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INTRODUCTION

We have completed our initial assessment of the above drainage basin and herein a
summary of our preliminary findings. Also, there are a number of issues that need to be
resolved by the District to ensure satisfactory completion of the report and successful
implementation of the report contents.

To date, we have compiled a comprehensive base plan of the entire study area, conducted
field surveys and reconnaissance, arranged for the preparation of a geotechnical
investigation and report, and computer modelled the drainage basin using nine time-
varying storm events, under existing and future conditions.

Our initial work involved determination of the drainage basin area from available
topographic mapping. Once the entire basin area was determined, it was divided into
subbasins all of which are interconnected and ultimately produce runoff that flows into
Vemmon Creek. Electronic digitizing transferred the basin and subbasin boundary data into
our AutoCad system to ease in further analysis and drawing preparation. The Regional
District of Central Okanagan provided us with electronic legal base mapping which the
basin information was digitized into. Through a detailed site reconnaissance and electronic
survey, we superimposed our survey information into the base plan. The survey
information includes flow route, pipe sizes and elevations, ditches, cross sections and any
known significant features impacting on drainage within the area. The base plan is
included with this memo and is titled Existing Conditions No. 2684-0-103.

EXISTING DRAINAGE SYSTEM

The existing drainage system is extremely fragmented, consisting of undersized pipes, non-
standard manholes and overland flow routes that are not confined to definite channels.
The upper zone (headwaters) of the basin around Cemetery Road and Nygren Road is
currently the area that experiences flooding. This area is relatively flat and contains a
depression that accumulates water, as there is no outlet until the ponding water reaches a
certain level. This area once contained an active orchard, which has been removed.
Reportedly, the flooding was not as evident when the orchard was in operation.
Immediately south of the problematic area is a large track of orchards down to Camp
Road. These orchards contain a drainage system consisting of a series of manholes made
of oil drums and/or tanks interconnected with small diameter perforated plastic piping.
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The manholes are all located in localized depressions in the orchard and our field
reconnaissance revealed a steady water flow through each of the manholes. This drainage
system then converges into a manhole on the north side of Camp Road, where it flows
through a 600 mm diameter steel pipe under Camp Road. Between Camp Road and Monte
Carlo Road, two manholes containing 300 mm plastic pipe were located in an alignment
that appears to line up with the channel that contained Knopf Brook. The drainage path
then appears to have been routed into a 300 mm PVC pipe and open ditch on Monte Carlo
Road. The intersection of this assumed interception point was not locatable in the field,
and therefore the type of connection is unknown. The channel of Knopf Brook continues
southward beyond this point and reportedly there are several homes in the Monte Bella
Road area that experience basement water problems. Therefore, we believe that the entire
flow has not been intercepted at Monte Carlo Road and that some flow is percolating
through the ground or an old pipe creating the problems in the Monte Bella area as the
alignment of the old creek bed traverses this area. From Monte Carlo Road, the flow is
contained in a 400 mm diameter corrugated metal pipe routed southward along Chase
Road. Between Chase Road and Seaton Road the flow is contained in assumed varying
sized pipes and generally follows the path of the Knopf Brook Channel. An open ditch
then collects the flow on Seaton Road where it once again traverses an orchard and
connects to a well defined channel paralleling Seaton Road. Some homeowners along
Seaton Road have enclosed the creek channel in severely undersized pipes. At Reid Road
the creek channel has been filled in with granular fill and runoff waters currently percolate
through the fill. Between Reid Road and Hwy 97 there is a very well defined creek
channel and between Hwy 97 and Vernon Creek there is a 450 mm diameter corrugated
metal pipe.

COMPUTER MODELLING

Our conclusion up to this point of the study indicated that a simple ditching program would
solve the flooding in the upstream reaches of the basin. However, to ensure that the
flooding is not transferred to another location within the basin, an adequately sized
continuous stormwater conveyance system must be established out to Vernon Creek. We
then proceeded to computer model the basin to determine the size and shape of the
conveyance system.

We selected the use of stormwater computer modelling software entitled MIDUSS which
is an acronym for Microcomputer Interactive Design of Urban Stormwater Systems.
MIDUSS software was chosen because of its versatility, ease of use and limited data input
réquirements.

The geotechnical investigation and report provided us with the necessary soil infiltration
parameters required for the computer model. The report classified the existing soils into
four distinct categories in terms of their percolation ability. In several instances, the soils
crossed the boundaries of the four categories and for modelling purposes, a straight line
interpretation was used.
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The closest meteorological station to the study area is the Kelowna Airport. Atmospheric
Environment Services of Canada compiled the available rainfall data into a series of
intensity/duration/frequency (IDF) curves. These curves relate rainfall intensity to time
for varying storm return periods. The return period used in our preliminary model runs
was the 1:10 year return period, which is typical for this type of study. For modelling
purposes, the IDF curve information was transformed using the typical British Columbia
rainfall distribution pattern, into storm hyetographs. Hyetographs are simply the depth
of rain that falls in a given time period for a fixed length storm. Table 1 summarizes the
storm hyetographs used in our modelling. We used nine different storm events ranging
from 15 minutes to 12 hour duration.

The next key component that is required for the computer model is the percentage of land
that is impervious. To accomplish this, we obtained the District’s Official Community
Plan in electronic format and overlaid it onto our base plan. We then determined the area
of each land use type and assigned a percentage impervious to each land use. In most
cases, each subbasin contained more than one land use and we calculated a weighted
percentage impervious for each subbasin which was input into the computer model. Table
2 summarizes the land use areas and percentage impervious used in the model for both the
existing and future land use conditions.

Other parameters used in the computer model include subbasin area, average overland
slope, overland flow length and soil infiltration parameters. Table 3 summarizes the
model parameters used for both the existing and future land use conditions.

The overall model schematic is depicted on drawings 2684-0-104 and 2684-0-105 for the
existing and future conditions respectively.

The results of the computer model runs produced a flow rate and size/shape of conduit
system required to adequately convey runoff through the basin. Table 4 summarizes the
subbasin flow rates with the varying storm durations and peak flows highlighted. Table
5 assigns a conveyance (open channel vs pipe) to the peak flow for each subbasin.

DISTRICT’S INPUT

At this point in our analysis, we feel that there is a strong need to have the District’s input
prior to proceeding to the next phase of modelling and final report preparation. As
previously indicated, the key to successful implementation of the final report is to establish
an adequately sized continuous flow path through the basin out to Vernon Creek. Most
of the existing flow route lies within privately owned land. To further complicate matters,
many of the landowners have altered the drainage system to satisfy their own needs,
creating an extremely fragmented non-standard drainage system.
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In order to obtain a continuous flow route through the basin, discussions with individual
landowners must commence as early as possible. As much of the land in question is
within the Agricultural Land Reserve and is currently within active orchard operations,
land negotiations could be of extended duration. The objective of the landowner
discussions is to secure legal rights of way in favor of the District to ensure access for
regular maintenance, and provide the District with the ability to prevent future alteration
of the drainage system.

Another avenue that should be explored is to obtain a legal opinion of the status of Knopf
Brook. In the event that it is deemed as a known creek, this will have an impact on the
District’s legal position during land negotiations.

In selecting a route, the conduit system should be confined to the municipal road system
as much as possible. In some areas this will not be possible and a route will have to be
secured on privately owned land and conveyance system designed to fit in with land uses.
This is the case in subbasin No. 1 between Nygren Road and Camp Road where the entire
route traverses several operating orchards. In this area we would suggest that the conduit
system consist of shallow open ditches with adequately sized culverts at regular intervals,
to provide the required flow path and limit disruption to the orchard operation, depending
on orientation of the tree rows. This suggestion should be reviewed with the orchardists
themselves, who could offer advice in this regard. There are two other areas where the
existing flow path traverses privately held lands that are problematic. The first is
immediately south of Camp Road and the other is on Seaton Road. In both these areas an
opportunity exists to transfer the flow route onto the municipal road system in either buried
pipes or open ditches.

In selecting a flow route the capital cost of selected conveyance method must be factored
in to ensure successful implementation of the project. Buried storm sewers must be
adequately designed, including pipe size and material, must have adequate depth of cover
to prevent freezing and contain manholes at regular intervals. Open channels are relatively
inexpensive from a capital cost standpoint, but do require an annual maintenance program
to remove vegetation which inhibits flow. A capital cost comparison between storm
sewers and open channels would be as follows:

Storm Sewer of Minimal Depth $125.00 to $150.00 per metre
Open Channel $25.00 to $50.00 per metre

Another area where the District’s input is required is establishing a stormwater policy for
future development. From the computer model the impact of the future land uses greatly
increase flows and requires significantly larger pipes and channels. The greatest single
impact results from the future Comprehensive Mixed Density land use proposed in the
southwest portion of the basin. The District should impose a condition on the development
such that stormwater flows are restricted by the developer, to pre-development flow rates
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through the use of stormwater detention ponds. Other policy statements that the District
should consider are to impose some stormwater quality controls on development, and
prepare a sediment and erosion control bylaw.

5 CONCLUSION

In conclusion, the following items require the District’s attention prior to proceeding with
the next phase of the study.

/ Obtain legal opinion on status of Knopf Brook.
Meet with affected landowners on an individual basis to obtain concurrence with
project requirements.

/ Hold a public meeting to ensure that all affected landowners are aware of project
issues and constraints.

