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1.0 Introduction
The Niagara Escarpment is an environmental treasure, stretching 725 kilometres in
Ontario from Queenston on the Niagara River to Tobermory on the Bruce Peninsula. It
is recognized as a UNESCO World Biosphere Reserve and is a protected area under
the Province of Ontario’s Niagara Escarpment Planning and Development Act (1985),
administered by the Niagara Escarpment Commission (NEC). This feature is located on
the western side of the Nottawasaga Valley Conservation Authority (NVCA) watershed
and is within the Upper Nottawasaga River, Mad River, Pine River, Boyne River, and the
Blue Mountain watersheds (figures 1 and 2). Geologically, the Niagara Escarpment in
the NVCA area consists of erosional-resisant dolostone caprock of the Amabel
Formation- underlained by less resistant shales of the Clinton-Cataract Group and
mantled by deposits of varying thickness of unconsolidated sand and gravels of the
Horseshoe Moraines.
Discharge of groundwater plays an important role in maintaining stream flows,
moderating thermal regimes, and providing habitat for flora and fauna. Groundwater
discharge on the Niagara Escarpment face is inferred to be influenced by the
porosity/permeability of the geological units. The Amabel Formation yields significant
groundwater discharge to the escarpment streams while the underlying Clinton-Cataract
Group acts as a regional aquitard and is a poorly transmissive unit. Significant
groundwater discharge is believed to occur at the contact between the porous Amabel
Formation and the underlying relatively impermeable shales of the Clinton-Cataract
Group. In addition, the overlying unconsolidated sediments along with the steep
gradients diffuse the baseflow generated from the bedrock discharge. Understanding
groundwater contributions to the Niagara Escarpment water courses is necessary for the
long-term effective management of this resource.
This report attempts to define baseflow indices in several watercourses within the NVCA
part of the Niagara Escarpment Plan (NEP) area largely through the use of baseflow
index. Through the baseflow index, correlate baseflow conditions to key groundwater
contributing areas as defined by these geological formational boundaries to
watercourses on the Niagara Escarpment.
2.0 Regional Geology
The Niagara Escarpment is a bedrock feature mantled by unconsolidated sediments of
the Horseshoe moraines. Stratigraphically, the Niagara Escarpment consists of the
Queenston Formation overlain by the Clinton-Cataract Group and capped by the Amabel
Formation (figures 3 and 4). The Upper Ordovician Queenston Formation, ranging in
thickness from 45m to 335m is characterized by shales with interbeds of limestones and
calcareous siltstones. (It is noted that the downstream component of the Pretty River,
proximally outside the NEP area, is overlain by Georgian Bay Group shales). Overlying
the Queenston Formation is the Lower Silurian Clinton-Cataract Group which is
subdivided into the Whirlpool, Manitoulin, and Cabot Head formations. This group locally
consists collectively of shales with subordinate dolostones and sandstones. The Amabel
Formation corresponds to the top of the Escarpment and is often visible as near-vertical
cliffs. It is a Middle Silurian sedimentary deposit composed essentially of poorly
fossiliferous dolostone (Liberty and Bolton 1971). Karst features such as sinking streams
and small sinkholes are locally present along the top of the Escarpment in the Amabel
Formation and affect local surface drainage patterns in the area.
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Unconsolidated glacial deposits corresponding to the Horseshoe Moraine physiographic
unit (Chapman and Putnam, 1984) overlie the bedrock and range in thickness from zero
metres near the crest of the Escarpment (i.e. the Nottawasaga Bluffs) to greater than 30
metres in the NEP area. The Horseshoe Moraine is bracketed by the Dundalk Till Plain
to the west and the Simcoe Lowlands to the east, both collectively outside the study
area. Sloping regionally to the east, two main landform components of the Horseshoe
Moraine have been identified within this region by Chapman and Putnam (1984): (i)
irregular, stoney knobs and ridges predominantly composed of till with lesser amounts of
sand, and (ii) gravel and pitted sand, gravel terraces and swampy valley floors. Three
moraines, predominantly composed of tills, have been identified within the Niagara
Escarpment. From oldest to youngest, they are the Singhampton Moraine, the Gibraltar
Moraine and the Banks Moraine.
2.1 Hydrogeology
The top of the Escarpment with the thin mantle of overburden sediments acts regionally
as a recharge zone. The underlying Amabel Formation is considered to be a regional
aquifer. The underlying Cabot Head Formation is considered to be a regional aquitard.
Large-scale groundwater movement is postulated to be along the dip of the formations,
