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1 Introduction

The 2006 Halifax Municipal Planning Strategy (Regional Plan) provides guiding principles on the 

development of future settlement in the Halifax Regional Municipality (HRM) until 2031. Land 

development within a watershed has the potential to negatively impact the biophysical environment, 

therefore the Regional Plan requires that prior to undertaking secondary municipal planning or 

considering amendments to existing secondary plans, HRM must complete watershed studies to aid in 

municipal planning. The assessment of study areas and watershed studies are intended to provide 

solutions and recommendations to existing issues or potential impacts due to future development, identify 

measures to improve or maintain water quality of water bodies within the watershed, and to mitigate the 

potential impact that future development may exert on these natural environments.  

The areas being studied as part of this project are the remaining Future Serviced Communities identified 

for development by the Regional Municipal Planning Strategy (Regional Plan) and the Road to Economic 

Prosperity for African Nova Scotian Communities. Sandy Lake, Highway 102 West Corridor and Morris 

Lake had not yet undergone the comprehensive neighbourhood planning process outlined by the 

Regional Plan and a fourth area, Westphal was added for consideration of future serviced development 

through the African Nova Scotian Road to Economic Prosperity Action Plan.  

This study was prepared in conjunction with the Land Suitability Analysis (Stantec 2024) of the Highway 

102 West Corridor Study Area. Additionally, further background conditions on the site can be found within 

the suite of studies prepared for the Highway 102 Future Serviced Community, which include:

Development Scenarios Report – Highway 102 (Stantec 2023)

Highway 102 Transportation Study (Stantec 2024)

Highway 102 Water Servicing Plan – Draft Report (Stantec 2024)

1.1 Background

The Highway 102 study area (HSA) watershed is located within the Kearney Run Watershed (1EJ-5) in 

the Halifax Regional Municipality (HRM), in Bedford, Nova Scotia (NS) (Figure 1.1), with commercial and 

residential land use in the surrounding areas. Bayers Lake business park borders the HSA to the south, 

Clayton Park West development area borders to the east, and Kearney Lake borders to the north.

Portions of Quarry and Susies Lake, and the entirety of Washmill Lake are included in the HSA. The HSA

watershed has a drainage area of approximately 36.23 km2 (3,623 ha). Runoff within the watershed flows 

from the west into Washmill Lake and from the south-east into Susies Lake, which ultimately discharge 

into Kearney Lake, and eventually into the Bedford Basin in Halifax Harbour.

Washmill Lake is included within a series of lakes that make up the Birch Cove Lakes Area (Porter Dillon 

1996). Washmill Lake has a surface area of 78.5 ha and a mean depth of 2.5 m for an estimated volume 

of 19.3x106 m3 (AECOM 2013). Washmill Lake receives flow from Quarry Lake and Susies Lake to the 
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southwest and Charlies Lake to the north and then discharges into Kearney Lake. There is a dam located 

at the discharge point of Quarry Lake which reduces flows entering Washmill Lake (AECOM 2013). 
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2 Watershed Study 

The objective of this watershed study is to determine water quality impacts to sensitive or natural 

receptors within or downstream of the HSA. The focus of this study is on sourcing and quantifying 

contaminant loadings of total phosphorus (TP), fecal coliforms and sediment due to impacts of land-use 

change to the HSA and its contributing watershed area from proposed development scenarios. These 

specific contaminants were selected because of their documented adverse effects on waterbodies 

throughout the HRM.  

In this study, contaminant loading models for three land development scenarios (developer-requested, 

low-density, high-density) were evaluated to understand the potential water quality effects resulting from 

each scenario; a fourth scenario (aerial land-use scenario) incorporates the same housed population as 

the developer-requested scenario; however, this scenario covers 20% less land area compared to the 

developer-requested scenario. The areal land-use scenario was evaluated to assess impacts of 

development on the watershed when forested area is conserved within the watershed. The outcome of 

the study is to provide a number of recommendations for the planning, design, and implementation of new 

developments that will help to maintain existing water quality.  