V/ Finalize report.

. Negotiate with individual landowners for rights of ways (a professional land

negotiator will provide valuable assistance in this task).

. Create a capital fund for land acquisition.

. Establish a stormwater policy and/or bylaw for entire District.

. Create a capital fund for the physical construction requirements.
Prepared by,

— '_‘_,——'//";? = ;

AA/cb

Enclosures
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TABLE 2

LAND USE AND
PERCENT IMPERVIOUS
SUMMARY
KNOPF BROOK DRAINAGE STUDY
EXISTING LAND USE AREA (ha) SUMMARY
LAND USES
LDR-U LDR-R CMDR AR WTC EN PC TOTAL |PERCENT
SUB-BASIN]  25% 10% 25% 5% 60% 40% 5% IMP
SB1 .09 0.00 0.00 39.66 0.00 1.69 T.54 4898 | 8.69%
SB2 733 0.00 0.00 16.14 0.00 0.00 0.00 2347 | 11.25%
SB3 0.00 0.00 0.00 12.81 0.00 0.00 0.00 1281 | 5.00%
SB4 1.03 0.00 0.00 15.21 0.00 0.00 0.58 1682 | 6.22%
SB5 0.00 0.00 0.00 15.76 0.00 0.00 0.00 15.76 | 5.00%
SB6 10.73 0.00 0.00 7.59 0.00 0.00 0.00 1832 | 16.71%
SB7 4.95 0.00 0.00 66.37 0.00 0.00 0.00 7132 | 639%
SBS 1.29 0.00 0.00 19.15 0.00 0.00 0.00 2044 | 626%
SBY 0.00 0.00 0.00 23.56 0.00 0.00 0.00 2356 | 5.00%
SBI0 0.00 0.00 0.00 73.20 0.00 0.00 0.00 7320 | 5.00%
SB11 0.00 0.00 0.00 21.40 0.00 0.00 0.00 214 5.00%
SBI12 18.50 0.63 0.00 28.73 732 0.00 0.00 5518 | 19.06%
TOTAL 40126  8.65%
FUTURE LAND USE AREA (ha) SUMMARY
TAND USES
LDR-U LDR-R | CMDR AR WTC EN PC TOTAL |PERCENT
SUB-BASIN|  25% 10% 25% 5% 60% 40% 5% IMP
SBI 6.09 0.00 4.75 3491 0.00 1.69 1.54 2898 | 10.63%
SB2 733 0.00 0.00 16.14 0.00 0.00 0.00 2347 | 11.25%
SB3 0.00 0.00 0.36 12.45 0.00 0.00 0.00 1281 | 5.56%
SB4 1.03 0.00 6.63 8.58 0.00 0.00 0.58 1682 | 14.11%
SBS 0.00 0.00 0.00 15.76 0.00 0.00 0.00 1576 | 5.00%
SB6 10.73 0.00 715 0.44 0.00 0.00 0.00 1832 | 2452%
SB7 4.95 0.00 0.00 6637 0.00 0.00 0.00 7132 | 63%
SBS 1.29 0.00 11.53 7.62 0.00 0.00 0.00 2044 | 17.54%
SB9 0.00 0.00 13.93 9.63 0.00 0.00 0.00 23.56 | 16.83%
SB10 0.00 0.00 38.02 35.18 0.00 0.00 0.00 7320 | 15.39%
SBI1 0.00 0.00 20.61 0.79 0.00 0.00 0.00 214 | 24.26%
SBI2 12.43 0.63 1213 22.67 732 0.00 0.00 3518 | 21.25%
TOTAL 40126 14.08%



KNOPF BROOK DRAINAGE STUDY
BASIN MODELLING PARAMETERS - EXISTING CONDITIONS

TABLE 3
MIDUSS MODEL

SUB-BASIN PARAMETER

SUMMARY

IMPERVIOUS DATA |
LENGTH AVR | MANNING Fo Fc DECAY DEP

SUB-BASIN|  (m) SLOPE pe (mm/hr) | (mm/hr) (hrs)  |STOR (mm)l
SBI 1000 0.50% 035 177 10 037 455
SB2 900 4.44% 035 200 3 040 5.50
SB3 1110 1.80% 025 208 g 0.41 6.13
SB4 340 20.58% 025 146 8 031 338
SB5 760 6.58% 035 187 ¥ 038 2.96
SB6 490 17.35% 025 168 10 0.36 439
SB7 1740 3.74% 035 202 10 0.35 422
SB8 690 20.29% 040 233 21 046 3.46
SB9 810 22.22% 0.40 225 19 045 3.93
SBI10 1020 14.71% 0.40 150 11 032 4.03
SBII 420 15.48% 0.40 200 25 0.50 5.50
SBI2 1250 2.80% 0.40 162 5 035 392

BASIN MODELLING PARAMETERS - FUTURE CONDITIONS
IMPERVIOUS DATA

LENGTH AVR | MANNING|  Fo Fc DECAY DEP |

SUB-BASIN]  (m) SLOPE e (mm/mr) | (mm/h) (hrs) | STOR (mm)
SBI 1000 0.50% 030 177 10 037 4.55
SB2 900 1.44% 035 200 3 0.40 5.50
SB3 1110 1.80% 025 208 15 041 6.13
SB4 340 20.58% 025 146 8 031 338
SB5 760 6.58% 035 187 1 0.38 496
SB6 290 1735% 025 168 10 036 439
SB7 1740 3.74% 0.35 202 10 035 122
SBS 690 20.00% 025 233 21 0.46 446
SB9 810 20.00% 0.25 225 19 045 393
SB10 1020 15.00% 035 150 11 032 4.03
SBI1 420 15.00% 025 200 25 0.50 5.50
SBI2 1250 8.80% 025 162 9 035 392
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TABLE 5
PEAK FLOW AND
CONVEYANCE SYSTEM
SUMMARY

KNOPF BROOK DRAINAGE STUDY

MODEL CONVEYANCE SYSTEM SUMMARY - EXISTING CONDITIONS

PEAK
FLOW CONVEY MANNING | CAPACITY]
ISUB-BASIN| m"3 SYSTEM DESCRIPTION SLOPE "n" m"3

SB1 0.179 CHANNEL B=0.0m, S=2:1, D=0.375m 0.50% 0.025 0.242
SB2 0.186 CHANNEL |B=0.0m, S=2:1, D=0.300m 1.00% 0.025 0.189
SB3 0.035 PIPE  |D=0.250m, PVC 1.00% 0.009 0.086
SB4 0.193 PIPE  |D=0.375m, PVC 1.00% 0.009 0.253
SBS 0.199 CHANNEL |B=0.0m, S=2:1, D=0.350m 1.00% 0.025 0.285
SB6 0.4 PIPE  |D=0.450m, PVC 1.00% 0.009 0412
SB7 0.365 CHANNEL |B=0.0m, S=2:1, D=0.400m 1.00% 0.025 0.406
SB8 0.487 CHANNEL |B=0.6m, S=2:1, D=0.400m 1.00% 0.025 0.852
SB9 0.707 CHANNEL |B=0.6m, S=2:1, D=0.400m 1.00% 0.025 0.852
SB10 0.778 CHANNEL |B=0.6m, S=2:1, D=0.400m 1.00% 0.025 0.852
SB11 0.091 CHANNEL |B=0.0m, S=2:1, D=0.300m 1.00% 0.025 0.189
SB12 0.978 PIPE  |D=0.600m, PVC 1.00% 0.009 1.086

MODEL CONVEYANCE SYSTEM SUMMARY - FUTURE CONDITIONS

PEAK
FLOW CONVEY MANNING | CAPACITY|
ISUB-BASIN]| m”3 SYSTEM DESCRIPTION SLOPE "n" m”3

SB1 0.219 CHANNEL |B=0.3m, S=2:1, D=0.300m 0.50% 0.025 0.229
SB2 0.186 CHANNEL |B=0.0m, S=2:1, D=0.300m 1.00% 0.025 0.189
SB3 0.28 PIPE  |D=0.250m, PVC 1.00% 0.009 0.086
SB4 0.269 PIPE  |D=0.375m, PVC 1.50% 0.009 0.31
SBS 0.201 CHANNEL [B=0.0m, S=2:1, D=0.350m 1.00% 0.025 0.285
SB6 0.671 PIPE  |D=0.525m, PVC 1.50% 0.009 0.761
SB7 0.366 CHANNEL |B=0.0m, $=2:1, D=0.400m 1.00% 0.025 0.406
SB8 0.972 CHANNEL |B=0.6m, $=2:1, D=0.500m 1.00% 0.025 1.376
SB9 1.357 CHANNEL |B=0.6m, S=2:1, D=0.500m 1.00% 0.025 1.376
SB10 1.738 CHANNEL |B=0.6m, $=2:1, D=0.600m 1.00% 0.025 2.059
SB11 0.504 CHANNEL {B=0.3m, S=2:1, D=0.400m 1.00% 0.025 0.623
SB12 2.177 PIPE D=0.900m, PVC 1.00% 0.009 2.615




MATERIALS TESTING = SOILS
CONCRETE ¢ ASPHALT ¢ CORING
GEOTECHNICAL ENGINEERING

- INTERIOR -
TESTING SERVICES
- LTD. -

1 - 1925 KIRSCHNER ROAD
KELOWNA, B.C. V1Y 4N7
PHONE: 860-6540
FAX: 860-5027

Assoclated Engineering (B.C.) Ltd. August 26, 1997
Suite 222 - 1634 Harvey Avenue Job B8
Kelowna, B.C. V1Y 6G2

ATTENTION: Mr. Andrew Ambrozy, P.Eng.
Dear Sir:
RE: Geotechnical Investigation

Knopf Brook Basin Drainage Study
Lake Country, B.C.