i.e. westward (please see R.J. Burnside (2001) and Golder Associates (2004) for
additional information). Near the brow of the Escarpment, the groundwater movement in
the regional aquifers is generally sub-horizontal towards the Escarpment to the east due
to pressure gradients. This is recognized by the discharge areas occurring as diffuse
seepage zones, springs, wetlands, water courses; notwithstanding the karst features.
Bedrock unit hydraulic conductivity differences suggests that, along the brow of the
Niagara Escarpment where the contact between the generally porous overlying Amabel
Formation and the impermeable underlying Clinton-Cataract Group occurs, a noted
discharge of groundwater locally occurs. As evidence, the discharge of groundwater at
the base of the Amabel Formation has been well documented for coldwater tributary
streams entering Lake of the Clouds, a 1km long on-stream pond located in the
headwaters of Silver Creek southwest of Collingwood.
Unconsolidated sands and gravels of varying thickness mantle the slope of the
Escarpment and unconformably overly the bedrock. The groundwater discharge
generated at the Amabel-Clinton-Cataract contact may occur considerably down
gradient of the contact and mixed with recharge waters originating in the Horseshoe
Moraine area. This influences the traceability of the contact-generated discharge along
with the steep groundwater gradients that exist in the Plan area with maximum gradients
of 53 m/km (Golder Associates, 2004).
3.0 Niagara Escarpment Plan and monitoring
The Niagara Escarpment Commission (NEC), established under the Niagara
Escarpment Planning and Development Act, is a provincial government agency
responsible for administering the Niagara Escarpment Plan (NEP). The purpose of the
NEP is to provide for the maintenance of the Niagara Escarpment and land in its vicinity
substantially as a continuous natural environment, and to ensure only such development
occurs as is compatible with that natural environment.
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The purpose of the Ontario Niagara Escarpment (ONE) Monitoring Program, mandated
under the 2005 NEP Review, is to determine whether the Niagara Escarpment Plan, with
its unique land use policies, is working to achieve it’s objectives. One of these
objectives being “to maintain and enhance the quality and character of natural streams
and water supplies.” A monitoring framework has been developed that identifies
indicators for each of seven theme areas, to be monitored, analyzed and reported on in
order to determine the effectiveness of Plan policies.
Provision of baseflow analysis on the Niagara Escarpment will assist in the collection of
data as part of the Monitoring Program Framework, which will ultimately support and
inform planning decisions being made in the NEP Area. Information from this study will
be used to enhance effective water management in the sensitive headwater areas along
the Escarpment, and may contribute to future Plan reviews.
The data generated from this project, integrated with existing data, will provide the
necessary understanding needed by local and regional water resource managers and
other stakeholders, contributing directly to regulatory decision making.
4.0 Site selection and methodology
4.1 Site Selection
The study area is the NEP Area within the NVCA. Site selection focused on perennial
flowing watercourses along the Niagara Escarpment including, from north to south:
Pretty, Mad, Pine, and Boyne rivers. The sites were selected, where possible, to reflect
the local bedrock geology, specifically the Amabel Clinton-Cataract contact with a buffer
zone. A base map of all field sites is depicted in figure 1. Individual maps of the field
sites selected are provided in figures 5 to 10. Through site selection reconnaissance,
three sites along each water course were targeted where possible: one upstream of the
contact, one at the contact and one downstream of the contact. It is noted that the
Amabel Formation is not present at the Mad River and the Pretty River within the NEC
planning area of the NVCA.
Level and temperature loggers were deployed at all sites except for the Nottawasaga
River and Sheldon Creek sites, which were only equipped with temperature loggers. A
barologger was deployed at site 3 of the Pretty River to correct for atmospheric
pressure.
A range of surficial, geological, topographic and land use conditions exist, which
ultimately influence baseflow contributions to the selected watercourses (figure 2). The
field sites chosen are outlined in Table 1. The distribution of bedrock units is from the
Ontario Geological Survey (2006). These figures are meant to provide a visual
representation of the sites, potential inaccuracies of boundary locations at this scale
should be noted.
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Table 1 Locations of Field Sites
Site Name

