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Project Name | Parksville Community Park Stormwater Management Master Plan Date | April 2021

To / Contact info | Michael Lonsdale (MLonsdale@parksville. ca)

Ce / Contact info | Ayla Defoor (ADefoor@parksville. ca)

From / Contact info | Kerri Robinson, P. Eng. (krobinson@eorinc. com)

Regarding | Characterization & Design Criteria

1 Introduction

The City of Parksville (City) has retained EOR to develop the Stormwater Management Master Plan
(SWMMP) for the Parksville Community Park [the Park). As part of this work, EOR is developing
design criteria for upgrades to the stormwater management system in the Park. This memorandum
outlines the draft design criteria for performance objectives (i.e. level of service^ of the system and
criteria for screening/assessing feasibility of individual stormwater management practices.

The Park is located in the centre of Parksville, BC on the east side of Vancouver Island and is within
the traditional territories of the Coast Salish Nations. The Park is within the core asserted traditional

territory of the Snaw-Naw-As, Qualicum and K'omoks First Nations. The Park is bordered by Island
Highway East to the south, Corfield Street North to the east, the Park Sands Beach Resort to the west,
and Parksville Bay to the north, as shown in Figure 1.
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Figure 1. Location Map

Emmons & Olivier Resources Canada Inc. - page 1 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

2 Baseline Characterization

This section summarizes the existing environment in and around the Park relevant to stormwater
management planning. The existing environment includes the physical, social, cultural, and natural
environments of the Park. The physical environment includes climate, topography, geology, soils and
surface/groundwater. The social environment includes existing and proposed land uses and the built
components of the environment that alter or manage the quantity and quality of stormwater. The
cultural environment includes archaeological heritage features that retain the evidence of human
activity. The natural environment includes terrestrial and aquatic habitats and species as well as
environmentally significant or sensitive areas. Some components of the natural environment, such
as trees and wetlands, also provide stormwater management related functions such as
evapotranspiration. The baseline characterization of the Park is based on review of relevant plans
and studies, as well as new analysis conducted by EOR and the consulting team as part of the SWMMP
project. Gaps in information and data have been identified and the SWMMP implementation plan will
include recommended next steps to address the gaps.

2.1 Physical Environment

2.1.1 Climate and Precipitation

2. 1. 1. 1 Baseline Climate

The City is located within the Coastal Douglas-Fir (CDF) bio-geoclimatic zone which is characterized
by warm, sunny summers and mild, wet winters. Average climate conditions (1981-2010) can be
characterized using Environment Canada's weather station in Coombs, BC located approximately
6 km from the Park. The average temperature is about 9. 2°C while daily extreme temperatures range
from 24.2°C in August to -0.9°C in February (Table 1). Total annual precipitation averages
1,138.5 mm with less than 60 mm of rain each month from May to September (Table 2^.

Table 1. Climate Normals for Temperature at Coombs Station (1981 to 2010)

Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct

10.3 13.8 17.6 20.6 24 24.2 20.6 13.8

8. 2 11. 6 14. 6 17. 2 17. 1 13. 8 8.9

2.5 5.5 8.4 10.4 10 7 3.9

Daily Max. (°C) 6 7.6

Daily Mean (°C) 2.8 3.4

Daily Min. (°C) -0.4 -0.9
Source: (Environment Canada, 2019)

Table 2. Climate Normals for Precipitation at Coombs A Station (1981 to 2010)

5.4

0.5

Nov

8.2

4.7

1.1

Dec

5.5

2.6
-0.4

Total

14.4

9.2
1.4

Variable

Rainfall (mm)

Snowfall (cm) 13.5

Total Precipitation (mm) 176. 3 110. 1 109

Source: (Environment Canada, 2019)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

162.8 100.1 103.1 75. 1 56.3 46.6 24.4 34.5 39.3 113.2 180.7 157.3 1093.2

10. 1 5.9 0.0 0.0 0. 0 0. 0 0. 0 0. 0 0. 7 7.5 7. 6 45.2

75.1 56.3 46.6 24.4 34.5 39.3 113.9 188.2 164.9 1138.5

2. 1. 1.2 Historic Rainfall Events

Multiple weather and precipitation stations in and near Parksville provide insights into local and
regional climate and precipitation trends, as summarized in Table 3. The City has operated two
weather stations within Parksville at the Public Works Yard (30 minute intervals) and in the Park (5
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minute intervals). Park Operations staff operate a second rain gauge in the Park to guide real-time
operation of the irrigation system, but data was not available for this study and not necessary since
sufficient information was available through the other stations.

Table 3. Summary of Climate StaHon Data

Station Name

0608-ParksvilleMuni

Public Works (Ops)

NanaimoA

Station ID: 1025370
Station ID: 1025369

Coombs

Station ID: 1021850

Park Operations

Location

Community Park
N 49.3223°, W 124.3082°

1116 Herring Gui! Way

N 49. 3036°, W 124. 2694°

N 49.0544°, W 124.8700°

N 49. 305833°, W 124. 429167°

Public Works (Ops)

Recording Interval

5 minute

30 minute

hourly

hourly

daily

n/a

Period of Record

2009-present

2004-present

1954-2013

2013-2020

1960-2010

n/a

Extreme historic events recorded at the Park station are summarized in Table 4. No winter storms

with return periods greater than 5 years have been recorded at the Park station. Additional regional
historic events are reviewed and discussed in Appendix B. Overall, many historical events extend
over multiple days and have resulted in flooding with combined effects of other contributing factors,
such as pre-existing snow pack and high tides. One short-duration, high-intensity rainfall event was
observed in September 2013.
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Table 4. Historic Rainfall Events at Park Weather Station

Date Total Rainfall Depth Maximum Intensity Duration Estimated Return Period

Oct 1-2,
2009

Nov 18-19,
2009

Sept 2, 2013

Oct 21-22,
2014

Jan 10-11,
2014

Feb 15-16,
2014

Dec 8-11,
2014

Jan 31-Febl,
2020

(mm)

14.6

80

33.2

42

45.2

44

98.8 mm

47.4 mm

(80.2 mm in
preceding week)

(mi

14

9.6

96

4.8

12

12

12

7.2

2 hours

2 days

30 minute

2 days

2 days

2 days

4 days

2 days

2 year 5 minute to 2 hour

2 to 5 year 6 to 24 hour

> 100 year 5 minute to 2 hour

2 year 6 to 12 hour

< 5 year 5 minute to 24 hour

< 5 year 5 minute to 24 hour

2 year

< 2 year

4 day

48 hour

2. 1. 1.3 Historic Intensify-Duration-Frequency Curves

The City's current Engineering Standards and Specifications (City of Parksville, 2018) include the
Intensity-Duration-Frequency (IDF) curves that were developed as part of the City-wide Storm
Drainage Master Plan. The IDF curves were developed by factoring the Environment Canada
Nanaimo City Yard climate station (ID:10253GO) IDF to the Environment Canada City of Parksville
South climate station (ID: 1025977) based on the correlation between the rainfall data recorded at
each station over the same time period (1983 to 1992). The Nanaimo City Yard station included a 25

year period of record from 1980 to 2005 [Koers & Associates Engineering Ltd., 2016). As part of the
SWMMP for the Park, Dillon Consulting reviewed available climate data and developed updated IDF
curves using the Nanaimo Airport data [1985-2017), including extending the curves to multi-day
durations. More information, including a comparison with the current IDF curves included in the City
of Parksville Engineering Standards, is provided in Appendix B. Depth duration frequency (DDF)
relationships are summarized in Table 5.
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Table 5. Rainfall Depth-Duration-Frequency Curves (mm) based on Nanaimo Airport Station (1985-2017)

Return Period
Duration

5-min

10-min

15-min

30-min

1-h

2-h

6-h

12-h

24-h

2-day

3-day

4-day

5-day

6-day

7-day

8-day

9-day

10-day

2 year

2.8

4.1

7.1

10

14.9

29.8

42

55.6

69.8

81.8

96.1

108.6

118.1

124.9

133.5

142.5

150.6

5 year

3.7

5.6

7.1

10.1

13.4

18.2

35.3

50.4

69.7

85.6

99.0

117.0

133.2

142.9

151.3

162.1

172.9

183.5

10 year

4.3

6.6

8.5

12.1

15.7

20.3

38.9

56

79

96.0

110.4

130.9

149.5

159.4

168.9

181.0

193.1

205.3

25 year

5

7.8

10.3

14.7

18.5

23.1

43.5

63

90.9

109.2

124.8

148.4

170.1

180.1

191.0

204.9

218.5

232.9

50 year

5.6

8.8

11.6

16.6

20.7

25.1

46.9

68.2

99.6

119.0

135.5

161.4

185.4

195.5

207.4

222.6

237.4

253.4

100 year

6.1

9.7

13

18.4

22.8

27.1

50.2

73.4

108.3

128.7

146.1

174.3

200.6

210.8

223.7

240.3

256.2

273.6

Source: Rainfall Design & Climate Change Guidance- Final Technical Report (See Appendix B)

2. 1. 1.4 First Flush Event

The stormwater runoff during the early stages of a storm can deliver a potentially high
concentrations of pollutants due to the washing effect of runoff from impervious areas directly
connected to the storm drainage system. Managing this "first flush" ofrunoffis a common approach

to mitigating non-point source pollution from stormwater. While some jurisdictions target the 90th
percentile storm event for water quality treatment, this event is often based on the common
expectation that rainfall events equal to or less than the 90th percentile event generate approximately
80% of the annual runoff volume, and as such corresponds to controlling approximately 80% of total

suspended solids.

EOR conducted a precipitation frequency analysis of daily precipitation recorded at Environment
Canada's Nanaimo Airport station to estimate the first flush event applicable to Parksville. The
datasets were combined and sorted by daily rainfall depth. The cumulative runoff depth was
calculated assuming a 5 mm runoff threshold [i.e. daily rainfall depths below 5 mm were excluded
from the analysis). As shown in Figure 2, 24-hour rainfall events smaller than 30.7 mm produce
approximately 80% of annual runoff volume and include approximately 93% of annual rainfall
events. As such, water quality treatment in stormwater management facilities in Parksville is
recommended to manage at least the 31 mm, 24-hour rainfall event to provide 80% control of total
suspended solids (TSS) on an average annual basis. The method used to establish this target could be
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improved upon by a more detailed analysis that separates individual events without truncating them
every 24 hours.
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Figure 2. Rainfall Frequency Analysis, Nanaimo Airport (1947-2020)

2. 1. 1. S Future Climate

Climate change in Parksville and across Canada has multiple implications for how we design, build
and live in our cities. The first step for considering climate change in community plans is to estimate
the climate change projections within each community. Key changes to anticipate in Parksville
include wetter falls and winters as well as drier and much warmer summers, as illustrated by the
projections in Figure 3 and Table 6. These anticipated climate changes in Parksville and other
changes across Canada will introduce or exacerbate multiple risks to communities, built
infrastructure and the natural environment. Five of the top six areas of climate change risk in Canada,
which are relevant to Parksville, are outlined in Table 7.
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Table 6. High Carbon Climate Change Projections for Parksville, BC

Base Period

Variable 1976-2005

Parksville Community Park SWMMP

Future Projections

2051-2080

Mean Low Mean High

Highest temperature of year 30 °C 31 °C 34 °C 38 °C

Typical coldest winter day -7.8 "C -7.2 °C -2.2 °C 1.9 °C

Number of +25°C days per year 21 38 66 92

Number of freeze-thaw cycles per year 24 11

Date of first fall frost Nov 17 Nov 18 Dec 16 Dec 30

Frost-free season (number of days) 235 278 325 361

Annual precipitation 1151 mm 955 mm 1247 mm 1553 mm

Summer precipitation 106 mm 37 mm 93 mm 166 mm

Winter precipitation 490 mm 366 mm 555 mm 771 mm

Number of below-zero days per year 42 18

Source: The Climate Atlas of Canada includes climate change indices derived from 24 downscaled climate
models obtained from the Pacific Climate Impacts Consortium (PCIC; pacificclimate.org). The results

shown are based on the 'High Carbon' scenario (RCP8. 5) of each model and the 2051-2080 time period.

The high and low model projections indicate the 90th and 10th percentiles values for the 24 model

ensemble (Prairie Climate Centre, 2019).
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Figure 3. High Carbon Climate Change Projections for Parksville, BC (Prairie Climate Centre, 2019)

Table 7. Top Areas of Climate Change Risk Facing Canada (Council of Canadian Academies, 2019)

Area of Risk Description

Physical Risks to physical infrastructure in Canada from extreme weather events, such as
Infrastructure damage to homes, buildings, and critical infrastructure from heavy precipitation

events, high winds, and flooding; increased probability of power outages and grid
failures; and an increasing risk of cascading infrastructure failures.

Coastal Risks to coastal communities in Canada, including damage to coastal infrastructure,
Communities property, and people from inundation, saltwater intrusion, and coastal erosion due

to sea-level rise and storm surges.

Human Health Risks to human health and wellness in Canada, including adverse impacts on
and Wellness physical and mental health due to hazards accompanying extreme weather events,

heatwaves, lower ambient air quality, and increasing ranges ofvector-borne

pathogens.

Ecosystems Risks to Canadian ecosystems and species, including threats to biodiversity,
ecosystem resilience, and the ability of ecosystems to provide a range of benefits to
people such as environmental regulation, provision of natural resources, habitat,
and access to culturally important activities and resources.

Fisheries Risks to Canadian fisheries and fish stocks, including declining fish stocks and less
productive/resilient fisheries due to changing marine and freshwater conditions,
ocean acidification, invasive species, and pests.

*A sixth area of risk to Northern Communities is not listed because it's irrelevant to Parksville.

Communities are planning for climate change through both mitigation and adaptation strategies.
Mitigation strategies include those that will reduce greenhouse gas emissions by replacing fossil fuels
with renewable energy [e.g. power lights with solar panels), reducing energy use (e. g. offer free bus
shuttles to reduce single occupant vehicle trips, install electric vehicle charging stations) and
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reducing the carbon footprint of infrastructure projects. The City's Official Community Plan (2013)
committed to reduce per capita greenhouse gas emissions by 33% of 2007 levels by 2020, which was
aligned with the Community Energy and Emissions Plan for the Regional District ofNanaimo towards
80% reductions by 2050 [Regional District ofNanaimo, 2013). The City's Official Community Plan
highlights the carbon sequestration services provided by street trees, the urban tree canopy and
riparian areas which should be protected. The Community Park Master Plan (2018) recommended
establishing a free bus shuttle from downtown, which would contribute to emissions reductions
related to the Park. Although progress towards these local targets have not yet been evaluated,
globally the need for greenhouse gas emissions is increasing as little progress has been made in the
last decade. The United Nations recently defined a new target of 7.6% reduction in greenhouse gas
emissions every year from now until 2030. This updated target will compensate for the gap between
pledged and accomplished cuts, as well as offsetting the additional damage that will be caused by
emissions that have increased over the past decade (United Nations Environmental Program, 2019).

Adaptation strategies include actions that will most effectively reduce the local impacts of climate
change on communities. These impacts are anticipated even with emission reductions because of the
pollution that has already been released into our atmosphere. As such, communities need to plan for
these impacts while also reducing emissions to prevent even worse impacts. The City's Official
Community Plan (2013) established development requirements to mitigate the potential impacts of
climate change hazards, including rising sea levels in coastal areas. A goal of the Community Park
Master Plan (2018) is to protect the shoreline of the Park and mitigate erosion, which may increase
due to the hazards of sea level rise and severe weather, through monitoring the efficacy of past
improvements and stabilizing the shoreline with native vegetation. The Community Park Master Plan
also called for developing and implementing the SWMMP, which will reduce potential inland flooding
risks.

Multiple climate-related hazards and impacts are especially relevant to the Park. High temperatures
in urban centres can be hazardous, especially for the elderly and chronically ill, and extended warm
periods can inhibit outdoor activities and cause stress. Extended dry periods will also increase
demands for irrigation. Wetter falls and winters will need to be managed by stormwater management
systems, which are already facing challenges due to deterioration, other deficiencies and sea level
rise. The hazards and potential impacts related to stormwater management in the Park are discussed
and assessed throughout this memorandum to guide development of the SWMMP.

Stormwater management adaptation strategies will provide additional capacity so that the system is
more resilient under more intense or multi-day precipitation events and exacerbated boundary

conditions (e.g. high sea level, high groundwater). Stormwater management adaptation strategies
also offer additional benefits, such as capturing pollutants from runoff, sequestering carbon,
providing shade, greening the community, promoting livability, and increasing biodiversity.
Preparing for the consequences of climate change and reducing the City's energy consumption are
key components of the City's Official Community Plan [2013).

2. 1. 1. 6 Future Intensity-Duration-Frequency Curves

As part of the SWMMP for the Park, Dillon Consulting developed projected IDF curves for mid- and
late-century timeframes, representing the 2050s and 2080s, under the "worst case" representative
concentration pathway (RCP) 8.5 (Intergovernmental Panel on Climate Change, 2013). Although
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referred to as a "worst case" scenario, RCP 8.5 represents a "business as usual" carbon-intensive
future emissions pathway with little greenhouse gas mitigation, which is an appropriate scenario to
plan for based on the current progress in global greenhouse gas mitigation. The projected IDF curves
were used to develop Depth-Duration-Frequency (DDF) relationships provided in Table 8 and Table
9, and include multi-day rainfall events (2-10 days) in addition to sub-daily duration events for
standard return periods (2-100 year events). The extended curves will enable the City to consider
the multi-day rainfall events that have historically caused riverine and pluvial flooding in the region.
Overall, the combination of the updated baseline IDF curves and the climate change projections result
in significant increases in rainfall volumes. Additional details are provided in Appendix B and in the
separate MS Excel Spreadsheets prepared by Dillon Consulting (e.g. 25th and 75th percentile IDF
Curves).

Table 8. Mean Future (2050s) Rainfall Depth-Duration-Frequency Curves for Parksville, BC (mm)

Return Period
Duration

5-min

10-min

15-min

30-min

1-h

2-h

6-h

12-h

24-h

2-day

3-day

4-day

5-day

6-day

7-day

8-day

9-day

10-day

2 year

3.3

4.9

5.9

8.4

11.9

17.6

34.1

48.0

63.6

79.9

93.6

109.9

124.2

135.2

142.8

152.7

163.0

172.3

5 year

4.4

6.7

8.4

12.0

15.9

21.5

40.4

57.7

79.7

97.9

113.3

133.9

152.4

163.5

173.1

185.4

197.8

210.0

10 year

5.1

7.8

10.1

14.4

18.7

24.0

44.5

64.1

90.4

109.9

126.3

149.7

171.0

182.3

193.2

207.1

220.9

234.9

25 year

5.9

9.3

12.2

17.5

22.0

27.3

49.8

72.1

104.0

125.0

142.8

169.8

194.6

206.0

218.5

234.4

250.0

266.4

50 year

6.7

10.5

13.8

19.7

24.6

29.G

53.7

78.0

113.9

136.1

155.0

184.7

212.1

223.7

237.3

254.7

271.6

289.8

100 year

7.3

11.5

15.5

21.9

27.1

32.0

57.4

84.0

123.9

147.3

167.1

199.4

229.5

241.1

256.0

274.9

293.0

313.1

Source: Rainfall Design & Climate Change Guidance- Final Technical Report (See Appendix B)
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Figure 4. Monthly Precipitation in Coombs, BC (Adapted from Dillon Consulting, 2020)
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Figure 5. Monthly Potential Evaporation in Coombs, BC (Adapted from Dillon Consulting, 2020)
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Wave
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Figure 7. Impacts of Tides, Storm Surge and Wave Processes on Sea Level (Department of Sustainability and
Environment, 2012)

As part of the SWMMP, Northwest Hydraulics Consultants [NHC) conducted a study to assess sea
level under existing and future climate conditions, considering the effects of global SLR on tides and
storm surge, as well as wave effects. Future, late-century projections were estimated based on
applicable guidelines from the BC Ministry of Environment (BC MOE, 2018) and include considerable
uncertainty. The study summarized tide levels at the Park as outlined in Table 10. NHC also
developed a time series of sea water levels from September 2019 to April 2020 based on measured
levels at Point Atkinson transformed to the project site. The time series includes the measured
astronomical tide as well as residuals from storm surge and wind/wave set-up (Northwest
Hydraulics Consultants, 2020b). An excerpt of the time series is shown in Figure 8. Figure 9 illustrates
the time series shifted to account for regional SLR by year 2100 [+0.79 m) relative to the Park's
existing storm sewer outfall and a new outfall which was recently installed, but not connected, as
part of shoreline improvements. Sea levels will back up into the Park's stormwater management
system through the outfall and will submerge parts of the contributing system under extreme sea
levels. This effect will occur with increasing frequency and duration under future climate conditions
due to SLR, even when the system is connected to the new outfall.

Sea State

Table 10. Summary of Tides based on Northwest Bay (Northwest Hydraulics Consultants, 2020a)

Year 2020 Year 2100

Tide Elevation (m, CGVD2013) Tide Elevation (m, CGVD2013)

Higher High Water Large Tide (HHWLT) 2. 18 2. 97

Higher High Water Mean Tide (HHWMT) 1.68 2.47

Mean Water Level (MWL) 0. 18 0, 97

Lower Low Water Mean Tide (LLWMT) -1. 73 -0. 94

Lower Low Water Large Tide (LLWLT) -2. 83 -2, 04
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Figure 9. Existing and Future Sea Level Relative to Storm Sewer Outfall (Adapted from Northwest Hydraulics
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NHC identified the design water levels (Table 11) with 10, 100 and 200 year annual exceedance
probabilities based on joint probabilities of tides and storm surge. Late century levels also included
global SLR (+1 m by 2100) and local uplift [-0.21 m by 2100). These design water levels represent
'still water level' during extreme events and do not include wave effects. Significant coastal
inundation of the Park is likely to occur in Year 2100 based on the existing park topography relative
to the design water levels, as shown in Figure 10, whereas present-day inundation will be limited to
the beach. The duration of coastal flooding will typically be two to three hours due to the
astronomical tides, however the ability of the coastal flood water to recede within the Park depends
on drainage infrastructure (Northwest Hydraulics Consultants, 2020a). NHC assumed neighbouring
properties will be raised to prevent coastal inundation via overland flow from those properties CG.
Lamont, personal communication, July 23, 2020).
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Table 11. Design Water Levels for the Years 2020 and 2100 (Northwest Hydraulics Consultants, 2020a)

Annual Exceedance Probability

10-Year

100-Year

200-Year**

Year 2020

Water Level (m, CGVD2013)

2. 78

3.02

3. 14

Year 2100

Water Level (m, CGVD2013)*

3.57

3.81

3.93

*Year 2020 Level + Regional Sea Level Rise (+0. 79 m)

**Coastal Designated Flood Level

NHC found that present day wave effects will be limited to the beach except for some overtopping
and isolated ponding that will occur at the peak of a storm event, lasting two to three hours, at
locations where the Park pathway has minimal freeboard (i.e. the western half of the Park shoreline,
primarily to the southwest of the rock groyne where the beach crest elevation drops to
approximately 3. 1 m CGVD2013). Wave overtopping rates are dependent on the elevation of the
beach crest, which may change based on the City's SLR adaptation strategy, and so the study
developed this relationship for consideration in future planning. In Year 2100, wave heights within
the inundated park area will likely be approximately 0.3 m, however additional analysis is required
to assess the potential effects of wave breaking. The study considered potential wave runup under
existing and future climate, with the latter assessment considering a scenario with future raised
shoreline elevations. If the shoreline is not raised, then waves will break on the shoreline and impacts
will be dependent on other factors needing further consideration (Northwest Hydraulics
Consultants, 2020a).

Overall, the study utilized the 200-year design event levels and regional SLR to estimate the future
Natural Boundary at an elevation of 4.2 m. NHC recommended adding 0.6 m of freeboard to the
Natural Boundary to define the future Flood Construction Level at an elevation of 4.8 m (CGVD 2013),
as shown in Figure 11 and in accordance with the probabilistic method illustrated in Figure 12
[Northwest Hydraulics Consultants, 2020a). The Flood Construction Level cited in the City's Official
Community Plan is 4. 1 m [City of Parksville, 2013). The Flood Construction Level indicates the
elevations above which habitable spaces in buildings should be constructed and also can be used to
establish the target elevation for shoreline berms. Details of the study method and findings are
provided in Appendix C.

Typical risks related to sea levels in coastal areas include damage to coastal infrastructure, property
and people from inundation, saltwater intrusion and coastal erosion due to SLR and storm surges.
Although the projected extent of late-century coastal inundation is substantial in the Park, the
establishment and management of the Park has protected this area from other developments which
could have become more vulnerable to climate change than parMands. Implications of SLR on the
Park's stormwater management system are assessed in Section 3, however implications on park
layout and programming are beyond the scope of the SWMMP. The SWMMP will need to be updated
and aligned with other City plans as they evolve with a growing understanding of climate change
impacts and adaptation strategies. For example, the SWMMP and Park Master Plan would need to be
aligned with a SLR adaptation plan for Parksville Bay and the Englishman River Estuary.
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Figure 10. Coastal Inundation Mapping for Year 2020 and Year 2100 (Northwest Hydraulics Consultants, 2020a)
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Figure 12. Illustration of Probabilistic Method for Estimating Flood Control Level (Ministry of Forests, Lands,
Natural Resource Operations and Rural Development, 2018)

2. 1.3 Coastal Erosion

Shoreline erosion conditions at the Park are described as follows:

"The Park is directly exposed to Northwesterly storms and is sheltered from Southeasterly
waves by the Englishman River Estuary. However, Southeasterly storms are the source of
significant longshore sediment transport, moving sediment from the Englishman River
Estuary into Parksville Bay. A secondary source of sediment may be transported from the
bluffs to the northwest of Parksville Bay during Northwesterly wave events. This results in
the large beach and long shallow foreshore fronting the Park.

Previously, NHC [2015) was retained by the City of Parksville to develop preliminary erosion
protection options for Arbutus Point and Sutherland Stairs [Figure 13]. The scope of work for
the previous study included the following:

. Significant erosion has occurred at Arbutus Point near the old hovercraft pad. The
City required a plan to identify the erosion processes and to determine what steps
should be taken to control the current erosion problem. A combination of riprap,
anchored large woody debris (LWD) on the backshore and gravel fill on Ae seaward
side of the riprap was recommended. Construction of the preferred option was
completed in August 2017.

. Erosion was occurring at the Sutherland Stairs located at Sutherland Place
approximately 250 m south of McMillan Street. Conceptual designs and sketches of

Emmons & Olivier Resources Canada Inc. - page 19 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

erosion mitigation measures were prepared by NHC. This solution was not
implemented by the City of Parksville.

. There was a public perception that the existing sandy beach and tidal flats were being
covered over by coarse gravel and cobbles. An assessment of the dynamic nature of
the beach and factors governing sediment transport along the shoreline was required,
including an analysis of wave climate and tidal current conditions and the influence
of the Englishman River. " [Northwest Hydraulics Consultants Ltd., 2015)

City staff have noted that sediment frequently accumulates in the existing storm sewer outfall from
the Park at Arbutus Point.

48332
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5 '19.326
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Figure 13. Parksville Community Park and Parksville Bay Shoreline (Northwest Hydraulics Consultants, 2020a)
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2. 1.4 Topography

Elevations throughout most of the Park range from sea level to approximately 5 m above sea level,
with a steep slope on the southern boundary rising to 11 m above sea level. The topography of the
Park is mapped in Figure 14 using light detection and ranging (LiDAR) provided by Regional District
of Nanaimo. Additional topographic survey was conducted of the ParkbyJEAnderson in January and
February 2020. Sims Associates Land Surveying Ltd. surveyed the right-of-way adjacent to the Park
on Corfield Drive and Highway 19A in May 2020.
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2. 1.5 Surficial Soils

Surficial geology in the Park primarily consists of Salish Sediments (i.e. shore, deltaic and fluvial
deposits composed of gravel, sand, silt, clay and peat) with a small area of terraced fluvial deposits at
the southeast corner [i.e. deltaic deposits composed of gravel and sand underlain by silt and clay)
(Fyles, 1963). As part of the SWMMP, Thurber Engineering Ltd. conducted a geotechnical
investigation of the Park based on five test pits, which found the following typical soil conditions:

. Topsail consisted of organic silt up to 0.45 m thick.

. Fill soils [immediately below topsail) consisted of sand, gravelly sand and sandy gravel up to
2.4 m deep, except for TP20-3 [east of lacrosse court at southeast corner of park) where fill
consisted of organic silt with some sand and gravel to a depth of 2. 3 m.

. Native granular soils below the fill consisted of gravelly sand, or sand and gravel containing
variable amounts of cobbles and silt.

Grain size analysis of selected samples were used to refine soil classifications. The grain size analysis
confirmed that the confining layer at most test pit locations is poorly graded sand (SP), which has a
design infiltration rate of 20.3 mm/hr (Appendix E) and should be confirmed by in-situ infiltration
testing during detailed design of stormwater practices. The exception to this finding is the the
organic silt encountered at TP20-3 to a depth of 2.3 m, indicating low potential for infiltration at this
location. Infiltration capacity will also be affected by groundwater elevations, which are discussed in
the next section. Additional information on the geotechnical investigation is provided in Appendix D.

2.1.6 Groundwater

The geotechnical investigation conducted by Thurber Engineering Ltd. characterized depth to
groundwater at the time of the investigation (May 14, 2020). As shown in Figure 15, no groundwater
was encountered at three of the test pits (TP20-4, TP20-5, TP20-6). Depth to groundwater in the
three southernmost test pits (TP20-1, TP20-2, TP20-3) ranged from 2.3 to 2.7 m. The shallowest
groundwater was observed 1.3 m below ground in the dry basin located northeast of the curling rink
on the eastern boundary of the Park (TP20-7), which was also the lowest topographic point
investigated. Additional information on the geotechnical investigation is provided in Appendix D.

An Archaeological Impact Assessment of the Park in early March also identified shallow groundwater
in the dry basin at a depth of approximately 0.85 m. The assessment also identified indicators of
groundwater (i.e. mottled soils) in a shallow test pit dug at the northeast corner of the volleyball
courts approximately 0.34 m below the ground (Parsley & Thompson, 2020].

Groundwater elevations below the Park are expected to fluctuate seasonally due to relationship to
sea level and precipitation, and may potentially be influenced by irrigation of the Park as well. TP20-1
is located west of the baseball fields, which are drained by a draintile system although their influence

on groundwater is unknown. In addition, sea level rise associated with climate change may cause
increased groundwater elevations. The extent of these influences at the Park is uncertain due to a
lack of monitoring data, however the relatively shallow groundwater elevations observed at some
locations in May 2020, especially in the dry pond, indicate vulnerability to groundwater flooding or
shallow groundwater impeding infiltration capacity.
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2. 1. 7 Drinking Water

There are no municipal drinking water intake points or wellhead protection areas located within the
Park.

2.2 Cultural Environment

Cultural environmental features include any building, structure, site or object, including an
underground or underwater site, of significance in the history, archaeology or culture of a study area
and its communities.

The Community Park Master Plan describes the rich history of the Community Park, including First
Nations' heritage and the history of the Park after European settlement. The City is located within the
traditional territories of the Coast Salish Peoples who have lived in the region for thousands of years.
The Park is within the asserted traditional territory of the Snaw-Naw-As, Qualicum and K'omoks First
Nations. The Community Park Master Plan includes the goal, "to collaborate with local First Nations
to provide meaningful recognition of traditional territory, First Nations' values, and culture in the
Community Park."

A critical step towards honouring First Nations' heritage in the Park is understanding the extent and
type of archaeological features in the Park to guide culturally sustainable development in the Park in
the future. To take this first step, the City recently retained Aquilla Archaeology to conduct an
Archaeological Impact Assessment and Inventory study. The purpose of the study was to confirm the
boundary of archaeological site(s) at the Park, and also to facilitate a shift towards inclusion and
connectivity with the Snaw-Naw-As and Qualicum First Nation communities. The study identified
three key findings:

1. the presence of archaeological site1 DhSb-2 is substantially larger and extends through the
southern third of the Park in a discontinuous fashion, and

2. DhSb-2 is at a minimum nearly 1000 years old, and
3. the northern two-thirds of the Park are infilled former marine-riverine-deltaic intertidal

areas.

The interim boundary of the archaeological site based on the study is illustrated in Appendix H. The
findings will be used to guide planning for drainage improvements and associated site
investigations/operations as part of the SWMMP. The areas with archaeological features are
protected by legislation and may not be altered, damaged, moved, excavated in, or disturbed in
any way without a permit issued under either Section 12 or Section 14 of the Heritage
Conservation Act. The assessment recommended a 50 m buffer around the archaeological deposits
as a best practice to help ensure archaeological conservation.

1 Archaeological sites are locations on public or private land containing evidence of human activity pre-dating
1846.
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A contingency plan should be established if ground disturbance is required within the 50 m buffer
to minimize any testing and include a monitoring/chance finds procedure. If archaeological
material is unexpectedly encountered, work should stop and the Archaeology Branch and respective
First Nation communities should be contacted immediately [Parsley & Thompson, 2020).

The Archaeological Impact Assessment report also discussed the implications of these findings more
broadly for the Park and future management. Preliminary review of historic aerial imagery of the
Park [see thumbnail, right, from Parsley & Thompson, 2020) indicates that the archaeological site is

situated along the historic 1930s shoreline, prior to park
establishment. While development of the Park has destroyed and
degraded substantial amounts of the archaeological site,
establishment of the Park has also protected the area from other
types of development which may have had more extensive
impacts to the archaeological site. Development of the Park
involved infilling almost two thirds of the parkland north of the
archaeological site to raise the topography, which has situated
that area such that further development will not have any
archaeological impacts and will reduce the potential depth of
coastal inundation of the Park. The significance of this
archaeological site is enhanced by its location in the popular
Community Park, which provides more opportunity to educate the
public of Indigenous presence in the past, present and future of the
Park (Parsley & Thompson, 2020).

Additional cultural environmental features that have been installed since the Park's establishment

include the memorial plaque program at benches and trees Crecommended to be discontinued in the
Community Park Master Plan) and the labyrinth at the old helicopter pad at Arbutus Point
(Vancouver Island University & City of Parksville, 2017'}.

2.3 Natural Environment

The City is located in the Coastal Douglas Fir biogeoclimatic zone, one of the smallest of BC's
ecological zones, which primarily contains Douglas Fir [Pseudotsuga menziesii') forest, esmarine, and
some endangered Carry Oak (Quercus garryana') ecosystems [Natural Resources Canada, 2015). The
shores of the Park are within the Parksville-Qualicum Wildlife Management Area (PQWMA). The
PQWMA was designated to conserve the internationally significant intertidal, estuarine and riparian
habitat used by a range of species, most notably the Pacific Brant Sea Goose and over 60 other water
fowl species, along 1,024 hectares of eastern Vancouver Island shoreline (Regional District of
Nanaimo, 2019). The Englishman River Estuary, located immediately east of the Park (Figure 16),
includes 145 ha that was designated to protect the environmentally sensitive ecosystem, support the
productivity of the estuary lands by restricting development and promote ongoing environmental
study and monitoring (City of Parksville, 2013). The Englishman River Watershed Recovery Plan
noted that the estuary supported many species of salmon although the ecosystem was degraded by
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low riverine flows in the late summer and non-point source pollution from storm sewer outfalls (LGL
Limited, 2001), which includes runofffrom the southeast corner of the Park.

The terrestrial environment in the Park includes turf grass, gardens and over 500 trees, some of
which are located within the Arboretum encircled by Salish Sea Drive. In total, there are 170 tree
species within the Park, including native and ornamental species. The majority of trees in the Park
were recently identified as being in good or excellent health [Figure 17) and intercepting
approximately 3.4 million litres of rainfall annually (City of Parksville, 2019), which is equivalent to
19 mm of rainfall over the Park every year. The City currently irrigates approximately 11 ha (61%)
of the Park year-round to support tree and turf health. A recent Archaeological Impact Assessment
and Inventory of the Park noted that there are few old growth trees in the Park and the old growth
Douglas-fir are located in the east-west band of trees bisecting the Park. The assessment also noted
the following regarding Culturally Modified Trees [CMTs)2 in the Park:

"The CMTs are slightly smaller in diameter in comparison to other culturally modified
Douglas-firs in the vicinity (i.e. Milner Gardens and Woodland], however this smaller size is
unlikely to be due to a younger age, but rather indicator of slow growth due to poor growing
conditions. These Douglas-firs are situated within a nutrient poor, well-draining sand and are
being strongly influenced by water availability during the late spring and summer.
Spittlehouse (1996) suggested that a reduction in moisture availability in the summer could
substantially reduce growth in Douglas-firs (Spittlehouse, 2003)." (Parsley & Thompson,
2020).

This SWMMP did not include an assessment of the terrestrial and aquatic ecosystems in the Park, or
the risks associated with managing these natural resources over time. However, there are multiple
potential climate change impacts to these ecosystems related to drought, coastal inundation,
groundwater flooding, saltwater intrusion, soil salinization, biodiversity, and invasive species.

2 Culturally modified trees (CMTs) are "living trees that have been visibly altered or modified by Indigenous
Peoples for usage in their cultural traditions" (Indigenous Corporate Training, 2019).
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Figure 17. Trees in Community Park (Adapted from City of Parksville, 2019)

Emmons & Olivier Resources Canada Inc. - page 29 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

2.4 Built and Social Environment

The social environment includes infrastructure and amenities built within the Park. As the built

environment in the Park expands, there will be more demands on the stormwater management
system. A functioning stormwater management system is required to protect the Park and its users
from pluvial (i.e. overland) flood risk and drain down future coastal inundation. Flooding generally
occurs when the volume of stormwater cannot be contained or conveyed by the stormwater
management system, in addition to sea levels backing up the storm sewer system. Typical risks from
flooding include impassable roads, delayed emergency response, utility damage, property damage,
delayed re-occupancy, damage to trees, degradation of wetlands, and injury or loss of life. There are
no essential community services within the Park that require emergency access.

While this plan considers how sea levels affect the performance of the Park's stormwater
management infrastructure, managing other hazards related to coastal inundation of the Park and
developing a sea level rise adaptation strategy are beyond the scope of this SWMMP.

2.4.1 Land Cover and Land Use

Land cover in the Park includes buildings, parking lots (paved and gravel), roads, trails, a skate park,
beach volleyball courts, playgrounds, baseball diamonds, tennis courts, a basketball/lacrosse court,
a sand castle exhibition space, a splash pad, a tree arboretum, and other open spaces, as shown in
Figure 14. Anticipated improvements in the Park that will increase impervious cover were compiled
from City staff, the Community Park Master Plan and the ongoing Pedestrian Connections and
Circulation Plan, and include an amphitheatre and trail improvements, as shown in Figure 19. The
proposed layout of various improvements is subject to change, but overall, the future improvements
are expected to increase the impervious cover of the Park from approximately 5.6 to 6.1 ha (31 to
34%).
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2.4. 2 Road, Parking and Trail Infrastructure

The existing road, parking and trail infrastructure in the Park is illustrated in Figure 20. The three
roads in the Park are Sandcastle Drive, Salish Sea Drive and Ravenhill Road. The three main parking

lots in the Park are the paved and gravel lot by the sports field, the paved lot west of the curling rink,
and the large gravel overflow lot north of the curling rink. Additional parking is provided in smaller,
roadside parking along Sandcastle Drive. City staff noted some historic issues with accelerated
asphalt deterioration in areas with frequent nuisance flooding issues, as well as east of the curling
club. The City installed a section of permeable pavers in one of the roadside parking areas in 2015,
which is functioning well so far. There are several limitations for pedestrians in the Park based on
gaps between sidewalk and trail networks. The City sweeps the streets in the Park every two weeks.

The City is planning multiple road, parking and trail infrastructure improvements in the Park that
are conceptually illustrated in Figure 21. These improvements are proposed through the Official
Community Plan, Community Park Master Plan, Parks Trails and Open Spaces Master Plan, and
Community Park Pedestrian Connections & Circulation Plan, including the following:

. Additional accessible parking at the southern section of Ravenhill Road near the picnic
shelter and path to the picnic shelter.

. Reduce the total number of parking spaces as park access via other transportation options
increases, which will provide more space for other activities in the Park.

. Construct sidewalks along the outside edge of Salish Sea Drive in front of the Parking spaces
near the playground.

. Construct a multi-use path from the gravel parking lot along the south border of the beach
volleyball area to the gathering space.

. Construct a permanent one-way road connecting the northeast corner, through the gravel
parking lot, to the eastern exit. Include a sidewalk, designated bike path and street parking.

. Pave parking lot extension at sports field.

. Pave a portion of the large gravel lot nearest to the curling rink. Re-evaluate the need for
overflow lot in 2037.

. Work towards extending the waterfront walkway through the downtown waterfront policies
and parkland acquisitions as outlined in the Official Community Plan.

