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Statement of Qualifications and Limitations
The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“AECOM”) for the benefit of the Client (“Client”) in
accordance with the agreement between AECOM and Client, including the scope of work detailed therein (the “Agreement”).
The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):

 is subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications
contained in the Report (the “Limitations”);

 represents AECOM’s professional judgement in light of the Limitations and industry standards for the preparation of
similar reports;

 may be based on information provided to AECOM which has not been independently verified;
 has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and
circumstances in which it was collected, processed, made or issued;

 must be read as a whole and sections thereof should not be read out of such context;
 was prepared for the specific purposes described in the Report and the Agreement; and
 in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the
assumption that such conditions are uniform and not variable either geographically or over time.
AECOM shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no
obligation to update such information. AECOM accepts no responsibility for any events or circumstances that may have
occurred since the date on which the Report was prepared and, in the case of subsurface, environmental or geotechnical
conditions, is not responsible for any variability in such conditions, geographically or over time.
AECOM agrees that the Report represents its professional judgement as described above and that the Information has been
prepared for the specific purpose and use described in the Report and the Agreement, but AECOM makes no other
representations, or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the
Information or any part thereof.
Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or
construction schedule provided by AECOM represent AECOM’s professional judgement in light of its experience and the
knowledge and information available to it at the time of preparation. Since AECOM has no control over market or economic
conditions, prices for construction labour, equipment or materials or bidding procedures, AECOM, its directors, officers and
employees are not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether express or
implied, with respect to such estimates or opinions, or their variance from actual construction costs or schedules, and accept no
responsibility for any loss or damage arising therefrom or in any way related thereto. Persons relying on such estimates or
opinions do so at their own risk.
Except (1) as agreed to in writing by AECOM and Client; (2) as required by-law; or (3) to the extent used by governmental
reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied
upon only by Client.
AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to the
Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or
decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those
parties have obtained the prior written consent of AECOM to use and rely upon the Report and the Information. Any injury, loss
or damages arising from improper use of the Report shall be borne by the party making such use.
This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject
to the terms hereof.
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Executive Summary
The SCRD’s Chapman Water System supplies potable water to approximately 10,000 Sunshine Coast
service connections between Gibsons and Secret Cove with the main source being Chapman Creek and
includes two headwater alpine lake reservoirs. The primary reservoir is Chapman Lake with a concrete
dam and valve located on the outlet which is operated remotely by the SCRD to control releases into
Chapman Creek. The existing dam on Chapman Lake is three metres high fitted with a sluice gate at the
bottom of the structure. The amount of water that can be released annually from Chapman Lake is
currently limited by the water licence to 906,600 m3, however, the current estimates indicate that the
amount of water actually available is slightly less at 905,000 m3. The current maximum drawdown of
Chapman Lake is 3.0 m and during a typical year, water stored behind the dam is allowed to overflow
naturally until the water level drops below the dam crest and which point the SCRD begins to manage the
release from the sluice gate. A portion of the total flow released from Chapman is conveyed down
Chapman Creek to the point of diversion for the SCRD water treatment plant. In addition to the flow
diverted for the drinking water needs of the community, a minimum additional flow of 0.2 m3/s is released
to accommodate the hatchery and the in-stream requirements for fish. The SCRD also manages the
water demand through restrictions that are brought into effect in summer months. The current water
control structures are permitted under an existing BC Park Use Permit and various Water Licences.
The Chapman Lake Supply Expansion Project is designed to access additional water from Chapman
Lake for release into Chapman Creek during times of drought. The infrastructure required includes a
gravity fed system with a 190-m long, 900-mm diameter pipe buried beneath the existing outlet channel.
The intake for the pipe would have an invert elevation of 965.1 m which would allow access to an
additional 1 million m3 of water. In September 2015 the SCRD Board adopted a resolution that in part
stated that this new infrastructure would “only be utilized during periods of drought and until the long term
source development projects specified in the SCRD’s Comprehensive Regional Water Plan are
constructed”.
In August 2016 a field campaign was conducted to augment the environmental assessment study done in
1998 (Whitehead 1999) to complete an environmental assessment for the project. Findings from 2016
included:

•

Rock samples from the area of the existing dam were collected and submitted for geochemical
analysis. The results from the samples indicate that the rock is not acid generating.

•

Additional fish sampling support the findings in the Whitehead (1999) report, only Dolly Varden Char
(DV) were caught and all but one large fish were similar in size to the fish caught by Whitehead. Also
the gill netting catch per unit effort was very similar between the 2 studies. Note, we have confirmed
that fish samples from the 1998 study were sent to BC MOE for analysis and they were confirmed to
be DV (Dave Bates, pers. Comm.). EVS (1999) reported that Chapman Lake may have historically
supported cutthroat trout but suggests that rainbow trout were stocked into the lake before the
province maintained stocking records and they may have out-competed the cutthroat trout. The report
also suggests that the DV may be a result of fish stocking. We could find no information to
substantiate these suggestions. Overall conclusion is that Chapman Lake supports a mono culture of
Dolly Varden Char.

•

Fish sampling indicates that juvenile rearing takes place in tributary streams and young of the year do
not enter the lake. The tributary that flows into the lake from the north into the east end of the lake
appears to be the most productive stream for spawning DV. The other large stream at the east end
of the lake (flowing in from the south, yielded no juvenile DV during sampling. The small stream
channels such as the one near the helipad at the west end of the lake also appear to be spawning
and nursery areas for DV.
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•

•
•
•
•

•
•
•

Water samples were submitted to a lab for analysis of standard parameters. The only
parameter that exceeded Canadian Council of Ministers of the Environment (CCME) was
total aluminum reported at 0.111 mg/L just above the criteria of 0.1 mg/L. Water chemistry
and other parameters (i.e. secchi reading) indicates the lake is oligotrophic (low productivity),
which is expected for this high elevation lake.
Whitehead (1999) commented on a rotten egg smell emanating from the mud substrate
suggesting the presence of hydrogen sulfide. We analyzed water samples for hydrogen
sulfide and the results indicate that H2S levels in the lake are below detection.
All water samples analyzed for total mercury were below the detection limit of 0.005
micrograms/L (parts per billion).
2016 temperature and dissolved oxygen profiles of the Chapman Lake water column were
very similar to the 1998 data.
Muscle tissue from 5 fish were analyzed for total mercury and results ranged from 0.029 to
0.184 mg/Kg wet weight. This compares to the BC Tissue Residue Guidelines to Protect
Wildlife from Mercury Toxicity, which is 0.033 mg/kg wet weight for methyl-mercury. The
majority of the mercury in fish tissue would be in the form of methyl-mercury. This is provided
as a measure of current conditions for comparison with future samples.
The field program collected data on vegetation and ecological communities to complete
Terrestrial Ecosystem Mapping for the area within 500 m of the lakeshore.
Plant surveys in August did not identify any rare plants within the proposed construction area.
Opportunistic observations of wetland areas and creeks did not reveal any SARA listed
amphibians that could be present including the western toad or the coastal tailed frog.

A summary of the project effects, mitigation measures and determination of residual impacts of the project
were completed in order to assess the construction and operational impacts for the project. The
assessment focused on seven environmental and social aspects associated with the construction and
operation of the new system. The following table provides a summary of the findings. The construction
phase will employ standard construction techniques for which there are mitigation measures that are
effective for containing and managing the effects of earth moving, blasting and other general
requirements (fuel handling, waste management, etc.). Because this work is being carried out in a
provincial park environment the residual effects of some construction activities have been rated moderate
but the effects are only present during construction and will revert to pre-construction conditions once
construction is finished. A site remediation plan will be developed to return all disturbed areas to preconstruction conditions and the remediation work will be monitored to track the effectiveness of the work
and, if necessary, identify additional work that might be required to achieve proper restoration.
The operational phase will result in increased drawdown of the lake during summer drought conditions
with the main issue being the frequency that the lake will be drawn down below the current maximum of
3 m. Studies in 2013 indicated that the SCRD would require storage of 2,090,000 m3 to meet water
demand for the projected population in 2036 during a 1 in 25 year drought. This exceeds the existing
combined storage capacity of Edwards and Chapman Lake by 394,000 m3 and would require drawing
Chapman Lake down to approximately -4.5 m. Recent climate change modelling conducted by Metro
Vancouver for the lower mainland suggests that annual precipitation will increase by the 2050s but the
summer months through September will experience an average reduction in precipitation of 19% and May
snow packs could diminish by 50%. This combination will change the summer hydrology of the Chapman
Lake watershed and likely cause the current 1:25 year drought conditions to occur more frequently by the
2050s, however the SCRD is planning on developing alternative water sources to augment the Chapman
system well before 2050.
In a more immediate time frame, the existing storage capacity of the Edwards and Chapman Lakes
system is still not sufficient to meet current water demand under drought conditions. The 2013 analysis
60485918-Environmental Assessment Report 2016-11-18
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suggests that current storage could satisfy a 1 in 21 year drought event. This is due to the required water
release to maintain the environmental base flow and the per capita demand for water in the Chapman
System. The SCRD is taking steps to reduce the per capita demand through the installation of water
meters and a more rigorous application of the drought management plan (i.e. water use restrictions).
There is also anecdotal information that suggests that the 2015 drought could be in the order of a 1 in 100
year drought, however this result was based on an analysis of the 2015 conditions on St Mary’s Lake on
Salt Spring Island which typically experiences dry summer conditions. In the near term, the combination
of water demand management and potential severity of the 2015 drought suggest that drawing Chapman
Lake down below -3 m will be an infrequent event and a full draw down of 8 m would only occur under the
most extreme drought conditions. The expected drawdown of Chapman Lake to meet severe drought
conditions is between 4 and 5 m.
The residual impacts of the operation of the proposed system and drawing the lake down by a full 8 m
has been rated as negligible or low, primarily because it is expected to occur infrequently and the lake
would refill within a short time once the fall rains begin. Also, there should be several years between
drought conditions that will allow recovery from any detrimental effects caused by significant drawdown
below -3 m. However, monitoring of biophysical parameters in and around Chapman Lake during periods
of draw down below -3 m is recommended to confirm the assessment of the effects presented here.
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Project Effects, Proposed Mitigation Residual Effect and Assessment of the Proposed
SCRD Water Project
Component

Mitigation Measures

Geophysical: Blasting plan to be developed by a certified blaster
Blasting
Limit blasting overpressures to a maximum of 133 dB
(follow DFO guidelines http://www.dfo-mpo.gc.ca/pnwppe/measures-mesures/index-eng.html )

Residual Effect

Magnitude Geographic Temporal
Extent
Bound

Overall
Impact

Construction: Vibration and Noise

L

L

L

Low

Operation: No residual effect

-

-

-

-

Use well maintained equipment
Apply dust suppression when required
On site fuel containers to be have proper caps and to be
covered
Minimize helicopter flights to the area

Construction: Degraded air quality from
heavy equipment, helicopter use and
dust

L

M

Low

Low

Monitor effects during drawdown

Operation: Increase of dust from lake
drying

L

L

L

Negligible

Noise

Typical mitigation measures may not be practical due to
the need to complete the work within a defined period.
Use proper and well maintained equipment
Minimize flights required to the area
Work outside of sensitive breeding windows
Avoid areas with species sensitive to noise
Early and late day work to be avoided
Some mitigation measures may not be practical

Construction: noise from blasting,
helicopter and construction equipment

M

M

L

Medium

Operation: No residual effect

-

-

-

-

Terrestrial
Resources

Develop a vegetation remediation plan
Proper camp design and set up
Erosion and sediment control plan
Fence off the work and laydown areas
Ensure appropriate construction timing to avoid wildlife
breeding season or conduct appropriate surveys prior to
clearing (i.e. birds and amphibians)
Proper management of potential wildlife attractants

Construction: Temporary loss of
vegetation/wildlife habitat and change in
biodiversity, camp wildlife attractant,
disruption of wildlife,
Draw down effects on wildlife such as
amphibians

L

M

L

Medium

Air Quality
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Component

Aquatic
Resources

SocioCommunity:
Recreation

Heritage
Resources

Mitigation Measures

Residual Effect

Magnitude Geographic Temporal
Extent
Bound

Overall
Impact

Operation: Potential effect on amphibians
from lowered water levels in wetlands

L

M

L

Low

Emergency spill response plan/spill cleanup equipment
and properly trained staff
Installation of sediment and erosion control measures
Installation of intake pipe in the dry
Salvage fish from any areas where water is cut-off from
the lake and will be dewatered

Construction: Release of sediment or
other deleterious substances,
resuspension of sediment, contamination
with wastes.
Potential restriction of access to
spawning areas

M

M

L

Medium

Water demand reduction programs (e.g. metering)
Infrequent drawdown below -3 m
Maintain current water release requirements to maintain
fish habitat downstream during low water
Provide sufficient plunge pool at base of dam to avoid
harm to fish going over the dam and dropping 8 m

Operation:
Instability of shoreline or creek mouths
causing sedimentation and erosion,
Changes in lake dynamics including
temperature profiles
Drying of exposed shoreline below -3 m
and associated changes to lake side and
aquatic vegetation.
Downstream effects unchanged
Temporary restriction of access to
spawning areas for Dolly Varden

M

M

L

Low

See air quality and noise for mitigation
Installation of information signage
Screening of construction areas
Minimize duration of construction

Construction: Reduced quality of
recreational experience due to equipment
noise and other activities related to
construction

L

L

L

L

Infrequent drawdown of lake below -3 m

Operation: Altered viewscapes leading to
diminished quality of recreational
experience

L

L

L

Low

Confine work areas to sites disturbed during the original
dam and channel construction in 1978
Monitor for artifacts of archaeological significance during
excavation
Conduct archaeological survey of shoreline when draw
down for construction is at its lowest level

Preliminary field reconnaissance did not
identify a significant potential for
archaeological resources to be present in
the construction area

-

-

-

-
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1. Introduction
The Sunshine Coast Regional District (SCRD) operates a number of water distribution facilities within its
jurisdiction between Egmont and Langdale. One of the systems, the Regional Water Service Area,
supplies 90% of the Sunshine Coast residents with Chapman Creek being the main source of water. The
Chapman Creek system includes two headwater lakes which are managed to provide water during low
flow summer conditions. The SCRD has installed outlet structures on both lakes to control the release of
water.
Chapman Lake and the upper Chapman Creek watershed are located in Tetrahedron Provincial Park a
Class A park which is protected under the Park Act and subject to conditions of the park’s management
plan (MELP 1997). The lake is also in the shíshálh Nation territory (formerly Sechelt Indian Band).The
SCRD license for water storage in Chapman Lake pre-dates the creation of Tetrahedron Provincial Park,
and once the park was established, the park management plan (BC Parks 1997) included the continued
use of the lake as a community water supply for the SCRD. The current water control structures are
permitted under an existing Park Use Permit and Water Licences. There is also a temporary Park Use
Permit and temporary short-term Water Use Permit in place for a temporary syphon system (both of
which expire in August 2017).
In 2013 the SCRD Board approved a Comprehensive Regional Water Plan (CRWP) that was developed
by Opus Dayton Knight (2013). The CRWP identified that under current conditions the Chapman Creek
system did not have the capacity to provide water during drought conditions. The CRWP made
recommendations for both short term water supply requirements and options for longer term needs to
meet projected population growth and water demand in 2036. The short term plan recommended
accessing additional water from Chapman Lake to mitigate the risk of water shortages during drought
conditions. The plan recommended establishing a floating pump or alternative design on Chapman Lake
to draw water into Chapman Creek. The CRWP was made available to the public and was the subject of
public consultation before it was approved by the SCRD Board in 2013.
In 2015 much of BC including the Sunshine Coast experienced a series of record conditions (low snow
pack, low rainfall and high temperatures) resulting in a severe shortage of water in Chapman Creek with
Chapman Lake coming within a few days of running out of accessible water. The exceptional
circumstances of the summer of 2015 resulted in the SCRD imposing Stage 4 water restrictions in the
area serviced by the Chapman water system. To alleviate the acute water shortage, the SCRD was
granted approval for Short Term Use of Water by the Province, permitting a maximum diversion of an
additional 1.0 million m3 of water from the Chapman Lake by installing a series of pipes that would syphon
water out of the lake. However, water restrictions were lifted in early September after 4.5 days of rain
refilled Chapman Lake. Given this experience the SCRD Board decided to implement the plan approved
in its 2013 CRWP and install a permanent gravity fed system that would be capable of accessing an
additional 1 million m3 of water from Chapman Lake. The following resolution adopted by the SCRD
Board at its September 10, 2015 meeting implementing a revised Drought Mitigation Option:
THAT the General Manager Infrastructure Services’ report dated August 25, 2015 titled
Drought Mitigation Options be received;
AND THAT the SCRD move forward with the design and approval process for the
Deepen Channel option, recognizing that the system will only be utilized during periods of
drought and until the long term source development projects specified in the
Comprehensive Regional Water Plan are constructed;
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AND FURTHER THAT the design, engineering and environmental impact assessment of
the Deepen Channel option be presented to the Board for consideration.
The Board committed to use the additional water from Chapman Lake only during periods of drought and
not to meet long term demand. Other solutions would be investigated to meet the water demand for the
growing population on the Sunshine Coast.
AECOM Canada Ltd. was hired by the SCRD to complete the engineering, public consultation, and
environmental assessment work associated with the implementation of the Project. This report is provided
to support the permitting process that is required to obtain approval from the provincial government,
specifically for an amendment to the SCRD’s Park Use Permit, and a water licence under the Water
Sustainability Act.
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Figure 1

Sunshine Coast Regional District
Chapman Lake Water Supply Expansion Project Environmental Assessment

1.1 Regulatory Requirements
The Sunshine Coast Regional District has had a Park Use Permit in place since the park was created in
1995 that allows the SCRD to occupy and use areas at the outlet of Chapman and Edwards Lakes for the
purpose of managing the drinking water supply for the Sunshine Coast. The current Park Use Permit for
Chapman Lake (No. 102714) was issued on February 1, 2014 for a period of 10 years. However, in order
to construct the new infrastructure and manage additional drawdown of Chapman Lake an amendment to
the existing Park Use Permit will be required. In April 2016 the SCRD filed an application to amend the
permit. In June 2016 BC Parks provided the SCRD with a review of the materials submitted and
requested additional data be collected and summarized to facilitate the assessment of the application.
Additional information requested required the SCRD to confirm and update the data collected in 1998 and
presented in the report “Impact Assessment. Sunshine Coast’s Proposed Water Storage Project (Floating
Pump Station) on Chapman Lake, in Tetrahedron Provincial Park” (Whitehead 1999). The proposal to
withdraw additional water from Chapman Lake was originally approved in 1999 but was not proceeded
with by the SCRD Board at the time but has been resurrected and approved by the current Board to
address the shortfall in the Chapman System to supply adequate water during drought conditions as
predicted by studies (Opus DaytonKnight 2013) and experience during the summer of 2015. The Park
Use Permit application requires that an environmental assessment (EA) report be prepared and
consultation be carried out.
The SCRD will also require licences and approvals under the Water Sustainability Act (WSA). The
approval to make changes in and about a stream will be required for the works required to install the
gravity system and any other associated works in Chapman Lake or immediately downstream in
Chapman Creek. A new water licence will be required to withdraw the additional 1 million m3 of water out
of Chapman Lake. This EA will also be used as part of the application for the WSA approval and in
partial fulfillment of the water licence application which requires an assessment of environmental flow
needs to ensure aquatic resources are not put at risk. This report includes discussion of the effects of
additional water withdrawal from Chapman Lake and any alterations to flows in Chapman Creek
immediately downstream of the lake. The SCRD has undertaken studies of the lower or anadromous
section of Chapman Creek to determine the minimum flow requirements for fish that utilize that section of
the creek which will be summarized in Section 5.3.

1.2 Watershed Administration
The Chapman Creek watershed intersects with the Coast Forest Region and the Sunshine Coast Forest
District, the Sunshine Coast Timber Supply Area, and Tree Farm Licence Area 39 (MOF 2005 in Triton
2006). The majority of Chapman Creek watershed is designated as a Community Watershed under the
Forest and Range Practices Act. As the primary source for drinking water on the Sunshine Coast, the
Vancouver Coastal Health Authority is responsible for ensuring that the relevant portions of the provincial
Health Act and the Drinking Water Protection Act are applied to the watershed.
The portions of the watershed above 800 m elevation are located within Tetrahedron Provincial Park
(Figure 1). The middle portions of the watershed are mostly provincial Crown land. The lower portions of
the watershed above the SCRD water intake are also mainly Crown land, with five private legal parcels
(District Lot 2461, 2463, 2462, 7613 and 3374).
The watershed is also located within the Chapman Landscape Unit, which is managed under the
Chapman Landscape Unit Plan (MSRM 2002 in Triton 2006). This plan specifies Old Growth
Management Areas (OGMA) in which timber harvesting and road construction cannot occur unless no
other practicable options exist, in which case there is a provision for replacement of these areas. There
are at least seven OGMAs within the assessment area.
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1.3 Access Description
The main access points into the lower watershed include the Sechelt-Dakota FSR, the Airport Road FSR
and the East Wilson Creek FSR (Figure 2). Access roads within the watershed are gravel and vary in
width (1 or 2 lanes) and accessibility. Since 2001 a number of access roads in the lower and mid-portions
of the watershed have been deactivated and rehabilitated.
Access to the lakes and cabins in the upper watershed in Tetrahedron Provincial Park is by foot from trail
heads accessed via West Main Road to Gray Creek Mainline, which is located within the Gray Creek
watershed and from the east along the McNair FSR.
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2. SCRD Water Supply
2.1 Overview of SCRD Water Supply
The SCRD operates multiple water systems to supply the residents and businesses of the Sunshine
Coast with potable water. The largest system is the Chapman Water System which supplies potable
water to approximately 10,000 Sunshine Coast service connections servicing 23,000 customers between
Gibsons and Secret Cove. The water source is Chapman Creek and surrounding watershed, which
includes two headwater alpine lakes that have been modified to serve as reservoirs. The primary
reservoir is Chapman Lake and Edwards Lake is a secondary source and both lakes are within
Tetrahedron Provincial Park. Dams have been built on the outlet of each lake which allows the SCRD to
control the flow of water into Chapman Creek for withdrawal 17 km downstream at the intake for the
Chapman Creek Water Treatment Plant.
The existing dam on Chapman Lake is three metres high and from fall to spring water flows freely over
the top of the dam. When water levels drop below the dam crest a sluice gate at the bottom of the
structure is used to control the release of water from the lake. The sluice gate can be remotely operated
from Regional District offices through Supervisor Control and Data Acquisition (SCADA). The amount of
water that can be stored in Chapman Lake is prescribed in water license No. C050724 at 906,600 m3.
However, more recent estimates have calculate the volume to be slightly less at 905,000 m3. The amount
of water that can be released is governed by the configuration of the outlet channel and control structure.
The release of the maximum volume from Chapman Lake results in a vertical drawdown of approximately
3.0 m below the outlet crest height. Photographs provided in the Photograph Section of the report show
the area of the existing dam, the outlet channel and immediately downstream in Chapman Creek. The
SCRD has a similar water release structure on Edwards Lake that has the capacity to release
791,000 m3. The combined capacity of Edwards and Chapman Lakes is 1,696,000 m3.
During a typical year, snow melt and rainfall ensure that the lake is at the full pool elevation of 974 m and
the water stored behind the dam is allowed to overflow naturally until the water level drops below the
crest. At this point the SCRD opens the existing low flow outlet and the flow from the outlet pipe is
regulated to maintain sufficient flow for fish and water supply. The current operating procedure is to
maintain at least 0.3 m3/s in the creek below the water intake for the water treatment plant (Figure 3)
under normal conditions and 0.2 m3/s under low flow conditions. The amount released from Chapman
Lake is determined by the amount of flow measured at the stream flow gauge located downstream of the
SCRD water intake. The Water Treatment Plant has a design capacity to treat 0.3 m3/s or 24,500,000
liters per day.
Since 2014 SCRD has been able to monitor the water levels and flow releases from Chapman Lake in
real time and adjust the water flow from the lake remotely. This monitoring now allows the SCRD to
accurately manage the flow from Chapman Lake to meet the drinking water demands and to supply the
flows required for fish. Prior to 2014 flow from the lake was adjusted manually and required SCRD staff to
fly up to the lake and make the necessary adjustments which was done on an as needed basis. Figure 3
shows the drawdown and refill of Chapman Lake for 2014 – 2016.
The fish hatchery located downstream of the SCRD intake also has a water licence on Chapman Creek
and it typically uses up to 0.1 m3/s of the instream flow but their water licence allows them to take a
maximum of 0.28 m3/s. The hatchery use of the water is a flow through situation with water extracted from
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the creek, it passes through the hatchery and is released back into the creek less than 100 meters
downstream of the intake.

