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1.0 INTRODUCTION 
 

KGS Group was authorized by the City of Winnipeg Urban Design Division, Planning, Property 

and Development – Waterways Branch to investigate, monitor and assess riverbank conditions 

at King’s Park. The study area is a stretch of the Red River, approximately 900 m in length, 

located as shown on Figure 01. The purpose of this study was to complete a preliminary 

investigation of the soil stratigraphy along with monitoring of groundwater conditions and slope 

movements at select locations, and to provide a riverbank stability assessment with budget 

costs for possible riverbank improvements (if required). The results of the assessment are 

intended to serve as key background information for the City to prioritize if and when additional 

engineering and bank remediation works should be undertaken.  

 

The scope of the engineering work for this project included:  

 

• A review of all pertinent background information,  
• A geotechnical field investigation,  
• A laboratory testing program,  
• Topographic and sonar based bathymetric surveys, 
• Installation of slope inclinometers and piezometers,  
• Monitoring of the instrumentation (minimum of 5 times for one-year period),  
• An interim instrumentation monitoring report, and  
• A final report of the preliminary engineering assessment of the riverbank conditions with 

Class D cost estimate for possible conceptual riverbank improvements if recommended.  
 
 
This report summarizes the findings of the results of the geotechnical field investigation, 

laboratory testing, topographic and sonar surveys, and the instrumentation monitoring to July 

2014. A preliminary engineering assessment of the riverbank conditions with Class D cost 

estimate for possible conceptual riverbank improvements is also included in this report.  
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2.0 REVIEW OF BACKGROUND INFORMATION 
 

As part of the KGS Group’s riverbank condition assessment, the following background 

information was reviewed: 

 

• Aerial photographs of 1988, 1992, and 1998 and site photographs. 
 

• Geotechnical Investigation and Riverbank Stability Study at King’s Park on Red River, by 
Independent Test-Lab Limited, February 21, 1989, and  
 

•  Existing Logs for Community Rind Dike Project by KGS Group, 2000. 
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3.0 GEOTECHNICAL INVESTIGATION PROGRAM 
 

The geotechnical investigation program consisted of the topographic and sonar based 

bathymetric surveys, a geotechnical drilling and sampling investigation with instrumentation 

installations, some cone penetration testing with pore pressure response (CPTU), and a 

laboratory index testing program. 

 

3.1 TOPOGRAPHIC AND SONAR SURVEYS 
 

A topographic site survey was performed by KGS Group on July 17, 2013 to evaluate LiDAR 

data provided by City of Winnipeg in order to confirm the existing riverbank slope geometry. A 

total of four (4) cross sections were surveyed. In addition a bathymetric sonar survey was 

conducted on July 17, 2013 for the river channel in the vicinity of the project area. The resulting 

topographic and bathymetric site plan is shown on Figure 01 and in cross sections on Figures 

02 and 03. All surveying was completed in Universal Transverse Mercator (UTM) NAD 83 Zone 

14. 

    

3.2 GEOTECHNICAL FIELD INVESTIGATION 
 

The geotechnical field investigation consisted of conventional drilling and Cone Penetration 

testing with pore water pressure measurements (CPTU), completed between March 19 and 27, 

2013 with drilling services provided by Paddock Drilling Ltd. of Brandon, Manitoba. A track 

mounted Acker SS drill rig under continuous KGS Group supervision was utilized for the field 

investigation.  

 

Prior to the drilling operation, snow clearance and construction of a ramp for the drill rig to 

access to the lower bank areas was required. The ramp was constructed down to the shoreline 

in the vicinity of the outfall areas (Section 2-2), and then snow was cleared along the lower bank 

areas toward Sections 1-1 and 3-3. However, we were unable to develop access to Section 4-4 

due to the very soft ground conditions along that section of the lower shoreline. 

 

A total of five (5) test holes were drilled and four (4) CPTU probes were conducted in three 

separate areas, the outside bend section (Section 1-1 area), a transition zone from outside to 
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inside bend area (between Sections 2-2 and 3-3 area), and the inside bend (Section 4-4). All 

test holes were drilled to refusal in till and the CPTU probes were pushed to refusal.  

 

Two test holes (TH13-01 and TH13-08) were drilled and three CPTU (CPT13-01 to CPT13-03) 

probes were completed along the upper bank. One test hole (TH13-04) was drilled at the mid 

bank. The other two test holes (TH13-05 and TH13-07) and one CPTU (CPT13-04) probe were 

completed below the Regulated Summer River Level along the lower bank areas. Other initially 

proposed test holes of TH13-02, TH13-03 and TH13-06 were not drilled due to inaccessible site 

conditions or they were replaced with CPTU probes. 

 

Test hole drilling was performed using 200 mm diameter hollow stem augers, with continuous 

soil sample recovery using a split barrel sampler. Standard Penetration Testing (SPT) was 

conducted with split spoon sampling in the sandy clay and silt till layers of test holes TH13-05 

and TH13-08. Representative samples were typically taken at 1.5 m intervals or change in soil 

profile. All test holes were drilled to auger refusal in the underlying till. All samples were visually 

classified in the field according to the Unified Soil Classification System (USCS). Clay samples 

were tested with a field Torvane to estimate the undrained shear strength. All test holes were 

outfitted with instrumentation (detailed in the next section) before being backfilled with grout and 

bentonite chips. 

 

The locations of the test holes and CPTU holes are shown in Figure 01. Results of the CPTU 

and detailed test hole logs incorporating field observations and subsequent laboratory test data 

are provided in Appendix A.  

 

3.3 INSTRUMENTAION 
 

A total of nine (9) vibrating wire (VW) Piezometers with data loggers (Data Acquisition System, 

DAS) were installed. Three VW piezometers were installed in TH13-01 at 4.57 m, 6.09 m and 

15.24 m below existing grade respectively. Four VW piezometers were installed in TH13-08 at 

6.09 m, 11.27 m, 13.72 m, and 17.67 m below existing grade respectively. The remaining two 

VW piezometers were installed in TH13-04 and TH13-07 at 8.99 m and 6.09 m below grade. 