As requested, Interior Testing Services Ltd. has completed a
geotechnical investigation for the above noted project. A location
plan, one page of schematic logs, 33 auger hole logs and one soil group
table are attached to this letter report.

INTRODUCTION

It is understood that the District of Lake Country wishes to develop a
suitable drainage plan for the Knopf Brook basin that will address
future development as well as preserve existing drainage corridors. 1In
addition, current groundwater and overland flow in specific regions of
the study zone require remedial work.

The purpose of the geotechnical investigation was to identify soil
types as well as current groundwater conditions.

The study area has been divided into 12 zones by others. This report
discusses each zone with the exception of Study Basin 3. Some
modifications to the Study Basin areas occurred after drilling was
completed.

DESCRIPTION

The drainage study encompasses an area of roughly 400 hectares. It is
bordered by Beaver Lake Road/Dick Road to the south, Cemetary Road to
the west, Davidson Road to the north, and Seaton/Read Road to the east.

The properties within the study zone consist of residential and
agricultural development. The terrain is a mixture of hills and
fields, occasional bedrock outcrops, wooded areas, and orchards. The
roadways have been paved or level coursed and their quality ranges from
relatively good with few lateral cracks (Beaver Lake Road), to very
poor with many potholes (Cemetary/Nygren Road).

Page - 1



INTERIOR TESTING SERVICES LTD.

FIELD WORK

On three separate occasions (June 25, 26 and July 9, 1997), a truck
mounted drill rig was used to drill 32 holes to a maximum depth of 2.4
metres, and 1 hole to 5.5 metres below existing grade. Furthermore,
one additional auger hole was terminated immediately on commencement of
drilling, after hitting a natural gas line on Chase Road (AH25 - SB3),
near Monte Bella Road.

Underlying soils were identified and logged in the field with samples
taken at various depths for further laboratory analysis. In addition,
the soils were categorized after the United States Soil Conservation
Services Hydrological Soil Group as follows.

Group A: soils having high infiltration rates

Group B: soils having moderate infiltration rates
Group C: solils having slow infiltration rates

Group D: soils having a very slow infiltration rate.

Soils were given a split lettering (i.e. Group B/C), where they could
not be classified specifically to one group.

With the exception of AH23 and AH32, each test hole had a 19 mm
diameter pvc standpipe installed to monitor the groundwater elevation.
Twenty two of the standpipes were recorded on July 28, 1997 with the
remaining 9 recorded on August 1, 1997.

Geodetic elevations of the test holes were not obtained.

FIELD AND LABORATORY RESULTS

Location of the 12 study basins and 34 auger holes are showing on
drawing 9788-1. Schematic logs are presented on drawing 9788-2,
followed by the Hydrological Soil Groups on drawing 9788-3. Detailed
soil descriptions and individual hydrological soil categories are shown
on auger hole logs numbered 9788-4 to 9788-36.

It should be noted that where FILLS were encountered, these soils were
not given a "Group" identification. However, in our opinion, these
soils would generally fall in the categories of Group A and/or Group B.

Laboratory work consisted of moisture contents.

Study Basin 1 (SB1l) - Auger Holes 12, 16, 17, 18, 19, 20 and 21

Study Basin 1 is located at the northwest end of the study area. It is
roughly 49 hectares in size and includes Cemetary Road and Nygren Road.

Seven auger holes were drilled in this area, four on Cemetary Road (one
of them outside of the zone - AH21), 2 on Nygren Road and 1 on Bond
Road.

Generally, the soil profile along Cemetary Road consisted of SANDS to
till-like SILT, SAND and GRAVEL. Nygren Road was logged as a silty
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INTERIOR TESTING SERVICES LTD.

SAND/sandy SILT overlying silty SANDS and GRAVELS. Based on the United
States Soil Conservation Services Hydrological Soil Groups, it is our
opinion these soils would be classified as a Group B/C. Auger hole 18
did encounter a fairly clean SAND at 2.1 metres below grade. It would
be best described as belonging to Group A, except for the high water
level.

Auger hole 12 (Bond Road), indicated over 5 metres of silty SAND &
GRAVEL FILL had been used to raise the grade through the existing
gully. Natural soils encountered at 5.2 metres were noted as a brown
fine SAND with some silt (Group A/B).

Water levels ranged from 0.4 metres (AH19) to 1.8 metres (AH16) below
existing grade. Auger hole 12 was dry.

Moisture contents ranged from 7.4 % in the till-like soil (AH17), to
23.1 % in the silty SAND/sandy SILT material (AH18).

Study Basin 2 (SB2) - Auger Holes 13, 14 and 15

Study Basin 2 is located east of SB1l. It is roughly 23 ha in size and
includes part of Bond Road and Williams Road.

Two holes were drilled within this area plus one (AH14) just east of
SB2. Auger hole 13 and 14, located on Williams Road, show brown silty
SANDS/sandy SILTS (Group B and Group C) overlying SANDS (Group A and
Group A/B). Auger hole 15, located on the northern section of Bond
Road, consists of silty SANDS (Group B to Group C at depth).

Auger hole 14 had a recorded water level of 2.3 metres below grade.
Auger hole 13 and 15 were noted as dry.

Moistures in the silty SAND/sandy SILT zone ranged from 14.6 % to
20.9 %.

Study Basin 3 (SB3) - Auger Hole 25 (deleted)

Study Basin 4 (SB4) - Auger Holes 22, 23, and 24

Study Basin 4 is located south of SBl1. It is roughly 17 ha and
includes Long Road, the west end of Camp Road, and Monte Carlo Road.

A total of three holes were drilled in this area. Auger hole 23,
located on Long Road, was logged as weathered BEDROCK (Group D) with
refusal at 1.2 metres below grade. Auger hole 22, on Camp Road, was
logged as interlayered silty SANDS and sandy SILTS (Group B and Group
C) with a water level recorded at 1.1 metres below grade. Auger hole
24 was drilled on Monte Carlo Road. It was recorded as interlayered
sandy SILT and silty SAND (Group B) overlying medium to fine SAND at
depth (Group A/B).

Groundwater was not present in AH23 and AH24.

Moisture contents in AH22 ranged from 22.2 % to 39.8 %.
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INTERIOR TESTING SERVICES LTD.

Study Basin (SB5) — Auger Hole 9

Study Basin 5 is located south of SB2. It is roughly 16 ha in size and
covers an area between Chase Road and Seaton Road.

Auger hole 9 was drilled at the northern end of Seaton Road, just
outside of the study area. The soils change from silty SAND and sandy
SILT (Group B), to SILT (Group C), to SAND (Group A) at depth.

The recorded water level on July 28, 1997 was 1.8 metres below grade.

The moisture content varied from 13.4 % to 21.7 %.

Study Basin 6 (SB6) - Auger Holes 26, 27, and 29

Study Basin 6 is located south of SB4. It is approximately 18 ha and
includes Monte Bella Road and a small portion of Chase Road.

Three holes were drilled in this area, with one of them (AH29) located
on Chase Road. Monte Bella Road varies from a brown silty SAND/sandy
SILT (Group A and Group B) material at AH26, to a till-like silty SAND
and GRAVEL (Group C) at AH27. Auger hole 29, located on Chase Road,
ranges from SAND (Group A/B) to silty SAND (Group B), to coarse SAND
and fine GRAVEL at depth (Group A).

Water levels were noted as 0.6 metres (AH27), dry (AH26), and 1.1
metres (AH29) below grade.

Moisture levels ranged from 7.4 % (AH26) to 17.3 % (AH29).

Study Basin 7 (SB7) - Auder Holes 6, 7, 8, 10, and 11

Study Basin 7 is located south of SB5 and east of SB3. It is
approximately 71 ha and includes Seaton Road and Camp Road.

Five holes were drilled within this zone with three of them located on
Seaton Road (AH6, AH7, AH8). Auger hole 6 encountered brown silty
CLAY/clayey SILT (Group D) overlying fine to medium SAND (Group B) at
depth. Auger hole 7 and 8 were logged as silty SAND (Group B) and SAND
(Group A/B).

Auger hole 10 consisted of silty SANDS/sandy SILTS (Group B/C) at the
surface, to medium fine SAND (Group A/B) at depth. In addition, a

200 mm silty CLAY/clayey SILT layer (Group D) was encountered at 1.7
metres below grade. Auger hole 11 varied from silty SANDS/sandy SILTS
(Group B) to silty SAND and GRAVEL (Group B/C) at depth.

Water levels were noted as 2.2 metres and 2.4 metres in AH6 and AH7
with the remaining 3 holes recorded as dry.

Moistures ranged from 5.1 % in the silty SANDS (AH8), to 30.0 % in the
silty CLAYS/clayey SILTS (AHS6).
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Study Basin 8 (SB8) - Auder Holes 28, 30, and 34

Study Basin 8 is located south of SB7, SB3, and SB6 and is roughly
20 hectares. It includes the cul-de-sac at the terminus of Monte Bella
Road as well as part of Chase Road.