Water samples collected were intended to support the Highway 102 Watershed Study and the sampling 

program conducted may not be of sufficient duration or frequency to establish pre-development 

conditions. For areas where new or additional development could adversely impact watercourses, the 

Halifax Regional Municipal Planning Strategy mandates the completion of watershed or sub-watershed 

studies before undertaking secondary planning strategies. Developers must assess potential risks to 

water sources and establish monitoring programs to evaluate changes in water quality and quantity. This 

involves confirming parameters to be measured, determining sampling locations and frequency, and 

establishing baseline data prior to development.

Water samples from waterbodies with the HSA were collected monthly between April and November

2023. Samples from flowing waterbodies (streams, rivers) were collected by hand using laboratory 

supplied bottles and preserved according to laboratory protocols. Samples from lakes or ponds were 

collected from a boat using a low-flow peristaltic pump. When using a peristaltic pump standard 

precautions were followed to minimize aeration and preserve the integrity of the sample. The pump was 

operated at a controlled, low-flow rate. The tubing intake was weighted to rest at the sample depth and 

above the lake bottom, reducing the risk of pulling sediment into the sample or introducing bubbles. 

Tubing remained submerged and sealed throughout the sample collection to minimize contact with 

atmospheric air. Sufficient sample was drawn through the tubing to ensure a representative sample was 

collected. The sample was collected in laboratory supplied bottles and preserved according to laboratory 

protocols
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2.1 Surface Water Quality Observations

Data collection was completed by Stantec Consulting Ltd. (Stantec) monthly between April and November 

2023 and was used in conjunction with the historical water quality data collected intermittently since 1980 

to characterize surface water quality in the HSA. Field monitoring of water quality was conducted at select 

locations across the HSA including in-lake, deep zone, watercourses, lake inlet, and lake outlets (Stantec 

2024a).

The captured data was used as a comparison tool for contaminant models as well as a measure of

baseline water quality in Washmill Lake.

Table 2.1 is a summary of the surface water quality data sources collected within the HSA. A description 

of local water quality and summary of the 2023 Stantec water quality results can be found in the Highway 

102 Land Suitability Analysis (Stantec 2024a) and water quality monitoring results are in Appendix A. 

Contaminant models were developed to assess key parameters that are particularly sensitive to changes 

in land use within a watershed, such as when forested land is developed to residential or commercial use. 

Probable causes of water quality impacts may be identified by examining changes to these key parameter 

concentrations. Total P, fecal coliform (represented by E. coli), and sediment were identified as key 

parameters to assess changes in trophic level/nutrients, water clarity, and anthropogenic inputs. A

description of existing condition results of parameters that may affect the internal loading of the lake 

including pH, dissolved oxygen (DO), temperature, and conductivity is provided in Section 2.1.4. 
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2.1.1.1 Internal Loading

Internal P loading is the process by which P trapped in the sediment of a lake becomes resuspended in 

the water column (Søndergaard 2003). During periods of increased external loading of a lake system, 

organic and inorganic P can become trapped in the sediment. The increased loading of P within the lake 

during the internal loading process often leads to eutrophication and deterioration of the ecosystem health 

such as an increase in cyanobacterial blooms, dissolved oxygen depletion, turbid water, and poor aquatic 

habitat. Factors that can influence P solubility and release back into the water column include redox 

reactions (P sorbed onto iron (III) compounds is released as iron (III) is reduced to iron (II)), resuspension 

of sediment, temperature, pH, chemical diffusion, microbial processes, and mineralization (Søndergaard 

2003).

Anthropogenic watershed runoff is the primary source of external P loading into a lake (James 2016). 

Without the implementation of low-impact development (LID) or mitigation measures, runoff from the 

surrounding watershed can result in the deposition of P-rich sediment in lake basins. 
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Figure 3.4: Annapolis Group Concept Plan (Stantec 2023)

3.3.4 AREAL LAND-USE SCENARIO

The areal land-use scenario incorporates the same housed population as the developer requested 

scenario, however this scenario covers 20% less residential, commercial, and industrial land area 

compared to the developer requested scenario. This scenario was evaluated to assess impacts of 

development on the watershed when forested area is conserved within the watershed. The areal land-use 

scenario proposes to have an estimated population of 21,326. 
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3.4 Storm-Event Model

Rainfall event-based contaminant load modeling is useful in design of appropriate stormwater treatment 

system for a Project area. A rainfall event-based contaminant load model uses literature-based 

contaminant concentration values derived for specific land uses to determine a stormwater contaminant

load for a single precipitation event. Event mean concentration (EMC) data is derived from sampling 

runoff from specific land uses over the duration of a storm event. It is used for the purposes of modeling 

as it represents an average contaminant concentration generated over the duration of an event.