. Develop a pedestrian oriented, accessible connection from Rathtrevor Beach Provincial Park
to the Parksville Community Park.
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2.4. 3 Stormwater Management Infrastructure

The existing stormwater management system in the Park uses retention and conveyance strategies
to manage stormwater runoff. Runoff from approximately half of the Park is retained by subsurface
infiltration facilities (e.g. rock pits), a dry pond and landlocked topography. Runofffrom another third
of the Park drains to the storm sewer networks and ultimately to downstream outfalls. One of these
areas is at the southeast corner of the Park, where the storm sewer network drains to an outfall to

the Englishman River Estuary located northeast of the residential area east of Corfield Street North
and north of Nerbus Lane. The second outfall is to Parksville Bay and is located at the northeast
corner of the Park at Arbutus Point. Most of the remaining area of the Park also drains to the
Parksville Bay storm sewer network, however a sag in the storm sewer network northwest of Salish
Sea Drive prevents most drainage from reaching the Parksville Bay outfall, leaving the area partially
isolated where runoff is retained at an infiltration manhole. Throughout the Park, the existing roads
and parking lots direct runoffto the storm sewer network via curb and gutter systems. An inventory
of the stormwater management infrastructure in the Park is summarized in Table 12 and illustrated
in Figure 23. The major catchments throughout the Park are illustrated in Figure 22. As shown in
Figure 23, an outfall stub with larger capacity than the existing storm sewer was installed at Arbutus
Point during shoreline stabilization improvements designed by NHC and built in 2 017 (Northwest
Hydraulics Consultants Ltd., 2017). The basic design parameters of the pipe (e.g. location and
diameter) were selected by the City and the outfall invert elevation was set to the level of the beach
at the base of the slope, approximately 0.15 m above the existing outfall. The City has noted that the
existing outfall periodically clogs with sediment and debris, however it is unknown to what extent
the new outfall will mitigate this issue.

Table 12. Inventory of Built Stormwater Infrastructure in the Park

Type Quantity Intended Purpose

2. 1kmStorm Sewer

Manholes

Inlets (e.g. Catchbasins)

Outfalls

Ditches

Infiltration Manhole

Soakaway Pits (e.g. Rock Pits)

Dry Pond

Draintile

14

37 Convey runoff away from roads and structures

108m

Infiltrate runoff where system has insufficient outlet capacity

9 Infiltrate runoff in isolated areas of the Park

1 Infiltration

Unknown Drain baseball fields

There is no operation and maintenance program for stormwater infrastructure in the Park. This
could be contributing to some nuisance flooding issues in addition to other factors. For example,
flooding on Ravenhill Road may be due to debris clogging the catchbasin inlet or the existing rock pit.
Inspection of the rock pits was not possible because there is no cleanout port or other means for
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access/inspection. The City has well-established good housekeeping programs, including sweeping
the streets in the Park every two weeks.
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The age of the stormwater management infrastructure is uncertain; however sewer conditions were
considered based on CCTV inspections by Pipe-Eye Video Inspections. Sewer condition codes were
assigned by Pipe-Eye Video Inspections based on findings observed on the CCTV videos. Sewer
condition codes are from the North American Association of Pipeline Inspectors Sewer Condition
Codes Index (NAAPI, 2003) which uses the Water Research Centre (WRc) sewer conditions
classifications (WRc, 1993). The codes assigned from the CCTV inspection, combined with the video
records, were used to estimate a condition ranking for each pipe length using the ranking defined in
[WRc, 1993). This ranking is not weighted by risk of failure, nor are any financial implications
associated with it. Approximately 1084 m [51 %) of the storm sewer network is asbestos cement.
The estimated condition ranking is shown in Figure 24. Hardcopy reports and video files were
provided to the City ofParksville Engineering Department.

Table 13. Physical Condition and Recommended Action (WRc, 1993)

Condition Implication Definition

Rank

0-1 Excellent

Condition

Good

Condition

Fair Condition

Poor Condition

Failed or

Failure

Imminent

No defects were detected

Deficiencies have insignificant influence to tightness,

hydraulic/static pressure of pipe (wide joints, badly torched

intakes, minor deformation of plastic pipe, minor erosions, etc.)

Constructional deficiencies diminishing

static/hydraulic/tightness (open joints, untorched intakes,

minor drainage obstructions, cracks, protruding laterals, minor

wall damage, individual root penetrations, corroded pipe walls,
etc.)

Constructional damages with nonsufficient static safety,

hydraulic or tightness (pipe bursts, pipe deformations,

noticeable in/exfiltration, cavities in pipe wall, severe

protruding laterals, severe root penetrations, severe corrosion

of pipe wall, etc.)

Pipe is already or soon will be impermeable (collapsed, deeply

rooted/obstructed, pipe loses water or poses danger of

backwater in basements, etc.)

Rehabilitation

Priority

None

Long Term

Medium Term

Short Term

Urgent

Emergency overland flow capacity to the Parksville Bay is limited because the shoreline and trail
system along the north boundary of the Park are elevated above inland areas of the Park. The City
and park users have identified nuisance flooding issues along roads, in parking lots and along the
walking trails. The nuisance flooding typically recedes within a day or so, however in the wet winter
season it is common for some nuisance flooding areas to remain flooded for multiple days. Prolonged
flooding may be causing premature deterioration of pavement. One maintenance building south of
the playground has flooded, however no other structures have been flooded in the past based on the
City's anecdotal records.
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2.4.4 Utilities

Other utilities in the Park include sanitary, water (including irrigation), gas and electrical utilities.
Key utility alignments are illustrated in Figure 25. The City currently irrigates approximately 11 ha
(61%) of the Park year-round, with coverage as indicated in Figure 26. The Park's underground
irrigation system draws from the City's drinking water system, which was recently expanded to
support on-going development in the region. The City irrigates the Park year-round and is operated
by staff based on precipitation recorded at the Park (City of Parksville, n.d.). City staff estimate that
the irrigation system applies over 38, 000 m3 of water annually at an equivalent cost of about $73, 000
(2020 dollars) using By-law 1320 charge rate of$1.9096/m3.

2.4. 5 Potential Hot Spots

The City is not aware of any contaminated soils in the Park, however soils would need to be assessed
prior to offsite disposal or onsite reuse.
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3 Assessment of Existing Stormwater Management System

An integrated 1D-2D hydrologic and hydraulic model of the Park was developed and calibrated by
EOR using PCSWMM to assess performance of the existing stormwater management system, identify
deficiencies and consider the impact of external constraints, such as sea level. The model will
continue to be used in the development of the SWMMP to conceptually size improvements to the
stormwater system and test their resiliency to future climate and land use conditions. The existing
conditions model development, calibration and results are detailed in a separate memorandum. This
section summarizes key findings and discusses implications for design criteria.

3. 1 Summary of Model Findings

Key findings from the existing conditions PCSWMM model results are summarized as follows:

. Critical design events (Figure 27 and Figure 28):
o Minor System ClO-year return period): 24-hour SCS Type 1A Pacific Coast
o Major System [100-year return period): 24-hour SCS Type 1A Pacific Coast

. Existing conditions deficiencies:

Table 14. Deficiencies in Existing Stormwater Management System

%ofCBs&MHs % of Pipe Length with

Flooded
Rainfall Event

10-year 24-hour SCS Type 1A
Pacific Coast

100-year 24-hour SCS Type
1A Pacific Coast

37.5

45.8

Limited Capacity

13.5

28.2

Total Area of Road

Flooding

1843 m2

> 0.06 m deep

1384 m2

> 0.15m deep

Late summer short duration, high intensity events exceed the inlet and pipe capacity of the

system.

Observed surface flooding and water levels in storm sewer system on January 29, 2020 were
used to validate the model. Infiltration facilities areas within the Park, shown in Figure 29,
have many uncertainties associated with them including volume, depth, inlet capacity and
infiltration rate. Estimates for these parameters were made for the infiltration sites in the
model to best represent observed conditions on January 29, 2020.
The infiltration capacity of some of the existing rock pits is insufficient to mitigate nuisance
flooding of some roads and parking areas [e.g. Ravenhill Road]. This may be due to poor
construction, clogging with fines (lack of maintenance) or bioclogging, insufficient footprint
area/storage, limited infiltration capacity of in-situ soils, and/or shallow groundwater.
Additional construction information from the city would be needed to understand how these
facilities function and whether they could be made to work better.
The storm sewer system at the southwest end of Sandcastle Drive does not have positive
drainage to the sea outfall due to a sag in the sewer system. An infiltration manhole located
at the west corner of Sandcastle Drive and Salish Sea Drive retains all rainfall that cannot

overtop the perched point in the system.
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Sediment clogging of the sea outfall appears to contribute to flood risk in the Park, however
the frequency and mechanics of clearing the clogging is unknown. Due to insufficient
information, the periods of flooding related to the sea outfall clogging were not included in
the calibration.

Calibration of the model to observed surface flooding and water levels in the storm sewer
network indicate that flood risk is primarily caused by design, installation and operational
deficiencies in underground infrastructure as well as grading for overland flow routing. In
addition, the system draining to Parksville Bay has limited free outfall capacity due to
astronomical tides [i.e. when sea level rises above the invert for a portion of each day).
The above deficiencies are exacerbated by multi-day rainfall events since parts of the system
cannot drain within 24 hours of an initial rainfall event.
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3. 2 Discussion

The existing conditions model results demonstrate multiple stormwater management deficiencies in
the Park observed by EOR, City staff and park users. These deficiencies are in part due to the design
and installation/retrofit of some components (e. g. the storm sewer sag northwest of the Arboretum,
lack of emergency overflow routes for flood waters), which seem to be exacerbated by other factors
such as groundwater levels limiting infiltration in some areas, sea level and debris limiting outlet
capacity to Parksville Bay, and lack of pretreatment/maintenance increasing risk of infrastructure
clogging with debris. The modeling process has also highlighted some unique opportunities at the
Park, such as the existing dry basin northeast of the curling rink, which seems to be an underutilized
component of the stormwater management system since it serves only a quarter of the Park's
drainage area while being located near the system outlet. This section discusses some of these issues,
uncertainties and opportunities for infrastructure improvements at a high level. Potential
improvements are outlined in more detail in Section 5.

The capacity needed to store and convey flooding in the Park is primarily driven by rainfall and outlet
capacity. Figure 30 illustrates an example of present-day astronomical tides at the Park based on a
time series developed by NHC and late-century tides shifted to account for regional sea level rise by
year 2100 [+0.79 m). The figure shows tides relative to the Park's existing storm sewer outfall and
the proposed outfall which was recently installed, but not connected, as part of shoreline
improvements. This data was used to assess the vulnerability of the system to changes in drain time
(i.e. the time with free outfall, where the tides recede below the outfall elevation). The available
average drain time in a given day decreases from approximately 12 to 9 hours from existing to future
conditions. This average drain time was used in comparison to rainfall depths over 1-day and multi-
day events based on existing and future IDF curves in Sections 2. 1. 1.3 and 2. 1. 1.6, respectively. Figure
31 illustrates that for every return period, the 1-day duration event is most critical in terms of both
rainfall volume and the effective drain time3. Looking at only the 24-hour results in Figure 31
indicates that designing flood mitigation infrastructure for the present-day 100-year 24-hour event
would not be able to manage the late-century 10-year 24-hour event. As such, it is recommended that
the late-century 10-year 24-hour event and astronomical tides be used to size improvements to the
Park that will mitigate pluvial flooding, in addition to providing conveyance capacity for short and
high intensity events. Vulnerability of the system to more extreme conditions should be tested for
the City to be aware of and identify the level of risk associated with extreme events through the
following scenarios:

. Late-century 10-year rainfall during 10-year coastal inundation (which has a combined 100-
year annual exceedance probability assuming the two are independent)

3 Effective drain time in Figure 31. System Drain time Relative to Rainfall Depth for 1-Day and Multi-Day Events
includes the time with a free outfall during the rainfall event and the first 24 hours after the rainfall event. Drain
time may be further constrained by sediment accumulation atthe storm sewer outfall, but this is not considered
in the drain time assessment.
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Several uncertainties will also need to be considered in the SWMMP implementation
recommendations. Operational uncertainties include the frequency and.extent that the Parksville Bay
outfall will be clogged. This can be accounted for in the proposed conditions modeling by limiting the
outlet pipe diameter and can be mitigated in the design by improvements such as a self-clearing duck
bill valve at the outfall. Another operational uncertainty is the potential for groundwater levels to
rise with sea levels. This needs to be considered through a safety factor applied to design infiltration
rates for facilities, as well as identifying areas that will be particularly vulnerable to groundwater
flooding (e.g. dry basin). There are also planning uncertainties with respect to how stormwater
upgrades may need to align with the City's sea level rise adaptation strategies around Parksville Bay
and in the Englishman River Estuary. Potential infrastructure upgrades will be considered based on
their resiliency to coastal inundation, such as resiliency to erosion and inundation with debris-laden
saltwater.

City staff and EOR have identified potential stormwater infrastructure upgrades for further
consideration in Section 5, including the following:

. divert southeast catchments towards sea outfall rather than continuing to discharge to the
Estuary

. provide positive drainage from Sandcastle Drive to sea outfall

. divert existing storm sewer into dry basin to provide retention/detention and outlet the
basin to the sea outfall stub

. establish an emergency overflow from dry basin to Estuary by overtopping the
Surfside Resort access road

. harvest and reuse stormwater for irrigation, which would require consideration for isolating
from saline water/intrusion to protect infrastructure and plants

. harvest and reuse rainwater from curling club roof

. connect Ravenhill Road depression to storm sewer network or enhance retention to mitigate
road flooding

The potential stormwater management upgrades may also provide additional, ancillary benefits in
addition to flood mitigation, such as the following:

. Reduce non-point source pollution of ecosystem in Estuary and shoreline of Parksville Bay

. Conserve drinking water resources

. Replenish groundwater with rain/stormwater, which may help offset saltwater intrusion

. Support healthy terrestrial ecosystems which will be threatened by future increased drought

. Reduce demand for irrigation using vegetation resilient to future climate conditions

. Protect and enhance shade for park users in hotter summers

. Extend the lifespan and reduce maintenance cost of park infrastructure, such as roads

4 Problem Statement and Goals

Parksville Community Park is a popular recreational hub located on the eastern shore of Parksville
Bay and on the western border of the Englishman River Estuary. The Park is within the core asserted
traditional territory of the Snaw-Naw-As, Qualicum and K'omoks First Nations. The Park was
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developed in the 1900's using fill to raise the elevations of the north and central areas of the Park
that were originally part of Parksville Bay, a wider beach area, and potentially formed the natural
western edge of the Englishman River Estuary. Today, the Park's stormwater system is intended to
convey drainage away from frequently used park amenities. Continued development of the Park will
increase impervious cover, runoff volumes and associated pollutants. Currently, runoff from
approximately 35% of the Park is not treated to capture pollution before discharging into the Bay
and Estuary while other areas are managed by isolated systems that retain the majority of rainfall
events each year. Existing inland flooding issues will be exacerbated by climate change, including
higher sea levels, more rainfall and potential additional impacts that have not yet been assessed, such
as groundwater flooding. In addition, extreme sea levels are anticipated to inundate a substantial
extent of the Park based on late-century climate change projections while higher "normal" tides will
reduce discharge capacity. A significant archaeological site extends through the southern third of the
Park, along the pre-developed shoreline, and provides an opportunity to educate the public of
Indigenous presence in the past, present and future of the Park.

A SWMMP is required to increase resiliency of the stormwater system to extreme climate conditions,
support continued use and development of the Park, and leverage opportunities for environmental
and cultural sustainability. The plan will introduce stormwater management improvements to
protect key park features from frequent/nuisance flooding while also providing room for flood water
under extreme conditions. These improvements will demonstrate new local climate change
adaptation approaches to the industry and public, while also mitigating the carbon footprint of public
infrastructure. The City and First Nations will collaborate to preserve and improve the spiritual and
archaeological significance of the Park while also stewarding park ecosystems for future generations.

Overall, the SWMMP outlines the strategies, capital improvements, and maintenance programs
needed to improve the capacity of the current stormwater management system, support future
development and protect the natural and cultural heritage features unique to the Park. The SWMMP
will address the following goals to establish a sustainable and integrated stormwater management

program:

Flood Mitigation & Resiliency: The Park's stormwater system effectively
manages the quantity and delivery of runoff in a manner that protects the
environment, infrastructure, and the health and safety of park users under existing
and future climate conditions. The City sets clear expectations for park users for
climate conditions that will exceed system capacity and require temporary
closures.

Collaborate with First Nations: The City and First Nations are working
collaboratively to maintain and improve the spiritual and archeological
significance of the Park.

Ecosystem Health & Water Quality: The City and First Nations are working
collaboratively as stewards of park ecosystems for future generations. The surface
water, groundwater and natural resources in and downstream of the Park
maintain their ecological integrity and provide their original level of function and
value.
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^ Operations & Maintenance: The Park's stormwater systems are maintained,
managed and operated in a sustainable and cost-effective manner.

Monitoring & Data Management: The City monitors precipitation at the Park and
aligns irrigation activities with actual precipitation events. The City expands
monitoring programs to inform climate change adaptation measures.

Funding & Organization: The City has the resources and capacity needed to
adequately implement an effective Stormwater Management Program in the Park.

Education & Outreach: The City's residents and businesses have a good
understanding ofstormwater management, climate change adaptation and First
Nation's heritage in the Park and are committed stewards ofParksville Bay and the
Englishman River Estuary.

&

Developing objectives and action items that support attainment of each goal in the SWMMP
Implementation Plan will chart a course of action for the City's stormwater management efforts in
the Park over the next 20 years, aligned with the Community Park Master Plan 2017-2037, and help
the City secure funding support, such as climate change adaptation grants. Longer term
implementation will be refined through updates to the SWMMP that align with other planning
exercises, such as a sea level rise adaptation plan for Bay and Estuary.

5 Stormwater Management Approach

5.1 Performance Objectives

The key objectives for performance of the Park's stormwater management system include the
following:

1. Mitigate flood risk during extreme rainfall and coastal inundation events to acceptable levels
of risk with measures such as allowing up to 0. 15 m offloading on roads and parking lots or
temporarily closing areas where flood mitigation is cost prohibitive.

2. Mitigate non-point source pollution impacts to receiving waters and their ecosystems by
capturing and treating the first flush event [31 mm 24-hour event].

3. Offset potable water demand to the extent feasible.
4. Be resilient to coastal inundation within the Park, such as excessive erosion from wave action,

debris, and saltwater.

5, Prevent nuisance flooding during the late-century 10-year 24-hour rainfall event, considering
the late-century astronomical tide as a potential constraint to sea outfall capacity.

6. Support future use and development of the Park and associated increases in imperviousness.
7. Support PCPSWMMP goals with public awareness and education initiatives, cost effective

operation and maintenance plans, strengthened environmental stewardship and awareness
by park users of the cultural importance of the First Nation archaeological site.
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5.2 Sizing Criteria

. Water quality treatment provided for the first flush event (31 mm, 24-hour event) through
infiltration facilities, raingardens, the dry basin or a water quality unit. Vegetated facilities
must drain within 48 hours of the event to support vegetation and provide capacity for
future events.

. Storage, infiltration and conveyance capacity in the system provided to prevent surface
flooding greater than 6cm deep during the 10-year 24-hour late century rainfall event.
Existing infiltration facilities must be rehabilitated to meet this design criteria. Discharge
to the sea outfall must consider limited outlet capacity due to late-century astronomical
tides and potential clogging from sediment.

. Assess vulnerability of the system and provide temporary ponding / emergency
procedures for extreme rainfall and coastal inundation conditions, including:

Drainage of late century 100-year 24-hour rainfall event
Drainage of late century 10-year and 100-year coastal inundation across the Park

5. 3 Treatment Train Approach

The treatment train approach to stormwater management is recommended for future upgrades. The
approach uses multiple practices to manage the quantity and quality of stormwater runoff as it
travels across the landscape from its point of origin to the downstream waterbody. A simple
schematic of a treatment train is provided in Figure 32. Treatment trains often include pollution

prevention, which are described in the next section. Practices are selected to minimize the amount of
stormwater runoff generated on site and maximize control of pollutants while complying with
constraints such as limited space, physical conditions and regulatory requirements. Source,
conveyance, and site controls include Better Site Design [BSD) techniques, Low Impact Development
(LID) and Green Infrastructure (GI) strategies that work with nature to manage stormwater as close
to its source as possible (see Figure 38). In general, these practices are favoured over end-of-pipe
facilities because they reduce stormwater volumes and pollutant loading, which often results in
lower stormwater management costs (less hard infrastructure, smaller end of pipe practices, less
expensive operation and maintenance). They mimic natural processes to infiltrate, filter, evaporate,
and transpire stormwater. Where source, conveyance, and site controls are insufficient or infeasible,
traditional conveyance (e.g. storm sewers, ditches, culverts) and end-of-pipe facilities (e.g. ponds)
can be used as part of the treatment train approach. End-of pipe facilities focus on centralized
detention ofstormwater, which involves storing and then slowly releasing stormwater while settling
suspended sediment and associated pollutants to the bottom of facilities. Detention is one approach
to mitigating flood risk and improving resiliency to large rain events. Examples of conventional
stormwater management facilities include wet ponds, dry ponds, constructed wetlands, detention
chambers, and hydrodynamic separators [e.g. oil-grit separators). Additional processes can be
included in end-of-pipe facilities to enhance their benefits, such as percolation trenches or rock pits
to cool discharge from the ponds.
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Source Control

Conveyance

Site
Control

6

End-of-Pipe

Storm Sewer

Figure 32. Treatment Train Components

The treatment train approach is consistent with current best practices in stormwater management
to deliver cost-effective improvements that offer multiple benefits to the community. The increased
use of Green Infrastructure to address issues related to water quality and flooding can also serve to
increase community resilience to climate change and improve quality of life by providing other
benefits such as increased tree canopy, reducing urban heat island effect, improving air quality and
increasing wildlife habitat.

5.4 Feasibility Screening of Treatment Train Components

The stormwater management plan for Parksville incorporates numerous end-of-pipe practices such
as wet and dry detention ponds, below ground chambers, rooftop storage, oil/water separators and
a catchbasin flow restrictor. To supplement this existing network of practices, the city should
consider using Green Infrastructure to provide the source control, conveyance and site control prior
to relying on the end-of-pipe facilities. These best management practices (BMPs] should be used to
retrofit the system and cost-effectively manage runoff volumes, as illustrated in Figure 33. The
benefits, suitability and constraints of these practices are outlined in Table 15 to Table 17. Within the
Community Park, the main constraint to consider in terms of runoff volume control is the potential
risk of shallow groundwater limiting infiltration capacity at several locations. In addition, there is
one location east of the lacrosse court where infiltration will be limited by organic silt soils. Table 18
summarizes feasibility-level screening of runoff volume control practices based on typical
considerations within the Park.
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T

Imperious Cover
Reduction

Soil Amendments/
Decompaction

Native Ground Cover Impervious Disconnection Urban Tree Canopy Permeable Pavement

Green Roof Blue Roof Level Spreader Filter Strips Dry Swales S Enhanced Bioretention
Grass Swales (with and without underdrain)

Tree Trenches/
Soil Cells

Infiltration Basins Infiltration Trenches Below-Ground Recharge
Systems

Rainwater Harvesting Stormwater Harvesting

Figure 33. Runoff Volume Conh-o] Practices
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Table 17. Desl n Criteria and Considerations for RunuB Volume Control PracUces
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Clary, J., Jones, J., Lelsenring, M., Hobson, P., Strecker, E. (2016). International Stormwater BMP Database - 2016 Summary Statistics, Final Report. Prepared for Water Environment & Reuse Foundation (WERF). Virginia, USA.
Geosyntec Consultants, Inc., Wright Water Engineers, Inc. (2014). Summary of BMP Performance for Stormwater Report Data - International Stormwater BMP Database. Prepared for Water Ervlronnnent Research Foundation (WERF).
Balousek, J. (2003). Quanitfying decreases in Stormwater Runofffroom Deep Tilling, Chisel Plowing and Compost Amendment. Dane County Land Conservation Department.

US EPA (2017). International Stormwater BMP Database, www.bmpdatabase.org, accessed November 7, 2017.
Professional Judgement/ EOR Inc., 2017

Minnesota Stormwater Manual, 2017. Accessed November 8, 2017, https://stormwater.pca.state.mn.us/index.php?tltle=CalculatlnLcredlts_for_tree_trerche5_and_tree_boxes
Houle. J.. Roseen, R., Ballestero, T., Puls, T., Sherrard , J. 2013. Comparison of Maintenance Cost, Labour Demands, and System Performance for LID and Conventional Sotrmwater Management. Journal of Environmental Engineering 2013:139:932-938.

Oregon Department of Environmental Quality (OEQ). 2016. Low Impact Development In Western Oreeon: A Practical Guide for Watershed Health. Prepared by Green Girl Land Development Solutions, LLC.
Van'Seters, T., Graham, C, Rocha, L., Uda, M., Kennedy, C. 2013. Assessment of Life Cycle Costs for Low Impact Development Stormwater Management Practices. Prepared for the Sustainahle Technologies Evaluation Program (STEP) of Toronto and Region Conservation
Association (TRCA).

City of Edmonton (COE). 2016. Low Impact Development Construction Inspection and Maintenance Guide. Prepared by Urban Systems Inc.
Toronto and Region Conservation Authority (TRCA). 2016. Low Impact Development Stormwater Management Practice Inspection and Maintenance Guide. Prepared by the Sustainable Technologies Evaluation Program. Vaughan, Ontario.
EOR, CHI & Impact Infrastructure (2017). Low Impact Development Location Study Part 1. Oty of Edmonton.

Paged



Memorandum: Characterization & Design Criteria

Table 18 Runnff Volume Control PracUce Feasibility at Community Park
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5.5 Alternatives for Key Areas

There are multiple alternatives for addressing objectives within key areas of the Park, as outlined
below. Within each alternative are possible design options, which are referenced in the notes.

5. 5.1 Southwest Ravenhill Road Catchment

Summary of existing conditions and future considerations:

. Sag in Ravenhill Road frequently floods

. Drains to an underground rock pit that may be undersized, clogged or within 1
m of seasonal high groundwater table

. Limited emergency overflow pathway based on topography

. An amphitheatre is planned in the southwest corner of the Park

Objectives:

. No surface flooding in road during future 10-year, 24-hour rainfall event

. Mitigate flooding during extreme events to acceptable levels of risk

. Minimize risk of stormwater practice failure due to clogging and high groundwater

Alternatives:

A. Do nothing
B. Abandon Ravenhill Road - Note: This is not feasible because the City plans to maintain this

road.

C. Connect to trunk storm sewer - Note: This conflicts with archaeological site.
D. Connect to draintile system under baseball diamonds - Note: Unclear if this would meet design

objectives based on uncertain capacity and configuration ofdraintile system. The City may not
be comfortable directing drainage into draintile system due to possible impacts to turf grass.

E. Increase capacity of underground storage with infiltration - Note: The design alternatives
include but are not limited to a larger rock pit and under-the-road storage. The extent of the
archaeological site under the road is not understood and so there is a risk of encountering
archaeological material. There is also a risk of groundwater elevations limiting infiltration
potential from a subsurface storage facility.

F. Increase capacity of underground storage with reuse for irrigation - Note; This could include
under-the-road storage, however the extent of the archaeological site under the road is not
understood. Connecting to existing irrigation system may conflict with archaeological site. In
order to avoid provincial reclaimed water treatment requirements, underground trickle
irrigation is required (See Appendix G).

G. Install curb cut on west side of road sag to divert surface flooding in road to forested area
west of the road - Note: Uncertain if this would conflict with archaeological site, however this
seems the least intrusive of the alternatives in terms of ground disturbance, Possible impacts to
surface flooding in forested area would need to be mitigated, potentially with a level spreader
or other design elements. This option provides an added benefit of reducing irrigation demand
in wooded area west ofRavenhiU Road.
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Additional considerations:

. Timing and design of flood mitigation measures could be coordinated with the amphitheatre
to provide cost-efficiencies of any of the above alternatives.

5. 5. 2 Southeast Catchment to Estuary Outfall

Summary of existing conditions and future considerations:

. The catchment ultimately drains to an outfall to the Englishman River

Estuary

. Water quality in the Estuary is degraded from non-point source pollution
and runofffrom the catchment does not receive water quality treatment

. The storm sewer between the Park and outfall crosses private property,
raising concerns related to the City's liability and inability to access the pipe
for maintenance

. Shallow flooding occurs in northeast baseball diamond

. Poor infiltration potential east of lacrosse court based on organic silt identified in
geotechnical analysis

. Existing conditions model calibration indicates that there may be moderate infiltration
potential in the wooded area north of the lacrosse courts

. The baseball diamonds are drained by a draintile system

Objectives:

. Mitigate non-point source pollution to the Estuary

. No surface flooding during future 10-year, 24-hour rainfall event

. Mitigate flooding during extreme events to acceptable levels of risk

. Minimize risk of stormwater practice failure due to clogging or high groundwater

Alternatives:

A. Do nothing
B. Divert to trunk storm sewer - Note: This conflicts with archaeological site. It would not be

feasible to provide positive slope towards the trunk sewer based on existing elevations of the
two systems because the existing trunk is elevated above the estuary system.

C. Divert to dry pond via new storm sewer and retrofit to ditch northeast of curling rink - Note:
This would require a significant length of new storm sewer and possible modifications to the
existing system, but could be coordinated with the extension ofSandcastle Drive.

D. Capture and treat runoff and draintile in local BMPs & maintain estuary outfall - Note:
Opportunities for BMPs will be limited by archaeological site and park amenities (e.g. baseball
diamond and lacrosse court). A closed-loop harvest & reuse system sized for the majority of
rainfall events (e.g. first flush event) may be an effective design alternative (see Appendix G).
City input is needed regarding maintaining estuary outfall for events exceeding the first flush
event

E. Capture and treat runoff and draintile in local BMPs & provide emergency overflow to dry
basin - Note: emergency overflow cannot be an overland flow pathway without significant
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reconstruction to provide positive grade along Corfield Drive to the dry basin. Another design
option would be to temporarily store runoff and pump it to the dry basin via a forcemain
installed with the future extension ofSandcastIe Road. See notes in Alternative D regarding local
BMPs.

F. Capture and treat runoff and draintile in local BMPs & establish an isolated system (i.e. no
outfall) to manage future extreme events - Note: This would require more storage capacity
than other alternatives in order to achieve the same level of service regarding flood risk. A

design alternative to provide additional storage but avoid conflicts within the Park would be
under-the-road storage below Corfield Drive. Infiltration potential and risk of encountering
archaeological material along the road is unknown and would require further consideration.
City input is required regarding potential to combine an improvement like this with upgrades
to Corfield Drive.

Additional considerations:

. Timing and design offload mitigation measures could be coordinated with planned paving of
east gravel parking lot, north of ball diamonds, or removal of Kin Hut and site reclamation.

5. 5.3 Southwest Sandcastle Drive Catchment

Summary of existing conditions and future considerations:

. The catchment ultimately drains to the sea outfall but a sag in the storm sewer prevents small
rainfall events from draining to the trunk sewer and outfall

. Isolated events are retained by an infiltration manhole

. This area is vulnerable to minor ponding from waves breaking along the
shoreline and very vulnerable to late-century coastal inundation /
associated impacts as it is located at the low point in the Park's shoreline
pathway

. The design and storage capacity of the infiltration manhole is unknown,
but the system was not intended to drain inland flooding from coastal
inundation

. A small area of roadside parking consists of permeable pavers installed in
2015

. A small increase in impervious cover is anticipated in this catchment based
on future trail and amenity improvements

Objectives:

. Mitigate non-point source pollution to Parksville Bay

. No surface flooding during future 10-year, 24-hour rainfall event

. Mitigate flooding during extreme events to acceptable levels of risk

. Avoid maintenance issues at infiltration manhole due to clogging

Alternatives:
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A. Do nothing
B. Retrofit storm sewer connection from Sandcastle Drive to trunk sewer - Note: Design

alternatives include providing positive drainage for all events or retrofitting connection such
that some rainfall events are still retained. The latter would be best configured as a bypass pipe
so that large events bypass the infiltration manhole, reducing risk of clogging.

C. Retrofit the infiltration manhole to mitigate risk of clogging
D. Increase capacity of underground storage with infiltration - Note: This could include under-

the-road storage or adjacent BMPs such as tree trenches. There is a risk of groundwater
elevations limiting infiltration potential from a subsurface storage facility.

E. Increase capacity of underground storage with reuse for irrigation - Note: Draining the
storage for reuse may mitigate risk of shallow groundwater impacting the effectiveness of the
facility. In order to avoid provincial reclaimed water treatment requirements, underground
trickle irrigation is required (See Appendix G).

F. Divert impervious runoff to permeable surfaces - Note: This is a viable option with existing
topography for non-road impervious surfaces (e.g. trails, rooftops, plazas]. However, there is
limited technical feasibility to divert road runoff to permeable surfaces with existing
topography because the road is lower than the adjacent permeable surfaces. City input is needed
regarding the potential plans to raise Sandcastle Drive as part of planned improvements and
considering future risk of inundation due to sea level rise. Design alternatives would also need
to consider potential changes to adjacent permeable surfaces, such as establishing grassed
swales or underground tree trenches between the road and voIIeybaH area.

Additional considerations:

. Timing and design offload mitigation measures could be coordinated with development and
construction of the Central Gather Place.

5. S.4 Central and Northeast Sandcastle Drive Catchments

Summary of existing conditions and future considerations:

. The catchments drain to underground rock pits

. One of the existing rock pits is undersized or clogged, causing runoff to
frequently pond above the catchbasin inlet located in parking bay
southwest of the Arbutus Point cul-de-sac.

. This area will be vulnerable to late-century coastal inundation and
associated impacts

Objectives:

. Mitigate non-point source pollution to Parksville Bay

. No surface flooding during future 10-year, 24-hour rainfall event

. Mitigate flooding during extreme events to acceptable levels of risk

Alternatives:
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A. Do nothing
B. Retrofit deficient rock pits
C. Retrofit all rock pits to mitigate risk of clogging
D. Increase capacity of underground storage with infiltration - Note: This could include under-

the-road storage or adjacent BMPs such as tree trenches. There is a risk of groundwater
elevations limiting infiltration potential from a subsurface storage facility, however the model
calibration indicates that some of the rock pits servicing this catchment are functioning well.

E. Increase capacity of underground storage with reuse for irrigation - Note: Draining the
storage for reuse may mitigate risk of shallow groundwater impacting the effectiveness of the
facility. In order to avoid provincial reclaimed water treatment requirements, underground
trickle irrigation is required (See Appendix G).

F Divert impervious runoff to permeable surfaces - Note: This is a viable option with existing
topography for non-road impervious surfaces (e. g. trails). However, there is limited technical
feasibility to divert road and parking bay runoffto permeable surfaces with existing topography
because the road is lower than the adjacent permeable surfaces. City input is needed regarding
the potential plans to raise Sandcastle Drive as part of planned improvements and considering
future risk of inundation due to sea level rise. Design alternatives would also need to consider
potential changes to adjacent permeable surfaces, such as establishing grassed swales or
underground tree trenches between the road and volleyball area.

5. 5. 5 Tennis Court Catchment

Summary of existing conditions & future considerations:

. The tennis courts drain to an underground rock pit that may be undersized
or clogged

. Runoff frequently ponds above drain inlets located around the tennis courts

. This area will be vulnerable to late-century coastal inundation / associated

impacts

Objectives:

. No surface flooding during future 10-year, 24-hour rainfall event

. Mitigate flooding during extreme events to acceptable levels of risk

Alternatives:

A. Do nothing
B. Increase capacity of underground storage with infiltration - Note: This could include re-

building the rock pits according to engineering specifications. There is a risk of groundwater
elevations limiting infiltration potential from a subsurface storage facility in the future,
however the geotechnical investigation did not encounter groundwater in this area or
indications of a seasonal high groundwater table.

C. Increase capacity of underground storage with reuse for irrigation of Arboretum - Note:
Draining the storage for reuse may mitigate risk of shallow groundwater impacting the
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effectiveness of the facility. In order to avoid provincial reclaimed water treatment
requirements, underground trickle irrigation required (Appendix G).

D. Divert impervious runoff to permeable surfaces - Note: use positive drainage to provide flood
irrigation to Arboretum during rain events. This may require additional education and
management of park user expectations regarding temporary ponding in grass areas of
Arboretum during and shortly following rain events.

5. 5.6 Volleyball Court Catchment

Summary of existing conditions and future considerations:

. Ponding within volleyball courts occurs during large rain events

. Drain pipes direct water west, through the berm, to catchbasins along
Sandcastle Drive

. This area will be vulnerable to late-century coastal inundation / associated

impacts

Objectives:

. Mitigate non-point source pollution to Parksville Bay

. No surface flooding during future 10-year, 24-hour rainfall event

. Mitigate flooding during extreme events to acceptable levels of risk

Alternatives:

A. Do nothing
B. Regrade volleyball courts to provide positive drainage toward dry pond
C. Increase capacity of underground storage with infiltration - Note: This could include

underground storage installed beneath the volleyball courts or directed to adjacent BMPs such
as tree trenches along Sandcastle Drive. There is a risk of groundwater elevations limiting
infiltration potential from a subsurface storage facility based on indications of shallow
groundwater identified in the Archaeological Assessment study.

D. Increase capacity of underground storage with reuse for irrigation - Note: Draining storage
beneath the volleybaH courts for reuse may mitigate risk of shallow groundwater impacting the
effectiveness of the facility. In order to avoid provincial reclaimed water treatment
requirements, underground trickle is irrigation required (see Appendix G).
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5. 5.7 Dry Basin Catchment & Overall System

Summary of existing conditions and future considerations:

. Surface ponding occurs in parking lot southwest of Arbutus Point, and the
gravel pedestrian pathway at the north end of this key area. The City has
recently installed an area drain connection to the main storm sewer trunk to
mitigate this issue.

. Curling Club rooftop runoff directs water through a ditch to dry basin

. Available volume underutilized due to site grading

. Dry pond currently empties through infiltration and evapotranspiration

. Adjacent RV Park drains to dry pond

. Adjacent gravel path is planned to be converted to formal roadway
connecting Sandcastle Drive to Corfield Street North

. This area will be vulnerable to late-century coastal inundation / associated impacts

Objectives:

. Mitigate non-point source pollution to Parksville Bay

. Fully utilize existing volume in dry pond

. Provide end of pipe treatment and control through dry pond

. Mitigate flooding during extreme events to acceptable levels of risk

Alternatives:

A. Do nothing
B. Regrade kite field to maintain positive drainage to dry pond and design future Sandcastle

Drive extension to provide positive drainage across to the dry pond
C. Increase storage and infiltrate - Note: Long-term groundwater monitoring at this site is

recommended to confirm natural function. There is a risk of groundwater elevations limiting
infiltration potential from the dry pond based on indications of shallow groundwater identified
/n the Geotechnical Investigation. Increase storage and reuse for irrigation - Note: Pumping
from the dry pond to irrigate adjacent park areas may provide the Park with a public relations
water conservation initiative. In order to avoid provincial reclaimed water treatment
requirements, underground trickle irrigation required (see Appendix G), Due to the observed
natural infiltration capacity of the dry pond, the City may need to install an impermeable liner
through part or all of pond to ensure sufficient water is available for irrigation. A robust water
balance of the pond would be required to balance the irrigation demands with the critical
stormwater management function of the pond. Future coastal inundation events would alter
water quality for irrigation use and therefore water quality should be assessed following these
events, prior to resuming irrigation from the pond.

D. Increase storage and pump to ocean - Note: Pumping would only be required following larger
storm or coastal inundation events to restore storage capacity for site stormwater
management. There may be additional regulatory implications of pumping directly to the ocean
that need to be considered.
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E. Increase storage and connect overflow to storm trunk - Note: The dry pond would fill during
storm events and infiltrate as per current conditions for the majority of storm events. An
overflow pipe connected to the existing storm trunk would be installed to prevent overtopping
in large stormevents. This system would facilitate site drainage following future coastal
inundation events. The overflow capacity would be limited by the tides and pipe clogging that
impact the existing or future outfall,

Additional considerations:

. Timing and design of flood mitigation measures could be coordinated with the Sandcastle
Drive extension, paving of the gravel parking lot and skatepark upgrades.

5.6 Non-Structural Practices

Non-structural practices are policies and programs that aide in improving or preventing the need for
stormwater management. Examples of policies include reducing impervious coverage through land
use planning (e.g. reducing parking stall requirements, impervious surface coverage limitations).
Examples of programs include maintenance programs for stormwater management infrastructure,
pollution prevention programs [e.g. street sweep ing), temporary/emergency procedures, and public
outreach/education.

In Parksville Community Park, potential non-structural practices may include, but are not limited to:

. Education promoting stormwater as a resource with a place in the landscape.

. Expectation management regarding:
o the level of service of the stormwater management system, and
o the role of pervious surfaces in the Park for naturally managing stormwater.

. Maintenance program to prevent clogging of rock pits, underground storage and infiltration
facilities.

. Temporary emergency procedures to block access to flooded roadways during future coastal
inundation events.

. Continuing the frequent street sweeping program within the Park.

6 Next Steps

As the City reviews this draft memorandum, EOR is seeking feedback on the following key aspects
that will inform next steps in development of the SWMMP:

1. Identify any information missing from the baseline characterization (Section 2) based on City
staffs in-depth knowledge of the Park.

2. Seek approval from Aquilla Archaeology regarding content in Sections 2. 2 and 2. 3 which rely
on their confidential Archaeological Impact Assessment and Inventory report.

3. Provide comments on the draft Problem Statement and Goals CSection 4). Some aspects of
these goals will not be addressed immediately by the SWMMP developed by EOR, but instead
will be addressed over time by through the recommended implementation plan. This is an
important clarification as some key uncertainties will need further study and the plan will
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need to adapt as understanding of climate change impacts and adaptation strategies across
the Bay and Estuary continue to evolve.

