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Executive Summary 

Rainwater and Stormwater runoff from the planned Rainbow Ridge Affordable Rental Housing 
Development may be managed by constructing a system of naturally appearing and functioning 
features that will require little, if any maintenance. An interconnected system of rain barrels, 
rain gardens, bioswales, passive infiltration beds, and stormwater wildlife wetlands may be 
built to capture runoff and sediment at the source, eliminating the high cost and need of 
maintaining dams, pumps, fences, and pipes. These stormwater management features will be 
attractive to look at, increase wildlife viewing opportunities, and enhance the quality of life for 
residents in the new community. The improvements will reduce runoff flowing onto 
neighbouring properties, and clean the water entering Hague Lake. 

 

Introduction 

Miranda Cross and Thomas Biebighauser were retained by the Cortes Island Seniors Society to 
prepare the Rainbow Ridge Rainwater/Stormwater Management Framework. This framework is 
a concept plan which outlines best management practices (BMPs) and strategies that may be 
employed on site to manage rainwater and stormwater with the goal of helping the 
environment by cleaning water leaving the site. 

 

Property Location 

The property is located on the South end of Cortes Island BC at 965 Beasley Road. To the North 
is the Cortes Island Fire Hall #1, the Cortes Island Museum & Archives, and the Cortes Skate 
Park. To the West is the Health Centre, current Senior's Housing, and residential lots. To the 
South is the Siskin Lane Forest Park. To the East is the Cortes Community Economic 
Development Association undeveloped commercial property, as well as the Southern Cortes 
Community Association Mansons Landing Community Hall and Post office, and numerous 
residential lots. The Rainbow Ridge property is situated within close walking distance to the 
town centre of Mansons Landing, the Cortes Natural Food Coop, the Cortes Market, and Cortes 
Island Elementary School. 
 

 
Legal Description  
REM Easterly 78 ACRES 
E ½ of the FRACTIONAL NW ¼ SECTION 7, 
Sayward Land District, Cortes Island 
PID #005-814-553 
R – residential zoning/ SRD 
51.27 acres (20.75 hectares).  
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Area of interest 

Please refer to: Map Delineating Study Area, found is Appendix A. 

Zone 1: Primary zone, housing development on 2.45 hectares in the Northern part of the 
property. 

Zone 2: Secondary zone being a possible runoff equalization area. 

 

Background 

The history, geology, hydrology, and ecology of the Rainbow Ridge site is covered in detail in 
the Ecological Site Investigation report by Matt Cuscianna and Sabina Leader Mense (2018). 
Therefore, it is not necessary to repeat many aspects of this report. However, it is important to 
note that this site was logged in 1986 & 1987, and the effects of logging are still present on the 
landscape, including old logging roads and ditches. These continue to impact the hydrology of 
the site and neighbouring properties. 

 

Goals and Objectives of the Framework 

Goals 

1. A stormwater management strategy that allows for infiltration into upper soil layers and for 
uptake by vegetation, supporting a healthy forest and riparian ecology. 

2. A strategy to ensure that clean water reaches Hague Lake, including any runoff or ground 
water flow from septic drain fields. 

3. A strategy to restore natural water flows without negatively impacting neighbouring 
properties. 

4. Provide guidance and understanding of future detailed design work. 

 

Objectives 

1. Determine a strategy for cleaning nutrient-rich surface and groundwater runoff from septic 
fields. 

2. Make recommendations on the proposed strategy of installing equalization culverts along 
the old logging road. 

3. Describe in detail a process for designing actual treatments. 
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4. Estimate the volume of runoff from new sources. 

5. Provide an overview of the treatment plan and the strategies to be employed. 

6. Develop a concept plan for: a) directing and cleaning runoff from roads, buildings, and 
parking areas; b) dispersing overflow from storm events and; c) determining the pathway and 
final location of runoff. 

 

Methods to Develop Design Treatments 

The following steps were taken to develop this Framework: 

1. Study of reports and field work provided by Ian Scott including: Hydrogeological Assessment 
of Potential Impact of Proposed Rainbow Ridge Affordable Rental Housing Project, Elanco 
Enterprises LTD. 2019; Excavation and Soils Bearing Capacity Assessment, Michael Cullen 
Geotechnical LTD. 2019; Wastewater Site Sewerage Assessment, Ron McMurtie and Associates, 
2019; Ecological Site Investigation, Cuscianna and Leader Mense, 2018; Preliminary 
Hydrogeological Assessment, EBA Engineering Consultants, 2008. 

2. Soil texture analysis using a soil auger and the standardized ribbon test 

3. Examination and analysis of previously dug soil test pits, including percolation data from 
reports to confirm soil texture observations. 

4. Observations of vegetation and hydrology. 

5. Elevations were taken using a Trimble Spectra Precision Laser Level (Model LL400) to 
determine slope in key areas such as along the existing logging road ditch and within the 
proposed stormwater wetland. 

6. Identification and mapping of ditches, roads, and other features using a hand held GPS-
iPhone SE-and GIS Kit app 

7. Interviews with neighbours. 

8. Maps created using Q GIS and SketchUp. 

9. Volume estimates of runoff in system. Catchment surface area of buildings and roofs 
provided by RWA Architects via Ian Scott. 

10. Research and literature review of Stormwater Management Best Management Practices. 

 

 

 



Rainbow Ridge Rainwater & Stormwater Framework 

 

6 
 

Site Assessment & Analysis Summary 

The site was studied by Miranda Cross on multiple occasions during the week of December 7-
14, 2019. Information is also summarized in a Site Analysis Summary Map found in Appendix B. 

Soils: Soil textures observed were Sand, Loamy-Sand, or Sandy-Loam with gravels and cobbles. 
Mottled ferrous soils were observed across the site, indicating a fluctuating seasonal water 
table. These observations are consistent with the soil textures observed by both Michael Cullen 
Geotechnical LTD., and Ron McMurtie and Associates in their respective reports. 

 

Standing water was observed in four of the test pits. Three of these pits were located in a 
natural low spot along the Eastern border with the neighbouring properties of 757, 767, and 
777 Sutil Point Road. From 7-10 cm of water was observed in these test pits which were 80 - 
100 cm deep. The soil textures in these test pits were 40-45 cm of fine-grained sand over a hard 

Photos: Top Left: Soil test pit showing 

sandy soil and cobbles (Miranda Cross) 

Top Right: Soil test pit showing sandy 

mottled soils (Miranda Cross) 

Bottom Left: Typical soil auger sample 

from this site. Sandy soil with gravel 

(Miranda Cross) 
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pan containing cemented sand and silt (McMurtie, 2019). This is different than the pits found 
uphill in Zone 1, which did not contain water and were comprised of mixed sand, gravel, and 
silt. 