For the rainfall-event based model, the event-associated contaminant export load is calculated using the 

following formula:

= 0.001

Where:

PEvent = total contaminant load on an event basis, kg or CFU

R = rainfall depth associated with selected precipitation event, mm

ALU = area associated with a specific land use, m2 

EMCLU = contaminant event mean concentrations associated with a specific land use, mg/L or 

CFU/100 mL

RCLU = rainfall runoff coefficient associated with a specific land use, unitless

To determine the volume of runoff discharging from each land use during the rain event, a hydrologic 

model was developed for the HSA Stormwater Management Plan (Stantec 2024b) using PCSWMM 

(Computational Hydraulics Inc. of Guelph, Ontario, CA) to firstly estimate the runoff from the HSA

watershed. The 2-yr 24-hr Chicago design storm was used as it is one of the design storms in the 

Highway 102 Stormwater Management Plan (Stantec 2024b). Land use-based curve numbers (CN) were 

selected for use with the SCS method of rainfall runoff estimation (Table 3.4) (Stantec 2024b). Initial 

abstraction of 1.5 mm accounts for depression storage, interception and infiltration occurring before runoff 

begins and was estimated for pervious land use areas as per United States Department of Agriculture 

(USDA) 1986. When the total watershed runoff volume was determined, runoff for each land use was 

estimated using the formula provided above, with the runoff coefficients (RC) given in Table 3.4. The 

hydrologic model results were then used to validate the runoff volumes from the rain-event based model.  
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4.1.3 SEDIMENT

The total event-based soil loss load (tonnes) for each development scenario is presented in Table 4.3.

Low-density, medium-density, and developer-requested scenarios had approximately the same increase 

in sediment load from existing conditions. The areal land-use scenario had a storm-based sediment load 

which was approximately 0.5 tonnes lower than the three development scenarios. The increased urban 

area in the three development conditions compared to the areal land-use scenario accounts for the slight 

increase in event-based sediment load. These values represent no mitigation or management condition,

therefore with the implementation of standard erosion and sedimentation controls, these values would be 

expected to decrease. The low, medium-, and high-density development scenarios represent a sediment 

load increase of 11% when compared to existing conditions (74.5 tonnes). The areal land-use scenario 

represents a sediment load increase of 9% when compared to existing conditions (74.5 tonnes). The 

predicted increase in sediment load to the watershed is attributed to the increased amount of 

impervious/residential area within the watershed due to development.
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5 Water Quality Discussion 

5.1 Total Phosphorus

Area and concentration-based TP loadings within the HSA watershed are largely generated by 

anthropogenic sources, namely high-density residential and medium-density residential. These two land 

uses contributed approximately 44 to 56% of the loading to the HSA for the selected development 

scenarios. The existing condition annual TP loading was calculated to be 390.7 kg/year. For the four

development scenarios, the low-density scenario resulted in the lowest increase in TP loading for both 

event-based and annual loading calculations. The reduced TP load increase for the low-density scenario 

is attributable to the lower high-density and medium-density residential development.  

As Washmill Lake has previously identified to be of high importance to the community, as one of the lakes 

within the Birch Cove Wilderness Area (AECOM 2013), the implementation of mitigation measures is 

recommended for developments to reduce TP loads to match existing or background conditions.

According to results of the lake systems P model (Section 4.3), Washmill Lake currently retains 

approximately 14 kg of P on an annual basis and is predicted to retain 20.1, 20.4, 20.3, and 20.0 kg for 

the low-density, medium-density, developer requested, and areal land-use scenarios, respectively

(Table 4.7).

