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Introduction Surface Water Depletion Sustainability
The Halifax Public Gardens, as seen in Figure 1, is a major tourist | | Groundwater will be pumped into Griffin’s Pond; this pumping must not result in water being drawn from the pond. A solar array has the potential to offset energy demands of the ground
attraction located within Halifax. Using the USGS analytical solution solver for the Hunt (2003) Equation, surface water depletion is negligible. The water supply system (pump, meters, controllers, etc.)
One of the main aspects of the iInputs in Table 1 were used for the calculation. The Hunt (2003) Equation was considered adequate for this analysis « Four available surfaces on sheds near Wanderer’s Grounds.
area is Griffin’s Pond. This pond 0 because the stratigraphy from the well logs indicated that the pond bottom is separated from the aquifer by an aquitard. . If all surfaces are used, system has a total yearly output of
has experienced a reduction in Table 2 — Inputs to the USGS analytical solution solver for the Hunt (2003) equation. (035‘632"3"‘}5:’3“15) ~15,000kWh, with a Simple Payback of approx. 23 years.
water levels over past summer Parameter Units Input Value o c?;;gr;;q%,s) _ T L Q |
seasons. The goal of the project is Distance from the Well to the Pond ft 106 " or = 0.0048 mis) e
to provide the Pond with a Transmissivity (T) 1 ft2/day 377 e ___ 10 y
sustainable groundwater Storage Coefficient (S)? - 7.6E-05 v gis e
SUDDIV under dry Condltlons Figure 1 — Google Maps image of Halifax Public Gardens. SpeC”:lC Yleld Of Aqurtardz = Appl’OX O Qy T"_ October April
) Hydraulic Conductivity of the (0.00049 m¥s)
Water Q u aI Ity Aqu|tard2 ft/day 28E 07 Figure 4 — Steady-state mass balance for Griffin’s Pond. Sepember vy
Ground m——— S hiah levels of iron. Wh Stream Width fi 245 o e
roug vyz;\]ter in afllax col_rlltalnsh ig e\;es of iron. When Thickness of the Aquitard £t 19 o N
mixed with water of low pH (such as surface water), iron Distance from Streambed to the oo

dissolves and precipitates when exposed to air. . ft 34
. . Bottom of the Aquitard
« Groundwater quality was compared to surface water quality

—Area 1 —Area 2 Area 3 Area 4 — Combined

0.000

Hydraulic Gradient

_ _ _ _ T o PU m in RateS m 73 -0.005 Figure 8 — Areas available f(_)_r solar array on Wanderer's Ground Figure 9 — Monthly power output (kWh)
guidelines to determine their compatibility for mixing, as seen T ']? J tor P ; gp 90 0.010 Dty Shed. breakdown for the four areas.
In Table 1. T T TR o o Analysis of monthly output shows that the array would produce more
1 calculated using pumping test data and a Cooper-Jacob Straight Line Method (Time- -0.020 y _ y P ) _ Yy P
Table 1 — Average well water quality from existing wells (T. Bachiu per. comm., 2020) compared to CCME Water Quality Standards for Drawdown Method). 0.00 124.00 248.00 372.00 496.00 620.00 744.00 power during summer months, which is when the water supply system
(he Protection of Aduatic Lite (CCME, 2097) 2 The stratigraphy from the well log indicates that the aquitard is composed of relatively Elapsed time since 12-Nov-2020 16:00 (hours) would need power most.
Nitrate unfractured slate. Figure 5 — Hydraulic gradient from data acquired through piezometer and stilling well sampling at

pH DO (mg/l—) Iron (mg/l—) Arsenic (p-gll—) Griffin’s Pond from 12-Nov-2020 to 14-Dec-2021; positive (red) indicates pondwater infiltrating into the

(mg/L) 3 Pumping rate > 23,000 L/day. According to the Activities Designation Regulations (1194- dwat . g tive (blue) indicat dwat haraing th 4 used |
_ 95). an approval is required O oretion it Slug test data to calcuiao cpwelling fowrato via Dercys Law. ea an are
Well Water Quality 7.11 - 12 <0.05 1 ! ' ' H |th d S f ty
CCME Guidelne 6.5-9.0 55-95 0.3 13 <5

F| nal DeS|g N « Compliance with municipal regulations and Dalhousie standards
Cl | mate Change | m paCt The final design consists of pumping an existing well on Wanderer’s Grounds and piping the v_vater to the pond w?re applied to accomplish this project safely, |
underneath Sackville Street. It will include a well water level and a pond water quality monitoring program. * Risk assessments were completed on the vegetation

Water Availability Projection Well Water Level Monitoring Program S| e .SL.#5 surrounding the pond, the aquatic life and wildlite, water |
Representative Concentration Pathway (RCP) is a climate « The Solinst Level logger 5 will be connected to the SolinstL5 Direct Read Cable chemistry interactions, construction work, employees, and Public
modelling trajectory based primarily on greenhouse gas to continuously record drawdown data. Griffin's Pond | vocaior Garden users.
concentrations; RCP 1.6 is the goal of the Paris Agreement, and » Flow will be continually measured using a digital flow meter. SL.#1) Perimeter o The risks were determined to be L. OW with appropriate mitigative
RCP 8.5 Is a worst-case scenario. Using climate data from Pond Water Quality Monitoring Program ST measures.