 

 

Photos: Three test pits located near property boundary with 777, 767, and 757 Sutil Point Road. 
Water in bottom of each test pits is 7-8 cm deep (Miranda Cross). 

The fourth test pit where water was observed was located just below a patch of sedge along 
the trail in Zone 2. The sedges and standing water provide evidence of saturated soils and the 
flow of water underground into a natural drainage heading towards the border between 777 
and 767 Sutil Point Road. Water in this test pit was observed to be 7 cm deep. This test pit 
showed 30-40 cm of organic soil over 70 cm of sandy-gravel. 

None of the test pits in the North-western portion of the property observed by Miranda Cross 
in December 2019 contained standing water, however photographs provided by Ian Scott from 
December 2018 show water in various test pits around the property, while other test pits had 
no water in them. One of the photos shown below was taken near the North-western boundary 
of the property. This is significant as this is the area proposed for the septic drain fields. The 
standing water in the photograph appears to be 30-40 cm below the surface. 
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Photo: Test pit with water in North-western area of Zone 1 (Ian Scott 2018). 

Vegetation: 

For a detailed report of the vegetation on the site, please refer to Ecological Site Investigations, 
Cuscianna and Leader Mense 2018. 

In Zone 1 the vegetation is a young forest of Red Alder, Douglas Fir, Western Red Cedar, Grand 
Fir, and Hemlock with an understory of Salal, Red Huckleberry, Bracken Fern, Oregon Grape, 
Sword Fern, and Trailing Blackberry. Many Douglas Fir stumps were also observed, with young 
Western Red Cedar trees. Non-native invasive species observed include English Holly, 
Himalayan Blackberry, and Foxglove. 

 

 

Photo showing young, naturally regenerating Western Red Cedar, Douglas Fir, Hemlock, and 
Red Alder with Salal, Red Huckleberry, and Bracken Fern understory in Zone 1. Note the deer in 

the middle of the photo (Miranda Cross). 
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In the area proposed for a stormwater wetland on the Eastern border of Zone 1, the dominant 
tree species is Red Alder, with young conifers such as Western Red Cedar, Grand Fir, and 
Douglas Fir. There is a thick understory of English Holly, as well as Himalayan Blackberry, both 
invasive species. Native understory vegetation is composed of Salal, Bracken Fern, Red 
Huckleberry and Sword Fern. 

 

 

Photo showing vegetation at proposed wetland site, Red Alder overstory with young conifers 
and a thick understory of invasive English holly (Miranda Cross). 

 

The vegetation in Zone 2 differed from Zone 1, especially in low-lying areas and where hydric 
plants were observed such as Sedges and Rushes. Along the old logging road trail and ditch the 
dominant tree species is Red Alder. In the Zone 2 forest there are many large Western Red 
Cedars, as well as Big Leaf Maples. These trees along with the presence of Sedges, Rushes, and 
Salmonberry indicates a moist site. Also observed in Zone 2 is Douglas Fir, Western Hemlock, 
and Grand Fir. Understory plants in Zone 2 were mainly Sword Fern, Salal, Red Huckleberry, and 
a few Salmon Berry. 

Of special note is a couple of patches of sedges located along the old logging road and the 
ditch. Sedges were growing in the ditch and along the side of the trail west and uphill from a 
grove of large diameter Cedar trees, and Big Leaf Maples. This vegetation pattern is indicative 
of groundwater being present, and a flow of water beneath the surface of the ground. 
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Photos: Above Left: Large diameter Western Red Cedar trees observed in Zone 2 in a low-lying 
area near the eastern border. Above Right: Maple tree located between a sedge patch on the 
trail and the large diameter cedar trees. Below Left: Sedge patch located in a raingarden pool 
formed by the ditch being blocked when a trail was made to cross the ditch with heavy 
equipment to dig test holes in 2018. Below Right: Sedge patch along old logging road just uphill 
from Maple trees and large diameter Western Red Cedars (Miranda Cross). 
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Zone 2 is generally wetter than Zone 1. In Zone 2 it does not appear that the forest is lacking 
water, as many hydric plants are thriving and no dead trees were observed. A large sedge patch 
was observed on the North-West corner of the 767 Sutil point Road indicating an ephemeral 
wetland or seasonally wet spot in this area. 

  

Photo: Sedge patch near property line of 767 and 777 Sutil Point Road. This low spot on the 
border of these two properties is the natural drainage for Zone 2 (Miranda Cross). 

 

Ditch 

blocked 

Sedges 
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Physical Characteristics and Water Flows: 

The photo above showing the sedge patch in the ditch along the old logging road is marked on 
the Site Analysis Summary Map (Appendix B). This is where the ditch was blocked by a machine. 
Water was observed to be 10 cm deep in the ditch on December 6, 2019. The water had 
infiltrated into the ground by December 11. This indicates that water infiltrates readily into the 
soils in this location. 

The slope of the ditch along the old logging road in Zone 1 averages 0.6% towards the north. 
The slopes in Zone 2 vary from less than 1% up to 9%. Erosional head-cuts were observed on 
the steeper slopes. This is a critical detail for designing landscape features. One of the head-
cuts was observed just below the sedge-patch ditch block or dam previously mentioned. When 
the water overflows this block, it is eroding the soil in the ditch, causing head cuts to form. 

 
Photos: Left: An erosional head cut formed in the ditch just below the ditch block area. Right: 

Soil auger is laid down in a small gulley caused by erosion in the ditch (Miranda Cross). 
 

The slope in the area proposed for a stormwater wetland (just below where the trail takes the 
first Y to the East when coming from Beasley Road) was measured to be between 4 and 7%, 
which is suitable for wetland construction. The old roads and ditches found in this area are 
pointing in the direction of the neighbours at 777 Sutil Point Road. These are directing runoff 
towards the neighbours at 777 Sutil Point Road. 

Head Cut 
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Photo: The old road and ditch direct water towards the neighbours at  
777 Sutil Point Road (Miranda Cross). 

 
These old roads and ditches could be reshaped to form a storm water wetland and wildlife 
observation feature. A ditch was also mapped within the proposed wetland site. This ditch may 
also be disabled for the construction of the wetland. 

The slopes of the land in the development Phase 1 site are from 4 to 10% (McMurtie, 2019). 

Three other old roads and ditches were observed and mapped in Zone 2 and 3 (refer to Site A & 
A Map). These ditches and roads are directing water towards the East and the properties at 757 
and 745 Sutil Point Road. Dead and dying trees were observed North of the ditch at the Old 
Campsite, indicating the forest in this area is starved for water. The forest ecology may be 
restored by disabling these roads and ditches. Restoring this area could also reduce runoff that 
may be affecting neighbouring properties. 

Ditch 

Home at 777  

Sutil Point Rd 
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Photo: Dead tree North of Ditch at Old Campsite indicating the old road and ditches have dried 
the forest (Miranda Cross). 

