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Groundwater Resources

P

Dug Well e ~“50% of Nova Scotia relies on
Home Drilled Well

groundwater for water supply.
Groundwater systems can be
complex and difficult to observe,
especially in rugged topographic
settings, complex geology and
cold regions.

* Our research seeks to develop
hydrological understanding of
groundwater systems and support
source water protection.
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Christmas Brook
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Vulnerability of Groundwater

Drought Contaminants
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Research overview:

2022-2024: Develop hydrological understanding

1. Monitoring streamflow, groundwater levels,
water chemistry in Christmas Brook watershed.

2. Using those observations to determine how
water moves through the watershed.

2024-2026: Understand climate change impacts

1. Determine if snowmelt or rain is a larger
component of aquifer recharge and how a shift
towards more winter rain (and less snow) may
impact groundwater recharge.

2. Characterize the spatial extent and
groundwater age of the fault aquifer

3. Project climate change impacts on the
hydrological system
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Research questions
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2. What are the main sources of = -
groundwater recharge that feedthe [0~

Arena Road production wells?

3. How can we use improved hydrologic understanding to support watershed
protection/management?
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Methods

Hydrochemical mixing analysis
 Water from different sources has different chemistry

_ Magnesium
* Collect water samples and analyze the chemistry

concentration

(ions, metals, isotopes) Deep
e Use the chemical signatures to figure out major groundwater
sources of streamflow and groundwater. ole)
Hydrological modelling O
* A computer model that represents how water O Stream is
moves through the catchment o 50% of each
* Monitor water inputs, outputs and storage in the QO O
watershed (Precipitation, streamflow, groundwater Lake water
levels) Calcium

* Test different hypotheses about where water moves concentration



Water sampli
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Water samples are
collected from

streams, ponds and

Kwells in the watershed
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Field monitoring

4 Observation wells in
the wetlands and
bedrock record

Weather
station
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at two locations




Results — Water ion chemistry

* Water sample chemistry clusters in groups
according to their source.

* Low metals/ions concentrations overall. In
some bedrock wells, elevated sodium,
aluminum, calcium, manganese, iron.
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Results - Isotopes

5 July 2022 November 2022 .
®  Groundwater -4t |
® MainStream
g -6 Tributaries —~ -5} .
1 ®  Ponds&Lakes - < |
o)) ‘ Pumping Wells > g’ 5
®  Precipitation N g
é -7 GMWpL g’ 6 8
0 0 = -10¢
: 2 7|
I
o
9t o .
-60 -55 -50 45 -40
2H (mg/L)
, May 2023
2 8¢ -
(&) @ (@)}
E o.¢ E
O ¢ ° O
© 9t ® o0
X 4
-10

2H (mg/L) 2H (mg/L)



Preliminary results - Mixing analysis
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Average stream composition is 40%
groundwater, 60% ponds and lakes in the
headwaters

Pumping wells are chemically distinct
Mixing model doesn’t work with May
dataset

Campaign Date | Groundwater (%) | Ponds & Lakes (%)

July 2022 25 75
November 2022 43 57
May 2023 Invalid Invalid

July 2023 33 67



Mixing analysis

* Percent groundwater averaged by

sample location

* Groundwater contribution ranges

from 14-67%
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Preliminary results - Weather Station Comparison

* Comparison between January 2023 to
November 2023

* Highland weather station average temperature
was 1.5° C less

* Highland station recorded an additional
273mm of precipitation over 11 months.

* Highland station recorded 1260 cm more

snowpack v time
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Hydrogeologic model

* MODFLOW: Groundwater flow model — simulating environmental conditions
(physically based) to evaluate natural water movement
* MODPATH: particle tracking — postprocessing, computes specific flow paths using

model output
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Next steps

* Hydro-chemical uncertainty analysis: uncertainty estimate of end-member
mixing using generalized likelihood uncertainty estimate (GLUE).

* Hydrological Modeling:
* Model calibration using parameter estimation (PEST)
* Transient model development

%é& Weath i | Measured and modeled
=L Yveather Computer |:> < |k groundwater levels
Q% data :>

model

All water through ground?
All water runoff surface?



Thank You

P4 Lauren.Somers@dal.ca
u @LaurenDSomers

Acknowledgements:
DALHOUSIE ([ S g LHESE
UNIVERSITY \ e ;{ . |Urslit.ed Nration; : Brasdh'OrLake
WS > L. ucational, Scientificand  *  Biosphere Region
oGO Cultural Organization *  Association

Allison Mclsaac, Fred Baechler, Doug Foster,
Tom Johnson, Rory McPhail, Ryan Malley,
Jenacy Samways, Amber Dort, ECCC, NSERC

21