VW piezometers installation details are summarized in Table 1. 
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In addition, four (4) slope inclinometers (SI) casings were installed in TH13-01, TH13-04, TH13-

05 and TH13-08. All casings were anchored in silt till. Installation details are included on the test 

hole logs in Appendix A.  

 

3.4 LABORATORY TESTING 
 

A diagnostic laboratory testing program was performed on representative soil samples to 

determine the engineering index characteristics of the subsurface soils. The program included 

thirty eight (38) moisture content analyses, fourteen (14) Atterberg limit tests and three (3) grain 

size analyses. The results of the laboratory testing are found on the test hole logs presented in 

Appendix A. 

 

 



City of Winnipeg 
King’s Park  September 2014 
Riverbank Investigation, Monitoring and Assessment – Final Report KGS 13-0107-008 
 

 
6 

4.0 PRELIMINARY INVESTIGATION RESULTS 
 

4.1 SITE GEOMETRY 
 

The existing riverbank geometry of the study area is shown in plan on Figure 01 and in section 

on Figures 02 and 03 (Cross Sections 1, 2, 3 and 4). Section 1-1 shows a typical cross section 

of the outside bend areas. In Section 1-1, an upper bank area extends from Elev. 230.5 to 230.0 

m± and is followed by a 1.0 to 1.5 m± drop, which is interpreted to be probably a headscrap. 

From there, it slopes down along a broad mid-bank bench at about 7.5H±:1V, again followed by 

a nearly vertical drop of 2.0 m± to the lower bank areas. The river bottom slopes down at about 

10H±:1V. This provides approximately an effective slope of 3.5H±:1V from top of the bank to the 

Regulated Summer River Level (RSRL). 

 

Section 2-2 shows a typical cross section at the beginning of the transition from outside bend to 

sharp inside bend. In Section 2-2, the upper bank area (top of bank) begins at Elev. 230.0 m±, 

slopes down gently at about 10H±:1V, again followed by a 1.0 to 1.5 m± drop to the mid bank 

area which slopes down at about 6H±:1V to the lower bank areas, and then slopes down to the 

river at about 6.5H±:1V. This provides approximately an effective slope of 5.8H±:1V from top of 

the bank to the RSRL. Note that a water retaining pond is located at the upper bank in the 

vicinity area of Section 2-2. 

 

Section 3-3 shows a typical cross section of the transition to an inside bend. In Section 3-3, the 

upper bank area (top of bank) extends from Elev. 231.0 m±, begins with a nearly vertical drop of 

3.5 to 4.0 m± to the mid bank area, then is more or less flat for approximately 18.0 to 20.0 m 

before it drops 2.5 to 3.0 m± to the lower bank areas. From there, the channel bottom slopes 

down at about 10.0H±:1V. This provides approximately an effective slope of 3.2H±:1V from top 

of the bank to the Regulated Summer River Level. 

 

Section 4-4 shows a typical cross section of the downstream end of the transition to the inside 

bend areas. Here, the upper bank area (top of bank) elevation ranged from Elev. 230.0 to 

230.6m±, followed by a nearly vertical drop of 5.5 to 6.0 m± to the lower bank areas, below 

which it slopes down at about 7.0H±:1V to the bottom of the channel. This results approximately 

an effective slope of 1.0H±:1V from top of the bank to the RSRL. 
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In general, the overall geometry of Sections 1, 2, and 3 is characteristic hummocky of 

retrogressive, slump block topography where erosion at the river’s edge triggers deep seated 

and retrogressive bank failures. Note that 1989 ITL profile (Section A-A) was superimposed on 

Section 2 (see Figure 02). The results indicated that there were only minor changes of the upper 

and mid bank profiles in the last 25 years. However, major changes were detected at the lower 

bank area. These changes could be due to the remedial work of the existing outfall. The very 

steep geometry of Section 4 is consistent with an alluvial bank on an inside bend.  

 

Based upon the the bathymetric contours generated from the sonar survey (see Figure 01), the 

river bottom elevation ranged from Elev. 220.0 m± along the straight section down to Elev. 

215.0 m to 216.0 m towards the inside and the outside bends.  

 

4.2 STRATIGRAPHY 
 

In general, the stratigraphy encountered at the site has been interpreted to consist of top soil 

over silty clay which is underlain by glacial till. The clays were typically of alluvial origin overlying 

lacustrine origin in four (4) of the five testholes and all the CPTU probes. Alluvial sandy clay was 

encountered down to glacial till in TH13-08 (Section 4-4).  

 

Top Soil 
 
 A top soil layer was encountered at the surface of the test holes locations. The thickness of this 

layer raged from 0.3 m (TH13-01) to 0.6 m (TH13-08). The material of this layer was mainly 

organic clay with trace rootlets. It was black in color and was recovered in dry, crumbly and 

frozen conditions. No top soil was encountered at the TH13-05 location.   

 

Silty Clay (Alluvial Origin) 
 

As indicated in test holes and on the CPTU profiles, an extensive layer of medium to high 

plasticity silty clay was encountered below the topsoil and was interpreted to be alluvial in origin. 

This layer extended to approximately Elev. 218 m± (TH13-01) to 221 m± (TH13-04 and TH13-

08). The clay was brown to grey in colour, damp to wet, firm in consistency, and contained trace 

amounts of silt, sand, gravel, organic and oxidation pockets. A 0.3 m± thick layer of medium to 
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coarse grained sand was encountered in TH13-04 at a depth of 7.0 m±, just above the 

lacustrine clay layer. The sand was brown in color, wet, poorly graded, and contained some 

clay, gravel and trace silt. 

