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1.0 INTRODUCTION

1.1 Terms of Reference

Mr. Bikram Dhillon (the Client), retained the services of A & A Environmental Consultants Inc.
(A&A) to conduct in-situ permeability testing for a proposed development on a property located
at 14027 Hurontario Street, Inglewood, Ontario. The in-situ permeability test was carried out
using a Guelph Permeameter (GP) in accordance with ASTM D5126.There is no relationship
between the client and A&A other than third party independent assessor. The site is located in
the rural area of Inglewood, north of the City of Brampton. The subject site is located on the
north corner of the intersection of Hurontario Street and King Street. The unit property is
rectangular in shape and has approximately 31,800 m? of footprint area. This unit property is

currently undeveloped with one vacant dilapidated building.

1.2 Scope of Work
The scope of work included the following where applicable:
e |dentify Testing Locations;
e Identify the soil type at each location of testing;
e Perform a percolation test using Guelph Permeameter (GP) at each test location;

e Calculate The Kgs, infiltration rate, and percolation rate.
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2.0 PERMEABILITY TEST METHOD AND FIELD PROCEDURES

2.1 Permeability Test Method

The in-situ permeability test was carried out using a GP in accordance with ASTM D5126. The GP
measures permeability in the vadose zone above the water table. The vadose zone is where the
soil is unsaturated. The steady flow of water from the unit produces a small inner saturated zone
adjacent to the test holes. This is inside a larger wetted but unsaturated area. This creates a
combined saturated-unsaturated flow. The GP measures the steady-state rate necessary to
maintain a constant depth of water in a borehole above the water table. The field saturated

hydraulic conductivity (Krs) is calculated using and analytical solution.

2.2 Field Procedures

A summary of field procedures carried out is presented below:
e Excavate a cylindrical borehole to the desired depth in the material to be tested;
e Fill the permeameter with liquid and insert it in the well;
e Start the permeameter by raising the air-inlet tube out of the outlet port;
e Set the desired head (H) level by adjusting the height of the air-inlet tube;
e Monitor the rate of fall of the water surface in the reservoir until a steady rate, r, is

attained.

The field work was carried out by an A&A consultant on August 9, 2019. Two infiltration tests
were conducted using the GP within the proposed development. The test locations are shown in
Figure 1. The test holes were prepared by using an auger that extended to approximately 0.5 m
below ground level (mbgl). The shallow soils at the test hole locations are considered to be
Category 3 according to the soil texture-structure category chart as seen in Appendix A for both
testing locations. These soils are structured soils from clays through loams; also including
unstructured medium and find sands. This soil type is most frequently applicable for agricultural
soils. This soil is consistent with the borehole logs from the geotechnical investigation carried out

on the site.
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2.3  Hydraulic Conductivity and Infiltration Rate

The hydraulic conductivity measured in the unsaturated (vadose) zone is referred to as the “field-
saturated” hydraulic conductivity (Kfs) (Reynolds et al, 1983). The Guelph Permeameter method
measures the steady-state flow rate (Q) necessary to maintain a constant depth of water (H) in
an uncased borehole. Kfs is then calculated from Q and H using the analytical solutions presented

on Appendix A (after Reynolds et al., 1985).

The analytical solution input parameters include the following:

e Reservoir cross sectional area;

e Water height;

e Borehole radius;

e Soil texture; and

e Steady state rate of water level change.

An in-situ infiltration rate can be estimated using the empirical relationship between hydraulic
conductivity and infiltration rate. The calculation of approximate infiltration rate is presented in
Appendix A. Based on the results of the permeability testing, the soil hydraulic conductivity (Kfs),

infiltration rate, and percolation time (T) at the two test locations are as follows:

Table 1 — Analytical Results

Approximate .
. . Percolation Rate
GPID Kes (cm/s) Infiltration Rate .
(min/cm)
(mm/h)
GP1 1.27E-04 49.320 12.165
GP2 8.71E-05 44,585 13.457

The calculations for Kgs, infiltration, and percolation rate can be found in Appendix A for each

testing location.
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3.0 CONCLUSION