Flowing water was observed in the North-South ditch along the old logging road, and the ditch 
across the trail at Beasley road. Erosion was observed in the ditch which crosses the trail. A low 
water crossing made from rock or a culvert may be needed at this location. 

 

Photo: This ditch crosses the old logging road at the junction with Beasley road. There is flowing 
water at this location and a culvert may be needed (Miranda Cross). 

Dead tree 

Erosion 
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Percolation tests were conducted in the phase 1 development area by Ron McMurtie and 
Associates in 2019 as well as by EBA Engineering in 2008. Results were: 1.5 minutes/inch to 4 
minutes/inch (McMurtie, 2019); 1.6 minutes/2.5cm (EBA, 2008). These tests are important 
indications that percolation is sufficient to infiltrate water into upper layer soils. 

 

Surrounding Properties: 

Miranda Cross and Sandra Wood conducted an interview and guided tour of 777 Sutil Point 
Road with owner Kurt Strussi on December 11th 2019. He shared that water flows across his 
property between his house and his shop during heavy rain events, and that this is due to 
disrupted Big-O drainage pipe (diversion drainage) which runs along the cut bank above his 
house and parking area (Strussi, 2019). There is a ditch on the North side of his driveway which 
works in tandem with the Big-O drainage pipe to direct water around the driveway and away 
from the house, however during heavy rainfall events these structures are failing to do their 
intended job. Mr. Strussi shared that when it rains a creek runs down his paved driveway and 
that the water is funnelled from above onto his property by a ridge (Strussi, 2019). As 
mentioned above there are roads and ditches on the Rainbow Ridge property that are 
functioning to move water towards 777 Sutil Point Road. Restoring the rim of the terrace which 
was cut through to build these roads, constructing a wetland, and directing the stormwater 
overflow away from 777 Sutil point road should improve the water issues currently at 777 Sutil 
Point Road. 

Miranda Cross and Sandra Wood also conducted an interview and guided tour of 745 Sutil Point 
Road with owner Ro Gagnon on December 11th, 2019. He shared that he has had extreme 
problems with flooding in his basement and across his yard, and in response he dug a 
protective ditch on the Northwest side of his property. This ditch was partially dug on Rainbow 
Ridge property with permission of the previous owner. Since digging this ditch, he has not had 
water issues. This northern ditch has a small constant flow of water into June, at which point it 
dries up (Gagnon, 2019). Erosion was observed in this ditch. On the southern side of his 
property ditches are full with water and drain the area where his garden is located. Hydric 
plants such as sedges were observed growing in standing pools of water. Standing water was 
observed 8 cm below the soil surface. 

Heading south from 745 Sutil Point Road is another property owned by Jana-Lynne White. Large 
deep ditches full of water were observed on this property, as well as large diameter cedar trees 
and standing pools of water. It was observed from Sutil Point Road that the outflow for this 
area, a ditch that flows to a culvert across Sutil Point road is blocked. It is possible that this 
property is the natural drainage for the Spruce Swamp which runs through the Southeast 
portion of the Rainbow Ridge property. It is also possible that this outflow being blocked in 
recent years has caused water to back up and flood the neighbour’s property at 745 Sutil Point 
Road. This property if acquired by CISS as part of the Rainbow Ridge development presents 
opportunities for future wetland restoration and habitat enhancement, improving water issues 
for neighbours, providing an outflow for the Southern portion of Rainbow Ridge development 
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as well as and creating a connectivity corridor trail for access to Rainbow Ridge Southern 
property. 

Miranda Cross and Sandra Wood investigated the property at 785 Sutil Point Road which is 
owned by the Cortes Community Economic Development Association (CCEDA). This property 
has recently been logged and cleared of trees. Large woody debris piles are present on site, as 
well as large boulders. These materials could be used in creating wetlands for wildlife habitat 
and to improve aesthetics. 

Old ditches were observed on the CCEDA property which have been interrupted. One of these 
ditches originates on the 777 Sutil Point Road property, runs approximately South-North, and 
was filled when a road was created to move the previous squatter out. Another ditch runs 
downhill (West-East) along the property line with 777 Sutil Point Road, is 25 meters in length 
and ends abruptly. This property provides a potential opportunity to expand this West-East 
ditch, connect it on the uphill end to the stormwater wetland feature (to act as the overflow 
outflow for the Rainbow Ridge stormwater system) and connect to the ditch on Sutil Point Road 
on the downhill end. This ditch could be made to appear natural and provide ecological lift, as 
well as provide a stormwater outflow solution that would not impact downslope neighbours. It 
could be shaped attractively with infiltration basins, waterfalls, and planted with native 
vegetation. 

Observations were made along the Beasley Road ditch system. This system is not functioning 
adequately for the current stormwater needs of the neighbourhood. It is overflowing causing 
sheet flow across the road and into the coop property causing erosion. This is an opportunity 
for improvement by reducing the volume of water and the amount of pollutants that are 
flowing into Hague Lake via this ditch system. 

The ditch on Sutil Point Road below the old church property at 793 Sutil Point Road was thick 
with silty sediment. The 45 cm culvert had 15 cm of sediment collected in the bottom of it, with 
8 cm of water on top of the sediment. This amount of silt in the ditch system is reducing the 
capacity of the ditches to convey storm water. It also indicates that large amounts of sediment 
are making their way towards Hague Lake via the ditch system. Improvements that would be 
made with the Rainbow Ridge development have the potential of reducing this sediment. 

Ditches along Belwood Road and Beasley Road are two places where bioswales could be 
implemented to retain stormwater and rainwater, allowing for infiltration and settling of 
sediment travelling in the ditch system before they reach Hague Lake. 

Two drainage pipes originating from the Fire Hall property were observed to outlet into the 
ditch along the old logging road on the Rainbow Ridge property which connects to the ditch at 
Beasley Road. 

We were not able to contact the owners of the properties at 767 and 757 Sutil Point Road. 
Flooding is known to have occurred nearby in the basement of 767 Sutil Point Road (Wood, 
2019). 
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Estimates of Volume of Water in the System 

Management of stormwater takes into account the complete spectrum of rainfall events to 
protect both property and aquatic ecosystem health. An important parameter for describing 
the complete rainfall spectrum is the size of the Mean Annual Rainfall (MAR), which is a rainfall 
event that occurs once per year on average (Stephens et al. 2002). The MAR storm event for 
Cortes Island, extrapolated from the MAR for Campbell River, is 55mm/day (Urban Systems, 
2005). Rainfall events tend to be low intensity and of long duration, as is common for this area 
of coastal BC (Stephens et al. 2002; Urban Systems, 2005). 
 
The complete spectrum of rainfall events is divided into the following three tiers which 
represent three design parameters for storm and rainfall events (Stephens et al. 2002). 
 
