³�U�H�F�H�S�W�R�Us�  ́of interest for the EIA. Other receptors, including aquatic life in surface water downstream of the 
Lands, will also be included, as appropriate. 
 
2.5 ENVIRONMENTAL ASSESSMENT PROCESS 

The environmental assessment process will include the following tasks: 
¶ Characterize the existing (baseline) environmental conditions on the Lands and underlying aquifer, 

considering climate, soils, surficial geology, aquifer characteristics, and water quality.  
¶ Describe farm operations on the Lands, particularly confined area operation (feedlots), manure and 

nutrient storage and management. 
¶ Assess the effects of farm operations on the environment, considering the magnitude, timing, 

duration, and reversibility of any adverse effects. 
¶ Identify management practices or other mitigation measures to avoid or minimize the identified 

adverse effects.  The EIA will include the recommended preliminary mitigation strategy, with the 
details to be developed later as part of the Action Plan.  

¶ Determine if there are any residual effects that cannot be reasonable mitigated. 
¶ Develop a monitoring program to assess the effectiveness of the mitigation measures. 

 
The implementation of these tasks is described in the work plan (Section 3).   
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3 Work Plan  
The work plan includes two phases:  

¶ Development and implementation of a comprehensive monitoring program; and  
¶ The EIA.  

 
The comprehensive monitoring plan is designed to inform the EIA, and will form the basis for later 
monitoring to evaluate the effectiveness of the Action Plan. The work plan for the comprehensive 
monitoring program and EIA is described in Table 3-1.  
 
The results of the EIA will provide the information necessary to develop the Action Plan, which is 
Requirement 3 in the Order. The Action Plan will detail the mitigation measures that will be taken to prevent 
the potential environmental impacts identified in the EIA.  
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Table 3-1 
Proposed work plan 

Phase Task Description 

Phase 1: 

Comprehensive 

Monitoring Plan 

Task 1: Review 

background 

information and 

complete a site visit 

and inspection of 

facilities including 

Feedlot 

a) Review nutrient management plans (including review of methods and protocols for historic sample collection), groundwater monitoring records, soil and climate information for the farm, historic soil nutrient data where 
available, facility drawings, surface water, groundwater movement and recharge information, farm history including use, annual agricultural units per year, changes in farm practice and any other pertinent historical 
information that is available.  

b) Calculate average monthly potential evapotranspiration and irrigation demand using climate and soils data. 
c) Conduct a site visit and review farming practices with landowner to document and compare to Agricultural Waste Control Regulation, and the BC Environmental Farm Plan Reference Guide where applicable: 

¶ Location of confined area operations (feedlots).  
¶ Location and size of manure storage facilities if applicable; 
¶ Location, size and management of field storage areas if applicable; 
¶ Location of on-site wells in Hullcar Aquifer 103;  
¶ Type, size and number of livestock on site, and seasonal variations; 
¶ Farmed land base �± number and size of fields; 
¶ Cropping practices including crop types and rotations; 
¶ Manure and fertilizer application rates, import and export of manure on site; 
¶ Fields irrigated and irrigation rates and schedules;  
¶ Integrity of manure storage facilities and confined livestock area surfaces; and 
¶ Drainage management in confined livestock areas, other livestock areas and on cropped land base over aquifer. 

d) Review the results of the 2016 receptor survey to identify the nearest existing drinking water wells or springs. We have assumed that the receptor survey will be conducted by others as part of the Hullcar Aquifer Study. 
e) A map showing facilities, farmed land base, surface water bodies, aquifers, and wells will be provided. 

 

Task 2: Assess 

nitrogen management 

practices 

a) Summarize sources of nitrates including but not limited to temporary and permanent manure storage areas, confined livestock areas, livestock seasonal feeding areas, cultivated fields, and pastures. This will include a 
map showing features and facilities. 

b) Describe farming operation including number of livestock, acres farmed over aquifer and elsewhere, crops grown, typical yields and nitrogen uptake by crops, manure handling system, manure storage type and 
capacity, manure use by field, manure brought from onsite, moved from off-site, and chemical N fertilizer use. 

c) Calculate estimated annual nitrogen loading on land-base over aquifer (tabulated by field), based on nutrient use information from operator and the scientific literature. 
d) Assess influences of precipitation, irrigation scheduling, and crops on the movement of nitrogen from surface soils to groundwater. 
e) Assess integrity of manure storage facilities and confined livestock areas. 
f) Assess adequacy of current drainage management in confined livestock areas, other livestock areas and cropped landbase. 
g) Determine the need for soil testing and soil sampling locations based on an understanding of the manure storage facilities and nutrient receiving sites as deemed necessary based on results of tasks 1 and 2. 