2.2 Hydrology of Chapman Creek
A detailed analysis of the hydrology of Chapman Creek can be found in Chapman and Reksten (1991).
This report summarized the stream flow data from two Water Survey of Canada gauges that were
operated on Chapman Creek; 08GA046 was located at the lower end of the creek near Wilson Creek
Community and operated from 1959 to 1970. Station 08GA060 was established on the creek upstream
of the original SCRD water intake and ran from 1970 to 1988. A third station not included in this study,
08GA078, was established downstream of the current SCRD water intake and operated from 1993 to
2003. Chapman and Reksten (1991) analyzed the data from 1959 to 1988 which includes 9 years of data
after the flow control was established on Chapman Lake in 1979. The fact that flows out of Chapman
Lake were managed is not anticipated to have a significant effect on the overall hydrologic analysis as the
Chapman Lake watershed is just 8.6 km2 (13%) of the entire watershed captured by Station 08GA060 of
64.5 km2. The biggest influence would have been during the summer low flow periods when the SCRD
releases the water held in Chapman Lake to augment flows.
100
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Figure 3:

Date (day-month)
Chapman Lake water levels May to October, 2014 to 2016

The following summarizes the results from Chapman and Reksten (1991) based on the gauging station
located above the SCRD intake (Sta 08GA060). Mean annual discharge was 4.53 m3/s with the months
of peak flow being May and June with an average flow of approximately 7 m3/s and the month of lowest
average flow was August at 1.18 m3/s (Figure 4).
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Figure 4:

Chapman Creek Hydrograph (Station 08GA060)

Chapman and Reksten (1991) calculated flows for various low flow return periods for Chapman Creek at
the station above the SCRD intake (08GA060) using data from 1970-1988. The results estimated the
frequency of low flows in Chapman Creek for June 1 to September 30. The normal 7 day low flow was
0.21 m3/s (i.e. with a 2 year return period) and the 7 day low with a 10 year return period was 0.06 m3/s.
Table 1 provides the flow values for the summer months for the Chapman Lake watershed area
estimated by prorating the Chapman Creek data by the proportion of the Chapman Lake watershed.
Table 1:

Estimated monthly mean, maximum and minimum flow into Chapman Lake based on
1959 – 1988 data for Chapman Creek (calculated from Chapman and Reksten 1991
data)
Month

May
June
July
August
September
Annual

3
Discharge m /s

Mean Flow

1.03
0.91
0.40
0.16
0.25
0.604

Maximum

1.95
1.80
1.33
0.88
0.85
0.91

Minimum

0.50
0.36
0.11
0.04
0.03
0.39

The existing capacity for Chapman and Edwards Lakes has been demonstrated to be limited based on
the conditions during the summer of 2015. Continuous, controlled water release from Chapman Lake
began on May 30th and the lake was down to -2.9 m by August 5th. Had the proposed gravity release
system been in place in 2015 and SCRD had not gone to stage 4 water restrictions and the ongoing
release from Chapman Lake followed the same rate as the 10 days prior to the start of stage 4 (average
3.5 cm per day), Chapman Lake would have been lowered to -3.8 m.

60485918-Environmental Assessment Report 2016-11-18

24

9

Sunshine Coast Regional District
Chapman Lake Water Supply Expansion Project Environmental Assessment

Using the minimum estimated inflows into Chapman Lake (Table 1), Table 2 provides an estimate of the
amount of water that is available during low water conditions based on lowest recorded flows over 29
years of flow measurements on Chapman Creek. The estimated total amount of water available between
June 1 and September 30 assumes that the lake is full on May 31.
Table 2:

Estimate of total monthly flow into Chapman Lake under low flow conditions
Month

Low Flow m3/s
0.36
0.11
0.04
0.03

June
July
August
September
Total
Current Available Storage (Chapman +
Edwards)
Total Available water June 1 – Sept 30

Month Total m3
933,100
296,600
107,100
77,800
1,414,600 m3
1,696,000 m3
3,110,600 m3

The CRWP estimates that the current annual average daily water demand over the year for the Chapman
Water System to be 14,300 m3/day with summer demand ranging from 18,000 to 25,000 m3/day. The fish
flow 0.2 m3/s amounts to 17,280 m3 per day. Using an average summer demand of 21,000 m3/day, the
Chapman system would be able to supply 38,280 m3 per day for approximately 81 days. This is
considered a conservative estimate as it only accounts for the contribution from the Chapman and
Edwards Lake areas of the Chapman Creek watershed and not the other 83% of the watershed that also
contributes flow to lower Chapman Creek. However, to provide certainty of fish flows and drinking water
supply in more severe drought conditions, i.e. 1 in 25 year drought access to additional water from
Chapman Lake is required.

2.3 Meeting Future Demand
In 2013 the SCRD issued a Comprehensive Regional Water Plan to provide guidance for water
conservation and system expansion to accommodate the growth identified in various Official Community
plans through to the year 2036 (Opus Dayton Knight 2013). The CRWP evaluated the capacity of
Chapman and Edwards Lakes to provide water through a 1 in 25 year return period drought, a level of
service recommended by provincial guidelines for managing drought (MOE 2016). Analysis provided in
the CRWP considered the projected population growth and associated water requirements under a
scenario of intensive management of water demand through to 2036 (i.e. use of water metering). The
scenario included a population growth of 2% per year and an average water usage of 480 litres per capita
per day based on implementation of intensive demand management measures. Under this scenario the
projected storage volume required to meet the water demand during a 1 in 25 year drought was
2,090,000 m3 of water (Opus DaytonKnight 2013). This indicated that the Chapman system was
350,000 m3 short of being able to meet the water demand in 2036 under drought conditions. Withdrawing
another 350,000 m3 of water from Chapman Lake would draw the lake down to approximately -4.5 m.
The CRWP also concluded that the existing storage in Chapman and Edwards Lakes was only capable of
suppling water through a 1:21 yr. drought. This analysis was based on the existing per capita demand for
water from the Chapman System. The SCRD is taking steps to reduce the water demand through the
installation of water meters (to be operational in 2018), more rigorous application of a drought
management plan and education. The water metering program is expected to reduce the existing
demand by 25% (Opus DaytonKnight 2013). The current project to access additional water from
Chapman Lake was developed to address this short fall over the short term while additional sources of
drinking water were developed.
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2.4 Climate Change
Climate change is an important consideration in the assessment of Chapman Lake being able to provide
sufficient water in the future. A study by Staats (2014) indicated that the data suggests that the Chapman
Creek watershed is shifting from a snowmelt dominated system to one more reliant on rain fall. The
hydrologic analysis of the Chapman Creek watershed by Chapman and Reksten (1991) shows that the
months with the highest mean flows are May and June, likely due to snow melt, however, higher
maximum flows are reported for January and October, driven by rain and rain on snow events. In
September 2016, Metro Vancouver released “Climate Projections for Metro Vancouver” which used
various climate models to develop predicted changes in climate parameters such as temperature,
precipitation, and snow pack by the years 2050 and 2080. AECOM has reviewed this report and provided
a summary in the context of Chapman Lake which is provided in Appendix A. This report confirms the
findings by Staats including the prediction for smaller snow packs by up to 50% by the year 2050, and
longer and drier summers extending into September with increased rainfall in the fall, winter and spring
months.
Chapman Lake responds relatively quickly to rainfall events, for example over 829,000 m3 of water flowed
into Chapman Lake over 4.5 days of rainfall to fill the lake quickly in the fall of 2015. This suggests that
even under climate change rainfall will continue to fill the lake quickly in the fall and would keep it full
through the spring months. The local rainfall weather station at Gower Point in Gibsons, the closest
station with a long record of weather data collected by Environment Canada 1 shows evidence of
decreasing summer rainfall. Figure 5 shows the rainfall from June through September for various time
periods. The average July rainfall in the 2011 – 2016 period is 6% less than in the period from 1981 –
2010. August rainfall has decreased 11% over the same period. This supports observations from SCRD
staff that summer conditions have been drier in recent years and flows in Chapman Creek have been
lower.
The effect of the reduced base flow from a smaller snow pack resulting from climate change is difficult to
quantify without stream and precipitation gauges in the upper reaches of Chapman Creek. This along with
an average decrease in rain of 19% by 2050 and another 10% by 2080 during the summer period will
result in what is currently considered to be a 1:25 year drought to occur more frequently. The analysis in
Section 2-2 indicates that the current water supply will last for 81 days under low flow conditions. If the
19% reduction in rainfall estimated to occur with climate change is applied, the available water will drop to
66 days. The additional 1,000,000 m3 of water available in the lake if it is drawn down to -8 m would
extend the water supply for another 26 days for a total of 92 days of water available under extreme
drought conditions.

1

http://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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Figure 5

Precipitation recorded at Gower Point Gibsons from 1981 - 2016 (from Environment
Canada)

While climate change is predicted to further reduce the available water supply that can be provided by
Chapman Lake during summer conditions, the predicted values used here are not expected to be
reached until 2050. Also, the analysis provided has been done conservatively using current low flow
levels, assuming no contribution of water from the rest of the Chapman Creek watershed and without any
efforts to reduce the water demand on the Chapman Water System.

2.5 Summary
The CRWP has predicted that the current Chapman Creek system does not have sufficient capacity to
meet demands under drought conditions. This was evident in 2015 when the SCRD was required to
implement Stage 4 water restrictions. There is some evidence that the drought in 2015 was much more
severe than the 1 in 25 year condition assessed in the CRWP. A study of drought conditions on St Mary
Lake on Salt Spring Island estimated that the return period of the 2015 drought was in excess of a 1 in
100 year event (Hodgins 2015). Had the SCRD been able to draw water out of Chapman Lake below the
-3 m level, analysis suggests that the lake would have been drawn down to -3.8 m in 2015. Climate
change analysis indicates that conditions could get more severe with drier, warmer summers but there will
be plenty of water over the rest of the year to refill the lake should significant summer drawdown be
required to satisfy water demand during droughts. The analysis presented here used predicted
conditions in 2036 and 2050 but the SCRD continues to carry out the recommendation in the CRWP
which includes the development of additional water supply and storage in order to meet the projected
population growth through to 2036. While future conditions will increase the possibility of drawing
Chapman Lake drawn to -8 m, the 2015 experience and the CRWP analysis of 2036 drought conditions
suggest that the drawdown of -4 m to -5 m will be sufficient to meet 1:25 year drought conditions.
However, for purposes of this assessment it will be assumed that a full 8 m draw down could occur on a
frequency of 1 in 25 years.
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3. Project Description
3.1 Plan
In order to access additional water during times of drought the SCRD has chosen to augment the existing
outlet infrastructure at Chapman Lake by adding a gravity fed system. This includes a 900 mm diameter,
210 m long pipe buried beneath the existing outlet channel. The pipe intake would be located at an
elevation of 966 m or 8 m below the current “full” water elevation of the lake (974 m). The pipe will be
installed using an open cut excavation in the existing soil and bedrock complete with cutting through the
existing concrete outlet weir. With the proposed new intake pipe installed at a deeper location SCRD will
have access to another 1 million m3 of water. Drawings of the proposed layout are provided in the
Drawings section of the report.
The new 900 mm dia. pipe will be fitted with a T–shaped intake providing two openings to keep intake
velocities to a minimum (Drawing C-103). The two 1.9 m diameter intakes will be fitted with a 25 mm
open area trash rack. Calculations indicate that the velocity around the intake will be 0.14 m/s for this
configuration. The objective of this design is to reduce velocities that would pull debris toward the intake
and entrain the fish that could be present. The cover is intended to prevent sticks and debris from
entering the diversion pipe, while minimizing the opportunity for plugging.
The existing 3 m deep outlet structure will be maintained and the deeper outlet will be located just to the
left (looking downstream as shown on drawing C-100) with a separate valve and operating mechanism.
As shown on the drawings, the channel downstream of the outlet will be deepened to receive the water
from the low level pipe. The discharge channel will be extended approximately 25 m downstream and will
provide a 2 m deep pool at the base of the 8 m high dam. The pool will provide protection to fish that
pass over the weir
The control of the flow from Chapman Lake will be achieved with 2 valves located on the cast-in-place
concrete weir wall constructed at the existing outlet of the lake. The existing -3 m control valve and water
supply channel will be maintained and used as the primary mechanism for the controlled release of water
from Chapman Lake. Once the water levels drop below - 3 m a new valve located at the outlet of the
900 mm diameter diversion pipe will be opened. This valve will control the flow of water through the new
900 mm diameter diversion pipe that will allow water access to the available water down to -8 m.
Downstream of the existing weir the plan is to enhance the existing channels to provide defined flow
paths during the overflow events and the operation of both the -3 m and -8 m diversion valves. During the
overflow events the water will be diverted into a plunge pool. The overflow plunge pool will also be the
outlet for the -8 m diversion. The -3 m diversion and downstream channel will be maintained as a path for
fish during the operation of this valve. The -3 m diversion channel will discharge into the -8 m pool prior to
entering the existing Chapman Creek channel to ensure there is always flow within the plunge pool. This
plan is intended to improve the current situation that results in fish being trapped in the pools downstream
of the existing weir after overflow events.
Figure 6 identifies the existing Park Use Permit area and the additional area that will be required to
construct the new intake. The yellow area is the extra space needed for construction, laydown and worker
camp that represents a land area of approximately 1,500 m2 and an in-lake area of approximately
11,700 m2 for a total of 13,700 m2 that would be required for the pipe installation
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3.2 Construction
Construction of the project is restricted due to weather and snowpack conditions. Typically there is
considerable inflow to the lake through June. In order to carry out the construction the lake level must be
lowered to install a coffer dam to dewater the outlet channel and allow the excavation necessary to install
the pipe. Work must be completed prior to the start of significant fall rain which could have the potential to
overtop the coffer dam. Considering these constraints the preferred construction schedule is from July 4
to September 30, 2016. The following is the general order of work within that 3 month period. This
schedule is likely to change as the design work is advanced and more details on the preferred
construction methods are developed:

•
•
•
•

The SCRD would open the existing -3 m outlet in April/May, 2017.

•

Once the lake is down to -3 m an initial coffer dam will be established at Sta 0+100 (Drawing C-101).
Specific details of the coffer dam will be left up to the successful contractor but it is anticipated that
something like a Portadam will be used (see Appendix B) that does not require the use of large
volumes of material.

•

Once the area is isolated from the lake, work will begin on the dam, and the low level outlet channel,
expected to start on July 1, 2017.

•

It is expected that the coffer dam will be moved a few times during the course of the project as the
water level is lowered in Chapman Lake in order to move it out beyond the intake location to complete
the installation of the pipe. The pipe excavation will start at the existing weir and move toward the
middle of the lake. In order to install the intake end of the pipe the lake may have to be drawn down
below the -8 m level depending on the type of coffer dam used.

•

During this past summer a seismic survey was completed to determine the approximate location of
the bedrock without completing test drilling or digging test pits. The seismic survey determined that
the bed rock is expected to be roughly 0.5 m below the existing soil surface. During construction the
soil overburden will be stripped and stockpiled. The stockpiled overburden will be used for pipe
bedding and surround. The trench rock will be blasted to a depth upwards of 7 m to install the low
level outlet pipe. Blast rock will be used to infill the trench and to armour the -3 m channel leading to
the outlet. Drawing C-103 provides details of the trench.

•

The majority of the trench excavation for the diversion pipe will consist of bedrock blasting. The rock
blasting will be completed in small controlled blasts that comply with the DFO guidelines. The blasted
rock will be used for the trench backfill. Screened, clean blast rock will be used to amour the surface
of the channel.

•

Material removed from the trench will be used to backfill the trench and re-establish the existing
channel at a -3 m elevation (relative to full pool level). Excess material from the trench will be spread
along the side and top of the existing channel and graded to match the existing land. This will be
completed to allow the channel at the -3 m elevation to be used in the future as the primary point of
diversion during the summer months. The channel will be connected to the existing weir wall that
contains the existing -3 m diversion valve on the north side of the Chapman Lake outlet. This will
allow the existing -3 m diversion and channel at the outlet of Chapman Lake to be retained.

•

Downstream of the existing weir the plan is to enhance the existing channels to provide defined flow
paths during the overflow events and the operation of both the -3 m and -8 m diversion valves. During
the overflow events the water will be diverted into a plunge pool. The overflow plunge pool will also be
the outlet for the -8 m diversion. The -3 m diversion channel will discharge into the -8 m pool prior to

Site clearing and set up of a construction camp for approximately six people in mid-June.
Establish a laydown area to store and maintain equipment, fuel, waste management facilities, etc.
Install the syphon system to bypass water around the existing outlet channel to maintain flow in
Chapman Creek by June 15th.
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entering the existing Chapman Creek channel to ensure there is always flow within the plunge pool.
This plan is intended to improve the current situation that results in fish being trapped in the pools
downstream of the existing weir after overflow events. The plunge pool is the point of discharge for
the -8 m diversion pipe that will be used during situations when the water level in Chapman Lake is
less than 3 m below the weir elevation.

•

The existing weir wall will be strengthened to meet the current dam standards once the rock blasting
for the installation of the 900 mm diameter -8 m diversion pipe is completed. The new weir will be
constructed with cast-in-place concrete.

•
•

Substantial completion is expected by September 15th, 2017.
A site restoration plan will be prepared to restore the camp, laydown and excavation areas and the
banks of the outlet channel. The restoration plan will include the use of native grass seed and the
planting of trees and shrubs as appropriate. A comprehensive restoration plan will be developed as
described in Section 7.0.

3.3 Operation
As indicated the SCRD Board has passed a resolution that committed to only drawing water from below
the existing operating level (-3.0 m) to avoid stage 4 water restrictions during times of drought. The
SCRD’s Drought Management Plan has identified four stages of increasing restriction of water use. The
first stage automatically goes into effect on May 1. Subsequent restrictions are imposed based on the
evaluation of a set of criteria and guidelines used to assess risk of drought or water shortage. In
determining increases to restriction to Stages 2, 3 and 4 the SCRD considers the following:

•
•
•
•
•
•
•

Time of year and typical seasonal trends;
Snow pack assessments and snowmelt forecasts;
Storage volume of water sources and draw down rates;
Stream flows and monitoring data;
Weather, recent conditions and short and long term forecasts;
Water usage, recent consumption and trends; and,
Water supply system performance.

Withdrawing water below -3.0 m will not occur unless drought conditions have required Stage 3
restrictions and weather forecasts indicate that conditions will persist and the lake will not be recharged
by rainfall. Sufficient water will be released through the low level outlet to meet the current requirements
to protect fish and to service the community. The current operation requires sufficient flow to be released
from Chapman Lake to maintain an instream flow for fish of 0.3 m3/s below the SCRD intake which can
be reduced to 0.2 m3/s during the summer dry season with an additional amount added to meet the
SCRD water demands which typically requires a total flow release from Chapman Lake of approximately
0.44 m3/s to 0.55 m3/s.
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4. Aboriginal Consultation and Public
Participation
4.1 Introduction
The BC Parks Impact Assessment User Guide describes Ministry expectations in terms of Aboriginal
consultation and public participation at various levels of review:
Level 2, Detailed Screen
At this level, potential public issues should already have been identified.
Further consultation may be required in certain circumstances. For example:

•
•

if new issues are identified in the Detailed Screen or if previously identified issues require elaboration

•

the public may be contacted if any specific issues are found to have significant impacts that may
potentially affect interest groups or the general public.

the public may be contacted as a source of more detailed information on protected area values or
human uses in the area of the proposed action

If a proposed action is approved at this stage, or if the action requires further evaluation (through a full
impact assessment), the responsible officer should identify any recommendations for public consultation
as part of the decision statement for the Detailed Screen.
Level 3, Full Impact Assessment Report
This level of assessment requires considerably more public consultation. At a minimum there will be
public notification regarding the proposed action. The public involvement program should be appropriate
to the scale and complexity of the assessment. The parameters and objectives of the public involvement
program should be defined in the terms of reference for the study (BC Parks Impact Assessment Part 2,
User Guide, Appendix 6, 1999)
The BC Parks Tetrahedron Park Management Plan further states:
…with respect to the SCRD’s need to enhance its water system infrastructure/water use
of the Chapman/Gray Creek watersheds within the park for future community water
supply. A public consultation process to review any options proposed by government that
may affect the existing park designation will be implemented… (BC Parks Tetrahedron
Park Management Plan 1997)
Clarification of Aboriginal consultation and public participation requirements for the Project was provided
in BC Parks Regional Director’s correspondence of June 6, 2016 with SCRD Infrastructure Department
General Manager. The correspondence considers whether letters of support can be obtained from the
shíshálh (Sechelt) Nation and Skwxwú7mesh Úxwumixw (Squamish) Nation to confirm their interests
have been addressed, while expressing interest in having the SCRD hold additional meetings with
stakeholder groups to address concerns regarding the Project.
Aboriginal consultation and public participation related to the current Project continues the SCRD’s
extensive Aboriginal and public engagement activities initiated prior to adoption of a Comprehensive
Regional Water Plan in 2013.The following SCRD Chapman Lake Water Supply Expansion Project
Activity and Issues Tracking Table is based on implementation of the Project’s Aboriginal Consultation
60485918-Environmental Assessment Report 2016-11-18
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and Public Participation Plan (March 2016. See Appendix C). Implementation of the Plan included
production and distribution of a plain-language Information Package and accompanying map (updated
June 2016. Appendix C). Drafts of the Park Use Permit amendment application and supporting
environmental assessment report for the Project were also distributed to the shíshálh (Sechelt) Nation
and Skwxwú7mesh Úxwumixw (Squamish) Nation for review.