Tier A Events: Rainfall Capture (Source Control): Small rainfall events that are less than half the 
size of a MAR. About 95% of all rainfall events are Tier A events in this region. Capturing these 
small events at the source is key to reducing runoff volume. 
 
Tier B Events: Runoff Control (Detention): The large rainfall events that are greater than half 
the size of a MAR, but smaller than a MAR. About 10% of all rainfall events are Tier B events. 
 
Tier C Events: Flood Risk Management (Contain & Convey): The extreme rainfall events 
exceeding a MAR. An extreme event may or may not occur in any given year. Only 0.4% of 
storm events exceed the MAR in this region. 
(Urban Systems, 2005; Stephens et al. 2002) 
 
 
 
Table 1. Design Storm Rainfall Depths for Cortes Island BC (Campbell River, BC). 

Recurrence 
(year) 

1-hour rainfall  
Depth(mm) 

12-hour rainfall  
Depth(mm) 

24-hour rainfall  
Depth(mm) 

2 12 44 52 

5 15 53 65 

10 17 59 74 

25 22 64 84 

100 24 78 100 

Source: (Urban Systems, 2005) 

 

For the purposes of this framework, we will use the water quality goal of providing treatment 
for runoff from new impervious surfaces for storms up to 100 mm in 24 hours (a 100-year 
storm). This will allow for a comfortable buffer for the unpredictability of climate change and 
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future weather patterns. The extreme daily rainfall recorded in the Government of Canada's 
Climate Normals Station data for Cape Mudge, BC. 1981-2010 is 71.4 mm (Gov. CND, 2019). 

 

Table 2. Estimated Volume of Rainfall Catchment for a 100-Year Storm (100 mm in 24 hours). 

Catchment 
Surface 

Surface  
Area (sq m) 

Rainfall 
mm1 

Coefficient2 Volume (L) 

Roof 2236 100 0.95 212,455 

Gravel 5485 100 0.60 329,100 

Landscape 11966 100 0.20 239,310 

Wetland Pools 614 100 0.95 58,283 

Forest & Septic 2900 100 0.20 58,000 

Total Rainwater Catchment 
Volume (Litres) 

 897 cubic m 897,148 L 

(1-Urban Systems, 2005; 2-Gaia College, 2019) 

 

Capacity of the Storm Water System 

The recommended capacity of the Rainbow Ridge stormwater system, has been designed on an 
average bioswale depth of 0.20 meters, is calculated to be 1,112 cubic meters. This capacity 
exceeds the estimated 897 cubic meter volume of water in the system (see Table 2 above) 
during a 100-year storm event by 215 cubic meters. 

The estimated catchment volume (during a 100- year storm event) for the forested area that 
will contain the septic drain fields is calculated to be 58 cubic meters (see Table 2 above). The 
capacity of the bioswales placed to capture any runoff from the septic drain fields is estimated 
to be 66 cubic meters. This leaves an excess capacity of 8 cubic meters in the septic drain field 
bioswales. 

It is the opinion of the authors that a storm water system cannot be too large. If a stormwater 
system has more capacity than is used for rain catchment, there is no problem. If it is 
undersized, then it will not function properly. Furthermore, with climate change, and the 
occurrence of more intense storms, a prudent approach is to oversize the storm water 
infrastructure which will only benefit the site into the future. 

During the detailed design stage individual bioswales and raingarden features will be sized and 
at that point the capacity of the systems may differ from the estimates given above. 

Two additional sources of runoff that are not accounted for in the water budget are:  

1-The contribution of the Fire Hall to the bioswale ditch system on Beasley Road. 
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2- The contributions of the ditch along the old logging road trail in Zone 2 to the overall system. 
Please note that it is recommended that this ditch be re-worked into bioswales, and the 
capacity of these swales would be designed to capture and infiltrate the water in the ditch. 

It is reasonable to design a stormwater system that will be large enough to treat runoff from 
these sources. 

Overview of Strategies to Be Employed 

The Importance of Rainfall Capture for Water Quality: 
 
Rainfall capture of small storms and the initial portion of large storms at the source is an 
important strategy for improving water quality and reducing runoff volume. This allows the first 
flush of pollutant runoff from impervious surfaces to be filtered and receive treatment as they 
infiltrate into the ground (Stephens et. al, 2002). 
 
Strategies:  
 
The strategies outlined below modify soil texture and compaction using the Rough and Loosen 
Technique, so that runoff soaks into the ground. This technique penetrates and loosens 
compacted soils, which form a hard pan, to increase infiltration. 
 
These strategies focus on building facilities that are low cost and require little, if any 
maintenance. They will increase wildlife viewing opportunities and provide attractive features 
that improve property values. The following actions may be taken to manage runoff from roofs, 
driveways, pathways and lawns: 
 
Bioswales: 
 
Bioswales, also called Rain Gardens, are widely used storm-water management tools that 
facilitate both filtration and infiltration of rainwater. Research has shown that bioswales can 
substantially reduce runoff volumes, peak flows, and pollutants entering downstream aquatic 
ecosystems (Davis et al. 2009; EPA, 2016; Juries, 2003). 
 
There are many definitions of bioswales all differing slightly in their design. We have developed 
a site specific bioswale for the Rainbow Ridge property based on the site's soil and hydrological 
conditions (Appendix C, Figure 1- 3). These bioswales are an interconnected network of shallow 
vegetated depression (or Rain Gardens) that capture and infiltrate water. 

Bioswales can be vegetated with native plants to benefit local wildlife, to filter and absorb 
pollutants, facilitate evapotranspiration, and for beauty. They can also be seeded to grass and 
mown. The highly permeable sandy loam and gravel soils and the underlying hard pan layer will 
be loosened to approximately 1-1.5 meters. The specific dimensions of each bioswale basin will 
be determined by the slope of the land. The slope of the bottom of each basin will be less that 
1% with the sides being no more than 5%. Vertical grade control will be used between 
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individual basins to prevent erosion and head cuts from forming. Rainfall from rooftops and 
driveways may be directed into bioswales to capture and infiltrate rainwater at the source. 
During intense storm events stormwater will flow through the network of bioswales to the 
Stormwater Wildlife Wetlands. 

Bioswales can be designed to treat nutrient rich seepage from septic drain fields. Two 
important design criteria for this purpose are using a high carbon soil mix in the swale and 
appropriate vegetation to uptake nutrients (see the section, Issue to Evaluate: Nutrient removal 
from groundwater leaving wastewater drain fields page 22). 

