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Philip Thibert, Project Manager - Land Development & Infrastructure 
Brigil 
98 Lois Street 
Gatineau, QC 
J8Y 3R7  

HYDROGEOLOGICAL ASSESSMENT 
PREDICTED GROUNDWATER INFLOW AND RADIUS OF INFLUENCE 
99 PARKDALE AVENUE 
OTTAWA, ONTARIO 

Dear Mr. Thibert: 

This letter presents the results of a hydrogeological assessment carried out by Golder Associates Ltd. (Golder) to 
estimate the volume of groundwater and radius of influence associated with dewatering the excavation required 
for the proposed high-rise development at 99 Parkdale Avenue in Ottawa, Ontario. 

Hydraulic Testing  
Hydrogeological tests were completed on two on-site boreholes to estimate the hydraulic conductivity (K) of the 
bedrock below the site.  Constant head packer testing was completed in both open boreholes within seven, 
approximately four metre length, overlapping intervals per borehole.  Results from the packer testing were 
analyzed using the Houlsby (1976) method (refer to Attachment A).  In both boreholes, only the results obtained in 
the uppermost interval could be interpreted. The hydraulic conductivity in the lower six intervals were too low to 
measure using the available testing equipment.  Hydraulic conductivity estimates for the uppermost interval in the 
two boreholes are presented in the following table: 

 BH12-101 BH12-102 

Top of Interval (mbgs) 1.7 2.7 

Bottom of Interval (mbgs) 5.4 6.4 

Estimated Hydraulic Conductivity (metres per second) 4x10-6 3x10-6 

Note: mbgs – metres below ground surface   

Following the packer testing, a monitoring well was installed within each borehole, and slug tests were carried out 
using the two monitoring wells.  Both falling and rising head tests were carried out on BH12-101 whereas, due to 
the slow recovery of the water level in the well, only a falling head test was carried out at BH12-102.   
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The results of the slug testing were analyzed using the Bouwer and Rice (1976) method (refer to Attachment A). 
Hydraulic conductivity estimates for the slug tests in the two boreholes are presented in the following table: 

 BH12-101 BH12-102 

Top of Interval (mbgs) 1.8 16.2 

Bottom of Interval (mbgs) 5.5 19.8 

Estimated Hydraulic Conductivity – Falling Head Test (metres per second) 4x10-6 3x10-9 

Estimated Hydraulic Conductivity – Rising Head Test (metres per second) 9x10-6 -- 

Note: mbgs – metres below ground surface   

The estimated K values for the upper portion of the bedrock ranged from 3x10-6 to 9x10-6 metres per second (m/s) 
which is relatively consistent.  The two methods for estimating K (packer testing and rising/falling head tests) 
demonstrate that the deeper bedrock formations were significantly less permeable than the upper more 
weathered bedrock.  

Numerical and Analytical Modelling 
Two separate models were used to predict the radius of influence from the excavation and the groundwater inflow 
to the excavation.  A steady-state numerical model was developed to predict the long-term inflow and radius of 
influence, and an analytical model was used to predict initial flows into the excavation prior to reaching steady-
state conditions (i.e., during initial construction).  

Numerical Modelling 
Work within the excavation and the final design of the building would require control of groundwater levels.  An 
un-calibrated simplified three-dimensional numerical model (MODFLOW) was constructed to simulate steady-
state dewatering and drawdown at the site.  The model was developed using information from the two existing 
boreholes completed at the site (refer to Attachment B for borehole logs). 

The numerical model covers an area of approximately 1,000 metres by 1,000 metres divided into 2.5 metre by 2.5 
metre grid blocks in the area of the excavation and increasing in size towards the edge of the model domain.  
There are 12 layers in the model with a uniform thickness of 5 metres.  The bedrock surface was assumed to be a 
constant 59 metres above sea level (asl) across the entire model domain based on surveyed ground surface 
elevations and the borehole logs.   