4.2 Activity and Issues Tracking Table
The following provides a summary of Aboriginal Consultation and Public Participation for the SCRD
Chapman Lake Water Supply Expansion Project.
Table 3:

Summary of Aboriginal Consultation and Public Participation

Date

Activity

Summary / Issues Raised

Aboriginal Consultation - shíshálh Nation (Sechelt Nation)
February 2016
(multiple dates)

Email correspondence and phone Request for meeting with shíshálh Nation to initiate Aboriginal
conversations – planning /
consultation process
logistics

15 March, 2016

Email correspondence with
shíshálh Nation Rights and Title
staff

Detailed background information on the Project including:
• Sechelt Indian Band Rights and Title Application Form
• Chapman Lake Project – Draft Information Package
• Chapman Lake Project – First Nations Territories Map
• Draft Aboriginal Consultation and Public Participation Plan
• Correspondence with BC Parks re: Park Use Permit
application process 3 March 2016
• Chapman Lake Storage Project Impact Assessment
Report (Whitehead 1999)
• Excerpt from Whitehead Report on Cultural Values (1999)
• Bates Report on Low Summer Flows in Chapman Creek
(2015)
• SCRD Infrastructure Reports to Board re: Preferred
Option (September 2016)

18 March, 2016

Meeting with shíshálh Nation
Rights and Title staff and
consulting aquatic biologist

Introduction to Project and discuss draft public participation
and technical information packages and project description
• Request that archaeological Preliminary Field
Reconnaissance be undertaken to supplement
Archaeological Overview Assessment
• Appropriate protections and mitigation measures to
protect Chapman Creek aquatic resources
• Deepening of channel considered short-term solution;
interest in longer-term development of engineered lake
water storage as part of SCRD Comprehensive Regional
Water Plan (CRWP)
• Interest in protection of rare plants during construction
activities
• Discussion of including shíshálh Nation consulting
biologist in Park Use Permit amendment and
environmental assessment report review
• Request for information to refresh Chief and Council’s
knowledge of CRWP
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Date

Activity

Summary / Issues Raised

22 April, 2016

Email correspondence with
shíshálh Nation Rights and Title
staff

Revised electronic copy of the draft Park Use Permit
amendment application incorporating comments and
recommendations made by Dave Bates (shíshálh Nation’s
consulting aquatic biologist)

26 April, 2016

Email correspondence with
shíshálh Nation Rights and Title
staff

SCRD General Manager provided information on the CRWP
as requested

31 May, 2016

Chapman Lake project site visit
with shíshálh Nation Rights and
Title staff, Director of Lands and
Resources and consulting
archaeologist, together with
SCRD and BC Parks
representatives

3 June 2016

Email correspondence from
shíshálh Nation Rights and Title
staff to SCRD Infrastructure
Department

Request by shíshálh Nation Rights and Title staff for original
photos of original water supply project footprint at Chapman
Lake

4 July, 2016

Phone call by SCRD
Infrastructure Department
General Manager with shíshálh
Nation Rights and Title staff

Enquiry to confirm the shíshálh Nation Rights and Title staff
have sufficient information to complete their report to Chief
and Council re: Project recommending support / nonobjection

31 August 2016

Email correspondence with
shíshálh Nation Rights and Title
staff

Request for information on additional environmental field
studies; schedule of studies; proposed timing of additional
draw-down of Chapman Lake if required during a drought
period. Information was provided by the SCRD Infrastructure
Department

November 3,
2016

Meeting with shíshálh Nation
Rights and Title staff and SCRD
Infrastructure Department staff

Follow-up meeting to review the results of additional
environmental field programs and letter of support / nonobjection for the Project

Aboriginal Consultation – Skwxwú7mesh Úxwumixw Nation (Squamish Nation)
February 2016
(multiple dates)

Email correspondence and
phone conversations – planning
/ logistics

Request for meeting with Skwxwú7mesh Úxwumixw Nation
to initiate Aboriginal consultation process

1 March, 2016

Conference call with
Skwxwú7mesh Úxwumixw
Nation Chief, Executive
Assistant and land use /
archaeological consultant

Brief introduction to project. (water supply storage at
Chapman Lake lies outside of Skwxwú7mesh Úxwumixw
Nation territory; Chapman Lake water system provides water
to Sunshine Coast residents east of Roberts Creek within
Skwxwú7mesh Úxwumixw Nation territory)
Request for more detailed information for review
Potential interest in flow rates in relation to Chapman Creek
Hatchery

22 March, 2016

Email to Úxwumixw Nation
Executive Assistant and
consultant

Public participation and technical Information Packages
provided to Skwxwú7mesh Úxwumixw Nation for review

29 March, 2016

Follow-up email to Úxwumixw
Nation Executive Assistant and
consultant requesting meeting to
discuss project

Response pending

6 April, 2016

Follow-up email to Úxwumixw
Nation Executive Assistant and
consultant requesting meeting to
discuss project

Response pending
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Date

Activity

Summary / Issues Raised

19 April, 2016

Email correspondence from
Skwxwú7mesh Úxwumixw
Nation consultant

Request for clarification on:
• whether there would be reduced flows that would have
any negative impact on the Chapman Hatchery
downstream of the lake later in the summer
• due to climate change concerns, are any plans being
made to have water conservation or capture to
supplement residential requirements to reduce the need
to draw from the lake

22 April, 2016

Email to Skwxwú7mesh
Úxwumixw Nation consultant

Response to email correspondence 19 April, providing
electronic copies of SCRD park use permit for Chapman
Lake (installation of syphon) from BC Parks and Park Use
Permit amendment application (deepening of channel; pipe
installation and valve system) to BC Parks for review, as
well as clarification regarding issues raised.
• Indication of Skwxwú7mesh Úxwumixw Nation support or
non-objection for the Project requested
Response pending

Public Participation
Water management strategy, activities and details of the
proposed Chapman Lake water supply expansion project.
The interview included water demand strategies and
implementation of universal metering; discussion of water
restrictions in 2015.

16 February,
2016

SCRD General Manager
interview with CFUN Mountain
FM re: Chapman Lake Project

18 March, 2016

Informal meeting in Gibsons with Introduction to the Project and wide-ranging discussion.
representatives from the
Project plain-language Information Package and map
Sunshine Coast Conservation
distributed, as well as providing requested electronic copy of
Association, Tetrahedron Park
the environmental assessment produced for the Chapman
Outdoors Club, Tetrahedron
Lake floating pump option (Whitehead, 1999). Issues raised
Alliance, Tuwanek Ratepayers
included:
Association
• An interest in diversifying the Sunshine Coast’s sources of
water supply
• The detrimental effects of drawing down Chapman Lake
during periods of drought
• Imposition of water restrictions earlier to encourage
reduced water usage
• Whether adequate flow rates were maintained for the
Chapman Creek Hatchery
• Whether SCRD financial resources should be spent on
universal metering program
• Tetrahedron Park’s three pillars: regional water supply,
biodiversity and recreation

30 March 2016

Teleconference discussion with
Chapman Creek Hatchery
General Manager

Discussion of flow rates in Chapman Creek and ongoing
efforts made by the SCRD to maintain flow rates adequate
for the hatchery and fish stocks in Chapman Creek

5 April 2016

Teleconference discussion with
Ruby Lake Lagoon Nature
Reserve Society Executive
Director

Based on the Executive Director’s training as a limnologist
with 45 years of experience, discussion of the “literal fringe”
of lakes, suggesting the this area is “dynamic and resilient”
with few resident species.

8 April 2016

Teleconference discussion with
Vancouver Coastal Health’s
Drinking Water Officer

Discussion of the importance of the adequate water supply
and permitting requirements for expansion of the Sunshine
Coast’s water supply

13 April 2016

West Howe Sound Community
Association Meeting

SCRD Infrastructure presentation; Question and Answer
session
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Date

Activity

Summary / Issues Raised

24 April 2016

Earth Day event – Roberts
Creek

SCRD Booth and discussion with public re: water strategy,
activities and Chapman Lake Water Supply Expansion
Project

26 April 2016

Sunnycrest Mall

SCRD Booth and discussion

28 April 2016

Trail Bay Mall

SCRD Booth and discussion

29 April 2106

Email correspondence from
Issues raised included:
Tetrahedron Park Outdoors Club • Protection of ecological mix
member with Chair of
• Importance of Tetrahedron Park in protecting biodiversity
Tetrahedron Advisory Council
• Creation of park, recognizing the role of Chapman Lake in
(TAC) re: Project prior to TAC
providing the Sunshine Coast’s water supply, with
Meeting 9 May 2016
provision for draw-down during periods of drought
• Provision for further modification to manage further water
supply requirements if there were no better options
• Climate change
• SCRD inaction on development of long-term water supply
management system / dependency on one creek
• SCRD has done no population growth analysis
• SCRD has done no aquifer analysis
• SCRD has not considered reservoir creation outside of
Chapman water system
• SCRD has provided no backyard water collection
subsidies
• SCRD does not implement mandatory prohibition of lawn
and driveway watering
• SCRD have implemented a universal metering system but
there is no redundancy in the system
• Increased dependency on Chapman system is shortsighted – an engineering cheap fix

30 April 2016

Spring in Sechelt Community
Event

SCRD Booth and discussion

3,4,5, May 2016

Chapman Water Treatment
Plant

School tours

6 May 2016

Chapman Water Treatment
Plant

Public tours

9 May, 2016

Tetrahedron Advisory Council
(TAC) Meeting

(See April 29 email correspondence above)
SCRD Staff not invited

10 May 2016

Sunnycrest Mall

SCRD Booth and discussion

10 May 2016

Egmont Community Meeting

SCRD Infrastructure presentation; Question and Answer
session

11 May 2016

Elphinstone Community
Association Meeting

SCRD Infrastructure presentation; Question and Answer
session

12 May 2016

Sandy Hook Community
Association Meeting

SCRD Infrastructure presentation; Question and Answer
session
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Date

Activity

Summary / Issues Raised

16, 17, 18, 19,
24, 25 and 26,
May 2016

SCRD Community Dialogue
Sessions (various locations in
the Regional District)

The public’s main area of interest was water supply
management and the Chapman Lake Water Supply
Expansion Project. Key concerns raised:
• Inadequate water supply and too much reliance on water
demand management (i.e. metering) – balanced by
discussion of the SCRD’s water supply expansions efforts
• Cost of water metering and impact on rates
• Water rate structure design, particularly concerns
regarding not penalizing young families and food
production

9 June, 2016

SCRD Infrastructure Committee

Presentation and public meeting with AECOM Project staff
providing SCRD directors and the public an opportunity to
ask questions regarding the Project

June 10 2016

Notice of Alternative Approval
Process for financing of
Chapman Lake Water Supper
Expansion Project

Deadline for submission of elector response form July 26,
2016

18 June 2016

Home and Garden Show

SCRD Booth and discussion

21 June 2016

Sechelt Community Association
Board

SCRD Infrastructure presentation; Question and Answer
session

22 June 2016

Roberts Creek Community
Association

SCRD Infrastructure presentation; Question and Answer
session

25 June 2016

Children’s Festival - Gibsons

SCRD Booth and discussion

June 2016

Notice of Alternative Approval
Process

Deadline for submission of elector response form July 26,
2016

1 July 2016

Canada Day - Sechelt

SCRD Booth and discussion

13 July 2016

Additional Chapman Lake Water
Supply Expansion Project
information uploaded to the
SCRD website

SCRD Water Supply Expansion Project Fact Sheet and
Frequently Asked Questions document during Alternative
Approval Process

10 July 2016

Halfmoon Bay Country Fair

SCRD Booth and discussion

23 July 2016

Sea Cavalcade

SCRD Booth and discussion

28 July 2016

SCRD News Release

“Chapman Lake Supply Expansion Project to Proceed With
Elector Approval”

13,14 August
2016

Sunshine Coast Arts Council
Fair

SCRD Booth and discussion

26,27 August
2016

Rogue Festival

SCRD Booth and discussion

4.3 Aboriginal Consultation and Public Participation
Summary Outcomes
As indicated by the Activity and Issues Tracking Table above, the SCRD has actively engaged with and
encouraged public participation by Sunshine Coast residents through a variety of events and forums
throughout spring and summer 2016. Supplementing water supply and demand discussions provided
during Community Dialogue Sessions in various locations in the region, the SCRD posted information on
the Project on its website, including an Information Package and Frequently Asked Questions document.
An Alternative Approval Process for financing of the Project was successful in late July.
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Further discussions with affected Aboriginal communities (the shíshálh Nation and Squamish Nation) are
anticipated pending results of additional environmental studies requested by BC Parks and undertaken in
August. Following review of the draft Park Use Permit and amended environmental assessment report
the SCRD anticipates receiving First Nations’ response in short order.
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5. Current Conditions
5.1 Geology
5.1.1 Bedrock Geology
5.1.1.1

Regional Overview

The oldest rocks of the Chapman Lake area belong to the upper Triassic Vancouver group-Karmutsen
Formation. This formation is dominated by mafic volcanic flows; associated basaltic breccias and high
level mafic dikes and small mafic intrusive pods. The Karmutsen Formation is intruded and partially
enveloped by late Jurassic to Cretaceous dioritic intrusive rock, which is mainly composed of quartz
diorite and granodiorite.
According to the MINFILE database, the Thornhill Creek limestone occurrence is located within five
kilometers of Chapman Lake, on the southeast side of Salmon Inlet. Locally, a mass of white, crystalline
limestone is reported to occur. The deposit is situated near the north end of a 6-kilometre long pendant of
andesitic to rhyodacitic flows and pyroclastics, greenstone, argillite and schist of the Lower Cretaceous
Gambier Group lying in quartz diorite of the Tertiary-Cretaceous Coast Plutonic Complex.

5.1.1.2

Chapman Lake Watershed

Chapman Lake lies within an area of granite rock of the late Jurassic and early Cretaceous ages (156 to
114 million years old). Coastal watersheds underlain by rock types such as quartz diorite tend to be
slightly acidic due to the low buffering capacity of these rocks and the natural low pH of rainfall (McKeown
et. al., 2002; Triton, 2006).
The dominant soil-types within the Chapman Lake watershed contain large concentrations of organically
combined iron and aluminum in their subsoils (Carson, 1999; Whitehead, 1999). In poorly-drained soils
on the Tetrahedron Plateau organic matter is not broken down as quickly as in areas of well-drained soils,
which means that organic and clay colloids and aluminum and iron compounds are common elements in
the water supply and characterize the natural water quality in this area (Triton, 2006).

5.1.2 Generation of Acid Rock Drainage and Metal Leaching
In the natural environment, rocks are broken down into soil through exposure to air and water in a
process called weathering. During weathering, minerals react with air and water to release some of their
constituents (ions) into the surrounding aqueous environment. In many cases, the primary minerals are
transformed into secondary residual minerals during this process. The ions that go into solution may be
transported away by runoff, streams, and groundwater and therefore have a large influence on water
quality. If a rock is buried beneath other rocks and soil, it naturally weathers very slowly. However, when it
is excavated during construction or mining, the weathering process can increase substantially because
previously unexposed rocks are broken up and exposed to rain, snow and air at the surface.
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5.1.2.1

Acid Rock Drainage

Some rocks contain minerals that can produce acid during weathering. The resulting acidic water is
known as “acid rock drainage” or ARD. The most typical and strongest acid-generating mineral is pyrite
(FeS2), which forms sulfuric acid (H2SO4) when it reacts with oxygen and water during weathering:
FeS2(s) + 15/4 O2 + 7/2 H2O = 2 H2SO4 + Fe(OH)3(s)
The oxidation of pyrite is a complex process involving a series of redox reactions, hydrolysis, and
complex ion formations. The process also tends to release associated heavy metals into solution. Other
sulfides and a few other types of minerals can also form acid, but to a lesser extent. The acid-generation
potential (AP) of a rock is the total capacity of that rock to generate acid if all of its acid-generating
minerals react to completion during weathering.
Typically, rocks are predicted to be potentially acid generating (PAG) or not potentially acid generating
(non-PAG) based on the relative amounts of constituent minerals that can form acid and those that can
neutralize acid. The best and most common acid neutralizing mineral is calcite, which is calcium
carbonate (CaCO3) (Price 2009):
CaCO3(s) + H2SO4 = Ca2+ + SO42- + H2O + CO2 (g)
Other carbonates, including dolomite [CaMg(CO3)2] and ankerite [Ca(Fe,Mg,Mn)(CO3)2] can also
neutralize acid to varying extents. In contrast, siderite (FeCO3) is not considered to have neutralization
potential, due to its iron content, unless it has magnesium or calcium substituting for some of the iron.
Similar to the definition of AP, the acid-neutralization potential (NP) of a rock is its total capacity to
neutralize acid if all its carbonate minerals react to completion.

5.1.2.2

Metal Leaching

Elevated ML is most commonly associated with ARD due to the high solubility of many metals under
acidic conditions. However, some other constituents, including metalloids that form oxyanions such as
arsenic, selenium, and molybdenum, and salts such as sulfate, can be released into the environment
even if the water draining the rock has a neutral or basic pH (e.g., Smith 2007).
The task of geochemical characterization at a proposed excavation site is to identify the potential of rocks
to produce ARD and/or ML that could affect water quality in surface water and/or groundwater.

5.1.2.3

Sample Collection and Rock Description

One rock sample was collected and submitted to Maxxam Analytics in Burnaby, British Columbia for
geochemical analysis. The rock sample was collected from exposed rock at the base of the existing dam
on May 31, 2016.
The rock was highly weathered and covered with algae and/or aquatic organisms. It is classified as
mudstone, which is evident from its black color and very fine grain size. It appears that the limestone has
been partially altered due to contact metamorphism, as indicated by the associated greenish colored rock
that is inferred to be of intrusive volcanic origin.
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5.1.3 Methodology
The rock sample was submitted to Maxxam Analytics Inc. for the following tests:

5.1.3.1

Whole Rock Analysis

Whole rock analysis is the determination of major element oxides of a rock sample. This will total
approximately 100% in non-mineralized samples. The prepared rock sample is mixed with LiBO2/Li2B4O7
flux. Crucibles are fused in a furnace. The cooled bed is dissolved in ACS grade nitric acid and analyzed
by ICP and/or ICP-MS. Loss on ignition (LOI) is determined by igniting samples then measuring the
weight loss.

5.1.3.2

Total Recoverable Elemental Analysis

To determine “whole rock” concentrations of metals, samples were subjected to bulk geochemical
analysis after digestion with aqua regia (HCl + HNO3). This digestion is routinely used for analysis of trace
heavy metals to allow quantification of the maximum potential reservoir of leachable metals. It also allows
comparison of concentrations of selected constituents with average crustal abundance data for similar
rock types. The digestion does not completely dissolve resistant minerals such as quartz, spinels, zircon,
rutile, ilmenite, chromite, or some silicates. Thus, the concentrations of certain major rock-forming
constituents including aluminum, calcium, magnesium, potassium, sodium, and iron may be underreported by this method. The same is true for more weathering-resistant forms of zirconium, chromium,
uranium, thorium, and vanadium.

5.1.3.3

Acid Base Accounting

Acid-Base Accounting (ABA) is the series of laboratory tests designed to estimate a rock’s acid potential
(AP) and neutralizing potential (NP). The AP of a rock is the total capacity of that rock to generate acid if
all of its acid-generating minerals react to completion during weathering. Similar to the definition of AP,
the NP of a rock is its total capacity to neutralize acid if all its carbonate minerals react to completion.
Both AP and NP are expressed in units of tons of calcium carbonate equivalent per 1,000 tons of material
(t CaCO3/kt) to allow direct comparisons. Corrections must be made when the respective minerals are not
all pyrite or calcite.
The following tests were included in the ABA analysis:

•
•
•

Paste pH
To assess the acid generating status of sample at the time of sampling
Neutralization Potential

A fizz test is employed to provide a guide to the amount of acid to be initially added to the test. NP is
determined by treating a sample of known weight with excess hydrochloric acid at ambient temperatures
for approximately 24 hours. Acid is added as required during the acid treatment stage to maintain
sufficient acidity for reaction. After treatment, the unconsumed acid is titrated with base to pH 8.3 to allow
calculation of the calcium carbonate equivalent of the acid consumed.
Sulphate Sulphur (HCl Extractable)
Sulphate sulphur is extracted from the sample with dilute hydrochloric acid and analyzed using the
Konelab. Most sulphate containing minerals are soluble in HCl, but pyritic and organic sulfur species are
not. Also, most sulphate minerals including gypsum and anhydrite are non-PAG. However, other minerals
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such as melanterite (FeSO4.7H2O) are considered PAG because they will release acid upon dissolution.
Mineralogical analysis is used to distinguish between PAG and non-PAG sulphates.
Sulphide Sulphur (HNO3 extractable)
The residue from the HCl extraction used to determine sulphate sulphur is subsequently extracted using
nitric acid. This HNO3 extract is boiled to dryness and dissolved into HCl to arrive at an extract with the
same matrix as the HCl extract (approximately 5% HCl).
Acid Potential
To assess the samples acid-generation capacity. AP is determined from the calculated sulphide sulphur
analysis, assuming (1) total conversion of sulphide to sulphate, and (2) production of 4 moles of H+ per
mole of pyrite oxidized, in which a conversion factor of 31.25 is used to convert percent contained sulphur
to kg CaCO3 equivalent per tonne of material (kg CaCO3/T).
Carbonate Carbon Content
To allow estimate of reactive NP due to presence of carbonate minerals.
Neutralization Potential Ratio (NPR = NP/AP)
Most jurisdictions have a NPR criterion for classifying a sample as non-PAG or PAG. Price (2009)
recommends the following classification:
NPR > 2: Sample is considered non-PAG
2 > NPR > 1: Test is inconclusive
1 > NPR: Sample is considered PAG
Net Neutralization Potential (NNP = NP – AP)
A sample is classified as PAG if its acid generation potential exceeds the acid neutralization capacity
such that the NNP is a negative number. If a positive NNP value is less than +20 kg CaCO3/T, the test is
typically considered inconclusive. Price (2009) does not recommend using NNP in characterizing the
future acid producing potential. However, it is potentially useful in mitigation design.

5.1.3.4

Shake Flask Extraction

The shake flask extraction (SFE) is applied to identify parameters potentially prone to leaching in the field.
Samples were shaken for 24 hours at 3:1 water to solids ratio by weight with reverse osmosis deionized
(RODI) water. Gentle agitation is provided to ensure continuous exposure of all surfaces and mixing of
the rinse solution. Twenty-four hours is a nominal residence time.

5.1.4 Results and Discussion
5.1.4.1

Types and Occurrence of Minerals

Table 4 presents the results of the Whole Rock Analysis of the Chapman Lake rock sample. These
amounts represent the relative amounts of major element oxides of a rock sample and normalized to
100%.
The Chapman Lake rock sample is mainly composed of quartz (SiO2), hematite (Fe2O3) and Ca/Mg
minerals. The CaO and MgO may be derived from fragments of plagioclase and feldspar. Limestone and/
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calcite are also a potential source of CaO and MgO, as these minerals are a common cementing agent in
shale and sandstone.

Table 4:

Results of Whole Rock Analysis – ICP

Sample ID
Depth (m.b.g.s)
Lithology Description
Weathering
Major Element Oxides
Composition
SiO2
Al2O3
Fe2O3
MgO
CaO
Na2O
K2O
TiO2
P2O5
MnO
Cr2O3
Ba
Ni
Sr
Zr
Y
Nb
Sc
LOI
Total

Chapman Lake
0.00
Mudstone
Moderate (II)
Unit

Value

%
%
%
%
%
%
%
%
%
%
%
ppm
ppm
ppm
ppm
ppm
ppm
ppm
%
%

42.8
13.2
11.4
8.91
16.2
1.4
1.4
1.1
0.1
0.2
0.157
237.0
279.0
243
75
15
11
35
3
99.88

The high quartz content (42.8%) is consistent with the mudstone classification. Sedimentary rock usually
exhibits a high quartz content because quartz is one of the most abundant minerals in the exposed
continental crust. It is an extremely hard, resistant and chemically stable mineral. The low content of
potassium (K2O) indicates that potassium (K)-feldspar has been weathered from the parent rock.