Three holes were drilled in this zone with one at the southernmost end
of Monte Bella Road. Auger hole 28 (Monte Bella Road) was identified

as a till-like SILT, SAND and GRAVEL (Group C). Auger hole 30 and 34

were noted as silty SAND (Group B) to SAND (Group A) at depth.

Auger hole 30 had a water level at 0.7 metres below grade, AH34 was
noted as wet at the base of the piezometer, and AH28 was dry.

Moistures in AH28 and AH34 were roughly 8 %.

Study Basin 9 (SB9) - Auger Hole 31

Study Basin 9 is located south of SB8 and is roughly 24 hectares.

One auger hole was drilled along the east side of Chase Road and soils
were logged as silty SAND and GRAVEL (Group A/B) to till-like SILT,
SAND, and GRAVEL (Group C) at depth.

The auger hole was dry.

Moisture content of the underlying soil was 8.7 %.

Study Basin 10 (SB10) - Auger Holes 3, 5, and 32

Study Basin 10 is located south of SB9 and SB7. It is roughly 73
hectares and includes part of Chase Road, Seaton Road, and Read Road.

Auger hole 32 (Chase Road) was terminated at a depth of 1.2 metres
below existing grade as a result of possible BEDROCK (Group D). The
overlying soil consisted of a brown silty SAND and GRAVEL with some
cobble (Group B).

Auger hole 5 (Seaton Road) encountered silty CLAY/clayey SILT (Group D)
with a sandy SILT (Group C/D) seam at 0.9 metres.

Auger hole 3 (Read Road) consisted of sandy SILT/silty SAND (Group C)
followed by medium fine SAND (Group A/B to A at depth).

Auger hole 5 showed a water level of 0.5 metres below existing grade
and AH3 was recorded as dry. Auger hole 32 did not have a standpipe
installed.

Moistures ranged from 6.9 % (AH3) to 32.6 % (AHS).

Study Basin 11 (SB1l) - Auger Hole 33

Study Basin 11 is located south of SB10 and is roughly 21 hectares in
size.
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Auger hole 33, located near the south end of Chase Road, showed brown
silty SAND (Group B) followed by SAND (Group A) at depth.

The water level was noted at 2.4 metres below grade.
A moisture content of 15.3 % was recorded in the silty SAND zone.

Study Basin 12 (SB12) - Auger Holes 1, 2, and 4

Study Basin 12 is located south of SB10. It is approximately 55
hectares and stretches along the southern section of the study area.

Three holes were drilled in this zone. Auger hole 1, located near the
northwest corner of Highway 97 and Beaver Lake Road, showed brown SILT
and SAND (Group B/C) overlying SAND (Group A). Auger hole 2, located
on the southern end of Read Road, was logged as a brown silty SAND,
GRAVEL and COBBLE (Group B). Auger hole 4 located near the south end
of Seaton Road consisted of brown SILT (Group C), followed by silty
SAND (Group B) with the underlying soil identified as SAND (Group A).

AH1, AH2, and AH4 showed water levels respectively at 2.3 metres, 1.3
metres, and 2.1 metres below grade.

Moisture contents ranged from 14.7 % to 16.5 % in AH4.

CONCLUSIONS

1. The District of Lake Country is proposing to develop a drainage
plan for the Knopf Brook basin that will include existing drainage
corridors as well as address future developments. In order to
evaluate the present conditions, a geotechnical investigation was
carried out to identify the soil and groundwater conditions within
the study area.

2. Oour estimation of the soil classification according to the broad
Hydrological Soil Groups have been shown on the individual test
hole logs and on the schematic logs. These are primarily based on
the indicated soil type, and in some instances (as for till-like
soil) on the soil density. The existing water level is indicated,
but has not typically been used in the classification proposed.

We trust this will assist you. If you have any further questions,
please call.

Yours truly,

INTERIOR TESTING SERVICES LTD. 2
) L4Vﬁ4ké?iCQJaééi§ A
Fiona Sharman, A.Sc.T. Norman K. Williams, P.Eng.
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Group A

Group B

Group C

Group D

United States Soil Conservation Services
Hydrological Soil Groups

Soils having high infiltration rates even when
thoroughly wetted, consisting chiefly of sands or
gravel that are deep and well to excessively
drained. These soils have a high rate of water
transmission. The soils normally consist of deep
fluvial and glacio-fluvial deposits of sands and
gravels. These deposits are often interbedded and
range from moderately coarse gravels to fine
sands, but contain little silt.

Soils having moderate infiltration rates when
thoroughly wetted, chiefly moderately deep to
deep, moderately well to well drained, with
moderately fine to moderately coarse textures.
These soils have a moderate rate of water
transmission. The soils consist of fine sands
containing a moderate amount of silt or deposits
of Group A materials capped with a relatively
shallow layer of silt or silty sand.

Soils having slow infiltration rates when
thoroughly wetted, chiefly with a layer that
impedes the downward movement of water, or of
moderately fine to fine texture and a slow
infiltration rate. These soils have a slow rate
of water transmission. The soils usually consist
of silt and sandy silt deposits.

Soils having very slow infiltration rates when
thoroughly wetted, chiefly clay soils with high
swelling potential; soils with a high permanent
water table; soils with a clay pan or clay layer
at or near the surface; and shallow soils over
nearly impervious materials such as bedrock.
These soils have a very slow rate of water
transmission.

ASOCIATED ENGINEERING

KNOPF BrooK BASIN
TRANAGE STUDY

LAKE CouN'nzY, B.c.

HfPRoLOGICAL
So\L GROUPS

INTERIOR TESTING SERVICES LD,

SOILS ~ CONCRETE — ASPHALT - FIELD SUPERVISION

DATE DRILLING :
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[ x ) 58] Brown Sondy SILT 4o ‘ —‘
i A | SILT past 1500 mm :
g Q (Group B/C.) 7
[ ¢ _SZJU\Y 28/37 [ Brown SAND, fairl ]
_ el 5 clean o liftle stk —_ 5 ]
[ 8 J P Group A) ]
N | Bottom of Holeo 5
[ 5 ]
- s 1| | p- e 5
9 z A e
= 9 e
: : -
- (_) -:
5 ]
- o1 | | pmm———————————- 4]
i 5 ]
= (n -
_ Q .
i z ]
- D 5 -~
i T N 7 :
- (O oisturseo Samet ]
:_ ﬂ UNOISTURSED SAMPLE ]
- L.L. Liowio Lisir .
[~ P L. PLASTIC LismiT
i () cRaB SAMPLE 'DWG. No. 9788 - |7 1]

50Q-9-65 FORM 13

Scar e,
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(SB7)

TesT Hoteg No.
INTERIOR TESTING SERVICES LTD. AH-10
LOG OF TEST BORING
prosect KNOPF BROOK BASIN
Location SEE DWGE.NO. 9788~ g_ jg 1IELD B.C
SOUTH SIDE. of RoaD }3~ € opare 2 : 193
NEAR 2525 CAMP ROAD . S wernoo MACHINE AUGER
LARE COUNTRY, B.C. —d_ pritLer 2ANDWELL, GEOLOGICAL .
2 - REMARKS £ 8’ DRILLING LOG -
MOISTURE CONTENT (%) ;E ﬁ : Eg
o 20 30 40 30 E - Tor of HoLE ELEV. ‘B =
8 A SAND Fili R
- 1 4 SILT SAND ¢ GRAVE.LL ]
) . | FiLL ) .
- 6.2 + Brown Si\‘ly SAND/Sandy ]
T Y Y
¢ 10 SILT, (Group B/C.) ]
r-
4.4 % Brown Sity Fine SAND/ ]
| X N o Sandy SILT, (Group B/
N 259 8 | -
- % (Group D}——_-O Brown Silty CLAY /Clayey SI, haed
i g_ . Browsn Med:=Fine  SAND,
[ a 10 L some. siit, (Greup A/BY ]
i =UDry July 28/57 :
5  Rottorm of Hole ]
[ 5 _ ]
- O e 2=
s z e
8 o 4
[ < ]
i . g
- )
- o1l |\ - e
- : ]
= m -
[ Q 4
i z ]
~ 2 5 .
- e 7 E
[ LEGEND: :
G OISTURRED SAMPLE b
_-_ H UNOISTURBED SAMPLE _‘]
- L.L. Liowio LiMIT 4
~ P L. PLaSTIC LisiT
O araB SAMPLE [ 'DWG. No. 9788 — 13 ]



\ D12 )

INTERIOR TESTING SERVICES LTD,

LOG OF TEST BORING

TEsT Hotx No.

