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Re:

Technical Memorandum
388 Phillip Street Open-Loop Geothermal Energy Expansion Project

Open-Loop Geothermal System Concept

The proposed open-loop geothermal system cooling the proposed data center at 388 Phillip
Street will be supplied entirely using existing supply wells on the 130 Columbia Street West (the
HUB) property, which have been withdrawing groundwater from the deep bedrock aquifer for the
past seven years. The groundwater pumped from the HUB supply wells will circulate through
heat exchangers located within the data center building to extract heat energy from the “building
side”, and then (after passing through secondary heat extraction processes) circulate to the
existing geothermal energy exchange system at the HUB, then flow into existing and additional
new discharge wells also located on the HUB property.

The groundwater extracted from the deep bedrock aquifer will be returned to the same aquifer
with zero changes in chemistry as the circulated water will not contact any other fluids or
chemicals, and will be maintained under a pressurized environment to eliminate the possibility
for dissolution, off-gassing, or other chemical processes; with only minor temperature changes
between the extracted (supply) and the discharge (injection) water due to the collection and
reuse of thermal energy from the discharge water before it is injected back into the deep
bedrock aquifer.
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Existing Use of the Deep Bedrock Aquifer for Open-Loop Geothermal
Energy Systems

While the Region of Waterloo relies on overburden aquifers of the Waterloo Moraine to supply
drinking water to the Region, deep below these municipal supply aquifers lies the Salina
Formation dolostone, shale, and gypsum bedrock. While the Salina Formation beneath the
subject properties yields high volumes of groundwater, this groundwater is known to exhibit
mineralized conditions including very high Sulphate concentrations, making it non-potable and
therefore unusable for human consumption.

In 2017, the Region of Waterloo permitted two “pilot projects”, including the HUB at 130
Columbia Street West, to study and evaluate the potential to use the non-potable bedrock
groundwater for open-loop geothermal energy. The two pilot projects were successful, and over
the past eight years a number of subsequent open-loop geothermal energy projects utilizing the
mineralized bedrock groundwater have proceeded within the Region of Waterloo.

Hydrogeology of the Region of Waterloo

The Region of Waterloo is primarily dependent on groundwater resources (along with some
surface water takings from the Grand River) to supply water for the Region. The source(s) of
groundwater accessed by municipal supply wells are the various overburden aquifer deposits
underlying the Region typically referred to as the Waterloo Moraine. As illustrated below, the
geology and stratigraphy of the Waterloo Moraine is complex, consisting of multiple aquifers
(granular soils where large amounts of groundwater can accumulate) and aquitards (low-
permeability deposits of silts/clayst/tills which hydraulically isolate on aquifer deposit from
another). At significant depths, the Salina Formation bedrock deposits are encountered.
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As shown in the example illustration below, municipal water supply wells from the William Street
Wellfield (approximately 2.2 km southeast of the 388 Phillip Street property) are completed in
overburden aquifer deposits. As discussed above, the Salina Formation bedrock beneath the
Region of Waterloo is not suitable for use as a drinking water source.
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Illustration from “Toward an Understanding of the Waterloo Moraine Hydrogeology” R.J. Blackport, P.A. Meyer, P.J.
Martin. 2014

Geochemistry of the Deep Bedrock Aquifer

Long term groundwater monitoring for the HUB’s open-loop geothermal energy system has
included quarterly water chemistry sampling of supply well water (prior to passing through
sediment filters), discharge water (both prior to passing through the heat exchanger, and (post-
heat exchanger), and of groundwater from observation wells located in proximity to the injection
wells. Since 2019 six years of annual monitoring reports have provided a clear and detailed
understanding of the geochemistry of the deep bedrock groundwater.

Measured Sulphate concentrations have consistently remained above 1,000 mg/L since the
inception of the monitoring program, generally fluctuating between 1,000 and 1,600 mg/L over
the 2019-2024 monitoring period. With the Ontario Ministry of the Environment, Conservation,
and Parks (MECP) threshold for mineralized water at 500 mg/L for Sulphate, the high
concentration of Sulphate in the deep bedrock groundwater clearly results in mineralized
conditions.
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Hydrogeology of the Deep Bedrock Aquifer

While the geochemistry of the deep bedrock aquifer makes it unsuitable for use as a potable
water supply, the interconnected fracture networks of the bedrock have been proven to yield
high quantities of groundwater, making the deep bedrock aquifer ideal for open-loop geothermal
energy systems (which require high volumes of water for heat exchange).