5.1.4.2

Total Recoverable Elemental Analysis

The Total Recoverable Elemental Analysis was conducted to quantify of the maximum potential reservoir
of leachable metals. Laboratory concentrations of selected constituents were compared to five times the
average crustal abundance data (Price, 1997) for similar rock types (i.e., Shale and Deep-Sea Clay
Sediment) to identify metals that are locally elevated.
Table 5 presents the concentrations of a number of constituents from the aqua-regia digestion of the
Chapman Lake sample, as well as the average crustal abundances of those constituents in Shale and
Deep-Sea Clay. In most cases, the values for both reference data sets were similar, with the exception of
silicon. Deep-Sea Clay contains concentrations of silicon (25%) that are approximately 3.5 times higher
than those found in Shale (7.3%).
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In order to estimate element enrichment in the Chapman Lake sample, a screening criterion was
developed by multiplying the crustal abundance values by a factor of five, which is commonly applied in
ML/ARD assessments. No elements were found to be present at concentrations above the five times
crustal abundance screening criterion for Shale and/or Deep-Sea Clay.
Table 5:

Comparison of Total Recoverable Constituents to Crustal Abundance – Chapman
Lake
Crustal Abundance in Rocks from Price (1997)

Parameters

Units

Shale

a

Shale x5

Deep-sea
Claya

b

Deep-sea
Clay x5b

Chapman
Lake

Aluminum (Al)

%

8

40

8.4

42

1.97

Antimony (Sb)

ppm

1.5

7.5

1

5

<0.1

Arsenic (As)

ppm

13

65

1

5

0.6

Barium (Ba)

ppm

580

2900

2300

11500

19

Bismuth (Bi)

ppm

-

-

-

-

<0.1

Boron (B)

ppm

100

500

230

1150

<20

Cadmium (Cd)

ppm

0.3

1.5

0.42

2.1

0.3

Calcium (Ca)

%

2.21

11.05

2.9

14.5

2.24

Chromium (Cr)

ppm

90

450

90

450

276

Cobalt (Co)

ppm

19

95

74

370

25.2

Copper (Cu)

ppm

45

225

250

1250

8

Gallium (Ga)

ppm

19

95

20

100

4

Gold (Au)

ppb

-

-

-

-

1.1

Iron (Fe)

%

4.72

23.6

6.5

32.5

2.27

Lanthenum (La)

ppm

92

460

115

575

<1

Lead (Pb)

ppm

20

100

80

400

3.7

Magnesium (Mg)

%

1.5

7.5

2.1

10.5

1.4

Manganese (Mn)

ppm

850

4250

6700

33500

400

Mercury (Hg)

ppm

0.4

2

-

-

<0.01

Molybdenum (Mo)

ppm

2.6

13

27

135

<0.1

Nickel (Ni)

ppm

68

340

225

1125

120

Phosphorus (P)

%

0.07

0.35

0.15

0.75

0.053

Potassium (K)

%

2.66

13.3

2.5

12.5

0.1

Scandium (Sc)

ppm

13

65

19

95

6.1

Selenium (Se)

ppm

0.6

3

0.17

0.85

<0.5

Silicon (Si)

%

7.3

36.5

25

125

-

Silver (Ag)

ppm

0.07

0.35

0.11

0.55

<0.1

Sodium (Na)

%

0.96

4.8

4

20

0.162

Strontium (Sr)

ppm

300

1500

180

900

60

Sulfur (S)

%

0.24

1.2

0.13

0.65

<0.05

Tellurium (Te)

ppm

-

-

-

-

<0.2

Thallium (TI)

ppm

1.4

7

0.8

4

<0.1

Thorium (Th)

ppm

12

60

7

35

<0.1

Titanium (Ti)

%

0.46

2.3

0.46

2.3

0.109

Tungsten (W)

ppm

1.8

9

-

-

<0.1
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Crustal Abundance in Rocks from Price (1997)
Parameters

Units

Shale
3.7

a

Shale x5
18.5

b

Deep-sea
Claya
1.3

Deep-sea
Clay x5b
6.5

Chapman
Lake

Uranium (U)

ppm

<0.1

Vanadium (V)

ppm

130

650

120

600

43

Zinc (Zn)

ppm

95

475

165

825

84

Notes:
a
b

From Price (1997), Appendix 3

Enrichment criteria based upon crustal abundance data multiplied by a factor of 5.

Exceeds One Enrichment Criteria
Exceeds Two Enrichment Criteria
Lower limit of detection exceeds criteria from both compilations.

Comparison of the results for the major silicate forming constituents including aluminum, potassium,
sodium, and iron show that they are less than their average crustal abundance criteria, suggesting these
nutrients may have been leached over time due to natural weathering processes. However, calcium and
magnesium are comparable with the Shale and Clay crustal abundance, indicating that the rock sample
may contain another calcium and magnesium-bearing mineral (i.e., calcite or dolomite cement).
Although silicon was not analyzed, the high SiO2 content (42.8%) obtained from Whole Rock Analysis
suggests that the composition of Chapman rock sample is more similar with Deep-Sea Clay derived
sediments.

5.1.4.3

Acid Base Accounting

The risk of acid generation was determined based upon the NPR and total sulfide-sulphur content
following the method described by Price (2009).
The results of ABA testing are presented in Table 6, and indicate that the Chapman Lake sample has an
alkaline paste pH value, with no measurable sulfur (<0.02%), and high concentrations of neutralizing
material. This resulted in an NPR value that is significantly greater than 2, and the Chapman Lake sample
is classified as non-PAG.
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Table 6:

Acid Base Accounting (ABA) Results - Chapman Lake
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5.1.4.4

Shake Flask Extraction

The shake flask extraction (SFE) results are presented in Table 7. The results are compared to the
Contaminated Sites Regulation (CSR), Schedule 6 water quality criteria for the protection of freshwater
aquatic life, and the BC Approved and Working Water Quality Guidelines (BCWQG) for protection of
freshwater aquatic life.
The CSR Schedule 6 numerical standards were developed for groundwater and generally assume a
tenfold dilution factor to account for groundwater discharge to surface watercourses. BCWQG are the
applicable surface water quality guidelines for ambient freshwater.
In general, the Chapman Lake sample produced low concentrations of easily leached constituents when
subjected to the SFE analysis, which is consistent with the results of the total elemental analysis. None of
the leached constituent concentrations exceeded CSR Schedule 6 Criteria. Cadmium, chromium and
copper concentrations slightly exceeded the BCWQGs.
The results of the SFE analysis confirm the results of the ABA testwork in that the SFE leachate pH value
is alkaline, and leachate exhibited moderate alkalinity (>20 mg/L). As such, the rock sample indicates
there is sufficient acid buffering capacity and the rock is not highly sensitive to acid inputs.

5.1.5 Conclusions
Based on the results of the preliminary geochemical investigation, the following conclusions are drawn:
Based on a review of geologic mapping for the Chapman Lake site, bedrock lithology at all locations is
anticipated to consist of late Jurassic to Cretaceous quartz diorite and granodiorite. However, the
collected Chapman Lake sample appears to be highly weathered mudstone. The lithology is difficult to
identify from the surface sample due to the highly weathered surface. The rock sample analyzed as part
of this work was collected from exposed surface rock which may be not representative of subsurface
bedrock lithologies present in the area. However, based on the results of the analysis completed on the
surface sample collected and the other observations made well completing the field investigations it is
expected that acid producing rock being present within the proposed construction area is low for the
following reasons:
1.
2.
3.
4.

Sulphide minerals were not detected by the whole rock analysis, suggesting a low potential for acid
generation.
The total metal analysis indicates that no elements are present at concentrations above their
respective average crustal abundance screening criteria.
The risk of acid generation was determined to be low based on the neutralizing potential ratio (NPR)
and total sulfide-sulphur content. The Chapman Lake sample is classified as non-PAG.
Shake flask extraction results were consistent with the ABA testwork and whole rock chemistry data
as follows:
1. Leachate pH is alkaline and moderately alkaline, so there is sufficient acid buffering
capacity and a low sensitivity to acid inputs.
2. No leachate constituent concentrations exceeded CSR Schedule 6 Criteria.
3. Cadmium, chromium and copper marginally exceeded BCWQGs.

.
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MEND Shake Flash Extraction Results – Chapman Lake

Sample ID

Units

Contaminated
Sites Regulation
(CSR)
Schedule 6
Criteria

British Columbia
Water Quality
Guidelines (BCWQG)- Aquatic Life
(Aquatic Water)

Chapman Lake

QA/QC

Table 7:

Duplicate

Hardness (as CaCO3)

mg/L

-

-

21.5

22.8

*

pH (Lab)

-

-

-

9.29

9.4

*

Electrical Conductivity (Lab)

μS/cm

-

-

52.7

55.4

*

Total Alkalinity (as CaCO3)

mg/L

-

10 (minimum) b

25

26

*

Bicarbonate

mg/L

-

-

30

32

*

Carbonate

mg/L

-

-

<0.5

<0.5

-

Hydroxide (OH)

mg/L

-

-

<0.5

<0.5

-

Sulfate (SO4)

mg/L

1000

128a

<0.5

<0.5

-

mg/L

-

-

0.657

0.671

*

Dissolved Metals
Aluminum (Al)

c

0.000051

0.000052

*

0.000729

0.000792

*

0.00138

0.00133

*

Antimony (Sb)

mg/L

0.2

0.02

Arsenic (As)

mg/L

0.05

0.005

Barium (Ba)

mg/L

10

5c
c

Beryllium (Be)

mg/L

0.053

0.0053

<0.000010

<0.000010

-

Bismuth (Bi)

mg/L

-

-

<0.0000050

<0.0000050

-

Boron (B)

mg/L

50

1.2

<0.050

<0.050

-

Cesium (Cs)

mg/L

-

-

<0.000050

<0.000050

-

Cadmium (Cd)

mg/L

0.0001 - 0.0006 a

0.00001 - 0.00004 a,c

0.000013

0.000016

*

Calcium (Ca)

mg/L

-

-

7.5

7.96

*

0.00179

0.00228

24

0.000111

0.000161

*

0.00245

0.00258

*

Chromium (Cr)

mg/L

0.09

0.001

Cobalt (Co)

mg/L

0.04

0.11

Copper (Cu)
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British Columbia
Water Quality
Guidelines (BCWQG)- Aquatic Life
(Aquatic Water)

mg/L

-

1

0.0904

Lanthenum (La)

mg/L

-

-

<0.000050

<0.000050

-

Lead (Pb)

mg/L

0.04 - 0.16 a

0.003 - 0.096 c

0.000041

0.000049

*

Lithium (Li)

mg/L

-

0.87 c

<0.00050

<0.00050

-

Magnesium (Mg)

mg/L

-

-

0.661

0.708

*

Manganese (Mn)

mg/L

-

0.6 - 2.5 a

0.00218

0.00289

28

Mercury (Hg)

mg/L

0.001

-

<0.000050

<0.000050

-

Molybdenum (Mo)

mg/L

10

2

0.000103

0.00012

*

0.00172

0.00212

21

Sample ID

Iron (Fe)

Nickel (Ni)

Units

mg/L

0.25 - 1.5

a

0.065

a,c

Chapman Lake

QA/QC

Contaminated
Sites Regulation
(CSR)
Schedule 6
Criteria

Duplicate

0.119

27

Phosphorus (P)

mg/L

-

-

0.0328

0.0337

*

Potassium (K)

mg/L

-

-

0.627

0.66

*

Rubidium (Rb)

mg/L

-

-

0.000548

0.000545

*

Selenium (Se)

mg/L

0.01

0.002

<0.000040

0.000044

-

Silicon (Si)

mg/L

-

-

3.81

3.81

*

a

Silver (Ag)

mg/L

0.0005 - 0.015

<0.0000050

<0.0000050

-

Sodium (Na)

mg/L

-

-

1.83

1.94

*

Strontium (Sr)

mg/L

-

-

0.0169

0.0171

*

-

Sulphur (S)

mg/L

-

Tellurium (Te)

mg/L

-

Thallium (TI)

mg/L

0.003

Thorium (Th)

mg/L

Tin (Sn)

mg/L

Titanium (Ti)
Tungsten (W)
Uranium (U)

60485918-Environmental Assessment Report 2016-11-18

0.0001 - 0.003

a

<10

<10

-

<0.000020

<0.000020

-

0.0003 c

0.000002

0.000002

-

-

-

<0.0000050

<0.0000050

-

-

0.00008 c

<0.00020

<0.00020

-

mg/L

1

-

0.00508

0.00462

*

mg/L

-

-

0.000145

0.000158

*

mg/L

3

-

0.000012

0.000013

*
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Sample ID

Vanadium (V)

Units

mg/L

Contaminated
Sites Regulation
(CSR)
Schedule 6
Criteria

British Columbia
Water Quality
Guidelines (BCWQG)- Aquatic Life
(Aquatic Water)

-

-

Zinc (Zn)

mg/L

0.075 - 2.4

Zirconium (Zr)

mg/L

-

a

Chapman Lake

0.00501

0.0075 - 0.056

a

-

QA/QC

Chapman Lake Water Supply Expansion Project Environmental Assessment

Duplicate

0.00501

*

0.00033

0.00077

80

<0.00010

<0.00010

-

Notes:
a

Guideline/standard varies with hardness

b If alkalinity < 10 mg CaCO3/L (<4 mg dissolved Ca/L), then waterbody is highly sensitive to acid inputs.
c Presented in the working water quality guidelines (BCWQG)
Exceeds BCWQG AW
Exceeds CSR AW
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5.2 Aquatic
The Chapman Creek watershed (Watershed Code: 900-120400) is located approximately 5 km east of
Sechelt, BC. Chapman Creek flows south from the Tetrahedron Plateau for approximately 24 km and
discharges into the Strait of Georgia. Chapman Creek watershed is approximately 73 km² in area.
Tetrahedron Provincial Park was established to maintain and enhance the area’s water quality and
community watersheds for Sunshine Coast residents and preserve its wilderness characteristics by
offering limited backcountry recreation opportunities. Tetrahedron Provincial Park is characterized by
steep, short mountainous peaks, spongy, water laden meadows and numerous small lakes, including
Chapman Lake. Abundant rainfall and snow pack recharges the freshwater supply.

5.2.1 Chapman Lake
Chapman Lake lies at an elevation of 974 m above sea level in steeply sloping terrain; surrounding
ridgetops and peaks typically reach over 1,500 m elevation. A bathymetric survey of the lake was
completed by Strait Land Surveying Inc. in 2013 and the following data was derived from that survey
data. The lake has a surface area of 33.5 ha and a maximum depth of approximately 31 m. It is the
largest lake in the Chapman Creek watershed. The catchment area of the lake is 6.58 km², and the lake
is fed by 2 main streams, both of which enter at the east end of the lake. The lake volume at the high
water level is approximately 4.1 million m3 with an average outflow rate of 0.604 m3/s. Based on these
data, the average retention time of water in the lake is approximately 79 days. The short retention time
reflects the high level of precipitation in the watershed. Outflow from the lake is controlled by a concrete
dam and valve located on the west side of the lake and operated by the SCRD. During a typical year,
water stored behind the dam is allowed to overflow naturally until there is a need to supplement the flows
to Chapman Creek, at which time the dam is opened to release stored water from the reservoir. The
annual lake level variation is currently between 1.5 m to 3 m.

5.2.2 Chapman Lake Water Quality
Whitehead (1999) conducted a limited assessment of water quality of Chapman Lake. Parameters
measured included Secchi disc transparency, temperature and dissolved oxygen. The Secchi disk
indicated clear water with a reading at 6.25 metres. Temperature ranged from 16°C at the surface to 7°C
at depth with a thermocline evident at a depth of approximately 4 m. During the monitoring program gas
bubbles were observed throughout the lake and particularly at the east end in the shallower areas. Based
on the smell of hydrogen sulphide it was concluded the gas bubbles were originating from anaerobic
decomposition originating in the lake sediments (Whitehead 1999).
Water quality parameters measured during the August 2016 field survey included Secchi disk,
temperature and dissolved oxygen depth profiles and laboratory analysis of samples collected at the
surface, thermocline and bottom at the deepest points in the lake (Figure 9). Laboratory analysis included
physical properties, anions, nutrients, organic carbon, chlorophyll a and total metals. Details of the results
of analysis for each of the sample analysis locations are provided in Appendix D. Results of analysis were
compared to both the Approved BC Water Quality Guidelines and Canadian Council of Ministers of the
Environment (CCME).
Secchi disk readings taken from the deepest part of the lake were measured to be 7.35 m, which was
1.1 m deeper than readings obtained by Whitehead (1999). Dissolved oxygen and temperature depth
profiles were taken from 2 locations in the lake as shown on Figure 9. Results of the temperature and
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dissolved oxygen profiles are depicted in Figure 7 and Figure 10 respectively. Temperatures ranged from
17.9°C at the surface to 3.9°C at depth with the thermocline occurring between the 4 m to 9 m depth.
Similar results were obtained in 1999 (Whitehead) although a profile to the bottom was not performed in
the original study. Temperature was consistent between the two locations measured in 2016. Dissolved
oxygen levels peaked at approximately the 4 m to 6 m depth.
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0
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25
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30
Figure 7:

Temperature Depth Profiles in Chapman Lake, 2016

The SCRD collects temperature data of the surface water at the outlet of the lake. Figure 8 provides a
plot of the data collected in 2014, 2015 and 2016. Water temperature occasionally exceeds 20° C during
the summer months with the exception of the hot summer of 2015 when surface water temperatures were
at or above 20° C for almost three weeks.
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Figure 8:
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Surface Water Temperature at the Outlet of Chapman Lake, 2014 to 2016
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Figure 10:

Dissolved Oxygen Depth Profile in Chapman Lake, 2016

Sample analysis indicated that water was generally slightly acidic (mean 6.83), with low buffering capacity
and nutrients. Phosphorus levels in the lake were in the ultra-oligotrophic range (CCME 2004).
Comparisons of available water quality parameters to guideline values measured one exceedance of total
aluminum measured at the bottom depth. Hydrogen sulphide readings at all depths were below detection
limits. The study conducted in 1999 (Whitehead) noted the smell of hydrogen sulphide and the visible
presence of gas bubbles in the lake. No presence of gas bubbles or releasing of gas bubbles were noted
during the 2016 field investigation. Table 8 provides a summary of key water quality parameters taken at
the sample site shown on Figure 9. The complete set of parameters and sampling results is provided in
Appendix D.
Table 8:

Summary of Key Water Quality Parameters in Chapman Lake, 2016

Key Parameter

Units

Surface

Thermocline (6 m)

Bottom

pH

-

6.90

6.78

6.81

Sulphide (as H2S)

mg/L

<0.021

<0.021

<0.021

OrthophosphateDissolved (as P)

mg/L

<0.0010

<0.0010

0.0011

Phosphorus (P)-Total

mg/L

0.0020

<0.0020

0.0023

7.79

6.28

7.73

0.0551

0.0875

0.111

Total
(CaCO3)

Hardness mg/L

Total Aluminum (Al)

mg/L

Bolded values exceeded Water Quality Guidelines, see Appendix D
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5.2.3 Sediment Quality
Sediment characterization occurred during the 1998 study by conducting course sediment approximations
along transects throughout the lake. Slopes were noted as well as surficial materials classification into
mud/silt, sand, gravel and bedrock. A map was produced of the approximate distribution of surficial
materials. Materials around the lake range from deep organic forest soils to alluvial sands and gravels
and bedrock. Below the high water level, silt was predominant due to the deposition of mineral and
organic material from the overlying water column.
During the 2016 study, observational confirmation of the approximate distribution of surficial materials
based on the map produced during the previous assessment was completed. Additionally, sediment
samples were collected using an Eckman grab sampler at 4 locations, which consisted of 2 shallow
depths, mid-depth and deep depth (Figure 9) in 2016. Samples were collected and placed into glass jars
and sent for grain size analysis to ALS Laboratories in Burnaby, BC. Samples were kept cold at all times
between sample collection and delivery to the lab.
The results of the 2016 laboratory analysis confirms the previous findings in the 1998 study, that silt was
the predominant lake material observed at depth. Figure 11 provides the percent composition grain size
for each of the sample locations. The dominant grain size at each of the locations was silt.
100%

Grain Size Composition (%)

90%
80%
70%
60%
50%

% Clay (<4um)

40%

% Silt (0.063mm - 4um)

30%

% Sand (2.0mm - 0.063mm)
% Gravel (>2mm)

20%
10%
0%
CHP-A
(3 m)

CHP-B
(28 m)

CHP-C
(9 m)

CHP-D
(4.5 m)

Sample Location
Figure 11:

Sediment Grain Size Analysis in Chapman Lake, 2016

5.3 Fisheries Resources
5.3.1 Chapman Lake Fish
The provincial Fish Inventory Summary System 2 database reports that the headwaters section of
Chapman Creek supports resident populations of Dolly Varden char (Salvelinus malma) and rainbow trout
(O. mykiss). Coastal cutthroat trout (O. clarki clarki) have also been reported in the headwaters of
2

http://a100.gov.bc.ca/pub/fidq/welcome.do
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Chapman Creek. A fish sampling program was undertaken to supplement existing information to support
the impact assessment in 1998.
During the 1998 study, gillnetting and minnow trapping methods were used to sample the lake during a
24 hour period. The gill net was set at the surface at a single location near the centre of the lake with
minnow traps set along the eastern portion of the lake. Only Dolly Varden char averaging 14 cm long
were captured in the lake during this sampling period. The majority of fish were caught between 0.5 m to
1.5 m from the surface. The average length and weight of the 68 gillnet captured fish were 139 mm and
29.3 g respectively (Whitehead 1999).
The 2016 fish sampling program in the study area consisted of minnow trapping gillnetting and
electrofishing. Two gillnets were used for sampling, a sinking and floating net. The sinking gill net was set
in the same location as the 1998 assessment. Minnow traps were set throughout the lake along the
shallows, in areas with appropriate fish habitat (e.g. trees, boulders). Electrofishing was conducted in the
lake outlet stream below the dam and at the two larger inlet streams along the eastern portion of the lake.
The sampling effort for each method is provided in Table 9, Table 10 and Table 11 with the sampling
locations shown on Figure 9. Five fish were selected to represent the range of sizes caught and were
submitted to the laboratory for analysis of mercury concentrations.
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Table 9:

Minnow Trapping Effort in Chapman Lake, 2016
MT Ref

Deployment

Retrieval

Total Soak Time (hh:mm)

1

8/23/2016 16:30

8/24/2016 9:35

17:05

Table 10:

2

8/23/2016 16:30

8/24/2016 9:35

17:05

3

8/23/2016 16:45

8/24/2016 9:20

16:35

4

8/23/2016 16:45

8/24/2016 9:20

16:35

5

8/23/2016 16:50

8/24/2016 9:15

16:25

6

8/23/2016 16:50

8/24/2016 9:15

16:25

7

8/23/2016 17:00

8/24/2016 9:10

16:10

8

8/23/2016 17:00

8/24/2016 9:10

16:10

9

8/23/2016 17:20

8/25/2016 12:30

43:10

10

8/23/2016 17:20

8/25/2016 12:30

43:10

11

8/23/2016 17:20

8/25/2016 12:30

43:10

12

8/24/2016 15:50

8/25/2016 11:25

19:35

13

8/24/2016 15:50

8/25/2016 11:25

19:35

14

8/24/2016 16:05

8/25/2016 11:45

19:40

15

8/24/2016 16:05

8/25/2016 11:45

19:40

16

8/24/2016 16:10

8/25/2016 11:50

19:40

17

8/24/2016 16:15

8/25/2016 12:00

19:45

18

8/24/2016 16:15

8/25/2016 12:00

19:45

19

8/24/2016 10:00

8/25/2016 12:30

26:30

Electrofishing Total Effort in Streams along Chapman Lake, 2016
Location

Total Electrofishing Effort (seconds)

Downstream of dam

448

Stranded pools downstream of dam

60

South east stream

426

North east stream

408

Table 11:

Gillnetting Total Effort

Net Type

Deployment

Retrieval

Total Soak Time (hh:mm)

Sinking Net

8/24/2016 15:10

8/25/2016 10:00

18:50

Floating Net

8/24/2016 15:40

8/25/2016 8:50

17:10

A total of 16 fish were captured by minnow traps; 14 captured by electrofishing; and, 87 were captured in
the gill nets. Appendix E provides details of the fish captured for each of the sampling methods, including
length, weight, species and condition factor. Weight, length and stomach contents were recorded for 50
fish captured in the gill nets that were representative of the size and location of the fish caught, the rest
were counted only. All fish captured were identified as Dolly Varden. Photos of fish captured are provided
in Photographs 12 through 14.
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5.3.1.1

Fish Size

The average fish length captured in and around Chapman Lake was 118 mm (fork length), which was 20
mm smaller than the average length reported in the 1998 study. The average length of fish captured in
the lake in gill nets was 144 mm; average capture length in the north eastern stream during electrofishing
was 67 mm; and, fish captured in minnow traps in channels off the lake was 59 mm. Length-frequency
histograms were produced for fish in streams and in the lake and results are provided in Figure 12.
Length frequency trends and capture locations indicate that younger fish remain in the streams and don’t
move to the lake until they reach a larger size.
30

Frequency (# of Fish)

25
20
15
Stream

10

Lake

5
0

Length Range (mm)

Figure 12:

Length Frequency Histogram of Fish Captured in Chapman Lake and Inlet Streams,
2016

Weight-length regressions for fish were calculated as:
ln(𝑊𝑊) = 𝑎𝑎 + 𝑏𝑏 𝑥𝑥 (ln(𝐿𝐿))
where W = weight (g) and L = fork length (mm), a = the intercept of the regression, and b = the slope of
the regression.
Both weight and length were transformed using natural logarithms to normalize the distributions and
produce homogenous variances. The slope of the regression (b) provides information on fish growth. If
b = 3 the growth is isometric, which means the shape of the fish does not change with growth. The results
of the length-weight regression analysis are provided in Figure 13. The slope for fish in Chapman Lake
was 3.07 indicating the fish growth is isometric, a typical growth pattern for healthy salmonids.