The predicted in-lake TP concentrations for the future development scenarios range from 0.019 mg/L to 

0.020 mg/L which represent the upper end of mesotrophic trophic status range. The increase in TP within 

the lake predicted by the loading models pose the risk of a decline in lake water quality. The increase in 

nutrient concentration is directly correlated to the likelihood of harmful algal blooms. Algal blooms are 

associated with a number of water quality issues, e.g., cyanotoxin production, foams and scums from 

algae biomass that can interfere with recreational water use, or blockage of sunlight penetration within the 

water column that can disrupt natural biological processes within the lake.

5.2 Fecal Coliform

According to the EMC-based model results, area and concentration-based fecal coliform loadings within 

the HSA are largely generated by residential developments for the existing condition and development 

scenarios. It is noted that model parameters used for fecal coliform have a high degree of variability. 

Results from rainfall-event modeling in the HSA give a calculated loading of 1.28 x 1013 CFU/100 mL 

during the storm event. When compared to annual loading calculations within the watershed, at 7.96 x

1014 CFU/100 mL, the annual model results appear to overestimate fecal coliform loading from the 

watershed. The storm-based fecal coliform load modelling accounts for approximately 3% of the annual

fecal coliform loading for the existing conditions scenario.

Similarly, the rainfall-event based fecal coliform loading resulted in approximately 1.5% of the annual

fecal coliform loads for the four development scenarios. The increase in annual fecal coliform load from 

baseline conditions for each of the development scenarios was 12%, 13.1%, 13.3%, and 10% for the low-

density, medium-density, developer-requested (high-density), and areal land-use scenarios, respectively.  
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Based on the event-based and annual fecal coliform loading model results for the development scenarios, 

mitigation measures will be required to reduce loads to equal existing conditions (Section 6.2). 

5.3 Sediment 

Sediment load modelling using MUSLE and RUSLEFAC calculations for the four development scenarios

resulted in sediment loads of 1,492 to 1,496 tonnes/year on an annual basis and 82 to 83 tonnes per 

storm-event. This equates to an increase in annual sediment loading of 9.6% from existing conditions for 

the development scenarios. The storm event loadings represent approximately 5.4% of total annual 

sediment load. Baseline sediment loading was estimated to be 1,359 tonnes per year, with approximately 

74 tonnes deposited during a storm event. The addition of roads, and disturbance of soils during 

construction of the dwellings have the potential to increase sediment loading in the watershed. Therefore, 

the implementation and design of mitigation measures will be required to reduce loads to equal existing 

conditions. These calculations were performed conservatively, without considering any erosion and 

sedimentation control measures. The implementation of ESC measures would reduce the transport of 

sediment within the watershed as these methods are highly effective (HESL 2012). Additional 

recommendations for sediment mitigation are presented in the following section.
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6 Water Quality Conclusions and Recommendations

6.1 Phosphorous Loading Mitigation

6.1.1 LAND USE-BASED MITIGATION

Medium and High-Density residential are estimated to contribute the highest percentage of TP loading to 

the lake system on an annual basis for the four development scenarios. To reduce annual TP load to the 

watershed, the development scenarios must consider implementation of low-impact development 

methods to reduce loading by approximately 15% for the four land development scenarios. The following 

mitigation measures are designed to counter the effects of existing urban development by changing land

use loading rates derived from these developments.  

The implementation of street maintenance programs to remove sediment-associated P from 

roadways prior to it being carried to the lake systems via stormwater runoff. Street sweeping and 

catch basin clean out are required routine maintenance for urban street systems to reduce sediment 

and total phosphorus transport to downstream receptors. Electric street sweeping and other street 

maintenance can be used to minimize the impact of the required maintenance operations.

The implementation of structural Low-Impact Development (LID) measures would be expected to 

reduce TP loads for the development area to achieve TP loads of existing conditions. HESL (2014) 

provided guidelines to HRM which listed examples of LID such as:

a. Infiltration Trenches

b. Infiltration Basin or other surface infiltration practice

c. Bioretention Practice

d. Gravel wetland system

e. Porous Pavement

f. Wet Pond or wet detention basin

g. Dry Pond or detention basin and 

h. Water Quality Swale

i. Green Roofs 

It is recommended that that water management infrastructure be developed and assessed to result in 

no net increase in TP loads for the chosen development scenario.