Additionally, temperature monitoring since 2019 of the geothermal system discharge and the
deep bedrock observation well drilled in proximity to the injection wells at the HUB has shown
that while geothermal system discharge water temperature fluctuates between 6-23 Degrees
Celsius, corresponding temperature measurements at distances of 7 m and 20 m from the two
injection wells shows groundwater temperature has ranged between 9.2 and 10.6 Degrees
Celsius (and typically ranging between 9.5 and 9.8 Degrees Celsius). Between 2019-2024 the
groundwater temperature in proximity to the injection wells has risen by an average of less than
0.4 Degrees Celsius.

It is interpreted the natural groundwater flux (cross-flow), the thermal capacity of the bedrock
formation (thermal modulation), and thermal cycling of the HUB’s open-loop geothermal energy
system combine to mitigate groundwater temperature in the area surrounding the discharge
location (i.e. the injection wells).

Open-Loop Geothermal Water Taking Volumes

The open-loop geothermal energy system at the HUB operates under a Permit to Take Water
(PTTW) allowing up to 6,134,000 L/day of groundwater to be pumped from the two on-site
supply wells. The PTTW is attached for reference.

Monitoring of actual groundwater extraction volumes since 2019 indicates the HUB'’s open-loop
geothermal energy system typically operates in the range of 2,500,000-2,600,000 L/day. As a
result, there is approximately 3,500,000 L/day of unused capacity under the existing PTTW for
the HUB.

The proposed data center at 388 Phillip Street is expected to require up to 6,048,000 L/day
L/day of groundwater for cooling purposes; To accommodate this flow, the HUB and 388 Phillip
Street geothermal systems are proposed to operate in series rather than in parallel, such that
the same groundwater is utilized sequentially by both systems rather than being extracted
independently.

Under this operating approach, groundwater would first be used to support cooling at 388 Phillip
Street, after which a portion of the flow would be routed to the HUB geothermal system prior to
reinjection.
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During the heating season, the HUB would beneficially recover heat from the 388 Phillip Street
discharge before the water is returned to the aquifer. During the cooling season, the HUB heat
pump systems are capable of operating effectively with the anticipated groundwater
temperatures.

As a result, the existing PTTW at the HUB, together with the proposed series operation of the
two systems, is expected to be sufficient to support the operational requirements of both the
HUB and the proposed 388 Phillip Street data center without increasing the total permitted daily
groundwater taking.

Summary

The deep bedrock aquifer within the Salina Formation beneath the 130 Columbia Street (the
HUB) property has been demonstrated (through more than six years of long-term monitoring) to
yield mineralized groundwater that is unsuitable for use as potable water. However, this
mineralized groundwater, already in use by multiple open-loop geothermal energy systems
within the Region of Waterloo, is well suited for use in geothermal energy (heat exchange)
systems.

With a total PTTW-authorized water taking of 6,134,000 L/day, and with the intent to operate the
HUB and 388 Phillip Street open-loop geothermal energy systems in series, the existing PTTW
serving the HUB’s open loop geothermal energy system is capable of also meeting the
demands of the proposed 388 Phillip Street data center.

We trust that this assessment report satisfies your present requirements, and we thank you for
this opportunity to be of service. If you have any questions, or require further hydrogeological
consulting services, please feel free to contact the undersigned directly.