60485918-Environmental Assessment Report 2016-11-18

59

44

Sunshine Coast Regional District
Chapman Lake Water Supply Expansion Project Environmental Assessment

Figure 13:

5.3.1.2

Length Weight Regression Analysis of Fish Captured in Chapman Lake, 2016

Fish Condition

A Fulton condition factor (K) was calculated for each fish as:
𝑊𝑊
𝐾𝐾 = � 3 � × 100,000
𝐿𝐿

where W = weight (g) and L = fork length (mm).

A summary of condition factors (K) statistics for each of the fish captured is presented in Appendix E. The
condition factor represents an index of the “fatness” of the fish as measured by the weight of the fish
relative to its length. Thus, the heavier a fish is for a given length the higher the condition factor. The
average condition factor (0.99) for all captured fish was close to 1, which is an indication that the fish are
in relatively good condition. Values below 1 suggest poor nutrition or other factors are limiting the health
of fish.

5.3.1.3

Fish Age

Fish aging structures were obtained from a varied size class from the gill net captured Dolly Varden fish in
Chapman Lake. Fish otoliths were removed from 20 fish and sent for fish aging analysis to a fish aging
professional. A size analysis was completed prior to otolith removal to ensure a representative size class
of fish was being analyzed. Details of the lengths, weights, sex and age of the selected gill net fish are
provided below in Table 12 and the age frequency plot is provided in Figure 14. Results indicated that the
average age of fish analyzed were 4+ years. Based on the age class of the analyzed otoliths in
comparison with the overall captured fish length range, Table 13 below provides an approximate agelength classification.
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Table 12:

Gill Net Captured Dolly Varden Age Analysis Details

Fish Reference

Length (mm)

Weight (g)

Sex

Age

1

164

48.5

Male;

3+

2

166

48.5

Male

3+

5

126

20.5

Female

3+

16

123

19

Male

3+

17

132

24

Male

3+

20

126

20

Male

3+

21

128

24

Female

3+

25

126

22

Female

3+

28

128

21.5

Male

3+

3

140

28

Female

4+

11

127

19.5

Male

4+

13

120

17.5

Female

4+

14

130

24

Female

4+

15

141

23.5

Female

4+

19

127

21

Female

4+

23

125

20.5

Male

4+

27

182

56

Male

5+

29

170

47.5

Female

5+

30

156

36

Male

5+

10

510

1095.5

Male

8+

10
9
Total Number of Fish

8
7
6
5
4
3
2
1
0
0+

Figure 14:

1+

2+

3+

4+
Age

5+

6+

7+

8+

Plot of the Total Number of Fish Analyzed in each Age Class
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Table 13:

Estimated Age-Length Classification of Chapman Lake Dolly Varden
Age

Length Range (mm)

1

40-80

2

90-120

3-4

120-160

5

160-180

8

500

The estimated age and length suggest that there is a positive correlation between the size of a fish and
age. To further support observations, an age to weight analysis was completed. Figure 15 below provides
the log normalized weights plotted against age showing a positive trend. Further analysis was completed
by comparing the condition factor of fish with age. The condition factor is a measure of the degree of wellbeing of a fish and primarily reflects the state of sexual maturity and degree of nourishment. Based on the
population of fish analyzed, there is a decreasing trend in the condition of fish in Chapman Lake as they
age.

3.5
3

Log Weight (g)

2.5
2
1.5
1
0.5
0
0

1

2

3

4

5

6

7

8

9

Age
Figure 15:

5.3.1.4

Weigh to Age Relationship of Dolly Varden Captured in Chapman Lake

Mercury in Fish Tissue

Mercury occurs naturally at low concentrations in air, water, soil, sediments, plants and animal tissues.
The majority of mercury occurs in the environment in the inorganic form, with approximately 1% available
in the organic form, methyl mercury. Methyl mercury enters the aquatic food chain when benthic
organisms living in the sediment absorb methyl mercury into their tissues and then are consumed by
organisms of higher trophic levels (Langston 1986), or when low levels of methyl mercury in the water
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column are absorbed across gill membranes or skin (Francesconi and Lenanton 1992). This organic form
of mercury is considered to be the most toxic and can become concentrated in fish tissue as a result of
bioaccumulation through diet. The formation and operation of reservoirs have been known to cause
elevated levels of mercury into the food web through the release of methl mercury from the breakdown of
submerged vegetation.
The 2016 fish sampling included analysis of the mercury concentration in fish tissue to establish a
baseline for comparison to fish sampled at a future date. A range of size classes were selected for
analysis and the whole fish was used. Results of total mercury samples with the associated physical fish
parameters are provided in Table 14.
Table 14:

Fish Tissue Total Mercury Results, 2016

Fish
Reference

Length (mm)

Weight (g)

Age

Total Mercury
(mg/kg wwt)

1

164

48.5

3+

0.068

2

166

48.5

3+

0.056

3

140

28

4+

0.089

10

510

1095.5

8+

0.184

19

127

21

4+

0.029

The results are provided as the concentration in wet weight of the tissue (wwt). Typically, mercury in fish
tissue is primarily in the form of methyl mercury. The reported values of total mercury were compared
against CCME and BC Tissue Residue Guidelines to Protect Wildlife from Mercury Toxicity, which is
0.033 mg/kg (MeHg, wwt). All but one of the fish had total mercury values that were higher than the
stated criteria.
Figure 16 shows the relationship between mercury concentration and fish age. While the graph does
indicate a trend of increasing concentration with age, had the oldest fish been removed from the analysis
there would be no significant relationship. There was no evidence during the 2016 field study to indicate
that the elevated levels of mercury in the Dolly Varden of Chapman Lake was anything but natural.
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Figure 16:

Dolly Varden Tissue Mercury Concentration in Relation to Age in Chapman Lake

5.3.2 Chapman Lake Benthic Invertebrates
Benthic macroinvertebrate sampling during 1998 field study was limited to identification of species from
sediment samples collected along transects and incidental observations of other species. Benthic
macroinvertebrates were identified from sediment samples collected at 3 m and 5 m depth using an
Eckman dredge, along 9 transects. The main types of invertebrates collected were caddis fly larvae
cases, bloodworms and other unidentified worms. The benthic macroinvertebrate abundance levels in
Chapman Lake were considered low and similarly the density of benthic macroinvertebrate levels were
low. During the 2016 field program, a total of 6 macroinvertebrate samples were collected at various
locations at shallow, mid and deep locations in the lake (Figure 9). An Eckman grab sampler was used to
collect a 500 ml of bottom substrate. Sample results suggest that the total abundance of organisms were
correlated with depth with higher abundance in samples from shallower sites. Figure 17 and Figure 18
provide the abundance and biomass of the macroinvertebrates in each sample. The most dominant order
present at each of the sample locations were Diptera (Figure 19). Diptera were also found in the stomach
contents of the fish captured in the gillnets. Consistent with abundance and biomass, species richness
was higher in the shallow samples (Figure 20).
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Figure 17:

Figure 18:

Total Abundance of Benthic Macro Invertebrates in Chapman Lake Samples, 2016

Total Biomass of Benthic Macro invertebrates in Chapman Lake Samples, 2016
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Figure 19:

Benthic Macro Invertebrate Sample Species Composition in Chapman Lake, 2016

Figure 20:

Benthic Macro Invertebrate Samples Species Richness in Chapman Lake, 2016

5.3.3 Chapman Lake Zooplankton
Sampling of zooplankton in Chapman Lake was carried out in 2016 to provide a baseline measure of food
resources for comparison to future sampling results. Zooplankton was sampled using a vertical
zooplankton tow at the deeper areas of the lake. Density of zooplankton (number of individuals/L) was

60485918-Environmental Assessment Report 2016-11-18

66

51

Sunshine Coast Regional District
Chapman Lake Water Supply Expansion Project Environmental Assessment

calculated for each sample by dividing the total number of individuals of each species in a sample by the
total volume sampled. Sample volume consisted of a calculation of the area of the sample net opening by
the distance the net was towed. The volume of water filtered was calculated using the equation:
𝑉𝑉 = 𝜋𝜋𝑟𝑟 2 𝑑𝑑
Where r was the radius of the net mouth (0.1475 m) and d was the depth of net sampler. Volumes were
converted from cubic metres to litres for abundance calculations.
The total abundance of zooplankton per litre of water for each site is provided in Figure 21. The samples
CHP-ZP1 and CHP-ZP2 were taken from the same deep lake location (20 m) and CHP-ZP3 was taken at
the mid-range depth (14 m). The largest number of zooplankton was captured from the 14 m depth
location. Taxonomic richness at all sample locations was 10 taxa. The total taxa is the count of all unique
taxa that was not represented by a lower taxonomic level in the sample.
Each sample consistently contained a relatively similar composition of 3 major groups of taxa which
included cladocera, copepod and rotifera. Figure 22 shows the percent composition of the three major
taxa groups at each sample location.

Figure 21:

Zooplankton Sample Total Abundance in Chapman Lake, 2016
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Figure 22:

Zooplankton Sample Species Composition in Chapman Lake, 2016

5.3.4 Tributary Stream Fish Habitat Characteristics
Fish habitat assessments were completed for each of the streams that outlet into Chapman Lake at the
eastern portion of the lake, as part of the 2016 study. Figure 9 provides the location where the habitat
assessments were completed. Appendix F provides a summary of the RISC stream habitat cards that
were completed including the physical characteristics of the stream and assessment of the quality of
habitat for fish. Table 15 below provides habitat quality definitions and indicators.
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Table 15:

Definition and Indicators of Fish Habitat Types
Habitat Ranking

Criteria

High

Moderate

Low

Definition

Habitat that is critical in sustaining a
subsistence, commercial, or recreational
fishery, or any species at risk (i.e., aquatic
red- and blue-listed species, those
designated by COSEWIC, or those listed
under SARA), or because of its relative
rareness, productivity, and/or sensitivity1

Habitat that is used by
fish for feeding, growth,
and migration but not
deemed critical. This
category of habitat
usually contains a large
amount of similar habitat
that is readily available to
the stock.

Habitat that has low
productive capacity and
contributes marginally to fish
production.

Indicators2

The presence of high-value spawning or
rearing habitat (e.g., locations with an
abundance of suitably sized spawning
gravels, deep pools, undercut banks, or
stable debris, which are critical to the
population present), or the presence of
any SARA-listed species, its residence, or
critical habitat.3

Important migration
corridors. The presence
of suitable spawning
habitat. Habitat with
moderate rearing
potential for the fish
species present.

The absence of suitable
spawning habitat, and habitat
with low rearing potential
(e.g., locations with an
absence of deep pools,
undercut banks, or stable
debris, and with little to no
substrate of spawning
gravels suitably sized for fish
species present).

1

See http://www.cosewic.gc.ca/.

2

The indicators provided here are highly generalized and may require regional interpretation. For further information on conducting a
habitat assessment, see: Fisheries and Oceans Canada’s Working Near Water in BC and Yukon website (http://www.pac.dfompo.gc.ca/habitat/index-eng.htm) and the BC Ministry of Environment’s Fish and Fish Habitats website
(http://www.env.gov.bc.ca/wld/fishhabitats/index.html).

3

The Species at Risk Act prohibits the harming, harassing, capturing, taking, or killing of a species at risk or the destruction of its residence,
or critical habitat as defined by act. For more information about SARA-listed species and their habitat, see: http://www.sararegistry.gc.ca

One site (north eastern stream) was classified as having high quality fish habitat with suitable habitat for
all stages of fish life cycles (spawning, rearing, overwintering, migration, and spawning/holding). The
south eastern stream was rated as moderate, with no spawning or staging and holding areas. In general,
the south eastern stream had a higher gradient (SE stream 4%, NE Stream 2%), greater channel width
(SE stream 7.2 m bankfull, NE stream 6.9 m bankfull) and residual pool depth (SE stream= 16 cm, NE
stream=5 cm) in comparison to the north eastern stream. The north eastern stream had a higher
proportion of small cobbles and gravels with the south eastern stream having a higher proportion of larger
cobbles and boulders. Figure 23 provides the quantitative estimate of the stream sediment composition
and Photos 7 through 11 provide additional documentation of the two streams.
Following the ratings provided in Table 15 the north east stream habitat rating is high as it appears to be
the stream that supports most of the spawning and rearing for Chapman Lake DV. There is approximately
240 m of good spawning and rearing habitat that is currently accessible in this tributary. Currently a log
jam limits upstream migration but within 100 m upstream of the logjam the stream gradient appears to
increase significantly and the stream substrate is dominated by boulders and bedrock. Approximately
225 m of the south east tributary is accessible would be rated as low to moderate based on observations
that included the dominance of cobble/boulder substrate with limited spawning substrate, no DV were
captured
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Figure 23:

Quantitative Estimate of Eastern Inlet and Stream Sediment Composition, 2016

5.3.5 Aquatic Vegetation
Aquatic vegetation assessments conducted during the 2016 study were intended to confirm findings of
the 1998 study and primarily was observational. The assessment focussed on the eastern portion or the
lake, as a higher proportion was concentrated in this area. Samples of the dominant plant types were
collected and identified by an AECOM plant specialist. Aquatic vegetation was considered anything below
the high water mark of the lake, submergent vegetation.
During the 1998 field investigation, characterization of the horizontal and vertical distribution of aquatic
plant species were completed using transects surveys at various locations around the lake. Studies also
assessed submergent vegetation below the high water level of the lake. The study was conducted later in
the summer where the lake levels were approximately 3 m below normal high water levels. The dominant
species of aquatic vegetation noted in 1998 was bristle-like quillwort (Isoetes echinospora), which was
found growing on suitable substrates throughout the lake. An extensive strand of this species was present
at the east end of the lake. Narrow-leafed bur-reed (Sparganium sp., possibly S. angustifolium) and
pondweed (Potamogeton sp., possibly P. gramineus) were observed on the exposed lake bed or
infrequently in shallow water at the east end of the lake.
During the 2016 study, two bands of aquatic vegetation were noted to occur above the study water level
and a separate type below the water line. The dominant plant species was identified as western quillwort
(Isoetes occidentalis) and narrow-leaved bur-reed (Sparganium angustifolium). The narrow leaved burreed was found closer to the shoreline, near the terrestrial and aquatic interface. Western quillwort was
present near the water edge or submerged in the shallows.
Similar aquatic vegetation species observations were made between the 1998 and 2016 assessments.
Differences were noted in the species of quillwort plant identified. In 1999 the quillwort Isoetes
echinospora was noted; however, Isoetes occidentalis was identified during the 2016 survey.
Identification of the plant species in 2016 followed the Illustrated Flora of British Columbia identification
guidebook (2000) and the key characteristic in the determination of species was observation of rigid and
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stiff leaves of Isoetes occidentalis. Typically, Isoete echinospora have leaves that are characterized as
being flaccid, which was not observed. Distribution of the aquatic vegetation was similar to that observed
in 1999 (Whitehead). The majority of the aquatic vegetation was observed along the shallows, primarily at
the eastern and western inlets and outlet areas of the lake. Minimal aquatic vegetation was observed
along the southern perimeter of the lake, as it was characterized as having greater sediment size and
steeper slopes.

5.3.6 Chapman Creek
Fisheries information was gathered using the FISS database for Chapman Creek and Chapman Lake
(FISS 2016). Fish species found in Chapman Creek include five species of anadromous fish: coho
(Oncorhynchus kisutch), Chinook (O. tshawytscha), chum (O. keta), pink (O. gorbuscha), steelhead (O.
mykiss) and coastal cutthroat. These fish can access the first 6.8 km of Chapman Creek up to an
impassable series of two waterfalls. In 2015 and 2016 the SCRD commissioned FSCI Biological
Consultants to conduct a study of low summer flows in Chapman Creek. The purpose of the study was to
determine the limitations imposed on salmonid populations in the lower sections of Chapman Creek
during late summer flow conditions. FSCI’s report on the findings in 2015 and 2016 is provided in
Appendix G and summarized below.
FSCI assessed habitat conditions through a range of flows from 0.1 m3/s to 2.2 m3/s. The report looked
at the amount and quality of habitat available for rearing juveniles and migrating adults, including the
determination of restrictions to upstream migration. The assessment concluded that a flow of 0.2 m3/s
was adequate to support rearing juveniles and upstream migration for adult salmon based on 2016
conditions. However, a site in the lowest section of Chapman Creek (Reach 1) was identified where
migration could be restricted at low flows by the deposition of a gravel bar creating an area of shallow
riffles. This gravel bar was created when the creek channel was confined by the construction of the
Highway 101 Bridge. The configuration of the gravel bar changes from year to year during high flows and
was expected to vary from year to year depending on movement of gravels during high flow events. The
timing of the low water conditions will normally only affect the migration of pink and chinook salmon.
Chinook and pink salmon have been introduced to the system and appear to be sustained through
hatchery production. The more important local species, chum and coho typically do not start to migrate
into the creek until later in the fall, end of September at the earliest when water levels are typically
increasing with the onset of fall weather. The FSCI report recommends that local stakeholders (i.e.
Sunshine Coast Salmonid Enhancement Society, Fisheries and Oceans Canada, Ministry of
Transportation, SCRD) prepare a plan to facilitate getting salmon around this section if monitoring
indicates that it is restricting upstream migration during late summer low flow.

5.4 Vegetation
5.4.1 Methods
5.4.1.1

Desktop Review

AECOM conducted a desktop review of information from the following sources to acquire information on
the biophysical environment in the Study Area:

•

Impact Assessment Report – Sunshine Coast’s Proposed Water Storage Project (Floating Pump
Station) on Chapman Lake, In Tetrahedron Provincial Park (1999)
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•

Terrestrial Ecosystem Mapping (TEM) data prepared by Timberline Natural Resource Group Ltd. For
International Forest Products Ltd. (2008)

•
•

Management Plan for Tetrahedron Provincial Park (1997)
BC Parks Management Plan – Background Document, Tetrahedron Provincial Park prepared by
Doug Leavers Consulting (1996)

•

iMapBC: a spatial information tool that provides public access to land, resource and geographic
information stored in the Land Resource Data Warehouse (LRDW)

•

Ecological Reports Catalogue (EcoCat): a database of digital reports and publications, and their
associated files including maps, datasets, and published inventory information. EcoCat contains
reports for a variety of disciplines, including terrestrial species and habitats, floodplain mapping,
ground water, and vegetation

•

BC Conservation Data Centre (BC CDC): a database that includes information on plants, animals,
and ecosystems at risk in BC

•

BC Species and Ecosystem Explorer: for authoritative conservation information on species and
ecosystems at risk, plants, animals, and ecological communities in BC

•
•

Peer-reviewed websites such as E-Fauna and E-Flora BC
Published literature on general ecology and population dynamics of relevant species.

5.4.1.2

Fieldwork

Fieldwork for this project was completed to achieve a comprehensive understanding of the ecosystems
that surround Chapman Lake, document the quality and types of wildlife habitat that these ecosystems
support and to opportunistically record any wildlife or wildlife sign as well as any rare or endangered
plants.
On the week of August 22nd 2016 fieldwork for the study area was completed over a 3 day period.
Access to Chapman Lake was by helicopter and a crew of two terrestrial ecologists completed 11 plots (5
full plots & 6 visual plots). A reconnaissance of the study area was also carried out by helicopter and
areas between plots were traversed by foot or by boat. The photographs 15 to 26 in the Photo Log are a
selection of photographs taken during the terrestrial fieldwork representing the highlights of the field
study.

5.4.1.3

Terrestrial Ecosystem Mapping

Terrestrial Ecosystem Mapping (TEM) was chosen as the basis for the terrestrial baseline for this project
as it is the standard for ecosystem classification in BC. The TEM for this report is based on the
Biogeoclimatic Ecosystem Classification (BEC) system and describes the diversity, relative abundance,
and distribution of vegetation communities and structural stages for lands where vegetation may be
affected by the Project. AECOM acquired the Chapman Landscape Unit TEM completed by Timberline
Resource Ltd. 2008 from the BC government; unfortunately the mapping was not completed for
Tetrahedron Provincial Park surrounding Chapman Lake. It was determined that TEM would be
undertaken by AECOM for the area surrounding Chapman Lake within 500 meters. The legend used for
the 2008 Chapman Landscape Unit TEM, was adopted for the purpose of this TEM.
Up to three site series were noted for each TEM polygon. The percentage of each site series is indicated
by deciles ranging from 1 to 10 (1=10%; 10=100%). Decile 1 is greater or equal to Decile 2, which must
be greater or equal to Decile 3. If the first two deciles total 10 then the third decile is left blank (e.g., 7-3).
Each decile represents either a vegetation community; described in either the Field Guide for Site
Identification and Interpretation for the Vancouver Forest Region (Figure 1) or the Wetlands of British
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Columbia: A Guide to Identification or a non-vegetation unit code defined in the Standard for Terrestrial
Ecosystem Mapping in British Columbia Guide.
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Figure 24:

Mountain Hemlock windward moist maritime Edatopic Grid

5.4.2 Vegetation Overview
Chapman Lake and the surrounding forest are within the Mountain Hemlock moist maritime windward
variant (MHmm1) Biogeoclimatic Ecosystem Classification (BEC) zone, subzone and variant. Forest
cover around Chapman Lake and the upper Chapman Creek watershed consists of mountain hemlock
(Tsuga mertensiana), yellow cedar (Xanthocyparis nootkatensis) and Pacific silver fir (Abies amabilis),
while lower elevations in Tetrahedron Provincial Park contain western hemlock (Tsuga heterophylla) and
western redcedar (Thuja plicata; Triton 2006).The canopy formed by the tree cover varies from relatively
open to dense. Throughout the park, semi-open meadows, marsh complexes, and areas of dense shrub
[e.g., blueberry (Vaccinium sp.)] are also found (Whitehead 1999).
The mid and lower reaches of the Chapman Creek watershed, outside the park boundaries, fall within the
Coastal Western Hemlock very wet maritime submontane (CWHvm1) biogeoclimatic zone, subzone and
variant, and are characterized by forests dominated by Douglas fir (Pseudotsuga menziesii var.
menziesii), western hemlock, western redcedar and a variety of understory shrub species. Widespread
logging and associated disturbance and revegetation have resulted in a change in forest composition
from old-growth conifer forests to communities with a higher proportion of broadleaved trees. Much of the
riparian zone in the mid and lower reaches of Chapman Creek now consists of alder stands (Whitehead
1999). The park is situated within the Southern Pacific Ranges ecosection and Coastal Western
Hemlock/Mountain Hemlock biogeoclimatic zones. The park contains one of the oldest undisturbed
forests in Canada with stands containing trees over 1,000 years. Semi-open meadows, marsh complexes
and dense understorey (e.g. blueberry) are characteristic of the park, which also contains ten lakes
(MELP 1997).