 

Silty Clay (Lacustrine Origin) 
 

Underneath the alluvial silty clay, high plasticity silty clay of lacustrine origin was encountered in 

test holes TH13-01, TH13-04 and TH13-07. Slickensides were observed in the clay samples 

obtained from TH13-01. The lacustrine origin clay was grey in colour, damp to wet, firm in 

consistency, and contained trace amounts of silt, fine grained sand, gravel, organics and 

oxidation pockets.  

 

Sandy Clay 
 

A 6 m ± thick layer of sandy clay was encountered under the alluvial origin silty clay in TH13-08 

between Elev. 221 m± and 215 m±. The sandy clay was brown in color, of medium to low 

plasticity, wet, crumbly and contained trace sea shells throughout. The uncorrected SPT blow 

counts (N) ranged from 4 to 6.  

 

The undrained shear strengths, moisture contents, Atterberg Limits and the soil types as 

classified by using the Unified Soil Classification System (USCS) of the above noted clays are 

summarized in Table 2 and shown on the detailed borehole log contained in Appendix A.  

 

Silt Till  
 

Silt till was encountered at approximately Elev. 219.0 m± to 213.7 m±. The till was tan to light 

grey in colour, wet, compact to very dense and contained some fine to coarse grained sand, 

and gravel. Moisture contents in this layer ranged from 15% to 22%. The thickness of the till 

above power auger refusal ranged from 0.3 m± to 2.3 m±. 
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4.3 PIEZOMETRIC AND SLOPE INCLINOMETER (SI) MONITORING RESULTS 
 

Instrumentation installed included four (4) slope inclinometers, four (4) vibrating wire 

piezometers installed in the alluvial clay, three (3) installed in the silt till and two (2) installed in 

the sandy clay. 

 

Vibrating Wire Piezometers 
 

Groundwater elevation data was recorded between April 26, 2013 and July 9, 2014 by using 

vibrating wire piezometers set up at Section1-1 (TH13-01, TH13-04, and TH13-07) and Section 

4-4 (TH13-08). Groundwater elevation data is plotted on Figures 04 and 05 respectively.  

 

As shown on the figures, the bank groundwater levels generally responded directly to the Red 

River staging during the various seasons. In spring, the groundwater level climbed up sharply 

during the period of ice break up (end of April to the first week of May); remained high during the 

spring flood period to the end of May, then declined during June and finally became almost 

stable during July. After the drawdown of the Red River in October, most of the groundwater 

levels then remained stable to the end of the end of March 2014 when the river level starts to 

rise up again. Generally, overall seepage gradients were static to downward during the 

monitoring period except the piezometric levels of TH14-04 with tip elevation at 219.15 m in till 

which showed upward gradients of groundwater flow condition. The piezometric levels of TH13-

04 in till were generally 4 m to 5 m higher than the piezometric levels of TH13-01 in till. 

 

Slope Inclinometers (SI) 
 

Out of the four (4) slope inclinometers, two (2) were installed in the upper bank of Sections 1-1 

(TH13-01) and 4-4 (TH13-08). The other two (2) were installed in the middle to lower bank of 

Sections 1-1 (TH13-04) and 2-2 (TH13-05). Multiple SI readings were taken between March 26, 

2013 (base line reading) and July 9, 2014. Results of the SI readings are included in Appendix 

A.  

 

No significant slope movement was detected during this period of time of monitoring for the 

upper bank, but approximately 13 to 14 mm displacements in a period of approximately 1 year 
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(from March 2013 to April 2014) were recorded in the slope inclinometers located in the middle 

to lower bank. Movements were deep seated shear movements in the lacustrine clay layer 

immediately over the till. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 
 

5.1 CONCLUSIONS   
 

• A review of the background information indicated that the riverbank within the study area 

of approximately 900 meters had been subject to both historic and ongoing shoreline 

erosion and riverbank movement.   

 

• An investigation program consisting of a total of five (5) test holes and four (4) CPTU 

was completed within the study area of approximately 900 meters along the riverbank. 

The stratigraphy for Sections 1, 2 and 3 typically consisted of topsoil over silty clay 

underlain by glacial till. The upper clays were concluded to be alluvial in origin, overlying 

clay of lacustrine origin. The alluvial origin clay was an intermediate to high plasticity and 

extended down to approximately Elev. 218 m± (TH13-01) to 221 m± (TH13-04 and 

TH13-08). The lacustrine origin clay was of high plasticity and extended down to the top 

of the till. A 6 m ± thick layer of sandy clay was encountered under the alluvial origin silty 

clay in TH13-08 between Elev. 221 m± and 215 m±. A deposit of glacial silt till was then 

encountered below the clay in all test holes and was typically dense to very dense. 

 

• Continuous piezometric monitoring data of over one year indicated that the bank 

groundwater levels in both clay and till fluctuate in response to changes in the Red River 

level. There was a downward gradient from the clay to the till except the piezometric 

levels of TH14-04 with tip elevation at 219.15 m in till which showed an upward gradient 

of groundwater flow from till to clay. The piezometric levels of TH13-04 in till were 

generally 4 m to 5 m higher than the piezometric levels of TH13-01 in till. 

 
• The SI monitoring data indicated that the upper bank experienced no significant 

movement so far, while the middle to lower bank had a measured slope movement of 13 

to 14 mm during the approximately one-year monitoring period. Movements were deep 

seated in lacustrine clays. 
 

• Based on the monitoring, the upper bank had no significant movement and the middle to 

lower bank had movement at a rate less than 15 mm during the one-year monitoring 

period at the areas of Sections 1-1 and 2-2. Based on the monitoring results, the site 
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conditions and the past experience on similar projects along the Red River bank, the 

movement of the middle to lower bank at these areas was primarily caused by ongoing 

erosion and resulting retrogressive land sliding of the bank.  

 
• The existing geometry of the bank at Section 4-4 was typically near vertical, consistent 

with alluvial banks. It remains nevertheless susceptible to ongoing shoreline erosion 

along the bank, particularly with elevated river levels.  