 

Task 3: Survey wells, 

and conduct water 

sampling  

a) Measure groundwater levels and sample groundwater in 8 existing wells within or adjacent to Hullcar Aquifer 103, and under or downgradient of, the Study Area (as shown in red Figure 3-1). Collect groundwater 
samples using low flow sampling techniques. Conduct purging until consistent (stabilized) field-measured chemistry (e.g., electrical conductivity, pH, and temperature) is observed. Collect samples as per the British 
Columbia Field Sampling Manual (MWLAP 2013). 

b) Measure groundwater levels and sample groundwater in 2 existing wells up-gradient to the Study Area to assess baseline conditions, as follows: we will seek permission and sample two of the following wells or similar: 
Well tag 34182, Well tag 54651 on Figure 3-1, and/or an up-gradient proposed monitoring well (MW1) on the Grace-Mar property, just southwest of the Reserve field (as marked in red on Figure 3-1). 

c) Sample two surface water samples (Lyster Creek at Hullcar Road, and Slack Creek). No other surface water receiving environments have been identified; however, if a surface water receiving environment is located 
during the site visits or during a precipitation event during the timeframe of the study, we have allowed for collection of up to two additional surface water samples.  

d) Complete laboratory analysis of the water samples collected. Courier samples to an analytical laboratory for analysis of dissolved metals (for groundwater samples only), ammonia, nitrate, nitrite, total Kjeldahl nitrogen 
(TKN), organic nitrogen, and total nitrogen. 

e) Survey the top of casing and ground surface of each existing well(s) that will be used as part of the monitoring plan, with an accuracy of +/- 2 cm. 

 

Task 4: Analyse water 

data  

a) Upload all water quality results directly from the laboratory to Wireless WaterTM Database Management Services, and then tabulate and compare results to baseline results and to applicable guidelines as identified 
during Task 1, including (but not limited to) the Guidelines for Canadian Drinking Water Quality and BC aquatic life, irrigation, and livestock watering guidelines.  

b) Upload results to EMS. We have assumed that location numbers for the EMS database will be provided to us by MOE once we provide a list of well plate identifiers and UTM coordinates that will be sampled to MOE. 
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Task 5: Review post-

harvest soil sampling 

results 

a) Soil sampling will be conducted as part of nutrient management plans after crop harvest. Sampling will be undertaken at the recommended three depths 0-15, 15-30, and 30-60 cm. All samples will be analysed for 
nitrate, ammonium, organic matter, and TKN1. We will review the soil sampling results and provide interpretation.  

Phase 2: 

Environmental 

Impact 

Assessment and 

Reporting 

Task 6: Conduct EIA a) Refine the identification of receptors and the spatial extent of the study area or limits of monitoring. 
b) Calculate descriptive statistics for the water and soil quality, and assess differences between wells/locations. For the soil data, we will use descriptive statistics to compare residual soil nitrate at varying depths in the 

soil within fields, and total residual nitrate and residual nitrate by depth between fields where applicable. For the water data, we will include an assessment of the well logs, including suitability of length and placement 
of screen for assessing water quality in Hullcar Aquifer 103, when completing our assessment of water quality results. 

c) Assess the likelihood that current (since 2014) agricultural operations on the Lands have caused nitrate-N concentrations in the aquifer to exceed baseline ���F�D�X�V�L�Q�J���D�Q���³�H�I�I�H�F�W�´�������,�I���D�Q���H�I�I�H�F�W���K�D�V���E�H�H�Q���F�D�X�V�H�G�����D�V�V�H�V�V���W�K�H��
�O�L�N�H�O�L�K�R�R�G���W�K�H���H�I�I�H�F�W���K�D�V���F�D�X�V�H�G���D�Q���³�L�P�S�D�F�W�´�����H�[�F�H�H�G�V��guidelines).  Identify the operations or management practices that have the potential to introduce nitrate to groundwater, given the understanding of the biophysical 
environment. 

