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Executive Summary

The term “municipal natural asset” refers to the stock of natural resources or ecosystems that is relied upon, managed,
or could be managed by a municipality, regional district, or other local government for the sustainable provision of
municipal services. Examples of municipal natural assets include wetlands, rivers, forests, or foreshores. The Municipal
Natural Assets Initiative (MNAI) is developing resources and helping municipalities incorporate natural assets into asset
management and financial decision making processes.

Together with MNAI, the City of Nanaimo began to assign financial value to its natural assets, using the Buttertubs Marsh
Conservation Area (BMCA) as the first example. The BMCA comprises 55 hectares (133 acres) of reclaimed wetland and
floodplain within Nanaimo. The BMCA is adjacent to the Millstone River, which flows through the centre of the city. The
project objective was to assign financial value to the BMCA for its stormwater services based on the cost of replacing
those natural services (water quantity control and flood mitigation) with engineered alternatives.

The project conducted a hydrologic analysis consisting of:

1. Quantifying BCMA storage benefits for detention of stormwater from the developed areas that drain into the
marsh; and

2. Quantifying the attenuation of flood flows in the Millstone River afforded by storage of overbank river flow into the
marsh.

The U.S. Environmental Protection Agency’s PCSWMM model for stormwater assessment was applied to three development
scenarios and a future climate change scenario in the analysis. The development scenarios included existing conditions,
marsh infilled with grass, and marsh infilled for single-family development. The historic climate scenario used the
intensity-duration-frequency (IDF) information available from Environment and Climate Change Canada’s Nanaimo Public
Works rainfall station. Climate change scenarios for the period 2050 to 2100 were analyzed using the IDF Curves under
Climate Change tool created by the University of Western Ontario.

The project showed that the BMCA provides a very significant peak flow attenuation function and an overall water volume
retention function. Under existing conditions, the peak 1 in 100-year stormwater inflow of 7.04 m3/s to the marsh is
attenuated by 92 per cent before discharge to the Millstone River. Under climate change conditions, the marsh in existing
conditions attenuated inflows of between 10.07 and 13.09 m3/s by 90 per cent. Those numbers drop to between 6
and 21 per cent attenuation under the grass-filled and single family development scenarios. The attenuation provided
by the BMCA also has significant consequences for the flooding of neighborhoods downtown on the Millstone River. The
magnitude of the loss in attenuation and the consequences of increased flood flows on downstream neighbourhoods
and infrastructure requires a hydrodynamic model of the entire Millstone River, which was beyond the scope of this study.

The economic value of nature-based stormwater storage can be compared to the cost to design and construct alternative
engineered infrastructure. Using as a local benchmark the cost of constructing a stormwater management pond or wetland
for the required storage volume of $150 per cubic meter, the storage benefit of the BMCA was valued at approximately
$4,694,295. Under climate change scenarios this value increases to between $6,559,676 and $8,207,305.

These numbers do not take into consideration the cost of land purchase or complex structures. The value also does not
include other services provided by the BMCA such as water quality, recreation, greenhouse gas emissions reductions,
and more.

The project demonstrated that the BMCA provides stormwater detention benefits commensurate with engineered
infrastructure and that under climate change scenarios, the BMCA would provide similar levels of service despite receiving
higher volumes and velocity of flows. The next steps in the process are to translate these results into core management
and financial processes. To this end, members of the MNAI team met with City of Nanaimo senior managers in January
2018 to discuss the pilot and develop a road map for incorporating pilot results, and natural assets more broadly, into
asset management and financial processes. A broad framework was outlined that includes an inventory of natural and
potential engineered storm assets in the city, which will be refined over the coming months and years.
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1. INTRODUCTION

1.1 Municipal Natural Assets Initiative

The term “municipal natural assets” refers to the stock of natural resources or ecosystems that is relied upon, managed,
or could be managed by a municipality, regional district, or other form of local government for the sustainable provision
of one or more municipal services. Municipalities like Nanaimo are working toward recognizing that it's as important to
account for natural assets as for engineered ones. The most important factor is whether the services from the asset,
whether natural or engineered, are delivered reliably and cost effectively. If this fact isn’t recognized and incorporated
into new planning practices, decisions on how to invest will be incomplete.

The Municipal Natural Asset Initiative (MNAI) is developing resources to incorporate natural assets (e.g. forests, wetlands)
that form part of the urban landscape into asset management plans. Through the MNAI, the City of Nanaimo is exploring
options to refine, replicate and scale-up the approach of a small number of municipalities that are integrating natural
capital considerations into asset management and financial planning.

MNAI has completed an Overview Guidance Document for Stormwater Management for municipalities. The present report
details the application of the guidance document for one particular asset, a wetland in the municipality of Nanaimo,
B.C. It is important to first establish the value in monetary terms of services that natural assets provide. Without this
information, there is no rational basis to make financial management choices. Nanaimo’s efforts to cost out the services
from Buttertubs Marsh are a vital starting point for future financial planning and reporting. The goal of this case study is
to illustrate the application of the guidance and to provide technical details on the approach.

1.2 Nanaimo

Nanaimo is a growing city on the east coast of Vancouver Island in British Columbia, located 110 kilometers northwest
of Victoria, and 55 kilometers west of Vancouver, separated by the Strait of Georgia (Figure 1). It is B.C.’s sixth-largest
city, supporting a population of 90,504 (Canada 2016 census), which is projected to grow to 113,000 by 2031. (City
of Nanaimo, 2008.)
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Figure 1: Google Map of Nanaimo

1.2.1 Policy / Governance Context

Nanaimo is well versed in asset management, having followed a formal asset management approach to its infrastructure
for at least a decade. Currently the city owns and maintains over $3 billion in engineered infrastructure assets such
as roads, water mains, facilities, drainage, parks, and the sewer system.(City of Nanaimo, 2018). This information is
used to continually improve capital planning to maximize infrastructure life, renew existing infrastructure and prepare for
population growth.

The city is now expanding their asset management framework to consider the role of natural assets. In those instances
where natural assets provide the same service(s) provided by engineered infrastructure, incorporating them into long-
term financial and asset management planning will put them on the same level as all other engineered assets and
ensure they are accounted for in the decision-making process to maintain and conserve the asset. The MNAI pilot
program is a first step in this process.