4. Provide compiled comments on preferred alternatives for each of the key areas outlined in
Section 5.5.

5. Confirm that the City is planning on developing a sea level rise adaptation plan to coordinate
strategies around Parksville Bay and Englishman River Estuary. The following
implementation considerations will be key to developing recommended stormwater
upgrades, but is beyond the scope of our analysis because decisions would require public
consultation, partnership with First Nations and consideration of other alternatives:

a. Future changes to park topography to mitigate coastal inundation may be considered
in the future, but the SWMMP will assess vulnerability of the stormwater system
based on existing topography within the Park. The SWMMP will assume that
neighbouring properties will be raised to prevent coastal inundation via overland
flow from those properties, consistent with assumptions made by NHC in their coastal
inundation analysis (G. Lament, personal communication, July 23, 2020].

b. Futaire regional plans may integrate park planning with plans for managed retreat
from adjacent lands, but the SWMMP will assume adjacent land uses will remain in
place.

Following our meeting to discuss this draft, EOR will consider the key areas of the Park and
alternatives in more detail, select a recommended alternative and provide conceptual sizing/cost for
the implementation plan.

Respectfully submitted,

Emmons & Olivier Resources Canada Inc.

Kerri Robinson, M.Sc., P.Eng.
Project Manager
Emmons & Olivier Resources Canada Inc.

Emmons & Olivier Resources Canada Inc. - page 71 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

Citations

BC MOE. (2018). Amendment-Section 3. 5 and 3.6-Flood Hazard Area Land Use Management

Guidelines. BC Ministry of Environment.

City of Parksville. Cn. d.). Community Park Irrigation Systems Manual v2. City of Parksville.

City of Parksv\\\e. (2013']. Plan Parksville: A Vision for Our Future-Official Community Plan.

City of Parksville. (2018). Engineering Standards and Specifications.

City of Parksville. [2019). TreePlotter Inventory [CIS]. TreePlotter Inventory City of Parksville.

https://ca. pg-cloud. com/Parksville/

City of Parksville, Mount Arrowsmith Biosphere Region Research Institute (MABRRI), & Vancouver

Island University. (2019). Parks, Trails and Open Spaces Master Plan [Master Plan]. City of

Parksville.

Council of Canadian Academies. (2019). Canada's Top Climate Change Risks: The Expert Panel on

Climate Change Risks and Adaptation Potential. Council of Canadian Academies. https://cca-

reports. ca/wp-content/uploads/2019/07/Report-Canada-top-climate-change-risks. pdf

Department of Fisheries and Oceans. (1993). Land Development Guidelines for the Protection of

Aquatic Life. Habitat Management Division of the Department of Fisheries and Oceans;

Integrated Management Branch of the Ministry of Environment, Lands and Parks.

http://www.sxd.sala.ubc.ca/9_resources/fed_%20files/fed%201and%20development%20g

uidelines. pdf

Department of Sustainability and Environment. [2012). Coastal Hazard Guide. Victorian Government.

https://www.marineandcoasts.vic.gov.au/_data/assets/pdf_file/0032/405995/Victorian-

Coastal-Hazard-Guide. pdf

Emmons & Olivier Resources Canada Inc. - page 72 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

Dillon Consulting. (2020). City of Parksville-Rainfall Design & Climate Change Guidance (Final

Technical Report No. 20-2568; p. 31). City of Parksville.

Environment Canada. [2019, December 4). Canadian Climate Normals 1981-2010 Station Data:

Coombs. Canadian Climate Normals 1981-2010.

https://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?stnID=157&aut

ofwd=l

Fyles, J. G. C1963). Surficial Geology of Home Lake and Parksville Map-Areas, Vancouver Island, British

Columbia [Memoir 318). Geologic Survey of Canada.

Canadian Environmental Protection Act, SC 1999, c. 33, c. 33 S.C. 1999, c. 33 (2000). https://laws-

lois. justice. gc. ca/eng/acts/C-15. 31/page-l. html

Fisheries Act R. S.C., 1985, c. F-14, F-14 R. S.C., 1985, c. F-14 § 35 [2016). https://laws-

Iois.justice. gc.ca/PDF/F-14. pdf

Indigenous Corporate Training. [2019, September 10). Indigenous Culturally Modified Trees.

https://www. ictinc. ca/blog/indigenous-culturally-modified-trees

Intergovernmental Panel on Climate Change. (20131. Climate Change 2013: The Physical Science Basis.

Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel

on Climate Change Cp. 1535 pp).

Koers & Associates Engineering Ltd. (2016). Storm Drainage Master Plan. City of Parksville.

Lament, G. [2020, July 23). RE: URGENT-Coastal Inundation Extent [Personal communication].

LGL Limited. (2001). Englishman River Watershed Recovery Plan. Pacific Salmon Endowment Fund

Society. https://www. psf. ca/sites/default/files/EnglishmanRiverRecoveryPlan. pdf

Magee, L. (2020, July 20). RE: Rainwater harvest for public park irrigation [Personal communication].

Emmons & Olivier Resources Canada Inc. - page 73 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

Ministry of Forests, Lands, Natural Resource Operations and Rural Development. (2018). Flood

Hazard Area Land Use Management Guidelines. Province of British Columbia.

NAAPI. (2003). North Ameican Association of Pipeline Inspectors Training Manual. North Ameican

Association of Pipeline Inspectors.

Natural Resources Canada. (2015). Introduction: British Columbia.

http://www. nrcan. gc. ca/environment/resources/publications/impacts-

adaptation/reports/assessments/2008/ch8/10395

Northwest Hydraulics Consultants. [2020a). Parksville Community Park Stormwater Management

Master Plan Design Criteria Development-Coastal Engineering. City of Parksville.

Northwest Hydraulics Consultants. [2020b). Water Level Timeseries for Modeling Purposes. City of

Parksville.

Northwest Hydraulics Consultants Ltd. (2015). Parksville Community Park Shoreline Erosion

Protection Final Report [Technical No. 3000175;p. 44).

Northwest Hydraulics Consultants Ltd. (2017J. Arbutus Point Shoreline Protection Construction

Completion Report. Northwest Hydraulics Consultants Ltd.

Parsley, C., & Thompson, S. [2020). INTERIM - Final Report of the Archaeological Impact Assessment

and Inventory ofParksville Community Park, Parksville, British Columbia, HCA Permit 2018-

0412.

Prairie Climate Centre. (2019). Climate Atlas of Canada, Version 2. https://climateatlas. ca

Riparian Areas Protection Act, BC Reg 35/2016 (1997).

https://www. bclaws. ca/civix/document/id/complete/statreg/00_97021_01

Emmons & Olivier Resources Canada Inc. - page 74 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

Province of British Columbia. [2002). Stormwater Planning-A Guidebook for British Columbia

[Guidelines]. British Columbia Ministry of Water, Land and Air Protection.

Province of British Columbia. (2004). Environmental Best Management Practices for Urban and Rural

Land Development in British Columbia-DRAFT. Ministry of Water, Land and Air Protection.

http://www.env.gov.bc.ca/wld/documents/bmp/urban_ebmp/urban_ebmp.html

Province of British Columbia. (2013). Reclaimed Water Guideline - A companion document to the

Municipal Wastewater Regulation made under the Environmental Management Act. BC

Ministry of Environment.

Province of British Columbia. (2014). Develop with Care 2014: Environmental Guidelines for Urban &

Rural Land Development in BC. Ministry of Environment.

https://www2.gov.bc.ca/gov/content/environment/natural-resource-stewardship/laws-

policies-standards-guidance/best-management-practices/develop-with-care

Municipal Wastewater Regulation, Pub. L. No. 46/2018, B.C Reg 46/2018 Environmental

Management Act (2018).

https://www. bclaws. ca/civix/document/id/complete/statreg/87_2012#sectionll0

Regional District of Nanaimo. (2012). Rainwater Harvesting Best Practices Guidebook-Residential

Rainwater Harvesting Design and Installation (Green Building Series). Regional District of

Nanaimo.

Regional District of Nanaimo. (2013). Community Energy and Emissions Plan, Regional District of

Nanaimo.

https://rdn.bc.ca/sites/default/files/legacy_asp/events/attachments/evID6422evattID153

l.pdf

Emmons & Olivier Resources Canada Inc. - page 75 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

Regional District of Nanaimo. (2014). Liquid Waste Management Plan Amendment (No. 5340-20).

Regional District of Nanaimo. https://www.rdn.bc.ca/dms/documents/wastewater-

services/liquid-waste-management-plan/liquid-waste-management-plan-

amendment/lwmp_amendment. pdf

Regional District ofNanaimo. C2019). Parksville Qualicum Beach Wildlife Management Area. Regional

District of Nanaimo. https://www. rdn. bc. ca/pqb-wildlife-management-area

Regional District of Nanaimo. [2020). Regional District ofNanaimo Drinking Water and Watershed

Protection Action Plan 2. 0-2020-2 030+ [Plan]. Regional District of Nanaimo.

https://www.rdn.bc.ca/dwwp-action-plan

Spittlehouse, D. L. (1996). Assessing and Responding to the Effects of Climate Change in Forest

Ecosystems. In R. G. Lawford, P. B. Alalback, & E. Fuentes (Eds. ), High-Latitude Rainforests and

Associated Ecosystems of the West Coast of the Americas (Vol. 116, pp. 306-319). Springer-

Verlag.

Spittlehouse, D. L. [2003). Water Availability, Climate Change and the Growth of Douglas-fir in the

Georgia Basin. Canadian Water Resources Journal, 28(4), 673-688.

United Nations Environmental Program. (2019). Emissions Gap Report 2019. UNEP.

https://wedocs.unep.org/bitstream/handle/20.500.11822/30797/EGR2019.pdf?sequence

=l&isAllowed=y

Vancouver Island University, & City ofParksville. (2017). Community Park Master Plan 2017-2037 (p.

75) [Park Master Plan]. City of Parksville.

WRc. (1993). Manual of Sewer Condition Classification [3rd ed.J. Water Research Centre, UK.

Emmons & Olivier Resources Canada Inc. - page 76 of 76



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

Appendix A: Summary of Background Information

Previous studies, plans and standards are summarized below as they relate to the CPSWMMP.

EOR reviewed the following background information to compile applicable stormwater management
design criteria:

City of Parksville

1. Plan Parksville: A Vision for Our Future - Official Community Plan (City of Parksville, 2013)
2. Parksville Community Park Shoreline Erosion Protection (Northwest Hydraulics Consultants

Ltd., 2015)
3. City Storm Drainage Master Plan (Koers & Associates Engineering Ltd., 2016]
4. Community Park Master Plan 2017-2037 (Vancouver Island University & City of Parksville,

2017)
5. City of Parksville Engineering Standards and Specifications (City of Parksville, 2018)
6. Parks, Trails and Open Spaces Master Plan (City of Parksville et al., 2019)

Regional District of Nanaimo

7. Regional District of Nanaimo Liquid Waste Management Plan Amendment CRegional District
ofNanaimo, 2014)

8. Drinking Water and Watershed Protection (DWWP) Action Plan 2. 0 2020-2030+ (Regional
District ofNanaimo, 2020)

Province of British Columbia

9. Stormwater Planning - A Guidebook for British Columbia [Province of British Columbia,
2002']

10. Develop with Care 2014: Environmental Guidelines for Urban & Rural Land Development in
BC CProvince of British Columbia, 2014)

11. Environmental Best Management Practices for Urban & Rural Land Development in BC,
DRAFT, 2014 (Province of British Columbia, 2004)

12. Riparian Areas Protection Act [SBC 1997 Chapter 21) (Riparian Areas Protection Act, 1997)
13. Reclaimed Water Guideline (Province of British Columbia, 2013)
14. Municipal Wastewater Regulation (Municipal Wastewater Regulation, 2018)

Government of Canada

15. Fisheries Act (RSC 1985, c F-14^ (Fisheries Act., 2016)
16. Land Development Guidelines for the Protection of Aquatic Life [Department of Fisheries and

Oceans, 1993)
17. Canadian Environmental Protection Act (SC 1999, c 3 3) (Canadian Environmental Protection

Act, 2000)
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City of Parksville Regulation and Plans

The following plans and bylaws contain guidance and requirements for stormwater management in
the City of Parksville. Criteria for design and operation of stormwater management facilities that
apply to Parksville Community Park are outlined below.

Plan Parhsville: A Vision for Our Future-Official Community Plan (CityofParksville, 2013) [OCPJ
includes guidelines for incorporating on-site stormwater management techniques and providing
stormwater treatment for groundwater protection.

The OCP contains goals for managing the quantity and quality of stormwater generated within the
City before it is discharged from the storm drainage system back into the natural environment. These
include:

. Improving storm water drainage quality prior to discharging into the environment (Chapter
6, Storm Drainage),

. Providing scientific information on climate change and the potential implications for
municipal infrastructure (Objective 9),

. Mimicking pre-development runoff flows through rainwater capture, stormwater infiltration,
and detention (Section 6. 1, Goal 3)

. Minimizing non-essential impervious surfaces, and

. Specific guidelines for Development Permit Area 11 - Coastal Protection that may apply to
Parksville Community Park include:

o WTiere no practical alternative exists, development within 30 metres of the present
natural boundary, or within 15 metres of the top of a bank with a slope of 30% or
greater, shall be located and designed in a manner that considers and minimizes
impacts to the marine foreshore and the adjacent upland;

o All collected stormwater within this area shall be diverted away from the marine
foreshore or estuary and, where feasible, should be directed towards the City's
stormwater drainage system;

o Development should minimize impervious surfaces and should incorporate on-site
storm water management techniques that retain pre-development infiltration rates;

The ParksviIIe Community Park Shoreline Erosion Protection (Northwest Hydraulics Consultants
Ltd., 2015) developed a plan to identify and mitigate erosion processes near Arbutus Point in
Parksville Community Park. The report identifies the erosion and deposition processes at work in
Parksville Bay as the result of movement of river sediment (gravel, cobble) into the bay, raising the
land in the western portion of the Englishman Estuary and hardening of the shoreline east of Arbutus
Point and west of the Englishman River. A combination of riprap, anchored logs and beach fill was
designed and installed to meet the required level of protection while meeting Green Shore objectives.
A stormwater outfall stub was placed along with reconstruction of the shoreline at Arbutus Point.

The Storm Drainage Master Plan [Koers &Associates Engineering Ltd., 2016) (SWMP) developed a
calibrated hydrologic/hydraulic model of the City's existing storm sewer system based on the City's
GIS databased and identified infrastructure upgrades required to accommodate future development
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in the City's Official Community Plan. The program XP-SWMM was used to develop the City-wide
model, which was calibrated to flow monitored at five sites from December 2013 to February 2014.

The SWMP found that extreme precipitation in the Parksville area is expected to increase by 15% to
50% for the hourly events by the 2050s, which is the governing time of concentration for the City's
storm drainage network, excluding Romney and Shelly Creeks with their approximate 6 hour time of
concentration.

Given the uncertainty in future extreme rainfall intensities, the SWMP recommended that drainage
system resilience be improved through the use of a percentage full limit for pipe design which
requires increasing to the next available pipe size if design flow results in pipe flowing more than a
set limit, for example 80% full. The SWMP also recommended updated IDF curves

Based on global sea level rise forecasts, the Provincial Government has recommended that average
sea level rise of 1 m by year 2100 and 2 m by 2200 be used for coastal flood planning. For the
Parksville region, a minimum Flood Construction Level (FCL) of 5.4 m (geodetic datum) has been
calculated based on the recommended 1 m increase (to year 2100) plus allowances for wave effects
and freeboard as per the provincial sea level rise guideline. According to the Regional District of
Nanaimo Floodplain Management Bylaw, 2006, the FCL is defined as the water elevation of a flood
with a 200 year recurrence interval, plus the allowance for freeboard, and is used to establish the
first floor elevation of a habitable area (Bylaw No. 1469). However, detailed site specific analysis is
recommended to establish FCL for specific coastal developments as wave effects and storm surge can
be affected by local coastal processes.

The SWMP recommended that the City require first flush treatment of runoff prior to discharge to
the environment.

The SWMP did not include mapping or analysis of the storm sewer system in the community park.

The Community Park Master Plan 2017-2037 (Vancouver Island University & City of Parksville,
2017) outlines the existing infrastructure and programming for Parksville Community Park (PCP)
and, following extensive engagement, identifies the staged upgrades to infrastructure and
programming desired by 2037. Site stormwater management must evolve with the park, to
accommodate changes and increased imperiousness. Of the changes planned for the park, the
following will have an impact on how, what and where stormwater management facilities can be and
should be implemented in the park:

. Amphitheatre in the southwest corner

. Accessible parking and access to the picnic shelter west of Ravenhill Drive

. Removing the Kin Hut washrooms and replacing them with washrooms near the sports field,
off Ravenhill Drive.

. Adding sidewalks and pathways to provide continuous pedestrian connection through the
park.

. Development of the Gathering Space, northwest of the playground, with plaza type surfacing,
permanent food vendors, expansion of the gazebo to accommodate live events, seating for
the improved gazebo.

. Connection of Sandcastie Drive at Arbutus Point to the gravel parking lot by the curling rink.
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. Paving the gravel parking lots at the sports field and curling rink.

. Potentially adding a small washroom facility at Arbutus Point.

. Relocating the curling club away from the park, and repurposing or removing the existing
facility.

City ofParksviIIe Engineering Standards and Specifications [City of Parksville, 2018) include the
following items specific to stormwater runoff control, quality, and quantity:

D-l DRAINAGE DESIGN CRITERIA

1.0 Introduction - Design and construction of storm drainage facilities are subject to the
requirements of the Fish and Wildlife Branch of the Ministry of the Environment, Department
of Fisheries and Oceans, and any other agencies having jurisdiction.

3.0 Drainage Design Methods and Flows b) Storm Water Management Systems shall
incorporate such techniques as lot grading, surface infiltration, and sub-surface disposal,
storage, or other acceptable methods, to limit the peak runoff from development.

7. 0 Site and Lot Grading e) Individual lot[s) will not be permitted to direct storm water
discharge or drainage into any natural watercourse, park, or green belt area. Sheet flow may
be permitted.

10.0 Detention Facilities - Large developments, generally independent of existing drainage
facilities, or where the existing drainage system is known or proven to be inadequate, will be
required to provide detention of storm water to the pre-development runoff flows. Detention
facilities will be designed with bottom drainage to ensure the facility is dry when not in use.

24.0 Rockpits - The use of rockpits in the Municipality is discouraged and will only be
permitted at the discretion of the Municipal Engineer. Rockpits will only be considered in
certain areas of the Municipality where it can be demonstrated that the subsoil conditions
will provide a percolation rate equal to, or in excess of, twice the minor runoff flows.

Specific provisions:

. Downstream storm sewer design shall assume that all infiltration facilities have failed, i.e.,
downstream design must accommodate the 1:100 year storm.

. Storm water management shall incorporate such techniques as lot grading, surface
infiltration, sub-surface disposal, storage or other acceptable methods to limit the peak runoff
from the development during frequent storm events. Such allowances will not be considered
applicable for long storm events (e.g. 10 years and 100 years] unless approved by the City
Engineer.

. Use City's standard IDF curves in the Engineering Standards and Specifications (2018)

. Ultimate land use for the purpose of storm drainage calculations shall be determined by
referring to the current "Official Community Plan", and for areas outside the City by the
current Official Regional District Settlement Plans.
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The Minor System shall consist of pipes and ditches which convey flow of a 10 year return
frequency.
The Major System shall consist of surface flood paths, roadways, and watercourses which
convey flow of a 100 year return frequency. Major flood path routing may allow for minor
inconveniences but no major damage shall result from the 100 year return period storm. Any
allowances for inconveniences shall be outlined in the servicing report and approved by the

City Engineer.

Unlined open channels designed to carry minor or major flows shall be restricted to a
maximum velocity of 1.5 m/s, maximum depth of 0.3 m, minimum freeboard of 0. 15m, and
maximum slope of 3:1 (horizontal:vertical).

Pipes shall be designed to flow at a maximum of 80% of full capacity.
The minimum velocity for pipes shall be 0.91 m/s.
The storm used for computer modelling of sites larger than 10 ha or detention facilities shall
be the Canadian AES 1 hour storm with rainfall = 100 mm using a K = 5 [BC coast), dt = 3
minutes, and TP [time to peak] = 28 CBC coast).

Manning's n values:
o 0.050 Natural channels

o 0.030 Excavated ditches

o 0.013 Concrete pipe
o 0.011 smooth PVC

The storm drainage system shall be designed to accommodate the anticipated flows from roof
and perimeter drains and from overland lot drainage.

Storage facilities shall be designed to ensure the facility is dry when not in use. Wet storage
facilities should be avoided. The design of permanent storage facilities shall consider safety,
appearance and economical maintenance of operations as it relates to the storage of
stormwater.

o The storage facility shall be designed using the 100 year storm event as the design
storm with a freeboard of 300 millimetres.

All storm drain mains shall be installed at a minimum clear horizontal distance of 3. 0 m and

a vertical distance of 0. 5 m from any water main, with the water main on top. If the
minimum horizontal clearance cannot be obtained, then the water main shall be protected
to the satisfaction of the Regional Public Health Engineer.
The minimum storm main line pipe diameter shall be 300 mm, except that in residential
areas 250 mm diameter is acceptable in the final section of a storm drain where not more
than one catch basin connects to it and extension in the future will not take place.
Catch basin leads shall be a minimum 200 mm in diameter.

The elevation of storm drains at the upstream tributary points must be of sufficient depth to
service all of the tributary lands.
Storm drain manhole rim elevations in off road areas shall be designed to be above the
surrounding ground so that infiltration from ponding will not occur.
Swales required for lot grading shall be a maximum 300 millimetres deep, have a minimum
1 percent grade and a maximum wall slope of 3:1. A swale is to be lined with clean rock or
sod with a minimum of 150 millimetres of topsail. Swales must be directed to lawn basins
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on each lot. Swales for major flood path routing shall be designed to accommodate the
anticipated 100 year storm event flow.

. French drains shall be installed only where the topography, soil and groundwater
conditions prove the need for such drains. The use of these drains is to be approved by the
City Engineer. A soils report prepared by a geotechnical engineer is required to confirm the
suitability of the soil. These drains shall be connected to a manhole, and provided with a
cleanout structure at the upstream end.

. The use of rock pits will only be permitted at the discretion of the City Engineer, and if
engineered. Rock pits will only be considered in certain areas of the City where it can be
demonstrated that the soil allows storage and percolation of the 10 year storm. A soils
report prepared by a geotechnical engineer will be required to confirm the suitability of the
soil. Rock pit design shall incorporate an overflow to a major flood path route for rainfall in
excess of the 10 year storm. If major flood path routing is not possible, the rock pit shall be
designed to store and infiltrate the 100 year storm.

Parks, Trails and Open Spaces Master Plan (City of Parksville et al., 2019) provides direction to
ensure that these recreational resources continue to support the needs of the community into the
future. Within the PTOSMP, Parksville Community Park is considered a principal park and was
planned separately from other pocket, neighbourhood and linear parks. Following extensive public
engagement, recommended improvements to principal parks included wayfinding signage,
pollinator gardens and enhanced maintenance. Trail recommendations included additional trail

lighting and safe surfaces for walking and jogging, circular trail routes, as well as wayfinding signage.
Specific recommendations for Parksville Community Park were to:

. 18. Make a looped trail by improving connectivity from Parksville Community Park to the
Englishman River Estuary.

. 21. Include sidewalk connections between trails as part of trail network.

. 22. Improve public access to the waterfront and linkages from neighbourhoods to the
downtown core.

. 23. Before installing signage, facilitate neighbourhood engagement to establish names for
new parks or for spaces with more than one (or no] names.

. 28. Install trail maps at trail heads and wayfinding signage throughout the City trail network.

. 32. Use native species when rehabilitating disturbed areas, riparian or waterfront areas (eg.
beach strips).

. 33. Prioritize sustainable and ecological integrity in landscaping and vegetation management.
Integrate native species into landscapes wherever feasible.

. 55. Increase the capacity of principal parks to host community events by developing
additional covered areas that are appropriate in size and scale to each of the parks spaces.

. 61. Direct people towards PCTC with the addition of wayfinding elements, such as signage
and maps.

. 62. Add park amenities such as water fountains and seating to make PCTC a more accessible
community park space.
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Regional District Regulation and Plans

The Regional District of Nanaimo's (RDN) Liquid Waste Management Plan Amendment [Regional
District of Nanaimo, 2014) (LWMP) references stormwater as rainwater, solidifying its value as a
shared and interconnected resource. Parksville is also home to the French Creek Pollution Control

Centre, which treats wastewater from the City ofParksvilIe and surrounding towns and service areas.

As part of the RDNs approach to valuing all water as an interconnected resource, reclaimed water
from the FCPCC is used for irrigation at Morningstar Golf Course (May to Sept) as well as within the
FCPCC for non-potable uses. In order to further the rainwater management and watershed protection
initiatives in the region, RDN has committed to the following:

OBJECTIVES
1. Use of rain as a resource
2. Promote the maintenance of hydrologic function
3. Protect the quality of water

TARGETS
The RON will:

1. Develop a regional strategy on rainwater management in coordination with member
municipalities

2. Implement rainwater management initiatives as detailed in the Drinking Water & Watershed
Protection Action Plan

As one of four municipalities within the RDN, Parksville has complied with requirements of the
LWMP to have and follow their own stormwater management plan. The LWMP has specifically

highlighted that the City of Parksville actively pursues:

. Participation in regional Wastewater and Water Collaborative (W3C^) meetings to advance
rainwater management

. Restoring and/or realigning creeks and streams to improve drainage

. Providing a checklist with building permits highlighting sustainable rainwater management
practices

. Developing ditches into bioswales and installs flush curb mounts

. Capital projects to upgrade underground infrastructure

. Proactively implementing innovative strategies to manage rainwater

. Maintaining flow and rainfall gauges throughout the City

Commitments under the LWMP require development of a regional rainwater management strategy
with member municipalities and implementation of a rainwater management initiatives as outlined
in the Drinking Water and Watershed Protection (DWWP) Action Plan 2.0 2020-2030+ [Regional
District of Nanaimo, 2020). The DWWP was developed to achieve regional priorities related to
climate change, land-use planning, asset management and protection of the natural environment by
fostering the relationships required to facilitate collective and collaborative action within the region.
It has been enacted through the "Drinking Water and Watershed Protection Service Establishing
Bylaw No. 1556, 2008, with the following amendments 1556-01; 1556-02, 1556-03 and 1556-04.

Partnerships are key to implementing the DWWP, specifically as meaningful partnership with First
Nations, and with all levels of government, municipalities, academia, industry, not-for-profit sector
and other agencies. The program goals are to support regional initiatives that:
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. Protect, manage and restore ecosystems and the overall health and functioning of our
watersheds and aquifers.

. Safeguard and manage source waters to secure a sustainable drinking water supply.

. Increase water-use efficiency and optimize infrastructure investments for water and
wastewater systems.

. Foster the enjoyment and protection of social, cultural, and recreational values and amenities
in our watersheds to maintain well-being and quality of life.

. Mitigate and better prepare for climate change impacts on the region's water resources

Actions specific to stormwater management include:

. Incentivizing sustainable practices (rebates) such as rainwater harvesting, soil
improvements, raingardens and infiltration swales and wellhead protection upgrades.

. Coordinating with water services providers to support regional water conservation plans.

. Analyzing and interpreting data to generate richer understanding of the Region's water
through water budget and rainwater management modelling, trend analysis, and quantifying
natural assets and ecosystem services.

. Developing targets to maintain watershed function, potentially related to infiltration, soil
depth/retention, riparian vegetation, water quality, and tree cover.

. Advancing innovative policies and practices to improve water sustainability, including topics
related to alternate water sources (reuse), green infrastructure and erosion and sediment
control.

Provincial Regulation and Plans

The Stormwater Planning - A Guidebook for British Columbia (Province of British Columbia,
2002) outlines the purpose and steps to developing integrated stormwater management plans within
the province of British Columbia. It addresses the stormwater component of the Liquid Waste
Management Plans required by each municipality or regional district. The approach highlights
adaptation and solutions that focus on stormwater as a resource, including a full spectrum of rainfall
events within the planning sphere, developing appropriately prioritized implementation plans,
identifying the level of planning required (this plan is at the site level) and incorporating adaptive
management into the plan. Key components of stormwater planning highlighted in this guidebook
include addressing stormwater impacts due to climate change and development pressure in ways
that holistically manage the volume, rate and quality of stormwater discharged.

The Develop with Care 2014: Environmental Guidelines for Urban & Rural Land Development in
BCis intended for use by local governments developing community plans and local bylaws, reviewing
and approving officers and consultants involved in design and construction of new development in
the province. These guidelines outline sensitive ecosystems, species and habitats to be protected
within each region of the province, including the West Coast region of Vancouver Island. The intent
of these guidelines is to provide context for development requirements throughout the province, and
to summarize, in an accessible format, the key environmental concerns that need to be considered
when developing local regulations and permitting within each region. The guidelines recommend
tools and policies that may be considered to align with provincial approach to integrated rainwater
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management. Suggestions for managing rainwater include promoting integrated rainwater
management, conducting water quality monitoring, improving the quality and reducing the quantity
of runoff, protecting groundwater quality and recharge, and controlling erosion and sedimentation
during construction activities.

The Draft Environmental Best Management Practices for Urban & Rural Land Development in
BC recommends integrated stormwater management using best management practices for urban
stormwater management, referring to Stormwater Planning - A Guidebook for British Columbia
[Province of British Columbia, 2002). Best management practices listed for municipalities include
enacting bylaws or permitting processes to emulate pre-development watershed function and
reduce imperviousness; and leading by example on public land by implementing 'naturescape'
principles, stormwater best management practices, and green buildings, facilities and transportation.
Stormwater best management practices include using pervious surfaces and infiltration where
possible, preserving or improving water quality at the source and retaining and detaining
stormwater runoffatthe source, and erosion and sediment control. Protection of existing functional
ecosystems such as wetlands, vernal pools and lakeshores, are identified as key areas requiring
protection.

The Riparian Areas Protection Act, formerly the Fish Protection Act, (SBC 1997, Chapter 21)
requires local government to include riparian area protection provisions within zoning and land use
bylaws, where applicable, and to provide a level of protection comparable to, or exceeding the
provincial requirements in all permits and bylaws. This act also defers to the federal Fisheries Act for
the protection of aquatic life.

Rainwater Reuse

The Municipal Wastewater Regulation (Municipal Wastewater Regulation, 2018] defines
reclaimed water as water that has been treated at a municipal wastewater treatment facility and is
of an acceptable quality to be reused(Municipal Wastewater Regulation, 2018). Rainwater
harvesting does not fit neatly into this category, however there are not yet municipal regulations
differentiating handling of captured rainwater from treated wastewater for applications in public
space and therefore harvested rainwater falls into the category of reclaimed water in BC. The
Regional District of Nanaimo has published the Rainwater Harvesting Best Practices Guidebook for
residential use, however it explicitly states that it is not applicable to publicly operated systems
(Regional District of Nanaimo, 2012).

The Reclaimed Water Guideline (Province of British Columbia, 2013] standards for using reclaimed
water are based on the exposure potential of the end use. Reclaimed rainwater used for irrigation in
a public space is expected to meet the "Greater Exposure Potential" quality guidelines, and to be
monitored for compliance on the schedule outlined in the Municipal Wastewater Regulation and
summarized in Table (Municipal Wastewater Regulation, 2018).
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Table 17 - Reclaimed water quality and monitoring requirements for uses with Greater Exposure Potential
(adapted from (Municipal Wastewater Regulation, 2018))

Parameters

PH

BODS, TSS

turbidity

fecal coliform (/100 mL)

Municipal Effluent Quality

Requirements

6. 5 to 9

10 mg/L

average 2 NTU,

maximum 5 NTU

median < 1 CFU

or<2. 2MPN;

maximum 14 CFU

Monitoring Requirements

Weekly

Weekly (also includes flow

monitoring)

Continuous monitoring

Daily (reduce to weekly with

confirmation of compliance over

60 days)

Properly treated non-potable water is permitted for use in lawn and landscape irrigation in Parksville
Community Park as long as it complies with the standards set within the Reclaimed Water Guideline
(Province of British Columbia, 2013) and confirmed through consultation with Vancouver Island
Health Authority. The design considerations outlined in the Reclaimed Water Guideline include:

. There must be at least a 3.0m horizontal and a 450mm vertical separation between all
pipelines transporting reclaimed water and those transporting domestic water.

. Domestic water lines must be located above reclaimed water lines.

. Plans for dual-distribution systems in buildings and irrigation systems must pass local
inspections conducted by local building inspectors before they are approved.

. Adequate cross-connection control measures must be installed, including an approved
backflow prevention device at the potable water connection to reduce the risk of unintended
cross-connections.

. An automated irrigation system must be used where irrigation is used to apply reclaimed
water to urban landscape or turf areas not supervised by a landscape professional.

. Irrigation equipment must be operated to prevent spray drift onto adjacent properties and
the irrigation system application rate must not exceed the infiltration rate of the soil or cause
any surface runoff.

. The irrigation controller must have a minimum of two start times per day, seven days per
week. The "on" time for each station must be able to be set in one-minute increments.

. The capability to chlorinate reclaimed water should be available and a residual level of
chlorine should be maintained.
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Federal Regulations and Guidelines

There is currently no federal legislation that relates directly to stomiwater management, although
the federal government has legislation focused on its constitutional responsibility for protecting
fisheries, and guidelines related to land development and the protection of aquatic life.

The Federal Fisheries Act (RSC 1985, c F-14) CFisheries Act., 2016), administered by the
Department of Fisheries and Oceans (DFO) prohibits the release of deleterious substances into fish
habitat, which is defined very broadly in the Act and can include roadside ditches and watercourses
that are oiily mtermittently wet.

The Land Development Guidelines for the Protection of Aquatic Life (Department of Fisheries and
Oceans, 1993)contains minimum recommendations for stormwater management with respect to the
protection of aquatic life, including limiting the 1:2 year storm runoffrate to the pre-development
1:2 year rate and mimicking predevelopment flow patterns and water quality as much as possible.
Infiltration systems are encouraged where feasible and quality control through source control and
treatment control are required to protect fish and fish habitat, when applicable.

The Canadian Environmental Protection Act (SC 1999, c 33) (Canadian Environmental Protection
Act, 2000) also relates to stormwater management by mandating emergency planning for industrial
accidents and the guidelines for the Act include treatment of stormwater before runoff containing
toxic substances reaches ecosystems.
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Appendix B: Rainfall & Climate Change Report
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Executive Summary ii

Summar

The climate team at Dillon Consulting was tasked with providing design guidance for stormwater

drainage infrastructure for the City of Parksville, located on the eastern coast of Vancouver Island,

British Columbia. This analysis consisted of a review of existing rainfall design guidance, recent historical

events resulting in riverine and overland flooding in the area, and a detailed analysis to provide guidance

on potential impacts of climate change, both generally on extreme rainfall in the region, and specifically

on how existing design requirements may change by the mid- and late-century (i. e., 2050s and 2080s,

respectively). Identification and review of recent high impact rainfall events was conducted to help

guide interpretation of existing design guidance. A review of available historical climate information,

including the City's own rainfall monitoring stations, were coupled with the review of historical events.

Current intensity-duration-depth tables were also extended to include multi-day rainfall events up to 10-

days in length. Finally, projections were developed to adjust existing and newly developed current

design information to understand future changes, and projection results were checked against rainfall

design data for climate analogues for locations representative of Parksville's future climate for mid- and

late-centurytime periods.
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Scope & Project Background - 1

i.o Scope Project Background

The climate team at Dillon Consulting was tasked with providing extreme rainfall design guidance for the
City of Parksville, British Columbia, taking into account the potential effects of climate change on

extreme rainfall amounts used to support municipal infrastructure design. A review of existing design

guidance and historical rainfall information was used to characterise and understand current conditions

and to identify current and historically used rainfall design values. Additionally, recent and historical

impacts from heavy and extreme rainfall were obtained through media and other sources to provide

context for the severity and types of impacts associated with different storm types, including event
duration, time of year and aerial extent.

Analyses and climate change projections for design storms and water balance calculations included the

following:

. All IDF durations and return-periods, including the addition of multi-day rainfall events;

. Review of a 1-hour, 100 mm synthetic storm, intended for use in the design process for land
drainage retention facilities; and

. Identification and extraction of monthly precipitation variables for use in water balance
calculations.

Deliverablesforthe project included an extension of the current IDF curve to include multi-day rainfall

events (2-10 days) for standard return periods (2-100 year events), and development of future projected

rainfall design tables. Future design values were projected for mid- and late-century, representing the

2050s and 2080s under the "worst case" representative concentration pathway (RCP) 8. 5 (IPCC, 2013),

representing a "business as usual" carbon-intensive future emissions pathway with little greenhouse gas

mitigation. We note that RCP 8. 5 is also the emissions pathway that global GHG emissions are currently

following (e.g., Smith and Myers, 2018) and that emissions have also already exceeded some of the

lower emissions pathways (e. g., RCP 2. 6). This report provides additional context for these analyses,
describing analytical methods, data and data sources, and analytical results. This report includes a

comparison of different projection methods, as well as a discussion of interpretation and important
caveats associated with considered methods.

i. i Review of Design Data and Historical Events

Design data review consisted of an examination of City of Parksville drainage design guidelines,

consultation with City of Parksville staff, and review of standard design information generated and

updated by Environment and Climate Change Canada (ECCC), specifically of so-called "Intensity-

Duration-Frequency" (IDF) curves and tables.
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1.1.1

Scope & Project Background - 2

While all event durations and return periods found in standard ECCC IDF tables were updated through

the projection work, only a sub-set of these events are currently used in stormwater-related drainage

design, specifically:

. 10-year storm, used for minor drainage system;

. 100-year storm, used for major drainage system; and

. 1-hour, 100 mm event, used for rainfall retention facilities.

Available IDF tables for stations located in and around the City of Parksville were reviewed to determine

the best available data for use in expansion of rainfall information and to form the baseline information

used for climate change projections. The three IDF stations identified and reviewed were:

. Parksville South - Station 1. D. 1025977 -10 years of data ending in 1992;

. Nanaimo City Yard-Station I.D. 10253GO-25 years of data ending in 2007; and

. Nanaimo Airport - Station 1. D. - 32 years of data ending in 2017.

Although Nanaimo Airport is located approximately 50 kilometers to the south-east of Parksville, it was

chosen as the best available IDF station for analyses. The Parksville South station suffered from a very

short observation period, reducing the confidence in any derived statistics. This station ended recording

nearly 30 years ago, and did not contain any information on sub-hourly rainfall. This leaves the two

Nanaimo stations as the remaining options, with the team opting for the station with the most recent

and longest continuous data set for use in further analysis. Stations which have not collected
information in the most recent decade will also not be representative of recent and ongoing changes in

climate.

We note, however, that the City of Parksville is currently operating a rain gauge at the centrally located

Community Park which has been recording data since 2009. This data was reviewed in the analysis of

high impact rainfall events, and it is strongly recommended that this station be maintained and high
resolution data continue to be recorded for eventual use in developing locally based IDF design

information after several additional years of data have been collected.

Significant Historical Events

Historical research, including media sources, observational data from ECCC climate stations, as well as

additional information available within IDF tables, was conducted to identify rainfall events resulting in

impacts to the City of Parksville and/or nearby similar geographical areas. These were used to bolster

analyses of IDF curves and other design storms, specifically:

. To identify important impacts associated with historical events; and

. To provide indications of the time of year and type of rainfall events resulting in important

impacts to the community.
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Scope & Project Background - 3

Identified events and their associated effects are described below in Table 1.

Table 1 - Historical heavy rainfall events in the Parksville area and adjacent portions of southern
Vancouver Island.

Date Impacts Rainfall Notes Source

Jan 31/Feb 1, Cowichan Valley (including
2020 Parksville Qualicum Beach) and

District of Kent - Storm event,

heavy precipitation, landslides and

flooding, power outages; Flooding

of Little Qualicum River Bridge at

high tide.

January 23, Cowichan Valley (~90 km S of

2020 Parksville) - Flooding due to heavy

rain melting snow; roads closed

due to flooding; ditches and

pooling.

January 3, 2019 Parksville (Englishman River) -

River flooding; heavy rainfall with

one road (Martindale Rd. ) reported

flooded, elsewhere "lots of

localised flooding" ditches and

culverts filling up, homes along

creek and river banks monitored

but no evacuations ordered.

January 29, Parksville and surrounding - Heavy

2018 rainfall; high river levels, mudslides

and road washouts; 200 m stretch

of road flooded by Englishman

River, 22 evacuated from RV park;

Level 2 EOC open through Jan 30th,
some contribution from snowmelt.

November 19- Regional District of Nanaimo -

21, 2017 Localized river flooding due to

heavy rainfall (expected 100-

150mm)

High streamflow advisories for

rivers and tributaries near

Parksville (and Eastern Island);

39. 6mm on Jan 31, 47.4 mm over

the two days at Community Park,

80.2 mm over previous week.

Cowichan North climate station

reported 33. 3 mm on Jan 23, 57.5

mm for two days, 114. 4 mm over

the previous week.