AH-11

ProJect KNOPF BROOK BASIN

Locarion SEE DWGNO. 2788 | 8_ ' IELD B,
SOUTHEAST CORNER of CHASE lg~ € pate 2526+ 199
e CAMP ROAD % MeETHoD MACHINE AUGER
LLAKE, COUNTR.Y; B5.C . —g_ Q) DRILLER SANDWELL, GEOLOSICAL .
§- REMARKS E 8- DRILLING LOG =
MOISTURE CONTENT (%) ;g ‘ﬁ - Eg
1o 20 30 40 30 E - Tor or Horg Ercv. \8 i
[ : Brown Silhy SAND /sanly:
:9-% _)9 ] | SILT (Group B) ]
o ] O |2 -
. (£) (6roup &) —> Brown Fine SAND, some. Sit
— o 1 1 | PFETmmemem s T e T = \ —
[ fs Piakish Brown Silty .
% O] |szAND 3 GRAVEL 1
X B (Group B/C) B
[ £ 11 '_ ]
. é 1),-\/ 10 <z T 2]
- =[{July z8/07 L -
5 Baottom of Holeo B
[ < ]
C k ]
- 1] | P 5
- rd -1
- 9 -4
[ < ]
i b4 i
g ]
- S| | pmmmmm e 4
! 5 :
- m -
[ a 3
N e ]
i z :
! =) 5 ]
} B
[ LEGEND: 7 :
o G DISTURSED SaMPLE 7]
:_ Bl unoisturero SamrLs _:
o L.L. Liguio LismiT h
: P.L. PLASTIC LiMIT ]
i ) B SAMPLE 1 'DWG. No. 9788 - 14

500-9-65 Frgam 3

QAL F.

Fur Nn
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INTERIOR TESTING SERVICES LTD.
LOG OF TEST BORING

Prosect KNOPF BRCOK, BASIN

TesT HoLz No,

AH-12,

Location SEE DWE-NO.9388-1

Samp\c'WPe,

WQI,MNE&-_Q’_B-Q
€ Dpate w
% MmeTHoo MACHINE AUGEE
Q) DRILLER SANDWELL, GEOLOGICAL .

T

TT T
Flll

'Ilerv

MOISTURE CONTENT (%) é[é REMARKS g- DRILLING LQG ’Eé
F .

1o 20 30 40 30 - Tor o HoLt ELLV. B S
[ Brown Silty SAND = :
- | GRAVEL. , pe's of old dree ]
y Sl 200 o 2400 mm
I e I e e e I N \
: |

b e — e e m — e 4 et e — — —

llxljjllllllllllllllllllllllll‘lll

| Brown Si

(GRAVE.L.

UNIFIED SOIL CLASSIFICATION SYSTEM

VIIIIYTllli'IrYI

SIA|

Possible FiLL?

T

1Den B P‘\c'»'lpme:\-er—'

Brown Fine SAN

ySome

Dry July 22/97 4 Shsitt (Group A/B

Ty
L

IVIIUY

LEGEND:
G DISTURSED SamrLE

T™r 7 rr

ﬂ UNOISTURSED SAMPLI

T

L.L. Liouio Lisiy b

Bottom of Heleo

P.L. PLasTic Lismir

O GRAB SAMPLE

'DWG. No. 9788 - |5 ]

SC0-9-65 FORM 3 Ceat

CTio e AN



\ 2Dy

Location SEE DWG NO. 93788~ |
WESTERN PORTION of WILLIAMS

|

REMARKS
MOISTURE CONTENT (%)

10 20 30 40 30

ELEVAYION
¢ Y Y l )

Tor oFr HOLE ELEV.

-

Tesy HoLk No.

INTERIOR TESTING SERVICES LTD. AH-1%
LOG OF TEST BORING

L

prosect KNOPF BRCOK BASIN

DPRAINAGE STUDY, WINFIELD, B.C,
DATE w

MeTHOO MACZHINE AUGER

=z
Q) ORILLER 2ANDWELL, GEOLOGICAL .
0~ DRILLING LOG x=
£ . g
kB 37

- 20.9
X

™Y

1Dmm & 'Pl.e')',omcﬁ'c.«r-’

lll'

l(]llll]'lr'

Ty

™

LEGEND:
D DISTURSED SAMALE

ﬂ UNDISTURSEID SAMPLE
L.L. Licwio LismiT

8 P.L. PLASTIC LiMmIT

O ereB camMpLE

[OryGuay o)

UNIFIED SOIL CLASSIFICATION SYSTEM

FiL.L

| Silty SAND = GRAVEL ]

| FiLL 4
100 eam TOPSOIL efam B 680 wm.

Brown Silty Fine. SAND/

ZSamd R=Y 1 5u |
Grour B) ]

| Brown Fine +o Med-Fine.

| SAND (@depth), some to
litHe sitt, (G:rou’p A)

JO O G

ik (Group A)

 Brown SAND  drace. 7

1

1

1

Pottom of Hole

(V!

N

AlllllJ]llllllllllllll

S S T pe———————

DWG. No. 9788 -l

500-9-65 FCAM 3

T o N



\ Sy

LocaTion SEE DWE-NO. 9788 |

EASTERN PORTION of WIiLLJAMS,
RD., 2m SOUTH of PAVEMENT
m%w

Tor oF HOLE ELEV.

INTERIOR TESTING SERVICES LTD.
LOG OF TEST BORING

Samp\c .-R/Pe,

TEsT Houe No.

AH-14-

protect KNOPF BROOK BASIN

DRAINAGE STUDY, WINFIELD B

WINFIELD B.¢,
€ oate wﬁﬂ

% meTHoo MAZUHINE AUGER.

) ORILLER SANDWELL, GEOLOGICAL .

DRILLING LOG

Sampl

DEPTH
Yy

UNIFIED SOIL CLASSIFICATION SYSTEM

Brown Sikty SAND/Sand
SIVT (C-,-roup <)

s

~

1

lllll

£ Brown SAND, some
<itt, some fine. gravel
@ degthn

(Group A/B)

11111111]11111

| Bottom of Hole

|:|l|11|llljll

'DWG. No. 9788 - 177

T
2z REMARKS
MOISTURE CONTENT (%) iF
10 20 30 40 50 E"
: L
- 44
T X %
[ 13
- Q
- ((\
: v
. £
: X Augy 1/
- || ¥ Aug, 1/57
. .
L
9
s
[
5
s
-
L
|
[ LEGEND:
s D DiSTURBED SamMPrLE
:_ E UNOISTURDNEZD SAMPLE
o L.L. Liouo Limey
2 P L. PLASTIC LismiT
L
O B saMpLe

500-9-65 Foam 5

ScaALE Fuur NO
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INTERIOR TESTING SERVICES LTD.

LOG OF TEST BORING

LocaTion SEE DWGEG-NO. 9788~ ]

S 2z €

3

£
>
Z

TEST Houg No,|

AH-15

PROJECT KNOPF BROOK. BAS‘N
£ IELD B.C,

pate  TUN.Z526Tuq, 1997
meTHoo MACHINE AUGER. ’

EAKE COUNTRY , B.C. Q) ORILLER ANDWELL, GEOLOICAL .

T o -

MOISTURE CONTENT (%) éE REMARKS £ DRILLING LOG Eg

10 20 30 40 S0 P Tor oF HoLg ELgv. \8 Y
I Brown SiH'y Fine. SAND ]
i \0 | some 9Pach ]
. 4 O plGroup B) 7
: £ » -
[ % \ Brown SAND | some. ]
[ o O 5%51 i+, trace- gravel ]
N Q ] (Group B) ]
- § . Piokish Sithy SAND, — 5 ]
[ S 10 53750m¢ aravel ]
[ =L Dr'\{ JU‘Y 26/97 | (Group B/C.) -
" ] | Pottomnm of Holeo .
i ; S
_ s 1! |- 5
! 2 ]
- 9 -
- } o -
- g .
- 2 ]
- 1| | prmmm e S
C 5 :
- m 3 -
[ a 3
- 3 :
T 5 7 5

T 7

!lvrrxliv

L

LEGEND:

D DISTURSED SamrLL
ﬂ UNDISTURBED SAMPLE
L.L. Liouio Listr

P L. PuasTiC Lisiy

O creB sAMLE

|
I
|
|
|
|
|
|
|
|
!
1
!
|
~
llll

111111]1

O

'DWG. No. 9788

500-9-65 FORM 3

ScaLe
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(SBl)

INTERIOR TESTING SERVICES LTD,

AH-16

TLST HoLt No.|

LOG OF TEST BORING

Location SEE WG NO. 7881

EE%

B .

MOISTURE CONTENT (%)

10 20 30 40 30

REMARKS

ELavATIO

prosect KNOPF BROOK, BASIN
y e
€ pate .Z . 199
% MeTHoo MACHINE AUGER

Q-
£ DRILLING LOG

Tor oF HoLx ELEV.

SANDWELL, GEOLOGICAL .
})‘ DRILLER

x -
s
L
w
a.

IIIIIII[IIII

T

T

lrlrlll

T

T

[Dram & Plerometec|

1

% Ay 1oy

LEGEND:

G DISTURBED SAMPLE
Bl UNODISTURSEZD SAMPLE
L.L. Liouio LimsT

P L. PLASTIC LimiT

OmeAM?LE_

Brown Silty Fine. SAND
(Eroup B) I

(Group ) —

Brown SILT,SAND, GRAVEL, -
rillish-W ke, reddishbr. t puk ash seans

3, 1Z00ram, (Grroup &)

Brown SILT, SAND, GRAVEL ]
Hll-like., hard drilling post

[ B

UNIFIED SOIL CLASSIFICATION SYSTEM

Bottom of Hale, o ]

AT S I Y W

1

s

1114441

Vs

DWG. No. 9788 — 19




(581)

INTERIOR TESTING SERVICES LTD, AH-17

LOG OF TEST BORING

LocaTion SEE DWGE-NO. 97981

28 m SOUTH of G of NYGRENROAD,
WEST SUOULDER of CEMETARY RD.

£

TesT Howe No.