1.2.2 Natural Asset of Interest

The asset of interest for this analysis is the Buttertubs Marsh Conservation Area (BMCA), a 55- hectare (133 acres)
reclaimed wetland and floodplain habitat in the City of Nanaimo (Figure 2). It is separated by a north-south elevated
walkway that was built on top of a buried supply waterline. This has created two separated wetlands, referred to in this
document as the East and West marsh.

The BMCA is adjacent to the Millstone River, which flows through the center of the city. The northern boundary of the area
of interest is contiguous to the Millstone River and the western boundary follows the Nanaimo Parkway, where highway
19 bypasses the city. The surrounding landscape that drains into the Buttertubs Marsh is part of the focus area of this
study.

The BMCA is comprised of several parcels of land and includes lands owned by The Nature Trust of British Columbia,
Ducks Unlimited Canada and the City of Nanaimo, with substantial support received from the local community and funding
organizations. In 1976 The Nature Trust of B.C. purchased the East marsh, and since then it has been managed as the
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Buttertubs Marsh Conservation Area. The West marsh was privately owned until 2012, when it was jointly purchased by
Ducks Unlimited Canada and the city, effectively enlarging the BMCA.

To date, management plan efforts for the BMCA have focused primarily on providing recreational and educational uses,
maintaining open water habitat, inventorying and restoring natural biodiversity, and removing non-native invasive species.
The Buttertubs Marsh Conservation Area Management Plan was adopted in August 2017 and applies to both east and
west sides of the marsh and recognizes the stormwater management aspects of BMCA. Until this study, no costing
estimates for the value of stormwater management related services and improvements have been conducted. The city
is interested in understanding, quantifying and maximizing the municipal services from the BMCA in order to improve
efficiencies.

The BMCA was selected because of its stormwater retention and flood mitigation properties within the community, its
importance as a local natural landscape, the availability of data and ongoing partnerships with Ducks Unlimited, the
Nature Trust of BC and local stewardship groups, such as the Friends of Buttertubs.

Figure 2: Aerial View of Buttertubs Marsh (from Urban Systems)

1.3 Pilot objectives and key issues

The main objective of this pilot study is to provide the city with a basis for managing assets differently; one that improves
their ability to deliver core services in an affordable, financially and environmentally sustainable way. A key component
of our approach involves assigning financial value to natural assets for their stormwater services. The valuation is based
on the cost of engineered stormwater infrastructure required to replace stormwater services—water quantity control and
flood mitigation—provided by natural assets.

Following a workshop with pilot participants, the following list of project questions and issues was identified:

1. How resilient is the site to future storm events? How well can it manage in different storm scenarios?

2. What is the value of the services provided from the BMCA? If these services were degraded, what costs would
need to be incurred elsewhere by the city? Conversely, if they were enhanced, would there be savings to the city?

3. What is the value of the wetland’s water retention properties? Does it offset future capital expenditures and/or
justify land acquisition?

4. What is the value of the BMCA in terms of assuring downstream water quality?

2. METHODS

Reference documents were used to compile the hydraulic information associated with the BMCA, and to understand the
relationship of the marshes to the Millstone River. These documents include:

* Stormwater Management Plans, Millstone River Basin (Associated Engineering, 1982)
e Millstone River Drainage Study (Water Management Consultants, Revised March 2005)

e Buttertubs Marsh Hydrologic Assessment, Phase 1 Overview (Northwest Hydraulic Consultants, January 23,
2017)

Available monitoring information confirmed that there is a regular flow interaction between the Millstone River and the
West marsh, but that the interaction between the river and the East marsh is less clear. The Millstone River water level
submerges the discharge pipe from the East marsh, but the water level in the East marsh is governed by an elevated
spillway typically above the Millstone River water level. In the case of extreme flows in the Millstone River, both the West
and East marshes are an important part of the river’s floodplain.

The influence of the marshes was studied in the Millstone River Drainage Study (Water Management Consultants, revised
March 2005). For that study, a 1:200 year SCS Type 1A event with a rainfall depth of 127 mm was used to generate
design flows and a hydraulic profile for the river. One key finding was that, “the flood propagation in the Millstone River
is complicated by the existence of the Buttertubs Marsh. During the rising limb of the hydrograph a significant volume of
water is transferred from the main stem towards the marsh. This volume returns to the main stem after the peak flood.
Thus, the marsh has a regulating effect, decreasing the flows during the rising limb of the hydrograph, reducing the peak
flow and contributing to the flow during the falling limb.” The estimated attenuation of the flood flow in the Millstone River
associated with the storage of flood water from the river to the elevation of 58.37 meters above sea level (masl) was
approximately 20 per cent - 105 m3/s versus 84 m3/s.

For this case study, the hydrologic analysis approach consisted of two parts:

1. Quantification of the storage benefits of the marsh for detention of stormwater from the developed areas that
drain into the marsh.

2. Quantification of the attenuation of flood flows in the Millstone River afforded by storage of overbank river flow into
the marsh.
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2.1 Stormwater detention

For the stormwater assessment, the PCSWMM model was applied by Urban Systems to model the areas and waterbodies
shown on Figure 2 (obtained from Urban Systems). All modeling work presented in this report was completed using
PCSWMM, a dynamic hydraulic and hydrologic simulation model developed by the United States Environmental Protection
Agency (US EPA). This model was chosen as it is able to represent site conditions to a reasonable extent. The methods
and results from Urban Systems’ analysis are detailed in an August 28, 2017 memo, which has been excerpted for this
report. The full Urban Systems report is in Appendix C.

2.1.1 Development scenarios evaluated

Three development scenarios were simulated using the SWMM model in order to evaluate stormwater management
benefits provided by the marsh.

1. The “existing conditions” scenario reflects current land use and the current characteristics of the Buttertubs Marsh.
See Figure 4 for a SWMM model schematic.

2. The “marsh infilled and grassed” scenario reflects a potential future in which the marshes are infilled and replaced
with a grassed landscape. In this case it is assumed that the infill soil will have depression storage and infiltration losses,
and not be an impervious surface. It is also assumed that runoff generated from the total catchment would simply runoff
into Millstone River. See Figure 5 for a SWMM model schematic.