Sincerely,

CHRIG HELLER
Wy Frgh

ris Helmer, B.Sc., P.Geo. %
Senior Hydrogeologist :
MECP Licensed Well Contractor
www.hydrog.ca

encl. PTTW 3248-APUS4N
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. > . Ministry of the Environment and Climate Change
/" Ontano Ministére de ’Environnement et de I’Action en

matiére de changement climatique

PERMIT TO TAKE WATER
Ground Water
NUMBER 3248-APUS4N

Pursuant to Section 34.1 of the Ontario Water Resources Act, R.S.O. 1990 this Permit To Take
Water is hereby issued to:

Columbia Village Inc.
815 Bridge St W
Waterloo, Ontario
N2V 2M7

For the water Geothermal Wells PW1 and PW2
taking from:

Located at: 130 Columbia St W
Waterloo, Regional Municipality of Waterloo

For the purposes of this Permit, and the terms and conditions specified below, the following
definitions apply:

DEFINITIONS

(a) "Director" means any person appointed in writing as a Director pursuant to section 5 of the
OWRA for the purposes of section 34.1, OWRA.

(b) “Provincial Officer” means any person designated in writing by the Minister as a Provincial
Officer pursuant to section 5 of the OWRA.

(c) "Ministry" means Ontario Ministry of the Environment and Climate Change.
(d) "District Office" means the Guelph District Office.

(e) "Permit" means this Permit to Take Water No. 3248-APUS4N including its Schedules, if any,
issued in accordance with Section 34.1 of the OWRA.

63} "Permit Holder" means Columbia Village Inc..

(2) "OWRA " means the Ontario Water Resources Act, R.S.0. 1990, c. O. 40, as amended.

You are hereby notified that this Permit is issued subject to the terms and conditions outlined below :
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TERMS AND CONDITIONS

1.

1.1

1.2

1.3

1.4

1.5

1.6

1.7

2.1

2.2

Compliance with Permit

Except where modified by this Permit, the water taking shall be in accordance with the
application for this Permit To Take Water, dated July 19, 2017 and signed by Zeljko Prica, and
all Schedules included in this Permit.

The Permit Holder shall ensure that any person authorized by the Permit Holder to take water
under this Permit is provided with a copy of this Permit and shall take all reasonable measures
to ensure that any such person complies with the conditions of this Permit.

Any person authorized by the Permit Holder to take water under this Permit shall comply with
the conditions of this Permit.

This Permit is not transferable to another person.

This Permit provides the Permit Holder with permission to take water in accordance with the
conditions of this Permit, up to the date of the expiry of this Permit. This Permit does not
constitute a legal right, vested or otherwise, to a water allocation, and the issuance of this Permit
does not guarantee that, upon its expiry, it will be renewed.

The Permit Holder shall keep this Permit available at all times at or near the site of the taking,
and shall produce this Permit immediately for inspection by a Provincial Officer upon his or her
request.

The Permit Holder shall report any changes of address to the Director within thirty days of any
such change. The Permit Holder shall report any change of ownership of the property for which
this Permit is issued within thirty days of any such change. A change in ownership in the
property shall cause this Permit to be cancelled.

General Conditions and Interpretation

Inspections

The Permit Holder must forthwith, upon presentation of credentials, permit a Provincial Officer

to carry out any and all inspections authorized by the OWRA, the Environmental Protection Act ,
R.S.0. 1990, the Pesticides Act , R.S.0O. 1990, or the Safe Drinking Water Act, S. O. 2002.

Other Approvals
The issuance of, and compliance with this Permit, does not:

(a) relieve the Permit Holder or any other person from any obligation to comply with any other
applicable legal requirements, including the provisions of the Ontario Water Resources Act , and
the Environmental Protection Act , and any regulations made thereunder; or

(b) limit in any way any authority of the Ministry, a Director, or a Provincial Officer, including
the authority to require certain steps be taken or to require the Permit Holder to furnish any
further information related to this Permit.
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23

24

2.5

2.6

3.1

3.2

Information

The receipt of any information by the Ministry, the failure of the Ministry to take any action or
require any person to take any action in relation to the information, or the failure of a Provincial
Officer to prosecute any person in relation to the information, shall not be construed as:

(a) an approval, waiver or justification by the Ministry of any act or omission of any person that
contravenes this Permit or other legal requirement; or

(b) acceptance by the Ministry of the information's completeness or accuracy.

Rights of Action

The issuance of, and compliance with this Permit shall not be construed as precluding or
limiting any legal claims or rights of action that any person, including the Crown in right of
Ontario or any agency thereof, has or may have against the Permit Holder, its officers,
employees, agents, and contractors.

