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UMA Engineering Ltd.

1479 Butfalo Place

Winnipeqg, Manitoba R3T 1L7

T 204,284 0580 F 204.475 3646

February 7, 2006 UMA File: D534 007 00 (4.6.1)

Mr. Alv Dyregrov
Dyregrov Consultants
1666 Dublin Avenue
Winnipeg, MB., R3H OHA1

Dear Mr. Dyregrov:

RE: West End Water Pollution Control Centre
Groundwater Pressure Control Requirements
Hydrogeologic Assessment Report

UMA Engineering Ltd. was retained by Dyregrov Consultants to provide hydrogeologic services associated with
the design and construction of new facilities for the City of Winnipeg West End Pollution Control Centre
(WEWPCC, Figure 01) located south of Wilkes Avenue and west of the Perimeter Highway. These new facilities
include the installation of a new clarifier on the south side of the existing wastewater treatment plant (Figure 02)
and an effluent disinfection facility to be located to the west of the existing wastewater treatment plant (Figure 03).
Both of these facilities will require excavation to depths where the geotechnical assessment indicates that basal
instability of the excavation floors may occur due to high piezometric pressures in the bedrock aquifer underlying
the site. Therefore, the need to reduce the piezometric pressures during construction has been identified. It has
also been identified that there may be the need for a permanent groundwater pressure control system that would
be operated whenever the clarifiers are dewatered for cleaning. This letter report provides the assessment of the
hydrogeology of this site, how this may affect the proposed construction activities and the recommended actions
to address these risks. This report will be submitted to the Manitoba Water Stewardship Water Licensing Branch
in partial fulfilment of the requirements to obtain approval to construct and operate a groundwater pressure
control system. This approval is required under the MB Water Rights Act. As part of this approval process, a
Groundwater Exploration Permit was applied for and received from the regulator,

PROPOSED CONSTRUCTION

The two components of the proposed construction plans for the WEWPCC that are of concern in this study are
the effluent disinfection facility and a new clarifier. The design of these facilities are near completion but have not
yet been finalized. The following is a general description of what will be constructed and why they are of concern:

Effluent Disinfection Facility - This building will be located to the west of the main WEWPCC buildings (Figure
01) near where the discharge pipe from the WEWPCC passes under Wilkes Avenue. The general layout of what
will be constructed is shown on Figure 03. The design of this facility includes a section of new discharge piping
that will pass beneath the building where the effluent will be disinfected. This will require the completion of
excavations to a depth of approximately 232.0 m (approximately 5.8 metres below grade). The excavation will
extend into the till materials underlying the clay. Based on the geotechnical assessment completed by Dyregrov
Consultants, depressurization of the bedrock aquifer is required to prevent failure of the excavation base and/or
flooding of the excavation. Following the completion of construction, the confining mass of the soils and the
structure will be sufficient to resist the uplift pressures and long term depressurization will not be required.

New Clarifier — A new clarifier will also be installed near the southwest corner of the WEWRPCC facilities (Figure
02). The installation of this clarifier will require an excavation to a depth of approximately 234.4 metres
(approximately 4.6 metres below grade) for the bulk of the structure with localized smaller excavations to 233.0
metres to accommodate the installation of the centre pivot equipment and a linear excavation below the clarifier to
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install a pipe connecting the clarifier to the main facility. The depth of this pipe has not yet been finalized. The
excavation base will be within the clay soils, and the geotechnical analysis indicates that for the main clarifier
excavation, there will be sufficient confining soil present to resist the uplift pressures and groundwater
depressurization will not likely be required. However, groundwater depressurization may be required for to allow
the installation of the supply pipe, potentially to address groundwater seepage to the excavation from the aquifer
through pre-existing pathways (natural fractures or improperly sealed boreholes), or due to anomalously high
groundwater pressure. Following construction and filling of this clarifier with effluent, the confining pressure will be
sufficient to resist the uplift pressures except when the clarifier is drained for cleaning. Therefore, there may be a
need o operate the groundwater depressurization system during periodic maintenance of the clarifier.

REGIONAL HYDROGEOLOGY

The regional stratigraphy in the area of the site generally consists of clay to depths of 3 to 6 metres underlain by
glacial till and then bedrock. The depth to bedrock is approximately 9 to 12 metres below grade. Bedrock consists
of Gunton Member dolomites directly below the site and Amaranth shales and sandstones to the north of the site.