Road

Boyne 1

County
Road 19

Boyne 2

1st Line
EHS

Mad 1

Ewing
Road

Mad 2

County
Road 124

Pine 1

River
Road

Pine 2

River
Road

Pine 3

Centre
Road

Underlying
geological
formation

Geological
Reference to
AmabelCabot Head
contact

Amabel Fm
Upgradient
(Dolostone)
Cabot
Head Fm
Downgradient
(Shale)
Cabot
Head Fm
Upgradient
(Shale)
Queenston
Fm
Downgradient
(Shale)
Amabel Fm
Upgradient
(Dolostone)
Cabot
Head Fm
Contact
(Shale)
Queenston
Fm
Downgradient
(Shale)
Queenston
Fm
Upgradient
(Shale)
Georgian
Bay Fm
Contact
(Shale)

Level/Temp

422

568993

4883324

Level/Temp

388

571214

4884752

Level/Temp

492

560580

4911161

Level/Temp

374

563594

4911718

Level/Temp

356

567549

4891002

Level/Temp

330

567972

4892007

Level/Temp

310

568392

4892969

412

555039

4916411

328

555621

4918564

270

558129

4919928

458

572119

4872272

384

574471

4881101

Pretty
River
Level/Temp
Road
Pretty
Pretty 2
River
Level/Temp
Road
The Blue
Georgian
MountainsBay Fm
Downgradient Level/Temp/Baro
Pretty 3
Clearview
(Shale)
Line
Hurontario Amabel Fm
Upgradient
Temp
Nottawasaga
Street
(Dolostone)
Cabot
3rd Line
Head Fm
Downgradient
Temp
Sheldon
EHS
(Shale)
Pretty 1

Northing
(NAD83,
Zone
17T)