 
• Section 3-3 is considered to be most likely a transition zone between the above two 

mechanisms. 

 

5.2 RECOMMENDATIONS   
 

Remedial measures such as rockfill columns and/or shear key trenches installed to the till have 

been proved to be an effective way to reduce the movement of the river bank. In general, shear 

key trenches could be more cost effective than rockfill columns. The till depth at the lower 

middle to lower bank areas ranged from 7 to 12 m below the existing grade. This makes the 

shear key trenches to be constructible and the shear key trenches could be a cost-effective 

option.  

 

Based on the experience on similar work, remedial measure Option A including shear key 

trenches combined with a riprap blanket for the erosion protection along the middle to lower 

bank would cost $6,500,000 (Class D Cost Estimates).  Such remedial work is considered to be 

a complete solution for the bank stability at the site and is recommended if funding permits. If a 

complete remedial solution is selected, it is highly recommended to perform detailed stability 

analyses for the design of remedial work and cost estimations. 

 

If budget is a constraint or the City accepts some movements of the riverbank may be tolerated, 

then remedial work Option B of riprap erosion protection may be considered. Class D Cost 

Estimates of a riprap blanket for the erosion protection along the middle to lower bank would 

cost $1,500,000. With this option, it is necessary to have continuously bank movement 

monitoring.  If the monitoring results indicate that the top of the bank movement is on-going after 

the installation of the riprap erosion protection blanket, the shear keys option should be 
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considered for overall bank stabilization. Again, detailed stability analyses for the above noted 

design of remedial work and cost estimations are recommended.  

 

Table 3 shows a detailed cost breakdown of the above noted Class D Cost Estimates for 

Options A and B. 
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6.0 STATEMENT OF LIMITATIONS AND CONDITIONS 
 

6.1 THIRD PARTY USE OF REPORT   
 

This report has been prepared for the Client to whom this report has been addressed and any 

use a third party makes of this report, or any reliance on or decisions made based on it, are the 

responsibility of such third parties. KGS Group accepts no responsibility for damages, if any, 

suffered by any third party as a result of decisions made or actions undertaken based on this 

report. 
 

6.2 STATEMENT OF LIMITATION    
 

KGS Group prepared the geo-environmental conclusions and recommendations for this report 

in a professional manner using the degree of skill and care exercised for similar projects under 

similar conditions by reputable and competent environmental consultants. The information 

contained in this report is based on the information that was made available to KGS Group 

during the investigation and upon the services described, which were performed within the time 

and budgetary requirements of the Client. As the report is based on the available information, 

some of its conclusions could be different if the information upon which it is based is determined 

to be false, inaccurate or contradicted by additional information. KGS Group makes no 

representation concerning the legal significance of its findings or the value of the property 

investigated.
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TABLE 1 
SUMMARY OF VIBRATING WIRE PIEZOMETERS 

  
 

Vibrating Wire 
Piezometers Section Piezometers Depth 

(m) 
Tip Elevation 

(m) Soil Types 

VW 01a 1-1 TH13-01C 4.6 225.62 Alluvial Clay 
VW 01b 1-1 TH13-01B 6.1 224.10 Alluvial Clay 
VW 01c 1-1 TH13-01A 15.2 214.95 Silt Till 
VW 04a 1-1 TH13-04 9.0 219.15 Silt Till 
VW 07a 1-1 TH13-07 6.1 217.41 Alluvial Clay 
VW 08a 4-4 TH13-08D 6.1 224.44 Alluvial Clay 
VW 08b 4-4 TH13-08C 11.3 219.26 Sandy Clay 
VW 08c 4-4 TH13-08B 13.7 216.82 Sandy Clay 
VW 08d 4-4 TH13-08A 17.7 212.86 Silt Till 

 
 
 

 
TABLE 2 

SUMMARY OF UNDRAINED SHEAR STRENGTH, MOISTURE CONTENTS, ATTERBERG 
LIMITS AND USCS CLASSIFICATION OF THE CLAYS 

 

Soil Type 

Undrained Shear 
Strength* (kPa) 

Moisture Contents 
(%) Atterberg Limits (%) 

USCS***  
Range Average Range Average LL** PL** PI** 

Alluvial 
Clay 30 – 90 65 20 - 53 35 49 - 70 19 - 27 30 - 47 CI-CH 

Lacustrine 
Clay 60 - 90 73 35 - 52 46 76 - 

101 23 - 31 53 - 70 CH 

Sandy 
Clay -- -- 26 - 31 29 28 - 52 14 - 16 13 - 38 CI 

* Based on field Torvane results. 
** LL = Liquid Limit, PL = Plastic Limit, PI = Plasticity Index 
*** USCS = Unified Soil Classification System  
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TABLE 3 
CLASS D COST ESTIMATES 

  Option A: Shear Keys and Erosion Protection Riprap Blanket 

Description Unit Estimated 
Quantity Unit Price Amount 

Mob & Demob L.S. 1 $50,000 $50,000 
Site Development L.S. 1 $100,000 $100,000 
Rockfill Shear Key (700 m)     

a) Shear Key Excavation Cu. m 35,000 $25 $ 875,000 
b) Shear Key Rockfill Tonne 58,000 $50 $2,900,000 

Rockfill Riprap Blanket Tonne 22,000 $45 $990,000 
Erosion Control Measures  L.S.  $50,000 $50,000 
Subtotal Cost (GST Extra)    $4,965,000 

15% Engineering Fees (rounded)    $750,000 
Contingency at 15 % (rounded)    $750,000 

Total Cost (GST Extra)    $6,465,000 
ROUND UP TOTAL COST (GST Extra):  $6,500,000 

 
Option B: Erosion Protection Riprap Blanket 

Description Unit Estimated 
Quantity Unit Price Amount 

Mob & Demob L.S. 1 $40,000 $40,000 
Site Development L.S. 1 $70,000 $70,000 
Rockfill Riprap Blanket Tonne 22,000 $45 $990,000 
Erosion Control Measures  L.S.  $40,000 $40,000 
Subtotal Cost (GST Extra)    $1,140,000 

15% Engineering Fees (rounded)    $175,000 
Contingency at 15 % (rounded)    $175,000 

Total Cost (GST Extra)    $1,490,00 
ROUND UP TOTAL COST (GST Extra):  $1,500,000 
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TOPSOIL- Black, dry, crumbly, trace rootlets, trace organics, frozen.