3. The “marsh infilled for single-family home development” scenario reflects a potential future in which the mashes are
infilled and replaced with single-family development similar to the rest of the contributing catchment. It is once again
assumed that runoff generated from the total catchment would simply runoff into Millstone River. See Figure 5 for a
SWMM model schematic.

2.1.2 Climate scenarios evaluated

Historic and climate change scenarios were used to evaluate the stormwater management benefits of the BMCA. The
historic climate scenario used the intensity-duration-frequency values (IDF) information available from Environmental
Canada’s Nanaimo Public Works rainfall station.

The Intensity-Duration-Frequency Curves under Climate Change (IDF-CC) tool created by the University of Western Ontario
was used to generate IDF curves for analysis of climate scenarios. This tool uses results from up to 24 global climate
models (GCMs), combined with historical data from a select climate station to project future IDF values for a prescribed
time period. A key assumption was made in selecting the greenhouse gas (GHG) emissions scenario based upon the
Pacific Climate Impacts Consortium (PCIC) and other climate change organization’s recommendations that practitioners
use the “business as usual” scenario. Put another way, climate is modeled assuming that little will be done to reduce
GHG emissions in the future. This emissions scenario is referred to as “Representation Concentration Pathway 8.5” (RCP
8.5), and is the most conservative of the available scenarios.

IDF values were obtained from all 24 GCMs for the period 2050 to 2100. From these results, two sets of IDF curves
were extracted with data from the Nanaimo City Yard rainfall station collected from 1980 to 2007—one based on the
median of all 24 intensities for each combination of duration and frequency, and one based on the 90th percentile of
all 24 intensities for each combination of duration and frequency (the 90th percentile means that 90 per cent of the
values are less than or equal to the specified intensity). Two sets of curves were generated so that each of the 24 models
has the same probability of being “correct” about future climate. If we use only the average of all 24 models, we could
significantly underestimate what might occur in the future. See IDF curves in Appendix B.

The following events were modeled in PCSWMM:
3. Historic 1:100 year, 24-hour (SCS Type Il

4. Climate change (CC), 1:100 year, 24-hour (SCS Type Il using median values)

5. Climate change (CC), 1:100 year, 24-hour (SCS Type Il using 90th percentile values)

6. 1:200, 24-hour (127 mm), SCS Type 1A—this event was applied from the Millstone River Drainage Study (Water
Management Consultants, revised March 2005) as a method of comparing the incoming hydrograph of the local
catchment into the wetlands, relative to the flows and water levels projected for the Millstone River.

Note that only 24-hour storms were used for analyses. A sensitivity analysis was completed using 100-year storms with
1, 6, 12, and 24-hour durations. The analysis demonstrated that the largest water level rises, peak discharges, and total
discharged volume were generated by the 24-hour storm.

2.1.3 SWMM model calibration

Northwest Hydraulic Consultants (NHC) was retained by The Nature Trust to carry out the first phase of a hydrological
assessment, which included completing a water surface and hydraulic control survey and developing recommendations
for installing staff gauges and water level sensors and loggers in the West marsh, East marsh, and on the Millstone River.
The monitoring data collected as a result of the assessment was used to calibrate the PCSWMM model.

The proposed hydrometric program included the installation of six non-vented water level sensors, with three located
on the Millstone River to obtain a minimum level of detail for validating the river and marsh dynamics. One logger was
installed in the West marsh and East marsh, and one logger was installed inside the East marsh control structure to
estimate how much water drains through it. Figure 3 shows the location of monitoring equipment in the study area.

Millstone River

Figure 3: Proposed location of water level sensors (shown as red triangles). Source: Northwest Hydraulic Consultants Ltd.

Monitoring data from March 2017 to May 2017 was provided by the city and used for model calibration. As noted above,
the West marsh has a ditch linking it to the Millstone River, and when accounting for that ditch and the water levels
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monitored in the Millstone River as a boundary condition, the PCSWMM model matches observed data very well. In the
East marsh, modelled water levels match the observed data well for the first couple weeks of simulation, however diverge
after that. While the modelled water level rises and falls in response to precipitation, monitored water levels appear
to continually rise, then plateau at an elevation of about 57.35 meters; this is about 100 mm higher than the model
predicts. Photos taken by NHC of the East marsh outlet structure show debris around the rim of the overflow weir. The
consultants strongly suspect that the difference in modelled versus observed water levels is due to build-up of debris at
the control structure.

Otherwise, given the limited monitoring data available, the model would appear to fairly represent observed data. The
model can be further refined as more data becomes available.

Calibration results from urban systems are included in Appendix A.

2.2 Millstone River flood flow attenuation

The quantification of the beneficial effect of the marsh on flood flows in the Millstone River was based on the 2005
study by Water Management Consultants (WMC), “Millstone River Drainage Study”. This study applied the U.S. Corps of
Engineers “HEC-HMS” hydrologic model to the Millstone River and its watershed to calculate the runoff within the river’s
sub-basins associated with the 1 in 200-year, 24-hour rainfall and “MIKE 11" to calculate the water levels at cross-
sections along the river. The hydrological modelling system (HMS) model uses rainfall and the soil conservation service
(SCS) method to derive runoff within the sub-drainage areas. MIKE 11 then routes the flows down the river and through
any lakes and reservoirs in the Millstone River system. The rainfall distribution corresponded to a SCS Type l1a using the
total 1 in 200-year, 24- hour rainfall from the intensity-duration-frequency (IDF) relationships developed by Environment
Canada for the Nanaimo area. The rainfall used in the study did not account for the effects of climate change.

The flood attenuation benefits of the marsh were evaluated for the present configuration and a second scenario where
the normal water level in the marsh is potentially raised from 57.0 mto 57.3 or 58 m.
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Figure 4: SWMM model schematic for existing conditions (from Urban Systems, 2017)
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Figure 5: SWMM model schematic for scenarios with marshes removed (from Urban Systems, 2017)

3. RESULTS

3.1 SWMM model results

A summary of the modeling results is presented in Table 1. Four key parameters were used to compare each scenario;
peak inflow rate, peak discharge rate, maximum water level in the marshes, and total discharge volume from the marshes.
With the present marsh configuration, the peak 1 in 100-year stormwater inflow of 7.04 m3/s to the marsh is attenuated
by 92 per cent before discharge to the Millstone River (see Table 1). Under the two climate change conditions described
above, the marsh attenuated inflows of between 10.07 and 13.09 m3/s by 90 per cent.
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Table 1: SWMM Results for Existing Conditions

Peak Inflow Peak Discharge Maximum Water Level Total Discharge
Rate! (m3/s) Rate (m3/s) (elevation, m) Volume (m?)