Meters Easting
Above (NAD83,
Logger Deployed
Zone
Sea
17T)
Level

4.2 Methodology
The data generated from this study was captured using the following approach:
HOBO water level/temperature logger pressure transducers were deployed at the
Boyne, Mad, Pine and Pretty River site locations. HOBO Water Temp Pro temperature
loggers were deployed at the Nottawasaga River and Sheldon Creek site. Both the level
loggers and the temperature loggers were set to record data on a 10 minute interval with
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data continuously logged for the period of July 10 to October 15, 2008. A barologger was
deployed at Pretty River site 2 to record atmospheric pressure conditions, which the
level logger data was corrected to.
Sites were surveyed using a Sokkia Automatic Level C320 during the period of July 10th
to 14th. Data recorded for each site during the survey consisted of the cross-sectional
elevations of stream bottom and bank, a water surface elevation, and the
upstream/downstream elevations required to find the slope of each site.
Streamflow measurements were conducted using a Valeport Model 801 (Flat) EM Flow
Meter. Three measurements for each site were recorded using the methodology
developed by Marc Hinton (2005). Ideal conditions for these measurements would be
under a low, medium and high flow condition. Actual conditions during the
measurements were medium-low, medium and medium-high. Although not ideal, these
conditions were sufficient to calibrate the rating curves.
General water chemistry was recorded at the time of the streamflow measurements
using a YSI Sonde 6600 multi-parameter water quality monitor. Parameters recorded
were temperature, conductivity, dissolved oxygen, pH, chloride, turbidity and total
chlorophyll.
On October 15th all loggers were retrieved from the sites. The water level logger data
was corrected for atmospheric pressure and a plot generated of sensor depth over time.
Total discharge for streamflow measurements were calculated from the cross-sectional
area of flow and average velocity readings taken at the center of each panel. An
example of these calculations is provided for the Pretty River Site 3 in Appendix A.
The Manning Formula was used to establish rating curves, based on the cross-sectional
dimensions recorded during the survey and a coefficient of roughness determined from
photographs of the substrate. Calculations were performed based on the following
equations:
Q (m3/s) = V * A
V = k/n * Rh2/3 * S1/2 (Manning Formula)
where:
V = cross-sectional average velocity (m/s)
A = cross-sectional area of flow (m2)
[k = conversion constant of 1.0 for SI units]
[n = Manning coefficient of roughness]
[Rh = hydraulic radius (m) = A/P]
[P = wetted perimeter (m)]
[S = channel slope]
Rating curves were then calibrated as close as possible to the three streamflow
measurements. Hydrographs were developed through interpolation of the rating curve,
using water surface elevation data recorded by the level loggers. Estimated baseflow
was calculated by hydrograph separation, using the 5-day running average of the 7-day
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minimum daily average discharge. The baseflow index for each site was determined by
dividing the average rate of baseflow by the average rate of total discharge.
5.0 Results
Results generated from this project are located in Appendices A-G and consist of: total
discharge calculations, streamflow results and water quality readings, temperature plots,
total discharge versus temperature, calculated baseflow, and calculated baseflow by
watercourse. Results from the individual water course are outlined below. (Project
communications are provided in Appendix I).
Pretty River
Three sites along the Pretty River were selected for measurements. The estimated
average baseflow at the Pretty 1 up gradient site was 0.088 m3/s, with a maximum and
minimum of 0.099 and 0.080 m3/s. The Pretty 2 contact site was characterized by 0.218
m3/s averaged estimated baseflow with a maximum and minimum of 0.454 and 0.147
m3/s. The Pretty 3 down gradient site was characterized by 0.439 m3/s averaged
estimated baseflow with a maximum and minimum of 0.735 and 0.279 m3/s. The BFI at
the sites was 0.904 (Pretty 1), 0.753 (Pretty 2) and 0.650 (Pretty 3). Spot water quality
measurements of dissolved oxygen levels indicate that all Pretty River sites have levels
in excess of 9.5 mg/L. The water temperature profile was averaged to reflect daily
averages for all sites in this study. All Pretty River sites had temperatures below 20oC
and display a gradual reduced temperature trend potentially reflecting cooler seasonal
conditions. The water temperatures were not cross-referenced to air temperatures for all
sites.
Mad River
The estimated average baseflow at the Mad 1 up gradient site was 0.673 m3/s, with a
maximum and minimum of 1.005 and 0.510 m3/s. The Mad 2 down gradient site was
characterized by 0.623 m3/s averaged estimated baseflow with a maximum and
minimum of 1.019 and 0.421 m3/s. The BFI at the two sites was 0.802 (Mad 1) and
0.793 (Mad 2). Spot water quality measurements of dissolved oxygen levels indicate that
the Mad River sites have levels in excess of 8.5 mg/L. The Mad River sites had daily
average temperatures values below 20oC except at the beginning of July. Both sites