The promotion of green space creation or conservation of naturally forested areas within the new 

development scenarios. Native species should be used to maintain biodiversity within the watershed 

in the implementation of green infrastructure and naturalization projects. The loading rate for P 

changes substantially from low-density residential developments (0.025 gm/m2 yr) to green space 

(0.015 gm/m2 yr), indicating the promotion of green space can reduce P loadings to downstream 

receptors.  
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Reducing the footprint of development (i.e., buildings and roads) and conserving naturally forested 

areas within the development scenarios. As the empirical loading rates are calculated on an areal 

basis (Sections 2.4 and 2.5), limiting the affected area will limit the additional load produced within the 

watershed. 

6.1.2 ON-GOING MONITORING

On-going monitoring provides a method to measure the success of implemented mitigation measures to 

while keeping record of water quality within the lake system. The following monitoring activities are 

recommended to be conducted on an on-going basis within the lake system:

The extension of in-lake P monitoring at deep lake locations when the lake system is completely 

mixed (e.g., late fall, early spring). This is recommended to capture increasing trend in lake P 

concentrations and associated trophic status changes caused by a release of P from vegetation and 

algae decay. If conducted after seasonal lake turnover, this data can also capture increase in P 

concentrations from the lake epilimnion.  

The continuation of profiling, surface, and lake bottom sampling at deep-water lake locations. This will 

allow for the monitoring of P release from benthic sediments, through the identification of anoxic 

zones at lake bottom, and surface and lake bottom concentration comparison.

The continuation of flow monitoring and grab sampling at select monitoring locations to track loading 

reductions as a result of mitigation measures and confirm they are performing as designed.

Suggested locations would be headwall locations where roadway maintenance is being implemented.

An example of this monitoring would be the continuation of HRM’s LakeWatchers program in which 

Susies Lake (nearby) is monitored twice annually (Early May and August). Washmill Lake should be 

added to the LakeWatchers program as it will be situated within the proposed development area.

During the monitoring within the HSA, an adaptive management approach should be taken to target 

point and nonpoint sources of P within the watershed to improve water quality. As sources of P within 

the watershed are identified, management measures can be applied to reduce P loading in the 

watershed as described above.

6.2 E. coli Loading Mitigation

6.2.1 INFRASTRUCTURE-BASED MITIGATION

Fecal source identification is helpful in identifying changes to infrastructure that may aid in the reduction 

of E. coli loading to recreational water bodies. E. coli loading can be the result of animal, human, or 

industrial sources entering watercourses or waterbodies. The implementation of LID technologies within 

the watershed, as outlined in the previous section would also aid in the removal and sedimentation of

fecal coliform within the watershed. 
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6.2.2 PUBLIC EDUCATION

Public education efforts are expected to be most effective regarding E. coli loading to the lake systems as 

bacteria loading has a direct and potentially serious implication to human health, it affects the use of 

recreational water bodies, and public involvement with mitigation measures is expected to be more 

possible than with P loading sources. The following public education items are recommended as a result 

of study findings:

Increased public education on the need to pick-up droppings from domestic animals. The 

surrounding Birch Cove Wilderness Area is a popular recreation area for many and signage 

within the area may help inform the public of risks relating to fecal coliform exceedances on 

human and animal health.  

Increased public education of the risk of swimming in areas where wildlife congregates. The HSA 

and surrounding Birch Cove Wilderness area is the habitat of many avian, and other wildlife

species. Public risk awareness is needed to mitigate risk to human health from these sources.  

6.2.3 ON-GOING MONITORING

To further aid in the identification of watershed land suitability in the HSA Watershed, further monitoring is 

recommended as follows:

Monitoring of fecal coliform markers to better understand the sources of fecal coliform within the 

watershed. 

The continuation of flow monitoring and grab sampling at select monitoring locations to track 

loading reductions as a result of mitigation measures. An example of this monitoring would be the 

continuation of HRM’s LakeWatchers program in which Susies Lake is monitored twice annually 

(Early May and August). Washmill Lake should be added to the LakeWatchers program as it will 

be situated within the proposed development area.