[\ ETE ) West East West East West East West East
Historic 1:100-yr

Existing Systems

3.92 3.12 |0.15 0.40 57.01 57.25 17,400 | 20,500
(101.2 mm)

CC 1:100-yr med.

5.56 451 |0.29 0.66 57.09 57.29 26,800 | 28,400
(127.9 mm)

CC 1:100-yr 90"

7.44 5.65 |0.44 0.88 57.17 57.32 34,700 | 34,300
(145.8 mm)

1:200-yr

1.19 1.05 |0.16 0.28 57.02 57.23 21,400 | 23,500

(127 mm)?

When the flows in the grass-infilled marsh are simulated, the discharge into the Millstone River increases from 0.55 to
5.97 m3/s under current climate conditions and to between 9.4 and 12.2 m3/s from approximately 1 m3/s in the two
potential climate change conditions. The attenuation of stormwater discharges from the marsh to the Millstone River
was minimal—15 per cent for a historic rainfall event and 6 per cent for the two climate change conditions (see Table 2).

Table 2: SWMM Results for Scenario #2

Peak Discharge Rate
for West & East marsh
combined to Millstone

(m?/s)

Total Discharge Volume for
West & East marsh combined
to Millstone (m?3)

Marshes Removed (Grass)

Historic 1:100yr

(101.2 mm)
CC 1:100yr med.

(127.9 mm)
CC 1:100yr 90"

(145.8 mm)
1:200yr

(127 mm)>®

The evaluation results for the third scenario—marshes removed to accommodate residential development—were similar
to those of the grass-infilled marsh (see Table 3). The peak discharges to the Millstone were 5.56 m3/s for the historic
rainfall event and between 9.40 and 12.26 m3/s for the two climate change conditions. Attenuation of the urban
stormwater inflows before discharge to the Millstone was between 6 per cent for climate change conditions and 21 per
cent for historic rainfall.

Footnotes
1 Includes direct rainfall on the marshes.
2 This event uses the SCS Type 1A storm distribution, consistent with the 2005 Millstone study, whereas all other events apply

the SCS Type Il storm distribution which is more “peaky”. This explains why the flow rates for the CC 1:100-year scenario are
significantly higher than the 1:200-year event, despite the total precipitation volume being similar.

Table 3: SWMM Results for Scenario #3

Peak Discharge Rate
Marshes Removed (Single Family for West & East marsh
Development) combined to Millstone

(m3/s)

Total Discharge Volume for
West & East marsh combined

to Millstone (m?3)

Historic 1:100-yr
26,200

(101.2 mm)
CC 1:100-yr med.

9.40 42,800
(127.9 mm)
CC 1:100-yr 90*

12.26 56,100
(145.8 mm)
1:200-yr

1.72 29,800

(127 mm)3

As shown by the results above, the storage of the marshes provides a very significant peak flow attenuation function
and an overall water volume retention function. Because this model only considers extreme precipitation events, by
assuming the marshes are infilled the model is not showing much difference between a grassed condition and a single-
family residential condition. Differences are expected if less extreme precipitation events were considered. The sheer
act of infilling the marshes causes significant impact. The resulting increase in flow will be felt by Millstone River. In
order to compensate, the city would either need to find an alternate form of equivalent detention storage, or complete
improvements to the downstream Millstone River system. Quantifying these, however, is beyond the scope of this pilot.

3.2 Millstone River flood flow attenuation

The benefit of the storage of overbank flows from the Millstone River in the Buttertubs Marsh was taken from the Water
Management Consultants (WMC) report of 2005 in which it was estimated that the water level in the Buttertubs Marsh
would reach an elevation of 58.37 masl during a 1 in 200-year flood event. The estimated attenuation of the flood flow
in the Millstone River associated with the storage of flood water in the marsh from the river to the elevation of 58.37 masl
was approximately 20 per cent—105 m3/s versus 84 m3/s.

If the normal water level elevation in the marsh is increased to 57.3, or 58 masl, there will be less capacity for storage
of flood flow from the Millstone to the marsh. With less flood storage available in the marsh, the downstream flood flow
in the Millstone River will be attenuated by significantly less than the 20 per cent realized under the current marsh
configuration and operating regime during a 1 in 200-year flood. Attenuation of all Millstone floods will be correspondingly
reduced. The magnitude of the loss in attenuation and the consequences of increased flood flows on downstream
neighbourhoods and infrastructure requires a hydrodynamic model of the entire Millstone River, which was beyond the
scope of this study.
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3.3 Economic valuation of Buttertubs Marsh

The value of the Buttertubs Marsh storage of urban stormwater and overbank flows from the Millstone can be related
to the cost to construct alternative engineered infrastructure for urban stormwater detention and off-stream areas for
temporary storage of overbank flows from the Millstone.

The cost of replacing the East and West marshes in Buttertubs with stormwater management ponds or constructed
wetlands to provide an equivalent detention function for the urban stormwater was based on the required storage volume
and a cost of $150 per cubic meter. This unit volume cost is reflective of the design and construction for a stormwater
detention pond with landscaping and environmental components, but excludes land purchase. The three climate
conditions require different detention storage capacities and replacement costs are shown in Table 4 below.

Table 4: Economic Value of BMCA

West Marsh East Marsh

Surface

Starting | Max Surface Starting | Max
Area Water Water Storage Cost at Area at Water Water Storage Cost at
at Max Volume 5 Volume $150 per
Level Level 3 $150 per m® | Max Level | Level Level 3 3
Level 5 (m3) ) 5 (m?) m
(m?) (m) (m?) (m?) (m) (m?)