Task 7: Draft 

comprehensive 

monitoring and EIA 

report 

Compile the results of the comprehensive monitoring program and EIA into a draft technical report that will be submitted to MoE for review. The monitoring program section will describe tasks completed, methods applied, 
and results obtained, including the results on farm nitrogen balance and nitrogen loading practices, and groundwater sampling. 

Based on the technical assessment, the report will determine the likelihood that current farm practices are causing pollution, on their own or in combination with activities on other properties. The report will include the 
laboratory reports from the sampling programs in an appendix, and will include photographs, maps, and graphs. The details of action items for abatement/mitigation will not be included in the current scope. This will be a 
separate task, identified as the Action Plan in the Order, with a different schedule; and would be completed if an adverse effect on groundwater from the current farm practices is identified by the EIA. However, the report 
will provide a preliminary identification of pollution prevention strategies (actions) that would be put in place based on the EIA findings. 

Task 8: Finalize 

comprehensive 

monitoring and EIA 

report 

The report will be finalized after receiving comments from MOE on the draft report.  

 

                                                      
1 Analyses for these variables also enable the calculation of total N and organic N. 
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4 Schedule  
Requirement 2, the completion of the comprehensive monitoring program and EIA, was requested in the 
Order to be completed by August 1, 2016. Our original TOR and Work Plan proposed a revised schedule to 
submit the results of the monitoring program and EIA on September 20, 2016. However, since then, we 
have reviewed in detail the tasks required to complete the EIA and propose that the draft monitoring 
program and EIA be prepared by November 28, 2016, and the final monitoring program and EIA report by 
Dec 12, 2016, assuming comments are received by the MOE by Dec 5, 2016.  
 
The main reason a change in the proposed schedule is required is because post-harvest soil sampling, 
�E�D�V�H�G���R�Q���W�K�H���I�D�U�P�H�U�¶�V���H�[�S�H�F�W�D�W�L�R�Q���R�I���F�R�U�Q���F�X�W�W�L�Q�J���I�R�U���W�K�L�V���\�H�D�U�¶�V���K�D�U�Y�H�V�W�����Z�L�O�O���E�H���F�R�Ppleted by the end of 
September. The lab typically turns around the analysis within one week; however, this may be up to two 
weeks given the busy season. This means that we would not have the post-harvest sampling results to start 
our review until October 17, 2016 at the latest. We would therefore aim to have our draft report prepared six 
weeks after we receive the last of the laboratory results.  
 
The revised proposed schedule is provided in Table 4-1. 
  



ID Task Days Start End

80 23-Sep-16 12-Dec-16

23-Sep-16 17-Oct-16

1
Review background information and complete
site visit

14 23-Sep-16 7-Oct-16

2 Assess nitrogen management practices 14 23-Sep-16 7-Oct-16

3
Survey wells, and conduct water sampling
and analyses

14 7-Oct-16 21-Oct-16

4 Analyse water data 7 21-Oct-16 28-Oct-16

5 Review post harvest soil sampling results 3 14-Oct-16 17-Oct-16

17-Oct-16 12-Dec-16

6 Conduct EIA 21 17-Oct-16 7-Nov-16

7
Draft Comprehensive Monitoring and EIA
report

21 7-Nov-16 28-Nov-16

8
Final Comprehensive Monitoring and EIA
report

14 28-Nov-16 12-Dec-16

Phase 2 - Environmental Impact Assessment and
Reporting

Phase 1 - Comprehensive Monitoring Program

4-Nov-16 11-Nov-16 18-Nov-16 25-Nov-16 2-Dec-16 9-Dec-16 16-Dec-16 23-Dec-16 30-Dec-16

Table 4-1
Proposed project schedule

28-Oct-1623-Sep-16 30-Sep-16 7-Oct-16 14-Oct-16 21-Oct-16
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