During monitoring within the HSA, an adaptive management approach should be taken to target 

point and nonpoint sources of FC and E. coli within the watershed to improve water quality. As 

sources of FC and E. coli within the watershed are identified, management measures can be 

applied to reduce FC loading in the watershed as described above.

6.3 Sediment Loading Mitigation

Baseline TSS concentrations are moderate to low within the HSA due to the limited development within 

the watershed but do experience increases from runoff from the adjacent quarry. If the HSA is developed 

following the selection of one of the proposed development scenarios, it will be important to implement 

erosion and sedimentation control measures to mitigate effects from development. The expected 

increases in sediment loading from existing conditions are estimated to be 9.6%. The implementation of 

construction sequencing to minimize the quantity of soil exposed at any given time is the most effective 

way to prevent erosion from the proposed development. Table 6.1 presents a list of effective sediment 
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7 Background and Design Criteria for Stormwater 
Management 

The following summarizes the stormwater management (SWM) criteria and objectives for the HIGHWAY 

102 Study Area as established in available background reports, the Halifax Regional Municipality’s (HRM) 

Stormwater Management, and Municipal Design Guidelines and Halifax Water’s (HW) Specifications for 

Stormwater Management. 

7.1 Regulatory Considerations

7.1.1 HALIFAX WATER 

HW’s Stormwater Design Specifications and Supplementary Standard Specifications 2023 (DS & SSS) 

outline the following objectives relating to the design of new of storm drainage systems. 

The storm drainage system shall:

be designed to prevent loss of life and to protect structures and property from damage due to a
major storm event;

provide safe and convenient use of streets, lot areas and other land during and following rain and
snow melt events;

adequately convey stormwater flow from upstream sources;

mitigate the adverse effects of stormwater flow, such as flooding and erosion, on downstream
properties;

preserve natural watercourses;

minimize the long-term effect of development on receiving watercourses; and

provide a safe, accessible outlet.

In order to ensure sustainable stormwater management and mitigate flooding risks, the following 

guidelines should be adhered to in the post-development phase:

Post development peak flows up to the 100-year storm to be restricted to pre-development levels; 

Size culverts to convey instantaneous peak flows with a headwater depth to culvert diameter ratio 
of 1.0, taking into account both inlet control and outlet control. Culverts located in drainage 
courses or natural watercourses are to be designed to accommodate the 1:100-year return period 
storm, unless otherwise directed by the Engineer.

Dry ponds are preferred over wet ponds. If wet ponds are to be privately owned and operated, 
they will be considered on a case-by-case basis; 

Additional pond volume allowances must include a 300mm freeboard from the 100-year water 
elevation; and, 
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Culverts are to be sized to convey instantaneous peak flows with a headwater depth to culvert 
diameter ratio of 1.0 accounting for both inlet control and outlet control. Culverts located in 
drainage channels or natural watercourses are to be designed to accommodate the 1:100-year 
return period storm, unless otherwise directed by the Engineer. 

7.1.1.1 Rainfall

Rainfall data will be based on the Environment and Climate Change Canada climate station Shearwater 

RCS (ID: 8205092). As the primary stormwater infrastructure for this site will be ultimately owned and 

operated by HW, the design storms provided in the DS & SSS will be used. These design storms use the 

Chicago Storm distribution with the following intensity/duration/frequency (IDF) parameters, with a, b, and 

c as the regression constants for each return period and Td as the time of duration in hours (see 

Figure 7.1). 

Figure 7.1: Halifax Water IDF Parameters, 2023

7.1.1.2 Climate Change Considerations

HW acknowledges that climate conditions are not static and with the life cycle expectation of the piped 

infrastructure to be 80-100 years, it is anticipated that there will be an increase in precipitation intensity 

due to climate change over that period. The above listed design storms from the 2023 DS & SSS include 

a 16% increase to the rainfall intensity based on projections for the 2080 horizon.

