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September 25, 2020  
FILE NO.: H19109 
 
1476545 Ontario Inc. 
270 Shoemaker Street 
Kitchener, Ontario 
N2E 3E1 
 
Dear Mr. Shawn Milloy: 

 
RE:  HYDROGEOLOGICAL INVESTIGATION    
 PROPOSED EXPANSION of WHISTLE BARE PIT 
 Part of Lots 27 and 28, Concession 12, Township of North Dumfries 
 
This report summarizes the results of a hydrogeological investigation in support of a proposed 
expansion of the Whistle Bare Pit located on Whistle Bare Road in North Dumfries Township.     
  
An Environmental Impact Statement (EIS, Natural Resource Solutions Inc.) and Site Development Plans 
(WalterFedy) are also being undertaken concurrent to this hydrogeological investigation, although the 
results of that work have not yet been incorporated into this report.   
   
If you have any questions or concerns regarding the report, please contact the undersigned. 
 
Yours truly, 
CHUNG & VANDER DOELEN ENGINEERING LTD. 
 

  
William (Sandy) Anderson, M.Sc., P.Eng. 
Senior Hydrogeologist and Engineer 
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1.0 INTRODUCTION 
 
This report presents a hydrogeological investigation of a proposed expansion of the Whistle Bare Pit 
(known previously as the Tullis Pit).  The existing licenced pit is located at Part Lot 29, Concession 12 in 
North Dumfries Township and the expansion property is located to the immediate east at Part of Lots 27 
and 28, Concession 12 (Figure 1).   
 
The objectives of the investigation are as follows: 
 
1. To characterize the hydrogeological setting at the expansion property, in particular: the geological / 

aggregate characteristics, the water table configuration, groundwater recharge and water balance 
and the inter-relationship between groundwater, surface water and wetland features. 

2. To evaluate the potential impacts to groundwater, surface water and wetland features from the 
proposed pit expansion and make recommendations to address these potential impacts, where 
appropriate. 

 
 
2.0  INVESTIGATION SCOPE 

2.1  BACKGROUND DATA REVIEW 
 
The following background information have been considered as part of this investigation:  
• Regional-scale topographic mapping (Figure 1). 
• Quaternary Geology (i.e. surficial geology) mapping for the area (Figure 2). 
• Water well records within 500 m of the property (Appendix B, with locations shown in Figure 1). 
• Pit development plans for the existing Tullis Pit (June 1991, Planning and Engineering Initiatives).  
• The hydrogeological characterization report for the recently-completed Upper Cedar Creek 

Subwatershed Study (Matrix Solutions Inc., 2019). 
 

2.2  TEST PIT EXCAVATIONS 
 
The soil / aggregate investigation was initiated with the excavation of twenty-one (21) test pits (TP1 to 
TP21) on April 17, 2019 at the located shown in Figure 3.  Excavation depths typically ranged from 4.9 to 
7.3 m, with two of the pits falling outside this range (TP6 to 3.2 m and TP13 to 1.7 m).   The pits were 
excavated using an excavator supplied by Gateman-Milloy Inc.  
 
The soils were logged in the field and eight (8) representative samples were later analysed for grain size 
distribution at the CVD soils laboratory.  Observations regarding any water seepage and/or 
accumulation were also made before the test pit was backfilled.  Logs and grain size results are provided 
in Appendix C. 
 
All test pits were surveyed for location and geodetic elevation by Van Harten Surveying on May 16, 2019. 
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2.3  BOREHOLE DRILLING & MONITORING WELL INSTALLATION 
 
Borehole drilling and installation of eight (8) monitoring wells was completed on April 24-25, 2019 at the 
locations shown in Figure 3.  This work was completed to provide additional soil / aggregate information 
and confirm the water table level across the property and drilling depths ranged from 5.0 to 13.1 m, a 
range based primarily on the depth necessary to reach the water table at different locations at the 
property.  Standard hollow stem auger (HSA) drilling and installation methods were employed using a 
track-mounted drill rig operated by London Soil Test Limited and no water was introduced during drilling 
and well installation.   
 
The soils were logged in the field and five (5) representative soil samples were later analysed for grain 
size distribution at the CVD soils laboratory.  Borehole logs, with well installation details and the initial 
April 30 water levels, and grain size analysis results are provided in Appendix D.   
 
All boreholes/ wells were surveyed for location and geodetic elevation by Van Harten Surveying on May 
16, 2019. 
 

2.4  DRIVE-POINT PIEZOMETER /STAFF GAUGE INSTALLATION 
 
Shallow drive-point piezometers were installed at three (3) wetland locations (DP1 to DP3, Figure 3) on 
April 30, 2019.  The piezometers were installed to investigate the hydrogeological conditions of the 
wetland features on the property.  In addition, on July 3, 2019, a water level staff gauge was installed in 
the wetland pond that straddles the southern property line, since the wetland had become dry at the 
piezometer locations.   
 
The procedure for installing each drive-point piezometer was as follows: 1) auger a 5-cm hole through 
the upper soil layers to observe the nature and thickness of the organic soil layers down to the mineral 
soil layer, 2) attach a 0.30-m long, 1.9-cm diameter stainless steel piezometer tip (or screen) to a length 
of 1.9-cm threaded steel riser pipe, 3) drive the assembled piezometer from the bottom of the auger 
hole to the depth desired using a post hammer, and 4) fill the annular space around the pipe with 
bentonite to prevent surface water from moving directly along the annulus to the piezometer screen.   
  
The following details summarize each piezometer installation: 
 
Piezometer Auger Depth & Materials Encountered* Depth Driven 
DP1 (southeast wetland) 0.76 (peat to 0.10, sandy silt tr gravel tr organics rootlets to 0.76) 1.1 m 
DP2 (southwest wetland) 0.72 (peat/silt 0.32, sandy silt tr gravel to 0.72) 1.3 m 
DP3 (southwest wetland) 0.74 (peat/silt to 0.21, sandy silt tr gravel tr organics rootlets to 0.74) 1.2 m 
*All depths listed are in meters below sediment / ground surface (i.e. not including ponded water). 
 