Bioswales may be built in lawns and along ditches that drain water from Rainbow Ridge. These 
standards may be followed in the design and construction of the bioswales: 

1. External gutters are placed on homes. 
2. The flow of water from gutter downspouts may be directed into bioswales. 
3. Bioswales are built to be shallow depressions based on permeable soils. 
4. Bioswales are built to be from 15 to 60 cm deep in the center. 
5. Bioswales are placed on downhill slopes no steeper than 5-percent. 
6. The texture of soil in each bioswale is sand, sandy-loam, or gravelly sandy-loam. 
7. Compacted soils are loosened to a depth of 1-meter or more using an excavator in each 

bioswale. 
8. It is not necessary to place top soil in the finished bioswale. 
9. The bioswale may be planted to a diversity of flowering plants and mulched using 

shredded wood or wood chips. 
 

Passive Infiltration Beds: 

Passive infiltration Beds facilitate water soaking into the ground at the source of capture 
(Appendix C, Figure 3). These beds contain soils loosened to a depth of 1-1.5 m. They would 
contain a 4-inch pipe with large diameter holes connected to each roof down spout that 
distributes water into lawn or garden areas below the surface. Passive Infiltration Beds may be 
connected to bioswales. These strategies may complement each other or they can be used 
independently (see design criteria below). 

These standards may be followed when installing Passive Infiltration Beds: 
1. External gutters are placed on homes. 
2. The outlet of the downspout is connected to a flexible, corrugated, plastic drain line 

containing large diameter holes along its length. 
3. The drain line is buried approximately 30cm below the surface. 
4. The drain line is surrounded by sand, sandy-loam, or gravelly sandy-loam texture soil. 
5. The soil where the drain line is placed is loosened to a depth of 1-meter or more by 

using an excavator. 
6. An all seasons, (vortex and adhesion wicking system) filter is placed in the downspout 

that may be cleaned to prevent leaves from entering the buried drain line. The screen is 
installed approximately 1-meter above the ground for easy access and cleaning. 
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7. The drainage system does not include the use of erosion fabric, a cistern, septic tank, 
cleanout pipe, or ditches, which are expensive and require maintenance. 

 

 

Cisterns and Rain Barrels: 

Cisterns and rainbarrels may be used to capture water for re-use. It is important that cisterns 
be weather proof, either protected from freezing (i.e. underground) or designed for winter shut 
down. Rainwater captured from buildings can be used for irrigation, flushing toilets, and 
firefighting. It is important that harvested rainwater be treated before storage. Treatment 
systems must include a first flush diverter to divert the first flush of water which contains more 
contaminants. A screen to keep out debris is also essential. Rainbarrels also need to be 
protected from sunlight to prevent the growth of algae, and covered to exclude mosquitoes 
(Gaia College, 2019). 

 
Rain barrels and cisterns may be installed to collect runoff from home roofs and maintenance 
buildings. The stored water may be used for irrigation, flushing toilets, or for firefighting. These 
standards may be followed in the design and placement of rain barrels or cisterns: 

1.   External gutters are placed on homes and buildings. 
2.   The rain barrel is connected to the gutter downspout. 
3.    An optional diversion system may be installed before the rain barrel which can be used 
 by the homeowner to prevent the first flush of dust, litter, or bird droppings from 
 entering the rain water storage system. 
4.   An all seasons (vortex and adhesion wicking system) filter is placed in the downspout  
 that may be cleaned to prevent leaves from entering the rain barrels. The screen is 
 installed approximately 1-meter above the ground for easy access and cleaning. 
5.   A valve or gate is installed on the downspout so water may be blocked from entering the 
 rain barrel in freezing weather, and overflow may be directed into a raingarden or 
 Passive Infiltration Bed when it is full. 

 

Wildlife Stormwater Wetlands: 

Wildlife Stormwater Wetlands, which are specially designed stormwater detention ponds, may 
be built to effectively capture and treat runoff at Rainbow Ridge. These would be ecologically 
valuable, aesthetically pleasing, and provide great places for viewing wildlife. Wildlife 
Stormwater Wetlands (Appendix C, Figures 4-8) passively capture and infiltrate stormwater, 
add beauty to the landscape, and provide safe areas for adults and children to enjoy. The 
Wildlife Stormwater Wetlands would be built to contain shallow water, surrounded by gradual 
slopes. The features would be safe for wading in the Summer and for ice skating in the Winter. 
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The center of each Wildlife Stormwater Wetland would contain a small area of shallow water, 
with dry margins containing permeable soils that are designed to absorb runoff from storm 
events. 

Due to the high permeability of the soils at the site, an aquatic safe EPDM liner protected by 
layers of geotextile fabric (Appendix C, Figure 7) would be used to maintain shallow water in 
the center of each Wildlife Stormwater Wetlands throughout the year. 

These standards may be followed in the design and construction of Wildlife Stormwater 
Wetlands: 

1. The wetlands may be built of any size. 
2. Wetlands are built on slopes less than 6-percent. 
3. No more than a 1-meter change in elevation from upper to lower edge of each 

construction site. 
4. Finished wetlands contain a maximum water depth of 1-meter following major 

runoff events. 
5. Inside and outside slopes of the wetland are no steeper than 20-percent. 
6. Wetlands are made to be deepest in the center, and are generally shaped like large 

satellite dishes. 
7. Soil texture is sand, sandy-loam, or gravelly sandy-loam. 
8. Soils are loosened to a depth of 2-meters or more using an excavator and the rough 

and loosen technique. 
9. Each wetland contains a spillway that is at least 4-meters wide that carries overflow 

over a gradual slope. 
10. The inlet and outlet of each wetland is protected from erosion and head-cuts by 

embedding rock in the ground. The rock is rounded, and averages 20 cm in 
diameter. 

11. A shallow-open water feature is constructed in the center of each wetland. The open 
water wetland will provide habitat for waterfowl, shorebirds, frogs, toads, and 
salamanders. The open water will also be suitable for skating in the Winter, and 
wading in the Summer. The shallow wetland would be built using an aquatic-safe 
liner, protected by geotextile on both sides, and then covered with 15cm of soil. The 
shallow water wetland may cover up to 1/3 of the wetland. 

12. Large diameter logs may be placed in the wetlands to provide birds with perches, 
and ducks with loafing sites. 

13. To reduce nutrients in runoff topsoil is not spread in the wetland. 
14. The wetlands may be planted and seeded to a diversity of native flowering plants. 
15. No dams, embankments, berms, dikes, or levees should be built. 
16. No pipes, valves, or water control structures should be used. 
17. The wetlands should not be fenced. 

 
Using these standards in construction will result in naturally appearing and functioning 
wetlands that are attractive, valuable to the community, require little, if any maintenance, and 
can be built at a low cost. 
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Issues to Evaluate 

1- Strategy of using equalisation culverts along existing old logging road in Zone 2: 

The installation of equalization culverts along the old logging road in Zone 2 was recommended 
in the Ecological Site Investigation report by Cuscianna and Leader Mense, 2018. 