5.4.3 Riparian Vegetation
Riparian vegetation surveys were completed in 1998 (Whitehead 1999) as part of impact assessment
from the 5 m lake depth to 5 m above the high water level. The riparian area is largely forested to the high
water level with several smaller areas where shrubs and/or herbaceous species predominate. The four
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habitat types identified include forest, shrubland, wet meadow and wetland/aquatic. Forest vegetation
consisted of mountain hemlock and amabilis fir with some yellow cedar. The shrub layer was dominated
by Alaskan blueberry (Vaccinium alaskaense) and oval-leaved blueberry (Vaccinium ovalifolium) with the
herb layer consisting of moss. Meadow and wetland areas contained a graduation from one to the other
with an increase in soil moisture. Meadow areas tended to be moist due to subsurface drainage from
hillslope areas. Vegetation growth within the lake that was less than 2 m in depth was considered part of
the wetland habitat.
The riparian vegetation survey was updated in 2016 finding similar results to the 1998 study. The
meadows and wetlands referenced in the 1998 study are now referred to as fens and marshes.

5.4.4 Sensitive Species
A list of plant species potentially within the study area was compiled using the BC Conservation Data
Centre database. The same search categories as above were used to compile the information. Table 16
provides a summary of the resulting species, including the BC designation and Species at Risk statuses.
A total of seven sensitive BC species were identified, with no SARA listed species results. During the
fieldwork no rare plant species were identified.
Table 16:

Sensitive Plant Species in the Sunshine Coast Forest District

Common Name

Scientific Name

Species Type

BC Status

Elegant Jacob's-ladder

Polemonium elegans

Dicot

Blue

Kamchatka spike-rush

Eleocharis kamtschatica

Monocot

Blue

Poison oak

Toxicodendron
diversilobum

Dicot

Blue

Roell's brotherella

Brotherella roellii

Nonvascular
plant

Red

Slimleaf onion

Allium amplectens

Monocot

Blue

Small spike-rush

Eleocharis parvula

Monocot

Blue

Snow bramble

Rubus nivalis

Dicot

Blue

SARA Status

A search was also conducted in the BC Conservation Data Centre database for terrestrial ecological
communities in the area surrounding Chapman Lake. Criteria used to focus the search results was
applied using the regional and forest districts for the Sunshine Coase filters. In addition, the
biogeoclimatic zone of Coastal Western Hemlock, subzone very wet maritime and montane (CHWvm2)
variant and Mountain Hemlock windward Moist Maritime (MHmm1) filters were applied. Table 17 provides
the results of the ecological community database search of the area, which includes BC sensitive species
status.
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Table 17:

Sensitive Ecological Community Plant Species in the Sunshine Coast, Mountain
Hemlock Windward Moist Maritime Biogeoclimatic Zone, Subzone and Variant
(MHmm1)

Common Name

Scientific Name

Site
Serries
Number

Vegetation BC Status Endemic
Community
Code

Mountain Hemlock - Amabilis
fir/ Blueberry

Tsuga mertensiana - Abies
amabilis/ Vaccinium alaskaense

01

MB

Yellow

Mountain Hemlock - Amabilis
fir/ Mountain-heather

Tsuga mertensiana - Abies
amabilis/ Phyllodoce
empetriformis

02

MM

Yellow

amabilis fir - mountain
hemlock / oak fern

Abies amabilis - Tsuga
mertensiana / Gymnocarpium
dryopteris

03

MO

Yellow

Sitka sedge / peat-mosses
Fen

Carex sitchensis / Sphagnum spp.

-

TS

Red

Yes

Sitka willow / Sitka sedge

Salix sitchensis / Carex sitchensis

-

HM

Blue

Yes

mountain hemlock - amabilis
fir / five-leaved bramble

Tsuga mertensiana - Abies
amabilis / Rubus pedatus

04

AB

Yellow

amabilis fir - mountain
hemlock / rosy twistedstalk

Abies amabilis - Tsuga
mertensiana / Streptopus
lanceolatus

05

MT

Yellow

mountain hemlock - yellowcedar / deer fern

Tsuga mertensiana Xanthocyparis nootkatensis /
Blechnum spicant

06

MD

Yellow

yellow-cedar - mountain
hemlock / Indian hellebore

Xanthocyparis nootkatensis Tsuga mertensiana / Veratrum
viride

07

YH

Yellow

mountain hemlock - yellowcedar / common red peatmoss

Tsuga mertensiana Xanthocyparis nootkatensis /
Sphagnum capillifolium

08

YS

Yellow

yellow-cedar - mountain
hemlock / skunk cabbage

Xanthocyparis nootkatensis Tsuga mertensiana / Lysichiton
americanus

09

YC

Yellow

Yes

5.4.5 TEM Results
A total of 80 TEM polygons (Appendix H) have been delineated using 11 identified site series (Table 18 &
Appendix H). The most common site series is Mountain Hemlock - Amabilis fir/ Blueberry , which is found
in 48 polygons covering 141.33 ha, and is the dominant site series in 32 polygons (Appendix H, Table 4)
(Photograph 23). The HmBa-Blueberry site series occurs on middle to upper positions on gentle slopes
with deep, medium textured soils, and is considered submesic to mesic upland habitat (Appendix H,
Table 4). The structural stage for the site series ranges from a shrub/herb structure (structural stage 3) to
mature old-growth forest (structural stage 7).
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Table 18 provides the TEM of the construction area while the TEM of the entire lake study area is
provided in Appendix H (see Figure 25).
The second most common site series is Sitka sedge / peat-mosses Fen, which is found in 26 polygons
and is the dominant site series in 21 polygons (Appendix H; Table 18) (Photograph 21). The Sitka sedge /
peat-mosses Fen site association occurs on gentle to level slopes with poor drainage typically adjacent to
watercourses especially near the eastern end of Chapman Lake (Table 18), (Figure 5-19), Sitka sedge /
peat-mosses Fenis a wetlands, and is therefore considerably wetter than Mountain Hemlock - Amabilis fir/
Blueberry. Within the Study Area three site series have been classified as wetlands, including forested
(HmYc-common red peat-moss, YcHm-Skunk cabbage) and non-forested Fen (Sitka sedge / peatmosses) and Marshes (Sitka willow / Sitka sedge; Photograph 20) as well as open water (Appendix H,
Table 18). Wetlands are found in 34 polygons and are the dominant site series in 25 polygons (H, Table
18). The most common wetland site series is the Sitka sedge / peat-mosses Fen. These sites occur in
poorly drained organic soils and on gradual slopes with relatively slow moving seepage.
Eight polygons (72, 73, 74, 76, 77, 78, 79 and 80) containing upland forests and wetlands intersect the
proposed project site. Site series include Sitka sedge / peat-mosses Fen, Mountain Hemlock - Amabilis
fir/ Blueberry, amabilis fir - mountain hemlock / oak fern and mountain hemlock - yellow-cedar / deer fern
(Table 18). The wetlands cover approximately 49.6 ha of the project site (Appendix H), but are only
dominant in 26 polygons.
Table 18:

TEM Site Series Information

Common Name

Scientific Name

Site
Serries
Number

Vegetation
Community
Code

Area

Mountain Hemlock - Amabilis
fir/ Blueberry

Tsuga mertensiana - Abies
amabilis/ Vaccinium alaskaense

01

MB

141.33

Mountain Hemlock - Amabilis
fir/ Mountain-heather

Tsuga mertensiana - Abies
amabilis/ Phyllodoce empetriformis

02

MM

4.93

amabilis fir - mountain
hemlock / oak fern

Abies amabilis - Tsuga mertensiana
/ Gymnocarpium dryopteris

03

MO

3.65

Sitka sedge / peat-mosses
Fen

Carex sitchensis / Sphagnum spp.

-

TS

45.27

Beaked sedge – Water sedge
Marsh

Carex utriculata – Carex aquatilis

-

HM

0.92

mountain hemlock - amabilis
fir / five-leaved bramble

Tsuga mertensiana - Abies amabilis
/ Rubus pedatus

04

AB

6.89

amabilis fir - mountain
hemlock / rosy twistedstalk

Abies amabilis - Tsuga mertensiana
/ Streptopus lanceolatus

05

MT

19.44

mountain hemlock - yellowcedar / deer fern

Tsuga mertensiana - Xanthocyparis
nootkatensis / Blechnum spicant

06

MD

3.28

yellow-cedar - mountain
hemlock / Indian hellebore

Xanthocyparis nootkatensis - Tsuga
mertensiana / Veratrum viride

07

YH

8.80

mountain hemlock - yellowcedar / common red peatmoss

Tsuga mertensiana - Xanthocyparis
nootkatensis / Sphagnum
capillifolium

08

YS

1.31

yellow-cedar - mountain
hemlock / skunk cabbage

Xanthocyparis nootkatensis - Tsuga
mertensiana / Lysichiton
americanus

09

YC

0.31

Total
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Table 19:

Non-vegetated TEM Areas
Common Name

TEM Code

Area

Open Water

OW

3.08

River

RI

0.33

Talus

TA

4.20
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5.5 Wildlife Resources
The Chapman Creek watershed supports populations of Roosevelt elk (Cervus canadensis roosevelti),
Columbian black-tailed deer (Odocoileus hemionus columbianus), black bear (Ursus americanus), cougar
(Puma concolor) and other furbearing animals. Mink (Neovison vison), marten (Martes americana),
ermine (Mustela erminea), river otter (Lontra canadensis), and bobcat (Lynx rufus) have historically been
trapped in Tetrahedron Provincial Park; all of which are dependent upon old-growth forest stands for vole
and other small rodent food sources. Mountain goat (Oreamnos americanus) and coyote (Canis latrans)
have also been reported in Tetrahedron Provincial Park (MELP 1997, DLC 1996, Whitehead 1999).
Many species of birds have been recorded throughout the area, including peregrine falcon (Falco
peregrinus), rosy finches (Leucosticte tephrocotis), rock ptarmigan (Lagopus muta), grouse, ravens
(Corvus corax), raptors, songbirds, grouse, eagles, and cavity nesting birds such as nuthatches, threetoed woodpeckers, and red-breasted sapsuckers (Sphyrapicus ruber), and duck species (MELP 1997,
DLC 1996). Marbled murrelet (Brachyramphus marmoratus), a red-listed species, is known to exclusively
nest in old growth forest have been recorded in Tetrahedron Provincial Park. This is a small seabird that
spends the majority of its adult life on the open ocean. When it comes time to nest marbled murrelets
space out and nest on branches of old growth and mature conifers as far as 60 km or more inland (Blood
1998).
Amphibians are common along the lake’s border in adjacent wetlands and vernal pools. Reptiles and
amphibians recorded in Tetrahedron Park or observed in the Chapman Lake Study Area include Pacific
treefrog (Pseudacris regilla, Photograph 17), Western toad (Anaxyrus boreas), long-toed salamander
(Ambystoma macrodactylum), northwestern salamander (Ambystoma gracile), and garter snake
(Thamnophis sp.) (Whitehead 1999).
During site investigations, the following wildlife and evidence of wildlife were observed:

•
•
•
•
•
•
•
•
•
•
•

Elk; elk tracks

•

Water beetles, caddisflies, and water striders in wetland pools

Bear scat and tracks (Photograph 19)
Red fox traks (Photograph 18)
Bald eagle (Haliaeetus leucocephalus)
American dipper (Cinclus mexicanus)
Belted kingfisher (Megaceryle alcyon)
Rufous hummingbird (Selasphorus rufus)
Steller's jays (Cyanocitta stelleri)
Common raven
Shorebirds and swallows
Egg masses, tadpoles, larvae and adults of long-toed salamander, northwestern salamander, and
northern Pacific treefrog in wetland

5.5.1 Sensitive Wildlife Species
Species with special conservation status with the potential to occur in the Study Area are listed in Table
20. They were identified based on a review of available information from the area, species range and
habitat requirements. These species are listed under SARA, COSEWIC, are provincially listed or a
combination of the three.
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Table 20:

Listed Species potentially within the Chapman Lake Study Area
Status

Scientific Name

English Name

Provincial

BC List COSEWIC

SARA

Global

Ascaphus truei

Coastal Tailed Frog

S3S4 (2010)

Blue

SC (2011) 1-SC
(2003)

Brachyramphus
marmoratus

Marbled Murrelet

S3B,S3N
(2015)

Blue

T (2012)

Cervus elaphus
roosevelti

Roosevelt Elk

S3S4 (2010)

Blue

Chrysemys
picta pop. 1

Painted Turtle - Pacific Coast
Population

S2 (2012)

Red

E (2006)

1-E (2007) G5T2
(2007)

Contopus cooperi

Olive-sided Flycatcher

S3S4B (2015)

Blue

T (2007)

1-T (2010) G4 (2008)

Cypseloides niger

Black Swift

S2S3B (2015)

Blue

E (2015)

G4 (2015)

Epargyreus clarus

Silver-spotted Skipper

S3 (2013)

Blue

G5 (2009)

Galba bulimoides

Prairie Fossaria

S3? (2015)

Blue

G5 (1999)

Gulo gulo luscus

Wolverine, luscus subspecies

S3 (2010)

Blue

SC (2014)

G4T4
(1996)

Hesperia colorado
oregonia

Western Branded
Skipper, oregonia subspecies

S1 (2013)

Red

E (2013)

G5T2
(2016)

Hirundo rustica

Barn Swallow

S3S4B (2015)

Blue

T (2011)

G5 (2014)

Megascops
kennicottii
kennicottii

Western ScreechOwl, kennicottii subspecies

S3 (2009)

Blue

T (2012)

Myotis keenii

Keen's Myotis

S3? (2015)

Blue

DD (2003) 3 (2005)

Ophiogomphus
occidentis

Sinuous Snaketail

S3 (2015)

Blue

G5 (2015)

Oreamnos
americanus

Mountain Goat

S3 (2015)

Blue

G5 (1996)

Parnassius clodius
claudianus

Clodius
S3S4 (2013)
Parnassian, claudianus subspe
cies

Blue

G5TNR

Pekania pennanti

Fisher

S3 (2015)

Blue

G5 (2005)

Physella propinqua

Rocky Mountain Physa

S3S4 (2015)

Blue

G5Q
(2015)

Physella virginea

Sunset Physa

S3S5 (2015)

Blue

G5Q
(2015)

Planorbula
campestris

Meadow Rams-horn

S3S4 (2015)

Blue

G4G5
(2015)

Rana aurora

Northern Red-legged Frog

S3S4 (2010)

Blue

SC (2015) 1-SC
(2005)

G4 (2015)

Salvelinus
confluentus coastal lineage

Bull Trout - Coastal Lineage

S3 (2011)

Blue

SC (2012)

G4T3T4
(2011)

Sphaerium
striatinum

Striated Fingernailclam

S3S4 (2015)

Blue
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Status
Scientific Name
Ursus arctos

English Name
Grizzly Bear

Provincial
S3? (2015)

BC List COSEWIC
Blue

SARA

SC (2002)

Global
G4 (2000)

Provincial and Global Status Rank Numbering
1 = critically imperiled
2 = imperiled
3 = special concern, vulnerable to extirpation or extinction
4 = apparently secure
5 = demonstrably widespread, abundant, and secure.
S#S# or G#G# = Range Rank; A numeric range rank (e.g., S2S3, G3G4) is used to indicate any range of uncertainty about the
status of the species or community. Ranges cannot skip more than one rank (e.g., SU is used rather than S1S4).
B = Breeding; Conservation status refers to the breeding population of the species in the province.
N = Nonbreeding; Conservation status refers to the non-breeding population of the species in the province.
T = Infraspecific Taxon (trinomial); The status of infraspecific taxa (subspecies or varieties) are indicated by a "T-rank" following the
species' global rank. Rules for assigning T-ranks follow the same principles outlined for global conservation status ranks. For
example, the global rank of a critically imperiled subspecies of an otherwise widespread and common species would be G5T1. A
T-rank cannot imply the subspecies or variety is more abundant than the species as a whole (e.g., a G1T2 cannot occur).
BC List
Red: Indigenous species or subspecies that have, or are candidates for, Extirpated, Endangered, or Threatened status in BC.
Species are considered to be at risk and require further investigation.
Blue: Indigenous species or subspecies considered to be of Special Concern (formerly Vulnerable) in BC. Taxa of Special Concern
have characteristics that make them particularly sensitive or vulnerable to human activities or natural events.
Yellow: Species that are apparently secure and not at risk of extinction. Yellow-listed species may include red- or blue-listed
subspecies.
COSEWIC/SARA Status

E = Endangered: A species facing imminent extirpation or extinction.
T = Threatened: A species that is likely to become endangered if limiting factors are not reversed.
SC = Special Concern: A species of special concern because of characteristics that make it is particularly sensitive to human
activities or natural events.
NAR = Not at Risk: A species that has been evaluated and found to be not at risk.
Sources: BCMOE (2016)
Notes:

Values that are not applicable are left blank (e.g., federal status of species that have not been assessed by SARA or

COSEWIC).

5.6 Socio-Cultural Studies
The only site specific study carried out in this category was a preliminary field reconnaissance survey to
identify the potential for archaeological artifacts to be present in the construction area. The field survey
took place on May 31, 2016 by an archaeologist from In Situ Consulting. The archaeologists that carried
out the survey did not observe any evidence to indicate that archaeological artifacts are present in the
project area, however, the survey was limited to observation of surface conditions. The archaeologist has
recommended that excavations be archaeologically monitored and during the initial drawdown of the lake
to levels below -3 m an archeologist should investigate the exposed shoreline for artifacts (i.e. toward the
end of the construction period when water levels will be at or close to -8 m).
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6. Project Effects Assessment and
Proposed Mitigation Measures
6.1 Assessment Methodology
The purpose of this section is to identify and assess residual environmental effects related to project
activities. Residual effects are those effects remaining after the application of mitigation measures a
potential environmental effect related to the project. BC Parks created guidance documents for preparing
impact assessment reports for projects within a park (BC Parks 1999) which included a methodology for
assessing project impacts. This process suggests rating project effects using the following attributes:
direction, magnitude, geographic extent or scope, duration, frequency and confidence of the residual
effect on a valued component. Table 21 provides a brief description of each attribute and a general
description of the associated ratings. Note that the ratings may be refined for some of the valued
components which will be describe in further detail in the appropriate section.
Table 21:

Residual Effect Assessment Attributes and Rating
Rating

Attributes
Magnitude (the severity of the
effect compared to thresholds, or
in the context of the affected
population)

Low

Medium/Moderate

Effect is apparent, although
with little to no difference
from baseline conditions

High

Effect clearly different from
baseline conditions, but
remains below defined
threshold

Effect exceeds threshold (i.e.,
exceeding water quality
criteria)

Geographic Extent (the physical Effect is apparent only
area where the effect occurs)
within the Project Site

Effect is evident throughout
the local study area

Effect extends beyond the
local study area

Duration

Effects short term, evident
within only a limited portion
of project phases,
generally within 1 year

Effects are intermediate
term, evident throughout all
project phases, generally
within 1 to 10 years

Effects long term and persist
beyond the life of the project
or longer than 10 years

Frequency

Effects are expected to
occur only once or
sporadically through the life
of the project

Effects are expected to
occur sporadically through
the life of the project.

Effects are expected to occur
sporadically or are continuous
through the life of the project.

Confidence

Conclusion is uncertain

Direction (note this uses
different ratings)

Positive

Conclusion is certain as the
VC and the effect are well
understood
Neutral

Negative

The assessment ratings are used, in combination with professional judgement, to make a determination
of the overall impact of the project on the various environmental components.
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6.2 Valued Components
Typically an environmental assessment focuses on key components within or associated with the project
and the project setting. Based on the information provided in the Section 5, Current Conditions, we have
identified valued environmental and social components in or associated with Chapman Lake and
Tetrahedron Park that will be used to assess the effects of the Project. These valued components were
selected through informal discussions with stakeholders including the shíshálh Nation, SCRD Staff,
professional experience of the authors of this report and previous studies on Chapman Lake. The
following table lists the valued components selected for assessment and a matrix showing how they
interact with the project.
Table 22:

VC’s Selected for Assessment

Component

Latin Name

Water Quality

-

Status

Reason for Inclusion

Good Quality

The lake is an important component of the
Chapman Creek Water Supply for the
Sunshine Coast

Dolly Varden Char

Salvelinus malma

Blue Listed

Chapman Lake supports a monoculture of
this fish which is unique

Western Toad

Anaxyrus boreas

Blue Listed

At risk amphibian likely to be found within
the Study Area

Roosevelt Elk

Cervus Canadensis

Unlisted

Large ungulate known to be in the study
area

Sitka sedge / peatmosses (Fen)

Carex sitchensis /
Sphagnum spp.

Red Listed

Red Listed Fen known to be in the study
area

Snow bramble

Rubus nivalis

Blue Listed

Blue listed plant species known to be on the
sunshine coast, potentially in the study area.

Socio-cultural values

-

-

The project area is an important component
of the wilderness experience provided by
Tetrahedron Park

6.3 Soils and Vegetation
6.3.1 Project Effects and Mitigation
6.3.1.1

Construction

Disturbance during construction will include removal of vegetation, compaction of soils, and excavation of
a 5-m deep trench. Efforts will be made to contain the areas impacted by construction to one continuous
area rather than creating several smaller areas. The construction is expected to take 3 months. Also, the
current plan anticipates a work camp to be assembled at the site. To minimize disturbance to soils and
vegetation the camp and laydown will be confined to areas used during the original dam construction in
1978.
Construction will require:

•
•

Regular helicopter flights to the work area and associated noise the establishment of a work camp
Laydown area for equipment and supplies including on-site fuel containment
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•
•
•

Use of fuels and lubricants for machinery required for works
Excavation and blasting to create a trench to install a deep water withdrawal pipe
Disposal of excess overburden and rock removed from the trench drilling through bedrock to install
the low level outlet.

Potential effects on terrestrial habitat could result from direct disturbance of vegetation, exposure or
compaction of soils, accidental spill of fuels or changes to the hydraulic regime of adjacent wetlands.
Most direct disturbance will occur during the construction phase and will be low magnitude, limited extent,
low duration and low frequency.
The project requires a laydown site to accommodate for the equipment and supplies necessary for the
excavation of the pipe location and the construction of the dam. The laydown site has the potential to
cause direct disturbance of vegetation and has been located within the original works area of the 1978
construction site. This area is outside of the wetlands adjacent to the dam and it will allow for the least
amount of disturbance while allowing sufficient room to complete the works safely. Other direct
disturbance to vegetation could be caused by helicopter rotorwash, additional workspace or clearance of
danger trees around the site.
Exposure or compaction of soils may occur from the operation of heavy equipment required to excavate
the pipe and build the dam. When soils are exposed it can cause erosion and sediment that can reduce
the soil capability, remove nutrients and disturb areas where deposition of sediments occurs. Soil
compaction can reduce the porosity of soils thereby causing harm to existing vegetation and reducing the
ability for new vegetation to grow.
Accidental leaks and spills can occur from the equipment onsite. Every effort will be made to prevent and
contain any leaks or spills; however, it is possible that they could occur. Petroleum products can kill
vegetation as well as contaminating the soil.
Hydraulic changes to the wetlands can be caused by any excavation or compaction of soils within or
adjacent to any of the wetlands. Changes to the hydrologic conditions may cause the wetland to drain
more quickly or more slowly. These situations may cause a change in the vegetation over the short and
long term towards a different wetland class or a forested site.
The majority of the identified effects will be repaired through site remediation and restoration works
resulting in a medium residual effect. A monitoring plan will be implemented to assure remediation is
successful.