SILTY CLAY  (CH)- Brown, dry, firm, high plasticity, trace silt pockets,
alluvial in origin.

- Some organics at 1.82 m.
- With silt inclusions below 2.13 m.

- Dry to damp, trace silt inclusions below 3.04 m.

- Trace oxidation below 3.81 m.

- Damp below 4.57 m.

- Firm to stiff below 6.40 m.

- Trace oxidation pockets below 7.01 m.

- Grey clay below 7.62 m.

SILTY CLAY  (CH)- Grey, stiff, high plasticity, lacustrine in origin.
- Slickensided at 13.41 m.
- Trace organics below 13.56 m.
- Possible slickensided at 14.17 m.
- Trace silt pockets below 14.47 m.
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DATE DRILLED

13-0107-08JOB NO.

5,517,859
DRILLING

METHOD

KING'S PARK RIVERBANK ASSESSMENT

200 mm ø Hollow Stem Auger, ACKER SS Drill Rig

CITY OF WINNIPEG- WATERWAYS

UTM (m)

634,895

GROUND ELEV.

25/03/2013

PROJECT
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N
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E

UPPER BANKLOCATION

TOP OF PVC ELEV.
KING'S PARK RIVERBANK ASSESSMENT

CLIENT

230.19 m
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15.2

16.4213.8

VW S19SILT TILL  - Tan, wet, very soft, some coarse grained gravel.

END OF HOLE at 16.38 m

Notes:
1. Auger refusal at 15.24 m.
2. Casing advancer used from 15.24 to 16.38 m.
3. Installed V.W. (SN 24758) at 15.24 m below ground surface.
4. Installed V.W. (SN 24757) at 6.10 m below ground surface.
5. Installed V.W. (SN 24751) at 4.57 m below ground surface.
6. Installed Slope Indicator (SI) at 16.38 m below ground surface.
7. Backfilled TH13-01 with grout from 15.24 m to 0.3 m and bentonite
chips from 0.3 m to surface.
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Paddock Drilling Ltd.
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TOPSOIL- Black, dry, crumbly, trace rootlets, trace organics, frozen.

SILTY CLAY  (CH)- Brown to grey, damp to moist, firm, high plasticity,
trace oxidation pockets, trace silt pockets, alluvial in origin.

- Some oxidation below 1.52 m.

- Trace oxidation, grey clay, some organic pockets below 2.13 m.

- Trace silt inclusions below 3.35 m.

SILTY SAND WITH GRAVEL  (SP)- Brown, wet, medium to coarse
grained sand, poorly graded.
- Grain Size Distribution: Gravel (25.1%), Sand (29.4%), Silt (9.6%) &
Clay (35.9%) at 7.0 m.

SILTY CLAY  (CH)- Grey, moist, firm, high plasticity, trace oxidation
pockets, trace silt pockets, lacustrine in origin.

SILT TILL  - Tan, wet, some coarse grained gravel, fine to medium
grained sand.
- Grain Size Distribution: Gravel (0.0%), Sand (4.0%), Silt (85.9%) & Clay
(10.1%) at 8.8 m.

END OF HOLE AT 10.06 m

Notes:
1. Auger refusal at 9.14 m.
2. Used casing advancer from 9.14 m to 10.06 m.
3. Installed V.W. (SN 024756) at 8.99 m below ground surface.
4. Installed Slope Indicator (SI) at 10.06 m below ground surface.
5. Backfilled TH13-04 with grout from 9.14 m to surface.
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DATE DRILLED
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5,517,849
DRILLING

METHOD

KING'S PARK RIVERBANK ASSESSMENT

200 mm ø Hollow Stem Auger, ACKER SS Drill Rig

CITY OF WINNIPEG- WATERWAYS

UTM (m)

634,884
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KING'S PARK RIVERBANK ASSESSMENT
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228.14 m
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Paddock Drilling Ltd.
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8.4

218.9

217.2

10
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S3
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S8

SILTY CLAY  (CI-CH)- Brown to grey, moist, firm, intermediate to high
plasticity, trace silt pockets.

- Grey below 3.04 m.

- Trace fine grained sand, trace rootlets below 4.57 m.
- Possible slickensided at 4.87 m.

- Grey below 5.79 m.

- Some silt pockets below 6.24 m.

TILL  - Tan to light grey, wet, very dense, with fine grained sand, trace
fine grained gravel.

AUGER REFUSAL at 8.38 m

Notes:
1. Installed Slope Indicator (SI) at 8.38 m below ground surface.
2. Backfilled TH13-05 with grout from 8.38 m to surface.
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DATE DRILLED

13-0107-08JOB NO.

5,517,720
DRILLING

METHOD

KING'S PARK RIVERBANK ASSESSMENT

200 mm ø Hollow Stem Auger, ACKER SS Drill Rig

CITY OF WINNIPEG- WATERWAYS

UTM (m)

635,000

GROUND ELEV.
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TOP OF PVC ELEV.
KING'S PARK RIVERBANK ASSESSMENT
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225.61 m
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5.8
6.1

13.1

223.2
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211.3

210.4

VW
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TOPSOIL- Black, dry, crumbly, trace rootlets, trace organics, frozen.

SILTY CLAY  (CI-CH)- Brown, dry, firm, intermediate to high plasticity,
trace rootlets, alluvial in origin.