Miranda Cross studied the site thoroughly. Sandy texture soils in this area allow for water to 
move beneath the surface, and for the infiltration of water into upper soil layers. The presence 
of hydric vegetation, water in soil test pits, as well as the contours of the area indicate that 
water is flowing underground towards the East of the property at 767 Sutil Point Road. No 
overland surface flow was observed in this area. On the contrary, there is strong evidence of an 
underground flow of water through the permeable sand layer that is making its way to a 
natural low spot along the border of 777 and 767 Sutil Point Road. 

There is a lack of dead or dying trees that would indicate moisture stress. In addition, the 
presence of hydric plants in Zone 2 indicates there is moisture in the ground. Therefore, 
sending more water in this direction overland is not necessary. Water that infiltrates into the 
sandy permeable upper soil layers will follow the natural course of water through the soil. 

If equalization culverts are installed in the road, hydrological impacts on neighbour’s property 
down-slope could be worsened by sending more water at greater speed and velocity over land 
in their direction. Furthermore, culverts will rust and require maintenance. 

Our recommendation is to install bioswales (Appendix C, Figures 1 -3), using the rough and 
loosen technique, along the length of the ditch. This strategy will allow the water in the ditches 
to infiltrate slowly through the soil, restoring the hydrology of the forest area, while minimizing 
the possible flow of water on to neighbouring property. This ditch will be connected to the 
Rainbow Ridge stormwater bioswale wetland complex, and during intense storm events, runoff 
will be directed away from neighbouring properties and towards a series of bioswales and 
wetlands that will slow the water down, and infiltrate into the upper soil layers. 

As is described in the Site A & A Summary (Appendix B), there are a few places along the old 
logging road and ditch, where trails were made across the ditch for machine access to dig test 
pits. Small pools of water have formed at these locations. Miranda Cross observed that 
between Dec 6-11, 2019, over 10 cm of water infiltrated in one of these pools. No erosion was 
observed on the trail in this area; however, signs of erosion and head cuts are visible in the 
ditch downstream of this pool, indicating that when this pool does overflow it is going over the 
ditch block and eroding the ditch downstream. This may be due to the higher slope in the area 
just below the ditch block which was measured to be 9%. This erosion would be remedied by 
creating bioswales with vertical grade control along the length of the ditch. 

To quantitatively determine what if any changes in groundwater elevations may occur from 
activities on the Rainbow Ridge property, one may install a number of ground water monitoring 
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wells with electronic monitoring equipment. One must carefully follow a technical process to 
correctly install and monitor a groundwater monitoring wells. A majority of groundwater 
monitoring wells are not installed correctly, and hence do not accurately measure groundwater 
elevations. The costs of installing a groundwater monitoring well can average $5,000 per well. 
 

 

 

2-Nutrient removal from groundwater leaving wastewater drain fields: 

Many options are available to treat nutrient rich wastewater. A number of strategies are 
proposed that may be used; each being based on the level of nutrients to be treated. Proposed 
target effluent quality is 20/20 mg/L BOD/TSS;10,000 CFU/100mL fecal coliform and; Total 
Nitrogen 20 mg/L (McMurtie et al. 2019). As a precaution bioswales can be installed down 
slope of septic disposal fields to capture and polish any nutrients or contaminants that are 
entering the ecosystem due to the septic system seepage. 
 
The purpose of these bioswales would be to reduce nutrients, particularly Nitrogen, therefore 
specific design considerations need to be taken into account that are discussed below. Research 
on the effectiveness of bioswales to reduce pollutants shows a wide range of values for the 
reduction of pollutants particularly in regards to reducing Nitrogen rich effluent entering the 
ecosystem.  
 
Table 3. The obtainable reductions of pollutants in bioswales. 
 

Total Suspended Solids (TSS) 83 to 99% 
 

Biological Oxygen Demand BOD 
 

80 to 90% 

Turbidity (with 9 minutes of residence) 65% 
 
 

Lead 
 

67% 

Copper  46-90% 
 

Total Phosphorus  29 to 99% 
 

Aluminum  
 

63% 

Total Zinc  63 to 95% 
 

Dissolved Zinc  30% 
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Oil/Grease  75 to 99% 
 

Nitrate-N  
 

39 to 89% 

(Lucas and Greenway 2011a; EPA, 2016; Juries, 2003) 

"The above results can be obtained for a bioswale at least 200 feet in length with a maximum 
runoff velocity of 1.5 ft./sec., a water depth of from one to four inches, a grass height of at least 
6 inches, and a minimum contact (residence) time of 2.5 minutes" (Juries, 2003). 
 
Bioswales designed with the purpose of removing Nitrogen need to be designed with the 
following design criteria: 

1- Bioswales should contain a carbon-based soil mix, have a high amount of organic matter and 
with a greater C:N ratio to minimize their nitrogen export (Shetty et al, 2018). 

2-Nitrogen removal can be improved in bioswales by creating saturated zones at the bottom of 
the bioswales (Li et al. 2016). This is relevant to this site with the perched water table in the 
winter. The potential of this site to have a saturated bioswale site characteristic should help the 
bioswales remove nitrogen through denitrification seasonally and in the winter when there is 
the greatest risk of nutrients entering the environment. 

3-Bioswale vegetation should be carefully designed and selected to remove nutrients such as 
nitrogen. Plants vary in their ability to take up nutrients (Charlesworth, 2016). Specific plants 
should be chosen for the swales, such as rushes, grasses, and clovers which are known to take 
up Nitrogen more effectively. It is also important that vegetation will not be dormant in the 
winter months (Juries, 2003; Langley & Megonigal, 2010). Note, the author has found that 
sedges and rushes will grow all Winter on Cortes Island. 

4-The best removal of pollutants using bioswales is achieved in highly permeable sandy soils 
(EPA, 2016). 

To visualize the placement of the bioswales for drain field nutrient capture please refer to the 
Rainbow Ridge Stormwater Management Concept Plan found in Appendix D. 

If testing of ground water near septic fields shows that Nitrogen levels are above acceptable 
levels, two other strategies could be employed: 1-constructed wetlands, 2- wood chip 
bioreactors (vegetated wood chip re-circulated gravel filters). 

Constructed wetlands are being used worldwide to treat wastewater with great success. There 
are many examples of successful constructed wetlands for treating wastewater (Almuktar et al. 
2018; Nash, 2018; Leverenz et al. 2010; Luederitz et al. 2001; Shved et al. 2014). 

Where Nitrogen is the nutrient in excess, horizontal-flow constructed wetlands perform well in 
terms of denitrification (Almuktaret al, 2018). Research has demonstrated that horizontal and 
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vertical flow constructed wetlands can remove more than 90% of total N and P as long as there 
is an effective pre-cleaning step, and treatment time is long enough (Luederitz et al. 2001). 