47. 0 mm on Jan 3, 56. 6 mm for Jan

3-4, 65.8 mm over the previous

week (Dec 29-Jan4).

47mm fell at Victoria Airport in

36hrs; 43.8 mm on Jan 28, 67.8 mm
for Jan 27-28, 98.0 mm over the

previous week (Jan 22-28)

Community Park reported 29.2 mm

on Nov 19, 20. 6 mm on Nov 21 and

10. 8 mm on Nov 22. ; Qualicum Bay

are reported 40. 3 mm (Nov 21), 37.0

mm (Nov 20), 58. 6 mm (Nov 19) and
29. 0 mm (Nov 18)

CP 2020;
Logan, 2020

Bainas, 2020

Kveton, 2019a

&b

Kinesand

Watts, 2018;

Collins, 2018

CHEK News,

2017; CTV

News 2017
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Scope & Project Background - 4

Date Impacts

French Creek, between Parksville

and Quaticum Beach, breached

bank on 19th; Cowichan Bay Rd
closed further south, W of Duncan.

Rainfall Notes

Side Note - 81. 2 mm reported Nov

12-14 at Community Park, with 48.2

mm on Nov 14 alone, no indications

of impacts; Qualicum Bay similar
with 56.8 mm on Nov 14, 114.7 mm

total Nov 12-14

Source

December 8-11, Comox Valley - Intense rainfall over

2014 several days (subtropical storm);

boil water advisories.

Landslides and flooding of

roads/highways and homes

Courtenay declared state of

emergency due to flooding; Mud

slides triggered by heavy rainfall at

Little Qualicum Beach, with one

home partially buried, triggering

evacuation of 15 homes. Potential

exacerbated impacts at Qualicum

FN due to concurrent "king tide"

event.

98. 8 mm of rainfall recorded at

Parksville Community Park over four

days.

Harnett, 2014;

CP 2014; City

of Parksville

staff(pers.

comm.]

Sept 2, 2013 Parksville - City's sewer system

backed up within minutes, multiple
sewer covers removed due to

water pressure, residential

basement flooding reported, 30-45

cm depth of water reported on
roads.

Heavy short duration rainfall 32 mm CBC News,

in 20 minutes) and thunderstorm. 2013; KWL,

2014; City of

Parksville staff

(internal

report)

November 27, Coastal BC (including East Island) -

2011 Heavy rain and hazardous
conditions on all roads north of

Parksville; river flooding and road
closures.

N/A CBC News,

2011

2007 Nanaimo Airport 15, 30, 1 and 2 hour 100-year IDF station

exceeded - likely occurred Sept 28. data
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Scope & Project Background - 5

Date

2001

Impacts

Nanaimo City Yard

Rainfall Notes

20. 8 mm in 30 min, exceeding 100-

year rainfall depth (~106 year r. p.
estimated); Exact date unknown.

March 17, 1997 Nanaimo City Yard 93.6 mm in one day, maximum value

- Max temps at Nanaimo Airport just

over 8°C, closer to 6°C during
rainfall.

Source

IDF station

data

IDF station

data

February 1,
1991

Nanaimo Airport 97.3 mm in one day, maximum value IDF station

- Max air temp ~9.5°C during data

rainfall, lowest 8.4°C

1. 1. 1. 1 Historical Event Findings

. The highest values for one-day and multi-day rainfall were found across most of the cool season,

generally stretching from November to March. This was determine both through the media

reports offloading damage, as well as maximum station specific values for several climate
stations across southern Vancouver Island.

o However, significant flooding impacts were generally only reported when heavy multi-
day rainfall events acted in concert with a pre-existing snow pack and/or high tides. The

majority of these types offloading events, resulting in reported impacts, occurred in

January.

. Long-duration (one day to multi-day) events tended to result in conditions of ground saturation

and riverine and creek flooding, with impacts to infrastructure and properties adjacent to creeks

and the Englishman River.

o In contrast, the only storm that was reported to overwhelm city drainage infrastructure

was a short-du ration, high-intensity event in September, 2013.

. Further evidence of inadequacy of IDF curves for extreme, long-return period events was noted

when comparing the September 2, 2013 storm to existing and future projected IDF values.

o For example, the 15 minute rainfall total of 29.4 mm produced an estimated return

period of >60, 000 years, likely a significant over-estimate of the true return period for
short-duration, high-intensity events, even of this extreme intensity.

1. 2 Review of Previous Climate Change Projection Analytics

Prior to the current analysis, Kerr Wood Leidal (KWL, 2014) conducted a review of available local IDF

design information. This previous work made use of climate projections available from the Pacific
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Scope & Project Background - 6

Climate Impacts Consortium (PCIC) Plan2Adapt toot (PCIC, 2013). The information required updating and

adjustment due to the following:

. PlanZAdapt projection information is sourced based on climate change information associated

with the previous generation of global models (AR4; IPCC 2007)1;
. Adjustments were conducted on the Parksville South IDF, which is, as discussed above,

inadequate compared to other IDF station options due to period of record and temporal

resolution concerns; and

. Adjustments were only made to 5-25 year return period rainfall events, whereas the current

analysis required the inclusion of 50 and 100-year events.

Given these considerations, an update to IDF future projection adjustments was recommended using

both improved historical baseline information and updated projection modeling and methods.

1 In contrast, the current analysis makes use of the 5th Assessment (AR5) generation of models from the most
recent IPCC global assessment (IPCC 2013). The results of the IPCCs 6th assessment (AR6) are slated for 2021-22.
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Analytical Methods and Results - 7

2. 0 Analytical ethods and Results

2. 1 Selection and Updating of Current, Representative IDF Information

As discussed above, the Nanaimo Airport IDF station was selected as the best available source of design
information for use in this analysis. As both the experience of City of Parksville staff and the historical

event research clearly indicate, historically significant rainfall events resulting in riverine flooding and

other drainage related impacts have often been the result of significant multi-day rainfall events.

Therefore, an extreme value analysis using the Gumbel distribution (to remain consistent with ECCC's

IDF methodology) was conducted on multi-day rainfall events to extend the current Nanaimo Airport IDF

to include 2 to 10 day rainfall events for the standard return periods of 2, 5, 10, 25, 50 and 100 years

(Table 2). It is recommended that the City use this updated design information in place of the now

outdated/legacy Parksville South IDF station design information.

Table 2 - DDF Data for Nanaimo Airport using data from 1985-2017. Storm durations 5-minutes to 24-

hours ECCC, 2- to 10-day analysis conducted for this study. All depths are provided in mm.

5-min

10-min

15-min

30-min

1-h
2-h
6-h

12-h
24-h

2-day
3-day
4-day

5-day
6-day

7-day
8-day

9-day

10-day

2.8

4.1

5

7.1

10

14.9

29.8
42

55.6

69.8

81.8

96.1
108.6
118.1

124.9

133.5

142.5

150.6

3.7

5.6

7.1

10.1

13.4

18.2

35.3
50.4
69.7

85.6

99.0 i
117.0
133.2
142.9

151.3

162.1

172.9

183.5

4.3

6.6

8.5
12.1

15.7

20.3

38.9
56
79

96.0

110.4

130.9

149.5
159.4

168.9

181.0

193.1

205.3

5

7.8

10.3
14.7

18.5

23.1

43.5

63
90.9
109.2

124.8

148.4

170.1
180.1

191.0

204.9

218.5

232.9

5.6

8.8
11.6
16.6
20.7

25.1

46.9

68.2

99.6
119.0
135.5

161.4

185.4

195.5

207.4

222.6

237.4

253.4

6.1

9.7

13

18.4

22.8
27.1

50.2

73.4

108.3
128.7

146.1

174.3

200.6

210.8

223.7
240.3
256.2
273.6
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Analytical Methods and Results - 8

This expanded IDF table formed the basis for all subsequent climate change projection analyses moving
forward.

2. 2 Climate Change Projections

Climate Change projection analysis consisted of the use of multiple methods, needed for

intercomparison of results to understand the associated levels of uncertainty.

. Raw climate information was extracted from an ensemble of 37 IPCC AR5 climate models (IPCC

2013), including seasonal and monthly air temperature projections, as well as monthly

precipitation and potential evaporation. This guidance was used for both extreme rainfall

projection work as well as longer-term seasonal water balance information.

. Two methods were used for subsequent projection and validation of projected IDF table values:

o The Clausius-Clapeyron temperature scaling method; and

o The Climate Analogue method.

The Clausius-Clapeyron (C-Clap) method makes use of the relationship between air temperature and

maximum moisture holding capacity, which is roughly an increase of 7% total water capacity for every

degree increase in temperature. Adjustments are needed to account for regional and storm type

characteristics, and therefore change factors of 6% and 7% were used for long-duration (multi-hourto

multi-day) events versus short-du ration (1-hour or less) events, respectively. Projected changes in

seasonal air temperature and late-summer daytime high air temperatures, respectively, were used for

events of long-versus short-duration to correspond with time of year and event durations. Projected air

temperatures were based on the multi-model mean, as well as 25th and 75th percentiles, to provide
information on the potential range associated with projections.

The climate analogue method uses a combination of changes in average temperature and precipitation

to locate other geographical locations with a current climate which is similar to the projected future

climate of the Parksville location. Following the identification of these locations, equivalent extreme

rainfall design data is obtained for eventual comparison to the results derived from the C-Clap method.

2.2. ? Water Balance Projections

Although the requirements for sub-hourly rainfall data precluded the use of several IDF stations which

were physically located closer to Parksville, the water balance analyses were able to use station

observations much closer to the study site. Sufficient data is available from the 6km distant Coombs, BC

ECCC station (1984-2009). This is adequate to establish representative average conditions for the 1981-

2010 normals period from which projections are based.

A detailed description of the water balance information is provided in Appendix A below. Raw statistical

projection information supporting water balance calculations have been submitted under separate

Emmons & Oliver Resources C nada Inc.
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Conclusions and Results - 9

3.0

copy, within the MS Excel spreadsheet entitled Appendix B - Parksville BC Water Balance Calculation

Information.

Conclusions and Results

Analytical results for the mean climate change projections under RCP8. 5 for the 2050s and 2080s are

provided below in Table 3 and Table 4, respectively. These tables, as well as results for 75th and 25th
percentile projections are provided separately in Appendix C.

Table 3 - Future Projected DDF for 2050s under RCP8.5. Alt depths are provided in mm.

5-min

10-min

15-min

30-min

1-h
2-h
6-h
12-h
24-h

2-day

3-day
4-day

5-day

6-day

7-day
8-day

9-day

10-day

3.3

4.9

5.9
8.4
11.9

17.6

34.1

48.0

63.6
79.9

93.6

109.9

124.2

135.2

142.8

152.7

163.0

172.3

4.4

6.7

8.4
12.0

15.9

21.5

40.4

57.7

79.7
97.9

113.3
133.9

152.4

163.5 j
173.1

185.4 i

197.8 J
210.0

5.1

7.8

10.1

14.4

18.7
24.0

44.5

64.1

90.4

109.9

126.3

149.7

171.0

182.3
193.2
207.1

220.9

234.9

5.9

9.3

12.2

17.5

22.0

27.3

49.8

72.1

104.0

125.0

142.8

169.8

194.6

206.0

218.5
234.4

250.0

266.4

6.7

10.5

13.8

19.7
24.6

29.6

53.7

78.0

113.9
136.1
155.0

184.7

212.1

223.7

237.3

254.7

271.6

289.8

7.3

11.5

15.5

21.9

27.1
32.0

57.4

84.0

123.9

147.3

167.1

199.4

229.5

241.1

256.0
274.9

293.0

313.1

Table 4 - Future projected DDF table for 2080s under RCP8.5. All depths are provided in mm.

5-min

10-min

15-min

30-min

1-h
2-h

3.7

5.4

6.6

9.4

13.3
19.5

4.9

7.4

9.4

13.4

17.8
23.9

5.7

8.8

11.3

16.1

20.9
26.6

6.6
10.4

13.7

19.5

24.6

30.3

7.4

11.7

15.4

22.1

27.5

32.9

8.1

12.9

17.3

24.5

30.3
35.5

Emmons & Oliver Resources Canada Inc.
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âi

is ^

I ft 13 =! S.

111 f
?SI§
l?jl

i ^ I.
» !S ^'
3 'w 0

0 n>
11

(D
5
a)

I

ni

8

I
0
ro
<n

t
»
0

v>

5 Uiqo-jCT>l.n^>U)M
a. Q. O. Q. Q. Q. Q. Q.

2-^'^'^'^'^^^'^'
M h->

^ M I

os -^ <n ui ^> oj i-»
en en tn-^ cn^ us

^1 .^1 Lnoo Ln en ^ -^
g g g s

en to i->

^N!^t-'i-l!^i='!-'K
Mi^ooo~~jcn^i»Jp
~>j^h->-^l-^jinLni<jcn

CD^OOlMMh-'OOI-'

co en
01 M
^ U1

KKKSSSSK^gs
4^U3J^U?'^UlNCnU3";'
cn^^^>cn^tjjtDi-'0

MMMMNII-'l-'h'l-'
.^UIlUfJh-'OOUItUh-'

OOh-r^OIWO. t'-P'UII'J
OOOh-'OOtUlOO-^^'^

0^

tU hJ Ni NJ tS> 1<J
1-^ 10 -~JU1 4^ M
^a> ^ 0^»J MIO
N 4S> 1-> M -P>ID

^ g S K
0 00 ~>1 10

2
^ 0 (D U1

UUJNNMIS>MI-^!-^!->
UJ
U3
UJ

!:;

 

?
us

?J
.fr

?
.(a.

^
~>J

?
M

00
1->
1-»

U1
tb
0^

s
tu

s>
n

c

I
s'

ST
I



Conclusions and Results- 11

3.1. 1 Comparison to Climate Analogue Regions

Parksville

.

^d

2050s

2080s

Climate analogue regions were identified based on projected changes in annual

average precipitation and temperature, suggesting the best fit regions are the

Portland, Oregon and portion of Northern California near the Mendocino

National Forest, for the 2050s and 2080s, respectively (Figure 1). Selection of

climate analogue locations for Parksville proved to be a challenge compared to

other locations in the central and eastern portions of Canada and the United

States. Challenges stem from the geography of the Vancouver Island location, as

it is unique along the Pacific Northwest coastal region of North America. Central

valleys running parallel to the Pacific Coast are analogous to the Strait of

Georgia, but are not equivalent. This dynamic is why regions, rather than
specific locations were selected for analogue comparison, and these factors are

why we do not anticipate correlation to be as close between climate projections

and analogue locations as has been demonstrated for other locations in central
and eastern North America.

To further complicate the comparison, design rainfall calculations for

Washington and Oregon, along with adjacent states to the east, have not been

updated on a National level since the 1960s. This constraint means design

Figure 1 - Analogue regions selected for design rainfall depth tables are not immediately available,
rainfall data comparison for Parksville's future requiring examination of other sources (e.g., MGS &
climate, based on projections for 2050s and ocs' 2007)for the desien comparison.
2080s under RCP8.5.

The comparison indicates that C-Clap method-based projections for short-duration (5 min to 6-hour)

and 24-hour rainfall amounts are higher than the Portland, Oregon analogue region current design
rainfall values (not shown), but differences for 5-minute to 2-hour events are generally 5 mm or less.

This can be partially explained by restricted moisture access for longer duration (6-hour or longer)

events for the Portland region compared to Parksville.

In contrast, C-Clap based projections for the 2080s align very well with the northern California analogue

location for storm durations of 2-hours or less (i. e., the majority of C-Clap based projections are within
the 90th percentile range for analogue location design values), but are /owerthan analogue location
values for storm durations of 6-hours or longer. This can again be partially explained by access to

moisture, since the California analogue region for the 2080s is closer to the Pacific coast. Parksville may

experience a more pronounced rain shadow effect than locations immediately or very near the Pacific

coast due to intervening topography.

Emmons & Oliver Resources Canada Inc.
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Conclusions and Results - 12

3. 7.2 1-Hour 100 mm Retention Facility Event

An analysis was conducted to determine the current and future projected changes in return-period for

the retention facility design storm. However, results from IDF curve based calculations are likely
unreliable due to the extreme nature of this design event. For example, using the current (unadjusted)

Nanaimo Airport IDF results in an estimated return period of 1. 04xl013 years, the Nanaimo City Yard
station estimate is similar at 4. 31xl013. For comparison, the Earth is estimated to be roughly 4. 54xl09
years old. When comparing this rainfall depth with longer-duration events, these return periods become

more reasonable and realistic, down to ~50 years for a 24-hour event and ~13 years for a 2-day event.

Southern Canada is located in what is occasionally referred to as a "mixed" climatic load region, meaning

that for a specific location, a particular type of climatic load may be generated by different storm types

depending on the time of year and meteorological conditions present on any given day. This has been
discussed at length, for example, regarding extreme winds (e. g., Holmes, 2007)2, which can be generated
by any number of storm types. The different storm types, arising from very different sets of conditions,
represent different statistical distributions, and one of the potential challenges associated with this is
that IDF curves assume all events of the same duration are part of the same statistical population. With

extreme winds, this "mixing" of different event types has been shown to lower estimated return period

wind speeds for longer return periods typical of design values (e. g. 50 year+ return period events;
Lombardo et al., 2009), and something similar is likely occurring here.

To better understand the risk posed by extreme short duration rainfall events, it is recommended that a

separate, focused study be conducted on hourly and sub-hourly events, with consideration for key storm
type characteristics such as time of year and spatial extent.

3.2 Caveats Regarding Use and Interpretation of Climate Projection

Results

The new return period rainfall values assume that the current temperature to extreme rainfall scaling

relationship will remain valid under changing climate conditions, and that the distribution and
contribution of the different types of extreme rainfall events to the IDF curves remain essentially

unchanged into the future. This assumes that, as informed by historical mean and standard deviation of

rainfall events at each IDF station, the statistical characteristics of rainfall behaviour are unchanged; i. e.

only the means of the extreme values for a given return period changes. The current IDF rainfall statistical
distribution is entirely based on historical observations, which may not remain static under new climate

conditions. Hence, the results of the Clausius-Clapeyron based method employed are considered less

certain for projections of more distant future periods. Nevertheless, this methodology is solidly based

2 In reference to extreme winds, Holmes (2007) writes, "The need to separate the recorded data by storm type was
recognised in the 1970s... These different event types will have different probability distributions and therefore
should be statistically analysed separately..."

Emmons & Oliver Resources Canada Inc.
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Conclusions and Results- 13

upon well-understood atmospheric principles and has been applied widely. This includes its use as the

main future projection method used for flood planning and design in Australia (Ball et al. 2016), as well as
acting as the main method recommended in the most recent version ofCSA PLUS 4013:19 Tec/in/co/gu/de;

Development, interpretation and use of rainfall intensity-duration-frequency (IDF) information (CSA,
2019).

Of particular importance to rainfall related impacts in the Pacific Northwest is the behaviour of so-called

"atmospheric rivers", known locally as the "Pineapple Express" phenomenon. Research suggests that

this, the main sources of moisture for multi-day rainfall events and generally record flooding events

along the Pacific coast of North America, may fundamentally change under climate warming. Recent

research by PCIC indicates an increase in the frequency and moisture content of individual atmospheric
river events. Parksville currently has approximately 20 days per year which meet atmospheric river

criteria, with increases projected to over 30 days per year by mid-century under RCP8. 5 (Pinna 2014;

Sharma & Dery, 2020). The C-Ctap method only adjusts for changes in water-hotding capacity of the

atmosphere, it will not detect fundamental changes in atmospheric circulations which act as

"ingredients" for the occurrence of individual weather events. As such, it is recommended that the City
of Parksville keep up to date on emerging research on atmospheric rivers, and take steps to consider

potential significant increase in multi-day rainfall totals by using atmospheric river events further south

(e. g.. Northern California) and model rainfall amounts to better understand potential impacts from such
events.

Emmons & Oliver Resources Canada Inc.
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Findings and Suggested Remedial Actions -14

4.0 Findings and Suggested Remedial ctions

. Continue to monitor and collect sub-hourly range gauge data within Community Park, with the goal

of eventual development of locally-based IDF design information after several additional years of
data have been collected.

o Consider adding one or more additional rain gauges to other locations within of the municipality

and/or in partnership with adjacent communities.

. Maximise spatial coverage and include consideration of key geographical features

contributing to flooding (e. g., monitor locations up-stream near or along the Englishman

River). Improved spatial distribution of observations can also help compensate for shorter
periods of record. When data from multiple representative observation stations are
combined, it can increase confidence in results and lessen the impact of shorter observation

periods (i. e., regional IDF design curves can be developed sooner if multiple station data sets

are available).

. Until locally developed IDF design information is produced based on local monitoring, it is

recommended that the City use the updated and expanded design information provided in Table 2 of
this report.

. Consider also monitoring snow-water-equivalent values for the winter snow pack for upstream

locations. When combined with rainfall monitoring, this information will greatly assist in flood

forecasting during the winter season.

o Monitoring can occur weekly during the winter season, and/or additional measurements can be

triggered by the occurrence of heavy snowfall or rainfall events, as well as watches and warnings

based on forecasts of particularly heavy rainfall events.

. Consider multi-hazard analysis (Gardoni & LaFave, 2016) to better understand winter flooding
events. Events should be treated as either statistically inter-dependant (e.g., heavy rainfall on snow

pack) or statistically independent (occurrence of tides concurrent with multi-day rainfall).
. Begin keeping records of flood event impacts, including information on the extent and severity of

damage to public and private property and assets, as well as the performance of relevant

infrastructure (stormwater drainage, bridge structures, culverts, etc. ). These records can then be

correlated with monitoring data to better understand linkages between specific impacts and
associated rainfall amounts and durations.

. Consider additional study of localised short-duration, high-intensity rainfall events.

o The Storm Drainage Master Plan (2016) indicates that most catchment areas within Parksville

have an approximate 1-hour response time, suggesting extreme rainfall within this time frame is

important for understanding overall drainage capacity and potential for overflow of municipal

drainage systems.
o IDF based estimates of return periods for major events (e. g., 1-hour rainfall in excess of ~30 mm,

such as the September 2013 event) are likely unreliable due to reasons indicated above
regarding the need to conduct statistical analyses on different storm types separately. A regional

Emmons & Oliver Resources Canada Inc.
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Findings and Suggested Remedial Actions -15

study focusing on short-duration events is needed to better understand their true occurrence

frequency and statistical characteristics.

Climate analogues proved less useful for this study, mainly due to the extremely complex topography

and associated interactions with weather systems present along North America's Pacific Northwest

Coast. While a very good correlation was found between C-Clap based projections and analogue
regions for short-duration rainfall events (2-hours or less), longer duration events (6-hours to multi-

day events) appear to be much more sensitive to topographical and coastal proximity influences,

likely related to moisture access.

Monitor ongoing climate change research on atmospheric river events and their impacts on the

British Columbia coastal region.

o Changes in the extent and nature of the Pacific atmospheric rivers may fundamentally alter the
statistical behaviour of multi-day rainfall events affecting Vancouver Island.

o As an additional step to evaluate the potential impacts of changes in atmospheric river moisture

availability, rainfall modeling could also include making direct use of analogue location design

rainfall information. The closer proximity of analogue locations to tropical moisture sources may

better replicate potential future changes in atmospheric river total moisture availability for the

Parksville area. The purpose of this modeling would be for emergency planning (i.e., "worst

case" scenario modeling) rather than for drainage design.

. For example, modeling the impacts of multi-day rainfall events based on rainfall design data
for locations such as Shelter Cove, California, to determine to what extent such an event

would overwhelm the City's drainage system.
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A-2

The following information is provided as a guide to assist in the interpretation and use of attached
information for water balance calculations. Each page corresponds to each individual tab held within

Appendix B.

Pa e 1 - Information

The location of Parksville and the

approximate location of the observation

station used for this analysis are provided in

Figure 2. Sufficient data is available from the

6km distant Coombs, BC ECCC station (1984-

2009). This is adequate to establish average

conditions for the 1981-2010 normals period

from which projections are based. Qualicum Beach

Ctualicum Beach

Airport

Data from three Parksville stations and

Qualicum were not deemed useful since

they have closed outside of the 1981-2010
baseline or have insufficient data records of

daily observations.

Parksville

South IDF

Parksvitle

Coombs

Parksville 1915-1960

Parksville Northwest 1961-1965
Parksville South IDF 1967-1993

Qualicum Beach Airport 2006-2018

Pa e 2 - CoombsHistPrec Figure 2 - Location of ECCC climate stations within and near
On this page we see the historical annual Parksville. Of these. Coombs was selected as the most
total precipitation for Coombs for the representative for monthly water balance calculations.
baseline period of 1981-2010. Years with missing data are blank (4 years of the 30 years). There is highly

variable year to year variation with an increasing trend in annual precipitation over the period of about
12%.

Pa e 3 - Water Balance

The request for water balance is based upon the difference between monthly incoming precipitation

(observed and projected) versus outgoing potential evaporation. The resulting 'P-PE' value represents

the total available water to the system from the atmosphere. As is typical for all locations in Canada

where evaporation is minimal in the winter months, P-PE is positive in the winter and negative in the

summer, where potential evaporation exceeds incoming precipitation. Of interest for the study is the

CHANGE in future P-PE from the existing 1981-2010 P-PE balance.

Emmons & Oliver Resources Canada Inc.
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Coombs historical precipitation by month and individual months, potential evaporation (which is entirely

dependent upon average temperature), and the resulting difference between these two variables are

presented in tabular and graphical form.

Precipitation (P)

Historical precipitation is much higher in the winter months than the summer, with 1981-2010

maximum values found in November (194mm), and minimal values in July (24mm).

Of particular interest, the driest season summer average total historically is approximately 100mm of

the total annual 1131mm.

Projections of precipitation from the ensemble of 38 GCMs shows an increase in annual precipitation of

6. 7 and 9. 6% for the 2050s and 2080s, respectively, but this is not at all uniform over all months.

Projections indicate that the wetter months will become wetter (up to 18% by 2080s in the winter) and

driest months will become even drier (up to a 22% decrease in the summer).

Potential Evaporation (PE)

Potential evaporation follows the monthly progression of average temperature, with minimum values in

the winter (lOmm/month) and maximum evaporation in the summer (over lOOmm/month), under the

warmest atmospheric conditions. This directly opposed the trend found in precipitation. Projections of

potential evaporation from the model ensemble indicate increases in all months of the year since every

month is expected to have warmer conditions than under historical/current day conditions.

Water Balance P-PE

The difference between P and PE is used as an indicator of the local water balance conditions. As stated

earlier, the study area experiences positive P-PE values (surplus of water) in the cooler months (October

to April) and deficits of water from May to September. Cooler months can have surpluses up to 175mm,

while warmer months can have a deficit of 75mm historically.

Under climate change from the ensemble average of models, cooler season P-PE show generally

increasing water availability. This is in contrast with warmer season deficits in P-PE, which become even

greater under climate change projections. This poses an increased likelihood of summertime drought

conditions than currently observed. May through September will continue to have deficits in P-PE and it
will increase in the future.

Looking specifically at the summer season (Jun-Jul-Aug), P-PE values are projected to decrease by 20% in

the 2050s and then 40% by the 2080s compared to the current 1981-2010 conditions. Overall annual

change in P-PE is much less, decreasing by only 3. 5% by the 2080s. This is because annually, increases in

non-summer months offset summertime increased PE loss. This location is an important example of

Emmons & Oliver Resources Canada Inc.
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looking not simply at the annual P-PE balance (which is insignificant), but investigating monthly and
seasonal changes.

Pa e 4 - Extreme Preci itation Trends

Extreme precipitation events are projected to increase globally at a larger rate than average
precipitation amounts and this is also found here from the model projection ensemble. Two indicators

of extreme precipitation are provided here:

1. Greater than 95th percentile daily precipitation (this represents the amount of daily precipitation
in the TOP 5% of daily events). The change from the models between the baseline period of
1981-2010 and the 2050s and 2080s is shown in the chart provided. The increase in amounts of
the 95th are projected to increase by up to 50% from current values, a value much largerthan
the average precipitation increase described above. This is consistent with other findings.

2. Greater than 99th percentile daily precipitation (this represents the amount of daily precipitation
in the TOP 1% of daily events - the 'extreme' of extreme events). As with the 95th percentile,
even larger increases are also projected here from the model ensemble. The extremes become
even more extreme. Compared to current climate, the top 1% of daily events are projected to
approximately double (increase by near 100%) by the 2080s.

A question often resulting from such large projected extremes is how is this possible if annual changes
are much less? The explanation is the distribution of precipitation events must change. Simply put, small

events will become less frequent, whereas larger events will become more frequent. When it does rain,

these events are likely to be larger and smaller events will be less frequent. One may then deduce that
the likelihood of longer dry periods is increased, particularly in the drier summer months.

Pa e5-Dr Periods

Dry periods observed historically are investigated on this page for Coombs, BC. The determination of a

dry period requires an uninterrupted daily dataset. A single missing day eliminates a period from the

analysis since it cannot be determined ifthatmissingdaywasdryornot. However, the entire year was
discarded if significant data was missing. In the baseline normals period of 1981-2010, the following
years are discarded due to missing data: 1981, 1982, 1983, 1989, and 2010.

Projections of dry days are not sufficiently robust from the models to quantify. One might surmise from
the large change in projected extremes, however with the small change in average events noted above,
increased dry days going forward are likely.

Historically the dry periods are observed in the warmer months of June to September, and in the

spreadsheet dry periods are provided for both ANNUAL and SUMMER periods (June-July-August).

Annually, the number of consecutive dry days is 6, with the maximum average annual dry period of 23
days/year. The overall maximum dry period observed was 41 consecutive days in 1986, ending on
August 27. There is no clear trend in annual number of maximum dry days.
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In the summer period ofJune-July-August, the average dry period is longer, at 8 days, with the average
length of the maximum period nearly the same as annual at 22 days. This value is not higher than the
annual value, since some very long periods are found as well in September and evert into October. These
long periods are included in the annual summary just mentioned. Exceptional periods outside the
summer period are found from the spreadsheet, for 1987: October, 1988: September, 1991: October,
1992: May, 1993: September, and in 1999: September.

Of interest is there appears to be a trend of increasing summer season dry period extremes, increasing

from approximately 20 days in 1984 to 24 days by the end of the record. This is consistent with model
projection trends going forward and suggests increasing drought challenges in future summer periods.
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Appenaix B

Parksville Water Balance: Raw Statistical

Information
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Appendix Submitted Under Separate Copy
Raw statistical information to support current and future water balance calculations for the City of

Parksville has been submitted under separate copy. It is contained within the MS Excel spreadsheet

entitled Appendix B - Parksville BC Water Balance Calculation Information.
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Appendix C

Parksville Future Design Rainfall Analysis
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1 INTRODUCTION

1.1 Purpose

The purpose of this report is to summarize the design criteria for coastal inundation due to storm events
and allowing for future climate change at the Parksville Community Park. The results of this analysis will
be used in the development of the Storm Water Management Master Plan (SWMMP). The objectives of
this study are to:

. Develop coastal storm events for present day (Year 2020) and future (Year 2100) scenarios, and
include the effects of regional sea level rise (RSLR), storm surge, and wave setup on the coastal
still water level (SWL);

. Assess storm surge and coastal SWL for the 10-year and 100-year annual exceedance probability
(AEP) events; and,

. Map coastal inundation within the existing Parksville Community Park for the above scenarios.

The methodology and results of the metocean assessment for Parksville Park including a background
review of the project site (Section 1. 2), the metocean assessment (Section 2), and coastal inundation
mapping (Section 3) are discussed in the following sections.

1.2 Background

Parksville Community Park is located on the eastern shoreline of Vancouver Island in the City of
Parksville, BC as shown in Figure 1. 1. Parksville Community Park has a northerly exposure within
Parksville Bay on the Strait of Georgia.

The park is directly exposed to Northwesterly storms and is sheltered from Southeasterly waves by the
Englishman River Estuary. However, Southeasterly storms are the source of significant longshore
sediment transport, moving sediment from the Englishman River Estuary into Parksville Bay. A secondary
source of sediment may be transported from the bluffs to the northwest of Parksville Bay during
Northwesterly wave events. This results in the large beach and long shallow foreshore fronting the park.

Previously, NHC (2015) was retained by the City of Parksville to develop preliminary erosion protection
options for Arbutus Point and Sutherland Stairs (Figure 1.2). The scope of work for the previous study
included the following:

. Significant erosion has occurred at Arbutus Point near the old hovercraft pad. The City
required a plan to identify the erosion processes and to determine what steps should be
taken to control the current erosion problem. A combination of riprap, anchored large
woody debris (LWD) on the backshore and gravel fill on the seaward side of the riprap was
recommended. Construction of the preferred option was completed in August 2017.
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Erosion was occurring at the Sutherland Stairs located at Southerland Place approximately
250m south of McMillan Street. Conceptual designs and sketches of erosion mitigation
measures were prepared by NHC. This solution was not implemented by the City of
Parksville.

There was a public perception that the existing sandy beach and tidal flats were being
covered over by coarse gravel and cobbles. An assessment of the dynamic nature of the
beach and factors governing sediment transport along the shoreline was required, including
an analysis of wave climate and tidal current conditions and the influence of the Englishman
River
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2 METOCEAN STUDY

The metocean assessment includes a review of the regional wind climate, design water levels, and wave
modelling for Parksville Community Park. The locations of the metocean stations including wave buoys,
wind stations, and tide gauges used in this analysis are shown in Figure 2. 1.
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Figure 2. 1 Locations of metocean stations used in the analysis and location of the project site
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2. 1 Water Levels

A water level assessment was completed to determine the range of water levels that the park shorelines

may be exposed to over the life of the project. This assessment estimates the design water level using a
probabilistic approach which is based on the joint occurrence of tides and storm surge.

2. 1. 1 Astronomical Tides

Tide elevations at the project site are based on those predicted for Northwest Bay (CHS, 2019) which, it
is noted are based on the Point Atkinson reference station1. Tidal ranges are provided in Table 2.1.

Table 2. 1 - Summary of tides based on Northwest Bay (CHS, 2020)

Sea State

Higher High Water Large Tide (HHWLT)

Higher High Water Mean Tide (HHWMT)

Mean Water Level (MWL)

Lower Low Water Mean Tide (LLWMT)

Lower Low Water Large Tide (LLWLT)

Elevation

art Datum)

5. 20

4. 70

3.20

1.30

0.20

Tide Elevation

(m, CGVD2013)
2. 18

1.68

0.18

-1.73

-2.83

2.1.2 Storm Surge

The Ministry of Environment (2011a) report estimates storm surges for various locations in BC based on
water level measurements and tidal predictions at local tide stations. The joint probability of tides and
surge or the total water level estimates for the Strait of Georgia are replicated below in Table 2.2.

Table 2. 2 -Joint probability of tides and surge at Parksville Community Park based on Point Atkinson2

Total Water Level (m
CGVD2013)

2.78

50 2.97

100 3.02

Return Period, Tp

(years)
10

200 3. 14

1 The nearest tide predictions by the Canadian Hydrographic Service (CHS) to the project site are for Northwest Bay. Northwest
Bay is a secondary station for which tides are based upon Point Atkinson (the primary CHS station for the central Strait of
Georgia) and corrected based upon short term measurements at Northwest Bay.

2 Storm surge predictions in the Strait of Georgia are based upon the long-term water level record from Point Atkinson.
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2.1.3 Regional Sea Level Rise

This assessment follows the Climate Change Adaption Guidelines for Sea Dikes and Coastal Flood Hazard
Land Use published in 2011 by the BC MOE. The design guidelines recommend planning for 10 mm of
Global Seal Level Rise (SLR) per year since 2000 (see Figure 2.2), which translates to 1. 0 m by year 2100.
It should be noted that there is significant uncertainty in sea level rise estimates as can be seen by the
wide grey area, and that the level of uncertainty in SLR estimates has generally increased upwards in the
time since the BC MOE Report was published.

Recommended Cur/e for Sea
4 '. Level Rise Policy in BC

II 31
s ^'

^<-

Data
1800 1950 2000 2050 2100 2150 2200 2250 2300

Year

Figure 2.2 - Sea level rise projections recommended for planning and design in BC (MOE, 2011)

In addition to Global SLR, isostatic rebound, tectonic uplift, and/or sediment consolidation may influence
the local relative sea level rise (RLSR). Although significant work has been completed to understand the
causes and rates of vertical land movement in the Metro Vancouver region, the work generally does not
extend to Vancouver Island. The MOE (2011c) does however provide rates of uplift/subsidence various
stations across BC. The total vertical land movement for the closest relevant stations are as follows:

. Little River Tide Gauge: +3.0 mm/year

. Nanoose Bay GPS: +2. 1 mm/year

These observations suggest that region may experience at least 2. 1 mm/year of uplift, or 0. 21 m of uplift
by year 21003.

' Based on year 2000 reference levels as per MOE, 2011.
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2.1.4 Design Water Levels for Coastal Inundation Mapping

For the purposes of developing the storm water management master plan and determining coastal
inundation limits, coastal still water levels are calculated for the Years 2020 and 2100 for the 10-year
and 100-year AEP scenarios. The Coastal Design Water Levels (DWLs) scenarios include the joint
probability of occurrence of tides and storm surge, and RSLR (global sea level rise and local uplift) as
shown in Table 2.3.

Table 2.3 Design Water Levels during the l-in-10 and l-in-100 AEP storm event with RSLR for the
Years 2020 and 2100

Component

Total Water Level (Storm

Surge & Tide)

Global Sea Level Rise

Local Uplift

Coastal Design Water
Level

Year 2020

10-yearAEP

(m CGVD2013) (

2. 78

0.00

0.00

2.78

100-year AEP

;m CGVD2013)

3. 02

0.00

0.00

3.02

Year

10-yearAEP

(m CGVD2013)

2. 78

1.00

-0.21

3.57

2100

100-yearAEP

(m CGVD2013)

3.02

1.00

-0. 21

3.81

2.2 Wind Analysis

There are several wind stations (Figure 2. 1) operated by Meteorological Service of Canada (MSC) and the
Department of Fisheries and Oceans (DFO) that could be used to define the regional wind climate in the
Strait of Georgia. The closest meteorological stations to Parksville Community Park with long-term
records suitable for wind analysis are Sisters Island and Ballenas Island (Table 3.4). Wind data from these
stations was used to define the local wind climate and estimate the annual exceedance probability (AEP)
wind events at the project location. The Ballenas Island station is upwind of the project site during NW
storm events and was therefore used to predict storm conditions from this direction. Similarly, the
Sisters Island station is upwind during SE storm events and was used as a proxy for winds at the project
site from this direction.

Table 2.4 - Local wind data sources

Station Station ID Period

Sisters Island 1027403 1995 to 2020

Ballenas Island 1020590 1994 to 2020

Location

49°29'11.800" N 124'-26'05.800" W

49°21'01.000" N 124°09'37.000" W

The local wind climate can be assessed by the use of a wind rose, a graphic presentation of winds for
specified areas, utilizing arrows at the cardinal and inter-cardinal compass points to show the direction
from which the winds blow and the magnitude and frequency for a given period of time. Wind roses
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showing the direction and magnitude of the winds at Sisters Island and Ballenas Island are shown in
Figure 2. 3.

I OK
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Figure 2.3 Wind rose for Sisters Island (left) and Ballenas Island (right)

The wind roses show the greatest frequency and the greatest wind speeds occur in a
southeast/northwest orientation, which corresponds with the orographic forcing from the Strait of
Georgia. A frequency analysis was conducted on the Sisters Island data to obtain the design wind speed
for the Northwesterly (NW) event, and the Ballenas Island data was used to obtain the design wind
speed for the Southeasterly (SE) event. The AEP wind conditions were estimated by fitting the FT-1
(Gumbel) extreme value distributions to the historical wind events. Historical wind events were chosen
using a peak-over-threshold approach. The results are summarized in Table 2. 5.
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Table 2.6 - Regional wind data sources

Station

Entrance Island

Ballenas Island

Nanaimo Airport

Nanaimo Airport

SandheadsCS

Saturna Island CS

Sisters Island

Victoria Int'l Airport

Victoria Int'l Airport

Kelp Reefs

Halibut Bank

Sentry Shoal

Pat Bay

Station ID

EC ID 1022689

EC ID 1020590

EC ID 1025370

EC ID 1025365

EC ID 1107010

EC ID 1017101

EC ID 2027403

EC ID 1018620

EC ID 1018621

EC ID 1013998

C46146

C46131

C46134

Period

1994-2020 (Present)

1994-2020 (Present)

1954 - 2013

2014-2020 (Present)

1994-2020 (Present)

1994 - 2020 (Present)

1995-2020 (Present)

1953 - 2013

2013-2020 (Present)

1997-2020 (Present)

1992 - 2020 (Present)

1992 - 2020 (Present)

2001 - 2016

Location

49°12'31.195" N 123°48'38.001" W

49°21'01.000" N 124°09'37.000" W

49°03'16.000" N 123°52'12.000" W

49°03'16.000" N 123°52'12.000" W

49-'06'21.225" N 123°18'12.123" W

48°47'02.067" N 123°02'41.082" W

49°29'11. 800" N 124°26'05. 800" W

48°38'50.010" N 123°25'33.000" W

48°38'50.000" N 123°25'33.000" W

48°32'51. 700" N 123°14'13. 320" W

49"20'24.000" N 123"43'48.000" W

49°54'36.000" N 124°59'24.000" W

48°38'60.000" N 123°30'00.000" W

SWAN model results at the Parksville Community Park shoreline are provided in Table 2.7 for all of the

modelling scenarios. Figure 2.5 shows the SWAN model results for the Strait of Georgia and Parksville
Bay grids for the l-in-100 AEP events for the Northwesterly wind direction for the Year 2100. Figure 2.6
shows the SWAN model results for the Strait of Georgia and Parksville Bay grids for the l-in-100 AEP

events for the Southeasterly wind direction for the Year 2100. The wave model results for the Year 2020
and l-in-10 AEP events for the Year 2100 are provided in Appendix A.