All piezometers were surveyed for location and geodetic elevation by Van Harten Surveying on May 16, 2019. 
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2.5  WELL DEVELOPMENT & WATER LEVEL MONITORING 
 
Each monitoring well and piezometer was developed using Waterra polyethylene tubing and foot-valve 
hand pumps on April 30, 2019.   
 
Manual water level monitoring was conducted on seven (7) occasions between April 30, 2019 and May 4, 
2020.  In addition, data loggers were installed on June 27, 2019 in monitoring wells BH4, BH5 and 
piezometer DP2, although after DP2 became dry, that latter data logger was moved on July 3 to the Staff 
Gauge for daily monitoring of the wetland pond.  Appendix E provides a summary of the groundwater 
levels and calculated elevations (Table 1) as well has hydrographs of the water level data.  It is notable 
that the water level dataset included two spring seasons.   

 
 

3.0  SITE CHARACTERIZATION 
 
3.1  TOPOGRAPHY & DRAINAGE 
 
Regional topography and drainage features are shown in Figure 1.   On-site topographic contours and 
wetland features from a site survey by Van Harten Surveying May 16, 2019 are presented in Figure 3.  
 
The subject property is located at the topographic divide between the Blair Creek and Cedar Creek 
watersheds (Figure 1).  Due to the hummocky topography at the expansion property, the divide is only 
loosely defined by several knolls (with peek elevations in the 212-313.5 mASL range) straddling from 
west to east across the property (Figure 3).  From the divide, ground surface generally falls to the north 
and south, although there are numerous topographic depressions across the property, with bottom 
elevations in the 310.1 to 311.8 mASL range north of the divide and in the 305.5 to 309.4 mASL range 
south of the divide (Figure 3).  The lowest depression contains a wetland and pond that straddles the 
southern property boundary with the neighbouring Grand Valley Golf Course.  The golf course uses this 
pond for irrigation purposes and also pumps water to the pond from an adjacent well (Figure 3).  
 
Owing in part to the hummocky topography, it is expected that little or no surface water runoff leaves the 
property toward either Blair or Cedar Creeks.  Rather, on-site runoff is directed to the many topographic 
depressions and either evapotranspires or infiltrates.  This hydrogeological phenomenon is referred to as 
“depression-focused recharge” and often results in much greater amounts of both evapotranspiration and 
groundwater recharge than would occur if there were runoff leaving the property.   
 
At its closest, Blair Creek is located about 600 m north of the expansion property and flows easterly 
from Roseville Swamp to the Grand River about 2.5 km to the northeast at the hamlet of Blair (Figure 3).   
At its closest, Cedar Creek is located about 200 m southwest of the property and flows westerly along 
the southern edge of the existing pit before turning south adjacent to Highway 401.  
 
 



 
Hydrogeological Investigation Sept 25, 2020 
Proposed Expansion of Whistle Bare Pit FILE NO.: H19109 
1476545 Ontario Inc. Page 5  
  
 

 

 

3.2  GEOLOGIC SETTING & AGGREGATE QUALITY 
 
Surface geological mapping for the area (by Karrow, 1987) is presented in Figure 2.  The mapping 
indicates the property is underlain by Outwash Gravel (Deposit 7, Figure 2).  To the north, the mapping 
indicates that Blair Creek is located in a broad valley of Outwash Sand (Deposit 7, Figure 2) and the 
immediate riparian area is underlain by alluvial stream deposits (Deposit 16, Figure 2) with wide ranging 
textures, from clay and silt to sand and gravel.  To the south, the mapping indicates that Cedar Creek is 
located in a narrower valley of Outwash Sand (Deposit 7, Figure 2). 
  
The test pit and borehole data (Appendix C) are generally consistent with the geological mapping, 
confirming that the property is underlain mostly by extensive deposits of sand & gravel with some to 
trace cobbles, interlayered with deposits of primarily sand with some to trace gravel and cobbles.  These 
deposits typically contain only trace amounts of silt (i.e. < 10%) and are thus considered to be high 
quality aggregate (as evidenced by four (4) test pit grain size analyses that fit within the Granular “A” 
envelope and three (3) test pit grain size analyses that fit within the Granular “B” envelope, Appendix C).  
These seven (7) samples had silt content ranging from 1.3 to 4.5%.  Three (3) other grain size analyses 
(from borehole BH1, BH7 and BH8, Appendix D) had somewhat higher silt content (6.9 to 9.2%) but are 
nonetheless also considered to be of high-quality aggregate.    
 
Variations from the predominant sand & gravel and sand deposits include the following non-aggregate 
materials:  
• near-surface thin layers of sand & silt, sandy silt or silty sand (ranging in thickness from 0.15-3.8 

m, with the majority less than 1 m thick), found at five (5) boreholes BH1, BH2, BH4, BH5 and BH6 
and ten (10) test pits TP3, TP6, TP7, TP8, TP10, TP11, TP16, TP19, TP20 and TP21.  Grain size 
analyses of samples from BH5 (at 1.5-2.0 m) is provided in Appendix D. 

• surface layers of peat or peat/silt layers (0,1 to 0.3 m thick) overlying sandy silt at edges of the 
southern wetlands at DP1, DP2 and DP3.  

• deeper silt layer beneath sand/gravel, at BH2 (at 4.4 to 7.0-m depth) and at TP10 (at 2.75 to 5.8-m 
depth).  Grain size analyses of samples from these layers (BH2 at 4.6-5.0 m and TP10 at 3.4-3.7 m) 
are provided in Appendices C and D, respectively. 