display a gradual reduced temperature trend potentially reflecting cooler seasonal
conditions. Also, the temperature values at each site correlate well with each other.
Pine River
Three sites along the Pine River were selected for measurements: Pine 1 overlies the
Amabel Formation, marginally upstream of the Amabel-Cabot Head contact, Pine 2 is
located within the Cabot Head Formation, and Pine 3 is located further downstream,
overlying the Queenston Formation. The estimated average baseflow at the Pine 1 up
gradient site was 0.618 m3/s, with a maximum and minimum of 0.702 and 0.556 m3/s.
The Pine 2 contact site was characterized by 0.576 m3/s averaged estimated baseflow
with a maximum and minimum of 0.755 and 0.412 m3/s. The Pine 3 down gradient site
was characterized by 0.676 m3/s averaged estimated baseflow with a maximum and
minimum of 0.827 and 0.578 m3/s. Similar to the other sites, the days of August 8th and
September 15th record significant precipitation events at the three sites. The BFI for the
three sites was 0.915 (Pine 1), 0.888 (Pine 2) and 0.871 (Pine 3). Spot water quality
measurements of dissolved oxygen levels indicate that all Pine River sites have levels in
excess of 9.5 mg/L. The Pine River sites had daily average temperatures values below
20oC except for the month of July. The three sites display a gradual reduced
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temperature trend reflecting cooler seasonal conditions. Also, the temperature values at
the three site correlate well with each other and may reflect limited catchment area
enlargement relative to the three sites.
Boyne River
The estimated average baseflow at the Boyne 1 up gradient site was 0.389 m3/s, with a
maximum and minimum of 0.493 and 0.299 m3/s. Conversely, the Boyne 2 down
gradient site was characterized by 0.084 m3/s averaged estimated baseflow with a
maximum and minimum of 0.232 and 0.021 m3/s. It is noted that the BFI at the two
sites was 0.789 (Boyne1) and 0.681 (Boyne2), representing a appreciable groundwater
contribution. This is supported by dissolved oxygen and turbidity profiles that were
collected during the spot flow measurements and the temperature profile generated from
the logger data set. The decrease in discharge volumes and the BFI may reflect the
divergent/braided nature of the watercourse at this site with a sub branch actively
transporting water. This sub branch was not measured. Spot water quality
measurements of dissolved oxygen levels indicate that the Boyne River sites have levels
in excess of 8.0 mg/L; the lowest DO levels of the measured water courses for this
study.. The two Boyne River sites had daily average temperatures values below 20oC
and is one of the colder systems measured from this study. A gradual reduced
temperature trend is apparent, reflecting cooler seasonal conditions.
Nottawasaga River and Sheldon Creek
Both systems were limited to one temperature logger deployed. Similar seasonal
temperature trends that are recognized in the other watercourses is apparent at the
Nottawasaga River and Sheldon Creek field sites. In support of the fisheries component,
both sites had daily average temperatures values below 20oC.
6.0 Discussion
Baseflow
Groundwater (i.e. baseflow) contribution to the NEP Area water courses is the main
interest to this study. Baseflow delineation is accomplished by baseflow separation of
the hydrographs generated from the converted level logger data. The baseflow index
shown in Table 2 is defined as the average rate of baseflow relative to streamflow. It is
a dimensionless value between zero and one where increasing values of the index
indicate increasing groundwater discharge and baseflow (Piggott and Sharpe, 2007).
Several factors contribute to baseflow including underlying geology (bedrock and
overburden), topography and stream gradient.
The baseflow index decreases downstream in all watercourses, implying that the degree
of groundwater contribution decreases down gradient. The decrease in baseflow index
may correspond to the increase in catchment area, topographic influence, land use
patterns, etc. However, there is no direct correlation between catchment size, underlying
geology, and baseflow index. Water courses which have level logger sites on the
Amabel Formation and the underlying Clinton-Cataract group do not necessary reflect a
significant baseflow gain at or below the geological contact, i.e. the Boyne and Pine
rivers compared to the Pretty and Mad systems. It is noted that the unconsolidated
sands and gravel deposits overlying the bedrock modifies the stream/baseflow. The
thickness of the heterogeneous sediment package overlying the bedrock, with the
individual catchment area, slope, and the elevation of the geological contact all
collectively influence the baseflow generated off the escarpment. This is compounded
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by local occurrences of karst. To understand this, a local water budget undertaken on a
catchment scale would be required and supported by the level logger data. A
watershed-scale water budget is currently being developed through Source Water
Protection initiatives which will benefit the results generated from this study and the
understanding of these water courses.
Table 2 Baseflow Index
Site
Boyne 1
Boyne 2
Mad 1
Mad 2
Pine 1
Pine 2
Pine 3
Pretty 1
Pretty 2
Pretty 3