Severability

The requirements of this Permit are severable. If any requirements of this Permit, or the
application of any requirements of this Permit to any circumstance, is held invalid or
unenforceable, the application of such requirements to other circumstances and the remainder of
this Permit shall not be affected thereby.

Conflicts

Where there is a conflict between a provision of any submitted document referred to in this
Permit, including its Schedules, and the conditions of this Permit, the conditions in this Permit
shall take precedence.

Water Takings Authorized by This Permit

Expiry
This Permit expires on August 31, 2027. No water shall be taken under authority of this Permit
after the expiry date.

Amounts of Taking Permitted

The Permit Holder shall only take water from the source, during the periods and at the rates and
amounts of taking specified in Table A. Water takings are authorized only for the purposes
specified in Table A.
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Table A

33

4.1

4.2

Source Name| Source: Taking Taking Max. Max. Num. | Max. Taken [Max. Num. off, Zone/
| Description: Type: Specific Major Taken per |of Hrs Taken| per Day Days Taken| Easting/
Purpose: Category: Minute per Day: (litres): per Year: Northing:
(litres):
PWA1 Well Heat Pumps | Miscellaneous 2,580 24 3,715,000 365 17
537353
Drilled 4814053
PW2 Well Heat Pumps | Miscellaneous 1,680 24 2,419,000 365 17
537356
Drilled 4814011
Total 6,134,000
Taking:
Prior to the taking of water under this Permit, the Permit Holder shall ensure that any and all

applicable permits or authorizations are obtained from Federal and Provincial Agencies having
legislative mandates in water resources management.

Monitoring

Under section 9 of O. Reg. 387/04, and as authorized by subsection 34(6) of the Ontario Water
Resources Act, the Permit Holder shall, on each day water is taken under the authorization of this
Permit, record the date, the volume of water taken on that date and the rate at which it was taken.
The daily volume of water taken shall be measured by a flow meter or calculated in accordance
with the method described in the application for this Permit, or as otherwise accepted by the
Director. A separate record shall be maintained for each source. The Permit Holder shall keep
all records required by this condition current and available at or near the site of the taking and
shall produce the records immediately for inspection by a Provincial Officer upon his or her
request. The Permit Holder, unless otherwise required by the Director, shall submit, on or before
March 31st in every year, the records required by this condition to the ministry’s Water Taking
Reporting System.

Based on the report entitled "Wellfield Evaluation, Proposed Groundwater Source
Heating/Cooling System, The Hub-Columbia Village Inc., 130 Columbia Street West and 365
Albert Street, City of Waterloo, Regional Municipality of Waterloo", prepared by Ian D. Wilson
Associates Ltd. and dated July 17, 2017, the Permit Holder shall establish a monitoring program
as follows:

(1) Monitor the water levels in wells PW1, PW2, OW1, OW2, OW3 and OW4 on a
daily basis and

(2) The data collected under this monitoring program shall be analysed, interpreted,
and summarized in a report prepared annually for the first two years, and
subsequently every five years thereafter for the reminder of the permit duration.
The report shall be submitted to the Director by March 31st of each of the years
due. The report shall be prepared by a Qualified Hydrogeologist and should
provide an assessment of any changes in water levels in the supply aquifer in
relation to the water taking, provide recommendations on the need for changes to
monitoring locations and frequency, pumping patterns and/or the need for
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5.1

5.2

mitigation.

Impacts of the Water Taking

Notification

The Permit Holder shall immediately notify the local District Office of any complaint arising
from the taking of water authorized under this Permit and shall report any action which has been
taken or is proposed with regard to such complaint. The Permit Holder shall immediately notify
the local District Office if the taking of water is observed to have any significant impact on the
surrounding waters. After hours, calls shall be directed to the Ministry's Spills Action Centre at
1-800-268-6060.