85,560 | 56.79 |57.01 | 18,230 | $2,734,540 | 145,167 |57.16 |57.25 | 13,065 $1,959,755

85,560 | 56.79 | 57.09 | 24,859 | $3,728,919 | 145,167 | 5716 |57.29 | 18,872 $2,830,757

85,560 | 56.79 |57.17 |31,489 | $4,723,297 | 145,167 |57.16 |b57.32 | 23,227 $3,484,008

The value of the present capacity of the marsh to absorb overbank flows from the Millstone during a historic 1 in 100-
year flood event was calculated based on the storage volume between the normal water level in the marsh and the
maximum water level that the marsh can contain without neighbourhood flooding or adverse effects on transportation
infrastructure downstream (i.e. Bowen 4 lane bridge). This storage benefit was valued at approximately $4,694,295
based upon replacement off-stream storage. This was compared against the climate change median scenario and the
climate change 90th percentile scenario using the same valuation technique, which resulted in estimated values of
$6,559,676 and $8,207,305 respectively.

3.4 Operations and maintenance costs for Buttertubs Marsh

The effectiveness of a natural capital asset within a stormwater management plan needs to be measured periodically to
ensure that the natural asset’s performance is functioning as expected and unimpeded over time. A management plan
for the East marsh was prepared in 2003 to guide activities over a 10-year period (Buttertubs Marsh Conservation Area
Management Plan, 2003) The management plan sets out strategies and tasks for conservation, land use, interpretation
and operational and maintenance of the conservation area to ensure management decisions protect and enhance natural
values and that human use within the area does not cause unacceptable impacts. The expansion of the conservation
area in 2012 resulting from the purchase of the West marsh by the city and Ducks Unlimited Canada, resulted in the
desire to expand the plan to reflect the enlarged conservation area.

The BMCA Co-management Steering Committee enlisted the assistance of Madrone Environmental Services to
undertake a strategic review of the 2004 management plan and to develop a five-year strategic plan for the entire marsh
complex(Madrone Environmental Services, 2017). This plan describes acceptable land use activities to assist with
land management decisions and establishes a number of five-year targets to meet the overall management goals. The
MNAI technical team reviewed this document for gaps in management activities to secure stormwater services. It was
determined that the management plan required few changes beyond the need for additional monitoring. The following
recommendations were made:

1. Establish flow and water surface elevation monitoring in the marsh, at marsh outfalls, and in the Millstone River
to facilitate future hydrologic modeling. This recommendation seeks to strengthen the model to develop a better
understanding of the connectivity between BMCA and the Millstone River.

2. Gather bathymetry data (specifically for the West marsh) to improve understanding of marsh storage capacity.
3. Consider water treatment pre-entrance to avoid dredging costs.

These recommendations will be brought forward to the BMCA Co-management Steering Committee for consideration.
There are, therefore, no additions to the operations, maintenance or monitoring plans at this time.

3.5 Beneficiaries

MNAI worked with the City of Nanaimo and its partners to identify relevant indicators to capture the populations affected
by potential changes to the BMCA. Understanding the range of beneficiaries can help decision-makers consider where
a change in service provision may have a large impact on vulnerable populations or other social groups of special
concern. The appropriate indicators should identify changes in ecological conditions displayed in units relevant to the
beneficiaries. That is, they should signal changes to ecological conditions that matter to people.

In developing the suite of indicators, consideration was given to the goals and objectives of the Buttertubs Marsh
Conservation Area Management Plan (August 2017), the MNAI pilot project results, Buttertubs Marsh Neighbourhood
Site Analysis (Hemphill 2016), the City of Nanaimo’s Social Development Strategy (Talbot and Associates Inc. for City of
Nanaimo, 2003), and the latest research on connecting ecosystem services to beneficiaries. Every effort was made to
utilize existing data and committed projects.

A set of nine indicators were developed to represent and track the state of four values, including biodiversity, public
use, water regulation, and governance and management. An additional category —carbon sequestration—was flagged
for further consideration given work being completed by Vancouver Island University and the city’s climate adaptation
strategy preparation. Table 5 below provides a summary of the proposed beneficiary indicators.
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Table 5: Beneficiaries Assessment

- Indicator

Abundance of native bird
species

Methodology

Data extracted from VIU bird
monitoring and banding project,
which monitors migrant and resident
birds to contribute to regional and
continent-wide efforts to monitor
changes in population levels of these
Species.

Beneficiaries

Trail counters will provide an indication of
the number of people visiting the marsh.
Trends can be monitored and tracked
against periods of high bird life/activity
(March - October).

Non-native invasive
species abundance

The Nature Trust of BC performs
annual inventory of non-native
invasive species.

Impacted beneficiaries include visitors
to BCMA and the population within
propagation range

Percentage of population
within 15 minute walk to
Buttertubs Marsh

GIS mapping to identify number of
residential units within 1,200m (or
1.2km) of Buttertubs Marsh

Population within 1.2km of Buttertubs
Marsh

Connectivity

of surrounding
neighbourhoods to East
side of Buttertubs Marsh

Low, medium, high measure based
on number of entry points to
Buttertubs Marsh.

Currently 6 vehicular/pedestrian access
points serving a residential population of
875 units. This amounts to approx. 2,188
people

Number of educational
visits to Buttertubs
Marsh per year

Tracking: VIU students are primary
educational group using Buttertubs
Marsh, but there are other one-off
educational visits (e.g. high school
PE/biology class, wetland keepers
course to be held May 2018, Water
Stewardship in a Changing Climate
symposium fieldtrip April 2018)

Minimum 10 educational visits in 2016

Flood prevention

Number of flooding days recorded
in City Tempest Database

Population (residential and business)
within sub-watershed floodplain

Drought mitigation

Proposed indicator: Defined as
the proportion of days in which
daily streamflow falls below a low
flow threshold.

Population (residential and business)
within sub-watershed floodplain

Water quality

Water quality monitoring for
Millstone River

Population (residential and business)
within sub-watershed floodplain

Number of agencies/
private companies/
NGOs/academic
institutions/volunteers
with which the city

is partnering in
biodiversity activities,
projects & programs

Low, medium, high measure
based on number of organizations
involved in management of
biodiversity in Buttertubs Marsh.