The current groundwater piezometric surface beneath the area is at an elevation of approximately 235.25 metres
(approximately 3 metres below grade). Review of the historical hydrograph of groundwater levels recorded at
provincial monitoring station MJ-005 (Figure 04, located on the north side of Wilkes Avenue opposite the
WEWPCC facility) indicates that this current groundwater level is high and has been since approximately 2000, Of
particular note is the high groundwater level of 235.7 metres recorded at this station on June 11, 2005. This is the
highest groundwater level ever recorded at this station (since monitoring began in the mid 1960's). This rise in
groundwater levels is attributable to increased precipitation and decreased consumptive use of groundwater
within the city. It is not known at this stage whether this groundwater level peak in 2005 is a short term transient
peak related to high precipitation in 2004 and 2005 or whether this is part of the rising trend in groundwater levels
observed since 1993 and therefore will be a permanent condition. Similar long term groundwater level maonitoring
records are not available for directly beneath the site, but given the close proximity of the site to the provincial
monitoring well, it is reasonable to assume that similar groundwater levels and trends will be encountered. It will
be imperative that groundwater levels at the site at the time of construction be confirmed and taken into

consideration in the groundwater control plans.

The interpreted regional groundwater flow directions, based on the existing monitoring well network, are shown on
Figure 05. As can be seen, in the area of the site, groundwater flow is generally to the east towards the Red
River, the major discharge point for all groundwater within the bedrock aquifer.

Groundwater in the area of the site is considered to be brackish and non-potable. The total dissolved solids
content of the groundwater is on the order of 6,000 mg/l, chloride is approximately 1,400 mg/l and sulfate has
been measured at concentrations of up to 2,000 mg/l. As a result of the poor quality of this groundwater,
groundwater is not used as a potable water supply for rural residences and businesses in the area. Potential
impacts to existing groundwater users in the area are therefore not a concern due to the lack of drinking water

wells.
INVESTIGATION PROGRAM

In order to obtain the necessary information on the aquifer characteristics for the design of a construction
groundwater pressure control system, investigations were conducted at both the effluent disinfection facility and
the new clarifier sites. These investigations consisted of the installation of a pumping well and observation well at
each site and the completion of an aquifer pumping test. Copies of the Driller's Reports provided by the drilling
contractor are included in Appendix A. The results of the analysis of the aquifer pumping tests are provided in

Appendix B.
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The following summarizes the field results at each site:

Effluent Disinfection Facility — Investigations at the effluent disinfection facility consisted of the installation of a
150 mm (6 inch) pumping well (PW-1) and a 125 mm (5 inch) observation well (OW-1) at the locations shown on
Figure 03. The observation well was installed as a 125 mm well rather than the specified 50 mm well at the
discretion of the driller. As indicated on the drillers reports, the stratigraphy at this site consists of 8.2 metres of
clay overlying 2.3 metres of glacial till. Bedrock was encountered at a depth of 10.5 metres and consisted of
brown to purple limestone. Distinct fractures were noted at depths of 11.9 and 15.2 metres. The PW-1 well
installation consisted of 10.6 metres of 150 mm PVC casing followed by a 115 mm open borehole to a depth of
24.1 metres. The OW-1 well installation consisted of 10.4 metres of 125 mm PVC casing followed by a 115 mm
open borehole to a depth of 24.1 metres. The annulus around both well casings were grouted to surface.

Following completion of the drilling and development of the wells, an aquifer pumping test was conducted for a
period of 4 hours. The test consisted of the pumping of well PW-1 at an average rate of 3.9 litres per second (62
USgpm) with periodic measurements of the change in groundwater level made in wells PW-1 and OW-1. During
the test, a maximum drawdown in groundwater levels of 3.62 metres was recorded in well PW-1. The indicated
specific well capacity based on this is approximately 1.0 litres per second/metre of drawdown (5 USgpm/ft) and
the total well capacity is approximately 7.3 litres per second (115 USgpm). Analysis of the data for well PW-1
provided an estimate of transmissivity of approximately 1.4 x 10 m%/s (10,000 USgpd/ft). Analysis of the data
from well OW-1 provided an estimate of transmissivity of approximately 1.1 x 10% m%s (75,000 USgpd/it,
Appendix B). The OW-1 results are considered representative of the bulk transmissivity of the aquifer. The
relatively low results from pumping well PW-1 may be more indicative of a low well efficiency and further well
development may improve its capacity.

Clarifier Site — Investigations at the Clarifier site consisted of the installation of a 150 mm (6 inch) pumping well
(PW-1) and a 125 mm (5 inch) observation well (OW-2) at the locations shown on Figure 02. As indicated on the
drillers reports, the stratigraphy at this site consists of 9.4 metres of clay overlying 0.5 metres of glacial till.
Bedrock was encountered at a depth of 9.9 metres and consisted of brown to purple limestone. A large fracture
was noted at a depth of 20.4 metres. The PW-2 well installation consisted of 10.5 metres of 150 mm PVG casing
followed by a 115 mm open borehole to a depth of 24.1 metres. The OW-1 well installation consisted of 10.5
metres of 125 mm PVC casing followed by a 115 mm open borehole to a depth of 24.4 metres. The annulus
around both well casings were grouted to surface.