ProJect KNOPF BROOK BASIN

mm&&smmmr_gq

DATE

>
l:) % METHOD MACH!NE. AUGEP
LAKE COLSNTR)"/ B-C -—6_ Q) ORILLER M{QAL,
é- REMARKS E 8- DRILLING LOG x~
MOISTURE CONTENT (%) ;E ‘H Eg
10 20 30 40 50 5 = Tor oFf HoLE ELEV. kﬂ i
; 2 Finkish Grey SILT # SAND
[ g same gravel , Hilt-like, ]
:—'1.9 & ¥ AuG. | /9-7 | hard dr-xll\ Past -]
o O Sl iz wmn ( cup C) ]
- «f 1| | Tt I
- E -
v g | ;
- 9 O g ]
[ [Rottorm of Hole . ]
i N :
: :
s 1| |~ 5
- z -
B o i
i F -
= h -
0 9 ]
w
: : ]
- T R 4
4
- 5 ]
- w -
— a -
w
- ‘: 9
K 2 :
- = 53
N e I A ]
N f 7 ]
[ LEGEND: ]
L D DISTURRED SamrLt ]
:_ ﬂ UNDISTURSEID SAaMPLL _.:
- L.L. LiQuio LimrT 4
- P.L. PLASTIC LismiT
: O 2B cAMPLE ) 'DWG. No. 9788 — 20 ]




(sB1)

INTERIOR TESTING SERVICES LTD, AH‘I%

LOG OF TEST BORING

Location SEE DWGE-NO.9728-1

28 m WEST of E. R of 206!\
NYGREN R S lon SOUTH
¢ of ROAD  LAKE COINTRY, B.C.

MOiISTURE CONTENT (%)

L

3

E
Z

P
Q-

£
8

TEST Hote No,|

proJect KNOPF BROOK BASIN ~ '

mu&g_smm,mmq

DATE

METHoD MACHINE AUGEK
priLLer 2ANDWELL, GEOLOGICAL

P
=
[N
W
Q

DRILLING LOG

LA S

Ty

ITII]'II

LA |

vITTITT

T

T

=TT

5- REMARKS
i
o Tor of HoLE ELEV.
5 £
G{1% Aus. 197
5
(C.
R
o
% Harder‘ —¥
Drills
GE) .'Pas+r5
— 1 |2cOwam
u
6
Zz
°
<
v
0]
0
]
o
:
o]
LEGEND:

D DISTURSED SaMrLE
ﬂ UNOISTURSED SaMPLE
L.L. Liouio Lismiv

P L. PLASTIC LimaY

O craB caMpLE

FiLL

GCRAVE.L. Basc.

Brown Sitty SAND/ -
 Sandly SILT

femup B/c)

i s it

AlllLlll

N

Brown Sity Fne SAND/ :.
[Sandy SIL (Group B/C):

Brown 5\“’\/ SAND ¢ GRA.VEL«
oce.. smedll wbbl&(@roup )

»Br'own Med- <C,oar‘5c.5 ND-
Hfairly clean (Group A 7

Pettorn of Holel

0

b — e e - — — — — — —

N

NI S T L Lol

L

'DWG. No. 9788 =721
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(5B1)

INTERIOR TESTING SERVICES LTD. AH-19

LOG OF TEST BORING

Location SEE DWG-NO. 9788~ |

TTsT Houe No.

proJect KNOPFE BRCOK BASIN

M&&SIJDJ.,MNE&Q‘_BQ

BEZMN WEST of ENTRANCE o l’?‘ E DATE

21 NYGREN RD. ¢ LS m SOUTH. ! = meTHoo MM

of @ of ROAD, LAKE COUNTRY BL o o oritLer 2ANDWELL GEOLOGICAL -

T s -

MOISTURE CONTENT (%) E'E REMARKS ﬁ £ ORILLING L.OG ES

10 20 30 40 50 ;:" Tor of HolLr ELEV. \B 6RAVE_L=;BO$€- “Q L
- BIK.Org.SILT — = ry
[ [ Brown Si SAND, some ]
C iee Jq-) Y Aue. /97 grey , wet @ T60 mm -
[ x + Group B) ]
: ) lo |efCreue ;
- | | Eo=====——C-——== =
[ 2— (’;w‘e,y Silty Coarse SAND ]
g ) L Fre GRAVE L, harder]
- lis4 o . drilling Past 1900 mm ]
g £ ] | Eoomommm e 2
i : Group C) —» _{Grey SILT SAND, GRAVEL ,Hl(-
- x 9 | ( P O =5 (;ke,y B\a‘;\c prxl-:}\e_s ,C»\dspecs
E : ;
i k ]
- @11 | e T 5~
o z -
L o E
a < .
0 u i
g g )
— o1 | rH—mmm—m——m————————- L}'—.
: ; ]
[ g -
- 2 3
C 3 5 i
A LEGEND: S 7 :
- C] DISTURNED SaMrLEL T
_'._ M UnoisTuREED SaMrLE :.
o L.L. Lieuio LisiT 4
f‘ | P L. PLASTIC LimiT
- O &r88 cAMPLE 1 'DWG. No. 9788 — 27 1




(5m1)

TEsT Hote No.

INTERIOR TESTING SERVICES LTD. AH—EO

LOG OF TEST BORING.
g_ /g PROJECT KNOPF WK&S‘N

Location SEE DWGE-NO. 9788 | IELD B.C,

.EEAIN&&QJQI,MNELQFB
E DATE M&g&iﬂ
Z merHoo MACHINE AUGEE
) ORILLER SANDWELL, GEOLOGICAL .

-

EEF

Sc\mp\c:—'_ﬁl

1. 0 . -

MOISTURE CONTENT (%) gE REMARKS g DRILLING LOG ’Eg

10 20 30 40 50 :.'- Tor oF HoLE EtLEV. KB g -
s FiLl |GRAYEL BASE. ]
s \5  Brown Silty Medium ]
: § a  bilsAND, (Eroup B) .
a 9 I ]
[ 2 Aue V[27 1! | Fr—m———————————= | 3
B 0 ;
[ 'O :
r
a £ ‘ | [Praan <en=y_sl\y_b4ed7_ =
[ o O] PAFine +o Fipe SAND
[ — (Group B) ]
3 Bottom of Hole =
i ! .
: E ;
: s1 | | T 5
= z -
i z :
I 2 ]
d k ]
- 9 :
; :
:- d —————————————— 4—-

e |

g 2 :
L [1)] ]
8 2 N
[ : ]
: i - 53
- F -

LEGEND: -1

D DISTURBED SamrPLL

ﬂ UNDISTURSBEZD SamrPLE I -1

L.L. Liquio LimiT b
PLASTIC LimIT

O GRAB SAMPLE. 'DWG. No. 9788 — 7% 1




L

_(58])

INTERIOR TESTING SERVICES LTD. AH-2

LOG OF TEST BORING

LocaTion SEE DWG-NO. D788~ |

FRONT of ENTRANCE 4 1524
CEMETARY fgC)-,'2245113 EAST g£
¢ of ROAD [ AKE COUNTRY, B.C.

MO!ISTURE CONTENT (%)
10 20 3o 40 50

ELEVATION
[ ‘ Y l H

REMARKS

Tor oF HoLE ELEV.

SclmPIcL -T\/pe,

£
3
z
)

o
£

8

TEZST HoLx No.

prosect KNOPF BROOK BASIN

QEALN&E_S]IJMNﬂ&QrB.Q
DATE Mw
metHoo MACHINE AUGER
oritLer 2ANDWELL, GEQLOGICAL

DRILLING LOG x

g

Road Bace (;'IZAVE.L.?

™

T 7

1

l1111

'T]"lll]ﬁrTll[llT!

IIII

LR i (L AR B §

vr]rr

T

LAl SN S SN ¢

[Dmen B Plezometer

_%ILIY 28/0]

1

LEGENO:

a
- |

L.L.

5

DISTURSED SamrLE
UNOISTURBED SAMPLL

Liouio LM

. PLASTIC LisuT

GRAB SAMPLE

UNIFIED SoIL CLASSIFICATION SYSTEM

[Brown S'll'\')/ SAND
(C—:.roup B)

1lnIIi1

e — — e — o — — e —— -

Brownish Grey SILT, SANQ
T GRAVEL , Hil-like. ]
 hard dr'\IIin% Post 1Zzoomm]

==

@roup ) ]

I
I
|
!
I
!
|
!
I
|
I
I
!
I
™N
llljll

Pottom of Hole

T U T T

|

|
I
|
[
!
I
I
I
I
I
I
I
|
I
()
l |

.

'DWG. No. 9788 - 24




o047

INTERIOR TESTING SERVICES LTD,
LOG OF TEST BORING

Location SEE DWGENO. 9881

LB M EAST of LONG RD. ® Tm

TEST HoLg No.