Mr. Bikram Dhillon (the Client), retained the services of A&A to conduct in-situ permeability
testing for a proposed development on a property located at 14027 Hurontario Street,
Inglewood, Ontario. The subject site is located on the north corner of the intersection of
Hurontario Street and King Street. The unit property is rectangular in shape and has
approximately 31,000 m? of footprint area. This unit property is currently undeveloped with one
vacant dilapidated building. Based on the results of the permeability testing, the soil hydraulic

conductivity (Kfs), infiltration rate, and percolation time (T) at the two test locations are as

follows:
Approximate .
. . Percolation Rate
GPID Kes (cm/s) Infiltration Rate .
(min/cm)
(mm/h)

GP1 1.27E-04 49.320 12.165

GP2 8.71E-05 44.585 13.457
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Figure 1 — Guelph Permeameter Testing Locations
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APPENDIX A — Analytical Results
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Guelph Permeameter Test Analysis

GP1

GP1 Location 0.5 mbgl
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=== \Nater Level in Permeamter (cm) === Rate of Water Level Change in Permeameter (cm/min

Hydraulic Conductivity, Field Saturated™ (Krg) = 1.27E — 04 cm/s

1
KFS )3.7363

6 x 10-11
= 49.320 mm/hr

Approximate infiltration rate® = ( mm/hr

Percolation Time = (infilrationrate )™ x (60 min/hr) X (10 mm/cm) min/cm

= 12.165 min/cm

Notes: (1) see Next page for calculation of Kfs
(2) Ontario Ministry of Municipal Affairs and Housing (OMMAH). 1997.
Supplementary Guidelines to Ontario Building Code 2018.

SG-6 Percolations Times and Soil Descriptions. Toronto, Ontario.
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Single Head Method (1)

sowvoistire (Guelph Permeameter
o P

—
[ |Result

Single Head Method (2)

- " . 2
Reservoir Cross-sectional area incm

. . . P
Reservoir Cross-sectional area in cm

[enter "35.22" for Combined and "2.16" for Inner reservoir): | 35.22 (enter "35.22" for Combined and "2.16" for Inner reservoir):|  35.22
Enter water Head Height ["H" in cm: 10 Enter water Head Height ("H" in cm): 10
Enter the Borehole Radius ("a" in cmj: 3 Enter the Borehole Radius "a" incm): 3
Enter the soil texture-structure category (enter one of the below numbers): 3 Enter the soil texture-structure category [enter one of the below numbers): 3
1. Compacted, Structure-less, clayey or silty materials such as 1. Compacted, Structure-less, clayey or silty materials such as
landfill caps and liners, lacustrine or marine sediments, etc. landfill caps and liners, lacustrine or marine sediments, etc.
2. Soils which are both fine textured (clayey or silty) and 2. Soils which are both fine textured (clayey or silty) and
unstructured; may aiso include some fine sands. unstructured; may also include some fine sands.
3. Most structured soils from clays through loams; also includes 3. Most structured soils from clays through loams; also includes
unstructured medium and fine sands. The category most frequently unstructured medium and fine sands. The category most frequently
applicable for agric ultural soils. applicable for ag ricultural soils.
4. Coarse and gravely sands; may also include some highly 4. Coarse and gravely sands; may also include some highly
structured soils with large and/or numerous cracks, macropors, etc structured soils with large and/or numerous cracks, macropors, etc
Steady State Rate of Water Level Change ["R" in cm/min): | 0.2000 Steady State Rate of Water Level Change ("R" in cm/min}: 0.2000
a*= 012 ¢ a*= 012 7
C= 128754 C= 128754
Q= 01178 Q= 01174
Ki; = 1.27E-04 cm/sec Kis = 1.27E-08 cmysec
7.63E02 cm/min 7.63E02 cm/min
1.27E-06 m/sec 1.27E-06 myses
3.00E-023 inch/min 3.00E-02 inch/min
S5.01E-05 inchfsec S5.01E-05 inchysec
Oy = LOGED3 cm ¢ fmin Oy = LOBED3 cm + fmin
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Caleulation formulas related to shape factor (C). Where Hy is the first water head height (cm), Hzis the second water head height
{cm), @ is borehole radius (cm) and a* is microscopic capilary length factor which is decided according to the sod texture-structure category.
For one-head method, only Cr needs to be calculated while for two-head method, Cs and Cz are caleulated (Zang etal, 1998).