- Trace oxidation, trace organics, damp to moist below 2.43 m.

- Occasional oxidation pockets below 4.57 m.

- Trace organics layer with rootlets at 6.85 m.
- Grey below 7.01 m.

-Trace organics below 7.62 m.

- Trace coarse grained sand, shells at 10.66 m.

SILTY CLAY  (CH)- Grey, stiff, high plasticity, probably lacustrine in
origin.
- Trace silt inclusions below 10.97 m.

TILL  - Tan to light grey, wet, very dense, with fine grained sand.

AUGER REFUSAL at 13.11 m

Notes:
1. Installed V.W. (SN 24755) at 6.10 m below ground surface.
2. Backfilled TH13-07 with grout from 13.11 m to 0.30 m and bentonite
chips from 0.30 m to surface.
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DATE DRILLED

13-0107-08JOB NO.

5,517,837
DRILLING

METHOD

KING'S PARK RIVERBANK ASSESSMENT

200 mm ø Hollow Stem Auger, ACKER SS Drill Rig

CITY OF WINNIPEG- WATERWAYS

UTM (m)

634,887

GROUND ELEV.

27/03/2013
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TOP OF PVC ELEV.
KING'S PARK RIVERBANK ASSESSMENT

CLIENT

223.50 m

SUMMARY LOG TH13-07
HOLE NO.

APPROVED

SAMPLE TYPE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Paddock Drilling Ltd.

GROUP
SHEET 1 of 1

CONTRACTOR

223

222

221

220

219

218

217

216

215

214

213

212

211

210

209

INSPECTOR
J.WILCOX

Continuous

DATE

REFERENCE NO.

T. Ng

5

10

15

20

25

30

35

40

45

9/9/14

G
E

O
T

E
C

H
N

IC
A

L-
S

O
IL

 L
O

G
 P

:\P
R

O
JE

C
T

S
\2

01
3\

13
-0

10
7-

00
8\

D
E

S
IG

N
\G

E
O

\L
O

G
S

\K
IN

G
S

 P
A

R
K

 D
R

IL
LI

N
G

 IN
V

E
S

T
IG

A
T

IO
N

.G
P

J



0.3

5.8
6.1

11.0
11.3

13.4
13.7

229.9

220.0

215.6

100

100

VW

VW

VW

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

S17

S18

TOPSOIL- Black, dry, crumbly, trace rootlets, trace organics, frozen.

SILTY CLAY  (CI)- Brown, dry, firm, intermediate plasticity, trace silt
pockets, trace organics, crumbly, trace rootlets, alluvium in origin.

- Some silt inclusions below 1.82 m.

- Trace oxidation below 3.04 m.
- Damp below 3.35 m.

- Firm below 4.52 m.
- Grey below 4.87 m.
- Damp, some oxidation below 5.18 m.

- Trace silt inclusions, no oxidation below 6.40 m.

- Some organics below 7.01 m.

- High plasticity, trace fine grained sand below 9.44 m.

SANDY CLAY (CL-CI)- Brown, wet, very loose, intermediate plasticity,
crumbly, trace sea shells, alluvium in origin.

- Low plasticity below 13.72 m.
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CITY OF WINNIPEG- WATERWAYS
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17.4
17.7

18.7

214.1

211.8

100

VW

S19

S20

S20

S21

SILTY CLAY  (CH)- Grey, high plasticity, lacustrine in origin.

SILT TILL  - Tan to light grey, wet, very dense, with fine to medium
grained sand, some coarse grained gravel.
- Grain Size Distribution: Gravel (2.2%), Sand (2.1%), Silt (80.6%) & Clay
(15.1%) at 16.8 m.

AUGER REFUSAL at 18.75 m

Notes:
1. Installed V.W. (SN 24759) at 17.68 m below ground surface.
2. Installed V.W. (SN 24752) at 13.72 m below ground surface.
3. Installed V.W. (SN 24753) at 11.28 m below ground surface.
4. Installed V.W. (SN 24754) at 6.10 m below ground surface.
5. Installed Slope Indicator (SI) at 18.75 m below ground surface.
6. Backfilled TH13-08 with grout from 18.75 m to 0.3 m and bentonite
chips from 0.3 m to surface.
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APPENDIX A-02 
 

CPT RESULTS 
 



Project: 13-0107-008 - City of Winnipeg

KGS Group

300 - 865 Waverley Street

Winnipeg, Manitoba

Phone 204-896-1209 Website www.kgsgroup.com

Total depth: 8.13 m, Date: 3/19/2013

Surface Elevation: 230.96 m

Kings Park

Coords: X:634897.00, Y:5517860.50

Cone Type: Vertek

Cone Operator: H. Dahl & J. Wilcox

CPT: CPT13-01

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 9/9/2014, 1:04:09 PM 1
Project file: P:\Projects\2013\13-0107-008\Design\Geo\Cone-Processed-Final\CPet_IT-pdf\CPT-1 to CPT-4.cpt



Project: 13-0107-008 - City of Winnipeg

KGS Group

300 - 865 Waverley Street

Winnipeg, Manitoba

Phone 204-896-1209 Website www.kgsgroup.com

Total depth: 8.13 m, Date: 3/19/2013

Surface Elevation: 230.96 m

Kings Park

Coords: X:634897.00, Y:5517860.50

Cone Type: Vertek

Cone Operator: H. Dahl & J. Wilcox

CPT: CPT13-01

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 9/9/2014, 1:04:09 PM 2
Project file: P:\Projects\2013\13-0107-008\Design\Geo\Cone-Processed-Final\CPet_IT-pdf\CPT-1 to CPT-4.cpt