Table 2.7 SWAN model outputs at Parksville Park shoreline (P02)

Return
Period

(years)

10
100

10

100

10

100

10

100

Design
Year

2020

2100

2020

2100

Wind

Direction

NW

NW

SE

SE

Wind Speed @ Sisters
Island (NW)/Ballenas

Island (SE) (m/s)

18.4

20.9

18.4

20.9

20.6

22.4

20.6

22.4

lm0

(m)

1. 16
1.26
1.45
1. 56
0.41

0.49
0. 55
0. 65

Ip
(sec)

7.20

7.20

7.20

7. 20
7.98

7.98

7.20

7.98

Mean Wave

Direction (degrees

from North)

335
337

338

339
4

7

14

17
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An analysis was also undertaken of the joint occurrence of peak wave heights from storms and the
corresponding residual (surge) at the time of the peak winds and waves. For the NW storms, it was
found that surge elevations tended to be lower than for SE storms in which there was a positive
correlation between the occurrence of the storm and the surge. For large storms from the NW with
wave heights above 2. 0 m, the corresponding surge was always less than 0.45 m in the record. This is
most likely due to the fact that strengthening NW winds are associated with rising atmospheric pressure
as noted by R.E. Thomson (1981).

The results of the wave model indicate that the wave effects will be limited to the beach during the
present day (Year 2020) scenarios considered in this analysis. However, due to the limited freeboard
provided by the pathway along the shoreline in some locations, there is potential for some isolated
ponding caused by overtopping. Overtopping rates are provided in the following section for varying
beach crest elevations along the shoreline.

During the climate change scenarios for the Year 2100, significant coastal inundation of the park is likely
to occur. Wave heights within the inundated park area will likely be limited to less than 0.3 m based on
the results of this model. However, the model does not account for the effects of wave breaking4 on the

shoreline, or the propagation of wave energy as wave bores through low lying sections of the shoreline.
Detailed wave modelling within the park would need to be undertaken to understand wave energy
transmission within the park boundaries, which is outside the scope of this study. Alternatively, future
studies could consider how to mitigate climate change impacts caused by RSLR and reduce the potential
for coastal inundation within the park in the future.

Potential wave transmission across the Englishman River Estuary during the climate change scenarios for
Year 2100 Southeasterly events was not considered in this study. Analysis suggests that wave heights
within the saltmarsh estuary will be small.

4 Wave energy is dissipated by wave breaking. The location of wave breaking is typically controlled by the wave height to depth
ratio of ~ 0.6 to 0.8. However, this ratio may vary depending on the shape of the cross-shore profile and steepness of the
shoreline.
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2.4 Wave Effects

Wave effects were estimated for the l-in-10 and l-in-100 AEP events along the Parksville Community
Park shoreline for the Northwesterly events. Wave run-up is calculated for the Year 2020 and Year 2100
climate change scenario, and the calculation assumes the shoreline is raised to mitigate coastal flooding
caused by overtopping and RSLR5. A one-dimensional section of the beach was considered using the
Poate et al (2016) method for a gravel beach. The wave run-up results are provided in Table 2.8.

Possible mitigation options could include raising the elevation of the coastal pathway and maintaining
the overall shape of the beach through beach nourishment and/or a green shores design that includes
vegetation type features to attenuate wave energy.

Wave overtopping was calculated for varying beach crest elevations using the EurOtop manual (2018).
Wave overtopping rates for varying beach crest elevations are shown in Figure 2.7. These wave
overtopping rates would only occur for a short duration during the peak of the storm event, likely lasting
only 2 to 3 hours. Wave overtopping and ponding of sea water will likely be the greatest along the
western half of the park shoreline, primarily to the southwest of the rock groyne where the beach crest
elevation drops to approximately 3. 1 m CGVD2013.

Table 2.8 Wave Runup for present day and Year 2100

Return

Period

(years)

10

100

10

100

Design
Year

2020

2100

Wave

Runup

R2% (m)

sw

0.3
0.4
0.4
0.5

Wave

Runup
R2% (m)

NW

1.0
1.1

1.2
1.3

5 Wave runup calculations assume a constant slope that extends above the maximum height of the wave runup. As such, the
provide guidance to engineers and planners on how high a shoreline must be raised to remain above the height of wave
runup. For example, if the berm along the shoreline is to be raised to prevent coastal flood inundation, it would need to be
raised to accommodate 1.3 m of wave runup elevation. This amount of wave runup is not possible on the existing shoreline
profile, as the crest elevation is actually submerged with 1m of sea level rise and waves would break as on a reef before
washing into the flooded park.
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2.5 Future Natural Boundary

The Flood Construction Level (FCL) is defined as the elevation above which habitable spaces in buildings
should be constructed (BC MOE, 2011b). Historically, FCL's were determined based on the location of
the Natural Boundary, which is defined by law and can be interpreted as the visible high-water mark,
where the presence and action of water has left a distinct variation in the bank, soil, and vegetation
characteristics of the shore.

For present day water levels, the Natural Boundary can be established by a Professional Land Surveyor;
however, it is not possible to survey the future location of the Natural Boundary due to the effects of sea
level rise and other climate change related factors. To overcome this issue, the BC MOE (ZOllb;2018)
developed a method to estimate the future Natural Boundary based on the Designated Flood Level (DFL)
and the wave effects during the designated storm event.

The DFL incorporates the combined effects of tides, storm surge, wind set-up, and local relative sea level
rise. The BC MOE guidelines (MOE, 2011b) and subsequent amendment (MOE, 2018) state that either a
probabilistic or an additive (combined) method may be used to calculate the DFL and the FCL. The
probabilistic (or joint probability) method to determine the estimated Future Natural Boundary uses the
following approach:

1. Design Flood Level:
a. 1/200 AEP total water level (probabilistic analyses of tides and storm surge)
b. Local relative sea level rise

2. Estimated wave effects (0.5 x R2%)

The estimated Future Natural Boundary elevation for Parksville Community Park is provided in Table 2.9.

Table 2.9 Estimated Elevation of Future Natural Boundary (year 2100 climate scenario)

Component Elevation (mCGVD 2013)

Total Water Level (Storm Surge and Tide)

Regional Sea Level Rise

Designated Flood Level (DFL)

Wave Effects (0.5 x Wave Run-Up)
Estimated Future Natural Boundary Elevation

3. 14

0.79

3.93

0.25

4.2

Note: The estimated future natural boundary has been calculated using a southeasterly storm wave, in which wave runup is

estimated at 0. 5m. Storms with winds from the SE are more likely to coincide with storm surge based upon correlation analysis
of water levels and wind data.

Of note, the estimation of wave runup used above assumes that the shoreline is either resentl at or
raised to be at this elevation. If the shoreline is not raised in the future in response to sea level rise, then
the waves will break along the shoreline and propagate as bores into the generally flat areas of the park
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and the location of the future natural boundary will become dependent upon the frequency of
inundation, land use, soil types, vegetation cover, and other such factors.

3 COASTAL INUNDATION MAPPING

Coastal inundation mapping is shown in Figure 3. 1 for the current and future (Year 2100) timeframes for
the l-in-10 year and l-in-100 year AEP storm events for the design water levels calculated in Section 2. 1.
The year 2100 scenario of sea level rise results in significant coastal inundation of the park. Based upon
the inundation model:

. It is expected that ocean waves will break upon the park shoreline near to the area of the
existing shoreline pathways, and

. wave heights will be generally less than 0. 3 m further inland based upon the generally shallow
water depths within the park.

The mapping of future inundation assumes that the topography of the park remains unchanged. Also,
erosion or loss of elevation at the shoreline could result in increased wave energy penetrating into the

park. Future changes in the topography of the park would change the extend of inundation, and if the
shoreline elevations change would also change how and where waves break along the shoreline. The
coastal inundation analysis would need to be updated should significant changes to topography be

proposed.

The coastal inundation mapping completed for this project does not include any potential flooding from
the Englishman River. Potential wave transmission across the Englishman River Estuary during the
climate change scenarios was not modelled for this study. Desktop review of the incident wave
directions and expected wave attenuation within the estuary suggests that wave heights will be small in
the estuary adjacent to the park property.

The coastal inundation mapping presented in this report does not account for any upland flows (such as
from precipitation runoff) into the park during coastal flood events.

The duration of coastal flooding is typically only on the order of two to three hours due to the
astronomical tides. However, the ability offload waters to recede within the park depends upon proper

drainage. The effects offloading such as the deposition of debris and damage to park infrastructure and
vegetation has not been estimated. These effect could persist much longer than the period of coastal

flooding.
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4 RECOMMENDATIONS

The study indicates that the present park is expected to be inundated from coastal flood events under
the year 2100 climate scenario. Ocean waves from the Strait of Georgia will break upon the shoreline
and wash into the flooded park areas. Within the park, away from the shoreline, wave heights are
expected to be small (typically less than 0.3 m).

Raising areas of the shoreline would provide protection against wave energy penetrating into the park.
Not all of the shoreline need be raised, as keeping several select areas at a lower elevation would allow
improved drainage for flood water as well as connectivity with the beach. However, redevelopment
plans for which parts of the shoreline are kept lower should anticipate and consider coastal flooding and
penetration of some wave energy at those locations.

The analysis gives the coastal designated flood level as 3. 93 m (CGVD 2013). Allowing for 0. 5 m of wave
runup (southeasterly storm), and 0.6 m of freeboard as per provincial dike guidelines gives a target
elevation for any shoreline berms of 5. 0 m CGVD 2013. Lands away from the shoreline should also be
raised above the designated future flood level (~ 4. 0 m elevation), or alternatively designed with the
intention to tolerate temporary periods of inundation from sea water
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THURBER

1. INTRODUCTION

This report provides the results of our geotechnical investigation carried out in support of a storm
water management master plan to be developed for the Parksville Community Park in Parksville,
BC. The report is based on the results of a test pit investigation that was undertaken on
May 14, 2020 to delineate the subsurface conditions in accessible park areas where the proposed
storm water management infrastructure is to be located. The report has been revised to include
comments by EOR Inc. (EOR) and the City of Parksville (the City) and supersedes all previous
reports.

The scope for the geotechnical services was provided in Thurber's proposal to EOR dated
June 4, 2019. Authorization to proceed with the geotechnical investigation was given by the
signed Agreement for Sen/ices dated July 9, 2019.

It is a condition of this report that Thurber's performance of its professional services is subject to
the attached Statement of Limitations and Conditions

2. PROJECT UNDERSTANDING

We understand that the City of Parksville (the City) wants to develop a Stormwater Management
Plan (SMP) for the Parksville Community Park based on the feasibility of using various green
infrastructure options such as infiltration galleries, and underground cisterns to control stormwater
in the park. A SMP would also include the evaluation of climate change forecasts, the impact of
rising sea levels, storm surges and wave setups for low, medium and high probability storm
events.

Thurber Engineering Ltd. (Thurber) has been engaged to provide geotechnical input and
recommendations for design and construction of the proposed storm water management systems.

3. SITE GEOLOGY AND SITE DESCRIPTION

Surficial geology in the area (NTS map 92F/08) is characterized by Salish Sediments consisting
of shore, deltaic and fluvial deposits of sand, gravel, silt and clay. The park area consists of green
space, playing fields and parking areas. The terrain is generally flat at about 5 m elevation rising
gradually to the south.

4. GEOTECHNICAL INVESTIGATION

4. 1 Field Coordination

On January 30, 2020, Thurber was notified by EOR that an archaeological investigation would be
undertaken prior to the geotechnical investigation. On April 27, 2020, EOR notified us that the
archaeological investigation had been completed and an updated test pit location plan would be
provided based on the findings of the report. A proposed test pit location plan was provided by
EOR on May 5, 2020.

Client: EOR Inc. Date: July 20, 2020
File No. : 26367 Page 1 of 7
E-File: Thurber_20200720_Parksville Community Park_Stormwater Management Plan_Report_(revised)_26367. docx



THURBER

In accordance with Thurber's ground disturbance procedures, we initiated a BC One Call to obtain
records of buried underground utilities in the vicinity of the test pit locations. Kelly's 1st Call
Locating of Lantzville, BC checked for the presence of buried utilities at each test pit location on
May 7, 2020.

As requested by the City, a markup of Figure 7. 11 of the BC MOTI Traffic Management Manual
was prepared on May 1 2, 2020 to show how pedestrian and vehicle traffic would be controlled
while excavating at TP20-1 (TP#6) located in the boulevard on Ravenhill Road. On May 8, 2020,
the City provided Thurber with the Archaeological Chance Find Procedure. A copy of this manual
was kept onsite by our field personnel during the test pit investigation.

4. 2 Test Pit Investigation

Seven test pits (TP20-1 to TP20-7) were excavated on May 14, 2020 using a Yanmar VI035 mini-
excavator operated by Parksville Heavy Equipment to obtain sub-surface information on the
thickness and consistency of soils within reach of the excavator at each test pit location. The test
pits were excavated to about 3 m depth except at TP20-6 (2.6 m) and at TP20-7 (2.0 m) due to
pit walls caving in. Groundwater seepage was encountered in all test pits at the time of excavation,
except for TP20-4 to -6. All test pits were backfilled with excavated material and tamped with the
excavator bucket.

All test pits were logged in the field by a Thurber representative and were located using a
handheld GPS and measurement from existing site features. UTM ground coordinates shown on
the test pit logs are approximate based on a hand-held GPS device. The results from the test pit
investigation and laboratory testing were used to compile the test pit logs which are included in
Appendix A. The test pit locations are shown on Drawing No. 26367-1 and are also included in
Appendix A. An environmental assessment was not undertaken as part of the scope of work for
this geotechnical investigation. A summary of the test pits is provided in Table 1 below

Anticipated Stripping Thickness to
Acceptable Drainage Layer (m)

0.3 m to 0.5m / sand (fill)

0.3 m to 0.5m / sand (fill)

0.5 m to 2.3 m / sand

0. 3 m to 1. 7 m/ sand

0.2 m to 2. 1 m / ravell sand
0.2 m to 1.3 m/ ravell sand

0.2 m to 0.4 m / sand

Test Pit
Number

TP20-1

TP20-2

TP20-3

TP20-4
TP20-5
TP20-6
TP20-7

Approximate
Location

Boulevard -
Ravenhill Road

Sports Field Gravel
Parkin

Greenspace near
Lacrosse Box

Near Arboretum
Near Skate Park
Near Kite Field

D Basin

TABLE 1
Summary of Test Pits

Pit

m

3.0

3.0

3.0

3.0
3.0
2.6
2.0

Depth to
Seepage (m)

2.3

2.4

2.7

N/A
N/A
N/A
1.3

Client: EOR Inc. Date: July 20, 2020
File No. : 26367 Page 2 of 7
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4.3 Laboratory Testing

Disturbed soil grab samples obtained from the test pit investigation were returned to our laboratory
for routine visual identification (ASTM D2488) and moisture content (ASTM 4959) determination.
Grain size sieve analyses (ASTM C117 / C136) were performed on eight selected samples from
TP20-1, -4, -5, and -6. The gradation test results are shown on the test pit logs and are attached
in Appendix B. Table 2 below provides a summary of the field and laboratory testing carried out.

TABLE 2
Summary of Field and Laboratory Testing

Test Pit
Number

TP20-1
TP20-2
TP20-3
TP20-4
TP20-5
TP20-6
TP20-7

Moisture
Content

3

3

3

3

3

3

3

Number of Tests

Visual
Identification

3

3

3

3

3

3

3

C117/
C136

1

2

3

2

5. SUBSURFACE CONDITIONS

5. 1 Soil Conditions

A generalized description of the soil and groundwater conditions encountered in the test pits is
provided below. The reader should, however, refer to the test pit logs in Appendix A for a detailed
description of the soil and groundwater conditions.

Fill Soils

Organic silt up to about 450 mm thickness was encountered at the surface at all test pit locations
and was underlain by granular material consisting of sand, gravelly sand, or sandy gravel to
depths up to about 2.4 m below the ground surface. The fill soils also contained variable amounts
of organic material, cobble and boulder sized pieces. Brick and metal debris were encountered in
the soil sample obtained at about 0.6 m depth in TP20-4. Organic silt with some sand and gravel
was encountered at TP20-3 and continued to a depth of about 2.3 m below the ground surface.

Moisture contents ranged between about 5% and 15%. Zones with a higher silt content generally
have a higher moisture content. The gravelly sand fill encountered at TP20-3 had a higher silt and
organic content resulting in moisture contents generally between 15% and 25%.

Client: EOR Inc. Date: July 20, 2020
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The results from the grain size sieve analyses on the samples obtained in TP20-1 and -4 indicates
that the material is a medium grained sand with trace gravel and fines content. Sample 1 obtained
from TP20-5 and -6 indicate a sandy gravel with trace to some silt (some silt in TP20-5 sample).

Granular Soils

The native granular soils encountered within the test pits generally consisted of gravelly sand, or
sand and gravel containing variable amounts of cobbles and silt. Moisture contents of samples
ranged between about 5% and 15%. The grain size sieve analyses performed on the samples
obtained from TP20-5 at about 2.5 m depth and from TP20-6 at about 1.8 m depth indicated a
medium to coarse grained gravelly sand.

Refusal / Bedrock

The test pits were excavated to the extent of the excavator generally about 3 m below the ground
surface. Collapsing of pit walls occurred at TP20-5 and -6 inhibiting further excavation. No
bedrock or impermeable soils were encountered to the depths excavated within the test pits.

5.2 Groundwater Conditions

Groundwater seepage was observed in all test pits (except for TP20-4 to -6) at depths ranging
from 1.3 m (TP20-7) to 2. 7 m below the ground surface. Based on historical tide charts available
for the Parksville area, a high tide of about 2.7 m occurred at about 6:15 am on May 14, 2020
then dropped to a low tide of about 0. 83 m at 1:19 pm. The groundwater table was encountered
at a shallower depth in TP20-7 (closest to the ocean) compared to TP20-1 to -TP20-3.

No standpipe piezometers were installed to monitor seasonal fluctuations in the groundwater
table. The installation of 2 or 3 standpipe piezometers between the south end and the north end
of the park could be implemented to monitor groundwater levels over time (at least 1 year). The
data would provide a better indicator of fluctuations that could occur and that could be tied into
tidal fluctuations to assess their influence on the readings. Groundwater seepage may rise
seasonally and with tidal fluctuations and should be anticipated within and directly above the silty
sand and gravel deposits and in closer proximity to the ocean.

6. GEOTECHNICAL COMMENTARY

The geotechnical commentary provided below is based on the results of the test pit investigation,
and our understanding of the infrastructure options currently being considered for storm water
management at Parksville Community Park. Any changes to the proposed design, or site usage
may require modifications to the comments provided herein. It should be noted we have assumed
that seismic design is not required for this project. We have not evaluated the potential for
widespread liquefaction at this site.

The test pit investigation was developed to obtain sub-surface information on the thickness of
overburden soils and to assess the underlying soil and groundwater conditions for possible
drainage and detention facilities. The results of the test pit investigation and laboratory testing

Client: EOR Inc. Date: July 20, 2020
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indicate that the soils are generally representative of free-draining, granular soils that are suitable
for the installation ofstormwater infrastructure in the areas investigated.

Stormwater management options such as infiltration galleries, cisterns, and detention tanks are
considered to be feasible in the areas selected. Grain sieve analyses provide a general indication
of the potential infiltration ability of the soil in the zone where the material was sampled. A material
with a higher % fines (silt) content would generally be indicative of a lower infiltration rate
compared to a material with a lower relative silt content.

An infiltration rate can be estimated from grain size analysis depending on the facility to be
installed and the material through which infiltration is desired. Provided the soil particle diameter
for 10% of the soil (Dio) ranges between 0. 1 mm and 2.5 mm, then the infiltration rate (K) can be
estimated using various empirical correlations such as hlazen's formula as follows:

K = C (Dw)2

As no stormwater infiltration testing has been undertaken at this time, there may be zones that
have a variable rate of infiltration. The permeability of soils can vary significantly, even when the
soil gradation appears consistent. It is recommended that a conservative approach be employed
when sizing infiltration chambers or rock pits. In-situ infiltration testing should be conducted during
the design stage where stormwater facilities relying upon infiltration are to be located.

6. 1 Site Stripping and Base Preparation

Areas where proposed stormwater infrastructure (ie. pipes, manholes, tanks) is to be located
should be stripped of all loose soil, organic material, mixed fill, and construction debris (if present)
to expose gravelly sand, sand or sandy gravel. Based on the results from the test pits, excavation
below grade to attain acceptable soils could range between 0.3 m and 2. 1 m depending on the
location.

All softened, disturbed and organic soil will need to be stripped out and wasted prior to placing
engineered fill. Some localized sub-excavation may be required depending on the extent of
organic and softened or disturbed soils. The subgrade surface will likely consist of silty sand to
sandy gravel material.

The approved subgrade should be surface compacted with at least 4 to 6 passes of a vibratory
steel drum roller having a minimum weight of 10 tonnes. The prepared subgrade should then be
proof-rolled with a loaded gravel truck to check for weak areas prior to placing the sub-base layer.
Localized sub-excavation may be required to remove mixed organic fill, or loose, wet, and
softened / disturbed soil. A non-woven geotextile fabric (Nilex 4545 or equivalent) could be placed
on the subgrade to facilitate compaction and mitigate the migration of fines.

If the excavation width does not permit the use of a drum roller or a gravel truck, then the subgrade
surface should be compacted with a heavy diesel plate tamper or a hoe-pak to identify any soft
or weak areas prior to placing engineered fill.

No bedrock was encountered to the depths investigated in the test pits. Bedrock is anticipated to
be deeper than is required to install the proposed stormwater infrastructure at the site. hlowever,
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as the bedrock surface can be quite variable, if bedrock is encountered it should be removed to
at least 300 mm below the underside of the infrastructure base and backfilled with engineered fill.

All bearing surfaces should be inspected by a qualified geotechnical engineer to confirm that the
surface has been adequately prepared and is acceptable prior to placing engineered fill or
concrete.

6.2 Temporary Excavations

The existing fill materials and organic deposits, silty sand and gravels should be sloped no steeper
than 1H:1V. Excavation at these slopes will usually remain stable during the construction period.
The cut slopes may need to be flattened given the potential for granular soils to slough and ravel
and particularly if loose soil or groundwater / tidal seepage is encountered.

If it is not feasible to slope soils as described above, then shoring may be required for temporary
excavations. Shoring would be subject to Part 20 of the Occupational hlealth and Safety
Regulation. The contractor should be made responsible for all temporary excavations and
shoring.

Groundwater is expected to be found within the silty sand, and sand layers. The water level could
rise seasonally and with tidal fluctuations. Moderate to heavy groundwater seepage could be
encountered during construction depending on the time of year and the depth of excavation.
Temporary sumps and pumps are typically adequate to control groundwater inflow during
construction of shallow trenches or excavations. Deeper excavations may require more
sophisticated dewatering such as well points. The contractor should be responsible for all
groundwater control required to allow the installation of stormwater infrastructure construction to
proceed in accordance with the project requirements.

6.3 Trench Backfill

Provided the trench bottom is prepared as outlined above, backfill material will likely consist of
excavated soils but could also consist of imported fill materials consisting of 25 mm and 75 mm
minus crushed gravel. The thickness of backfill will vary depending on the depth of the excavation
below invert elevation. Excavated clay (if encountered) should not be used as backfill material
within the trench or around manholes, or infiltration galleries.

Where seepage causes difficulties in maintaining a 'dry' excavation, it may be necessary to place
a material that does not require compaction (such as pea-gravel or drain rock), until conventional
backfill can be suitably compacted. If silty sand is encountered in the trench, a non-woven
geotextile fabric (ie. Nilex 4545 or equivalent) could be required between the pea-gravel (or drain
rock) and the native soils in the excavation, as well as overlying backfill, to prevent the migration
of fines.

All backfill materials should be compacted in lifts using vibratory equipment. A maximum lift
thickness of 300 mm is recommended, although thinner lifts may be required if small plate packers
or jumping jack units are employed, particularly around the duct / conduit zone. hleavy compactive
equipment such as hoe-paks should not be utilized around the pipe zone.
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Backfill should be compacted to at least 95% of the Modified Proctor Maximum Dry Density
(MPMDD) as per the City's 2018 Engineering Standards and Specifications for trench backfill.

6.4 Infiltration Gallery, Detention Tanks

The gallery surrounding the drain pipe or detention tank should consist of drain rock or 25 mm
clear crush gravel on all sides. The drain rock should be surrounded with a non-woven geotextile
fabric (such as Nilex 4545 or equivalent) to mitigate the transfer of fines into the drainage zone
that could impede infiltration.

If there is no piping required to convey water such as in a rock pit or open drainage channel that
is designed to infiltrate into the subsurface soils, then it is possible that fines could filter down and
potentially clog the fabric. Further assessment would be required to determine if it is feasible to
eliminate the fabric layer and would depend on the location and type of stormwater infrastructure
that is being installed.

Care should be taken when constructing drainage features to confirm that low permeability fill
zones are not located directly below the proposed base of the drainage control feature. The
infiltration basins and detention tanks should be adequately sized for the anticipated inflow rate.

In regards to buoyancy, obtaining regular groundwater level readings over a specified design
period (at least 1 year) and the type of structure to be installed would be required to assess
whether buoyancy would be an issue. The structural implications of fluctuating groundwater levels
would need to be assessed by others.

6.5 Re-use of Excavated Soils

Excavated granular soils can be re-used as general site backfill provided the material is clean,
free of organics, debris and is not excessively wet. Some moisture conditioning may be required
to achieve specified compaction levels. Excavated fine grained soils (silt and clay) are moisture
sensitive and should not be used as backfill if encountered.

6. 6 Use of Permeable Pavers

We understand that the City Parks department prefers to use permeable pavers where possible.
Based on the limited information gathered from the test pit investigation, it is likely that permeable
pavers can be used in areas where stormwater management infrastructure could be located.
Additional field investigation such as test pitting or drilling would likely be required in the proposed
areas to provide the geotechnical recommendations required for design of the pavers.
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STATEMENT OF LIMITATIONS AND CONDITIONS

1. STANDARD OF CARE

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction.
No other warranty, expressed or implied, is intended or made.

2. COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein,
all of which together constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERBICE MUST BE

TOTHEWHOLE REPORT.

3. BASIS OF REPORT

The Report has been prepared for the spedfic site, development, design objectives and purposes that were described to Thurber by the Client. The
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided
herein, are only valid to the extent that the Report expressly addresses proposed development, design objecUves and purposes, and then only to the
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically
requested by the Client to review and revise the Report in light of such alteration or variation.

4. USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER'S WRITTEN CONSENT AND SUCH
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright forthe contents
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber's express written permission.

5. INTERPRETATION OF THE REPORT

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the
Client should disclose them so that additional or spedal investigations may be undertaken which would not otherwise be within the scope of
investigations made for the purposes of the Report.

b) Reliance on Provided Information: The evaluation and condusions contained in the Report have been prepared on the basis of conditions in
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations,
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts
of the Client or other persons providing information relied on by Thurber. Thurber is entiUed to rely on such representations, information and
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions.

c) Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report's recommendations and the
final design detailed in the contract documents should be reported to Thurber immediately so that Thurtoer can address potential conflicts.

d) Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing suffident and
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance,
in accordance with the requirements of many regulatory authoriUes.

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and
accurately identified to Thurber by the Client prior to the commencement of Thurber's professional services.

7. INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on Thurber's interpretation of conditions revealed through limited investigation
conducted within a defined scope of services. Thurber does not accept responsibility lor independent conclusions, interpretations, interpolations and/or
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in
the Report. This restriction of liability indudes but is not limited to decisions made to develop, purchase or sell land.
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1. PARTICLE SIZE CLASSIFICATION
OF MINERAL SOILS

SYMBOLS AND TERMS
USED ON TEST LOGS

2. TERMS DESCRIBING CONSISTENCY
(Cohesive Soils Only)

DESCRIPTION

BOULDERS

COBBLES

GRAVEL coarse
fine

SAND coarse
medium
fine

SILT

CLAY

APPARENT PARTICLE SIZE

> 200 mm

75 mm to 200 mm

19 mm to 75 mm

4.75 mm to 19 mm

2 mm to 4.75 mm
0.475 mm to 2 mm
0. 075 mm to 0.475 mm

Non-plasUc particles, not visible to the naked eye

DESCRIPTION

Very Soft

Soft

Firm

Stiff

Very Stiff
Hard

APPROXIMATE
UNDRAINED SHEAR STRENGTH

Less than 10 kPa (250 psf)

10to25kPa(250-500psf)

25to50kPa(500-1000psf)
50 to 100 kPa (1000 - 2000 psf)

100 to 200 kPa (2000 - 4000 psf)
Greater than 200 kPa (4000 psf)

NOTE: Metric Conversion Is approximate only

3. TERMS DESCRIBING DENSITY
(Cohesionless Soils Only)

4. PROPORTION OF MINOR
COMPONENTS BY WEIGHT

DESCRIPTION STANDARD
PENETRATION TEST

Number of blows per foot (300 mm) *

Very Loose
Loose

Compact
Dense

Very Dense

0

4

10
30

to

to
to
to

over 50

4

10
30
50

DESCRIPTION

and

y/ey
some

trace

PERCENT S'

35
20
10

NTS'

to
to
to

less than

fWEK

50%
35%
20%
10%

EXAMPLE: SiltySAND, trace of gravel = Sand with
20 to 35% silt and up to 10% gravel, by dry weight.
(Percentages of secondary materials are estimates
based on visual and tactile assessment of samples).

* Directly applicable to sands and, with intei-pietation, to gravels

5. LEGEND FOR TEST HOLE LOGS (Typical only showing commonly included elements)

K^^22d

25 5

Q«- Disturbed sample
«- Water content (% by weight)

as.detemlned. oh $oll^saniples
. .. «- Undlstuibed sample

. WATER LEVEL

0 '..;u'l

.. IrS:..^

COMMENTS
']

Disturiaed sample GW
(bag or split spoon)

Undisturbed sample CL
(from Shdby Tube or olher) .

Y//////////////A*- Number ofbbws per 300 mm
for Standard Penel" lion Test

No recovery -»;

. Number of blows

per 300 mm for
Dynamic Cone
Penetration Test

.
Undrained Shear Strength

C... ; unconflned compression test;

Cii.ne -- «. Shear Strength
C;;,g^, determined by pocket i

^ Shear Strength
determined by
pocket penetrometer

hAMI-^
DDistyrfaw

U"ctisttri d
8) ^:o R&^-n1

SOILS
R^.^UI^ ProtecBve Surface Box'
.*hi*. «- Bentonite Surface Seal
ij t.,,

Monitoring Well (sold pipe)

3«- Drill Cuttngs

^- BenfonlteSeal

r. ;«- Monitoring Well (stoned pipe)

«- Clean Sand Backflll

Drill Cuttings/Slough BackfU

Client: TEL Standard Detail
File No.: n/a
E-File: UCSFS.20140807. dwg

Revised: August 07, 2014
UCSFS, page2of2
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LOG OF TEST PIT TP20-1

I

I
s
a:

LOCATION: See Drawing No. 26367-1
N 5464024 E 404791 (Approx.)
UTMNAD83Zone10U

TOP OF HOLE ELEV:

METHOD: Yanmar V1035 Mini-Excavator

DRILLING CO. : Parksville Heavy Equipment

INSPECTOR: BTS
I WATER LEVELDCPT PENETRATION WATER

CONTENT (%)
btows/300 mm

0 Disturbed
0 Undisturbed

Plastic
h

Limit

Liquid

THURBER

CLIENT: EOR INC.

PROJECT: City of Parksville Community Park
Stormwater Management Master Plan
Geotechnical Investigation

DATE: 14-May-2020

FILE NO.: 26367

10 20 30 40 50 60 70 80 90 100

SAMPLES
B Disturbed

Undisturbed ^ peak
B No Recovery oR^duai

OCPenreading

COMMENTS

UNDRAINED SHEAR GRAIN SIZE (%)
STRENGTH (kPa)

S01LHEAOSPACE READING (ppm)

A Passing #200 sieve
A Passing #4 sieve E3 PID reading

SOILS DESCRIPTION

Moist, black to brown, organic SILT (TOPSOIL)

i

g

s
s
§

?
I

.1

SP-SM
Moist, brown, medium SAND (FILL); trace gravel
to 25 mm diameter; trace silt; trace organics

§.
^
s

5
D:

I

cb
Gravel = 0.6%
Sand = 98.5%
Fines = 0.9%

SP

§

s

\
0

Water Level

(14-May-2020)

SP
Wet, brown, gravelly SAND; coarse to medium
sand; gravel to 35 mm diameter; trace silt

I
?

End of Pit at 3.0 m depth; maximum reach of
excavator.
Water encountered at 2.3 m depth while digging.

Upon completion of excavation:

Pit backfilled with excavated materials.
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LOG OF TEST PIT

TEST PIT NO.

TP20-2

I

K.

s
0

LOCATION: See Drawing No. 26367-1
N 5464084 E 404945 (Approx.)
UTMNAD83Zone10U

TOP OF HOLE ELEV:

METHOD: Yanmar V1035 Mini-Excavator

DRILLING CO. : Parksville Heavy Equipment
INSPECTOR: BTS

DCPT PENETRATION WATER I WATER LEVEL

k3ws/3[)0mmI

g

0 Disturbed

. Undisturbed
Plastic Liquid

Limit Limit

10 20 30 40 50 60 70 80 90 100

THURBER

CLIENT: EOR INC.
PROJECT: City of Parksville Community Park

Stormwater Management Master Plan
Geotechnical Investigation

DATE: 14.May.2020
FILE NO.: 26367

SAMPLES
U Disturbed
J Undisturbed
S No Recovery

COMMENTS

UNDRAINED SHEAR GRAIN SIZE (%)
STRENGTH (kPa)

. Peak
0 Residual
OCPen reading

SOIL HEADSPACE READING (ppm)

A Passing #200 sieve a GASTECH reading
A Passing #4 sieve QPID reading

SOILS DESCRIPTION

Moist, black to brown, organic SILT (TOPSOIL)

II

£
<

§

SP

SP

Water Level
(14.May.2020)

Moist, brown, medium SAND (FILL); trace to
some gravel to 25 mm diameter; trace silt; trace
organics

Moist to wet, brown, gravelly SAND; gravel to 25
mm diameter; trace silt

s
8 3

GP/SP
Wet, brown SAND and GRAVEL; gravel to 30 mm
diameter; coarse to medium sand; trace silt

I

End of Pit at 3.0 m depth; maximum reach of
excavator.

Water encountered at 2.4 m depth while digging.

Upon completion of excavation:

Pit backfilled with excavated materials.
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LOCATION: See Drawing No. 26367-1
N 5464007 E 404997 (Approx.)
UTMNAD83Zone10U

TOP OF HOLE ELEV:

METHOD: Yanmar V1035 Mini-Excavator

DRILLING CO. : Parksville Heavy Equipment

INSPECTOR: BTS
DCPT PENETRATION

bkiws/300mm

WATER
CONTENT I'K.1

0 Disturbed
0 Undisturbed

I WATER LEVEL

Liquid

Limit

LOG OF TEST PIT

THURBER

SAMPLES
B Disturbed
. Undisturbed
B No Recovery

UNDRAINED SHEAR
STRENGTH (kPa)

. Peak
0 Residua]
*CPen reading

10 20 30 40 50 60 70 80 90 100 COMMENTS

TEST PIT NO.

TP20-3

CLIENT: EOR INC.
PROJECT: City of Parksville Community Park

Stormwater Management Master Plan
Geotechnical Investigation

DATE: 14-May-2020

FILE NO. : 26367

GRAIN SIZE (%) SOIL HEADSPACE READING (ppm)

A Passing #200 sieve n GASTECH reading
A Passing « sieve E3 FID reading

SOILS DESCRIPTION

Moist, black to brown, organic SILT (TOPSOIL)

§
9

I
I

OL

Moist, dark brown, organic SILT (FILL); some
gravel to 30 mm diameter; some sand; contains
roots

s

§

E

I
I
A

Water Level
(14-May-2020)

SP

SM/ML

1:!:^S;>"

::S::I::1;

Wet, brown SAND; medium to coarse sand; some

gravel to 40 mm diameter; trace silt

Wet, brown, silty SAND; some gravel
to 25 mm diameter

I

End of Pit at 3.0 m depth; maximum reach of
excavator.
Water encountered at 2. 7 m depth while digging.

Upon completion of excavation:

Pit backfilled with excavated materials.

0

§
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Sheet 1 of 1
LOG OF TEST PIT

TEST PIT NO.

TP20-4

LOCATION: See Drawing No. 26367-1
N 5464113 E 404880 (Approx.)
UTMNAD83Zone10U

TOP OF HOLE ELEV:

METHOD:

DRILLING CO.:

INSPECTOR:
DCPT PENETRATION

bbwsQOO mm

Yanmar V1035 Mini-Excavator

Parksville Heavy Equipment

BTS
I WATER LEVELWATER

CONTENT (%)

0 Disturbed
. Undisturbed

10 20 30 40 50 60 70

Plastic
h

Limit

80 90

Liquid

THURBER

CLIENT: EOR INC.

PROJECT: City of Parksville Community Park
Stormwater Management Master Plan
Geotechnicial Investigation

DATE: 14-May-2020
FILE NO. : 26367

SAMPLES
C Disturbed

Undisturbed
B No Recovery

100 COMMENTS

UNDRAINED SHEAR
STRENGTH (kPa)

. Peak
0 Residual
#CPen reading

GRAIN SIZE (%) SOIL HEADSPACE READING (ppm)

A Passing (BOO sieve II GASTECH reading
A Passing N sieve 63 PID reading

SOILS DESCRIPTION

Moist, black to brown, organic SILT (TOPSOIL)

I

s

^
w

9:
Gravel =10.7%
Sand = 87.7%
Fines =1.6%

Moist, brown, medium SAND (FILL); trace gravel
to 35 mm diameter; contains pieces of brick and
metal debris

SP

Gravel = 8.9%
Sand = 90.5% SP
Fines = 0.6%

Moist, brown, medium to coarse SAND: trace

gravel to 40 mm diameter

I

I
s

I
I

A SP ':v^
=;';=;=

End of Pit at 3. 0 m death: maximum reach of
excavator.

No water encountered while digging.

s

Upon completion of excavation:

Pit backfilled with excavated materials.

0

§
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Sheet 1 of 1

LOCATION: See Drawing No. 26367-1
N 5464239 E 404910 (Approx.)
UTMNAD83Zone10U

TOP OF HOLE ELEV:

METHOD: YanmarV1035 Mini-Excavator

DRILLING CO. : Parksville Heavy Equipment

INSPECTOR: BTS
DCPT PENETRATION WATER I WATER LEVEL

CONTENT (%)
bkiwsOOOmm --_^;'. '';".

- ODistuibed Plastic Liquid
0 Undisturbed

Limit LimN

10 20 30 40 50 60 70 80 90 100

LOG OF TEST PIT

THURBER

TEST PIT NO.

TP20-5

CLIENT: EOR INC.

PROJECT: City of Parksville Community Pari<
Stormwater Management Master Plan
Geotechnical Investigation

DATE: 14-May-2020
FILE NO.: 26367

SAMPLES
B Disturbed

1 Undisturbed
S No Recovery

COMNIENTS

UNDRAINED SHEAR GRAIN SIZE (%)
STRENGTH (kPa)

SOIL HEADSPACE READING (ppm)

. Peak
0 Residual
OCPen reading

A Passing #200 sieve
A Passing #4 sieve E3PID reading

SOILS DESCRIPTION

Moist, black to brown, organic SILT (TOPSOIL)

I 1

1
ec.

f

Gravel = 54.8%
Sand =31.6%
Fines =13.6% GM

Gravel
Sand =
Fines

= 5. 5%
90.9%
3.6%

SP

:::::::;>

...*i.'-'.^.''k

Moist, brown, sandy GRAVEL (FILL); some silt;
trace clay; contains cobbles and boulders
to 350 mm diameter

;:'^. ;-. ;'. Moist, dark brown to black, fine SAND; trace
gravel to 30 mm diameter; trace silt; contains
organics

s

Gravel = 27. 5% "" .^.
Sand =71.2% sp !::;;::;:
Fines = 1. 3% [W:::

=;:;=ls;'

:/;A^.

Moist, brown, gravelly SAND; gravel
to 25 mm diameter; medium to coarse sand

I

End of Pit at 3. 0 m depth; maximum reach of
excavator.
No water encountered while digging.

Upon completion of excavation:

Pit backfilled with excavated materials.

8
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Sheet 1 of 1
LOG OF TEST PIT

TEST PIT NO.