 
Information on the overburden deposits surrounding the property and also to depths much greater than 
the on-site boreholes is available from local water well records (Appendix B and Figure 1).  Well records 
to the north confirm the widespread extent of the surficial sand and gravel deposits, with a range in 
thickness from about 5 to 15 m (note: Well A029255 suggests, perhaps erroneously, >33.5 m).  To the 
south, three of the four closest wells indicate that the surficial granular deposit was not encountered.  
The latter finding seems at odds with the geological mapping but may be an indicator of the thinning 
granular deposit to the south toward upper portion of Cedar Creek.  Most well records also confirm the 
presence of an intermediate-depth aquitard deposit to the north (and an ‘apparent’ surficial-aquitard to 
the south), separating the surficial granular deposits from deeper granular layers (and/or bedrock).  
Figure 1 provides the depth ranges at which the aquitard layers were found at each location.   
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3.3  HYDROGEOLOGIC SETTING 
 
The hydrogeological setting in the area has three primary components:  
 
• The upper water table aquifer zone within the surficial sand/gravel deposits and which is 

hydraulically connected to area creeks and wetlands. 
• The low-permeability aquitard that separates the upper and deeper water bearing aquifer zones.   
• The deeper aquifer zone within lower sand and gravel deposits and/or hydraulically-connected 

bedrock. 
 
 
3.3.1  Water Table Depth and Configuration  
  
The water table exists within the sand and gravel deposits and the finer sandy silt and peat deposits at 
southern wetlands.  Table 1 (Appendix E) presents the water level depths and elevations as well as the 
fluctuations relative to the May 16, 2019 event.   The Hydrograph in Appendix E also illustrates the 
fluctuations.  Figure 3 presents the water table elevations from May 16, 2019 to go along with the 
‘standing-water’ limits in the southern wetlands, as surveyed by Van Harten on May 15, 2019.  Figures 4 
and 5 present the April 30 and August 14, 2019 water table elevations and interpreted water table 
contours and shallow groundwater flow directions during these particular spring and summer events.  
Based on these data sets, it is apparent that the April 30, 2019 levels are about 0.7 m higher than the 
next highest manual levels in the spring of 2019 (May 16) and all the levels during the winter and spring 
of 2020 (noting the data logger sets, in particular).   
 
The water table configuration is interpreted to have a generally similar pattern in the spring, summer and 
fall seasons, with shallow groundwater directed ‘radially’ away from the southern wetlands and 
depressions and then ultimately northward.  The water table drop from north to south across the 
property is about 4.7 m (307.1 to 302.4 mASL) during the spring season and about 4.25 m (305.5 to 301.3 
mASL) during the fall season.  The precise extent of the interpreted 307-m contour in Figure 4 is 
uncertain and its existence is based on the April 30 water level at BH5 being higher than the water level 
in the adjacent wetland pond at DP2 and the staff gauge.  It is likely that significant “depression-focused” 
recharge occurred in late April at the largest topographic depressions to the northeast of BH5 (i.e., near 
TP10 and TP13) and this resulted in a temporal mounding of the water table in this area in late April 
2019.  The similar water levels at BH5 and DP2 a short time later on May 16, 2019 indicates the 2019 
spring mound is relatively short-lived.  In the remainder of the monitoring period, from mid-spring 2019 
through the summer and fall of 2019 and the winter and spring of 2020, the water levels at the wetland 
staff gauge were typically about 0.2 to 0.45 m higher than at BH5.  On only one other occasion (briefly, in 
mid-January 2020) did the BH5 level rise slightly above the wetland.     
 
The water table configuration indicates that most (if not all) shallow groundwater flow at the site is 
directed toward the Blair Creek watershed, which is consistent with the ‘regional-scale’ interpretation from 
the Upper Cedar Creek Subwatershed Study (Figure 6).  Very little, if any, flow is directed toward the Cedar 
Creek watershed, except perhaps a very modest amount during spring that is first directed to the southern 
wetlands from the nearby topographic depressions.  Notwithstanding this possibility, the near-
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perpendicular orientation of water table contours crossing Cedar Creek (Figure 6), suggests that there is 
very little shallow groundwater flow and discharge to Cedar Creek in this upper reach.  
 
The depths to the water table vary widely across the property.  In the north and adjacent to the east and 
west property boundaries, the depth ranges from about 9 to 10.5 m beneath the highest knolls during 
the fall season to about 5-7.5 m (+/-) beneath the topographic depressions during the spring season.  In 
the topographically lower southern area surrounding the wetlands, the depth ranges from about 5 to 
6.5 m beneath the highest knolls during the fall season to about 0 to 2.5 m beneath the topographic 
depressions during the spring season and is only 0 to 0.5 m at the wetlands throughout the year.    
 
 
3.3.2  Groundwater / Surface Water Interaction 
  
The water level data from well BH5, drive-point piezometers DP1 to DP3, and the staff gauge provide 
insight on the relationship between shallow groundwater and the wetland features at the site.  It is 
noted that the April 30, 2019 piezometer levels had not recovered from installation that same day, so 
the first available ‘piezometric’ water level data are from May 16, 2019, after the decline from the 2019 
spring water table high had already begun.   
 
On April 30, the BH5 water level was about 0.9 m higher than the ponded water in the main wetland.  As 
indicated in Section 3.3.1, this indicates there is some localized southward shallow groundwater 
movement from nearby water table mounding and modest discharge to the wetland.  The similar water 
levels at BH5, DP2 and the wetland pond by May 16, 2019 indicates the mound and discharge was 
relatively short-lived.  In addition, the subsequent data in 2019 and 2020 indicate this mounding and 
modest discharge is atypical.  
 