Project: 13-0107-008 - City of Winnipeg

KGS Group

300 - 865 Waverley Street

Winnipeg, Manitoba

Phone 204-896-1209 Website www.kgsgroup.com

Total depth: 14.99 m, Date: 3/22/2013

Surface Elevation: 231.60 m

Kings Park

Coords: X:635252.00, Y:5517412.00

Cone Type: Vertek

Cone Operator: H. Dahl & J. Wilcox

CPT: CPT13-02

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 9/9/2014, 1:04:09 PM 3
Project file: P:\Projects\2013\13-0107-008\Design\Geo\Cone-Processed-Final\CPet_IT-pdf\CPT-1 to CPT-4.cpt



Project: 13-0107-008 - City of Winnipeg

KGS Group

300 - 865 Waverley Street

Winnipeg, Manitoba

Phone 204-896-1209 Website www.kgsgroup.com

Total depth: 14.99 m, Date: 3/22/2013

Surface Elevation: 231.60 m

Kings Park

Coords: X:635252.00, Y:5517412.00

Cone Type: Vertek

Cone Operator: H. Dahl & J. Wilcox

CPT: CPT13-02

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 9/9/2014, 1:04:09 PM 4
Project file: P:\Projects\2013\13-0107-008\Design\Geo\Cone-Processed-Final\CPet_IT-pdf\CPT-1 to CPT-4.cpt



Project: 13-0107-008 - City of Winnipeg

KGS Group

300 - 865 Waverley Street

Winnipeg, Manitoba

Phone 204-896-1209 Website www.kgsgroup.com

Total depth: 11.80 m, Date: 3/22/2013

Surface Elevation: 231.00 m

Kings Park

Coords: X:635033.00, Y:5517731.00

Cone Type: Vertek

Cone Operator: H. Dahl & J. Wilcox

CPT: CPT13-03

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 9/9/2014, 1:04:09 PM 5
Project file: P:\Projects\2013\13-0107-008\Design\Geo\Cone-Processed-Final\CPet_IT-pdf\CPT-1 to CPT-4.cpt



Project: 13-0107-008 - City of Winnipeg

KGS Group

300 - 865 Waverley Street

Winnipeg, Manitoba

Phone 204-896-1209 Website www.kgsgroup.com

Total depth: 11.80 m, Date: 3/22/2013

Surface Elevation: 231.00 m

Kings Park

Coords: X:635033.00, Y:5517731.00

Cone Type: Vertek

Cone Operator: H. Dahl & J. Wilcox

CPT: CPT13-03

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 9/9/2014, 1:04:09 PM 6
Project file: P:\Projects\2013\13-0107-008\Design\Geo\Cone-Processed-Final\CPet_IT-pdf\CPT-1 to CPT-4.cpt



Project: 13-0107-008 - City of Winnipeg

KGS Group

300 - 865 Waverley Street

Winnipeg, Manitoba

Phone 204-896-1209 Website www.kgsgroup.com

Total depth: 8.37 m, Date: 3/26/2013

Surface Elevation: 225.90 m

Kings Park

Coords: X:634889.00, Y:5517835.00

Cone Type: Vertek

Cone Operator: H. Dahl & J. Wilcox

CPT: CPT13-04

Location:

SBT legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 9/9/2014, 1:04:10 PM 7
Project file: P:\Projects\2013\13-0107-008\Design\Geo\Cone-Processed-Final\CPet_IT-pdf\CPT-1 to CPT-4.cpt



Project: 13-0107-008 - City of Winnipeg

KGS Group

300 - 865 Waverley Street

Winnipeg, Manitoba

Phone 204-896-1209 Website www.kgsgroup.com

Total depth: 8.37 m, Date: 3/26/2013

Surface Elevation: 225.90 m

Kings Park

Coords: X:634889.00, Y:5517835.00

Cone Type: Vertek

Cone Operator: H. Dahl & J. Wilcox

CPT: CPT13-04

Location:

SBTn legend

1. Sensitive fine grained

2. Organic material

3. Clay to silty clay

4. Clayey silt to silty clay

5. Silty sand to sandy silt

6. Clean sand to silty sand

7. Gravely sand to sand

8. Very stiff sand to clayey sand

9. Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 9/9/2014, 1:04:10 PM 8
Project file: P:\Projects\2013\13-0107-008\Design\Geo\Cone-Processed-Final\CPet_IT-pdf\CPT-1 to CPT-4.cpt
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APPENDIX A-03 
 

LABORATORY TEST RESULTS 
 



THE__________________
NATIONAL___________
TESTING_____________
LABORATORIES______
LIMITED_____________
Established in 1923

199 Henlow Bay
Winnipeg, MB R3Y 1G4 

Phone (204) 488-6999
Fax (204) 488-6947

Email info@nationaltestlabs.com
www.nationaltestlabs.com

GEOTECHNICAL ENGINEERING • CONSTRUCTION MATERIALS TESTING

KGS Group Inc. April 30, 2013
3rd Floor-865 Waverly Street
Winnipeg, Manitoba Project: King’s Park Drilling
R3T 5P4 Attention: Jen Wilcox  (13-0107-08)

Soil samples were submitted to our laboratory on April 23, 2013. The following tests were conducted on
selected soil samples:

• Water content (ASTM D2216)
• Particle-Size Analysis (ASTM D422)
• Liquid limit (one-point), plastic limit, and plasticity index (ASTM D4318)

The test results are summarized in the attached tables and particle size analysis and Atterberg limits
reports.

We appreciate the opportunity to assist you in this project. Please call if you have any questions
regarding this report.