For Groundwater Takings

If the taking of water is observed to cause any negative impact to other water supplies obtained
from any adequate sources that were in use prior to initial issuance of a Permit for this water
taking, the Permit Holder shall take such action necessary to make available to those affected, a
supply of water equivalent in quantity and quality to their normal takings, or shall compensate
such persons for their reasonable costs of so doing, or shall reduce the rate and amount of taking
to prevent or alleviate the observed negative impact. Pending permanent restoration of the
affected supplies, the Permit Holder shall provide, to those affected, temporary water supplies
adequate to meet their normal requirements, or shall compensate such persons for their
reasonable costs of doing so.

If permanent interference is caused by the water taking, the Permit Holder shall restore the water
supplies of those permanently affected.

Director May Amend Permit

The Director may amend this Permit by letter requiring the Permit Holder to suspend or reduce
the taking to an amount or threshold specified by the Director in the letter. The suspension or
reduction in taking shall be effective immediately and may be revoked at any time upon
notification by the Director. This condition does not affect your right to appeal the suspension
or reduction in taking to the Environmental Review Tribunal under the Ontario Water
Resources Act , Section 100 (4).
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The reasons for the imposition of these terms and conditions are as follows:

1.

Condition 1 is included to ensure that the conditions in this Permit are complied with and can be
enforced.

Condition 2 is included to clarify the legal interpretation of aspects of this Permit.

Conditions 3 through 6 are included to protect the quality of the natural environment so as to
safeguard the ecosystem and human health and foster efficient use and conservation of waters.
These conditions allow for the beneficial use of waters while ensuring the fair sharing,
conservation and sustainable use of the waters of Ontario. The conditions also specify the water
takings that are authorized by this Permit and the scope of this Permit.
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In accordance with Section 100 of the Ontario Water Resources Act, R.S.O. 1990, you may by written
notice served upon me, the Environmental Review Tribunal and the Environmental Commissioner,
Environmental Bill of Rights, R.S.O. 1993, Chapter 28, within 15 days after receipt of this Notice,
require a hearing by the Tribunal. The Environmental Commissioner will place notice of your appeal
on the Environmental Registry. Section 101 of the Ontario Water Resources Act, as amended provides
that the Notice requiring a hearing shall state:

1. The portions of the Permit or each term or condition in the Permit in respect of which the hearing is
required, and;
2. The grounds on which you intend to rely at the hearing in relation to each portion appealed.

In addition to these legal requirements, the Notice should also include:

a. The name of the appellant;
b. The address of the appellant;
c. The Permit to Take Water number;
d. The date of the Permit to Take Water;
e. The name of the Director;
f. The municipality within which the works are located;
This notice must be served upon:
The Secretary The Environmental Commissioner The Director, Section 34.1,
Environmental Review Tribunal AND 1075 Bay Street AND Ministry of the Environment and
655 Bay Street, 15th Floor 6th Floor, Suite 605 Climate Change
Toronto ON Toronto, Ontario M5S 2W5 12th Floor
M5G 1ES 119 King St W
Fax: (416) 326-5370 Hamilton ON L8P 4Y7
Email: Fax: (905) 521-7820

ERTTribunalsecretary@ontario.ca

Further information on the Environmental Review Tribunal’s requirements for an appeal can be obtained directly from
the Tribunal:

by Telephone at by Fax at by e-mail at
(416) 212-6349 (416) 326-5370 www.ert.gov.on.ca
Toll Free 1(866) 448-2248 Toll Free 1(844) 213-3474

This instrument is subject to Section 38 of the Environmental Bill of Rights that allows residents of
Ontario to seek leave to appeal the decision on this instrument. Residents of Ontario may seek to
appeal for 15 days from the date this decision is placed on the Environmental Registry. By accessing
the Environmental Registry, you can determine when the leave to appeal period ends.

Dated at Hamilton this 30th day of August, 2017.

B Mk

Belinda Koblik
Director, Section 34.1
Ontario Water Resources Act , R.S.0. 1990
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Schedule A
This Schedule “A” forms part of Permit To Take Water 3248-APUS4N, dated August 30, 2017.
"Wellfield Evaluation, Proposed Groundwater Source Heating/Cooling System, The Hub-Columbia

Village Inc., 130 Columbia Street West and 365 Albert Street, City of Waterloo, Regional Municipality
of Waterloo", prepared by G. Rether of lan D. Wilson Associates Ltd. and dated July 17, 2017.
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