Average Rate of
Baseflow (m3/s)
0.3889
0.0841
0.6725
0.6231
0.6183
0.5758
0.6756
0.0884
0.2176
0.4390

Average Rate of
Total Streamflow
(m3/s)
0.4932
0.1235
0.8389
0.7855
0.6756
0.6481
0.7754
0.0978
0.2890
0.6759

Drainage
Area
(km2)
96.36
102.88
85.98
95.017
74.11
78.43
83.68
3.88
10.66
24.71

BFI
0.789
0.681
0.802
0.793
0.915
0.888
0.871
0.904
0.753
0.650

Temperature
Temporal temperature profiles were generated for all sites (see Appendix C and D for
results). The profiles support the temperature requirements to sustain local cold/cool
water fisheries in all the selected water courses. The cold/cool water fisheries habitat
requirements are also supported by the consistent spot measurements of dissolved
oxygen levels which are above the critical threshold of 5 mg/L with all measurements
over 8 mg/L.
Temperature profiles were also used to determine the correlation of temperature with
streamflow based on the concept that groundwater generally has a temperature range of
8-10oC. The baseflow index indicates that these systems are generally groundwater
rich, with the ratio of groundwater declining down gradient in favour of surface water. As
a result, where there is more groundwater, the understanding is that the temperature
profile should be more reflective of a colder water regime compared to that of a less
groundwater rich regime. To determine this relationship, the stream flow and baseflow
values were plotted against the temperature profiles. The resultant correlation (i.e. R2
value) was less then satisfactory, precluding that there is no linear relationship between
streamflow and temperature profiling. The lack of a relationship is related to the diurnal
and longer-term seasonal fluctuation of the ambient air temperature influencing
streamflow, as shown by the plots contained in Appendix E. This lack of relationship
precludes the use of the temperature logger data generated at Sheldon Creek and the
Nottawasaga River in the extrapolation of potential stream flow.
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Streamflow
Temporal streamflow profiles were generated for all sites using the level logger data
corrected for atmospheric pressure (see Appendix F and G for results). All watercourses
were impacted by two significant precipitation events on August 8 and September 15.
Localized precipitation events are also apparent on a catchment basin. It is noted that
the permitted surface water takings (see Figure 2) occur throughout the Niagara
Escarpment with permitted takings on the study’s water courses nearby and/or locally up
gradient of the field sites. Streamflow may be impacted by these takings but is not
apparent in the hydrographs.
7.0 Recommendations
The results presented in this report represent one field season of data collection and
interpretation. It is envisioned that this project will expand to a multi-year streamflow
monitoring program covering the length of the Niagara Escarpment. The results
generated will hopefully lead to the delineation of key areas of groundwater contribution
tied to the geology (bedrock, surficial), land use, etc. These results will be used to
calculate groundwater contributions along the Niagara Escarpment and will form the
foundation to address changing climatic conditions, source water protection, and
implications for long-term sustainability of this resource. This information will benefit
current water budgeting exercises. In addition, this project provides a project template
that can be deployed to other areas along the Niagara Escarpment.
The results generated from this study provide a general framework for groundwater
contributions to significant water courses in the NEC planning area of the NVCA.
Although this study provided a preliminary understanding of the baseflow and streamflow
conditions on the Niagara Escarpment water courses, there are outstanding questions
revolving around the impact that the overburden and topography and secondarily land
use and permitted water taking have on the degree of groundwater contributions to
these water courses.
Future work should target existing field sites to develop long term understanding of the
Niagara Escarpment water courses in terms of stream flow, groundwater contributions,
and general water quality characteristics. In addition, it is envisioned that the project
area be expanded to cover the length of the Niagara Escarpment in southern Ontario,
excluding Manitoulin Island. This approach will enable a robust understanding of the
surface water-groundwater signature on the Niagara Escarpment while complementing
the NEC monitoring objectives.
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Figure 1 Basemap
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Figure 2 Niagara Escarpment Land Use with Permit to Take Water Locations
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Figure 3: Bedrock geology of the Niagara Escarpment Plan area, NVCA.
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Figure 4: Cartoon geological cross-section of the Niagara Escarpment
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Figure 5: Boyne River Field Sites

Figure 6: Mad River Field Sites
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Figure 7: Pine River Field Sites

Figure 8: Pretty River Field Sites
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Figure 9: Nottawasaga River Field Site

Figure 10: Sheldon Creek Field Site
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Pine River Site 3
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