AH-22

proJect KNOPF BROOK BASIN

mam&_mwﬁiq_sc‘

}’7_" £ bate
SOUTH of § of CAMP RD. = memnoo M»anm:_ AUGER
LAKE COUNTRY, B.C.. ’(‘)‘)_ ) ORILLER
. o —
MoISTURE CONTENT (%) gE REMARKS \% E DRILLING LOG E;
10 20 30 40 30 ;' Tor aF HOLE ELEV. \8 TOPSIL . -
I Brown Interlayered ]
r 22.24 L Sl SAND. 7 Sa ]
9 X 33 _% O pilsiu (Group B/C)y o
[ Z s (6roup B/c}—vo CoTLt Cvrc\/ Sitry SAND/Sandysu::
: <m0 | Y %JUL'\’ 28Jq7 | o Al Grey Sandy SILT £ E
- x|28.4 v 1 Vo\c,ar'uc. A5J (G-;Poup ) ]
" b (Gr‘oup %/c}—-o SHGr Sity Fine. SAND/ Sandy SICT]
3 754 Q. Rus-l-éBrowﬂ StH~>/ Medlum
[ < ¢ 10 PESAND (to med- fine) P
6% (Gproup B) .
. Bottom of Hole 7
X < 3
3 E il
. s1! | mr——————————- 3
= F4 b
- o] ~
[ < ]
L v R
- ]
- si| | Fm—m——————————— 4
i 3 ]
- m -
[ a N
g : ]
L ) 5 ]
: ]
N ] 7]
i LEGEND: 7 :
D DISTURBED SAMPLL B
__ u UNOISTURBZO SAMPLEL _-:
o L.L. Liquio Lisit 4
" P L. PLASTIC LismIT
i O B saMALE. 1 'DWG. No. 9788 - 25 1

500-9-65 FORM



2

(sB4)

TEsT Houg No.

INTERIOR TESTING SERVICES LTD. AH-z=
LOG OF TEST BORING

proJect KNOPF BRCOK BASIN
Location SEE DWG-NO. 9738~ 1 g_ ’)g WMNEE_Q’_}
24 m SouTH of ENTRANCE +o

IELD B.C,
>~ DATE Mm,_ml

% METHOD MACHINE AUGER.
Q) ORILLER SANDWELL, GEOLOGICAL .

o

E

REMARKS DRILLING LOG

EL‘l{:rvlu:N
Sclmp\c
Samep)

DEPTH
v

Tor oF HoLE ELEV.

Weather=d BEDROCK

(Group D)

lllllllllll

Refusal —»

111!11111411111111[1111111

b —— e —— s — e — — —

a

1..11.11%1

UNIFLED Soil. CLASSIFICATION SYSTEM

p e — — e —— e — — ——

\p

AlLllllALL‘llllllll

LEGEND

O DiSTURSED SaMPLE

ﬂ UNOISTUREELD SAMPLE

I
|
I
|
I
|
I
I
|
I
|
I
|
|
—
1[11111L11

L.L. Liouio LimiT

P L. PLASTIC LimiT

o D. €

MOISTURE CONTENT (%)
10 20 30 40 so

L

-

.

L

=

-

L

-

L

L

5

=

s

Lol

QO e cAMPLE ‘DWG. No. 9788 - 746




se4)

TEsST HoLE No.,

INTERIOR TESTING SERVICES LTD. AH-24
LOG OF TEST BORING

..

Z MeTHOD MACHINE AUGER

Location SEE DWGE-NO.9788-1
I WEST of EAST ]2 oF 216D

MONTE CARLO ROAD ¥ | en NORTH
oA G oF ROAD L AKE COUNTRY

B.C.

REMARKS
MOISTURE CONTENT (%)

ELEVAYION
¢ X Il ]

10 20 30 40 30

Tor oF HOLE ELEV.

Y

Q- :

£ DRILLING LOG
$

prosect KNOPF BRCOK BASIN
WMF_‘&Q’}-Q
DATE M___I&i,_l?}il

DRILLER m%j%

DEPTH
(4]

T

T Ty

7T

[9mm T Pierometer

{

vllvﬁvllv

YIrTIIII'IIIIIVTl

'Il

rrTrrrry

T

LEGEND:

D DISTURBED SammrLL

H UNOISTURSED SAMPLE

L.L. Liouio Limit
P L. PLASTIC LimiT

O GRAB SAMPLE.

Dryuly 2297

UNIFIED SOtL CLASSIFICATION SYSTEM

]

FiLL.

ROAD BASE. GRAVEL-

k=l

N

Dark Brown Sandy SILT
L SiHy SAND (old obsoie 2

Brown SxHy SAND
(Group B)

| Brown Medium to Fine. ‘
SAND , some S..'IH', Yrace
coarse sar\d

(Group A/B)

llllLlll

lxllllllllllll

A[lllllllllllllLl_LJlll

DWG. No. 9788 ~ 777 ]




&,

TesT Hole No.

INTERIOR TESTING SERVICES LTD. AH-26

LOG OF TEST BORING

LocaTion SEE DWGE - NO. 9788~ |
NORTH SHOULDFER of ROAD
ERONT of 0470 MANTERELLA

REMARKS
MoOISTURE CONTENT (%)

ELRVYAYION

10 20 30 40 50 Tor oF HoLEL ELEV.

Somgpl

prosect KNOPE BROOK BASIN
\ IELD B.C,

€ oare M_Z_E,Léﬂg_t.d,_l?@_]

% METHoo MACHINE AUGEE

oriLLer 2ANDWELL, GEOLOGICAL .

DRILLING LOG

DEPTH
(%724

74

1B @ Pesreometer| )

| Pry July 26/57

IlllIf?ll[lTTfIllﬁllllvv

T

LaEn |

UNIFIED SoIL CLASSIFICATION SYSTEM

LEGEND:

D DISTURBED SamMrLL

B unoistussco SampPLx
t.L. Lrouio LisiT

rrryrrorr

P.L. PLAasTIC LimiT

O GRAB SAMPLE.

ISAND £ GRAVEL Road

| Pase- .:
| Brown Sithy SAND/sandyz
| SILT (G(“ou-p B)

1

1

Brown Silty SAND
(Group A/ ®)

111[1114]1111’

Pottom of Hole

N

Allllllllll!llllllllLl

'DWG. No. 9738 - 28 ]




(5BG)

INTERIOR TESTING SERVICES LTD.

TECsT HoLt No.

AH-27

LOG OF TEST BORING

LocaTion SEE DWGE-NO. Q788 - |

ZZ M SOUITH of 16410 MONTE.
BELLAROAD, WEST SHOU DER

LAKE COUNTRY, B.C..

VATIO
\u

MOISTURE CONTENT (%)

10 20 30 40 50

REMARKS

Tor OF HOLE ELEV.

Sﬂmp\c —R/Pe,

prosect KNOPF BROOK, BASIN

PRAINAGE STUD
C oate 31JN-254 ZG;IUL,‘R; 1997
% MeTHOoO MACHINE AUGEE

ORILLER MM&MEAL’

1EL .

G

DRILLING LOG

Samgpl

DEPTH
Cyin

)

I9men Piesometer:

{

LI N S O R

IIIIYTIIIY

T

T

LEGEND:

v July 28/57

Refusal

D DISTURRED SamrLx
ﬂ UNDISTURNEZD SamrLt
L.L. Liouio LisaT

P L. PLaSTIC Limiy

O creB sAMPLE.

UNIFIED SOIL CLASSIFICATION SYSTEM

Brown SiHy SAND <
IGRAVEL , hill-like. , hard
dr'llllhg (Group C.)

Ul

IJJlllllllllll

s e e —— e — — — —— — — a— —

N

e — e — e e — ————— — ——

N

lllllll]lllllllllllllllllllllll

'DWG. No. 9788 -29
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(SBS )

LocaTion SEE DWG NO. D738~ |

SW SIDE of CUL-DE-SAC.

S0 WEST of PAVEMENT  NEAR
o250 MONTERELLA ROAD

LAKE coUNTRY SR C .

INTERIOR TESTING SERVICES LTD.

LOG OF TEST BORING
g_ ‘g ProJecT KNOPF BROOK BASIN -

m&mwﬂ@,}g

TEsT HoLe No,

AH-28

€ Date

3 .
-7 METHOO M&HJNE:_AU.QL
Q) DRILLER SANDWELL, GEOLOGICAL .

a Dv-z.{\uly Zb/97 o
[ A |

'llllllll'lll"l

T

UNIFIED SOIL CLASSIFICATION SYSTEM

r]x

LEGEND:
D DISTURSED SAMPLL

ﬂ UNOISTURBED SAMPLE

L.L. Liouio LimiT

LANLIRE 200 HND SNt 1 S

PLASTIC LisiT

Oc,meAMm

I Q- -

MOISTURE CONTENT (%) ;E REMARKS E DRILLING LOG Eg

10 20 30 40 30 5" Tor of HoLE ELEV. (B a.
X 9 || |Brown Sitty SAND + .
! o) Ly |GRAVEL FlLL. .
28 o Light Grey SILT, SAND 7]
: 8 O |SlGRAVEL | fill-like_ ]
- £ Craup C) |
F 7.9 E ]
|| §
- = h

AT LT R e N

(DWG. No. 9788 - 20
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iz (sBe)