6.3.1.2

Operation

Disturbance during operations will be limited to a drawdown of lake surface water below -3 m only to
avoid Stage 4 water use restrictions. Other disturbances will be no different than the current operation
and maintenance activities that the SCRD undertakes each year at Chapman Lake. This includes visits to
check and maintain the infrastructure which occurs a few times a year.
With receding water levels, segments of the shoreline may be exposed which can increase erosion and
sedimentation. Adjacent wetlands may experience additional hydrologic draw-downs during drought
conditions that would cause the lake to be drawn below the historic norm of -3 meters. Given that these
events are relatively infrequent and of short duration, long term effects are not expected.
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6.3.1.3

Mitigation

Mitigation measures would include:

•

Conducting pre-construction surveys for any rare plants and plant communities and relocate the
plants to suitable habitat nearby either permanently or to for use in site rehabilitation after
construction

•

Application of appropriate erosion and sediment control measures, particularly in area where
vegetation is removed and soils disturbed. A plan detailing these measures will be prepared as per
Section 5.0.

•

Emergency response plans in the event of accidental release of deleterious materials (i.e. sediment,
fuel) as identified in Section 7.0.

•

Remediate areas used for construction camp and laydown including de-compacting soils, seeding
and other plantings to re-establish vegetation and pre-existing habitat values. A full remediation plan
will be developed prior to start of construction.

•

While all the overburden and any excess rock is expected to be used to reconfigure and stabilise the
excavated channel, if there are any excess materials they will be placed within the camp/laydown
area and planted with native vegetation. A reclamation plan for overburden and/or rock disposal area
would be developed.

6.3.2 Summary of Residual Effects
Table 23 presents the residual effects on vegetation and soils VCs for construction and operation of the
proposed project. The effects identified are all low in magnitude and have a limited geographic extent
either within the project area or within Chapman Lake and the associated riparian vegetation. The
duration and frequency are also considered Low. Our confidence is high given that these types of effects
have been well documented on other similar projects and standard mitigation measures can be used to
minimize the effects.

6.3.2.1

Soils

Potential residual effects on soils during construction are expected to be a minor amount of compaction
and erosion within the project site caused by heavy equipment. After remediation of the project site and
given that the work area was already cleared for the original dam construction, the residual effect is
expected to have little difference from baseline conditions resulting in a low magnitude. The geographic
extent will be within the project footprint and the duration of construction is expected to be 3 months
resulting in a low geographic extent and a low duration. The frequency is also low given only one
construction period will be necessary to complete the project. Our confidence is high given that many
construction projects have been completed using the mitigation measures proposed resulting in minimal
effects to soils.
Potential residual effects on soils during operation are expected to be a limited extent of erosion within
the Chapman Lake area due to increased drawdown of the lake in years of drought. Soils during
operation will again have a residual effect that is expected to have little difference from baseline
conditions resulting in a low magnitude. The geographic extent will be within the Chapman Lake area and
the duration of drawdown is expected to be less than a few weeks resulting in a low geographic extent
and a low duration. The frequency is also low given the drought conditions required for stage 4
restrictions currently happens very infrequently but is expected to gradually become more frequent as
climate change alters the summer hydrology. Our confidence is high given that many construction
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projects have been completed using the mitigation measures proposed resulting in minimal effects to
soils.

6.3.2.2

Snowberry

Potential residual effects on snowberry during construction and operation are expected to be nil. Given
that the project site has been assessed once and an additional pre-construction rare plant survey will be
completed, the residual effect is expected to be none.

6.3.2.3

Sitka sedge/peat mosses (Fen)

Potential residual effects on Sitka sedge / peat-mosses (Fen) during construction are expected to be nil.
Given that the project site has been located outside of the mapped wetlands, the residual effect is
expected to be none.
Potential residual effects on Sitka sedge / peat-mosses (Fen) during operation are expected to be a
limited hydrologic drawdown within the Chapman Lake area due to increased drawdown of the lake in
years of drought. These Fens during operation will have a residual effect that is expected to have little
difference from baseline conditions resulting in a low magnitude. The geographic extent will be within the
Chapman Lake area and the duration of drawdown is expected to be less than a few weeks resulting in a
low geographic extent and a low duration. The frequency is also low given the drought conditions
requiring stage 4 restrictions have only occurred twice historically. Confidence is moderate given that
there is some uncertainty around the amount of hydrologic drawdown the wetlands will experience and
how much is a natural product of drought conditions and how much would be due to reduced water levels
in the lake.
Table 23:
Valued
Component

Vegetation and Soils Residual Effect Assessment Attributes & Rating
Magnitude

Geographic
Extent

Duration

Frequency

Confidence

Direction

Construction

Low

Low

Low

Low

High

Negative

Operation

Low

Moderate

Low

Low

High

Negative

Snowberry
(Rubus
nivalis)

Construction

N/A

N/A

N/A

N/A

N/A

Neutral

Operation

N/A

N/A

N/A

N/A

N/A

Neutral

Sitka sedge /
peat-mosses
(Fen)

Construction

NA

NA

NA

NA

NA

Neutral

Operation

Low

Moderate

Low

Low

Moderate

Negative

Soils

Phase

6.4 Wildlife
6.4.1 Construction
Disturbance during construction will include noise from construction, blasting, and helicopters,
human/wildlife interaction and removal of wildlife habitat. Efforts will be made to contain the areas
impacted by construction to one continuous area rather than creating several smaller areas. The
construction is expected to take 3 months, during which time wildlife will likely avoid the work area. Also,
the current plan anticipates a work camp to be assembled at the site. To minimize disturbance to wildlife
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habitat the camp and laydown areas will be confined to areas used during the original dam construction in
1978 and avoid the nearby wetlands.
Construction will require:

•
•
•

Regular helicopter flights to the work area and noise associated with the construction.
Laydown area for equipment and supplies including on-site fuel containment.
Excavation and blasting to create a trench to install a deep water withdrawal pipe .

Potential effects on wildlife habitat and wildlife could result from direct disturbance of wildlife, wildlife
habitat or exclusion from habitat areas during site preparation, excavation and construction of the dam.
Most direct disturbance will result in the temporary avoidance of wildlife from the project site. The effects
to wildlife habitat will be repaired through site remediation and restoration works resulting in a medium
residual effect. A monitoring plan will be implemented to assure remediation is successful.

6.4.2 Operation
Deer, bear and other mammals use the lakeshore for drinking water. With receding water levels,
segments of the shoreline may be soft, which can interfere with an animal’s ability to approach the water.
Also, animals crossing the shore to drink may be exposed to increased predation as the water line
recedes from the cover provided by riparian vegetation. Whitehead (1999) identified areas around the
lake where the substrate is firm, as well as small watercourses and ponds, where animals can access
water without undue risk of predation or becoming hampered by soft ground. The potential effects on
terrestrial wildlife from additional drawdown of the lake were not considered significant by Whitehead
(1999).
Disturbance of terrestrial species and habitat during the operational phase is not considered significant.
Drawdown below -3 m will only occur to avoid Stage 4 water use restrictions. Disturbance to wildlife
during operation will be limited to human visits to check and maintain the infrastructure which takes place
a few times a year. Essentially this aspect will be no different than the current operational and
maintenance activities that the SCRD undertakes each year at Chapman Lake. There is no residual effect
anticipated due to the infrequent drawdown of the lake below the -3 m level.
During construction and operation the flow from Chapman Lake into Chapman Creek will be monitored
and due to the increased drawdown the creek will be able to maintain a minimum flow during drought
conditions years. Maintaining a minimum flow within Chapman Creek during drought years is expected to
enhance wildlife habitat and access to water downstream resulting in a neutral or positive effect.

6.4.3 Mitigation
Mitigation measures would include:

•
•
•

Setting up the camp so that wildlife is excluded from entering the camp area.

•

Site hygiene including secure bins for garbage, no garbage left around the site, regular removal of
garbage to reduce the risk of human and black bear interaction.

•

Application of appropriate erosion and sediment control measures, particularly in area where
vegetation is removed and soils disturbed. A plan detailing these measures will be prepared as per
Section 5.

Limiting the work area by flagging machine only areas where equipment does not need to go.
Pre-construction site survey for amphibians, i.e. eggs or tadpoles in ponded water or along the edge
of the lake in the vicinity of proposed construction and relocation of any that are found.
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•

Emergency response plans in the event of accidental release of deleterious materials (i.e. sediment,
fuel) as identified in Section 1.

•

Remediate areas used for construction camp and laydown including de-compacting soils, seeding
and other plantings to re-establish vegetation and pre-existing wildlife habitat values. A full
remediation plan will be developed prior to start of construction.

•
•

Develop a reclamation plan for overburden and/or rock disposal area.
Pre-construction nest searches for migratory birds will be completed if clearing is to be carried out
during the nesting window.

6.4.4 Summary of Residual Effects
Table 24 presents the residual effects on wildlife VCs for construction and operation of the proposed
project. The effects identified are all low in magnitude and have a limited geographic extent either within
the project area or within Chapman Lake and the associated riparian vegetation. The duration and
frequency area also considered Low. Our confidence is high given that these types of effects have been
well documented on other similar projects.

6.4.4.1

Roosevelt Elk

Potential residual effects on Roosevelt Elk during construction are expected to be a minor amount of
disturbance and exclusion within and around the project site caused by heavy equipment and people.
After remediation of the project site and given that the work area was already cleared for the original dam
construction, the residual effect is expected to have little difference from baseline conditions resulting in a
low magnitude. The geographic extent will be within and adjacent to the project footprint and the duration
of construction is expected to be 3 months resulting in a moderate geographic extent and a low duration.
The frequency is also low given only one construction period will be necessary to complete the project.
Our confidence is high given that many construction projects have been completed using the mitigation
measures proposed resulting in minimal effects to ungulates.
Potential residual effects on Roosevelt Elk during operation are expected to be a limited extent of
exclusion from the lakeshore within the Chapman Lake area due to increased drawdown of the lake in
years of drought. Roosevelt Elk during operation will again have a residual effect that is expected to have
little difference from baseline conditions resulting in a low magnitude. The geographic extent will be within
the Chapman Lake area and the duration of drawdown is expected to only last for a few weeks resulting
in a moderate geographic extent and a low duration. The frequency is also low given the drought
conditions required for stage 4 restrictions currently happens very infrequently but is expected to
gradually become more frequent as climate change alters the summer hydrology. Our confidence is high
given that many construction projects have been completed using the mitigation measures proposed
resulting in minimal effects to ungulates.

6.4.4.2

Western Toad

Potential residual effects on Western Toad during construction are expected to be a minor amount of
disturbance and exclusion within and around the project site caused by heavy equipment and people.
After remediation of the project site and given that the work area was already cleared for the original dam
construction and the project site is located outside of the wetlands the residual effect is expected to have
little difference from baseline conditions resulting in a low magnitude. The geographic extent will be within
and adjacent to the project footprint and the duration of construction is expected to be 3 months resulting
in a moderate geographic extent and a low duration. The frequency is also low given only one
construction period will be necessary to complete the project. Our confidence is high given that many
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construction projects have been completed using the mitigation measures proposed resulting in minimal
effects to amphibians.
Potential residual effects on western toad during operation are expected to be minimal, as wetlands may
experience periodic reduction in water levels as a result of lake draw down in years of drought. The
residual effect on western toad during operation in the near term is expected to be little difference from
baseline conditions resulting in a low magnitude. Over the longer term draw down could reach 8 m
causing more substantive reduction in water levels in wetlands. However, in both cases the reduced
water levels are expected to occur late in the summer once a majority of tadpoles have gone through
metamorphosis and no longer dependent on ponded water. The geographic extent will be within the
Chapman Lake area and the duration of drawdown is expected to last only a few weeks resulting in a
moderate geographic extent and a low duration. The frequency is also low given the drought conditions
required for stage 4 restrictions currently happens very infrequently but is expected to gradually become
more frequent as climate change alters the summer hydrology. Our confidence is moderate as specific
changes to wetlands are not quantified but timing of amphibian life stages is known.

6.4.4.3

Coastal Tailed Frog

Potential residual effects on Coastal Tailed Frog during construction and operation are expected to be
neutral or positive due to increased ability to manage the flow of Chapman Creek. Residual effects are
not expected for Coastal Tailed Frog.

6.4.4.4

Migratory Birds

Potential residual effects on Migratory Birds during construction are expected to be a minor amount of
disturbance and exclusion within and around the project site caused by heavy equipment and people.
After remediation of the project site and given that the work area was already cleared for the original dam
construction and the project site is located outside of the wetlands the residual effect is expected to have
little difference from baseline conditions resulting in a low magnitude. The geographic extent will be within
and adjacent to the project footprint and the duration of construction is expected to be 3 months resulting
in a moderate geographic extent and a low duration. The frequency is also low given only one
construction period will be necessary to complete the project. Our confidence is high given that many
construction projects have been completed using the mitigation measures proposed resulting in minimal
effects to migratory birds.
No residual effects on Migratory birds are expected during operation.
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Vegetation and Soils Residual Effect Assessment Attributes and Rating

Table 24:
Valued
Component

Phase

Magnitude

Geographic
Extent

Duration

Frequency

Confidence

Direction

Roosevelt
Elk (Cervus
Canadensis)

Construction

Low

Medium

Low

Low

High

Negative

Operation

Low

Medium

Low

Low

High

Negative

Western
Toad
(Anaxyrus
boreas)

Construction

Low

Medium

Low

Low

Moderate

Negative

Operation

Low

Medium

Low

Low

Moderate

Negative

Coastal
Tailed Frog
(Ascaphus
truei)

Construction

Low

Medium

Low

Low

High

Positive/
Neutral

Operation

Low

Medium

Low

Low

High

Positive/
Neutral

Migratory
Birds

Construction

Low

Low

Low

Low

High

Negative

Operation

NA

NA

NA

NA

NA

NA

6.5 Aquatic Resources
6.5.1 Water Quality
6.5.1.1

Construction

The construction phase of the project has the potential to affect water quality and resources in Chapman
Lake and downstream. Potential sources of adverse effects on water quality during construction include:

•
•
•
•

Accidental release of fuels, lubricants and other substances used in construction.
Erosion of soils and release of sediments to the lake or downstream into Chapman Creek.
Contamination by human and other wastes.
Blasting and waste rock.

The volumes of fuels, lubricants and other substances can be expected to be relatively small. Precautions
will be taken during construction to avoid spills. However, small spills and leaks of hydrocarbons (fuel,
grease and oils) or other substances from construction equipment are possible. Fuels, lubricants and
other substances used in construction will be stored well away from the water, at least 30 m from the high
water line. A Spill Prevention Plan will include details on refueling and maintenance of equipment that will
reduce the potential for oils and greases from entering the lake. Guidance is provided in A field Guide to
Fuel Handling, Transportation and Storage (BC MWLAP 2002).
The potential for spills to enter the lake waters and streams will be mitigated by providing the on-site
workers with appropriate training in the handling and storage of deleterious substances and in spill
response. The Spill Prevention Plan will also include specifications for spill cleanup equipment that will be
on site during construction and procedures for handling and reporting spills.
To control adverse effects of resuspension of sediment, construction activities will be completed by
excavating and installing the intake pipe in the dry. Only at the end of the pipe installation will any work be
carried out that could cause sedimentation and degraded water quality. A water management plan will be
developed to handle any water that seeps into the construction area and how any sedimentation will be
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contained during the final installation of the pipe. To assess the effectiveness of this plan and its
associated mitigation measures, routine monitoring of water quality in the lake and in Chapman Creek will
be carried out. Evidence of degraded water quality will require a review of the mitigation measures and
the environmental monitor shall make recommendations for the application of additional measures.
In general the risk to water quality during construction will be low provided that adequate preventive
measures are implemented. If mitigation measures are not fully effective, elevated sediment levels
released into Chapman Creek should have minimal impact on drinking water as there are numerous
pools in the creek that will allow sediments to drop out of suspension during the approximately 17 km
course from Chapman Lake to the intake at the water treatment plant.
Residual effects from construction are most likely to come from unforeseen or uncontrolled events such
as the work site being inundated due to heavy rain but these will be short term events and conditions are
expected to return to normal soon after the event is over resulting in a medium impact.

6.5.1.2

Operation

The operation of the low level outlet will allow the SCRD to draw the lake level down below the -3 m level
during periods of drought. The timing of additional drawdown would likely be during late summer and
early fall. Opus DaytonKnight (2013) predicted that by 2036 if the SCRD initiated intensive demand side
management, including water metering, the existing Chapman Creek storage would be robust enough to
handle drought conditions expected to occur as infrequently as once every 15 years and to meet the 1:25
drought conditions an additional 350,000 m3 of water would be required which amounts to a total
drawdown of 4.5 m. Climate change studies do suggest that future conditions will be drier and warmer
during the summer which will likely increase the frequency of drought conditions and potentially the need
to draw down the lake to -8 m to meet water supply during drought could be 1:25. However, in the near
term it appears that a drawn down will be limited to -4 m to – 5 m.
The potential effects of drawdown below -3.0 m on water quality include:

•

Increased sedimentation from shoreline erosion, either by wave action or rilling and other effects from
rain

•
•

Changes in lake dynamics that causes changes to temperature regimes and/or dissolved oxygen
Drying of the lake shore in the drawdown area

The current maximum allowed drawdown of 3.0 m exposes approximately 7.3 ha of lake shore. The
exposed area will increase to 14 ha at a full drawdown of 8 m. Exposure of this additional area of the lake
bed to air and sun effects include partial to complete drying and warming of the sediment surface;
physical-chemical reactions in the surface layer; biotic community effects; and, lateral flow of pore water
from the upper sediment layer toward the contiguous retreating water. Also the increased area will
expose a larger area to erosional effects of rainfall related erosion resulting in increased sedimentation
and turbidity in the lake. However, this would be offset by the reduced length of shoreline. At -3 m the
shoreline is 2,787 m while at -8 m 2,145 m of shoreline is in direct contact with the lake and exposed to
wave erosion. The extent of this effect is unknown but past experience has shown no significant concern
with high levels of turbidity in the water leaving Chapman Lake when the water levels were close to 3.0 m.
Concern has been expressed about increased drawdown in the reservoir creating conditions that
increase the mercury levels in the fish populations. BC Hydro has been studying this phenomenon in
Carpenter Lake, a reservoir on the Bridge River hydroelectric system since the early 2000’s. A recent
report by Azimuth Consulting (2015) discussed the sources of methyl mercury in reservoirs and how
these processes might be working in the Carpenter Lake reservoir. However, Carpenter Lake is a much
different situation than Chapman Lake. Carpenter Lake is much bigger and operation of the reservoir can
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result in up to a 24 m drawdown on an annual basis. The total dewatered area can be up to 2,384 ha.
Many areas are dewatered for 41 to 70 days, long enough for vegetation to become established each
year and hundreds of hectares with vegetation growth are subsequently flooded and the plant matter
decomposes. Also, large areas of sediment are exposed to oxygen and sunlight resulting in chemical
changes in the sediment. These processes are proposed as mechanisms for increased methyl mercury in
reservoirs. Chapman Lake is much smaller with a maximum are of exposure being 14 ha and the period
of exposure being relatively short. Also exposure is most likely to occur at the end of the growing season
which limits the opportunity for growth of terrestrial plants in areas that will subsequently be submerged.
While not necessarily a measure of methyl mercury available in the food chain, the analysis of water
samples from Chapman Lake reported total mercury levels below the detection level of 0.000005 mg/L
(less than 0.005 parts per billion; Appendix D). Given the significant differences between Carpenter Lake
and Chapman Lake, particularly size and operation, it is not expected that mercury levels in the
environment will increase in Chapman Lake during the operational phase of this project.
Concern has also been expressed that an 8 m drawdown could cause instability of the deltas created at
the mouths of the major tributaries that flow into Chapman Lake. The two major tributaries are located at
the east end of the lake. The bathymetry of that area shows the lake to be generally shallow and the
creek deltas are not located on steeply sloping shorelines as is seen at other locations around the lake.
Instability of the shoreline in this area that could cause a major movement of lake sediments resulting in a
significant release of turbidity is unlikely.
Overall, the potential impact to water quality during times of drawdown between -3.0 m and -8.0 m is not
expected to be significant. The frequency of having to draw the lake levels to -8 m is expected to be low
in the near term and unknown in the long term as it will depend on what steps the SCRD will take to
augment the water supply to meet future growth in the region. Also, the conditions that are expected to
cause elevated levels of total suspended solids would likely be associated with large storm events with
heavy rain and wind. The lake is known to refill quickly under significant rain events and the rising lake
levels would serve to mitigate the shoreline erosion. In 2015 the lake went from a level of -2.9 m to full in
4.5 days with a rain fall of 199 mm.

6.5.1.3

Summary of Residual Effects

The main water quality concern during construction is the accidental release of deleterious substances
such as fuel and inundation of the work area causing a period of sedimentation, i.e. high concentration of
total suspended solids. The potential for spills can be minimized through supplies of proper containment
materials on site and effective spill response training. During operation the only likely water quality
concern will be increased concentrations of total suspended solids. It is expected that any change from
baseline water quality conditions would be of limited duration.
The following (Table 25) summarizes the effects of the residual effects on quality:

•

Magnitude: The expected degree of magnitude is low if proper mitigation measures are implemented
during construction and maximum drawdown occurs infrequently.

•

Geographic extent: Changes to quality of water in Chapman Lake that could affect freshwater
drinking water quality, or other beneficial uses of the water will be monitored; however, it is
anticipated that effects would be confined to the lake. The geographic extent rating would be
considered moderate as it could spread throughout the lake.

•

Duration: Is rated as low. Construction is restricted to a 3 month period and if there are sediment
events during operation, they would also be limited to the period of drawdown

•
•

Frequency: over the short term a full draw down of 8 m is expected to be a rare event.
Confidence: is moderate
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Water Quality Residual Effect Assessment Attributes & Rating

Table 25:
Valued
Component

Phase

Magnitude

Geographic
Extent

Duration

Frequency

Confidence

Direction

Construction

Low

Moderate

Low

Low

Moderate

Negative

Operation

Low

Moderate

Low

Low

Moderate

Negative

Water Quality

6.5.1.4

Proposed Monitoring and Follow up

Water quality data should be collected during construction to monitor the possible release of
contaminants into the lake and into the creek from construction activities. Also, any time the lake is
lowered substantially below -3 m a water sampling program should be initiated to confirm the conditions
of the lake, including an oxygen and temperature profile, and collection of water samples to compare to
the results of the water collected in 2016.

6.5.2 Fish and Fish Habitat
6.5.2.1

Construction

The following issues are expected during the construction phase of the project

•
•
•

Trapping/stranding fish in the outlet channel when it is dewatered to install the new pipe
Construction activities such as blasting
Temporary loss or alteration of habitat when the lake is drawn down to -8 m or more to install the pipe
through alteration of lake limnology or restricting fish access to tributary streams

The work area around the dam and the intake channel will be isolated from the lake and it is likely that
fish will become trapped in the work area and steps will have to be taken to salvage them to avoid or
minimize any harm. Once the water level in the channel is reduced to a wadeable depth, a crew qualified
in fish salvages, i.e. use of electrofishers, seine nets and other methods, will collect any fish in the
channel and move them into the lake. The fish salvage would have to be repeated if lake levels overtop
the coffer dam and the area is re-drained. The fish salvage is an effective mitigation measure for
minimizing harm to fish and during the construction phase.
Blasting is expected to be a significant component of trench construction and work below the dam.
Fisheries and Oceans Canada provides guidance for blasting around fish bearing waters to avoid causing
serious harm to fish. Following these guidelines and working in the dry are effective mitigation measures
to avoid harm to fish when blasting.
Riparian and in water habitat in the area surrounding the dam and the outlet channel will be temporarily
affected by the construction works. A restoration plan will be developed to ensure any altered fish habitat
is restored to pre-construction conditions.
In order to install the low level outlet pipe it will be necessary to draw the lake down to approximately -8 m
depending on the type coffer dam used. Aquatic life is constrained by physical and chemical factors of
the water column. Typically, biota does not occupy the entire lake volume, but select areas of favourable
temperature and oxygen levels. If the lake is drawn down below the -3 m level, the volume and depth of
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the water will decrease potentially leading to destratification of the water column. However, at full drawn
down to -8 m the maximum depth in the lake will still be 22 m which would still support stratification of the
waterbody. Also, the rate of drawdown is not expected to be rapid enough to breakdown the stratification.
Therefore, it is expected that a cool deeper volume of water will persist even during draw down and will
continue to provide a temperature refugia for fish if surface layers become too warm.
The maximum draw down for construction is expected to occur at the end of August or early September
and the water level will not stay at that level very long as the onset of fall rains will fill the lake in a few
weeks, therefore it is not expected that the smaller volume of water present at -8 m will affect the overall
productivity of the lake.
This draw down for construction could also restrict access to the creeks that the Dolly Varden used for
spawning. This impact is not expected to impact the Dolly Varden population in the lake. During the
2016 observations of the main creeks at the east end of the lake, it did not appear that a draw down to -8
m would cause a complete blockage as the lake shore gradient in that area is relatively flat. Also, Dolly
Varden are likely to spawn later in the fall when the lake is refilling. The 2016 field sampling did not
determine the timing of Dolly Varden spawning in Chapman Lake and the fish collected did not appear to
be close to reaching spawning condition. The Washington Department of Fish and Wildlife 3 report that
Dolly Varden typically spawn when water temperatures drop to 4° to 5° C. According to the data in Figure
8 the surface water temperatures of Chapman Lake don’t reach that level until the end of September.
Since construction is expected to be complete by mid-September, the lake should be full or filling and any
potential barriers to spawning streams would be minimal or similar to current conditions.