TP20-6

LOCATION: See Drawing No. 26367-1
N 5464574 E 404969 (Approx.)
UTMNAD83Zone10U

TOP OF HOLE ELEV:

METHOD: YanmarV1035 Mini-Excavator

DRILLING CO. : Parksville Heavy Equipment

INSPECTOR: BTS
DCPT PENETRATION WATER I WATER LEVEL

btows/300 mm
0 Disturbed

. Undisturbed
Plastic Uquid

g Limit Limit

10 20 30 40 50 60 70 80 90 100

THURBER

CLIENT: EOR INC.

PROJECT: City of Parksville Community Park
Stormwater Management Master Plan
Geotechnical Investigation

DATE: 14.May.2020
FILE NO.: 26367

SAMPLES
U Disturbed

Undisturbed
S No Recovery

COMMENTS

UNDRAINED SHEAR GRAIN SIZE (%)
STRENGTH (kPa)

SOIL HEADSPACE READINS (ppm)

. Peak
0 Residual

ft CPen reading

A Passing #200 sieve a GASTECH reading
A Passing N sieve £3 PID reading

SOILS DESCRIPTION

I

g

I
£

te

s

S 5

Moist, black to brown, organic SILT (TOPSOIL)

Gravel = 60.0°/s
Sand = 28~.4%GP-'
Fines =11.6%

GM

Moist, brown, sandy GRAVEL (FILL); trace to
some silt; contains cobbles and boulders to 400
mm diameter; contains organics

<

g

u

y

Gravel = 25.4%
Sand = 72. 4%
Fines = 2. 2%

SP

A:. SP

i:;::

Moist, brown, gravelly SAND; medium to coarse
sand; gravel to 25 mm diameter

Moist, brown, gravelly SAND; gravel
to 70 mm diameter; trace shell fragments

El
iol

End of Pit at 2.6 m depth; pit collapsing.
No water encountered while digging.

Upon completion of excavation:

Pit backfilled with excavated materials.
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Sheet 1 of 1
LOG OF TEST PIT

TEST PIT NO.

TP20-7

LOCATION: See Drawing No. 26367-1
N 5464487 E 405011 (Approx.)
UTMNAD83Zone10U

TOP OF HOLE ELEV:

METHOD: Yanmar V1035 Mini-Excavator

DRILLING CO. : Parksville Heavy Equipment

INSPECTOR: BTS
DCPT PENETRATION WATER

btows/300 mm
^

10 20 30

CONTENT (%)

ODistuibed
C-Undisturbed

40 50 60 70

t WATER LEVEL

Plastic

Limit

80 90 100

Liquid

LimB

THURBER

SAMPLES UNDRAINED SHEAR
B Disturbed STRENGTH (kpa)
_] Undisturbed . peak
BNoRecoveiy ^R^^]

#CPen reading

COMMENTS

CLIENT: EOR INC.
PROJECT: City of Parksville Community Park

Stormwater Management Master Plan
Geotechnical Investigation

DATE: 14-May-2020

FILE NO.: 26367

GRAIN SIZE (%) SOIL HEADSPACE READING (ppm)

A Passing #200 sieve n GASTECH reading
A Passing#4 seve E3PID reading

SOILS DESCRIPTION
Moist, black to brown, organic SILT (TOPSOIL)

Moist, brown, medium SAND; trace gravel to 30
mm diameter

m

0 \
\

:t>
: I

SP

SP
^^=;^'

;.'l;;'.;:'

Moist to wet, grey, gravelly SAND; medium to
coarse sand; gravel to 60 mm diameter

Water Level
(14-May-2020)

y
0 GP

Wet, grey, sandy GRAVEL; gravel to 70 mm
diameter; trace silt

End of Pit at 2.0 m depth; pit collapsing.
Water encountered at 1.3 m depth while digging.

s
Upon completion of excavation:

Pit backfilled with excavated materials.
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THURBER ENGINEERING LTD.

EOR

Sample Source: Test Pit
Description: SAND, with a trace of gravel and fines
Test Method: ASTM C 136& C 117

SIEVE ANALYSIS REPORT
PARKSVILLE COMMUNITi' PARK

TP20-1, Sa. 2, 5'-0"-5'10"

File Number: 26367
Date Reported: 01-Jun-20

Sampled: 14-May-2020 By: BTS
Received: 15-May-2020 By: BTS

Tested: 29-Jun-202 B . TS
Checked By:

Remarks: Gravel = 0. 6 % Sand = 98. 5 % Fines = 0. 9 %

As Received Moisture Content = 7.7 %

100
(/5
co

>
m

u
2

co

I
OL
b

s
0

s

90

80

70

60

50

40
30

20

FINES
SAND GRAVEL

FINE MEDIUM COARSE FINE COARSE

.
075 .15 .30 .60 1.18 2'3e 4.75 9.5 12,5 19 25 37.5 50 75

10

0. 01 0.1 1 10

SIEVE OPENING IN mm

100

Gravel

iches

3

2

1.5
1

. 75
.5

375

Size

mm

75
50

37.5
25
19

12.5
9.5

Passir

100
100
100
100
100
100
100

Percent Specifications

Passing Upper Lower Check Inches

Sand Size Percent Specifications

mm Passing Upper Lower Check

#4
#8
#16
#30
#50
#100
#200

4. 75
2. 36
1. 18
0.6
0.3

0.15
0. 075

99
98
91
60
15
2

0.9

2302, 4464 Markham Street, Victoria, BC V8Z 7X8 T: 250 727 2201 F: 250 727 3710
thurber. ca



THURBER ENGINEERING LTD.

EOR

Sample Source: Test Pit
Description: SAND, trace - some gravel with a trace of silt
Test Method: ASTM C 136 &C 117

SIEVE ANALYSIS REPORT
PARKSVILLE COMMUNIT»' PARK

TP20-4 (Site 4) Sa 1, 2'-0" - 2'-6"

File Number: 26367

Date Reported: 25-Jun-20

Sampled: 14-May-2020 By: BTS
Received: 15-May-2020 By: BTS

Tested: 23-Jun-2020 B : B /JSH
Checked By:

Remarks: Gravel = 10.7 % Sand = 87.7 % Fines = 1.6 %
As Received Moisture Content = 6. 1 %

100
co
v>
<
5

>-
CD
u
2

y?

I
Q:
I-

û

s

90

80

70

60

50

40

30

20

10

FINES
FINE

SAND

MEDIUM COARSE

GRAVEL

FINE COARSE

.15 .30 .60 118 236 4. 75 9.5 12.5 19 25 37.5 50 75

0. 01 0.1 1

SIEVE OPENING IN mm

10 100

Gravel Size Percent Specifications Sand Size Percent Specifications

Inches

3

2

1.5
1

. 75
.5

. 375

mm

75
50

37.5
25
19

12.5
9.5

Passing Upper Lower Check Inches mm Passing Upper Lower

100
100
100
100
100
93
89

Check

#4
#8
#16
#30
#50
#100
#200

4.75
2. 36
1, 18
0.6
0.3

0. 15
0.075

89
82
65
40
14
5

1.7

2302, 4464 Mcirktiam Stree'., Victoria, BC V8Z 7X8 T: 250 727 220'
thurberca

F: 250 727 37-0



THURBER ENGINEERING LTD.

EOR

Sample Source: Test Pit
Description: SAND, with a trace of gravel and silt
Test Method: ASTM C 136& C 117

SIEVE ANALYSIS REPORT
PARKSVILLE COMMUNITY PARK

TP20-4 (Site 4) Sa 2, 6'-0" - 6'-8"

File Number: 26367
Date Reported: 25-Jun-20

Sampled: 14-May-2020 By: BTS
Received: 15-May-2020 By: BTS

Tested: 23-Jun-2020 By: D SH
Checked By:

Remarks: Gravel = 8.9 % Sand = 90.5 % Fines = 0.6 %
As Received Moisture Content = 5.4 %

w
"
g
5

>:
GQ
0
2

U)

I
D:
b
z
Ill
u
a:
IU

100

90

80

70
60
50

40

30

20

FINES
SAND GRAVEL

FINE MEDIUM COARSE FINE COARSE

.
075 .15 .30 .60 118 2'3e 4. 75 9.5 12.5 19 25 37.5 50 75

10

0. 01 0.1 1

SIEVE OPENING IN mm

10 100

Gravel

iches

3

2

1.5
1

. 75
.5

375

Size

mm

75
50

37.5
25
19

12.5
9.5

Passir

100
100
100
100
100
100
99

Percent Specifications Sand Size Percent Specifications

Passing Upper Lower Check Inches mm Passing Upper Lower Check

#4
#8
#16
#30
#50

#100
#200

4. 75
2.36
1. 18
0.6
0.3

0. 15
0.075

91
80
47
22
9

3

0.8

2302, ̂ 464 Markham Street, Victoria, BC V8Z 7X8 T: 250 727 2201 F: 250 727 3710
thurberca



THURBER ENGINEERING LTD.

EOR

SIEVE ANALYSIS REPORT
PARKSVILLE COMMUNIT/ PARK

TP20-5Sa1, 1'-0"-2'-0"

File Number: 26367
Date Reported: 25-Jun-20

Sampled: 14-May-2020 By: BTS
Received: 15-May-2020 By: BTS

Tested: 23-Jun-2020 B : B /JSH
Checked By:

Sample Source: Test Pit
Description: sandy GRAVEL, some silt
Test Method: ASTM C 136& C 117

Remarks: Gravel = 54.8 % Sand = 31.6 % Fines = 13.6 %
As Received Moisture Content = 7.7 %

^

>;
CQ
u
z
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i
CL
I-
z
1U
u

s

100

90

80

70

60

50

40
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20

FINES
FINE

.075 . 15 . 30

SAND GRAVEL

MEDIUM COARSE FINE COARSE

.
60 1.1° 2-36 .*.75 9.5 12.5 19 25 37.5 50 75

10

0. 01 0.1 1

SIEVE OPENING IN mm

-'00

Gravel

Inches

3

2

1.5
1

. 75
.5

.

375

Size

mm

75
50

37.5
25
19

12.5
9.5

Passi

74
74
57
57
56
53
51

Percent Specifications Sand Size

Passing Upper Lower Check Inches mm
#4 4. 75
#8 2. 36
#16 1. 18
#30 0.6
#50 0.3
#100 0. 15
#200 0. 075

Percent Specifications

Passing Upper Lower
45
40
36
31
24
18

13.6

Check

2302, 4464 Markham Street, Victoria, BC V8Z 7X8 T: 250 727 2201 F: 250 727 3710
thurber. ca



THURBER ENGINEERING LTD.

EOR

Sample Source: Test Pit
Description: SAND, trace of gravel and silt
Test Method: ASTM C 136& C 117

SIEVE ANALYSIS REPORT
PARKSVILLE COMMUNITY PARK

TP20-5 Sa 2, 5'-6" - 6'-0"

File Number: 26367

Date Reported: 25-Jun-20

Sampled: 14-May-2020 By: BTS
Received: 15-May-2020 By: BTS

Tested: 23-Jun-2020 B : B /JSH
Checked By:

Remarks: Gravel = 5. 5 % Sand = 90. 9 % Fines = 3.6 %

As Received Moisture Content = 11.7 %

100
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w
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u
z:
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I
Q:
I-
s
u

I
a.
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FINE

SAND GRAVEL

MEDIUM COARSE FINE COARSE

.
075 .15 .30 .60 1. 1B 2.36 4. 75 9.5 12.5 19 25 37.5 50 75

0. 01 0.1 1

SIEVE OPENING IN mm

10 100

Gravel

iches

3

2

1.5
1

. 75
.5

375

Size

mm

75
50

37.5
25
19

12.5
9.5

Passir
100
100
100
100
100
100
99

Percent Specifications Sand Size

Passing Upper Lower Check Inches mm
#4 4.75
#8 2.36
#16 1. 18
#30 0.6
#50 0.3

#100 0. 15
#200 0.075

Percent Specifications

Passing Upper Lower

95
91
84
65
26
6

3.6

Check

2302, 4464 Markham Street, Victoria, BC V8Z 7X8 T: 250 727 2201 F: 250 727 3710
thurberca



THURBER ENGINEERING LTD.

EOR

SIEVE ANALYSIS REPORT
PARKSVILLE COMMUNITY PARK

TP20-5 Sa. 3, 8'-0" - 8'-6"

File Number: 26367
Date Reported: 01-Jun-20

Sampled: 14-May-2020 By: BTS
Received: 15-May-2020 By: BTS

Tested: 29-Jun-202 B . TS
Checked By:

Sample Source: Test Pit
Description: gravelly SAND, with a trace of fines
Test Method: ASTM C 136& C 117

Remarks: Gravel = 27.5 % Sand = 71.2 % Fines = 1.3 %
As Received Moisture Content = 6.3 %
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Sand Size
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Passing
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23'' 2, 4^64 M'-rkliam Street, Victoria, BC V8Z 7X8 T: 250 727 220'
thurber. ca

F: 250 7273710



THURBER ENGINEERING LTD.

EOR

Sample Source: Test Pit
Description: sandy GRAVEL, some silt
Test Method: ASTM C 136 &C 117

SIEVE ANALYSIS REPORT
PARKSVILLE COMMUNIT/ PARK

TP20-6Sa1, 1'-6"-2'-0"

File Number: 26367
Date Reported: 25-Jun-20

Sampled: 14-May-2020 By: BTS
Received: 15-May-2020 By: BTS

Tested: 23-Jun-2020 B : B /JSH
Checked By:

Remarks: Gravel = 61. 0 % Sand = 28. 4 % Fines =11. 5 %

As Received Moisture Content = 5.5 %
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Percent Specifications Sand Size

Passing Upper Lower Check Inches mm

#4 4. 75
#8 2.36
#16 1. 18
#30 0.6
#50 0.3
#100 0. 15
#200 0.075

Percent Specifications

Passing Upper Lower

39
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32
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16

11.5

Check

2302, 4464 Markham Street, Victoria, BC V8Z 7X8
thurber. ca

T 2507272201 F: 250 727 3710
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THURBER ENGINEERING LTD.

EOR

SIEVE ANALYSIS REPORT
PARKSVILLE COMMUNITY PARK

TP20-6 Sa. 2, 5'-8" - 6'-4"

File Number: 26367

Date Reported: 01-Jun-20

Sampled: 14-May-2020 By: BTS
Received: 15-May-2020 By: BTS

Tested: 29-Jun-2 0 : BTS
Checked By:

Sample Source: Test Pit
Description: gravelly SAND, with a trace of fines
Test Method: ASTM C 136& C 117

Remarks: Gravel = 25.4 % Sand = 72.4 % Fines = 2.2 %
As Received Moisture Content = 5. 1 %
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2302, 4464 Markham Street, Victoria, BC V8Z 7X8 T: 250 727 2201 F: 250 727 3710
thurberca



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

Appendix E: Design Infiltration Rates

Grain size analysis, either alone or in conjunction with hydrometer analysis, should be used to verify
the ASTM classification of the soil material controlling the rate of infiltration (the least permeable
material within 1.5 m of the bottom of the proposed practice). Table summarizes the soil lab tests
and identifies when each should be used.

Table 18. Soil Analysis - Lab Tests

Lab Test Description Use It When

Grain Size Analysis

Hydrometer Analysis

Provides a distribution of particle size Always

greater than 0.075 mm (No. 200 sieve)

Provides a distribution of particle size

less than 0.075 mm (No. 200 sieve)
Sample has greater than 5%
fines

Table shows the typical design infiltration rates for different soils. The table generally follows the
Unified Soil Classification System with a few exceptions. Soil tests such as the Plasticity Index are
avoided because they are not typically done along with the grain size analysis. Refer to ASTM D2487
for more information on the soil classifications. In-situ infiltration testing is recommended to support
detailed design of infiltration practices.



Memorandum: Characterization & Design Criteria Parksville Community Park SWMMP

Table 19. Design Infiltration Rates

Major Divisions

Gravel and

Gravelly

Soils.
More than

50%
retained on

No. 4 sieve

Sand and

Sandy

Soils.

More than

50%

passing

Wo. 4 sieve

and less

than 50%

passing

No. 200
sieve

Fine

Grained

Soils.

More than

50%

passing

No. 200

sieve

** Organic

cases, they

Gravel with

<5% fines

Gravel with

between

5% and
12% fines

Gravel with

>12% fines

Sand with

<5% fines

Sand with

between

5% and

12% fines

Sand with

>12% fines

Liquid Limit

<50

Liquid Limit

>50

Well graded

Poorly

graded

Well graded

Well graded

Poorly

graded

Poorly

graded

Well graded

Poorly

graded

Well graded

Well graded

Poorly

graded

Poorly

graded

<5% Clay

>7% Clay

5-7% Clay

Inorganic

Organic

Inorganic

Organic

Silty

Clayey

Both

<5% Clay

>5% Clay

Letter

Symbol

GW

GP

Group Name

Well graded gravel

Poorly graded gravel

Silty GW-GM Well graded gravel with silt

Clayey GW-GC Well graded gravel with clay

Silty GP-GM Poorly graded gravel with silt

Clayey GP-GC Poorly graded gravel with clay

GM

GC
Silty gravel

Clayey gravel

GC-GM Silty, clayey gravel

SW Well graded sand

SP Poorly graded sand

SW-SM Well graded sand with silt

SW-SC Well graded sand with clay

<5% Clay SP-SM Poorly graded sand with silt

>5% Clay SP-SC Poorly graded sand with clay

12-25%

fines

>25% fines

>7% Clay
5-7% Clay

<5% Clay

>5% Clay

<5% Clay

SM Silty sand

SM Silty sand

SC Clayey sand

SC-SM Silty, clayey sand

CL Lean clay

CL-ML Silty clay
ML Silt

OL Organic soils

CH Fat clay
MH Elastic silt

OH Organic soils

Design

Rate

(mm/hr)

41.4

41.4

20.3

17.8
5.1

17.8

5.1

15.2

7.6
1.5

1.5
1.5

1.5

5.1
**

1.5
7.6

**

soils are generally not suitable for infiltration due to high water table conditions. In some
may be suitable if further permeability testing is conducted.
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Memorandum: Characterization & Design Criteria Paiksvllle Community Park SWMMP

E:
^z

-0

s

3220

3219

3218

3217

3216

3215

3214

3213

3212

3211

3210

3209

3208

3207

3206

3205

3204

3203

3201

3200

3199

3198
3197

3195

3194

3193

3192

Common

Name

Douglas Fir

Douglas Fir

Douglas Ffr

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Cherry sp

Cherry sp

Oak sp

Horse Chestnut

Palm sp.

Palm sp.

Palm sp.

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Pseudotsuga
menziesii

Pseudotsuga
menzfesli

Pseudotsuga
menziesii

Pseudotsuga
menzlesii

Pseudotsuga
menzlesli
Pseudotsuga
menziesii

Pseudoftsuga
menziesil

Pseudotsuga
menziesii
Pseudotsuga
menzfesll

Pseudotsuga
menziesil

Pseudotsuga
menziesil

Pseudotsuga
menziesii

Pseudotsuga
menziesli

Pseudcrtsuga
menziesii

Pseudotsuga
menziesii

Pseudatsuga
menziesii

Prunussp

(cherry)
Prunussp

(cherry)
Quencus sp

Aesculus

hippocastanum

Palm sp.

Palm sp.

Palm sp.

Pseudotsuga
menziesii

Pseudoitsuga
menziesii

Pseudotsuga
menziesii

Pseudcrtsuga

Latitude

49. 321G566

49.3217463

49. 3217585

49.3217795

W. 3218424

49.3218363

49.3219045

49. 3219508

49.3219176

U.321931G

49.3219482

49.3220305

49. 3220419

49.3220533

49.3220611

U.3220375

49.3206971

<9.3206t29

49.3206036

49.3206298

49.3205345

49.3205432

49.3205188

49.3207244

49. 3207287

49.3208498

49.320841

Longitude u

-124. 307387S Good

-124. 307295 Good

-124.3073051 Fair

-124. 3073071 Good

-124. 3073453 Good

-124.307413 Good

-124. 307513 Excellent

-124. 3074419 Excellent

-124. 3072843 Fair

-124. 3072756 Good

-124. 3073057 Good

-124. 3072839 Fair

-124. 3073181 Good

-124. 307351 Good

-124. 3074945 Good

-124.30752 Fair

-124. 3076168 Good

-124.3076899 Good

-124. 3078014 Excellent

-124. 3074129 Excellent

-l24.307<l62 Excellent

-124. 3074639 Excellent

-124. 307462 Excellent

-124.3074507 Fair

-124.3074936 Fair

-124. 3075174 Fair

-124.3075214 Good

10

6

10

12

12

10

12

9

7

10

8

8

11

12

13

11

12

10

9

11

2

3

3

11

14

4

10

n 3
2i t/i

78 Alive

50 Alive

51 Alive

84 Alive

83 Alive

52 Alive

74 Alhie

63 Alive

43 Alive

87 Alive

63 Alive

36 Alive

77 Alive

74 Alive

83 Albe

72 Alive

37 Allue

48 Alive

47 Alhie

38 Albe

25 Alive

26 Alive

26 Alive

80 Alive

82 Alive

21 Alive

57 Alive

Overall

Monetary
Benefit

120.72

94.55

95.90

123.99

123.22

97. 25

118.72

109. 80

85.09

129.98

109.80

75.55

120.22

118.72

123.22

117.72

76. 94

91.85

90.50

78.33

60. 24

61.63

61.63

121. 72

122.72

54. 99

103. 13

Stormwater

Monetary
Benefit

41.56

25.22

25.81

45.01

44.44

26.40

39.26

32.86

21.11

46.69

32.86

17.01

40.98

39.26

44.44

38.10

17.59

24. 05

23.46

18.18

10. 57

11.15

1L15

42.71

43.86

8.33

29.33

^1
Is

3848. 11

2335. 63

2389.99

4167.83

4114.76

2444. 35

3634. 79

3042.38

1955.09

4323.47

3042. 38

1574.86

3794.78

3634. 79

4114.76

3528.13

1629.07

2226. 90

2172.54

1683.29

978.51

1032.72

1032.72

3954.77

4061.43

77D.88

2716.18

Property
Value Total

34.22

40.84

41. 10

30. 12

30.61

41.37

37.12

41.29

38.99

31. 82

41.29

37. 19

34. 95

37. 12

30. 61

38.56

37.43

40.31

40.04

37.S6

34.55

34.79

34. 79

32.78

31.33

33.87

41.56

Energy
Savings

15.61

9. 12

9.28

17. 29

17. 00

9.45

14.50

11.78

7.96

18.34

11.78

6.71

15.34

14.50

17.00

13.95

6.92

8.78

8.62

7.13

4.45

4.66

4.66

16.17

16.73

3.66

10.47

Energy
Saved

(kWh)

245.50

143.33

145.93

271.92

267.35

148.53

228.03

185.19

125.12

288.41

185.19

105.57

241.14

228.03

267.35

219.29

108. 81

138.12

135.52

112.05

G9.97

73.20

73.20

254.24

262. 98

57.63

164.58

Natural Gas
Savings

17.00

11.79

11.94

18.34

18.11

12. 09

1G. 11

13.95

10.73

19.16

13.95

9.60

16.78

16. 11

18.11

15.67

9.79

11.49

11. 34

9.98

7. 51

7.70

7.70

17. 44

17.89

6. 58

12.92

18. 75

13.00

13.17

20.23

19.97

13. 34

17.77

15.39

11.8<

21.13

15.39

10.58

18.51

17.77

19.97

17.28

10.79

12. 67

12.51

11.00

8.29

8.49

8.49

1S.24

19.73

7.26

14. 25

Air Quality
Monetary

Benefit

7. 24

3.47

3.59

7.94

3.71

6.69

5.17

2.65

8.55

517

1.91

7.10

6.69

7.94

6.41

1.99

3.24

3.12

2.07

1.03

1.11

1.11

7.52

7.80

0.78

4. 36

s ?

£ &

3.5S S

1. 75 $

1. 80 $

3.95 $

3.88$

1.86 $

3. 28 $

2.55 $

1.36 S

4.18 $

2.55$

1. 00 $

3. 48 $

3.28 S

3. 88 $

3.14 S

1.04 S

1.64$
1.58 $

1.08$
0.56 $

0.60 $

0.60 $

3.68 S

3.82 $

0.43 $

2. 17 $

Carbon

Monetary
Benefit

5.08

4.11

4. 18

5.15

5. 12

4.24

5.05

4.75

3.6S

5.42

4.75

3. 14

5. 07

5. 05

5. 12

5. 03

3.23

3.98

3.31

3. 32

2.13

2.22

2.22

5.10

5.11

1.77

4. 49

I
G

677.37

547.96

556.68

686.06

682.98

S65.41

672.88

633.95

486.91

722.00

633.95

418.56

676.25

672. 88

682. 98

670. 63

430.75

530.52

521.80

442. 95

284.38

296.58

296. 58

679.62

68186

235.36

598. 63

II
."? cu
U t/l

253.67

280.83

285.49

222. 18

226.06

290.14

275.76

302.28

248.27

232.92

302.28

212.54

259. 19

275.76

226.0G

286.80

218. 70

271.53

266. 88

224.86

144.77

150. 93

150.93

242.63

231. 58

119.34

298. 61

I.
s s.

541.37

316.05

321.78

599.61

589.53

327.52

502.84

408. 37

275.90

G35.98

408.37

232.80

531.73

502.84

589.53

483.57

239. 94

304.58

298. 84

247.08

154.29

161.42

161.42

560.63

579. 90

127. 07

362. 93



Memorandum; Characterization & Design Criteria Parksvllle Community Park SWMMP

Common

Name

3190 Douglas Fir

3189 Douglas Fir

3188 Douglas Fir

3187 Douglas Fir

3186 Douglas Fir

3185 Douglas Fir

3184 Douglas Fir

3183 Douglas Fir

3182 Douglas Fir

3181 Douglas Fir

3180 Blgteaf Maple

3179 Douglas Fir

3178 Douglas Fir

3177 Douglas Fir

3175 Douglas Fir

3174 Douglas Fir

3173 Douglas Fir

3172 Atlas Cedar

3171 Douglas Fir

3170 Douglas Fir

3169 Douglas Fir

M68 Douglas Fir

3167 Douglas Fir

3166 Douglas Fir

3165 Douglas Fir

3164 Douglas Fir

3163 Grand Fir

Pseudatsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
.menziesii

Pseudotsuga
menziesli
Pseudcrtsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menzfesii

Acer

macrophyllum
Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesll

Pseudotsuga
menziesii

Pseudotsuga
menziesji

Pseudaftsuga
menziesii

Cedrus atlantica

Pseudotsuga
. menziesii

Pseudatsuga
menziesij

Pseudotsuga
.menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Abies grandis

Latitude

49.3208166
I

0.320869

. 49.3208515

49.320908

49.32091S

49. 3209919

r 49. 321005

49.3210085

i49.3210059

49.32U1269

49.3209589

49.3209924

'49.3220752

49.3221661

49.3222338

49.3222863

49. 3223256
I _

i 49.3224397

<9.32Z5044

49.3225061

49.3225097

49.3225194

49.3225281

49.3225001

49. 3224197

49. 3220634

49.322020G

.1
-0

§
Longitude u

-124. 3OTS469Sood

-124. 3074456 Sood

-124. 3075751 Good

-124. 3075972 Good

- -124.3076783 Good

-124. 3077668 Fair

, -124.3077<34 Good

-124. 3076937 Fair

-124. 3076193. Good

-124. 3076G29 Good

-124. 3075355 Good

.124.3078254 Good

.124. 3076681 Good

-124.3076989 Good

-124. 3108097

.124.3108265 Excellent

-124. 3107936 Fair

-124.3107653 Excellent

-124.3107378 Excellent

-124. 3106372 Good

-124.3105868 Fair

.124.31D5781 Fair

-124,3:105626 Good

-124. 310507 Fair

-124.3106573 Fair

-124. 3104575 Good

-124. 3104488 Good

E

^

.a

3
g:
s
(J

8

12

7

7

9

9

8.

7

8

8

11,

12

10

10.

10

7

12

12

II

9

0

6

11

14

10

I §
X i^
a s
a Co

54 Alive

80 Alive

49Alive

S7 Alive

74AIIVC

47 Alive

47Allue

56Aliw

53 Alive

54 Alive

84 Alive

70 Stump

123 Alive

73 Alive

Stump

Stump

79 Alive

32 Alive

35 Alive

66 Alive

45. AIIVC

73 Alive

77, Stump

53AII»e

88 Alive

75 Alh/e

63 Alh/e

$

$

$

?

s

.A

,s

$

$

$

s

s

.. ?.

$

$

$

s

'$

$

$

$

$

..?

Overall

Monetary
Benefit

99.79

121.72

93. 20

103.13

118.72

90. 50

90, 50 ,

102.02

98.60 :

99.79

123. 99

112.86

118.22

121.22

69.98

74. 16 ,

113.14

87.79 :

118.22

98. 60

131.98

119.22

109.80

Stormwater

s...

s

s.

$

$

s

$

$

$

s

s.

$

$

$

$

$

s

s

$

$

?..

s

$

Monetary
Benefit

27.57

42. 71

24.64

29.33

39. 26

23.4G

23.46

28.75

26.99

27.57

45.01

53. 45

38. 68

42.14

14.67

16. 42

34.62

22. 29

38.68

26.99

47. 25

39.83

32.86

§
c

s
d- ^
it c
g = Property
5 u. Value Total

2553.08 S

3954. T7 $

2281.26 S

2716.18 S

3634.79 $

2172. 54. S

2172.54 S

2661.81. S

2498.71 $

2553. 08 $

4167.83 S

4949. 17 $

3581.46 S

3901.44: $

1358. 00 $

1520.65: $

3205. 48 $

2063.81 $

3581. 46 $

't~"-'

2498.71 S

4375.36 $

3688. 12 $

3042.38 $

41.69

32.78

40.57

41. 56

37.12

40. 04

40.04

41.60

41.63

41.69

30.12

0.07

37.84

33.50

36.23

36.95

41. 15

3?-51-.

37.84

41.63

32.39

36.39

41.29

$

$

is.

s.

.$

?

$

$

!$

s

!$,

]$

$

1$
s

,s

$

,s

$

s

i_$

$

I?

Energy
Savings

9.81

16. 17

8.9S

10.47

14.50

8.62

8.62

1025

9.61

9.81

17. 29

22,37 ,

14. 22

15. 89

5.89

6.51

12.43

8,29

14.22

9.61

18.69

14.78

11.78

Energy
Saved Natural Gas

(kWh) Savings

154.28 S

254. 24 $

140.72 $

164.58 $

228.03 $

135.52 $

135.52 $

161.15 $

151. 13 $

154. 28 $

271. 92 $

351. 71 $

223.66 S

249.87 $

92.63 S

102.34 $

195.49 $

130.32 $

223. 66 $

151.13 S

293.91 $

232.40 $

185.19 $

12.41

17.44

11.64

12.92

16.11

11. 34

11.34

12.75

12.24

12.41

18.34

22.23

15.89

17.22

8.84

9. 41

14. 47

11.04

15.89

12. 24

19.43

16.33

13. 95

I

!"
a: E

ss
3 £

13. 69,5

19. 24 $

12. 84 S

14. 25 $

17.77 $

12.51 $

12. 51 $

14. 06 $

13.50 $

13.69 $

20.23 $

[ 24.52 $

17.53 $

18.99 S

9.75 $

.
J- -1°-38::?

15.96 $

12-1? i

17.53 $

13.50 $

21,44 $

18.02 $

15. 39 $

Air Quality
Monetary

Benefit

3.95

7.52

-3.35 .

4.36

6.69

3.U

3. 12

4.22

3.82

3.95

8.08

10.40

6. 55

7.38

1.59

1.83

5. 58

2.88

6. 55

3. 82

8.71

6.83

5.17

J3

I 's
^ I
£ 5

1.97 S

3. 68 $

1.69 $

2. 17 S

3.28 S

1.58 $

1.58 S

2.10 S

1.91 $

1.97 $

3.^ S

5. 08: S

3, 21 S

3.62 $

0.84 $

0.96 $

2.75 $

1.47 S

3.21 $

1.91

4. 26 $

3. 35 $

2.55 S

Carbon

Monetary
Benefit

4. 36

5.10

4.04

4. 49

5. 05

3. 91

3. 91

4.45

4.31

4.36

5. 15

4.3S

5.04

5.09

2.77

3.05

4. 89

-3;78_

5.04

4. 31

5.50

5.06

4. 75

J3

's
0

<Tl
c
0
^

u

580.98

679. 62

539. 24-

598.63

672.88

521. 80

521. 80

592.75

574.13

580.98

686.06

579.53

671. 76

678.49

369.77

406. 36

651.61

504.35

671.76

S 74. 13

733. 98:

674.00

633. 95

J3

's
(U

o <u

11
.ro (u
U LO

296.78

242. 63

276.18

298.61

275.76

266. 88

266. 88

298.00

294.79

296. 78

222. 18

0. 46

281.28

248.15

187.89

206.38

304.11

257. 57

281.28

294. 79

236. 50

270. 24

302. 28

I
I
§
s

u

340.21

560.63

310.31

362. 93

502.84

298. 84

298. 84

355. 35

333.26

340. 21

599.61

775.56

493.20

551.00

204.25

225.67

431. 09

287.37

493. 20

333. 26

648. 10

512.47

17



Memorandum: Characterization & Design Criteria Parksvllle CommunKv Park SWMMP

s ?

S! Common
i- Name

3162 Douglas Fir

3161 Douglas Fir

3160 Douglas Fir

3159 Douglas Fir

31S8 Douglas Fir

3157 Douglas Fir

3156 Douglas Fir

3155 Douglas Fir

3154 Grand Fir

3153 Douglas Fir

3072 Stump

3071 Douglas Fir

3070 Douglas Fir

3069 Douglas Fir

3068 Douglas Fir

3067 Dogwood sp

3066 Douglas Fir

3065 Douglas Fir

3064 Bigleaf Maple

3063 Douglas Fir

3062 Douglas Fir

3061 Douglas Fir

3060 Douglas Fir

Western Red

Cedar
3058 Grand Fir

3057 Grand Fir

3056 Douglas Fir

3055 Douglas Fir

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesil

Pseudotsuga
menziesii

Pseudotsuga
menziesil

Pseudotsuga
menziesii

Pseudotsuga
menziesli

Pseudotsuga
menziesii

Abies grandis

Pseudotsuga
menziesii

Brevi Truncus

Pseudcrtsuga
menziesii
Pseudotsuga
menziesii
Pseudotsuga
menziesii

Pseudotsuga
menziesli

Cornus sp

Pseudotsuga
menzlesii
Pseudotsuga
menziesil

Acer
macrophyllum
Pseudotsuga
menzlesll
Pseudotsuga
menzlesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Thuja pllcata

Abies grandis

Abies grandis

Pseudotsuga
menziesil

Pseudatsuga
menziesii

Latitude

49.3219944

49.3220022

49.3220634

49. 3220494

49.322032

49.3219909

49.3219533

49.3219787

49. 3219962

49. 3220714

49.3221686

49. 3222279

49.3222436

<9.3222523

49. 3222567

49.3221973

49. 322199

49.3222025

49.3222108

49. 3221G54

49.3222U3

49. 3222859

49.3223252

49.3223366

49. 3224253

49.3224297

49.322462

49.32249

Longitude u

-124. 3104475 Fair

.124.3105085 Good

.124. 3105916 Good

-124. 31D5769 Good

.124. 3106104 Good

-U4.3M597 Good

.124. 3105662 Good

-124. 3106857 Good

-124. 310683 Good

-124. 31071G5 Good

-124. 310519

-124. 310401S Fair

-124.3103821 Fair

-124.3104311 Good

.124. 3104713 Fair

-124.3104338 Excellent

-124. 3106028 Fair

.124. 310582 Good

.124.3103695 Excellent

.124. 3103362 Good

.124.3103053 Excellent

-124.3103B61 Excellent

-124.3104136 Excellent

.124. 3104706 Excellent

-124. 3103153 Good

-124. 3KM125 Fair

-124. 3103991 GOOd

-12UM3186 Excellent

13

8

12

6

9

12

12

13

8

14

8

12

5

11

3

11

14

5

9

15

6

6

6

7

7

10

5

I .
? I
e s
Q i/i

58 Alive

52 Alive

74 Alive

39 Aliue

62 Alive

69 Alive

93 Alive

99 Alive

53 Alive

83 Alive

Stump

54 Alive

60 Alive

10 Alive

70 Alive

4 Alive

76 Alive

80 Alive

8 Allue

60 Alive

90 Alive

15 Alive

16 Alive

19 Alive

47 Alive

52 Alive

68 Alive

17 Alive

$

$

s

$

s

$

s

$

$

$

$

$

s

s

$

$

$

$

$

$

s

s

$

$

$

$

s

Overall

Monetary
Benefit

104.24

97.25

118.72

79.69

108. 69

116.22

141.96

153.93

98.60

123.22

99.79

106.47

41.67

11S.72

34.98

119.72

121. 72

39.44

106.47

135.97

47.63

48.86

52.53

90.50

97. 25

115.37

50.08

Stormwater

Monetary
Benefit

s

s

$

$

$

$

s

$

$

$

s

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

s

29. 92

26.40

39.26

18.77

32.27

36.38

50.06

53. 42

26. 99

44. 44

27.57

31.10

2. 70

36.95

0.48

40.41

42.71

1.96

31.10

48.37

5. 13

5.67

7.26

23.46

26.40

3S.79

6.20

?
(^ ^

il
IS
2T70.55

2444.35

3634. 79

1737.63

2988. 01

3368.14

463477

4946.06

2498.71

4114.76

2553. 08

2879. 28

250.36

3421.47

44.02

3741. 45

3954. 77

181.58

2879. 28

4479. 12

475.37

524.62

672.38

2172.54

2444. 35

3314.21

573.87

Property
Value Total

$

$

s

$

s

s

s

$

s

$

s

$

s

$

s

$

$

s

s

$

$

$

$

s

$

$

$

41.51

41.37

37.12

37. 93

41.33

40.73

35.22

38.62

41.63

30.61

41.69

41.42

33. 14

40.01

33.72

35.67

32.78

33.33

41.42

33. 52

33.33

33.42

33.69

40.04

41.37

41. 0G

33.51

$

$

$

s

s

$

$

s

$

$

s

s

$

s

$

s

$

s

5

s

s

s

s

s

s

s

$

Energy
Savings

10.69

9.45

14. 50

7.30

11.56

13.11

20.44

22.54

9. 61

17.00

9.81

11.12

1.57

13.39

0.24

15.06

16.17

1.13

11. 12

19.39

2.S5

2.74

3.29

8. 62

9.45

12.87

2. 92

Energy
Saved

(kWh)

168.02

14S. 53

228.03

114.71

18176

206.19

32140

354.38

151.13

267.35

154.28

174.89

24.76

210.56

3.75

236.77

254. 24

1775

174.89

304.90

40. 16

43.07

51.80

135.52

148.53

202.36

45. 98

Natural Gas

Savings

s

$

$

$

$

s

$

s

s

$

$

s

$

$

$

$

$

$

$

s

s

s

s

s

$

s

s

13.09

11.09

16.11

10.13

13.78

15.00

20.80

22.44

12.24

18. 11

12.41

13.44

3.20

15. 22

0.33

16.55

17.44

2.24

13.44

19.98

4. 89

5. 17

6. 02

11.34

12.09

14. 81

5.<6

s -x
£ E

u

£^

14.44

13.34

17.77

11.17

15.20

16.55

22.94

24.75

13.50

19.97

13. 69

14.82

3.53

16. 79

0.36

18.26

19. 24

2.47

14.82

22.04

5.40

5.71

6.64

12. 51

13.34

16.34

6.02

s

$

$

$

s

s

$

$

i

s

$

s

$

$

$

s

$

s

$

s

$

$

$

s

$

$

$

Air Quality
Monetary

Benefit

4.49

3.71

6.69

2. 18

5.04

5. 99

9. 48

10.42

3.82

7.94

3.95

4.77

0.30

6.13

0. 03

6.96

7.52

0.21

4.77

9.02

O.S2

0.56

0.69

3. 12

3.71

5.85

0.60

II
£ &

2.23

1.86

3.28

1. 14

2.49

2.94

4.64

5. 09

1.91

3. 88

1.97

2.36

0. 17

3.01

0.02

3.41

3.68

0. 12

2.36

4.41

0.29

0. 31

0.38

1.58

1.86

2. 88

0.33

$

$

$

$

$

$

$

s

$

s

$

$

s

$

$

s

s

s

s

$

$

$

$

$

$

$

$

Carbon

Monetary

Benefit

4.53

4. 24

5.05

3.39

4.71

5.00

5.95

6.49

4.31

5.12

fl.36

4.62

0.75

5.01

0.19

5.06

5. 10

0.56

4. 62

5.68

1.21

1.30

1.58

3.91

4. 24

4.98

1.40

w

I
u

604.52

565.41

672.88

452. 02

628.06

667.26

793. 88

865.76

574.13

682.98

580.98

616.29

99.62

668.39

24.88

675.12

679.62

74.71

616.29

757. 94

161.43

173.75

210.72

521.80

S65.41

663.38

186.07

II
m QJ
LJ t7)

299.22

290.14

275. 76

229.66

301.67

303.37

254.41

275. 89

294.79

226. 06

296.78

300.44

49.00

297.85

18.09

264.72

242.63

38.70

300.44

243.66

79.86

86.44

106.18

266.88

290.14

3Q5. 34

93.02

<

s

s s.