MACTo pores, etc.

Soil Texture-Structure Category a*(em) Shape Factor
Compacted, Structure-less, clayey or silty materials such
as landfill caps and liners, lacustrine or marine 0.01
; —H'_
sediments, etc. 2.081+0. 121 ‘#'a
H;
_ N
1992 + o om(”‘;’a)
Soils which are both fine textured (clayey or silty) and 0.04
unstructured; may also include some fine sands. : ( )
1992 + 0.001¢%2/)
H.
(o)
Most structured soils from clays through loams; also - H,y
includes unstructured medium and fine sands. The 012 2074 + 0 093( /ta)
category most frequently applicable for agricultural ’ _ ( )
soils 2.074 + 0. 093( 2/
H,
- /a )
Coarse and gravely sands; may also include some highly 2.074 + O 093(H‘/aj
structured soils with large and'or numerous cracks, 0.36 )

(2 074 + 0 093(”%)

Calculation formulas related to one-head and two-head methods. Where R is steady-state rate of fall of water in reserveir

(cm/s), Kes is Soil

ivity (em/s), & is Soil matric flux potential (em?/s), a* is Macroscopic capillary

length parameter (from Table 2), a is Borehole radius (em), Hy is the first head of water established in borehole (cm) , Hz is the
second head of water established in borehole (cm) and Cis Shape factor (from Table 2).

K. = GX@
One Head. =R . ! a &
coglneHad | o x3522 2nH? +1aCy + 2 ()
— O = Gy x @y
"y e ™ = 2nHE + naCy)a’ + 2nH,
omeHead, Qy =Ry x216 ( 1 1) 1
— H,Cy
P n(2H, Hy(H, - Hy) + a*(H,C, — HaCy))
- G, = Bt
Two Head, @y =Ry %3522 T K(ZH1H:(H: —Hy) + a¥(H,C: — K, Gy))
Combined Reservoir 0. = ﬁ: % 35.22
Kee =620 — G1@y
~ (2H; + a*C)G
 2m(2H Hy(Hz - Hy) + a3 (G2 = HyGy))
. (2HZ + a%C,)C,
. Q= Byx 216 = L T
Two Head, * t * 7 2n(2H Hy (H, - Hy) + a*(HyCy — HyCy))
Inner Reservoir Q; = E-, x 2.16
m =030 —G;Q;
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Guelph Permeameter Test Analysis

GP2

GP2 Location 0.5 mbgl
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=== \Nater Level in Permeamter (cm) === Rate of Water Level Change in Permeameter (cm/min

Hydraulic Conductivity, Field Saturated™ (Kgg) = 8.71E — 05 cm/s

1
KFS )3.7363

6 x 10-11
= 44.585 mm/hr

Approximate infiltration rate® = ( mm/hr

Percolation Time = (infilrationrate )™ x (60 min/hr) X (10 mm/cm) min/cm

= 13.457 min/cm

Notes: (1) see Next page for calculation of Kfs
(2) Ontario Ministry of Municipal Affairs and Housing (OMMAH). 1997.
Supplementary Guidelines to Ontario Building Code 2018.

SG-6 Percolations Times and Soil Descriptions. Toronto, Ontario.
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sowmoisiire (1elph Permeameter
g P

Single Head Method (1)

[ input

[ |Result
Single Head Method (2)

. - - s
Reservoir Cross-sectional area incm

(enter "35.22" for Combined and "2.16" for Inner reservoir):|  35.22

Enter water Head Height ("H" in cm): 15
Enter the Borehole Radius ["a" in cm}: 3
Enter the soil texture-structure category [enter one of the below numbers): 3

1. Compacted, Structure-less, clayey or silty materials such as
landfill caps and liners, lacustrine or marine sediments, etc.

2. Soils which are both fine textured [clayey or silty) and
unstructured; may also include some fine sands.

3. Most structured soils from clays through loams; also includes
unstructured medium and fine sands. The category most frequently
applicable for agricultural soils.