6.5.2.2

Operation

The additional infrastructure has the potential to harm fish and fish habitat specifically:

•
•
•
•
•

Increased sedimentation from shoreline erosion degrading habitat
Decrease in fish habitat through alteration of lake dynamics
Access to spawning habitat when the lake is drawn down to -8 m
Potential injury to fish leaving the lake and going over an 8 m dam.
The intake of the pipe could draw fish into the pipe.

During draw down a greater surface area of the lake littoral area would be exposed to weathering and
sediment transport to the water column in Chapman Lake. Increased sediment transport could increase
suspended particulate matter in a water body which could decrease the amount of light through the water
and increase bacteria growth. High turbidity also reduces light penetration and impairs photosynthesis of
submerged vegetation and algae. In the water quality section these affects were expected to be minor as
the potential drawdown over the near term is expected to be in the -4 to -5 m range and it is not until late
2020s or 2030s that the demand and increasing drought conditions related to climate change will require
drawdowns approaching -8 m. Also, it is expected that the time the lake is below -3 m will be short with
precipitation events re-filling the lake in the fall.
The operational draw down effects on spawning fish will differ slightly from the conditions described for
the construction phase. During operations the drawdown will only occur during drought conditions,
something that will be experienced throughout the watershed. This lack of water may naturally affect
access and spawning in the tributary streams by creating such low flow conditions in the creeks that
rearing and spawning habitat is severely restricted. There are also a number of smaller groundwater fed
streams that outlet to the lake that appear to support some spawning and were observed to support
rearing young-of-year fish in 2016. These areas may be affected by the full drawdown by isolating or
drying these areas adjacent to the lake. There are multiple age classes of Dolly Varden in the lake and if
3

http://wdfw.wa.gov/fishing/char/
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spawning is restricted in one year due to drought, there will be a cohort of spawners, available to spawn
the next year. Also, temperature data suggests that Dolly Varden may not spawn until later in September
or October when water levels should be recovering.
The outlet area will be reconfigured to accommodate the -8 m pipe. This will allow modification to the
existing dam so that fish that pass over the dam do not get trapped in a moderate sized pool at the base
of the dam which becomes cut off from the main channel when water is released from the low level outlet
only. In 2016 a number of Dolly Varden were captured in this pool which was completely isolated from
the main channel. The current layout (Drawing C-101) is to channel fish passing over the dam to the
channel that will carry the water from the -3 m outlet and direct the flow into the main -8 m outlet channel
where they will always have access to downstream passage.
The channel immediately downstream of the dam will have to be deepened to accommodate the -8 m
outlet which will create an 8 m drop from dam crest to the channel below. The channel will be blasted out
of the bedrock to provide a 2 m deep plunge pool. The 8 m drop that fish leaving Chapman Lake will
experience is not likely to cause serious harm. Reviews of the effects fish passage at hydro dams on fish
by Larinier (2001) reported that dams less than 10 m are considered safe for fish to pass over the
provided there is sufficient depth of water at the base. A report by Amaral et al. (2014) reported survival
of fish passing over dam spillways between 12 and 20 m high was between 98 and 99%. The 8 m drop
out of Chapman Lake into the creek is not expected to result in harm to fish.
The new pipe will be fitted with an intake consisting of two 1.9 m diameter openings as described in
Drawing C-103. The intake will be fitted with a trash screen with 25 mm openings, intended to prevent
sticks and debris from entering the diversion pipe, while minimizing the chance of being plugged by
debris. This screen does not meet the criteria in the guidelines issued by Fisheries and Oceans Canada
for protecting fish from damage at water intakes. However, fish are not expected to be impacted by this
intake. The guidelines are designed to protect juvenile fish. During the 2016 sampling, fish captured in
the lake (gill netting and minnow trapping) were between 110 and 190 mm (average = 140 mm), no young
of the year were captured in the lake. The smallest fish in the lake are typically over 100 mm in size with
significantly better swimming ability than the smaller fish which could become entrained in the pipe or
impinged on the trash screen. A study by Mesa et al (2004) reported that the upper end sustainable
swimming speed for bull trout char in the 110 to 190 mm size range was from 48 to 55 cm/s
(~0.5 m/s). Bull trout have similar swimming capabilities as Dolly Varden and are often found in similar
habitats. The inlet velocity is expected to be 0.14 m/s, resulting in a maximum inlet velocity roughly 3.5
times less than the swimming speed of the fish potentially present at the inlet.
Fish are unlikely to become entrained into the low level pipe, however, if they are the fish should not be
injured by passage through the pipe and into the creek. There will be no significant pressure changes in
the pipe and the butterfly valve in a 900 mm pipe should also allow for safe passage of fish. Overall the
likelihood of fish becoming entrained in the outlet pipe is low and if they are fish are unlikely to be injured.
Fish have been moving downstream and out of Chapman Lake under natural conditions and are unable
to return due to water falls present in the canyon immediately below the outlet. The project should not
result in any change in the populations of Dolly Varden in Chapman Lake or downstream in Chapman
Creek.

6.5.2.3

Summary of Residual Effects

Fish and fish habitat residual effects from the Project are expected to be low in magnitude, restricted to
the localized area, a single event of short term duration and reversible. An overall characterization of the
residual effects is summarized below and in Table 26.

•

Magnitude: Is rated as low. While the lake drawdown to -8 m could affect the spawning success of
Dolly Varden by restricting access to spawning streams this is only expected to happen infrequently
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and it will only affect a portion of the population leaving sufficient numbers to spawn the next year.
This effect is the same for construction and operation and is not expected to affect the overall viability
of the Dolly Varden population in the lake.



Geographic extent: Effects related to fish and fish habitat would occur in and around Chapman Lake
with no effects to fish habitat observed expected downstream in Chapman Creek. The geographic
extent rating would be considered low.



Duration: Project effects will occur over the life of the project however, there is uncertainty as to how
long the project will run as new water supply options will have to be developed to meet future water
demand and may reduce the use of this project. Construction effects are only short term and
therefore low and the operational effect will occur in any year there is a drought the frequency of draw
down affect is expected to be spread out over several years giving duration a medium rating.



Frequency: Frequency of effects is expected to be low as full drawdown conditions are only
expected to happen infrequently and should only occur at the end of the summer or early fall with
reservoir re-filling starting immediately.



Confidence: Moderate due to the uncertainty of the frequency of drought conditions that will require
the lake to be drawn down the 8 m.



Direction: Overall the direction is neutral to negative however, there is a positive component as the
pool that fish currently get trapped in when water stops spilling over the dam will be adjusted so fish
do not get trapped.

Table 26:

Fish Residual Effect Assessment Attributes & Rating

Valued
Component
Doll Varden
(Salvelinus
malma)

Phase

Magnitude

Geographic
Extent

Duration

Frequency

Confidence

Direction

Construction

Low

Low

Low

Low

Moderate

Negative

Operation

Low

Low

Medium

Low

Moderate

Negative

The additional drawdown of Chapman Lake to provide water during times of drought is expected to have
a low impact on aquatic resources of the lake due to the temporary and infrequent nature of the
drawdown. Also, effects on the spawning population in a drought year may not be solely attributed to lake
drawdown as drought conditions would also cause low flows in the creeks used for spawning. Any effect
on the Dolly Varden population in a drought year would be offset by spawning the following year.

6.5.2.4

Proposed Monitoring and Follow up

The effects on fish and fish habitat from the project activities that could occur include increased
sedimentation from shoreline erosion, decrease in fish habitat .
The follow up monitoring should include comparisons of fish habitat characteristics with background level
collected during baseline studies conducted in Chapman Lake in 1998 and 2016 studies. Background
information includes:






Water quality
Sediment composition
Benthic invertebrate composition and density
Zooplankton composition
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•
•

Aquatic vegetation location and composition
Inlet stream fish access and usability.

Indicators of effects of the project on fish and fish habitat include presence and distribution of fish; quality
and quantity of habitat for all sensitive parts of lifecycles; and, primary and secondary productivity of
watercourses (e.g. benthic invertebrate community). These indicators can be measured and can be used
to assess effects on the productive capacity of fish habitat. The following effects would be assessed:

•
•
•

Changes in habitat quality and quantity.
Disruption in fish movements.
Change in the density of Dolly Varden in the project area.

The construction year provides an opportunity to confirm the findings of this study as the lake will have to
be drawn down to -8 m. A study during construction should include assessment of fish and fish habitat
around the lake and in the tributary streams, including access to those streams. Mitigation measures will
be implemented to minimize the impacts to fish and fish habitat during construction. Disturbed areas
would be restored to pre-construction conditions and follow a restoration plan that will be created for this
project. A qualified professional will be on site to ensure construction occurs according to the construction
environmental management plan and that the area is restored according to the restoration plan, created
for the project.

6.6 Socio-Cultural Effects
6.6.1 Park Use
Special regulations have been applied to Tetrahedron Park because the park encompasses the
headwaters of Chapman and Gray Creeks that are part of the community water supply. Park use has
been limited to hiking, cross country skiing and overnight use of cabins, specifically overnight stays are
only allowed in the cabins, no mechanized vehicles are permitted. According to the Tetrahdron Outdoor
Club web site 4 , the majority of overnight visits to the park occur in the winter from cross country skiing.
The following provides a discussion of the potential effects this project may have on park use.

6.6.1.1

Park Access

There will be no changes to park access during construction or operation. Helicopters will be used to
move people and equipment to the site. The proposed works during construction would not obstruct the
existing hiking trails.

6.6.1.2

Aesthetics and Visual Values

Chapman Lake is not highly visible from the surrounding terrain and trails due to its position at the foot of
steep slopes. Chapman Lake is a visual feature of the area but can only be appreciated from a close
distance directly from the shore or from the air.
Construction will affect the visual quality for some hikers passing the construction site. While park use is
focused primarily during the winter months, the few users that might pass by Chapman Lake during
construction may find the construction camp and excavation work intrusive. Providing information signs

4

www.tetoutdoor.ca/
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at trail heads and on the BC Parks and Tetrhedron Outdoor Club websites could be used to let potential
users know that construction activity is taking place at the west end of the lake.

6.6.1.3

Air Quality

During the construction phase helicopters and various types of equipment used for excavating the
channel will be emitting exhaust. All equipment should be in good working order and well maintained to
minimize the impact to air quality. The construction site is in a mountainous area and air emissions are
likely to disperse quickly, however, no air quality modelling has been carried out. The potential sources of
impacts to air quality are considered minor due to the small scale and
The operation phase is not expected to have any effect on air quality. Large reservoirs with wide
expanses of exposed soil during draw down are known to be sources of dust. The area that will be
exposed at a full draw down of 8 m will be 14 ha and likely not sufficient area to generate large amounts
of dust. Also because the lake is in a confined valley surrounded by tall mountains there isn’t a long fetch
that would create the conditions that would mobilize dust I significant quantities. Also, the lake sediments
contain a high organic content that tends to hold the sediments together and limits the fraction that is
small enough to become airborne during periods of wind (Whitehead 1999).

6.6.1.4

Noise

The use of helicopters and earth moving equipment, generators and blasting will be primary sources of
noise during construction. Noise can disturb park users and affect wildlife. During construction
helicopters will be used to transport people, equipment and supplies to the work site. Several trips per
day will likely be required during the initial start-up and then intermittently during the construction phase.
During construction noise would also be generated through use of an excavator, generators, power tools
and other incidental construction activities. Recreational use of the trail near the project site is reported to
take place mostly during the winter (Whitehead 1999); however, there is known summer use of trails
around Chapman Lake.
The potential effect to the area from construction noise will be to area wildlife and human park users. The
greatest wildlife impacts will be to those species sensitive to noise, such as nesting birds during breeding
season. Mitigation measures for helicopter use includes the development of a standard flight path that
can be used to efficiently fly between the pick-up and drop off spots but also minimize flying close to park
trails and any sensitive environmental features such as active raptor nests. Additional mitigation
measures to limit impact on park users could include scheduling the noisiest activities (i.e. blasting and
helicopter use) to mid-day hours. Noise associated with ground based activities isn’t likely to travel far
from the site due to the surrounding forest and mitigation measures such as ensuring equipment and
noise mufflers are in good working order should limit the impact.
There is no additional noise impact associated with the operation of this gravity fed system. The valve
controls will be operated remotely by the SCRD and helicopter visits to the site will be similar to the
frequency of visits to the site for the existing facility.

6.6.2 Cultural Values
As indicated in Section 5.6, there is no evidence of archaeological values in the construction area but this
finding was based on observation of ground conditions. While impacts to archaeological resources are
expected to be low or non-existent, it is recommended that archaeological monitoring be carried out when
excavating soils. A chance find procedure will be drawn up as part of the Environmental Management
Plan.
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6.6.3 Summary of Residual Effects
The construction phase has the highest potential to disrupt park use with the use of helicopters, earth
moving equipment, generators and blasting all having the potential to disrupt the recreational enjoyment
of a wilderness area. This will last for 3 months over the summer but once constructed the mechanics of
withdrawing the extra water from Chapman Lake will have little effect on park use. The drawdown of the
lake to -8 m would likely be judged by park users as an impact to the visual quality of Chapman Lake.
This aesthetic impact will be infrequent and during the late summer and early fall period, a time when
park use is low. A process of informing park users of the condition of the lake if it is being drawn down
may help mitigate the impact.
At this time it is unknown but judged to be unlikely that there are any archaeological sites present in the
project area.
The residual socio-cultural impacts are considered to be a low magnitude and geographically confined to
the project area. The duration for both construction or operational impacts are expected to be short,
confined to the last weeks of summer and early fall. The construction effects will occur once and the
operation effects could occur multiple times but on an infrequent basis, current analysis suggests full
drawdown of 8 m maybe on the order of 1 in 25 years.
Table 27:
Valued
Component
Sociocultural

Socio-cultural Residual Effect Assessment Attributes & Rating
Phase

Magnitude

Geographic
Extent

Duration

Frequency

Confidence

Direction

Construction

Low

Low

Low

Low

Moderate

Negative

Operation

Low

Low

Low

Low

Moderate

Negative

60485918-Environmental Assessment Report 2016-11-18

99

84

Sunshine Coast Regional District
Chapman Lake Water Supply Expansion Project Environmental Assessment

7. Environmental Management Plan
Prior to start of construction a detailed Environmental Management Plan (EMP) will be prepared and
provided to BC Parks, Ministry of Forests Lands and Natural Resources Operations and the shíshálh
Nation for review and approval. The plan will identify the mitigation strategies to offset each of the
construction impacts identified in this report and will define the role of an environmental monitor and the
frequency of monitoring during the construction phase. The following provides high level content to be
included in the Construction EMP. A final, detailed EMP will be developed once specific construction
details are known (likely when a construction contractor is selected):

•
•
•
•

Environmental monitor(s) and frequency of monitoring including roles and responsibilities
Daily monitoring form to be completed by the monitors
Reporting requirements
Details on how the mitigation measures will be implemented including:

•
•
•
•
•
•
•
•
•

Sediment and erosion control
Management of human waste
Noise management program
Management of visual aesthetics
Water quality monitoring
Protection of riparian vegetation
Wildlife management
Chance find procedures for archaeological resources
Site restoration plan based on the ecological conditions and the current vegetation found in
the areas that will be disturbed

•

Provision for pre-construction site visit to identify the presence of any rare or endangered plant
species in the area to be used for the worker camp and equipment and supplies storage.

•
•

Survey of nesting birds in the construction area and raptor nests along the flight path of the helicopter

•

Provisions for an approved archaeologist to examine the lake shore once the lake is at its lowest level
during the construction phase

•

The initial assessment of rock in the vicinity of the dam suggests that ML/ARD potential is low,
however, this is based on geochemical analysis of rocks on the surface. The bedrock below the
surface could have different geochemical properties. Based on the conclusions from the geochemical
analysis and the assessed potential for ML/ARD presented in Section 5.1, the following
recommendations are offered:

Development of a helicopter flight path for flying into and out of Chapman Lake to avoid sensitive
areas.

•

•

The geology, mineralization and weathering of blasted bedrock should be logged by a trained
geologist to confirm that the geology (and inferred geochemical behaviour) presented in this
report is representative of the rock excavated during construction at the Chapman Lake site.
Blast rock should be inspected before it is repurposed as aggregate or distributed around the
site.
Further investigation of the geology of the rock should be conducted in advance of
construction if the bedrock that will be excavated can be exposed prior to blasting. Any
additional sampling will be determined by the geologist based on comparison of the new rock
with the sample that has been analyzed. ML/ARD sampling guidelines provided in Price
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(2009) and BC MoT (2013) should be followed. These guidelines suggest collection and
laboratory analysis of at least one rock sample per 1,000 m3 of excavated rock for each rock
type present, Current estimates suggest that up to 5,000 m3 of rock may have to be
excavated for the trench. In the unlikely event that mineralized bedrock is encountered,
special management may be required
An operation phase EMP will also be developed and will include:

•
•
•

Monitoring of shoreline conditions during drawdown including erosion and aquatic vegetation.

•

Monitoring and assessment of the effectiveness of the site restoration works. An “as-built” planting
layout will be prepared after the remediation works are complete showing the location and
numbers/types of plants which will be used as the basis for post construction monitoring. Monitoring
should take place at a time of year when any areas of poor plant survival can be identified and new
plantings made in the growing season of that year.

Evaluation of the stream access and wetland conditions when lake levels are low.
Establish a monitoring program in Chapman Lake including temperature, oxygen levels, and
turbidity/light intensity and water quality sampling. The program would be conducted under normal
conditions and under extreme drawdown conditions. The use of data loggers deployed at different
depths could be used to reduce the need for regular visits to the lake.
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8. Summary
A summary of the project construction and operation, identification of mitigation measures and
determination of residual impacts of the project were completed in order to assess the impacts for the
project. The assessment focused on seven environmental and social aspects associated with the
construction and operation of the new system. Table 28 provides a summary of the findings. The
construction phase will employ standard construction techniques for which there are established
mitigation measures that are effective for containing and managing the effects of earth moving, blasting
and other general requirements (fuel handling, waste management, etc.). The application of the mitigation
measures will be presented in detail in a construction EMP. Because this work is being carried out in a
park environment the residual effects of some construction activities have been rated moderate but the
effects are only present during construction and most will revert to pre-construction conditions once
construction is finished. The construction site will be remediated directly after construction which will
require monitoring to track the effectiveness of the works and if necessary identify any additional work
that might be required to achieve proper restoration. Residual impacts of the operation of the proposed
system on the assessment components were determined to be negligible to low resulting in an overall
assessment that operational impacts will be insignificant. However, monitoring of the effects on Chapman
Lake was recommended to confirm the effects of an increased drawdown of the lake during drought
conditions.

60485918-Environmental Assessment Report 2016-11-18

102

87

Sunshine Coast Regional District
Chapman Lake Water Supply Expansion Project Environmental Assessment

Table 28:
Component

Project Effects, Proposed Mitigation Residual Effect and Assessment of the Proposed SCRD Water Project
Mitigation Measures

Geophysical: Blasting plan to be developed by a certified blaster
Blasting
Limit blasting overpressures to a maximum of 133
dB (follow DFO guidelines http://www.dfompo.gc.ca/pnw-ppe/measures-mesures/indexeng.html )
Air Quality

Noise

Residual Effect

Magnitude Geographic Temporal
Extent
Bound

Overall
Impact

Construction: Vibration and Noise

L

L

L

Low

Operation: No residual effect

-

-

-

-

Use well maintained equipment
Apply dust suppression when required
On site fuel containers to be have proper caps and
to be covered
Minimize helicopter flights to the area

Construction: Degraded air quality
from heavy equipment, helicopter use
and dust

L

M

L

Low

Monitor effects during drawdown

Operation: Increase of dust from lake
drying

L

L

L

Negligible

Typical mitigation measures may not be practical
due to the need to complete the work within a
defined period.
Use proper and well maintained equipment
Minimize flights required to the area
Work outside of sensitive breeding windows
Avoid areas with species sensitive to noise
Early and late day work to be avoided
Some mitigation measures may not be practical

Construction: noise from blasting,
helicopter and construction equipment

M

M

L

Moderate

Operation: No residual effect

-

-

-

-
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Component
Terrestrial
Resources

Aquatic
Resources

Mitigation Measures

Residual Effect

Develop a vegetation remediation plan
Proper camp design and set up
Erosion and sediment control plan
Fence off the work and laydown areas
Ensure appropriate construction timing to avoid
wildlife breeding season or conduct appropriate
surveys prior to clearing (i.e. birds and
amphibians)
Proper management of potential wildlife attractants

Construction: Temporary loss of
vegetation/wildlife habitat and change
in biodiversity, camp wildlife
attractant, disruption of wildlife,.
Draw down effects on wildlife such as
amphibians

L

M

L

Moderate

Operation: Potential effect on
amphibians from lowered water levels
in wetlands

L

M

L

Low

Emergency spill response plan/spill cleanup
equipment and properly trained staff
Installation of sediment and erosion control
measures
Installation of intake pipe in the dry
Salvage fish from any areas where water is cut-off
from the lake and will be dewatered

Construction: Release of sediment or
other deleterious substances,
resuspension of sediment,
contamination with wastes.
Potential restriction of access to
spawning areas

M

L

L

Low

Water demand reduction programs (e.g. metering)
Infrequent drawdown below -3 m
Maintain current water release requirements to
maintain fish habitat in the lower reaches of
Chapman Creek

Operation:
Instability of shoreline or creek
mouths causing sedimentation and
erosion,
Changes in lake dynamics including
temperature profiles
Drying of exposed shoreline below -3
m and associated changes to lake
side and aquatic vegetation.
Temporary restriction of access to
spawning areas for Dolly Varden

M

L

L

Low
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Component
SocioCommunity:
Recreation

Heritage
Resources

Mitigation Measures

Residual Effect

Magnitude Geographic Temporal
Extent
Bound

Overall
Impact

See air quality and noise for mitigation
Installation of information signage
Screening of construction areas
Minimize duration of construction

Construction: Reduced quality of
recreational experience due to
equipment noise and other activities
related to construction

L

L

L

Low

Infrequent drawdown of lake below -3 m

Operation: Altered viewscapes
leading to diminished quality of
recreational experience

L

L

L

Low

Confine work areas to sites disturbed during the
original dam and channel construction in 1978
Monitor for artifacts of archaeological significance
during excavation
Conduct archaeological survey of shoreline when
draw down for construction is at its lowest level

So far no direct evidence of
archaeological resources being
present

-

-

-

-
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