Minimum of 6 organizations

= City of Nanaimo

= The Nature Trust of BC

= Province of BC (FLNRO)

= Ducks Unlimited Canada

= Friends of Buttertubs Marsh

= Vancouver Island University

4. Assumptions and Limitations

Limitations can have an impact on the certainty of the results. It should be noted, however, that this was a pilot study to
test the approach. More detailed data at the site and sub-watershed scale can be used to better inform the modeling
analysis and decision making process. Some of these limitations may have been outlined in the preceding sections.

1.

The PCSWMM model was built with available infrastructure mapping to identify a coarse hydraulic link network
between the sub-catchments that represent the coarse trunk system only. It was anticipated that geometric
information was lacking to define this network, so assumptions and estimates were applied for information gaps
based on available mapping.

The gathering of input from geotechnical and hydrogeological experts on the significance of groundwater influence
on the system was outside the scope of the pilot. Based on the monitoring data available, best estimates of
groundwater contributions were developed in addition to soils mapping and textbook parameters for infiltration.

The cost and time to apply a watershed and hydrodynamic model to the Millstone (from headwaters to harbour) to
estimate flows and water levels under a climate change condition precluded the evaluation of the overbank flood
storage benefit provided by the marsh in a future climate condition.

The PCSWMM model does not have water quality simulation capability, which would have allowed quantification
of pollutants reduction associated with stormwater runoff, namely nutrients and suspended solids. SWMMDb,
the latest model version, has this capability and should be considered for future evaluations of the marsh as a
stormwater management facility.

A key assumption was made in selecting the greenhouse gas (GHG) emissions scenario. PCIC and other climate
change organizations recommend that practitioners use the “business as usual” scenario where climate is modeled
assuming that little will be done to reduce GHG emissions in the future. This emissions scenario is referred to as
“Representation Concentration Pathway 8.5” (RCP 8.5), and is the most conservative of the available scenarios.
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5. CONCLUSION

The pilot study has demonstrated that the natural asset of focus— the Buttertubs Marsh Conservation Area—provides
stormwater detention benefits commensurate with engineered infrastructure. In addition, the modeling indicates the
resilience of the BMCA to climate change conditions, providing a similar level of service despite higher volume and
velocity of flows.

These conclusions are drawn after assessing volume and peak flow reduction for the 100-year storm. As part of this
assignment, the city requested that IDF curves also be developed to reflect climate change projections. Two sets of IDF
curves were modeled: one based on the median of 24 global climate models and one based on the 90th percentile of
24 global climate models.

Study results indicate that storage of the marshes provides significant peak flow attenuation and overall retention
functions. Filling in the marsh results in considerable impact and increases the flow to the Millstone River. The city would
either need to locate equivalent detention storage or complete improvements to the downstream Millstone River system
to compensate for the increased flow.

Early monitoring results suggest that the East marsh is typically isolated hydraulically from the Millstone River given its
elevated overflow spillway. However, the West marsh, with its lower ditch connection to the river, is frequently influenced
by backwater effects from the river. A 2005 study indicates that the marshes provide a significant service to the Millstone
River in the form of flood plain storage. That study suggested a significant reduction in peak flow would occur during the
design 200-year flood, lessening risk to downstream river crossings. Results suggest that removal of the marshes would
cause a significant increased risk to downstream systems, however the scope of this assignment does not allow us to
explore that aspect.

An asset value was assigned to the marshes based on their detention function. The costs associated with engineered
stormwater management ponds or constructed wetlands was estimated using a unit cost of $150 per cubic meter of
stored water. This is reflective of design and construction for a well finished stormwater detention pond with comprehensive
landscaping and environmental components, but excludes land purchase or any complex structures, indicating the
conservative nature of the reported values. This valuation method was used to compute an estimated value of roughly
$4 to $4.5 million under current climate and $8 million under climate change conditions. The difference in value under
current and climate change scenarios emphasizes the increasing importance of natural assets in providing critical
services to municipalities in the future and their role in increasing community resilience.

5.2 Next steps

By assigning a value to the Buttertubs Marsh Conservation Area, there is now a basis for taking concrete, evidence-
based actions. There is also an understanding of the climate change values that can be included in future decisions.

Although the MNAI pilot with the City of Nanaimo has concluded the technical aspects required to identify, manage and
value natural assets, much work remains to translate the results into core management and financial processes.

Members of the MNAI team met with City of Nanaimo senior managers on January 25, 2018 to discuss the pilot and
develop a road map for incorporating pilot results, and natural assets more broadly, into asset management and financial
processes. A broad framework was outlined that includes the development of a natural asset register and an inventory
of natural and potential engineered storm assets in the city. Once Council endorses the approach, staff would develop
policy to help define natural assets for Nanaimo and how operation and maintenance requirements can be implemented
by the city. This framework will be refined over the coming months and years.

The city will continue to collect data from the water level sensors and loggers located in and around the Buttertubs
Marsh and compare this data to Millstone River flows to better understand the relationship between the marsh and the
river. The Buttertubs Management Plan partners will consider monitoring recommendations for the marsh’s physical
integrity, its performance in urban stormwater and overbank flooding management, and co-benefit maintenance to retain
the marsh’s asset value. The study recommended additional monitoring and maintenance relative to sustaining or
enhancing the surface water management benefits.

Appendix A: Model Calibration Results

Figure 3 - Model Calibration Results
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Appendix B: Historic and Climate Change IDFs
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Appendix C: Urban Systems Report
Historical and Projected (Median) IDF Curves URMN
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Historic 1:900 yeor i 11 nia 555 -] nia 26, 300

{10112 mm}

S5 1:100 year (medan) 21 n'a a40 '3 nia 41,800

{1Z7 3 mmi]

ZC 12100 year (SO0th) -1 nia 12256 -] nia E&,100

{1458 mm]

1200 year (127 mm)™ 1 nia 17z '3 nia 25,800

* Inciudes direct @infall on the manshes

= This event usas the SCS Type 1A storm distibulion, consistent with the 2005 Miksione study, whareas
all other events apply the SCS Type Ml stom distribution which 15 more “peaky”, hance why the Tiow raes
for the ©C 1:1D0 year scenaro are significantty higher than the 1:300 year event, despite the total
PrECipitaton VoIIme Deing similar.