DP1 and DP2 are located on the northern edge of the main wetland.  On both April 30 and May 16, 2019 
there was approximately 0.4 and 0.3 m of standing water at these respective locations.  The wetland 
pond had receded at both locations by June and the wetland remained dry at these locations through 
October and again on May 4, 2020.  On May 16, 2019, the surface water level in the main wetland was 
0.5 m higher than the DP1 piezometric level, suggesting a downward vertical hydraulic gradient at this 
edge of the wetland.  Further east at DP2 and BH5, the May 16 levels were just 0.01 m higher than the 
surface water level, suggesting a very modest upward vertical gradient during this transitional period, as 
the apparent water table mound recedes.  
 
The wetland pond levels (as measured at the staff gauge) in late-spring, summer and fall of 2019 and the 
vast majority in the winter and spring of 2020 (see hydrograph) were about 0.2 to 0.45 m higher than 
the water levels at BH5 and DP2 and about 0.75 to >1.1 m (+/-) higher than the water levels at DP1, 
which was dry by October 2019.  These hydraulic gradients confirm that shallow groundwater moves 
away from the main wetland the vast majority of the time and the pond functions as a ‘recharge’ 
feature to the shallow groundwater regime.     
 
DP3 is located on the northern edge of a smaller wetland.  This monitoring location had 0.4 to 0.5 m of 
ponded water during the spring 2019 events and a modest downward gradient on May 16, 2019.  On 
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the June event there was an apparent upward gradient from a 0.26 m higher piezometric level.   
Conversely, during the July, August and October events, the wetland pond became dry, the piezometric 
levels at DP3 fell below the bottom of the depression by 0.15 to >1.2 m, the latter when the piezometer 
became dry.  There was 0.12 m of water on May 4, 2020, but no downward gradient at that time.  
 
 
3.3.3  Groundwater Recharge & Water Balance 
 
Based on the lack of any significant runoff leaving the property, as described in Section 3.1, the only 
significant water balance components at the property are groundwater recharge and evapotranspiration.  
The proportioning of annual precipitation between these two components is influenced heavily by the 
very permeable granular soils, but also by the hummocky topography, that undoubtedly directs on-site 
runoff into the many on-site depressions, including the southern wetlands.  The runoff reaching these 
depressions, whether ponding for a brief period or remaining wet through many seasons, will not only 
create ‘depression-focussed’ recharge but will also result in higher evapotranspiration rates via 
evaporation from water surfaces and transpiration from the frequently ‘wetted’ vegetated soil or peat.   
 
The Upper Cedar Creek Subwatershed Study (UCCSS) modelling estimates the recharge rate at this 
property to be on the order of 350-400 mm/yr (Figure 7), leaving the evapotranspiration rate to be about 
500-550 mm/yr.  For the reasons described above, the split could easily be even higher in favour of 
recharge (i.e. perhaps as high as 450 mm/yr recharge and 450 mm/yr evapotranspiration).    
 
It is noted that the UCCSS modelling also indicates recharge rates as high as 450 to 500 mm/yr in the existing 
pit and other open pits in the area.  This is not surprising since there is not only no off-site runoff, but no 
vegetated topsoil layer to facilitate evapotranspiration (i.e. infiltration rates are very high into open sand). 
 
 
3.3.4  Water Receptors  
  
The following three (3) potential water receptors are identified based on the hydrogeological setting 
described above:  
 

1) The shallow sand & gravel aquifer that is used by water supply wells in the area.   
2) Blair and Cedar Creek baseflow. 
3) The surface water runoff and groundwater discharge to the wetlands located in the south end of 

the property. 
 
Temporal water table mounding is occasionally apparent for very brief periods in the winter/spring in 
the area to the immediate northeast of the southern wetlands and this creates some modest temporal 
shallow groundwater flow from these topographic depressions toward the wetlands.   
 
In summary, the sources of water that support the on-site wetlands include:  

1) off-site groundwater and surface water that discharge directly from the south (i.e. the adjacent golf 
course property),  
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2) on-site surface water runoff from the pit property catchment areas that directly connect to the 
wetland,  

3) water pumped seasonally from the golf course irrigation well that is discharged directly into the 
wetland pond, and  

4) a very modest amount of on-site groundwater recharge, from depression-focused recharge in 
depressions that are located very close to but not directly connected to the wetland.   

 
It is noted that the later contribution is considered to be a very modest contribution (compared to the 
first three) due to the brief temporal nature of the water table mounding and the prevailing northward 
groundwater flow away from the wetland.    
 
 
4.0 ASSESSMENT OF AGGREGATE PIT DEVELOPMENT & IMPACTS 
 
Several factors are considered in establishing the appropriate bit bottom design for the expansion site 
and potential impacts to water receptors, as follows: 
 
• The Aggregate Resources Act requires that “above water table” pits maintain a pit bottom that is 

at least 1.5 m above the water table.   
• The ‘high’ water table contour from April 30, 2019 (Figure 4) is a conservative baseline for 

establishing an appropriate 1.5-m offset from the pit bottom, although the water table slope of 
about 4.5 m from south to north across the property needs to be accounted for. 

• Removal of topsoil during pit development is expected to result in a decline in evapotranspiration 
and an increase in groundwater recharge at the site.  The resulting temporal rises in the water 
table that occur after recharge events are expected to be a few centimeters higher than at 
present, however, the very high transmissivity of the aquifer is anticipated to easily accommodate 
the additional recharge without any significant overall rise in the water table.   
 

Based on the increased groundwater recharge that would accompany pit development, no water 
quantity impacts are expected to shallow aquifer wells in the area or to groundwater discharge to area 
surface water receptors (Blair Creek and possibly Cedar Creek).   
 
Maintaining the surface water and modest temporal groundwater functions to the southern wetland 
receptors can be accomplished by maintaining the catchment areas that contribute directly to the 
wetland (#2 in Section  3.3.4) and leaving in place the closest topographic depressions to the west and 
northeast of the wetland (#4 in Section 3.3.4).  In the latter case, this would also include preserving 
much of the lands contributing runoff to these depressions and not just the depressions themselves.  IT 
would also involve directing surface water flows to these depressions as part of the rehabilitated pit.  
 