4. Coarse and gravely sands; may also include some highly
structured soils with large andfor numerous cracks, macropors, etc

Steady State Rate of Water Level Change ("R" in cm/min}:  0.2000

af= 012 gt

C= 1.66689
Q= o.1174

Ki, = 8.71E05 cm/eec
5.23E03 cm/min
B.J1E-07 m/sec
L.06E-03 inch/min
343E05 inch/sec

@y = 7.26E-04 cm* fmin

- - - 2
Reservoir Cross-sectional area in cm

[enter "35,22" for Combined and "2.16" for Inner reservoir): | 35.22

Enter water Head Height ["H" in cm}: 15
Enter the Borehole Radius ["a" in cm): 3 .
Enter the soil texture-structure category (enter one of the below numbers): 3

1. Compacted, Structure-less, clayey or silty materials such as
landfill caps and liners, lacustrine or marine sediments, etc.

2. Soils which are both fine textured [clayey or silty) and
unstructured; may also include some fine sands.

3. Most structured soils from clays through loams; also includes
unstructured medium and fine sands. The category most frequently
applicable for agricultural soils.

4. Coarse and gravely sands; may also include some highly
structured soils with large and/or numerous cracks, macropors, etc

Steady State Rate of Water Level Change ("R" incm/min}:  0.2000

a*= 012 ot

C= 1.66689
Q= 01173

K;, = 8.71E-05 cm/sec
5.23E03 cm/min
B.71E07 myses
2.06E-03 inch/min
3.43E05 inchfsec

O, = 7-26E-04 cm” /min
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Calculation formulas selated to shape factos (C). Whese Hsis the Giestwates head height (cm), Hyis the second wates head height Calf:ulali_on formulas related.to one-hegd.and two-head t_rlethx_:ds_ \\-'!m'e Ris s:ea@.y-srate‘ rate ?f.fa].'l of water i_u rese_woir
{em), @ is bozehole radius (cm) and o™ is miczoscopic capillary length factor which is decided according to the soll texture-structure category. (em/s), Ky, is Soil saturated hydraulic conductivity (cm/s), $m is Soil matric flux potential (cm?/s), @” is Macroscopic capillary
For one-head method, onlr Cr needs to be calculated while for two-head method, C1and C; are calculated (Zang etal, 1998), " length parameter (from Table 2), @ is Borehole radius (em), H; is the first head of water established in borehole (em) , H; is the
. . - . second head of water established in borehole (cm) and Cis Shape factor (from Table ).
Soil Texture-Structure Category a*(cm™) Shape Factor - X0
- One Head. _ = fs= 2 5 ﬁ:l.
, Structure-less, clayey or silty materials such oen Combined Reservoir @ = Ry x35.22 ZrHy +masCy +2m (a')
as Ia.nd.ml caps and liners, lacustrine or marine 0.01 € xQ
sediments, etc. 2{:31+0121 ”"/'a _ 1 X6
) One Head, Q.= R, x216 &m (2nH + ma®Cy)a’ + 2nH,
Inner Reservoir
( H‘fa ) G, = HaGy
Hy " n(2Hy Hy(Hy — Hy) + a*(HyC3 — HaCy))
Soils which are both fine textured (clayey or silty) and 0.04 1992 +0 091( /2
: may also include some fine sands. : ( ) p HyCy
1992 + 0091( o) Two Head, @ = Ry x35.22 * 7 n(2H,H(H, - Hy) + a*(H,C; - H,C))
R Combined Reservoir . = Rax 3522
/a K= 6:0: - 6,04
Most structured soils from clays through loams; also 2. 0?4+0093(H"iaj
includes unstructured medium and fine sands. The 0.12 (ZH.-:-I-G:CQQ
t ost  frequently licable fi icultural . . Gy = = =
et ¥ e s ( o ) * T 2n(2H, Hy(H; - Hy) + a2 (H; C; - HaGy))
' 2074 + 0.093(12/)
5 2H] +a%Cy)C;
) Q=Fx216 |g = QH +a%G)C:
YA Two Head, P T 2 (2B, HL(H; — Hy) + a2(H,C; — HiCy))
T — Inner Reservoir Q. =R, x216
Coarse and gravely sands; may also include some highly 2.074 +0.093(1/) N ° =650 - 64 Q:
structured soils with large andor mumerous cracks, 0.36 H"f moTEEL R
macro pores, etc. ( )
2.074 + 0.093¢%2/5)
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