As shown by the results above, the siorage of Me marshes provides @ very significant peak fiow
atteruation function and an overal retention function.  Because tis Moo Only CONGCEN EXTeme
precipitaion events, by assuming the marshes are Infilled e model Is not showing much diference
betwesn 3 grassed condifon and a single family residental condion. Differances are expected In less
extreme precipitation events wese considered.  The sheer act of Infiling the marshes |s what will cause
sigrificant Impact. The resulting Increass in fiow will be felt by Milstone River. In omer to compensate,
the City would efther need to find an aliemate form of equivalent detention siorage, or compiste
Improvements to the downsiream Milstone River system. As discussed, quantifying these Is beyond the
scope of our asEIgRIMETL

7. Flow and Water Level Monltoring Data

During deveiopment of the SVWMM model the Clty confracied NHC to Implement a flow and water level
monitaring report. Monionng data from March 2017 to May 2017 was provided by the City and used for
moos callbration. A waler level comparson of modelied to obeerved for each marsh call Is Shown In
Figure 3 altached. As noted above, the West Marsh has a dich Inking | o e Milsione River, and when
accounting for that diich and the water levels monitored In the Milstone River 35 3 boundary condiion,
the SWMM model matches observed data very well. In the East Marsh modelled water levels match the
obeenved dta wel for the first couple weelis of Smulaion, however diverge after that  Wiile the
mocslied water level fses and falls In response to precipitabion, monitored waber levals appear to
continuaily rise, then platesu at an evation of about 57.35 meters slevation; generally being about 100
mm higher than the model predicts. Photos we have of the East Marsh oullet siruciure show detwls

[ Fe T i ] e L
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amund the im of the overfiow welr. We strongly suspect at e diference In modedfled versLE obeanved
water |evels |6 due fo bulld-up of detris at the control Sructure.

Cthersise, gven the imited monitonng data avallabie, the model woukd appear to Tarly represent
obeanved dia. We assume the modal can be furher refined a5 more data becomes avallable.

a. Infusnce of Mareh on Millzions River Fioodplain

It ks clear from the monfioring Infonmialion thal these |16 3 reguiar fiow Interacion bebween the Milsione
River and the West Marsh, but no 50 In the East Marsh. The Millsione River waler loval submernges the

discharge pipe from the East Marsh, but the water kavel In the marsh ks govemed by an elevated spllway
typicaly above the Milsione River water level,

However, In the case of extreme Sows In the Millstone: River, the marshes have been detenmined to be an
Important part of the rvers floodpiain. The IMluence of the marshes was studed In the Millstone River
Drainage Study (Water Managemant Consultants, Revised March 2005). For that study, a 1:200 year
SCS Type 1A event with a rainfal depih of 127 mm was used o generate design fiows and hydraulc
profie In the iver. Excerpts from that study are a5 follows:

The flood propagstion in the Lilistone River Is compiicated by the existence of the Bufteriubs Marsh.
During the rising iimb of the hydrograph & signiicant volume of water Is transfamed fom fhe main stem
towards the marsh. This Volume Iefums fo the main stem ater the peak Mood.  Thus, the marsh as a
reguiating efect, decreasing the peak flows during the rsing limb of the hydrograph and coniributing fo
the peak Mow ouring the faiing fmb”.

The flow reguiating effect of Buttentubs Marsh was found o reduce the 200-year flood peak from 105
m3's at Westwood Bridge fo 54 m3s at Guareway Bridge”

It was not ciaar from that 2005 study what the assumed sarting water level In e marshes was, however
that Is 3 very critical assumption bacause it will dictate e avalable sorage whan the fiood wave from the
Millsiore River propagales. It most aiso consider the local coniributing catchmert and how mach of e
storage will be consumad by the local runalf prior io the peal In the Milsione River.

I It's assumed that the water level In the East Marsh |5 at the Iip of the overnow spliway | reasonatie
assumption glven that the design finod event ks lkely o ocour In the winker | wet season), hen modeling
&3ys the hocal cabchment rUnof will cause e water level to rise approximatesy 50 mm, splling Into the
overliow chamber. I we assume Mat the starting water lavel n the West Marsh is at the Invert of the
ditch leaving the marsh (SE.85 mj, then the local catchment wil cause the water level io fse 0.2 meters o
57.05 m elevation. Given the relatve slze of the local catchment to the Milsione River, we would not
expect the hydrograph of Mie local catchment o peak a the 5ame fme a5 the Milistone River.  Thersiom,
without comgrehensive modeling o consider the local effects and starting water leved In the marsh In
combinaiion with the fiood wawve from the Milsiore River, It 15 not possibie for us to comment on the

accuracy of the results reported by e Milsione River Drainage Study (Water Management Consuitants,
Fevised March 2005). Unfortunately, that study did not provide suficlent information o evause.

3. Ramowal of Berm Separating the Marshee

Another scenarin of inerest was the removal of the barm, In whole or In part, that senaraies the east and
west marshes. Due to the limited budget for this assignment, this scenarno was not specifically modelied,

[Tea=i g priial Aot
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howeyer the mode calbrEtion resulis presented In Figure 3 afiached allows for @ reasonabie
undersianding about what s [kely o ocour should the berm be removed.

Basad on the avallable Information, we undersiand the: lowest part of e bam has 3 top elevation of S8.0
m. The East Marsh |s controllied by 3 splilway alevation of 57.16 m, but can be Imfluenced by debris.

As nobad by Figure 4, the dry-weaher water level In the West Marsh Is recorded 35 56,85 m. The water
level responded redatively Iittle to local preciitation and was mone heawlly Influenced by the fiow In the
Milsiore River. The East Marsh, which Is not nommally Influenced by the Millsione River because of lts
higher ovarfiow spllway, sustans 3 more stable and higher water lavel; at about 57.35 m, approdmately
0.5 m higher than the West Marsh. The efiects will be dependent on the extent o which the bem Is

However, an assat valie can be assigned in these marshes based on thelr detention funcion. The cosis
assoclated with engineered stomwater management ponds of constructed wetiands can be highly
varlable due ip a varlety of factors. But for pianning level conslderations, we have selected 3 unit cost of
5150 per cubic meter of slored water. This Is reflectve of design and construction Tor 3 well finished
sionrreater detenfion pond with comprehensive |andscaping and envionmental components, bt
excludes land purchase or any compilex structures.