 

Image: Horizontal flow subsurface wetland (Source: Nash, 2018) 

 

Image: Vertical Flow Subsurface Wetland (Source: Nash, 2018) 

 

Wood Chip Bioreactors or Vegetated Wood Chip Recirculated Gravel Filters work by denitrifying 
Nitrogen using a woodchip medium contained within a saturated (anoxic) zone. This is a 
relatively new technology that can be implemented at the local level to manage residential 
non-point nitrogen sources. In these systems, wood chips serve as an organic substrate and 
support a microbial biofilm for denitrification (Lopez-Ponnada, 2017; DOH, 2012) 
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Source: DOH, 2012 (Washington State Department of Health) 

Denitrifying woodchip bioreactors can also be used for stormwater management. This is one 
option Rainbow Ridge could consider. Turning the septic treatment bioswales into wood chip 
bioreactor biofilters with an internal water storage zone. Laboratory studies have shown that 
these bioreactors can achieve nitrate removal efficiencies as high as 80–100% (Lopez-Ponnada, 
2017) 

 

 

 

 

 

Image: Denitrifying Wood chip Bioreactor for                 
stormwater management (Source: Lopez-

Ponnada, 2017). 
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3-Stormwater System Designs recommended in Elanco Enterprises Report: 

Elanco Enterprises LTD. recommended a number of stormwater strategies in their report 
Hydrogeological Assessment of potential Impact of Proposed Rainbow Ridge Affordable Rental 
Housing Project. We will comment on the following systems they have recommended: The 
Micro pool extended detention dry basin, the roof downspout system, and deep infiltration pit.  

As recommended in this report, there are alternatives which are less costly and intrusive that 
will work on this site due to the site characteristics.  

Micropool Extended Dry Detention Basins are a widely used strategy for stormwater 
management and widely cited as a BMPs in many stormwater management guiding documents 
(CWP et al. 1997; Gibb et al. 1999; Colorado). The strategy shown and recommended by Elanco 
(2019), is found as far back as 1997 in the Stormwater BMP Design Supplement for Cold 
Climates (CWP et al. 1997). These strategies may be useful in urban settings where new storm 
water infrastructure must be installed in tight spaces or highly modified urban landscapes. 
However, in a more natural and rural setting such as Cortes Island, the authors do not 
recommend using this strategy primarily because of its higher construction and maintenance 
cost, even if it was simplified for a Rainbow Ridge application. 

Deep infiltration pits were also recommended by Elanco (2019). Sub impermeable infiltration 
basins could work to infiltrate clean runoff from roofs and lawns. This concept has been 
integrated into the proposed wetland design whereby the impermeable layer will be 
mechanically loosened to allow greater infiltration to the sands below. These strategies should 
not be used to infiltrate polluted runoff from parking areas and roads to avoid contaminating 
the deep aquifer with chemicals that may not be broken down by the sand filtration. In Elanco's 
report they indicate that "the silty layers overlying the principal aquifer and the thick 
unsaturated sand will adequately protect the new well from contamination from surface 
sources, such as septic systems"(Elanco, 2019). It is unclear if injecting chemically contaminated 
runoff from road and parking below the hard pan layer could have negative impacts on the 
aquifer, as such a cautious approach would be prudent.  

The roof downspout system recommended by Elanco is overly engineered and will require 
more intensive maintenance. Bioswales, Rain barrels, and Passive Infiltration Beds would be 
more attractive, provide biological lift, be simpler to construct, with less maintenance and risk 
of failure. Even when not maintained bioswale/rain gardens will continue to function. The 
system recommended by Elanco with tanks, pipes, and filter fabric is more likely to become 
plugged and fail or need replacing.  
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Concept Plan (where does the water go?) 

Please refer to Rainbow Ridge Stormwater Management Concept Plan Appendix D. 

Downspouts from each house will connect to subsurface pipes which will direct the rain water 
into an interconnected network of bioswales. Other options include passive infiltration beds off 
of each downspout, or smaller rain gardens off of each downspout which would have overflows 
connected to the bioswale network. 

Our recommendation is to direct the rainwater into the bioswale network to simplify the piping 
and maintenance. Passive infiltration beds could be placed in between the downspouts and the 
bioswale complex, however the maintenance with this option would be greater. 

Piping and unnatural infrastructure will be minimized to create a simple and attractive network 
of bioswales and wildlife wetlands that will allow rainwater to infiltrate and stormwater to be 
managed to minimize runoff. 

Bioswales will be connected to each other and to the stormwater wildlife wetlands by bridges 
where appropriate such as under trails, and by large diameter open bottom culverts under 
roads 

There will be two outflows for the system. A small outflow at the Beasley Road ditch, and the 
main Stormwater Wildlife Wetland outflow which will connect to a stormwater stream on the 
CCEDA property to the east at 785 Sutil Point Road with further connection to the ditch system 
on Belwood Road. 

The overflow stream from the Wildlife Stormwater Wetland will be designed to be both 
functional and beautiful. Rock and vertical grade control will be used to prevent erosion and 
head cuts from forming. Any overflow that makes it to the stream will have the opportunity to 
settle and infiltrate high up in the system with rain garden basin features laced together 
between waterfall features. As the stream winds down the hillside it will provide habitat for 
wildlife using beautifully landscaped native plants. This overflow will also serve as a stream and 
infiltration system. It will need to be designed to have the capacity to accept runoff from the 
potential development at the CEEDA commercial property. 

 

Recommendations for Next Steps 

Process to Develop Design Treatments: 

The following details may be addressed in a detailed design report: 

1- Determining the size of individual raingarden basins/pools within bioswales. This would be 
determined based on calculating the catchment volume feeding each basin, and based on the 
slopes and microtopography of the site. 
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2- Determining the location, size, and materials of culverts and bridges & inlets and outlets for 
each feature to allow stormwater to move freely in the system. 

3- Determining the layout and construction details of the wetland features based on slopes, and 
size of wetland pool. Inlets, outlets. 

4-Design native plant planting plans for the bioswales and wetlands based on appropriate 
placement of plants based on hydric zones (Wet, Mesic, Dry), and on aesthetic harmony with 
the site. Provide details on which local plants to use for nutrient uptake in drain field bioswales. 

5-Rainwater Harvesting System - design details -Gutters, downspouts, filters, first flush 
diversion, overflow, cistern sizing and location. Construction Diagrams. 

6-Comprehensive list of materials and equipment needed for construction and implementation 
for all elements including: plants, mulch, rock, logs, EPDM & geotextile fabrics, culverts, bridges, 
and heavy equipment needs. 

7-Detailed Project Budget. 

8- Maintenance plan for bioswales and other infrastructure features. 

 

Recommendations for Wetland Restoration Opportunities  

Although outside the scope of this framework we would like to bring attention to opportunities 
for wetland and riparian restoration on the Rainbow Ridge property. There is a Spruce Swamp 
on the property along with other areas that have been degraded due to logging, and previous 
residents (squatters) on the land. To benefit wildlife and the hydrology of the landscape 
wetlands could be restored. Areas to target for restoration are: 

1-Restoration of the Spruce Swamp and if acquired, Jana-Lynne White's property. 