Based on the above considerations, the following general pit design guidance is recommended: 

1) Within the area roughly formed by BH2, BH3 and along the 309 (+/-) mASL elevation contour in 
the area of the topographic depressions to the northeast of the wetlands, no aggregate extraction 
should occur, thereby preserving the surface water and temporal groundwater functions to the 
wetlands.   
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2) North, west and east of the area described in 1), the pit bottom should be offset 1.5 m from the 

‘high’ water table shown in Figure 4 (i.e., gradually sloped or benched from an elevation of 307.5 
mASL in the southwest corner and 306.5 mASL along the north and east edges and no deeper than 
304 mASL in the northwest corner).   

 
 
Respectfully submitted, 
CHUNG & VANDER DOELEN ENGINEERING LTD. 

  
William (Sandy) Anderson, M.Sc., P.Eng. 
Senior Hydrogeologist and Engineer 
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Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30311.64 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 4
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
_E

N
G

.G
D

T
  1

9-
11

-1
1



311.02

307.80

305.95

305.50

430 mm TOPSOIL

brown

SAND
trace to some gravel, trace silt

damp to moist

brown

SAND AND GRAVEL
cobbly, trace silt

damp to moist

brown
SAND

trace gravel, trace silt
moist

End of Test Pit

0.43

3.65

5.50

5.95

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  5
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30311.45 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 5
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
_E

N
G

.G
D

T
  1
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1



308.09
307.94

306.97

305.27

380 mm TOPSOIL

orangey brown to brown
SILTY SAND

moist

brown
SAND

trace gravel, trace silt
damp to moist

brown

SAND AND GRAVEL
trace to some cobbles, trace silt

damp to saturated

--------
saturated

End of Test Pit

0.38
0.53

1.50

3.20

water level in test pit
measured to 2.75 m depth

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  6
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30308.47 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 6
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
_E

N
G

.G
D

T
  1

9-
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309.58
309.43

307.06

303.26

380 mm TOPSOIL

orangey brown
SILTY SAND, trace roots/rootlets

moist

brown

SAND AND GRAVEL
cobbly, trace silt

occ. boulders

damp

brown

fine SAND

trace gravel, trace to some silt

damp to moist

--------
occ. silty seams/layers

End of Test Pit

0.38
0.53

2.90

6.70

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  7
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30309.96 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 7
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
_E

N
G

.G
D

T
  1
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1



311.57

311.17

310.57

310.07

306.72

350 mm TOPSOIL

orangey brown
SILTY SAND

trace gravel
moist
brown
SAND

trace to some silt, trace gravel
 moist
brown

SAND AND GRAVEL
trace cobbles, trace silt

damp

brown

SAND
trace to some gravel, trace silt

occ. gravelly layers/pockets

damp to moist

End of Test Pit

0.35

0.75

1.35

1.85

5.20

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  8
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30311.92 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 8
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
_E

N
G

.G
D

T
  1
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311.85

311.00

307.65

306.40

350 mm TOPSOIL

orangey brown to brown
SAND AND GRAVEL
trace cobbles, trace silt

damp

brown

SAND
trace gravel, trace silt

damp to moist

brown

SAND AND GRAVEL
trace cobbles, trace silt

moist

End of Test Pit

0.35

1.20

4.55

5.80

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  9
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30312.20 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 9
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
_E

N
G

.G
D

T
  1

9-
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1



306.93

306.39

304.84

301.79

380 mm TOPSOIL

orangey brown to brown
SILTY SAND

trace gravel
moist

brown
SAND AND GRAVEL

cobbly, trace silt
damp to saturated

--------
saturated

brown

SAND AND SILT

occ. silt seams/layers

saturated

End of Test Pit

0.66

1.20

2.75

5.80

water level in test pit
measured to 2.15 m depth

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  10
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30307.59 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 10
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
_E
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G

.G
D

T
  1
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1



311.82

311.45

311.00

309.75

308.10

306.70

380 mm TOPSOIL

orangey brown
SILTY SAND

moist
brown

SAND AND GRAVEL
cobbly, trace to some silt

damp

brown

fine SAND
trace gravel, trace silt

damp to moist

brown

SAND AND GRAVEL
cobbly, trace silt

damp to moist

brown

SAND
trace gravel, trace silt

moist

End of Test Pit

0.38

0.75

1.20

2.45

4.10

5.50

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  11
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30312.20 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 11
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H
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T

L
E

 B
A

R
E

 T
P

S
.G

P
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 C
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D
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G

.G
D

T
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311.59

309.89

309.44

305.49

304.59

300 mm TOPSOIL

brown

SAND
so gravel gravel, trace silt

occ. gravelly layers

damp to moist

brown
SAND

some silt to silty
moist

brown

SAND AND GRAVEL
cobbly, trace silt

damp to moist

brown

fine SAND
trace silt

moist

End of Test Pit

0.30

2.00

2.45

6.40

7.30

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  12
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30311.89 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA

S
Y

M
B

O
L

TEST PIT No. 12
C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
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D

T
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305.63

304.54

610 mm TOPSOIL

brown

SAND AND GRAVEL
trace to some cobbles, trace silt

moist to saturated

End of Test Pit

0.61

1.70

water level in test pit
measured to 0.9 m depth

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  13
Sheet  1  of  1

20 40 60 80
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1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE
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Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30306.24 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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311.02

307.45

305.00

380 mm TOPSOIL

orangey brown to brown

SAND AND GRAVEL
cobbly, trace silt

occ. boulders

damp

brown

SAND
trace gravel, trace silt

occ. gravelly layers
occ. finer sand layers

damp to moist

End of Test Pit

0.38

3.95

6.40

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  14
Sheet  1  of  1
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W
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T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200
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Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30311.40 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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TEST PIT No. 14
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311.61