projections of RCP 2.6, 4.5, and 8.5 out to 2100, water availability

. . o « Continuous monitoring using a EXO2 multiparameter sonde (that measures DO, S| #2 S.L.#4
was calculated by subtracting potential evapotranspiration from pH, turbidity, and temperature) connected to a Storm 3 Data Logger. L References
total precipitation.  For all scenarios: no » Manual bi-weekly water testing will be performed to verify continuous data. This S

250.00

major concern for will be performed by a trained Public Garden employee by taking water samples . Activities Designation Regulations made under Section 66 of the Environment
: : : : : : Act. (S.N.S. 1994-95, c. 1). Retrieved from
200.00
drought, water for lab analysis during the summer months at six locations, shown in Figure 7. https./novascotia.cajiustregulations/regsfenvactiv.htm
150.00

availablility remains
relatively constant with
mild increase.

Piping Distribution Network
* The existing piping distribution network that connects the well to Griffin’'s Pond

« Download Station Data. (2021). Climate Data Canada. Retrieved from:
https://climatedata.ca/download/#station-download
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was analyzed using pressurized pipe and culvert hydraulics and it was »  Energyhub.org. (n.d.). Complete Guide for Solar Power in Nova Scotia.
2000 « RCP 8.5 has a greater determined that it can not support the required flow of 73 gpm/0.0046 m3/s. Energyhub.org. https://www.energyhub.org/nova-scotia/
0.00 Increase In availability « Environment and Climate Change Canada Climate Data (2021). Climate Data.

Existing Well Upgrades
* The existing surface pump will be upgraded to a submersible pump that can

Retrieved from https://climatedata.ca/

1950, 197;. 2004. 2035, 2059. 20g¢. :
%0-01.9, 7 7705.19 = 0%10.94 = 92:02.5) 9907.94 %115, than RCP 4.5, which

Date has a greater increase * Google. (2021). Google Earth. Retrieved from https://earth.google.com/

Fiqure Z:rii:t;swat;;::;:z [12?%;;:i:s::izgoptjzoo than RCP 2.6. support 7.3 gpm. Drawdown will not exceed the actual pump depth based on a | « Groundwater: Dissolved mineral sources and significance. (n.d.). Retrieved
. J : / ' We” eﬁ:|C|ency Of 08 and the COOper-JaCOb mEthOd Figure 7 — Proposed location for the piping network (Geldhart, 2021). March 29, 2021, from https://WWW.ngwa.org/what-is-groundwater/About-
Climate Change Impacts on Water Budget groundwater/dissolved-mineral-sources-and-significance
Precipitation rates in Halifax have increased annually. However, as Conclusion and Recommendations * NASA. (2021). Prediction Of Worldwide Energy Resources (POWER) Viewer

[Interactive Database]. https://power.larc.nasa.gov/data-access-viewer/

can be seen in the Figure 3, precipitation rates over the last 5 . . cecr s . . .
J precip From the analysis, it was determined that Griffin’s Pond needs an inlet flow rate of 73 gpm to achieve an upper objective . National Renewable Energy Laboratory. (2021). PVWatts Calculator (Version

years during the typical drought months have dropped significantly,

which means decreased inflow for the pond of a 2-week hydraulic retention time. Based on further analysis of existing infrastructure, it is concluded that the existing No. 6.1.3). PVWatts. https://pvwatts.nrel.gov/index.php
e On top of this, potential | |Wwell on Wanderer’'s Grounds could be used in conjunction with a submersible pump and a new piping distribution * Reeves, H. W. (2008). STRMDEPLO8 — An extended version of STRMDEPL
T 19000 - network to support this flow with additional analytical solutions to calculate streamflow depletion by nearby
E 100.00 evapotranspiration PP ' pumping wells. Retrieved from https://pubs.usgs.gov/of/2008/1166/pdf/ofr2008-

S oo I rates have increased, In future development of the project, we recommend: 1166_web.pdf

meaning more water L . . . L . Acknowledgements:
> 1 # H 1 B « A monitoring program be implemented to ensure sustainable yield and maintain pond aesthetics. | | |
| May June July August  September IOSS for the pond ° DI‘ Bal‘l‘et KUI‘y|yk & DI‘ Margaret Wa.ISh' DthOUS|e Un|VerS|ty

mm Historical Monthly Averages « An application for approval of to withdraw 73 gpm according to the Activities Designation Regulations (1994-95). . Tim Bachiu & Devin Bell- WSP Consulting

—Average precpitation over the last 5 years

Figure 3— Analysis of precipitation rates for Halifax « Alonger, static pumping rate test be done to refine confidence in transmissivity and storativity values.. - Andy Geldhart & Heidi Boutilier -Halifax Regional Municipality