Following completion of the drilling and development of the wells, a preliminary aquifer pumping test was
conducted at a rate of 5.7 litres per second (90 USgpm) to assess the well capacity. The observed drawdown in
the pumping well was 2 cm. Therefore, due to the very high well capacily, the test was abandoned so that a larger
pump could be mobilized to properly test the aquifer.

A second pumping test was conducted on well PW-2 at a rate of 256 litres per second (406 USgpm) using a
suction lift pump. The test duration was 2.5 hours. During the test, periodic measurements of the change in
groundwater level were made in wells PW-2 and OW-2. A maximum drawdown in groundwater levels of 0.72
metres was recorded in well PW-2. The indicated specific well capacity for well PW-2 is approximately 35.0 litres
per second/metre of drawdown (170 USgpm/ft) and the total well capacity is approximately 31 litres per second
$500 USgpm). Analysis of the data for well PW-1 provided an estimate of transmissivity of approximately 4.2 x 10°

mls (290,000 USgpd/ft). Analysis of the data from well OW-2 provided an estimate of transmissivity of
approximately 5.0 x 10* m*s (350,000 USgpd/ft, Appendix B). The high transmissivity is likely the result of high
flows within the major fracture encountered at a depth of 20.4 metres. As indicated on the data plots for this test
included in Appendix B, the rate of drawdown was increasing in the latter part of the test. These results suggest
that the drawdown cone created by pumping may have reached a portion of the fracture where flow is restricted.
Therefore, the bulk regional transmissivity may be lower.
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so that they are available for use if necessary during construction of the current clarifier or during any future
maintenance of the clarifiers.

For initial design estimating purposes, it has been assumed that a 1.0 metre drawdown in groundwater levels will
be required beneath the new clarifier. For the indicated high transmissivity in this area of 5.0 x 102 m%/s (350,000
USgpd/ft, the estimated required total pumping rate is 76 litres per second (1,200 USgpm), assuming the pumping
wells are located 20 metres from the centre of the excavation. The actual drawdown and pumping rate required
would have to be determined once the design is finalized and the groundwater level at the time of construction is

known.

In consideration of the assumed design requirements, the potential options to achieve the required level of
drawdown below the excavation were reviewed. The first case considered was to use the existing 150 mm
pumping well PW-2 and the 125 mm observation well OW-2, Well PW-2 has an indicated current capacity of
approximately 31 litres per second (500 USgpm). The capacity of well OW-2 was not tested but it is likely less
than the capacity of the larger well PW-2, Therefore, there is insufficient pumping capacily in the two existing
wells to achieve the required drawdown and a third well is required. In consideration of the potential future
requirement to depressurize the aquifer during maintenance of the existing clarifiers, the preferred location for the
additional pumping well is on the north side of the proposed new clarifier and proximate to two of the existing
clarifiers. The recommended design for the additional pumping well is a 250 mm (10 inch) well consisting of PVC
casing installed through the overburden to the bedrock surface followed by open bedrock hole to the depth
required to develop the necessary well capacity (ie: until sufficient fractures are exposed such that the well can be
pumped at the required rate). The maximum depth of drilling should be 24 metres. Should insufficient fractures be
encountered in this well to develop the necessary well capacity, it may be necessary to drill additional locations
until the required capacity is obtained. Following completion of the construction and development of the additional
well, a one hour well capacity test should be conducted prior to the start of construction dewatering to confirm that
the required capacity is available. A 250 mm (10 inch) well is recommended as it is sufficiently large to install
submersible pumps capable of discharging the several thousand gallons per minute that may be necessary to be
pumped during maintenance of the existing clarifiers. The actual capacity of the well to transmit water from the
aquifer to the pump would have to be determined after the well is installed and tested.

The groundwater that will be pumped from this site is brackish and discharge to the surface drainage system is
not recommended. It is recommended that the water be discharged to the existing sewage lagoons located to the
south of the site. The volume of water in these ponds is likely sufficiently large to dilute the brackish water to
acceptable levels prior to discharge. Confirmation of this assessment and whether further testing of the outfall
quality is required would have to be confirmed in consultation with MB Conservation.