7.1.2 HALIFAX REGIONAL MUNICIPALITY 

In the design and implementation of stormwater management systems within the Halifax Regional 

Municipality (HRM), adherence to the following guidelines is important for ensuring effective stormwater 

conveyance and environmental sustainability:

The use of Green Infrastructure and Low Impact Development (LID) measures is preferred and 
encouraged.

Aim for an average removal of 80% Total Suspended Solids (TSS) from post-development runoff 
on an annual loading basis.
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7.1.3 NOVA SCOTIA DEPARTMENT OF ENVIRONMENT AND CLIMATE CHANGE 

Nova Scotia Environment (NSE) requires that culverts be designed to have a headwater/pipe diameter 

ratio (Hw/D) of 1.0 for the 100-year flow return period. It should also be noted that NSE has a preference 

for single barrel as opposed to multiple barrel crossing structures. 

Clear span opening of a watercourse crossing beneath a roadway must have a hydraulic capacity large 

enough to pass the 100-year peak flow with a maximum velocity of 1.8 m/s, unless otherwise approved 

by the Minister of Environment.

NSE also stipulates that a Watercourse Alteration Permit must be obtained for construction work within 

the banks of a watercourse and for work involving diversion of an existing watercourse to a new location.

A Wetland Alteration Permit would be required by NSE for work within an existing wetland area.

7.1.4 NOVA SCOTIA STATEMENT OF PROVINCIAL INTEREST REGARDING FLOOD 
RISK AREAS 

The goal of this particular statement of provincial interest is to protect public safety and property and to 

reduce the requirement for flood control works and flood damage restoration in floodplains. Given that the 

Highway 102 Study Area is within the floodplain of a complex lake system, the provisions outlined in the 

statement of provincial interest regarding flood risk areas as summarized below, will be taken into 

account in the preparation of this report and in the recommendations provided.

1. Planning documents must identify Flood Risk Areas consistent with the Canada-Nova Scotia 

Flood Damage Reduction Program mapping and any locally known floodplain.

2. For Flood Risk Areas that have been mapped under the Canada-Nova Scotia Flood Damage 

Reduction Program, planning documents must be reasonably consistent with the following:

(a) within the Floodway (i.e., inner portion of a flood risk area where the risk of flooding is 

greatest, on average once in twenty years, and where flood depths and velocities are 

greatest),

(i) development must be restricted to uses such as roads, open space uses, utility 

and service corridors, parking lots and temporary uses, and

(ii) the placement of off-site fill must be prohibited;

(b) within the Floodway Fringe (i.e., outer portion of a flood risk area, between the floodway 

and the outer boundary of the flood risk area, where the risk of flooding is lower, on 

average once in one hundred years, and floodwaters are shallower and slower flowing), 

(i) development, provided it is flood proofed, may be permitted, except for
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(1) residential institutions such as hospitals, senior citizen homes, homes for 

special care and similar facilities where flooding could pose a significant 

threat to the safety of residents if evacuation became necessary, and

(2) any use associated with the warehousing or the production of hazardous 

materials,

(ii) the placement of off-site fill must be limited to that required for flood proofing or 

flood risk management.

3. Expansion of existing uses must be balanced against risks to human safety, property and 

increased upstream and downstream flooding. Any expansion in the Floodway must not increase 

the area of the structure at or below the required flood proof elevation.

4. For known floodplains that have not been mapped under the Canada-Nova Scotia Flood Damage 

Reduction Program, planning documents should be, at a minimum, reasonably consistent with 

the provisions applicable to the Floodway Fringe

5. Development contrary to this statement may be permitted provided a hydrotechnical study, 

carried out by a qualified person, shows that the proposed development will not contribute to 

upstream or downstream flooding or result in a change to flood water flow patterns.

7.1.5 HALIFAX MUNICPAL PLANNING STRATEGY AND HALIFAX MAINLAND 
LAND USE BY-LAWS 

The Halifax Municipal Planning Strategy identifies development restrictions within the Highway 102 Study 

Area due to environmental sensitivity and a lack of municipal services and provides specific requirements 

for a master stormwater management plan in support of development. In addition, the Halifax Municipal 

Planning Strategy provides minimum watercourse setbacks to the high-water mark or the 1 in 20-year

floodplain elevation, if available.