370.50

327. 52

502.84

252.95

400.79

454.67

708.71

781.45

333. 2G

589.53

340.21

385.65

54.59

464.31

8.26

522.10

560.63

39.15

385. 65

672.35

88. 55

94.97

114. 23

298.84

327.52

446.23

101. 39



S:l
"'SIS!

;i'§'°';s!i"?lSS|?S S'
i"°|^;l-i^^l^i f

;3iiliiilltl tl
il!^;^ lil. ll
:IIS ^^^^^'j

lilIlli!jHji!if
3 , ? 3 "-'"! s'S's s\ 3

.̂ !sl
'. s. 's

s s
s s

S'SiS S
§iB;§ t

I lllllllill
;S s ;§ ;S 3 1s 's [s

s1

:»!» ;F , »-,.

§'§'§'

s^ s s

l?, ?;i?^?^ - l?'i ?.
Ill i- Is i

i'^ii &1

S S :S K ;S !s is 's :s ;S
S iK S JS . ;S 's

I 1 il [I I II II IB i5 's s ;§ Is
s ' ;11 II

Tree ID

^ Condition

IK jK

I?;?
s ;y 's is 's 's .^

ir?ii.?li;?!M

;<A . W tA tA ^ , in. :-tn. ?<ft :-tA ;

la
;?iS
;S jS

ss 's :ss ;s 's
;3! |fi 'S iSS [K

!"
;i3

, V>. <V> ]W 'W- .W- s-tA ;W ,-W- 1-W-

js '. 's

is ^
!^ ^
i.

; i
. s ^ ii

^ 1s is
.SSJS ^
'V> V> ;V).

I

!s ̂  Is
1-> i-^1

;i 11 js I
a 's is is 's

. V> jV> V> -V). V> ';,v>

u , ui Ln ;u>

B , y 's ;® I |S

i£ ̂  Is iS j^ ̂ !s ̂  iS 1^
!l"r;-f'";"r
St
S!
<A

^
is

I

p

's

°

;§
,s
<A

ii

[S

p

^

!§
!

!3!

i

:s

0

*J

il

\s
!s
:-tA

?!
S!

.t^

;" '"
;y iss

w ^
. K IS!

)

^

p
>J

p

s

i

I
;<^

i£

^

,§

il

i"
i 58
!<A

ii

15
r

's

1

i

is

:1
i

'-f-i

.EB

^

s
g

i

s

^

B
£

j

Is

.»J

5

T

!S

!i

1§

!5

II

's

^ ;2 ;ES ;S :G ;GIES:S .»

;1 I 'III ;r|l|i

i2 |K ;S ;S iS :i! JS S ;g
;!8 'S ,S ['S IS S iS S 3

!"
i<A <n- !<A :<A <A -tA i<ft -in- ..tn-

I

Irll
^ :3 S ,S

1 ;1 I II

Canopy Width (m)

DBH(cm)

Status

-j ip |p ,^ s ;s
3 ;S !S , S S :E2 |iB \S

i" 'y !"> !°' ;FIS is ^ |s !a ;s

<n- . Vf- <n J-tA <w

y ;K . s i;

I il I jl
3

^. s- s

.^ ??

'.^ ;P ;ISJ :S ItU ^ !oa .m
'S ;S :£ :s ;§ S II 's ;|

;8S ;3! !£ JS :'3 'S K ;ii
i-lft -V> .. IA JU1. ;-tn. -W- \. 'W- W- s-tA

IS . » ji
S [g JK

,;s :-s ^s
W- . -W- J-IA

s 'S ^ is
s is ^ I?
:K 'S S JS,
v>. :ift ;in. .-u*. .IA

Runoff Prevention

S (Gallons)

S ;K ^S

:</» i<n. '<A !-v». iv». :</>. ;.(/>. :<ft v»-

jtu "^ ;i-i ;i^ ihj M i-fh ; tu ;ui

ig! S ^ ;g i§ , !!!ig;ti ^
I 1

}<u ^ 1p> ;^ i
I? :!- " e. IF '? !u Is iis

iSi

's il^

is 's is

^1 ;U1 ^
K ^ S

° :f |K !? :1" !~' !?> ;?
:K 'S \5 !£ :S ;°3 i!i! 'S!

I- -1-
'S g i]£ , S iSS . 'S '. 'S 'S :S

L ... L ;.. L -L'- L
, u a jMip ojp.
S S iS iK !S 'S . 'S, :!

,-trt. :<n. tft ;</>. ;V^ <n. ;Vt -tA V>

's Is
L. L-.
f<ft iV). .lift

I ;
I

iffi iS 1|
"& -s

)ui . CT» J
.).

I i :

i? ^ i*-i
'£ 'i3 |G

;y 's  

^ 'i i^
itn. ;<A ;<ft

jl I II
L ..

i" ;^ !°
;S 'S !S

s iS '2 |5
'S )E 'S :3

K j?
S ]Si

s
.

S s ?

. ^ !%i

s ;" s !s
|S3 'S

I

Is -a

^ ite
r , <A fVl.

!2 \S 'f, 'S |3 J3 |iS :S \S ^ IS 15 p A »p :{-* ^i-> ;»->
;b! :g ;°I jS :S JiS \6 . S 'S IS S |S s |i

Heat Preventions

3=0
lit
".35

Pollutants

Removed (Ib)

15
" ^

I
I
e»

I

^ "s .»- s :y K 's ;s ^ ^ ,s
;h3 ;?i |F* u» ;ui :l0 'o 'S ;&

;S ;SS ;b! Q ,8; :§ :s :s is :b! ig
;1 -5 'S 1^ f:^l '3

<^

Ig ^ IK s js! 's \s
'S ;b! S IS

Carbon Stored (Ib)

1s:Gis:31sis ;1
a:s s

! ' '
'a s p; s j5 -I ia [s :|;s
. S ^S S g :? !S! ig :s :y -a ;i

11S . K ^ :S ;S 3 'S . S S
^ 'S ,5 'S :K 'S iS , g :S

;s s s ,9 . y 's | 's
i»! u ^ !& " ;° «« "t

|S ;N JS
Sg "S ;S

I ^ 8 ;S
'S 'S 6 , !S

!i ^ ;s s :a s i§

Carbon

S Sequestered (Ib)
^

Carbon Avoided

i cb)



Memorandum: Characterization & Design Criteria Parksvllle Community Park SWMMP

2956

2955

2954

2953

2952

2951

2950

2949

2948

2947

2946

2945

2944

2943
2942
2941

2940
2939

2938

2937

Common

Name

Maple

Douglas Fir

Western Red
Cedar

Douglas Fir

Western Red
Cedar

Douglas Fir

Sweetgum

Atlas Cedar

Atlas Cedar

Golden Desert

Ash

Atlas Cedar

Western Red
Cedar

Dogwrood sp

LMteleaf Linden

Oak sp

Red Maple

Red Maple

Red Maple

Maple

Catalpa (Indian
Bean Tree)

Douglas Fir2936

2935 London Plane

2934

2933

2932

2931

2930

2929

2927

2926

2925

London Plane

Larch sp

Tulip Tree

Oak sp

Pacific silver
(Amabllls) flr

Spruce sp

Empress Tree

Red Maple

Douglas Fir

Latin Name

Acer sp

Pseudotsuga
menziesil

Thuja plicata

Pseudotsuga
menziesii

Thuja plicata

Pseudatsuga
menziesii
Liquids mbar
syraciflua

Cedrus atlantica

Cedrus atlantica

Fraxinus

excelsior 'Golden
Desert'

Cedrusatlantica

Thuja pllcata

Comus sp

Tilia cordata

Quercus sp

Acer rubrum

Acer rubrum

Acer rubrum

Acer sp

Catalpa
bignonioides
Pseudotsuga
menziesii

Platanus x

acerifolia

Platan us x

acerifolia

Larix sp

Liriodendron

tullplfera

Quercus sp

Abies ama bills

Picea sp

Paulownia
tomentosa

Acer rubrum

Pseudotsuga

49.321389

49.3214921

49.32MS19

49.321396

49. 32134

49. 3212771

49.3211844

49.3212246

49. 3212054

49. 3213435

49.3212993

49.3211197

49. 3ZI23S6

49.321431

49.321367

49.3212935

49.3213722

49. 3214614

49.3216419

49.3215282

49.3215466

<9.321617

49. 321589

M. 3216852

49. 3217228

49.321S006

49.32U509

49.3217268

49. 3216936

49.3217478

49.3217653

Longitude u
-124.3107029 Excellent

-124. 3106627 Good

.124. 3105621 Good

-124. 3105232 Fair

-124. 3105594 Good

-124.3106734 Fair

-124. 3106587 Excellent

.124. 3107914 Excellent

-124. 3109456 Excellent

-124. 310838 Good

-124. 3110368 Excellent

-124. 3112662 Good

-124. 3112917 Excellent

.124.3110172 6ood

.124.3111973 Excellent

-124. 3113917 Excellent

-12U1U118 Excellent

-124. 31U078 Excellent

-124.3114315 Sood

-124. 3111486 Good

-124. 3108722 Good

-124. 3104736 Excellent

-124. 3107009 Excellent

-124. 3108 Excellent

-124. 3109415 Good

-124. 3109877 Good

-124.3111134 Good
.124. 311061 Good

-124. 3113654 Good

.124.3114452 Excellent

-124. 3113279 Excellent

E

5
-0

s
s:
0

E
s

3

15

9

12

9

15

10

10

10

3

11

13

4

6

3

8

6

6

7

8

14

16

15

9

8

8

8

2

11

9

£
.a y

i I
Q Ln

13 Alive

88 Alive

64 Alive

80 Alive

67 Alive

90 Alre

31 Alive

37 Alive

29 Allue

5 Alive

32 Alive

81 Alive

5 Alive

17 Alive

15 Alive

13 Alive

14 Alive

15 Alive

19 Alive

20 Alive

94 Alhe

73 Alive

60 Alive

40 Ali«e

35 Alive

41 Alive

27 Alh/e

ID Alive

46 Aliua

26 Alhie

?

$

$

s

s

$

$

s

$

s

$

s

s

$

?

s

$

s

$

$

$

s

s

$

$

$

$

$

$

s

Overall

Monetary
Benefit

45.18

131.98

110. 92

121.72

114.25

135. 97

68.59

76.94

65. 81

36.09

69. 98

122.22

36. 09

50.08

47.63

45. 18

46.41

47. 63

52.53

53.76

143.95

118. 22

106. 47

81.04

74.16

82.39

63.03

41.67

89. 15

61.63

Stormwater

s

$

$

$

$

$

s

$

?

s

s

$

$

s

$

s

$

s

s

s

s

s

$

$

s

$

$

$

$

$

Monetary
Benefit

4.07

47.25

33.44

42.71

35.21

48.37

14.08

17.59

12.91

0.85

14.67

43. 29

0.85

6.20

5. 13

4.07

4.60

5.13

7.26

7.79

S0.62

38.68

31.10

19. 35

16. 42

19.94

11.74

2.70

22.88

11.15

.1
s
£
d; "^

c11
II

376. 87

4375.36

309B74

3954.77

3259.84

4479.12

1303. 79

1629. 07

1195.36

78. 41

1358.00

4008.10

78.41

573. 87

475.37

37G.87

426.12

475.37

672.38

721.63

4686. 65

3581.16

2879.28

1792.00

1520.65

1846.36

1086. 93

250.36

2118.17

1032.72

Property
Value Total

5

$

s

$

$

$

$

$

$

$

$

$

$

$

$

s

$

$

$

s

$

s

s

$

$

$

$

$

s

s

33. 14

32. 39

41. 24

32.78

41. 11

33.52

3S.99

37.43

35.51

33.62

36.23

32.05

33.62

33.51

33.33

33. 14

33.23

33.33

33.69

33.78

35.79

37. 84

41.42

38.19

36.95

38.46

35.03

33.14

39. 78

34.79

$

$

$

$

$

$

s

s

$

$

s

s

s

$

s

s

$

$

$

$

$

$

s

$

$

$

$

$

$

$

Energy
Savings

2.18

18.69

12.00

16.17

12.65

19.39

5.69

6. 92

5.27

0.46

5.89

16.45

0.46

2.92

2. S5

2.18

2. 37

2.55

3.29

3.48

20.79

14.22

11.12

7. 46

6.51

7.63

4.86

1.57

8.45

4.66

Energy
Saved
(kWh)

34.33

293.91

188.63

254.24

198.93

304.90

89.39

10S. 81

82.92

7. 25

92.63

258.61

7.25

45.98

40.16

34.33

37.24

40.16

51.80

54. 71

326.89

223.66

174.89

117.31

102. 34

119.92

76.44

24.76

132.92

73. 20

Natural Gas

$

$

$

$

s

$

s

$

$

s

$

$

s

$

s

$

s

$

s

$

$

s

$

$

$

$

s

s

$

$

Savings

4.33

19. 43

14.12

17.44

14. 64

19.98

8.65

9.79

8. 27

0.80

8.84

17.66

0.80

5.46

4.89

4.33

4.61

4.89

6.02

6.30

21.07

15.89

13. 44

10.28

9.41

10.43

7.89

3. 20

11.19

7.70

.1
"£

S -s?
n: E

2
u £
x t

4.78 S

21.44 $

15.58 $

19. 24 $

16.15 $

22.04 $

9.54 $

10. 79 $

9.12 $

0.89 $

9.75 $

19. 48 $

0.89 $

6.02 S

5.40 $

4.78 $

5.09 S

5.40 $

6. 64 $

6.95 S

23.25 $

17.53 $

14.82 S

11. 34 $

10.38 S

11.51 $

8.70 $

3.53 $

12. 34 $

8.49 S

Air Quality
Monetary

Benefit

0.43

8.71

5. 31

7.52

5.72

9.02

1.51

1. 99

1.35

0. 08

1.59

7.66

0.08

0, 60

0.52

0.43

0.47

0.52

0.69

0.73

9.64

6.55

4.77

2. 30

1. 83

2.41

1. 19

0.30

3.00

1. 11

J3

.o

£ S
's s
0 OJ
d. or

0.24

4. 26

2. 62

3.68

2.81

4. 41

0.80

1.04

0. 72

0.04

0. 84

3.75

0. 04

0.33

0.29

0.24

0.26

0. 29

a.38

0.40

4.71

3.21

2.36

1.19

0.96

1. 25

0. 64

0. 17

1.52

0.60

$

$

$

s

$

s

$

$

$

$

s

$

$

$

$

$

s

s

s

$

s

$

s

$

$

s

$

$

s

$

Carbon

Monetary
Benefit

1.03

5.50

4.80

5. 10

4.93

5.68

2.68

3.23

2.50

0.28

2.77

5. 11

0.28

1.40

1.21

1.03

l.U

1.21

1. 58

1.67

6.04

5. 04

4.62

3.46

3.05

3.52

2.32

0. 75

3.85

2.22

T3
a

0

un
c
a

J3

.
ro
u

136. 78

733.98

639.84

679.62

657.49

757.S4

3S7.57

430. 75

333. 17

37. 33

369.77

680.74

37.33

186.07

161.43

136.78

149.10

161.43

210.72

223.04

805.86

671.76

616.29

460. 74

406. 36

4G9.47

308.78

99.62

513.07

296.58

^

's
s

s s
.s §.

(U
U w

66.70

236.50

302.89

242.63

304.72

243. 66

181. 73

218.70

169.41

23. 24

187.89

237.11

23.24

93. 02

79.86

66.70

73.28

79. 86

10618

112.76

257. 99

281.28

300.44

234.31

206.38

238.97

157. 09

49.00

262.23

150.93

T3
-u
-0
°

&

I
J3

ro j3
u ^-

75.71

648. 10

415.94

560.63

438. 6G

672.35

197.11

239.94

182.84

15.98

204. 25

570.26

15.98

101.39

88.55

75. 71

82.13

88. 55

114.23

120. 65

720. 84

493.20

385.65

258.69

225.67

264.43

168.56

S4.S9

293.11

161.42

672.38 $ 33.69 S 51.80 S 6. 64 $ 0. 38 $



Memorandum: Chararteriiatlon & Design Criteria Parksvllle Community Park SWMMP

Red Maple

Douglas Fir

Douglas Fir

Red Maple

Douglas Fir

Douglas Fir

Douglas Fir

Longitude u

-124. 3113996 Excellent

.124. 3113426 Good

.124.3114539 Excellent

-124. 3113674 Fair

-124. 3114849 Good

-124. 311444 Excellent

8

7

s

E

3
3: 5
co ro
Q m

21 Alive

26 Alive

19 Alive

s

s

;s

Overall

Monetary
Benefit

54.99

G1.63

52.53

Stormwater

Monetary
Benefit

i$ 8.33
$ 11.15 i

$ 7. 26

OL -^
a: E
II

.
i_l_

770. 88

1032.72

672. 38

$

$

s

Property
Value Total

33. 87

34.79

33. 69

!$

.
?_

.$

Energy
Savings

3.66

4 66 ^
3.29

Energy
Saved

(kWh)

57.63

73. 20

51.80

Natural Gas

$

$

$

Savings

6.58

7.70

6.02

aj

D-

(U
±

E

I
t-

7. 26

8.49

6.64

$

s

$

Air Quality
Monetary

Benefit

0.78

1.11

0.69

s
ro
3

s

I
B
&

0.43

0.60

0.38

$

$

s

Carbon

Monetary
Benefit

1.77

2.22

1.58

t^l

g
J3

i3

235. 36

296.58

210. 72

01
C "1
0 (U11
i3 S

119.34

150. 93

106. 18

<

5
£

s £-

127. 07

161. 42

114. 23

4582.89 $ 34. 65 : $ 315. 90 $

14

4

83 Alive

10 Alive

169.13

41.67

44. 44

2.70

4114.76

250.36

-124. 3114728 Excellent

-124. 3114574 Good

5

11

ll. Allve

78 Alive

$ 42.78

$ 120.72

3.08

41.56

284.76

3848.11

76.52

33.14

33. 04

34. 22

17.00

1.57

267. 35

24.76

28.26

245.50

18. 11

3.20

?_ - ^."..

$ 17.00

22.64 $

19.97 $

3,53 $

4.06 $

18.75 S

7.94

0.30

0.34

7.24

4.56 $

3.88 S

0.17 $

0.19 $

3.55 S

5.12

0.75

0.84

5.08

682.98

99. 62

112.08

677.37

226.06

49.00

54. 16

253.67

589. 53

54.59

62.31

541.37

-124.31U299 Excellent

-12fl. 31123U Good

11

10.

75 Alive

39 Alive

$ 119.22

S 79.69

39.83

18.77

3688.12;

1737. 63

S 36. 39

$ 37. 93

14.78

7.30

232.40

114.71

$ 16.33

S 10.13

18.02 $ 6.83

11. 17 $ 2. 18

. 33S-S-
1.14 S

S.06

3.39

674. 00

452.02

270.24

229.66

512.47

252.95

; -124. 3111585 Excellent

-124.3U041 Fair

-124. 3110059 Fair

10

9

8

25Allve

52 Alive

66 Alive

. S 60.24

$ 97.25

$ 113. 14

i S 10. 57

$ 26.40

S 34.62

978.51

2444.35

320S.48

S 34.55

$ 41.37

S 41. 15

-124.3110733 Excellent

.124. 3109402 Excellent

-124. 3109324 Good

6

4

10

18. Alive

12 Alive

75 Alive

S 51.31

S 43. 96

$ 119.22

$ 6.73

$ 3.54

S 39.83

623.13

327.62

3688. 12

S 33.60

$ 33.05

$ 36. 39

4.45

9.45

12. 43

69. 97

14S.53

195. 49

S_ _ . 7.51
$ 12.09

S 14.47

8.29 $ 1.03

13. 34 $ 3.71

15.96 S 5.58

0.56 S

1.86 $

2-75. S_

2.13

4.24

4.89

284.38

565. 41

651.61

144.77

290.14

304.11

154.29'

327.52

431.09

3.11

2.00

14.78

48.89

31.42

232.40

$ 5.74

$ 4.05

S 16.33

6. 33 S 0.65

4.46 $ 0.39

18.02 S 6.83

0.36 $

0. 22 S

3.35 S

1.49

0.93

5. 06

-124J109168 Fair

-124. 31091S7 Fair

63 Alive

74 Alive

S 109.80

S 118. 72

32.86

39.26

3042.38

3G34.79

41.29

37. 12

11.78

14. 50

185.19

228. 03

$ 13.95

S 16.11
.
1"SA.
17.77 $

?. ".
6.69

2-S5.:A.
3. 28 $

4.75

5.05

198. 39

124.46

674.00

633. 95-

672.88

99.60

60. 12

270.24

302.2B

275.76

107.81

69.29

512.47

408.37

502.84

-124,3109177 Good__15 107 Alive . S__132,55 S 53.45_4949,17$ WS2^ 22.46 353.15 S 22.34 24.64$ 10.41 5.09$ 5.38
2904

2903

2902

2901

2900

2899

2898

2897

2896

2895

Giant Sequoia

White Pine

Douglas Fir

Mountain Ash

Douglas Fir

Western Red
Cedar

Douglas Fir

Douglas Fir

Cedrus atlantlca 49.3221221

Sequoiadendron
giganteum

Pinus strobus

Pseudotsuga
menziesii

Sorbus aucuparla 49. 3220671

Pseudotsuga
menziesii

49. 3220595

49. 322057G

49.32206G3

-124. 3109646 Excellent

-124. 311033 Excellent

-124. 3111691 Excellent

-124. 3112774 Excellent

17 Alive

18 Ali«e

34 Alive

27:Allve

$ 50. 08

S 51.31

6.20

6.73

573.87

623. 13

S 33.51

$ 33. 60

2. 92

3.11

45.98

48.89

S.<6

5.74

6.02 S 0.60

6. 33 $ 0.65

0.33 $

0.36 S

72.77

63. 03

S 15.84

$ 11. 74

1466.43

1086.93

$ 36.71

$ 35.03

99. 10

76.44

Thuja pllcata

Pseudotsuga
menziesii

Pseudotsuga
menziesii

49.3221091

49,3221117

49. 3221178

49.3221563

-124. 3114194 Fair

-i2<. 3iu8i9 Excellent

.124.3115053 Good

-U4.3I15006 Excellent

-124. 3114597 Fair

-124. 3114202 Fair

13

4

7

9

13

13

30 Alive

7 Alive

45 Alive

53 Alive

63 Alive

52. Alive

67.20

38.32

87.79

98.60

109.80

97.25

13.50

1.59

22. 29

26.93

32.86

26.40

1249. 58

147.19:

2063.81

2498.71

3042.38

2444.35

35.75

33.43

39.51

41.63

41. 29

41.37

5.4S

0.91

8. 29

9.61

11.78

9.45

86.15

14. 25

130.32

151. 13

185.19

148.53

9. 22

7.89

8.46

1.76

11.04

12.24

13. 95

12.09 .

10.17 $

8.70 S

9.33 $

1.95 $

12.17 $

13.50 $

15. 39 $

13. 34 $

1.7S

1. 19

1.43

0.17

2.88

3.82

5.17

3.71

0.92 $

0.64 S

0.76 S

0.09 $

1. 47 S

1-91±

2.55 S

1.86:. $

1. 40

1.0

2.96

2.32

2.59

0.47

3.78

4.31

4.75

4.24

186. 07

198.39,

394.16

308. 78

345.37

62.25

504.35

"I-"

633.95

565.41

93. D2

99.60

200.21

157.09

175.57

33. 55

257. 57

294.79

302.28

290.14

101.39

107.81

218. 53

168.56

189.98

31.42

287.37

333. 26

408.37

327.S2
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Memorandum: Characteriiatlon & Design Criteria Parksvllle Community Park SWMMP

S Common

i- Name

2832 Cherry sp

2831 Cherry sp

2830 Cherry sp

2829 Cherry sp

2827 Cherry sp

2826 Cherry sp

2825 Douglas Fir

2824 Norway Maple

2823 Norway Maple

2822 Norway Maple

28Z1 Norway Maple

2820 Mountain Ash

2819 Mountain Ash

Fastlglate
English Oak
Fastlglate
English Oak
Fastigiate
English Oak
Fastlglate
English Oak
Fastlgiate
English Oak

2812 Douglas Fir

2811 Norway Maple

2810 Norway Maple

2809 Norway Maple

2808 Norway Maple

2807 Douglas Fir

2806 Douglas Fir

^g European
Hornbeam

2804 White Pine

2803 Douglas Fir

2802 Arbutus

2801 Black Locust

2818

2816

2815

2814

2813

Latin Name

Frunus sp
(cherry)
Prunus sp
(cherry)
Prunus sp

(cherry)
Prunus sp
(cherr/)

Prunus sp
(cherry)
Prunus sp
(cherry)
Pseud otsuga
menziesii

Acer platanoides

Acer platanoides

Acer ptatanofdes

Acer platanoides

Sorbus aucuparia

Sorbus aucuparia

Quercus robur
.Fastigiata'
Quercusrobur
.Fastiglata'
Quercus robur
'Fastlglata'
Quercus robur

'Fastigiata'
Quercus robur
'Faalglata'
Pseudotsuga
menzlesii

Acer platanoides

Acer platanoides

Acer plata noides

Acer platanoides

Pseud o^suga
menzlesii
Pseudotsuga
menziesii

Carpinusbetulus

Pinusstrobus

Pseudortsuga
menzfesii
Arbutus
menziesii

Robinia sp

Latitude

49. 3221794

49.3221732

49. 3222244

49.3222419

49.3222533

49 3222577

49,3222513

49.3222

49, 3221798

49.3220409

49, 3220889

49.3221265

49. 3220879

49.3221421

49.3221141

49. 3221176

49.3221281

0.3221485

49.3221083

49.3221992

49. 3222124

49.3222298

49. 322243

49.3225531

49. 3225479

49.3225146

49. 32Z549B

49.3226458

<9.3227075

49. 322753

.a

g
Longitude u

.124. 3073374 Good

-124. 3072442 Good

-124. 3072382 Fair

-124. 3073301 Good

-I24. 30741S6 Good

-124. 3075085 Good

-124.307G431 Excellent

-12U0781G2 Excellent

-124. 307912 Excellent

-124. 3079167 Good

-124. 30792G8 Excellent

-124. 307957 Fair

-124.3060997 Fair

-124. 3081808 Good

.124.3084008 Good

-124. 308498 Good

-124. 3086073 Good

-124. 3087087 Good

.124. 3088354 Fair

-124. 3090158 Excellent

.124. 3091251 GOOd

-124.309233 Excellent

-124. 3093195 Good

-12<.3113478 Good

-124. 3113974 Fair

-12131U027 Poor

-124. 3115134 Good

.124. 311451 Good

-124. 3115195 Good

-124.3114084 Fair

a

I
3

9

9

8

9

6

7

14

10

10

9

8

5

2

2

4

4

3

3

12

8

8

7

6

13

7

4

5

8

16

4

s. 3
cd !^
Q LO

36 Alive

48 Allva

34 Alive

33 Alive

28 Aim

19 Alive

91 Alive

33 Alive

40 Alive

33 Alive

30 Alive

22 Alive

4 Alive

11 Alive

24 Alive

20 Albe

20 Alive

17 Alive

72 Allue

33 Alive

30 Alive

30 Alive

29 Alive

75 Alhie

54 Alive

6 Ali»e

18 Alive

75 Alive

49 Alive

9 Alive

$

$

$

$

$

s

s

$

s

$

$

s

$

$

s

s

$

s

s

$

s

$

$

s

$

?

$

s

{

s

Overall

Monetary

Benefit

75.55

91.85

72. 77

71.38

64.42

52.53

137.96

71.38

81.04

71.38

67.20

56. 21

34.98

42.78

58.85

53.76

53.76

50. 08

117.72

71.38

67. 20

67. 20

65.81

119.22

99.79

37.21

51.31

119.22

93.20

40. 55

Stormwater

$

$

$

s

$

$

s

$

$

s

$

$

$

s

$

s

s

$

$

s

$

s

s

$

$

$

$

$

$

$

Monetary
Benefit

17. 01

24.05

15.84

15. 25

12.32

7.26

48.93

1S.2S

19.35

15.25

13.50

8.86

0.48

3.08

9.98

7.79

7.79

6.20

38.10

15.25

13.50

13.50

12.91

39.83

27.57

1.22

6.73

39.83

24.64

2.33

Q- 'tfl"
c

i§ I
C ~m

I".
1574.86

2226.90

1466.43

1412.22

1141-15

672.38

4531. 00

1412.22

1792.00

1412.22

1249.58

820.13

44. 02

284.76

924.29

721.63

721.63

57387

3528.13

1412.22

1249.58

1249.58

1195. 36

3688.12

Z553. 08

112.80

623.13

3688.12

2281.26

215.97

s

s

$

$

$

s

$

$

$

$

$

$

$

$

$

s

$

$

$

$

s

$

$

$

$

$

s

s

s

$

Property
Value Total

37.19

40.31

36. 71

36.47

35.27

33.69

34.09

36.47

38.19

36. 47

35.75

33. 96

33.72

33.04

34.31

33.78

33.78

33.51

38.56

36.47

35.75

35.75

35.51

36.39

41.69

33.53

33.60

36.39

40.57

33.24

s

$

$

$

$

s

$

$

$

?

$

$

$

$

$

$

s

$

$

$

$

$

$

s

$

?

$

$

s

s

Energy
Savings

6.71

8.78

6.30

6.10

5.07

3.29

19.74

6. 10

7.46

6. 10

5.48

3.85

0.24

1.80

4. 24

3.48

3.48

2.92

13.95

6. 10

5. 48

5.48

5.27

14.78

9.81

0.68

3. 11

14.78

8.95

1.35

Energy
Saved

(kWh)

105.57

138.12

99.10

9S.86

79.68

51.80

310.40

95.86

117. 31

95.86

86.15

60.54

3.75

28. 26

66.73

54. 71

54. 71

45. 98

219.29

95.86

86.15

8615

82.92

232.40

154.28

10. 75

48.89

232.40

1<0.72

21 2S

Natural Gas

$

$

$

$

5

s

$

s

s

$

5

$

s

$

$

$

s

$

$

$

$

s

$

$

$

$

$

$

s

$

Savings

9.60

11.49

9.22

9.03

8.08

6. 02

20. 25

9.03

10.28

9.03

8.46

6.86

0.33

3.68

7.32

6. 30

6.30

5.46

15.67

9.03

8.46

8. 46

8.27

16.33

12. 41

1. 28

5.74

16.33

11.64

2.72

Q:

I!
10.58 $

12. 67 $

10.17 $

9.96 $

8.91 $

6.64 S

22.34 S

9.96 $

11.34 $

9. 96 $

9.33 S

7.57 S
0.36 $

4.06 $

8.08 S

6.95 S

6.95 $

6.02 $

17.28 $

S.96 S
9.33 $
9.33 S

9. 12 S

18.02 $

13.69 $

1.42 $

6.33 S

18.02 $

12. 84 $

3.00 $

Carbon

Benefit
ary
:it

1.91

3. 24

1.75

1.67

1.27

0.69

9. 17

1.67

2.30

1.67

1.43

0.82

0.03

0.34

0.95

0.73

0.73

0.60

6. 41

1. 67

1.43

1.43

1.35

6. 83

3.95

0.12

0.65

£ S.

1.00 $

1.64 J

0.92 $

0. 88 S

0.68 S

0.38 $

4.49 S

0.88 $

1. 15 $

0.88 S

0.76 $

0.45 $

0.02 $

0. 19 $

0.52 S

o.w S

0.40 $

0. 33 $

3. 14 S

0. 88 $

0.76 $

0.76 S

0.72 $

3. 35 $

1.97 S

0. 07 $

0.36 S

Monetary
Benefit

3. 14

3.98

2.96

2.86

2.41

1.58

5.77

2.86

3.46

2.86

2. 59

1.86

0.19

0. 84

2.04

1.67

1.67

140

5.03

2.86

2. 59

2.59

2.50

5.06

4. 36

0.37

1.49

u

418.56

530.52

394.16

381.96

320. 98

210.72

769.92

381.96

460.74

381.96

345.37

247.68

24.88

112.08

272.18

223.04

223. 04

186.07

670.63

381.96

345.37

345.37

333. 17

674.00

S80.98

49.79

198.39

0-
G S',

212.54

271.53

200.21

194.05

163.25

106. 18

247.24

194. 05

234.31

194.05

175.57

125.92

18. 09

54. 16

138.60

112.76

112. 7G

93.02

286.80

19105

175.57

175.57

169. 41

270.24

296.78

28.39

99.60

G .

232.80

304. 58

218. 53

211.39

175.70

114.23

684.47

211. 39

258.69

211. 39

189.98

133.49

8. 26

S2.31

147.15

120.65

120. 65

101.39

483.57

211.39

189.98

189.98

182. 84

512.47

340.21

23.70

107. 81

3.3S

0.26

3. 35 $

1.69 S

0.14 S

4.04

0. 65

539. 24

87.16

276.18

43.85

310. 31

46.87



Memorandum: Characterliatlon & Design Criteria Paiksvllle Community Park SWMMP

Q

^
a>
h:

2799

2798

2797

2796

2795

2794

2792
2791

2790

2789

2788

2787

2786

2785

2784

2783

1782

2781

2780

2779

2778
2777

2776

2775

2774
2773
2772
2771

2770

2769
2768

2767

Common

Name

Douglas Fir

Douglas Fir

Douglas Fir

Douglas Fir

Oak sp

Cherry sp

Deodar Cedar

Dogwood sp

Giant Sequoia

Spruce sp

Horse Chestnut

Oak sp

Oak sp

Black
Cbttonwood

Oak sp

Blue Atlas Cedar

Maple

Sweetgum

Sweetgum

Maple

Maple

Mapla

Ash sp

Ash sp

Ash sp

Ash sp

Ash sp

Ash sp

Ash sp

Ash sp

Ash sp

Ash sp

Latin Name

Acerrubrum

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesii

Pseudotsuga
menziesll

Quercus sp

Prunus sp

(cherry)
Cedrusdeodara

Cornus sp

Sequoladendron
giganteum

Picea sp

Aesculus
hippocastanum

duercus sp

Q.uercus sp

Populus
trichocarpa

Quercus sp

Cedrus atlantica
'Glauca'

Acer sp

Llquldambar
syraciflua
Liquidambar
syraciflua

Acer sp

Acer sp

Acersp

Fraxlnus sp

Fraxinus sp

Fraxinus sp

Fraxinus sp

Fraxinus sp

Fraxinus sp

Fraxinus sp

Fraxinus sp

Fraxinus sp

Fraxinus sp

Latitude

49. 3227373

49. 3227775

49.3228759

49. 3228567

49.3228357

49.3227TO5

49.3227298

49.3Z35017

;49.3235035

49.3235078

49. 3Z35175

49. 3Z3G454

49.3236839

49.3235772

49.323745

49. 3236594

49.3236821

. 49.3235562

49. 3235388

49.3234848

49.323712

49.3237208

49.3237855

49.3238939

49. 3241526

49. 324212

49.324254

49. 3242872

49. 3243781

49 3245157

49. 3245594

49. 3244563

49.3244772

g

i
Longitud<

-124, 3111496 Excellent

-124.3113145 Fair

-124. 3112623. Good

-124. 3112341 Good

-12UlU952Gpod^ _
-124. 3110315 Excellent

-l24. 3l0t wExcellent

-124. 30978U Excellent

^124,3098409 Good

-124. 3099059 Excellent

-124. 3099857 Excellent

.124. 3099876 Good

. -1Z4. 309S361 Excellent

.124. 3095745 Good

-124. 3094954 Good

-124. 3033432 Excellent

...124,3091306 Good.
-124. 3090998 Good

-124. 3083892 Excellent

-124. 3086905 Good

.124. 3089654 Good

.124. 3087152 Good

-i24.30iiit3i9 Fair

.124. 3089244 Excellent

-i24. 30iiy72i Excellent

-124. 3087635 Good

. -124. 3088922 Good

-124. 3087688 Excellent

-124.3088077 Excellent^
-1Z4. 30B5955 Excellent

-124. 3084681 Excellent

-124. 3085016 Excellent

-124. 3083742 Excellent

§

I
6

16

9

14

8

12

8

4

5

10

6

3

8

10

13

9

6

s

14

6

8

6

7

6

6

5

5

6

6

8

7

7

6

E

S' 3
m ^

.2? Alive "

103 Aim

80 Alive

123 Alive

46 Alive
55 Alive

30 Alive

9 Alive

11 Alhe

139 Alive

32 Alive

11 Alive

26 Alive

29 Alive

78Alive

32 Alive

17 Alive

17 Alive

39Aliue

29 Alive

22 Alive

16 Alive

26 Alive

26 Alive

24AIIVC '

25 Alfae

21AIIVC i

22 Alive

26 Alive

27 Allue

29 Allue

26 Alive

22Alive

$

$

$

$

s_
s

s

$

$

$

s

$

$

$

$

$

s

s

s

$

$

$

$

s

s^
s

$.
$

s

$

s

$

s.

Overall

Monetary
Benefit

57.46

143.38

121.72

112.86

89.15

100.91

67.20

40.55

W.S

ii2.ae

69. 98

42.78

61.63

65.81

120. 72

69.98

50.08

50.08

79.69

65. 81

56.21

48.86

61.G3

61.63

58.85

60.24

54. 99

56.21

61.63

63.03

65.81

61.63

56.21

Stormwater

Monetary
Benefit

.. ?.

s.

.,t

$

;s.
5

's
s

-il.

$

.$

$

- s,
$

_L?
..s

.
!.s.

$

$

$

. A.
s

,s
$

:?..
$

_;$
A
$^

.$
J?

$

_li.

9.40

53.45

42.71

53.45

22.88

28. 16

13.50

2.33

3.08

53.45

14.67

3.08

11. 15

12.91

U-5.6.
14.67

6.20

6.20

18.77

12.91

8.86

5.67

11.15

11.15 ;

9. 98

10.57

8.33

8.86

11.15

11. 74

12.91

11. 15

8.86

s
v

a. ^

il
§5

870.08; $

4949.17 $

Ms4-77' s

4949. 17 $

2118.17 S

260745 $

1249. 58 S

21S. 97 $

284.76 $

4949. 17 $

1358. 00 S

284.76 S

,
1032,72_S
11SS.36 $

3848.11: S

1358.00 S

573. 87 $
573. 87 ;

"..";."

."?7:63.S

1195.36 $

820.13 S

524. G2 $

1032.72 $

1032. 72 $

924. 29 $

978. 51 $

770.88 $

820. 13 $

.
_1°32. 72 S

1086.93 $

1195.36 $

1032.72 $

820.13 S

Property
Value Total

Energy
Savings

34.07 J$..4-c^

28.66

32.78

0.07

39.78

41.65

35. 75

33. 24

33.04

0. 07

36, 23

33. 04

s

!S

$

JS,
$

;$

.s
!J?..

s

J.S.

$

34.'79JA.
35.51

34.22

36.23

_.33. 5.1.
33.51

37.93

35.51

33.96

33.42

34.79

34.79

34.31

34.55

33.87

33. 96

34.79

3S.03

35.51

34.79

33.96

$

$

$

is
$

i$

s

, $.
$

J-s
s

-i?..
$

s

$

-...s.
.s

.s

$

^.s.

22. 51

16.17

^1

8.45

10.03

5.4S

1.35

1.80

22.37

5.89

1.80

4.66

5.27

15.61

5. 89

2.92

2.92

7.30

5. 27

3.85

2.74

4. 66.
4.66

4.24

fl.45

3.66

3.85

4.66

4.86

5.27

4.66

3.85

Energy
Saved Natural Gas

(kWh) Savings
63. 49 $

3S3. 93 $

2S4.Z4 $

351.71 S

132. 92 $

157.71 S

86.15 $

2L25 S

28.26 $

351.71 ;

92.63 $

28.2G $

73.20 S

82.92 S

24S.50 $

92.63 $

45-9S, S..
45.38 S

114.71 $

82.92 S

60.54 S

43.07 $

73. 20 S

73.20 S

66.73 S

69.97 S

S7.63 $

60.54 S

73.20 S

76.44 $

82.S2 $

73. 20 S

60.54: S

-7:".

22.40

17.44

22.23

11.19

12.58

8.46

2.72

3-6?.

22. 23

8.84

3.68

7.70

8. 27

17.00

8.84

5.46

5.46

10.13

8.27

6.86

5. 17

7.70

7.70

7.32

7.51

6.58

G.8G

7.70

7.89

8.27

7.70

6.86

1-?
n: S

II
-.7.8_7^

24.71 $

19. 24 $

24.52 $

- "-34 s
13. 87 $

9;33: S
3.00 $

4.06 $

24.52 5

9. 75 $

4.06 S

.
a^9s
9. 12 S

. 18.75: S
"5.?

6.02 $

6. 02 $

11.17 $^

9. 12 $

7. 57:?
s." ?.
8.49 $

8. 49 $

8. 08 $

8.29 $
7. 26 $

7.57 S
8.49 S

8.70 $

9. 12 $

8.49 $

7.57 S

Air Quality
Monetary

Benefit

0.87

10.42

7. 52

10.40

3.00

4.09

1.43

0.26

0.34

10. 40

1.59

0.34

.
1."
1.35

7.24

1.59

0. 60

0.60

2.18

1.3S

0.82

0.56

1. 11

1. 11

0.95

1.03

0.78

0.82

-.1. 11
1. 19

1.35

1.11

0. 82

!I
s. &

0.48

5.09

3.68'

5. 08

1.52

2.04

0.76,

0. 14

0.19

5. 08

0.84

0.19

0.60

0.72

3.55

0.84

0. 33

0.33

1.14-

0.72

0.45;

0.31

0.60

0.60

0.52

0.56

0.43

0. 45

0.60

0.64

0.72

0.60

0. 45,

A

?

s.