Tabie 2 balow summanizes the predicied stormge volumes fhat would ocour In e3ach mash under vanous
Siorm evaents, along with an assigned asset value. These wolumes assume Me exlsting marshes with no
modficabions. A5 summarnzed, ihece marshes are conskiersd io have a significant asset value If thay

removed In Its helght  The lower the berm, the mor fat wil dran Indo the West Marsh, with a were I be repiaced by an enginesred detention pond offering the same level of siorage and peak fow

eomesponding drop In water leved In the East Marsh. If the barm Is lowered 1o 56.85 m (the apparent dry afenuation
weather waler level of Me West Marsh), the water level In the East Marsh Is expected fo mimic that of the
West Marsh. 11 would then be quite possible that the existing discharge sinuciure from the East Marsh Tabie 2 - Estimated Storage Voelumes and Equivalent Englnesrad Costs
would not activale, a5 there s Ilkely InsuMciant uNof generated locally fo raise e water leved fo that
elevalion If It 15 able to exit o e Mitsione Rver ough e YWest Marsn. Wecd March Eaci Maren
. Closing surfaos Burtacs

Aot Water : Siorage | Cosiat st Water :— Sorage Cosd at
It would appear that e marshes provide a very significant “senvice” {0 the local cabchment by reguiating Max [
peak Niows Ino e Millstone River. Removal of the marshes will significantly Increase the fiow rate and el el et et 58 e | = = HER o
wolume dischanging to the Milsione River. It is expected that the marshes will piay a much sironger rie prr— — —
hmmmnmﬂ]’mm“m“ﬂ |ﬂﬁmmma | pear B5 550 SETS | STD1 | 18730 | §2 734 540 | 145 16T 5748 | 57.25 | 13,065 31,958,755
sauraied condilon. Cuantfying fhis coukd be done with confinuous smulation, which unforbunately Climaee
exiends beyond the scope of Tis assignment. imediany 85,550 se7a| svoe |2emme | savamsis | vaser | wae | st | esmr | sessors
Eany monitorng resufts suggest that the East Marsh |5 typlcally solabad hydraulically from the Milstone ot
mwnmmm.ﬁ.mﬁw&tmmmmmmmn S 85,560 S5T3 | 57AT | 314 $.723,257 | 145,167 5716 | 57.3% | 23237 F3 454 008
river, Is frequently Influenced by backwaier effiacts from the rver.
Past study of the Milsione River done In 2005 Indicabes that the marshes provide a significant senvice 1o —

the Milstone River In the form of flood piain storage. That study suggested a significant reduction In peak
flow would oocur during the design 200 year flood, lessening risk to downsiream river crossings. Those S ———
results suggest that removal of the marshes would significant Increase risk to dOWNSITESm Systems,
however the scope of this assignment does not allow us to explore that aspect. The 2005 study,
however, was not ciear on It assumptions regarding the starting water leved In e marshes, or the
contrioutions from e local calchment. W anticipate these assumptions may signifcantly Influence the
avaliable storage In the marshes a5 Me flood wave of the Milsione River propagates. We suggest that to
better quantfy the affects of e marshes on the Millsione RIver requires more comprehensive modeding
and continuous SIMUESon to better understand Mat reiationship.

Fundamentdly, the work completed 10 dale seems 0 cleany demonsirate thal e marshes offer a

meaningfu senvice o both the Miistone River and local catchment, however accurately quantfying the
effects of Femoving the marshes is dificult to do without more comprehensive analysls of the Milstone

River system that exdends well beyond the scope of this assignment. —
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APPENDIX - Historic and Climate Change IDF’'s
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Intensity (mm,/hr)
B ¥ 8 Eoaned

kB R

A A Standard Environment Cansda Tables for IDF Curves:
Historical and Projected [Median) IDF Curves . .
Eased on EOCC Station Nanaimo City Yard [1380-2007] and
I0F-CC Tool =All Model™ Ensemble [2050-2100); RCF 8.5~ 50" Percentile Values
Hanaima Ciy Yard
it i Drta:
1900 2007 12F ) Tabie 22 Retann Pencd REmTal AMoUnts [mm)
Projocted Vakiss: | Durstion 2yr | Sy | oy | 28w | S0y | ey
62100 3 min EE] 26 10.3 123 142 16.0
D6 Toel 40 min L 125 133 123 ME 2a.2
* Al Whodabs® Ensamhle 1% min 0= 193 1E.6 7 238 28.3
30 min 133 185 2.8 7o ng 340
Lhr 150 1 8.4 EE E 333
Zhr Mo 5 30.6 E L] 353 3.0
& hr a1z =3 60.3 554 763 B34
12 hr = 74.3 BA.0 55 1062 1158
b B2 T 1063 1217 1413 1368 1713
Esturn Petded [Yearn] —— —
Tabie 25 Retam: Pencd Raantall REbes [mmy b
e [ ourstion 2y | sy ] sow ] zsw | sop [ s
Py — 3 min 711 1@ 7 1232 1303 171D 1813
i wmar 10 min =T TIE B34 1137 1253 1343
Throjected 1% min 237 2.2 743 S0E 1033 1156
30 min o T 447 33 E0.5 67.3
Lhr 150 H1 238 == 32z 353
Zhr 03 13.4 133 178 18.7 213
5 0 15 30 60 2 6 12 24 &b b - 101 e 7 13
12 hr 30 £2 T =0 £5 87
e Duration Hours b 34 4.4 11 39 6.3 7.2
* 95% confidencs mits are not sasiabie
Tahie 3: Interpolation Equation Coeffidents [ = A%T~8)
l them 2yr | sy | toyr | 25w | S0y | aedyr
Pean FR 253 37.2 257 534 £0.3 67.3
Sk, D, 44 1.7 431 o+ £0.3 67.7
Std. Error 237 3.85 482 535 7.43 B.37
CoefT A 1242 24.89 29.04 3448 3865 8277
Coeff B 0528 457 41583 s 1508 1614
Mie=n % Error 7.2% B.7% 3% 10.1% 10055 11 0%
R = Interpolsted Rainfall rate [mm/'h)
RR = Raindall rate (mmyh)
T = Rairfall duration |h]
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