Boundary conditions were established in the model using constant heads.  To represent the Ottawa River, located 
approximately 300 metres north of the site, a uniform constant head boundary condition equivalent to 54 metres 
asl was placed on the northern edge (all layers) of the model.  A uniform constant head boundary of 58 metres asl 
was placed on the southern edge (all layers), thus inducing groundwater flow towards the Ottawa River.  All other 
boundaries in the model were no flow boundaries and no recharge was applied to the model domain. 

Based on the information in the borehole logs and results from the hydrogeological testing, a simplified 
hydrostratigraphic model was developed for the bedrock in the area.  It was assumed that there was a 5 metre 
thick weathered bedrock zone with a uniform isotropic K value of 4x10-6 m/s overlying more competent bedrock 
with a uniform isotropic K value of 3x10-9 m/s. It was assumed that the conditions encountered in the two 
boreholes at the site are similar to those throughout the modelled domain.   
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With this assumption of an “equivalent porous media”, the rate of groundwater flow towards the excavation occurs 
as a function of the hydraulic gradient, the hydraulic conductivity, and storage properties of the surrounding 
modelled hydrostratigraphy.  While groundwater flow in bedrock aquifers is controlled primarily by fractures, an 
equivalent porous media approach was used in the simplified numerical model to represent the overall 
groundwater flow conditions.  This is considered reasonable provided the scale of the observation (i.e., in this 
case the extent of dewatered area) is much greater than the scale of the individual fractures.  

The excavation was simulated in the numerical model using drain boundary conditions and inactivating the cells 
within the excavation.  A 30 metre by 60 metre excavation was introduced into the numerical model by inactivating 
the cells within the excavation to the simulated depth of the excavation.  For this assessment, the bottom of the 
excavation was simulated at elevation 38 metres asl (approximately 22 metres below the ground surface).   
A drain boundary condition was applied to all cells surrounding the excavation in order to simulate dewatering in 
the excavation.  The drain boundary condition of the cells below the excavation was set at 38 metres asl (bottom 
of the excavation) and those on the side of the excavation were set to the bottom of the cell plus 10 percent of the 
thickness of the cell.   

For this assessment, the hydraulic head at the excavation site under initial conditions (pre-excavation) was set at 
approximately 58 metres asl (as measured in July 2012 in the open boreholes prior to packer testing).  The 
drawdown associated with the dewatering was calculated as the difference between the steady-state solution of 
the initial modelled heads (without the excavation) and the steady-state solution of final modelled heads (within 
the excavation).  

Relative to the modelled groundwater levels, the simplified numerical model predicts approximately 1 metre of 
drawdown at about 150 metres from the excavation, and the predicted steady-state flow rate into the excavation 
was estimated to be about 3,000 Litres per day (L/day). 

Analytical Modelling 
The Dupuit-Forchheimer analytical solution was used to estimate the initial groundwater inflow into the excavation 
during construction (refer to Attachment C).  The analytical solution was run twice using the same bedrock 
hydraulic conductivities used in the numerical model (4x10-6 m/s weathered bedrock and 3x10-9 m/s underlying 
competent bedrock).  For the weathered bedrock, it was assumed that the drawdown would be across the full five-
metre thickness.  The initial groundwater flow into the excavation from the weathered bedrock was estimated to 
be approximately 230,000 L/day.  Predicted inflow through the competent bedrock (assuming a 22 metre deep 
excavation) is significantly less than that predicted for the weathered zone (approximately 4,000 L/day). 

Modelling Summary   
The results of the hydrogeological modelling indicate that groundwater inflow into the excavation will decrease 
over time as the bedrock dewaters within the zone of influence.  The initial groundwater inflows are estimated to 
be approximately 230,000 L/day and are predicted to decrease to approximately 3,000 L/day as the construction 
dewatering progresses towards steady-state.  The vast majority of the flow into the excavation will be from the 
weathered bedrock near the surface of the site.  During the progression to steady-state and once steady-state is 
reached, short-term increases in groundwater inflows would be expected following precipitation events where the 
weathered zone is recharged and subsequently drains into the excavation. 
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Results of Hydrogeological Testing 
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Steady State Equation:
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(Thiem 1906)
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Interval Information