$

.
$.
$

$

?

i.

s

..?.

?.
$_
$

$.
?

$

$

$.

$

?

$

s

$

$

s

1
$

s.
s

.?
$

L

Carbon

Monetary
Benefit

1. 95

5.94

5. 10

4.35

y-5
4.40

2.59

0.65

0.84

4.35

2.77

0.84

2.22

2.50

5.08

2.77

1,40

1.40

3.39

2.50

1.86

1.30

2.22

2.22

2.04

2. 13

1.77

1.86

2.22

2.32

2.50

2.22

1.86

0

t-0

I
<LJ

^ _259.93

792. 17

679.62

579.53

513. 07

586.86

345.37

87.16

112. 08

579.53

369.77

112.08

296.58

333.17

677.37

369.77

186.07

186.07

452.02

333. 17

247.68

173.75

2SG.58

296. 58

272. 18

284.38

235.36

247.68

296.58

308. 78

333. 17

296.58

247.68

<u
Q)

c n
0 <"

11
.3 S',

.
132-.44

i-- "---

204.72

242.63

0.46

262.23

297. 39

175.57

43.85

54, 16

0.46

187. 89

54.16

150.93

169. 41

253. 67

187.89

93.02

93. 02

229.66

169.41

125.92

86.44

150.93

150. 93

138. 60

144.77

119.34

125.92

1S0. 93

157.09

169.41

150.93

125. 92

<g
g

J3

ss

140.01

780.46

560.63

775.5G

293.11

347.78

189.98

46. 87

62.31

775.56

204.25

62.31

161.42

182.84

541.37

204.25

101. 39

101.39

252. 95

182.84

133.49

94. 97

161.42

161.42

147. 15

154. 29

127.07

133.49

161.42

168.56

182.84

161.42

133.49
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w

0

<p.
aj

^

2766

2765

2764

2763

2762

2761

2760

2759

2758

2757

2756

2755
2754

2753

2752

2751

2750

2749

2748

2747

2746
2745

2743

2742

2740

2739

2738

2737
2736

2735

2734

Common

Name

Western
Hemlock
Weaem
Hemlock
Western Red
Cedar
Waste rn
Hemlock

Red Maple

Norway Maple

Oak sp

Paperbark
Maple

Douglas Fir

Fir sp

Dogwood sp

Oak sp

Pin Oak

Japanese
Snowbell

Pink Dawn
Chitalpa

Birch sp

Cypress sp

Hinoki cypress

Oak sp

Oak sp

Oak sp

Japanese
Snowbell

Oak sp

Trembling
Aspen

Norway Maple

Pmk Horse
Chestnut

Littleleaf Linden

Norway Maple

Maple

Norway Maple

Name

Sequoia

sempervirens

Tsuga
heterophylla
Tsuga

heterophylla

Thuja pllcata

Tsuga
heterophylla

Acer rubrum

Acer platanoides

Q.uercus sp

Acergriseum

Pseudotsuga
menziesii

Abies sp

Cornus sp

Quercus sp

Latitude

49. 3226708

49.322816

49.3228501

49. 3Z2934

49.322886

49. 3229579

49.3230147

49.3231G04

49.3232382

49.322796

49.3227086

49.3226347

49.3228323

auercuspalustris 49.3229756

Styraxjaponicus

» Chltalpa
tashkentensis

"pink dawn'

Betula sp

Cupressus sp

Chamaecyparis
obtusa

Quercus sp

Q.uercus sp

Quercus sp

Styraxjaponlcus

Ouercus sp

Populus
tremuloides

Acerplatanoides

Aescutus x
carnea

Tilia cordata

Acer platanoides

Acersp

Acerplatanoides

49. 3231738

49.3231957

49.32344

49.3234277

49. 3233725

49. 3233678

49.3232978

49.3234167

49.3235045

49.323607

49.3237041

49,3238304

49.323542

49. 32344G

49. 3235334

49.3236164

49.3237036

g

1
Longitude u

-i2< 3112676 Excellent

-124.3114981 Good

-124.3114223 Excellent

-124.311376 Excellent

-124.3115111 Excellent

.124. 3114959 Good

-124. 3114G44 Excellent

-124.31U72 Excellent

.124. 3114811 Fair

-124. 3107854 Good

-124. 310754 Good

-124. 3103673 Good

-124.3106315 Good

-124. 3106195 Excallent

-124. 3104224 Excellent

-124.31M673 Good

-124. 3101148 Fair

-124.3101517 Excellent

-124. 3101629 Excellent

Proposed
Site

.124. 3103372 Medium

-124. 310478 Excellent

-124. 3105652 Excellent

-124, 3104149 Excellent

.124. 3103779 Goad

-124.3104661 Good

-124. 310456 Good

-12fl. 3106934 Good

-124. 3114558 Good

-124. 3115571 Excellent

.1243115631 Excellent

-124.3115544 Good

£

I
<3

4

8

8

4

7

6

8

15

4

u

5

5

7

12

5

5

7

4

3

12

10

18

3

12

5

8

11

10

8

5

8

^E

i I
Q LQ

21 Alive

37 AB»e

26 Alive

IS Alive

33 Alive

16 Alive

23 Alive

41 Alive

10 All»e

91 Alive

20 Alive

14 Alive

39 Alive

35 Alive

18 Ali»e

17 Alive

31 Alive

8 Alive

6 Alive

59 Alive

48 Alive

58 Alive

9 Aliue

53 Alive

15 Alive

31 Alive

30 Alive

32 Alive

28 Alive

24 Allue

32 Ali«e

$

s

$

s

$

$

$

s

$

$

s

$

$

$

s

s

$

s

$

s

s

$

$

$

$

s

$

s

s

s

$

Overall
Monetary

Benefit

54. 99

76.94

61.63

47. 63

71. 38

48.86

65.81

82.39

41.67

137. 96

53.76

46.41

79.69

74. 16

51.31

50. G8

68.59

39.44

37. 21

105.36

91.85

104.24

40.55

98.60

47. 63

68.59

67.20

69.98

64.42

58.85

69.98

Stormwater

s

s

s

s

$

$

s

s

$

$

$

$

s

$

$

s

$

$

$

?

$

s

$

s

s

$

$

$

$

s

?

Monetary
Benefit

8.33

17.59

11.15

5. 13

15. 25

5. 67

12.91

19.94

2.70

48.93

7.79

4. 60

18.77

16. 42

6.73

6.20

14.08

1.96

1.22

30. 51

24.05

29.92

2.33

26. 99

S.13

14.08

13. 50

14.67

12. 32

9. 98

14.67

a»
a. '7^

c

il
3 "

770.88

1629.07

1032.72

475.37

1412.22

524.62

1195. 36

1846.36

250. 36

4531.00

721.63

426. 12

1737.63

1520.65

623.13

573.87

1303.79

181.58

112.80

2824.91

2226.90

2770.55

215.97

2498. 71

475.37

1303.79

1249.58

1358.00

1141.15

924. 29

1358.00

$

s

$

$

s

s

$

$

$

$

$

$

s

$

s

s

$

s

$

$

$

$

$

$

$

$

$

s

$

$

$

Property
Value Total

33. 87

37. 43

34. 79

33.33

36.47

33.42

35.51

38.46

33. 14

34.09

33.78

33.23

37.93

36.95

33.60

33. 51

35.99

33.33

33.53

41.47

40. 31

41.51

33.24

41.63

33.33

35.99

35.75

36.23

3527

34.31

36. 23

$

$

s

$

$

$

s

$

$

s

$

s

s

s

$

$

s

s

$

$

s

$

$

$

$

$

s

s

$

s

s

Energy
Savings

3.66

6.92

4.66

2. 55

6.10

2.74

5.27

7.63

1.57

19.74

3.48

2.37

7.30

6.51

3.11

2.92

5. 69

1. 13

0.68

10.90

8.78

10.69

1.35

9.61

2.55

5.69

5.48

S.89

5.07

4.24

5.89

Energy
Saved
(kWh)

57.63

108.81

73.20

40. 16

95.86

43. 07

82.92

119.92

24.76

310.40

54.71

37.24

114.71

102.34

48.89

45.98

89.39

17. 75

10.75

171.45

138.12

168.02

21.25

151.13

40. 16

89.39

86. 15

92.63

79.68

66.73

92.63

Natural Gas

s

$

$

$

$

$

$

s

$

$

$

$

$

$

$

$

$

s

$

s

$

5

$

$

$

s

s

$

$

$

s

Savings

6.58

9.79

7.70

4.89

9.03

5.17

8. 27

10.43

3.20

20.25

6.30

4.61

10.13

9.41

5.74

5.46

8.65

2.24

1.28

13.27

11.49

13.09

2.72

12.24

4.89

8.65

8. 46

8.84

8. 08

7.32

8.84

D '^
n: E

II
x C

7. 26 S

10.79 $

8.49 $

5.-KI $

9.96 $

5.71 $
9.12 $

11.51 S

3.53 $

22.34 $

6.95 $

5.09 $

11.17 ?

10.38 S

6.33 S

6.02 $

9.54 $
2.47 S

1.42 S

14.63 $

12.67 $

14. 44 $

3. 00 $

13.50 S

5.40 S

9. 54 $

9.33 S

9.75 $

8.91 S

8.08 $

9.75 $

Air Quality
Monetary

Benefit

0.78

1. 99

1.11

0. 52

1.67

0.56

1.35

2. 41

0.30

9. 17

0.73

0.47

2. 18

1.83

0.65

0. 60

1.51

0.21

0. 12

4.63

3. 24

4.49

0. 26

3.82

0.52

1.51

1.43

1.59

1.27

0.95

1. 59

II
o aj
d. ££:

0.43 S

1.04 S

0.60 $

0.29 S

0.88 $

0.31 $

0.72 $

1.25 $

0.17 $

4.49 S

0.40 $

0. 26 $

1.14 S
0. 96 S

0.36 $

0.33 $

0.80 $

0.12 $

0.07 S

2.30 $
1.64 S

2.23 $

0. 14 S

1.91 $

0. 29 $

0. 80 $

0.76 $

0.84 $

0.68 S

0.52 $

0.84 $

Carbon

Monetary
Benefit

1.77

3.23

2.22

1.21

2.8G

1.30

2.50

3.52

0.75

5.77

1.67

1. 12

3.39

3.05

1.49

1.40

2.68

0. 56

0.37

4.58

3.98

4.53

0.65

4.31

1. 21

2.68

2.59

2.77

2.41

2.04

2.77

co

§
43

u

235.36

430.75

296.58

161.43

381.96

173.75

333. 17

469.47

99.62

769.92

223.04

149.10

452.02

406. 36

198.33

186.07

357.57

74. 71

49.79

610. 41

530.52

604. 52

87.16

574.13

161.43

357.57

345.37

369.77

320. 98

272. 18

369.77

Q)

o ai

-s §.
ro aj
U [^)

119.34

218.70

150. 93

79.86

194. 05

86.44

169.41

238.97

49.00

247. 24

112.76

73.28

229.66

206.38

99.60

93.02

181.73

38.70

28.39

299. 83

271.53

299. 22

43.85

294. 79

79.86

181.73

175.57

187.89

163.25

138.60

187.89

<

Î
3

u =-

127. 07

239.94

161. 42

88.55

211. 39

94.97

182.84

264.43

54.59

684.47

120.65

82.13

252.95

225.67

107. 81

101.39

197.11

39.15

23.70

378. 07

304.58

370. 50

46.87

333.26

88.S5

197.11

189.98

204.25

175.70

147. 15

204.2S
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Memorandum; Characterization & Design Criteria Parksvllle Community Park SWMMP

394

393

392

391

390

389

388

387

386

385

384

383

376

375

372

371

89

87

86

Common

Name

Evergreen Oak

Douglas Fir

Douglas Fir

Grand Fir

Japanese
Snowbell

Paperbark
Maple

London Plane

Douglas Fir

Douglas Fir

Pin Oak

European Ash

Douglas Fir

Pacific Sunset
Maple

Pacfflc Sunset
Maple

Pacific Sunset
Maple

Pacific Sunset

Maple

Pacific Sunset
Maple

Pacific Sunset
Maple

Fastlglate
English Oak
Fastlglate
English Oak

Pacific Sunset
Maple

Pin Oak

Flamingo
Boxelder Maple

Norway Spruce

Latin Name

Quercus Ilex

Pseudotsuga
menziesii

Pseudotsuga
menziesjj

Abies grandis

Styraxj'aponicus

Acar griseum

Platanusx
acerifolia

Pseudotsuga
menziesii

Pseudotsuga
menziesii

49. 32Z0972

49.3220302

49.322252

49.3222652

49.3222828

49. 3222647

49 3221201

49.3221548

49.3221087

Quercus palustrls 49. 32198

Fraxinus
excelsior

Pseudotsuga
menziesii

49.3219782

. 49.3220132

0

I
Longitude u
-124. 3097248 Fair

I_-y4,3098303:Gopd.

-124. 3098151 Fair

, -124.3097672, GOOd

-124.309685 Excellent

-124. 3095818 Good

.124. 3098021 Excellent

, -124.3096524 Good

-124. 309652 Good

_-124.3U963S5,6.0od_

-124. 3098522 Fair

.124. 30996 Good

I
g
u

5

13

10

11

3

4

17

17

10

16:

9

12

I .
3: S
m S
Q Cn

18 Allre

.
:LO^A!ive,_

76 Alive

79Alive

7:Ali»e

17 Alive

30^1]w

92:Allve

91 Alive

60 Alive

32 Alive

82 Alive

$

..A

..?
$

s

,$

s

s

?

Is
$

:s

Overall

Monetary
Benefit

51.31

173.35

173.23

171. 47

88.46

100.35

120.83

191. 94

190. 34

106.47

69.98

169.72

Stormwater

?

i$

$

1$

.$

'^

,$

-it

s

.i.

s

, s.

Monetary
Benefit

6.73

. 53:45.-

40.41

42.14

1.59

6.20

13.50

49. 50

49. 18

31.10

14.67

43.86

<u
CL. ^

c

II
= s

623.13

4949.17

3741.45

3901.44

147 19

573.87.

1249.58

4582. 89

4553. 83

2879.28

1358.00

Property
Value Total

$

s-

$

.
$^

$

$

s

$

s

?.-

$

4061.43 S

33.60

58.98

89.18

83.75

83.57

83.77

89.37

86.63

85. 84

41.42

36.23

78.33

$

-J..S.

...s
..,$

s

J?

$

..?.

$

_;$

5.

JS-

Energy
Savings

3.11

22.49

15.06

15.89

0.91

2.92

5.48

20.09

19.90

11.12

5.89

16.73

Energy
Saved

(kWh)
48. 89

-3^54

236.77

249.87

14.25

45.98

86. 15

315.90;

3U.82

174. 89

92.S3

262.98

Natural Gas

Savings

s

.t

$

.
$.

$

$

$

_s

s

s

$

s

5. 74

22.37

16.55

17.22

1.76

5. 46

8.46

20.53 :

20.37

.
13:41.

8.84

17.89

a -v
a: E

I!
6.33

24.67

18.26

18.99

1.95

6. 02

9.33

22.64

22.47

14.82

9.75

19.73

$

$

s

.s

$

$

s

$

s

$

s

_s

Air Quality
Monetary

Benefit

0.65

10.42

G.96

_7:38..

0. 17

0.60

1.43

9. 33

9.24

4.77

1.59

7.80

-a

II
Q 1U
n: S.

0.36

5.09

3.41

3-62'

0. 09

0.33

0.76

4.56

4.52

2.36

0.84

$

$

$

s

$

s

$

$

$

_s

$

Carbon

Monetary
Benefit

1.49

5.G6

5.06

5.09

0.47

1.40

2.59

5.86

5.81

ul.

2.77

3^2; S_ 5.11

in

§
-Q

s

198.39

754. 45^

675. 12

678.49

62. 25

186.07

345.37

781.90

775.19

616. 29:

369. 77

681.86

<u

d <u

II
U uni

99. 60

.
1G8;4?

264. 72

248.15

33.55

93. 02

175.57

250.83

248.82

300.44

187. 89

231.58

<

g
.e -
i3 £

107.81

779.60

522. 10

551. 00

31. 42

101.39

189.98

696. S9

689.80

385.65

204.25

579.SO
Acertruncatumx
Acer platanoides 49. 3264578
'Pacific Sunset'

Acertruncatumx'

Acer platanoldes i49. 32G5317
.
'Pacific Sunset'
Acertruncatumx
Acer platanoldes 49. 326937
'Pacific Sunset'

Acertruncatumx

Acer platanoldes 49. 3266221

.
'Pacific Sunset'
Acertruncatumx
Acer platanoldes 49. 326708
'Pacific Sunset'
Acertruncatumx
Acer platanoldes 49. 3267783

.
'Pacific Sunset'
Quercus robur
.Fastlglata'
Quercus robur
'Fastlglata'

Acertruncatumx
Acer ptatanoides 49. 3268708
'Pacific Sunset'

Quercus palustrls;49. 323D525

Acernegundo
'FlaminRO'

Plcea abies 49.3231623

49. 3264751

. 49.3262093

49.3230788

-124. 3073098 Excellent

-124. 3073126 Excellent

-124. 3072402 Excellent

-124. 307302 Excellent

-124.3072868 Excellent

: -124. 3072622 Excellent

-124. 3077439 Excellent

-124. 3080604 Excellent

-124. 307236 Excellent

-124. 3109921 Dead

-124.309926G Good

. -124.310100S Fair

112.80. S 33.53 i3 6 Alive $ 37.21 ;$ 1.22

4 10 Alive $ 41.67 :$ 2.70

4 10 Alive $ 42. 22 $ 2. 89

4 12 Alive ' S 43.96 , $ 3.54 327.62 S 33.05 . S 2.00 31.42 S 4.05 4.46 S

Alive S 37. 21 S 1.22

250.36 S

267.56 $

327.62 S

112.80 $

33.14 i S

33.09 . $

1. 57 24. 76 $

1.69 26.51 $

1.42 $

_3.20 _ 3.53 SL

3.44 3.80 S

0. 12 0.07 $

33.53 $ 0.68 10.75 $ 1.28 . 1.42 S

0.30 0.17 S

0. 32 0. 18 $

0.39 0.22 S

0. 12 0.07 S

49.79 28.39 23.70

99. 62 49. 00 54. 59

105.85 51.58 58.45

124. 46:; 60. 12 69. 29

49.79 28.39 23.70

4 .. 3^!T. !^

5 27Alive $

40. 55 :$

63.03 $

6_ S3 Alive |$ 109. 80 j$

4 8 Alive $ 39. 44 $

2 5 Removed

9 25 Alive $ 60.24 -$
10 56 Alive ' $ 102.02 : S

2.33

11.74

32.86

1.96

10.57

28.75

215.97 $

1086.93 S

3042.38 $

181.58 $

978.51 S

2661. 81 $

33.24 ,$

35.03 S

41. 29 |S

33.33 $

1. 35 ; 21. 25 $

4.86 76.44 S

11.78 185.19 S

1.13 17.75 $

2.72 3.00 $

7.89 8.70 $

J13. 95. ^15, 39 $

2.24 2.47 $

0.26 0. 14 $

1.19 0.64 S

5. 17 2.55 $

0.21 0.12 $

34.55

41.60

4.45

10.25

69.97 S

161.15 $

7.51

12. 75 .

8.29 S
14. 06 $

1.03

4.22

0.56 S

2.10 $

0.65

2.32

4.75

2. 13

4.45

87. 16 43. 8S 46. 87

308.78 157.09 168.5G

633. 95 302. 28 408. 37

74.71 38.70 39.15

284.38 144.77 154.29

592.75 298.00 355.35



Memorandum: Characteriiatlon & Design Criteria Parksvllle Community Park SWMMP

u

82

81

80

79

78

77

76

75

73

72

71

70

69

66
65
64

63

62

Common

Name

Purple
Fastigiate Beech

Himalayan
White Birch

Himalayan
White Birch

HImalayan
White Birch

Spindle Tree

Honey Locust

Milky Way
Chinese
Dogwood
Pink Flowering
Dogwood

Douglas Fir

Douglas Fir

Douglas Fir

Purple Indian
Bean Tree

Kwansan
Japanese
Flowering
Cherry
Red Sunset
Maple
Black Lace
Elderberry
Milky Way
Chinese
Dogwood

Serbian Spruce

Serbian Spruce

Victoria

Evergreen
Magnolia

Serbian Spruce

Serbian Spruce

Serbian Spruce

Rose Marie
Magnolia
Rose Marie

Magnolia

Fagus sylvatica
'Purpurea
Fastlglata'
Betufautilisvar

jacquemontil
Betulautilisvar.

jacquemontii
Betulautilisvar.

jacquemontii
Euonymus
europaeus'Red
Cascade'
Gledltsia
triacanthos

Cornus kousa
'Milky Way'

Corpus Florida
'Rubra'

Pseudotsuga
menziesii
Pseudotsuga
menziesil
Pseudotsuga
menziesii
Catalpa x
embescens
'Purpurea'

Prunus serrulata
"Kwanzan"

Acer mbrum'Red
Sunset'

Sambucus nigra
.Eva'

Comus kousa
.Milky Way'

Picea omorika

Picea omorika

Magnolia
grand if lora
.Victoria'

Picea omorika

Picea omorfka

Picea omorika

Magnolia 'Rose
Marle'

Magnolia 'Rose
Marie'

Latitude

49. 3230945

49.3230967

49. 3230412

49. 3230451

49.3230053

49.3229494

43.3228843

49.3229153

49. 3229262

49.3228865

49.3228493

49. 3Z28476

49.3227794

49.322ES88

49.3227584

49.3227497

49. 3227969

49, 3228353

49.3228441

49.322838

49.3228213

49.322803

49 3226618

49.3226216

Longitude u

-124. 3101921 Good

-124. 3100741 Fair

-U4. 3IOOSU Fair

-124. 3101371 Poor

-124. 3102323 Fair

-124. 3099587 Good

-12<. 3100164 Fair

-124. 3102927 Good

.124.3102384 Fair

-124.3101726 Good

-124.3102692 6ood

-124. 3101083 Good

.124. 3102182 Poor

.124. 3101378 Excellent

-124. 3100949 Good

-124. 31006 Good

-124.3100573 Fair

-124.3099903 Fair

.124. 3099393 Good

-124. 3098937 Fair

-124.3098293 Fair

-124. 309781 Fair

-124. 3097194 Excellent

-124.3097194 Excellent

6

9

11

10

3

16

39 Alive

30 Alive

32 Alive

39 Alive

8 Alive

39 Alive

5 21 Alive

5 28 Alive

13 110 Alive

11 70 Alive

13 112 Alive

5 18 Alive

13 60 Alive

6 25 Alive

5 40 Alive

5 12 Alive

5 38 Alive

5 38 Alive

S Alive

38 Alive

38 Alive

38 Alive

4 Alive

5 Alive

Overall Stormwater

Monetary Monetar/
Benefit Benefit

79.69 $

67. 20 S

69.98 $

79.69 S

39. 44 $

79.69 $

54.99 $

$ 124. 43 $

S 116.72 $

S 11S.02 $

$ 51.31 S

S 106.47 $

$ 60. 24 $

$ 81.04 $

43.96 $

78.33 $

78.33 S

36.09

78.33

78.33

78. 33

34. 98

18.77

13.50

14.67

18.77

l.«

18. 77

8.33

31.10

10.57

19.35

3.54

18.18

18. 18

0. 85

18.18

18.18

18.18

0.48

0. 85

^ S Property
5 " Value Total

Energy
Savings

1737. 63 $

1249.S8 S

1358.00 $

1737.63 $

623.13 S

2879. 28 $

978.51 $

1792.00 $

327. 62 $
1683.29 $

1683.29 $

78. 41 $

1683.29 $

1683.29 $

1683.29 $

44.02 $

78.41 S

37.93 $

35.75 $

36. 23 $

37.93 $

!Y
y

7.30

5.48

5.89

7. 30

Energy
Saved
(kWh)

114.71

86.15

92.63

114. 71

Natural Gas

$

s

$

s

Savings

10. 13

8.46

8.84

10.13

a
0-

3
x

¥
aj

^

11.17

9.33

9.75

11.1;L1.17

s

$

$

$

Air Quality
Monetary

Benefit

2. 18

1.43

1.59

2. 18

g

0
a:

T3

s
E
<u
&.

1.14

0.76

0.84

1. 14

s

$

$

$

Carbon

Monetary
Benefit

3.39

2.59

2.77

3.39

181. S8 $ 33. 33 $ 1. 13 17. 75 S 2. 24 2. 47 $ 0. 21 0. 12 $ 0.56

1737. 63 S 37. 93 S 7. 30 114. 71 $ 10. 13 11. 17 $ 2. 18 1. 14 $ 3. 39

770.88 S 33.87 $ 3.66 57.63 $ 6.58 7.26 ? 0.78 0.43 S 1.77

4.95

5.01

4.67

53.45

36.95

53.45

1949.17 $

3421.47 ?

4949.17 $

10. 91

40. 01

5.84

$

s

$

22.42

13. 39

22. 40

352.55 $

210.56 $

352. 16 S

22.29

15.22

22.26

24.59 $

16.79 $

24.55 $

10. 40

6. 13

10.40

5. 09 S

3.01 $

5.08 $

33.60 $

41.42 $

34.55 S

38.19 $

33.D5 $

37. 66 $

37.66 $

33.62 $

37. 66 S

37. 66 $

37.66 5

33.72 $

33.62 $

3. 11 48.89 S

11.12 174.89 S

4. 45 69. 97 $

746 117.31 S

2.00 31.42 $

7.13 112.05 $

7.13 112.05 $

0.46

7.13

7. 13

7.13

0.24

0. 46

7.25

112.05

112. D5

112.05

3.75

7. 25

$

$

s

s

s

s

5.74 6.33 $

13. 44 14. 82 $

7.S1 8.29 $

10. 28 11. 34 $

4.05 4.46 S

9.98 11.00 $

9.98 11.00 S

0.80 0.89 $

9.98 11.00 S

9.98 11.00 $

9.98 11.00 $

0.33 0.36 $

0. 80 0. 89 S

0.65 0.36 S

4.77

1.03

2.30

0.39

2.07

2.07

0.08

2.07

2.07

2.07

0.03

0.08

2.36

0.56

119

0.22

1.08

1.08

0.04

1.08

1.08

1.08

0.02

0.04

$

$

$

s

$

$

$

.$
s

s

$

$

^
0

452.02 229.66 252.95

345.37 175.57 189.98

369. 77 187. 89 204. 25

452.02 229.66 252.95

74.71 38.70 39.15

452.02 229.66 252.95

235.36 119.34 127.07

660.15 77.90 777.42

668.39 297.85 464.31

622.43 41.67 776.55

198. 39 99.60 107.81

4. 62

2.13

3.46

0.93

3.32

3. 32

0.28

3.32

3. 32

3.32

0.19

0. 28

616. 29

284. 38

460.74

124. 46

442.95

442.95

37.33

442.95

442.95

442.95

24. 88

37. 33

300. 44

144.77

234. 31

60. 12

224.86

224.86

23. 24

224.86

224.8G

224.86

18. 09

23.24

385. 65

154.29

258. 69

69.29

247.08

247.08

15. 98

247.08

247.08

247.08

8.26

15.98
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Memorandum; Characterliation & Design Criteria Parksvllle Community Park SWMMP

u

5 ?

Common

Name Latin Name u

Evergreen Oak Quercus Ilex

Sunsation Magnolia X
Magnolia 'Sunsation'
Northern Pin Quercus
Oak ellipsoidalis

Fagus syh/atica
'Purpurea
Pendula'

Dawyck Gold Fagus sylvatica
European Beech 'DawyckGold'
Japanese
Snowbell

49.3230442

49. 3229826

49.3228812

Weeping Purple
Beech

49.3229433

Styraxjaponicus 49. 3Z288G
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Appendix G: Reuse Assessment

Background

Included in the RFP for the Community Park Stormwater Management Master Plan (CPSMMP) was
investigating the feasibility of using a cistern to capture and reuse stormwater runoff for irrigation
in the park. Community Park is highly maintained with considerable irrigation required to keep it
vibrant throughout the dry summer months. Annual rainfall of 1138. 5 mm occurs primarily during
the winter months [862.4 mm), followed by a much drier climate from April until September [276.2
mm). The opportunity to capture and retain winter rains for reuse in spring and summer irrigation
is an intriguing idea. This memo outlines the feasibility of capturing winter rains in a cistern to offset
irrigation demands. Recommendations for other reuse options requiring further examination
beyond the scope of this project are also provided.

Water Balance

EOR used a Stormwater Reuse Model that uses a water budget approach to assess the feasibility of
stormwater capture and use/reuse for irrigation at Parksville Community park. A harvest and
use/reuse ("reuse") system is based on a water balance, comparing the harvested water supply
[rainfall runoff), the storage [cistern), along with the demand (irrigation). In this way the system can
be evaluated for its benefits of addressing increased urban runoff and in order to determine how
much reduction in the current water source (treated municipal water) can be achieved. Once the
source of water has been identified, the ability to capitalize on the new water source depends on the
storage available at the times the runoff is occurring. These three factors, water supply, water
demand and storage, are the key aspects determining the performance and effectiveness of any reuse
system. EOR compiled data from the City to characterize the three factors within the Stormwater
Reuse Model.

. Water Supply/Source
o Location & Size of contributing catchment
o Precipitation records

. Water Demand

o Irrigation coverage
o Irrigation depth (estimate from records)
o Precipitation records [when is irrigation needed)
o Reuse Regulations (level of treatment needed)

. Potential Storage Options
o Surface or subsurface cistern

Sources of Water

The easiest source ofrunofffor capture is the curling club roof. As an impervious surface, 100% of
the rainfall is expected to runoff. Existing downspouts can be easily redirected to a central storage
facility (cistern). The roof runoff would be relatively clean as a water source. The area of the rooftop
that would be redirected to a cistern is 2906 m2.
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Surface runoff from the areas draining to the dry pond along the eastern edge of the park could be
stored in the dry pond and reused for irrigation. This use would require installation of an
impermeable liner in that area. This changes both the ability of the site to naturally manage
stormwater and reduces the facility's availability to mitigate nuisance ponding in the Park. The
management required for this facility as a flood reduction measure would be in competition with
reuse and therefore it was not further evaluated.

Water Demand

Water use estimates and zones for irrigation in the park were provided by parks operations staff
[see Appendix Gl). The irrigation demand for the Arboretum (covered by Unit 600) and the
Battery Zone were used within this assessment due to the proximity of these areas to the potential
cistern location. Irrigation is assumed to occur year round and that irrigation does not occur
immediately following a rainfall event. Each area was evaluated separately and as a combined
option. The current irrigation characteristics of these areas, as well as the entire park as a point
of reference, are summarized in Table 1.

Table 1 - Existing irrigation of park areas considered to receive harvested rainwater

Option

Arboretum

Battery

Combined

Park Total

Irrigation

Area

(m2)

9, 253

2, 775

12,028

94, 790

Pumped To

Irrigation

(m3/yr)

1,758

710

2,468

38, 265

Average Weekly

Irrigation Depth

(mm)

3.7

4.9

4.0

7.8

% Reduction of

Potable Water

for Irrigation

0%

0%

0%

0%

% of Surface Runoff

Diverted from

Contributing Area

0%

0%

0%

0%

Under current park operations, the arboretum irrigation is combined in a zone with the kite field.
Due to the dense tree canopy in the Arboretum, we predict that the area is able to uptake more water
than the kite field. Since a separate irrigation system for harvested water would be required, average
irrigation estimates (depth) for the Park were used for the Arboretum irrigation area for the
purposes of this assessment. The volume required for irrigation at the Arboretum has been updated
in Table 2 to reflect this assumption.

Table 2 - Irrigation demands of proximal zones in Community park

Option

Arboretum

Battery

Combined

Park Total

Irrigation Area

(m2)

9, 253

2, 775

12,028

38,265

Required for Irrigation

(m3/yr)

3, 735*

710

4,445

38,265

Average Weekly Irrigation Depth

(mm)

7.8

4.9

7.1

7.8



Memorandum: Draft Characterization & Design Criteria Parksville Community Park SWMMP

Due to its location in the park, and high water usage, the splash pad is a potential end-use for captured
runoff water. The timing of stormwater runoff from the site would require storage of most of the
annual rainfall runoff for use during the dry season, from June to August, when the splash pad is
operational. Additionally, harvested water would need to be treated to drinking water standards due
to the intended human contact level of water in the splash pad. In consideration of the costs of high
volume storage on site, and the level of treatment required for reuse, the splash pad did not emerge
as a viable option for reuse of stormwater runoff.

Storage Options

Cisterns can be located on rooftops, at ground level or below ground. The weight of a rooftop cistern
makes retrofitting an existing building, such as the curling rink, unadvisable. Given the shallow and
fluctuating groundwater levels, an underground cistern also may be impractical. A surface cistern,
located along the north wall of the curling club is considered the most viable option for this
assessment.

During a reuse assessment, storage is sized to optimize capture in an average precipitation year,
allowing some larger events to overflow while capturing the bulk of the runoff. Sizing a cistern to
capture the full runoff from all events increases costs considerably. Actual precipitation records
within Community Park, for the period 2009-2019, were used in the analysis, wiA representative
dry, average and wet years assigned from the available records. Table 3 summarizes the optimized
cistern size and related reductions in runoffand potable water for irrigation possible through the use
of harvested rainwater. The estimated annual cost savings related to reduced reliance on potable
water are also summarized in Table 3.

Table 3 - Summary of reuse model assessment results

Option

Arboretum

Battery

Combined

Cistern

Capacity

(m3)

500

75

400

Captured
for Reuse

to Irrigation

(m3/yr)

1,062

289

1,071

% of Surface

Runoff Diverted

from Contributing
Area

74%

20%

74%

% Reduction of

Potable Water

for Irrigation in

Area

28%

40%

24%

% Reduction of

Potable Water

for Irrigation in

Park

2. 8%

0.8%

2. 8%

Annual

Savings

$ 2,028.00

$ 542. 33

$ 2,045. 18

Reuse Regulations
In British Columbia, the Municipal Wastewater Regulation (Municipal Wastewater Regulation,
2018) defines reclaimed water as water that has been treated at a municipal wastewater treatment
facility and is of an acceptable quality to be reused [Municipal Wastewater Regulation, 2018).
Rainwater harvesting does not fit neatly into this category, however there are not yet municipal
regulations differentiating handling of captured rainwater from treated wastewater for applications
in public space and therefore harvested rainwater falls into the category of reclaimed water in BC.
The Regional District of Nanaimo has published the Rainwater Harvesting Best Practices



Memorandum: Draft Characterization & Design Criteria Parksville Community Park SWMMP

Guidebook for residential use, however it explicitly states that it is not applicable to publicly operated
systems [Regional District ofNanaimo, 2012).

The Reclaimed Water Guideline (Province of British Columbia, 2013) standards for using reclaimed
water are based on the exposure potential of the end use. Reclaimed rainwater used for irrigation in
a public space is expected to meet the "Greater Exposure Potential" quality guidelines, and to be
monitored for compliance on the schedule outlined in the Municipal Wastewater Regulation and
summarized in Table [Municipal Wastewater Regulation, 2018).

Table 4 - Reclaimed water quality and monitoring requirements for uses with Greater Exposure Potential [adapted
from (Municipal Wastewater Regulation, 2018)]

Parameters

pH

BODS, TSS

turbidity

oliform (/100 mL]

Municipal Effluent Quality Requirements

6. 5 to 9

10 mg/L

average 2 NTU,

maximum 5 NTU

I median < 1 CFU
or < 2. 2 MPN;

maximum 14 CFU

Monitoring Requirements

Weekly

Weekly (also includes flow

monitoring)

Continuous monitoring

Daily (reduce to weekly with

confirmation of compliance over

60 days)

Properly treated non-potable water is permitted for use in lawn and landscape irrigation in Parksville
Community Park as long as it complies with the standards set within the Reclaimed Water Guideline
(Province of British Columbia, 2013) and confirmed through consultation with Vancouver Island
Health Authority (L. Magee, personal communication, July 20, 2020). The design considerations
outlined in the Reclaimed Water Guideline include:

. There must be at least a 3.0m horizontal and a 450mm vertical separation between all
pipelines transporting reclaimed water and those transporting domestic water.

. Domestic water lines must be located above reclaimed water lines.

. Plans for dual-distribution systems in buildings and irrigation systems must pass local
inspections conducted by local building inspectors before they are approved.

. Adequate cross-connection control measures must be installed, including an approved
backflow prevention device at the potable water connection to reduce the risk of unintended
cross-connections.

. An automated irrigation system must be used where irrigation is used to apply reclaimed
water to urban landscape or turf areas not supervised by a landscape professional.

. Irrigation equipment must be operated to prevent spray drift onto adjacent properties and
the irrigation system application rate must not exceed the infiltration rate of the soil or cause
any surface runoff.

. The irrigation controller must have a minimum of two start times per day, seven days per
week. The "on" time for each station must be able to be set in one-minute increments.
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. The capability to chlorinate reclaimed water should be available and a residual level of
chlorine should be maintained.

Vancouver Island Health Authority suggested that if the City wishes to pursue stormwater reuse for
irrigation at Parksville Community Park, a trickle irrigation system should be considered as it does
not require the same level of treatment due to the limited risk of direct human contact (L. Magee,
personal communication, July 20, 2020). Longer term, the Park could seek more appropriate
standards or guidance from Vancouver Island Health Authority and/or BC Ministry of Environment
to consider runoff, especially roofrunoff, to be regulated differently than wastewater.

Alternate Options

Dry Pond

The existing dry pond could serve dual purposes as both a stormwater management facility to
alleviate flooding during storm events and to use that water for irrigation. The same treatment
requirements as discussed for a cistern capture and irrigation system apply to reuse from a
stormwater pond. The dry pond is not currently intended to maintain a volume of water however if
the City is interested in this option, considerations such a installing an impermeable liner in all or
part of the pond to maintain a volume to use for irrigation, and implementing a trickle irrigation
system for using stormwater runoff for irrigation, may be beneficial.

Aquifer Recharge and Shallow Well Withdrawal

Given the above constraints, such as costs of cisterns and seasonal wet and dry cycles, an interesting
option may exist for the City's consideration related to the high infiltration capacity of the subsurface
soils at Parksville Community Park. In essence, there is a natural reservoir at the site, which is often
accessed as a water source, the groundwater. Groundwater also has the advantage of being filtered
through the soils, which is one reason it is a popular water source.

Other jurisdictions in coastal areas in the past have begun recharging the surficial aquifers with
stormwater with the intent to draw on those aquifers for other uses at a later time. In the case of
Community Park, passive irrigation that directs runofffrom impervious surfaces into low lying areas
or rock pits to infiltrate into that subsurface sand layer during the winter rainy season, may allow a
shallow well to be used for irrigation purposes during the dry season. This option would require
additional geotechnical investigation to determine the quality of water currently in the shallow sandy
aquifer, the natural fluctuations of groundwater levels across the parks, and the intrusion of salt
water (if any) into this underlying layer. Due to the complexity of subsurface water movement and
underlying soils, a robust examination of existing conditions by hydrogeologists would be required
to validate the feasibility of such a reuse system.

Splash Pad Greywater Reuse

Based on water use estimates provided by the City of Parksville, the volume of water used in the
splash pad meets approximately half of the annual irrigation demand of the park. While not a
stormwater management strategy since that water comes from a potable water supply, storing,
treating and reusing splash pad greywater for irrigation would be an excellent water conservation
project. A separate conservation assessment to look at the costs of storing and treating the splash
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pad water to the level required by the Municipal Wastewater Regulation is recommended if the City
wishes to assess the financial feasibility of this option.

Conclusions & Recommendations

Treatment requirements for reclaimed water are costly both from a capital expenditure and an
operations and maintenance point of view. While specific cost estimates of installing a cistern and
treatment system were not generated, the limited savings realized through reduced potable water
consumption does not warrant further investigation of this option at this time. So, while physically
feasible, it does not seem fiscally prudent to pursue in the current regulatory climate/framework. In
terms of cost effectiveness and feasibility, the site has relatively permeable soils appropriate for
infiltration, which would provide a much more straightforward and cost-effective way to address
stormwater runoff, both volumes and quality.

Based on this assessment, we recommend the following:

1. Revisit the rainwater harvesting and reuse concept if [1) the province alters the treatment

requirements for using rainwater for irrigation in public spaces; or (2) the cost of potable
water increases considerably.

2. Consider the public and municipal appetite for pursuing the alternate reuse options (dry
pond, aquifer recharge or splash pad reuse) for water conservation and/or public
relations/demonstration reasons. These options may become more attractive if the cost of
potable water increases.
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APPENDIX G1 - Parksville Community Park Irrigation Zone Map
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Appendix H: Interim Final Report of the Archaeological Impact Assessment and Inventory
of Parksville Community Park, Parksville, British Columbia, HCA Permit 2018-0412

REDACTED