Farouk Fourar-laidi, B.Sc., EIT
Geotechnical Engineering

mailto:info@nationaltestlabs.com
http://www.nationaltestlabs.com


TABLE 1
WATER CONTENT TEST DATA

KING’S PARK DRILLING (13-0107-08)

Testhole Sample
ID

Water
Content

(%)
Testhole Sample

ID
Water

Content
(%)

TH13-01 S2 23.4 TH13-05 S2 41.4
TH13-01 S4 25.4 TH13-05 S4 39.2
TH13-01 S6 39.0 TH13-05 S6 50.4
TH13-01 S8 33.7 TH13-05 S7 18.2
TH13-01 S11 33.1 TH13-07 S3 31.9
TH13-01 S12 35.5 TH13-07 S5 35.0
TH13-01 S13 40.8 TH13-07 S7 41.4
TH13-01 S14 35.4 TH13-07 S9 53.2
TH13-01 S15 35.3 TH13-07 S11 50.4
TH13-01 S16 35.0 TH13-08 S2 19.8
TH13-01 S17 46.0 TH13-08 S4 19.6
TH13-01 S18 41.3 TH13-08 S6 35.0
TH13-01 S19 17.4 TH13-08 S8 39.0
TH13-04 S2 39.8 TH13-08 S11 37.9
TH13-04 S7 35.9 TH13-08 S12 30.4
TH13-04 S8 50.1 TH13-08 S14 36.8
TH13-04 S9 51.7 TH13-08 S17 31.1
TH13-04 S10 15.7 TH13-08 S19 26.4
TH13-04 S5 36.5 TH13-08 S21 22.0



TABLE 2
PARTICLE SIZE AND ATTERBERG LIMITS TEST DATA

KING’S PARK DRILLING (13-0107-08)

Testhole Sample
ID

Particle Size Analysis Atterberg Limits

Gravel (%)
75 to 4.75

mm

Sand (%)
<4.75 to

0.075 mm

Silt (%)
<0.075

to
0.002
mm

Clay (%)
<0.002 mm

Colloids (%)
<0.001 mm

Liquid
Limit

Plastic
Limit

Plasticity
Index

TH13-01 S6 NT 68 26 42

TH13-01 S11 NT 70 23 47

TH13-01 S14 NT 69 27 42

TH13-01 S16 NT 76 23 53

TH13-01 S17 NT 99 31 68

TH13-01 S18 NT 79 25 54

TH13-04 S5 NT 67 24 43

TH13-04 S8 25.1 29.4 9.6 35.9 30.7 NT

TH13-04 S9 NT 101 31 70

TH13-04 S10 0.0 4.0 85.9 10.1 8.7 NT

TH13-07 S11 NT 84 23 61

TH13-08 S4 NT 49 19 30

TH13-08 S11 NT 57 22 35

TH13-08 S14 NT 34 16 18

TH13-08 S17 NT 28 15 13

TH13-08 S19 NT 52 14 38

TH13-08 S21 2.2 2.1 80.6 15.1 12.6 NT

Notes:
1.A high speed stirring device was used for 1 minute to disperse the test samples for particle size analysis
2.Atterberg limits conducted in accordance with ASTM D4318 Method B (one-point liquid limit)
3.The soil samples were air-dried during sample preparation for Atterberg limits and particle size analysis
4.NT denote not tested



KGS Group Inc. PROJECT:
3rd Floor- 865 Waverley Street
Winnipeg, Manitoba
R3T 5P4

Attention: Jen Wilcox PROJECT NO.:

SAMPLED BY: DATE RECEIVED:
SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 1.18 mm 54.5
25.00 mm 100.0 0.425 mm 49.5
19.00 mm 93.8 0.250 mm 47.7
16.00 mm 90.5 0.150 mm 46.5
12.50 mm 86.5 0.075 mm 45.5
9.50 mm 85.9 0.005 mm 40.6
4.75 mm 74.9 0.002 mm 35.9
2.00 mm 61.8 0.001 mm 30.7

Coarse
<4.75 to 2.0 mm

Medium
 <2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

25.1 13.1 12.3 4.0 9.6 35.9 30.7
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PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 1.18 mm 100.0
25.00 mm 100.0 0.425 mm 100.0
19.00 mm 100.0 0.250 mm 99.9
16.00 mm 100.0 0.150 mm 99.9
12.50 mm 100.0 0.075 mm 96.0
9.50 mm 100.0 0.005 mm 11.9
4.75 mm 100.0 0.002 mm 10.1
2.00 mm 100.0 0.001 mm 8.7

Coarse
<4.75 to 2.0 mm

Medium
 <2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm

0.0 0.0 0.0 4.0 85.9 10.1 8.7

REVIEWED BY:
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SAMPLE ID: TESTED BY:

PERCENT PERCENT
PASSING PASSING

37.50 mm 100.0 1.18 mm 97.6
25.00 mm 100.0 0.425 mm 97.5
19.00 mm 100.0 0.250 mm 96.9
16.00 mm 97.9 0.150 mm 96.1
12.50 mm 97.9 0.075 mm 95.7
9.50 mm 97.9 0.005 mm 20.0
4.75 mm 97.8 0.002 mm 15.1
2.00 mm 97.7 0.001 mm 12.6

Coarse
<4.75 to 2.0 mm

Medium
 <2.0 to 0.425 mm

Fine
<0.425 to 0.075 mm
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Symbol Sample ID Liquid
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Plastic
Limit

Plasticity
Index USCS

u S6 68 26 42 CH
< S11 70 23 47 CH
= S14 69 27 42 CH
p S16 76 23 53 CH
× S17 99 31 68 CH
 S18 79 25 54 CH
+ S5 67 24 43 CH
  - S9 101 31 70 CH
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Attention: Jen Wilcox PROJECT NO.:

Symbol Sample ID Liquid
Limit

Plastic
Limit

Plasticity
Index USCS

u S11 84 23 61 CH
< S4 49 19 30 CL
= S11 57 22 35 CH
p S14 34 16 18 CL
× S17 28 15 13 CL
 S19 52 14 38 CH
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APPENDIX B 
 

EXISTING LOGS AND REPORT 
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APPENDIX B-01 
 

EXISTING LOGS OF COMMUNITY RING DIKE PROJECT 
BY KGS GROUP 2000  
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APPENDIX B-02 
 

PREVIOUS GEOTECHNICAL REPORT 
BY INDEPENENT TEST-LAB LIMITED 1989 
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