Top (m) Length (m)
2.66 3.78

Test Information
Test Data

1 Flow Rate (Q) = 1.5E-04 m^3/sec
Pressure (P) = 6.6 mH2O
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Pressure (P) = 10.4 mH2O

1
2 3 Flow Rate (Q) = 2.5E-04 m^3/sec
3 Pressure (P) = 14.0 mH2O
4
5 4 Flow Rate (Q) = 1.3E-04 m^3/sec

Pressure (P) = 7.4 mH2O
Comments:
Filling or swelling 5 Flow Rate (Q) = 8.0E-05 m^3/sec
Report final value Pressure (P) = 4.8 mH2O

Pressure and Hydraulic Conductivity

Project No.

Date:

Calcs By:

Review:

Ottawa, Ontario 7/19/2012

BH

DH

3E-06
3E-06
3E-06

Constant Head Test BH12-102
99 Parkdale Avenue

11-1121-0275

4E-06

Borehole 12-102 Test 7

Borehole Radius [R] Interval Information
(m) Bottom (m)

0.038 6.44

Steady State Equation:
K=[Q*ln(L/D)+sqrt(1+(L/D)^2)]/[2(PI)LP] 
(Thiem 1906)

Steps
Hydraulic Conductivity

m/s
4.E-06

0.0E+00 

5.0E-07 

1.0E-06 

1.5E-06 

2.0E-06 

2.5E-06 

3.0E-06 

3.5E-06 

4.0E-06 

4.5E-06 

5.0E-06 

0.0 

2.0 

4.0 

6.0 

8.0 

10.0 

12.0 

14.0 

16.0 

18.0 

20.0 

1 2 3 4 5 

Hy
dr

au
lic

 C
on

du
ct

iv
ity

 (m
/s

) 

He
ad

 C
ha

ng
e 

(m
) 

Pressure Hydraulic Conductivity m/s 



August 2012 11-1121-0275

N:\Active\2011\1121 - Geotechnical\11-1121-0275 Urbandale 99 Parkdale\Hydrogeology\BH12-101_DataLogger_Falling.xlsx

Golder Associates
Page 1 of 1

BOUWER AND RICE SLUG TEST ANALYSIS
FALLING HEAD TEST BH12-101 (Shallow Rock)

where K=m/sec

where:
r c  = casing radius (metres); r w  = radial distance to undisturbed aquifer (metres)
R e  = effective radius (metres); y 0  = initial drawdown (metres)
L e  = length of screened interval (metres); y t  = drawdown (metres) at time t (seconds)

INPUT PARAMETERS RESULTS
r c  = 0.02
r w  = 0.04
L e  = 3.66 K= 4E-06 m/sec

ln(R e /r w ) 3.15 4E-04 cm/sec
y 0  = 0.12
y t  = 0.00
t = 300.0

Project Name: Urbandale 99 Parkdale Analysis By: CHM
Project No.: 11-1121-0275 Checked By: BH

Test Date: 07/27/12 Analysis Date: 7/31/2012
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N:\Active\2011\1121 - Geotechnical\11-1121-0275 Urbandale 99 Parkdale\Hydrogeology\BH12-101_DataLogger_Rising.xlsx

Golder Associates
Page 1 of 1

BOUWER AND RICE SLUG TEST ANALYSIS
RISING HEAD TEST BH12-101 (Shallow Rock)

where K=m/sec

where:
r c  = casing radius (metres); r w  = radial distance to undisturbed aquifer (metres)
R e  = effective radius (metres); y 0  = initial drawdown (metres)
L e  = length of screened interval (metres); y t  = drawdown (metres) at time t (seconds)

INPUT PARAMETERS RESULTS
r c  = 0.02
r w  = 0.04
L e  = 3.35 K= 9E-06 m/sec

ln(R e /r w ) 3.12 9E-04 cm/sec
y 0  = 0.20
y t  = 0.00
t = 175.0

Project Name: Urbandale 99 Parkdale Analysis By: CHM
Project No.: 11-1121-0275 Checked By: BH