310.71

309.86

305.91

400 mm TOPSOIL

brown
SAND AND GRAVEL

trace silt
damp to moist

brown
SAND

trace to some silt
occ. silty seams/layers

moist

brown

SAND AND GRAVEL
trace to some cobbles, trace silt

damp to moist

--------
cobbly

occ. boulders

End of Test Pit

0.40

1.30

2.15

6.10

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  15
Sheet  1  of  1
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T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200
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Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30312.01 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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TEST PIT No. 15
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311.76

311.04

310.09

309.04

305.54

330 mm TOPSOIL

brown
SAND AND GRAVEL

trace to some silt, trace rootlets
moist

brown

SILTY SAND
trace gravel

moist

brown

SAND AND GRAVEL
cobbly, trace silt

damp

brown

SAND
trace gravel, trace silt

damp to moist

End of Test Pit

0.33

1.05

2.00

3.05

6.55

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  16
Sheet  1  of  1

20 40 60 80

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

D
E

P
T

H
(m

)

W
E

L
L

D
A

T
A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

50 100 150 200
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Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30312.09 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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TEST PIT No. 16
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309.53

307.24

305.09

460 mm TOPSOIL

brown

SAND AND GRAVEL
cobbly, trace silt

damp to moist

brown

SAND
trace gravel, trace silt

moist

End of Test Pit

0.46

2.75

4.90

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  17
Sheet  1  of  1
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A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE
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Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30309.99 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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C

V
D

 T
E

S
T

 P
IT

  H
19

10
9 

G
A

T
E

M
A

N
M

IL
L

O
Y

 W
H

IS
T

L
E

 B
A

R
E

 T
P

S
.G

P
J 

 C
V

D
_E

N
G

.G
D

T
  1

9-
11

-1
1



311.50

307.85

306.15

300 mm TOPSOIL

brown

SAND AND GRAVEL
cobbly, trace silt

damp to moist

--------
trace cobbles

brown

SAND
some gravel to gravelly, trace silt

moist

End of Test Pit

0.30

3.95

5.65

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  18
Sheet  1  of  1
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Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE
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Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30311.80 m S
A

M
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L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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TEST PIT No. 18
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309.44

308.35

305.50

303.95

610 mm TOPSOIL

dark brown to orangey brown
SILTY SAND

to
SAND AND SILT

trace rootlets
moist

brown

SAND
trace gravel, trace silt

damp to moist

brown

SAND AND GRAVEL
cobbly, trace silt

damp

End of Test Pit

0.61

1.70

4.55

6.10

Hydrological Assessment / Aggregate
Evaluation

N
-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  19
Sheet  1  of  1
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Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE
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Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30310.05 m S
A

M
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L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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312.14

311.49

306.69

350 mm TOPSOIL

orangey brown
SILTY SAND
trace rootlets

moist

brown

SAND AND GRAVEL
trace to some cobbles, trace silt

damp to moist

---------
cobbly

End of Test Pit

0.35

1.00

5.80

Hydrological Assessment / Aggregate
Evaluation
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-V

A
L

U
E

PROJECT MANAGER:

Enclosure No.:  20
Sheet  1  of  1
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A

Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE
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Ground Elevation:

WP

WATER
CONTENT

(%)

WL

WA

10 20 30312.49 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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TEST PIT No. 20
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312.16

311.88

311.44

310.99

306.54

330 mm TOPSOIL

orangey brown to brown
SILTY SAND
trace rootlets

moist
brown

SAND AND GRAVEL
cobbly, trace silt

damp
brown
SAND

trace gravel, trace silt
damp

brown

SAND AND GRAVEL
cobbly, trace silt

damp to moist

End of Test Pit

0.33

0.61

1.05

1.50

5.95

Hydrological Assessment / Aggregate
Evaluation
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A
L

U
E

PROJECT MANAGER:

Enclosure No.:  21
Sheet  1  of  1
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Machine:
Method:
Size:

Excavator

FILE No: H19109

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

Apr 17 19 Apr 17 19

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE
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Ground Elevation:
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WATER
CONTENT

(%)

WL

WA

10 20 30312.49 m S
A

M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

EQUIPMENT DATA
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TEST PIT No. 21
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40

Client:
Percent
Passing

LL PL Cc

0.716

D10

Sieve
Size (mm)

%GravelCu

0.23

Gateman Milloy

fine

GRAIN SIZE (mm)

30
6

Sampled By:

Sampled From:

Percent Crushed Particles (%):

50
60

100
140

200

GRAIN SIZE DISTRIBUTION

4
6

47.0

%Sand

50.1

%Silt %Clay

COBBLES
GRAVEL SAND

SILT OR CLAY
coarse fine coarse medium

Date:

Contractor:

Source:

1/2

U.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS HYDROMETER

3/8
3

PI

54.60

D100

75

D60

11.155

Apr. 18 - 2019

D30

0.204

8
P

E
R

C
E

N
T

 F
IN

E
R

 B
Y

 W
E

IG
H

T
4

3
2

1.5
1

3/4

2.9

10
14

OPSS 1010
Granular 'A'

16
20

Lab No.:

1-2

Type of Material:

JV

302

Apr. 17 - 2019

Date Tested:

Sand and Gravel, trace silt

Sample No.:

Date Sampled:

Apr. 23 - 2019

TP 1 - SA 2, 4.25 to 4.55 m depth

Location:
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Dietrich D50T
Hollow Stem Augers
107 mm I.D.
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DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO
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D
E

P
T

H
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)

Client:

Project:

Location:
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D
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(m
)

SOIL LITHOLOGY

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

Hydrological Assessment / Aggregate
Evaluation
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BOREHOLE No. 2

10 20 30307.75 m

Apr 30 - 19

PROJECT MANAGER:

S
A

M
P

L
E
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D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

Apr 30 - 19

C
V

D
 B

O
R

E
H

O
L

E
 (

20
17

) 
 H

19
10

9 
G

A
T

E
M

A
N

M
IL

L
O

Y
 W

H
IS

T
L

E
 B

A
R

E
 B

H
S

.G
P

J 
 C

V
D

_E
N

G
.G

D
T

  2
0-

4-
6



21

13
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42

monument casing set in
concrete

bentonite seal/50 mm I.D.
PVC riser

water level measured in
monitoring well to 8.73 m
depth bgs on April 30,
2019

3.05 m long, 50 mm I.D.
PVC screen with
sandpack

311.65

307.75

306.65

305.30

304.25

300.40

350 mm TOPSOIL

compact

brown

SAND
trace cobbles, trace to some

gravel, trace silt

damp to moist

compact, brown
SAND AND GRAVEL
cobbly, trace silt, damp

compact, brown
SAND

trace to some gravel, trace silt
damp

compact, brown
SAND AND GRAVEL
trace cobbles, trace silt

damp

compact to dense

brown

SAND
trace to some silt

damp to saturated

End of Borehole
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Machine:
Method:
Size:

Dietrich D50T
Hollow Stem Augers
107 mm I.D.

FILE No: H19109
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DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

Hydrological Assessment / Aggregate
Evaluation
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Ground Elevation:
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WATER
CONTENT

(%)
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BOREHOLE No. 3

10 20 30312.00 m

Apr 30 - 19

PROJECT MANAGER:

S
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M
P

L
E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

Apr 30 - 19
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26

27
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21

monument casing set in
concrete

bentonite seal/50 mm I.D.
PVC riser

water level measured in
monitoring well to 9.72 m
depth bgs on April 30,
2019

3.05 m long, 50 mm I.D.
PVC screen with
sandpack

311.64

311.35

308.50

305.15

299.05

510 mm TOPSOIL

orangey brown to brown
inferred SAND AND SILT to

SILTY SAND
trace clay

moist to damp

compact, brown

SAND
some gravel, trace silt

damp

dense to very dense

 brown

SAND AND GRAVEL
trace cobbles to cobbly, trace silt

damp

compact to dense

brown

SAND
trace cobbles, trace gravel, trace

silt

damp to saturated

End of Borehole
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Machine:
Method:
Size:

Dietrich D50T
Hollow Stem Augers
107 mm I.D.

FILE No: H19109
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DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

Hydrological Assessment / Aggregate
Evaluation
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BOREHOLE No. 4

10 20 30312.15 m

Apr 30 - 19

PROJECT MANAGER:
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E
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D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

Apr 30 - 19
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8

0

monument casing set in
concrete
water level measured in
monitoring well to 0.56 m
depth bgs on April 30,
2019
3.05 m long, 50 mm I.D.
PVC screen with
sandpack

bentonite seal/50 mm I.D.
PVC riser

307.19

306.45

303.85

302.65

460 mm TOPSOIL

brown
inferred SAND, trace gravel, trace

silt
moist to saturated

loose, brown

interlayered
SAND and SANDY SILT

trace gravel, trace clay

saturated

very loose, brown
SAND

trace silt
occ. silty seams

saturated

End of Borehole
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Machine:
Method:
Size:

Dietrich D50T
Hollow Stem Augers
107 mm I.D.

FILE No: H19109
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DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

Hydrological Assessment / Aggregate
Evaluation
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Ground Elevation:
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WATER
CONTENT

(%)

WL

WA

BOREHOLE No. 5

10 20 30307.65 m

Apr 30 - 19

PROJECT MANAGER:

S
A

M
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E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

Apr 30 - 19
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18
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16

monument casing set in
concrete

bentonite seal/50 mm I.D.
PVC riser

water level measured in
monitoring well to 7.36 m
depth bgs on April 30,
2019

3.05 m long, 50 mm I.D.
PVC screen with
sandpack

311.78

310.29

307.04

305.24

300.64

460 mm TOPSOIL

compact
orangey brown to brown

SAND AND SILT to SILTY
SAND

trace gravel
moist

compact, brown

SAND
trace to some silt, trace cobbles,

trace gravel

occ. fine sand layers
occ. gravelly layers

damp to moist

dense, brown

SAND AND GRAVEL
trace cobbles, trace silt

damp

compact

brown

SAND
trace cobbles, trace gravel, trace

silt

damp to saturated

End of Borehole
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SS
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0.46

1.95

5.20
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11.60
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Machine:
Method:
Size:

Dietrich D50T
Hollow Stem Augers
107 mm I.D.

FILE No: H19109
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DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

Hydrological Assessment / Aggregate
Evaluation
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Ground Elevation:
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WATER
CONTENT

(%)

WL

WA

BOREHOLE No. 6

10 20 30312.24 m

Apr 30 - 19

PROJECT MANAGER:

S
A

M
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E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

Apr 30 - 19
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33

52

29
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15

monument casing set in
concrete

bentonite seal/50 mm I.D.
PVC riser

water level measured in
monitoring well to 6.73 m
depth bgs on April 30,
2019

3.05 m long, 50 mm I.D.
PVC screen with
sandpack

311.26

307.69

304.64

300.99

380 mm TOPSOIL

compact to dense

orangey brown to  brown

SAND
trace to some gravel, trace

cobbles, trace silt

damp to moist

compact to very dense

brown

SAND AND GRAVEL
trace cobbles ot cobbly, trace silt

damp to saturated

compact

brown

SAND
trace gravel, trace silt

saturated

End of Borehole
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Machine:
Method:
Size:

Dietrich D50T
Hollow Stem Augers
107 mm I.D.