CONCLUSIONS AND RECOMMENDATIONS
Based on the results of this assessment, the following conclusions are made:

* Relative to the effluent disinfection facility site, an estimated combined pumping rate of 41 litres per
second (650 USgpm) is required to achieve a drawdown of 3.5 metres in groundwater levels. The actual
pumping rate required may increase or decrease if groundwater levels at the time of construction vary
from an average assumed elevation of 234.8 metres or changes are made to the required depth of
excavation. The pumping system would consist of the two existing test wells at this site and a new 250
mm (10 inch) diameter well to be installed by the contractor. The wells would be equipped with suitably
rated pumps and configured to discharge to the existing outfall pipe for disposal.

* Relative to the new clarifier site, groundwater pumping may not be required for groundwater elevations up
to 235.25 metres. However, groundwater pumping may be required for higher groundwater elevations,
deeper excavation depths than currently planned, or for future maintenance of the existing clarifiers.
Therefore, as a contingency, it is recommended that groundwater pumping wells be installed for future
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use. The wells would consist of the two existing test wells and a third well installed prior to construction.
The wells would only be equipped with pumps and controls capable of discharging 76 litres per second
(1,200 USgpm) if their operation was necessary, and the groundwater discharged to the adjacent
treatment ponds.

The following recommendations are made in consideration of the available information. These recommendations
should be reviewed once the design has been finalized and the groundwater levels at the time of construction are

known.
Effluent Disinfection Facility Site

o The exisling 150 mm and 125 mm test wells have a low indicated well capacity and should be further
developed lo improve their capacity to the maximum degree practical.

* A new 250 mm (10 inch) well should be installed on the east side of the proposed excavation and as
close to the excavation as possible but at a location that does not adversely affect construction.

e A 50 mm (2 inch) diameter monitoring well should also be installed at a suitable location near the
excavation to allow groundwater levels to be monitored during pumping.

« The wells should be equipped with the appropriately rated pumps, controls and flow meters, and
configured to discharge to the existing outfall pipe. A suitable back-up pump and power supply should be
maintained on site in case a pump or the power fails.

e The contractor must be required to provide suitably qualified personnel to be on-site continuously during
the operation of the system to monitor the water levels and flow rates, make adjustments as appropriate,
and to make repairs should any system components fail.

e The services of a qualified hydrogeologist should be retained to supervise the operation of the system,
review the monitoring and operation results and advise the Contractor with respect to system operation.

Clarifier Site

* |tis recommended as a contingency that an additional 250 mm pumping well be installed in addition to
the existing test wells to allow groundwater to be pumped if necessary during construction or during future
maintenance of the clarifiers. Equipping the wells with pumps, controls and meters is not necessary at

this time.

We trust that this assessment meets your requirements. Should you have any questions or require additional
information, please contact the undersigned at (204) 928-7412. We appreciate the opportunity to work on this
project and look forward to working with you as the project proceeds to the construction phase.

Sincerely,

UMA Engineering Ltd.

Steve Wiecek, P.Geo., P.Eng.
Senior Geologic Engineer
Steve Wiecek@uma.aecom.com
{dh

cc: Eric Hutchison, P.Eng. — Earth Tech
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Appendix A
Driller's Report
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Appendix B
Pumping Test Results
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Time (min)
WEWPCC CLARIFIER SITE PUMPING TEST
Data Set:
Date: 12/02/05 Time: 14:44:17

PROJECT INFORMATION

Company: UMA Engineering
Client: City of Winnipeg
Project: D534-007-00-01
Test Location. WEWPCC
Test Well: PW-2

Test Date: Dec. 1, 2005

WELL DATA
- Pumping Wells B ~ Observation Wells
Well Name | X(m) | Y(m) | [WellName T X(m) | Y(m)
| PW 1 0 | 0 |[=ow2 ] 5 L0
SOLUTION
Aquifer Model: Confined Solution Method: Theis

T = 3.463E+05 gal/day/ft
Kz/Kr = 1.
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Time (min)
WEWPCC CLARIFIER SITE PUMPING TEST
Data Set:
Date: 12/02/05 Time: 14:44:36

PROJECT INFORMATION

Company: UMA Engineering
Client: City of Winnipeg
Project: D534-007-00-01
Test Location: WEWPCC
Test Well: PW-2

Test Date: Dec. 1, 2005

e

WELL DATA
o Pumping Wells Observation Wells s
[Well Name | X(m) | Y(m) | [WellName X(m) [ Y(m) |
| PW 1 |0 | 0 ||[-ow2 5 0|
SOLUTION
Aquifer Model: Confined Solution Method: Theis
T = 2.12E+05 gal/day/ft S =0.2678
b =13.7m

Kz/Kr = 1.