Test Date: 07/27/12 Analysis Date: 7/31/2012
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N:\Active\2011\1121 - Geotechnical\11-1121-0275 Urbandale 99 Parkdale\Hydrogeology\BH12-102_DataLogger_Falling.xlsx

Golder Associates
Page 1 of 1

BOUWER AND RICE SLUG TEST ANALYSIS
FALLING HEAD TEST BH12-102 ( Rock)

where K=m/sec

where:
r c  = casing radius (metres); r w  = radial distance to undisturbed aquifer (metres)
R e  = effective radius (metres); y 0  = initial drawdown (metres)
L e  = length of screened interval (metres); y t  = drawdown (metres) at time t (seconds)

INPUT PARAMETERS RESULTS
r c  = 0.02
r w  = 0.04
L e  = 3.66 K= 3E-09 m/sec

ln(R e /r w ) 3.87 3E-07 cm/sec
y 0  = 0.60
y t  = 0.40
t = 16000.0

Project Name: Urbandale 99 Parkdale Analysis By: CHM
Project No.: 11-1121-0275 Checked By: BH

Test Date: 07/27/12 Analysis Date: 7/31/2012
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APPENDIX B 

Record of Borehole Logs 
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Predicted Radius of Influence and 
Estimated Inflow 

 
 
 
 



August 2012 Predicted Radius of Influence and Estimated Inflow 11-1121-0275

N:\Active\2011\1121 - Geotechnical\11-1121-0275 Urbandale 99 Parkdale\Hydrogeology\
Inflow estimates to excavation.xlsx Golder Associates

Prepared by:  BH
Checked by:  JPAO

Dupuit-Forchheimer Equation: Q=πK((ho
2-hp

2)/ln(R/r))
Weathered Bedrock Equivalent radius of excavation

K (m/sec) 4.00E-06 AB=πr2

h0 (m) 5.0 r - equivalent radius of pond width of excavation A= 60 m
hp (m) 0.0 R - radius of influence length of excavation B= 30 m

r (m) 23.94 area= 1,800 m2

r= 23.94 m
Q (m3/s) R Rad of Inf. from edge m3/day L/day
2.7E-03 26.94 3 230 229,877
1.7E-03 28.94 5 143 143,086
9.0E-04 33.94 10 78 77,755
6.5E-04 38.94 15 56 55,790
5.2E-04 43.94 20 45 44,692
4.4E-04 48.94 25 38 37,956
3.9E-04 53.94 30 33 33,411
3.2E-04 63.94 40 28 27,627
2.8E-04 73.94 50 24 24,068
2.2E-04 98.94 75 19 19,128
1.9E-04 123.94 100 17 16,507
1.6E-04 173.94 150 14 13,686
1.4E-04 223.94 200 12 12,139
1.3E-04 273.94 250 11 11,136
1.2E-04 323.94 300 10 10,419

Competent Bedrock Equivalent radius of excavation
K (m/sec) 3.00E-09 AB=πr2

h0 (m) 32.0 r - equivalent radius of pond width of excavation A= 60 m
hp (m) 10.0 R - radius of influence length of excavation B= 30 m

r (m) 23.94 area= 1,800 m2

r= 23.94 m
Q (m3/s) R Rad of Inf. from edge m3/day L/day
4.6E-05 28.94 5 4 3,966
2.5E-05 33.94 10 2 2,155
1.8E-05 38.94 15 2 1,546
1.4E-05 43.94 20 1 1,239
1.2E-05 48.94 25 1 1,052
1.1E-05 53.94 30 1 926
8.9E-06 63.94 40 1 766
7.7E-06 73.94 50 1 667
6.9E-06 83.94 60 1 600
6.4E-06 93.94 70 1 550
5.9E-06 103.94 80 1 512
5.6E-06 113.94 90 0 482
5.3E-06 123.94 100 0 458
4.8E-06 148.94 125 0 412
4.4E-06 173.94 150 0 379
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