FILE No: H19109

N
-V

A
L

U
E

DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
Y

P
E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    

Date: TO

REMARKS

D
E

P
T

H
(m

)

Client:

Project:

Location:

E
L

E
V

./
D

E
P

T
H

(m
)

SOIL LITHOLOGY

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

Hydrological Assessment / Aggregate
Evaluation
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Ground Elevation:
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BOREHOLE No. 7

10 20 30311.64 m

Apr 30 - 19

PROJECT MANAGER:

S
A
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E

 I
D

Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
LAB TEST:  Unc.      P.P.    

Apr 30 - 19
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54

52

26

22

13

20

monument casing set in
concrete

bentonite seal/50 mm I.D.
PVC riser

water level measured in
monitoring well to 6.03 m
depth bgs on April 30,
2019

3.05 m long, 50 mm I.D.
PVC screen with
sandpack

311.73

307.98

302.03

350 mm TOPSOIL

very dense

orangey brown to brown

SAND AND GRAVEL
cobbly, trace silt

damp

compact

brown

SAND
trace to some gravel, trace

cobbles, trace silt

damp to saturated

End of Borehole
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Machine:
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Dietrich D50T
Hollow Stem Augers
107 mm I.D.
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DESCRIPTION W

311 Victoria Street North
Kitchener, Ontario N2H 5E1

ph. (519) 742-8979, fx. (519) 742-7739

T
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E

PENETRATION RESISTANCE
STANDARD       DYN. CONE    
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)
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Project:

Location:
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L
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D
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(m
)

SOIL LITHOLOGY

CHUNG & VANDER DOELEN
ENGINEERING LTD.

1281 & 1835 Whistle Bare Road, North
Dumfries Township, Ontario

SAMPLE

Hydrological Assessment / Aggregate
Evaluation
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BOREHOLE No. 8

10 20 30312.08 m

Apr 30 - 19

PROJECT MANAGER:
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Gateman Milloy

SHEAR STRENGTH (kPa)

FIELD VANE:  Peak      Rem.    
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Table 1 - Summary of Water Levels, Elevations & Fluctuations Whistle Bare Pit Expansion
CVD Engineering - H19109

Ground Top Pipe
Elevation Elevation

Well (m ASL) (m ASL) 30-Apr-19 16-May-19 27-Jun-19 3-Jul-19 14-Aug-19 9-Oct-19 4-May-20 30-Apr-19 16-May-19 27-Jun-19 3-Jul-19 14-Aug-19 9-Oct-19 4-May-20 30-Apr-19 14-Aug-19 9-Oct-19 4-May-20

BH1 311.37 312.13 8.77 9.43 9.42 - 9.68 9.91 9.51 302.60 301.94 301.95 - 301.69 301.46 301.86 0.66 -0.25 -0.48 -0.08
BH2 307.75 308.49 3.51 4.15 4.35 - 4.73 4.97 4.43 304.24 303.60 303.40 - 303.02 302.78 303.32 0.64 -0.58 -0.82 -0.28
BH3 312.00 312.79 8.73 9.46 9.44 - 9.77 10.06 9.56 303.27 302.54 302.56 - 302.23 301.94 302.44 0.73 -0.31 -0.60 -0.10
BH4 312.15 312.88 9.72 10.35 10.34 - 10.65 10.85 10.45 302.43 301.80 301.81 - 301.50 301.30 301.70 0.63 -0.30 -0.50 -0.10
BH5 307.65 308.39 0.56 1.34 1.74 1.86 2.37 2.58 1.67 307.09 306.31 305.91 305.79 305.28 305.07 305.98 0.78 -1.03 -1.24 -0.33
BH6 312.24 313.04 7.36 8.05 8.03 - 8.34 8.68 8.16 304.88 304.19 304.21 - 303.90 303.56 304.08 0.69 -0.29 -0.63 -0.11
BH7 311.64 312.43 6.73 7.40 7.49 - 7.77 8.09 7.65 304.91 304.24 304.15 - 303.87 303.55 303.99 0.67 -0.37 -0.69 -0.25
BH8 312.08 312.91 6.03 6.69 6.74 - 7.04 7.39 6.85 306.05 305.39 305.34 - 305.04 304.69 305.23 0.66 -0.35 -0.70 -0.16
DP1 305.79 306.76 # -0.02 - 0.52 1.05 D 0.05 # 305.81 - 305.27 304.74 D 305.74 - -1.07 - -0.07
DP1 (s/w) 305.79 306.76 -0.50 -0.51 D D D D D 306.29 306.30 D D D D D -0.01 - - -
DP2 306.01 306.77 # -0.30 0.11 0.20 0.60 0.92 0.03 # 306.31 305.90 305.81 305.41 305.09 305.98 - -0.90 -1.22 -0.33
DP2 (s/w) 306.01 306.77 -0.28 -0.29 D D D D D 306.29 306.30 D D D D D -0.01 - - -
DP3 306.09 306.94 # -0.48 -0.28 0.15 0.71 D -0.12 # 306.57 306.37 305.94 305.38 D 306.21 - -1.19 - -0.36
DP3 (s/w) 306.09 306.94 -0.39 -0.50 -0.02 D D D -0.12 306.48 306.59 306.11 D D D 306.21 -0.11 - - -0.38
Staff Gauge - 307.24 - - - - - - - 306.29 * 306.30 * - 306.01 305.88 305.54 306.37 - - - -

Notes: 1) All Elevations Referenced to Geodetic Survey 4) # Water Level Not Recovered to Static After Installation April 30
2) Negative Water Level is Height Above Ground or Sediment 5) D - Dry Well or Dry Surface Location
3) Negative Water Level Fluctuation is a Drop in Water Level from May 16, 2019 6) Water Elevation Inferred from Surface Water at DP1 and DP2, Since Pond was Continuous on These Days

 

Fluctuation Relative to May 16, 2019Water Level (m Below Ground) Water Elevation (m Above Sea Level)
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