Tesy Howe No.
INTERIOR TESTING SERVICES LTD. AH-29
LOG OF TEST BORING
proJect KNOPF BROOK, BAS‘N
Location SEE DWGE-NO. 788~ l 8{ jg wwﬂﬂwfq
WEST SIDE of ROAD  BETWEFEN l? € oare TUN.ZS Z563TuL.q, 1997
o % ]o CHASE RD. . = memHoo MACHINE AUGE® :
LAKE COUNTRY. B.C.. — Q) ORILLER SANDWEL, GEOLOGICAL .
. e
MOISTURE CONTENT (%) Eé REMARKS E E SRISCING 06 Eé
1o 20 30 40 SO i Tor oF HoLE EL:V.\H kB 82
Flu_' Brown SANP F GRAVEL ™
169 |
N Brown Medium SAND, ]
[ ol[come s\H‘ trace gravelg, ]
e 700 C—roup A .
: Y Aue. 1/2 1!l | F————-——————— | —
X 2‘\ IS / 7 O d Prown SIH')/ SAND ’
9f] ? (Group B :
Qa n
Q ]
E ] J.BmwmgzorjaﬁéN_D £ _ o]
: £ O] B3Fine GRAVEL , some. =it ]
f —L Group A) B
I  Bottom of Hole_ 7
[ z ]
- I T B 3
- z -
L 9 .
o 1 ]
C Y 7
A 2 ]
- S I 4
- 5
L un b
. a .
: : ]
8 D 5 i
[ ]
3 7
8 P I 7 ]
- C] DISTURRED SAMPLE )
:_ ” UNOISTUARRLD SAMPLE ]
o L.L. Liquio Lisir _:
[ P L. PLASTIC LimiT
: O e avioe DWG. No. 9788 - 2|




(Spo)
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T

L

T

LENL S N an

Tesy Hote No.
INTERIOR TESTING SERVICES LTD. AH-30
LOG OF TEST BORING
prosecT KNOPFE BROOK, BAS‘N
Location SEE DWGE-NO. 9788 - | 8‘ jg .G
WEST SHOULDE R, FRONT OF }/ g DATE = ! 25
DRRIVEWAY 10250 CHASE ROAD ) Z MeETHoDo MACHINE AUGER
LAKE COUNTRY , B.C. o o) oritier 2ANDWELL GEOLOGICAL
I q -
MOISTURE CONTENT (%) ;E REMARKS \}EE £ DRILLING LOG gg
10 20 30 40 so ;" Tor or HoLt ELEV. KB i
| Y| [SAND ¢ GRAVEL FiLL ]
Brown Si H-Y SAND, 3
A trace oravel ]
3| |2 hue. /o7 Q |l =9 ]
's (C:rPOup B) ]
| L I T U o
E:‘)_ (Group A)—s Brown C-M-F SAND foirly clean
Q 1 Brown Med-Eine. SAND ]
[corme. st ]
S T Z'—
5£7_J (Group A) ]
Bottom of Hole E
5 ]
I -
| : :
| 3 .
< ]
61| | o i
§ )
a ]
s ’ ]
o) ]
—————————————— 54
LEGEND: a o 7 :
D DISTURBED SamMPLE b
H UNOISTURBLO SAMPLE L j
L.L. Liquio Limtit E
P L. PuasTic Limir
O creB sAMPLE 1, [DWG. No. 9788 - 22 |

emm o~ . o



(s 3) £

INTERIOR TESTING SERVICES LTD.

TesT Hotg No.

AH -1

LOG OF TEST BORING

LOCATION SEE DWG-NO. 9788 -]

EAST SHOULDER. of CHASE. ROAD.
LAKE COUNTRY B.C.

REMARKS
MOISTURE CONTENT (%)

10 20 30 40 L1

ELEVATIO4
M«

Tor oFf HotZ ELEV.

Samp\c -T_\/PQ’

prosect KNOPF BROOK BASIN

IELD B.C,

€ oare Mw

—2' MeTHOoD MACHINE AUGER.

D SANDWELL GEOLOGICAL .
/Q RILLER

Q-
£ DRILLING LOG

T

T T

=

19 223z ¢ P\eac)me"\'or‘

Ill

lvll]ll!l]llvv

LEGEND:

D DISTURBED SameLx

B UNOISTURBED SamriLL
L.L. Liquio LismiT

P L. PLASTIC LimIT

O creB samMpLe

Dry Au\y 26/57:

UNIFIED SOIL CLASSIFICATION SYSTEM

Brown Sitty SAND £
|GRAVEL (Boulder near
 surface) (Group Af B)

llllllll

Grey SILT, SAND 2
IGRAVEL.  till-like. | hard
dr"\ll'\ng Past 1500 wmm
(Group )

c\ T T T T T T Va

—

Illlllllllllll

e —— —— . — e s e o —— ——

Q)

lLllllll

S T NN |

Alllll]l

DWG. No. 9788 - 3%
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(SBIO)

INTERIOR TESTING SERVICES LTD. AH—SZ_
LOG OF TEST BORING

{3

IELD B.C,
€ oare  JuN.2e  3ITU -, 19T

LOCATION QEWL__
EAST SHOULDER | GH mM SOUTH
of 978! CHASE. ROAD

LAKE COUNTRY, B.C. .

REMARKS
MOISTURE CONTENT (%)

ELEVATION
€Y Y t H

10 20 30 40 30

Tor or HolZ ELEV.

Sﬂmp\c.—w

Sample Nu

Tesr Houe No.

prosect KNOPF BROOK, BASIN

DRANAGE STUDY, WINFIELD B

METHOD MACHINE AUGE®
oriLLer 2ANDWELL, GEOLOTICAL .

DRILLING LOG

DEPTH
(¢!

T

lll'll'Tl

BPEDROCK. 7

Ill"ll'l!'

| SR

I’rjr]"v'[""[""]Illlll'll[l’lll]'!fllllll

LEGEND:

T r=Y

D DISTURRED SaMrLE

ﬂ UNDISTURSED SAMPLL

L.L. Liouio LT

P.L. PLasSTIC LMt

LENLANN S0 B G |

O &raB saM7LE

Refusal ————»

UNIFIED SOIL CLASSIFICATION SYSTEM

4

 Brown Silky SAND £
IGRAVEL. |, some. cabble y
 hard drfl\fn3 @ 200 mm

1 4.1 )

(Group A[B) .
—————————————— E
| Bottom of Holeo ]
—————————————— Z—j
—————————————— 3-
______________ A7

P
E— 5

'

Aol

&

llJlJLll

I
|
|
I
|
|
!
|
|
|
I
I
|
|
—~
AllllllLALI

'DWG. No. 29788 -24




(sSel )

Location SEE DWGE NO. 9788~ |
LD SOUTH of D614 CHASE.
ROAD EAST SHOULDER,

LAKE COUNTRY B.C.,

REMARKS
MOISTURE CONTENT (%)

ELEVAY!ONM
(||l’

10 20 30 40 30

Tor oF HOLE ELEV.

INTERIOR TESTING SERVICES LTD, AH‘%

LOG OF TEST BORING
8&_ _Ez PROJECT l(flC)Fq: E5F§:S?FL.E55€Sl54

S

Z
)

Samgpl

TLST Hote No.

'

DATE w

meTHOD MACHINE AUGER
oriLLEr 2ANDWELL, GEOLOGICAL .

DRILLING LOG é

DEPTH

T

5.3

Ty

(9 nen & Piepometer

~Ak]

'lllllli]lllY

T

T

T

LEGEND:
D DISTURBED SamMPLE

q
UNOISTURSED SAMPLE
o L.L. Liquio LiriT

PLasTIC LisiT

O GRAR SAMPLE.

(Greup BY—0O

July zz/57

UNIFIED SOIL CLASSIFICATION SYSTEM

Fll.

| Brown SiH'\/ SAND i ]

Brown Silty SAND (Greouo B

Brown Sitty Med-Fine SAND |

L Brown SAND, frace Sand):
| tTace gravel

([‘proup A)

|
I
|
!
|
|
|
I
I
|
I
f
!
|
N
11111111!11

'DWG. No. 9788 -25 ]




(SB& )

TEST Hout ND.

INTERIOR TESTING SERVICES LTD. AH—B’

LOG OF TEST BORING
g ‘g PROJECT KNOPF WK&\S‘N

Location SEE WG NO. D788 - l 1EL .,
NORTH SIDE of ROAD, EAST of >~ oate  TUN.Z5 2 Ju.q, (97
10151 CHASE. ROAD . = memHoo MACHINE AUGER

|LAKE COUN'TR.YI B-C Q) DRILLER SANDWELL, GEOLOGICAL

T o -
MOISTURE CONTENT (%) gE REMARKS E PRILLING LOG ég
10 20 30 40 30 2" Tor or HoLL ELEv. KB .

C L | [Pl |SAND ¢ GRAVEL FiLL
8.4l .%) : (Brown Silty SAND, charcoal]
[ O 3 [lg[Pits @ T00mm O FILL T ]
- (E) W ¢ (Group B) 1
b— S 4 | P — — T T T T - T l —
8. S Brown Medium +o Rne ]
! T (@ depthn) SAND, some. ]
: o |72 ;
[ S =4 ]
[ (C—.»r‘oc._xp Px) ]
. £ ]
- g 1l 2
i 6 1 ]
[ ~| We*-..\uly 25/37 . i
N ] Bottorm of Holeo R
. < N
! = ]
- 1| | P 2]
= z -t
- 9 -
L - .
] ( —
N v R
8 ]
- ol | | Fmmmm 4
[ 3 [ )
o m -
- E —
: : ;
L ) 5 -
S e 6
: LEGEND :
o D DISTURSED SamMmLL 4
:_ ﬂ UNOISTURSELOD SAMPLEL _-]
- L.L Liouio LismtT -1
- P L PLASTIC LimIT
- ) a8 oamMpLe 1 rDWG. No. 9788 "Zé ]