2-The old campsite or grow-op with the dug pool of water (From ecology report this is a drained 
wetland- A. Sanders personal communication). Presence of water in this pool currently 
indicates that this could be restored to a ground water wetland. 

3-Disabling old roads and ditches. This action will help to restore the hydrology and water flows 
across the landscape, from which the forest neighbouring properties will greatly benefit. 

While some of these recommendations are out of the scope of this framework, these sites were 
only visited briefly, and many of them were found by chance when investigating Zone 2. These 
potential restoration sites would need to be thoroughly investigated and assessed for their 
restoration potential. 
 
Restoration of these wetlands would add value to the Rainbow Ridge Project. The restored 
wetlands would clean runoff, attenuate flooding, add groundwater to Hague Lake, and improve 
habitat for plants and animals. 
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Summary 

A framework was prepared that outlines best management practices and strategies that may 
be employed on the Rainbow Ridge Affordable Rental Housing Development to help the 
environment by managing rainwater and stormwater runoff. Rainwater and Stormwater may 
be managed by constructing a system of naturally appearing and functioning features that will 
require little, if any maintenance. An interconnected system of rain barrels, raingardens, 
bioswales, passive infiltration beds, and stormwater wildlife wetlands may be built to capture 
runoff and sediment at the source, eliminating the high cost and need to maintain dams, 
pumps, fences, and pipes. These stormwater management features would be attractive to look 
at, increase wildlife viewing opportunities, and enhance the quality of life for residents in the 
new community. The improvements would also serve to reduce runoff flowing onto 
neighboring properties, and clean the water entering Hague Lake. 

 
 

Prepared By 

Miranda Cross 
Ecological Landscape Consultant & Biologist 
Rose Hip Edible Landscapes 
1260 Seaford Rd. Cortes Island, BC.  
V0P 1K0, Canada 
 
Email: mirandaglovercross@gmail.com 
phone: 250-850-9020 
 
Miranda Cross holds a BSc double major in Biology and Environmental Studies from the 
University of Victoria. She also holds a diploma in Ecological Landscape Design from the Gaia 
College, as well as two Permaculture Design Certificates. Miranda is an Ecological Landscape 
Consultant on Cortes Island BC. Miranda is currently an apprentice of Tom Biebighauser, 
Wetlands Restoration and Training LLC, and Robin Annschild, Wetlands Restoration Consulting, 
and she has had the opportunity to join both of them on multiple wetland restoration 
adventures over the last year. Miranda will continue training with her mentors, learning to 
restore wetlands, with the goal of building her capacity to design and build wetlands 
independently on Cortes Island and across BC. Miranda was a participant in the BC Wildlife 
Federation's Wetlands Institute of 2019 and was able to gain valuable knowledge from various 
experts and other participants. 
 
& 
 
Thomas R. Biebighauser 
Wetland Ecologist & Wildlife Biologist 
Wetland Restoration and Training LLC 
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3415 Sugar Loaf Mountain Road 
Morehead, KY 40351 USA 
 
Email: tombiebighauser@gmail.com 
Home phone: 606-356-4569 
Cell Phone: 606-356-4569 
Website: www.wetlandrestorationandtraining.com 
 
Tom Biebighauser has restored over 2,500 wetlands and streams across Canada, in 26-States, 
New Zealand, Puerto Rico, and Taiwan since 1979. He retired in 2013 after working 34-years for 
the USDA Forest Service as a Wildlife Biologist, where he started wetland and stream 
restoration programs across the United States. Tom has served as an instructor for the British 
Columbia Wildlife Federation Wetlands Institute for 16-years, restoring over 250-wetlands and 
streams across Alberta and British Columbia since 2003. Having built over 1,400-dams, he has 
since decommissioned over 300 -dams. Tom learned about drainage and irrigation from 
contractors who spent their lives destroying wetlands. Tom has developed highly effective and 
low-cost techniques for building wetlands and streams for rare species across North America. 
He builds habitats that require little, if any maintenance, and do not involve the use of 
diversions, dams, dikes, pipes, or pumps. Tom has written 4-books about wetland restoration, 
and instructs online college and field courses on the topic. He received the United States 
National Wetlands Award for Conservation and Restoration in 2015. 
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Appendices (for full page views of maps and drawings in Appendices B-D, please refer to 

attached document Rainbow Ridge Rainwater & Stormwater Framework Attachment 1) 

Appendix A- Map Delineating Study Area 

 

(Map provided by Ian Scott) 

 

 

 

 

ZONE 1  

ZONE 2 
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Appendix B- Site Analysis Summary Map (for full page views of maps and drawings in 
Appendices B-D, please refer to attached document Rainbow Ridge Rainwater & Stormwater 
Framework Attachment 1) 
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Appendix C- Figure 1 & 2: Bioswale Concept 
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Appendix C- Figure 3: Passive Infiltration and Bioswale Cross Section 
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Appendix C- Figures 4, 5, 6, Stormwater Wetlands drawings 
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Appendix C- Figure 7: Fish safe EPDM Liner sandwiched between geotextile pads 

 

Appendix C- Figure 8: Plan view of Stormwater Wildlife Wetland 
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Appendix D- Rainbow Ridge Stormwater Management Concept Plan 
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Appendix E- Photos of rain garden, and bioswales, and wetlands 

 

Photo: Stormwater wetland in Shoreview, Minnesota (Tom Biebighauser) 

 

 

Photo: Geese using stormwater wetland in Shoreview, Minnesota (Tom Biebighauser) 
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Photo: Stormwater wetland at Woodbury, Minnesota (Tom Biebighauser). 

 

Photo: Raingarden at St. Stephens Church, White Bear Lake, Minnesota (Tom Biebighauser). 
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Photo: Passive infiltration bed under construction. The gravel base is only necessary when 
building on clay or silt-texture soils (Tom Biebighauser). 

 

 
Photo: Rain garden & ditch on the Oak Marsh Golf Course, Woodbury, Minnesota (Tom 

Biebighauser). 
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Photo: Bioswale on Siskiyou Green Street, Portland Oregon (American Society of Landscape 
Architects (ASLA)). 

 

Photo: Bioswale collecting rainwater (Tip of the Mitt Watershed Council). 
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Photos above and below: Bioswales to accept, infiltrate, and convey stormwater from pathways 
and roof tops at the Melia Jardines Del Rey Resort in Cuba (Miranda Cross). 
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Photos above and below: Bioswales to accept, infiltrate, and convey stormwater from impervious 

surfaces such as pathways and roof tops at the Melia Jardines Del Rey Resort in Cuba (Miranda Cross). 
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