The Land Use By-Laws for Halifax Mainland contains policies and regulations regarding watercourse 

setbacks and buffers, as well as development restrictions. These By-Laws are considered minimum 

criterial levels and additional buffer widths may be considered during later stages of the approvals 

process to address further protections for the ecological buffer zones.

7.2 Background Reports

The following reports have been reviewed and used in determining the SWM design criteria for the 

Highway 102 Corridor Development area.

Highway 102 Study Area Draft Report – Land Suitability Analysis, Stantec (April 2024): This 

report included both desktop and field components and included an evaluation of select 

biophysical characteristics (i.e., wetland habitat, watercourses, forest habitat, geology, 

topography, etc.), a review of contaminated sites, and a study of archaeological and cultural 
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conditions for the study area. The objective of the land suitability analysis was to determine what 

portions of the study area are potentially suitable for new housing development.

Regional Flood Mapping Delineation Project – CBCL (on-going): preliminary flood lines (i.e., 

subject to change) for the 5-year, 20-year, 100-year, and 200-year scenarios for both current 

climate conditions and projected climate conditions in the year 2100 were provided by HRM from 

the on-going Regional Flood Mapping Delineation project. These flood lines are derived from a 

high-level hydrologic and hydraulic analysis of flooding risks in the entire Halifax Regional 

Municipality and are based on a series of high-level assumptions regarding seasonal land cover, 

initial conditions at lakes, dam operation, coastal water elevations, rainfall distribution (Chicago 

distribution – 24-hour, 5 min interval), and soil conditions.

Park Planning and Coordination with Surrounding Land Use – Friends of Blue Mountain-

Birch Cove Lakes Society (Draft, April 2023): The report provides suggestions and 

recommendations regarding the initiation of park planning with surrounding land use and 

development decisions. The report also outlines the importance of preserving shorelines around 

lakes, maintaining acceptable standards of water quality and quantity into the receiving lakes, and 

providing adequate buffers for development.

7.3 Additional Available Data

The Nova Scotia Department of Municipal Affaires and Housing (NSDMAH) commissioned the collection 

of hydrologic data in the Halifax Regional Municipality (HRM) as part of the Municipal Flood Line Mapping 

Program (MFLMP). The scope of this project covered several distinct types of data collection for locations 

in HRM watersheds, including some of the remaining Future Serviced Communities identified for 

development by the Regional Municipal Planning Strategy (Regional Plan) and the Road to Economic, 

and Prosperity for African Nova Scotian Communities. Data collected included water levels, stage-

discharge curves, and topographic and bathymetric surveys. This data will be of significant value in the 

development of detailed flood delineation in these areas. 
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8 Existing Conditions

8.1 Site Location

The Highway 102 Study Area is found in the southwest of HRM, south of Kearney Lake, and west of 

Highway 102. The proposed development area borders Susies Lake and Quarry Lake to the west and the 

Right-of-Way for Highway 102 to the east, totalling approximately 600 hectares of largely undeveloped 

land. The entire proposed development is within the Kearney Run secondary watershed. Within the study 

area, drainage is divided amongst Quarry Lake, Susies Lake, and Washmill Lake. Figure 8.1 presents 

the Highway 102 Study Area.

8.2 Land Use

The subject site is predominantly covered with undeveloped forest over the western half, with a portion of 

the western edges consisting of exposed bedrock. The forest comprises a typical local assortment of 

various hardwood and softwood species. The eastern half of the site is predominately covered by a 

quarry, with the northern and southern portions consisting of undeveloped forest and wetlands. 

The Washmill Lake watershed encompasses a substantial area upstream of the subject site. This area 

includes rural lands and a network of lakes and wetlands. This complex system within the watershed has 

significant implications for stormwater management and planning and is not well understood at this stage.

There is currently no available flow monitoring or stage discharge curves for either Quarry Lake, Susies 

Lake, Charlies Lake, or Washmill Lake, and as such the hydraulic modeling completed for this study area 

was based on preliminary lake water levels acting as fixed boundary conditions. Flow and water level 

monitoring at the lakes, as well as along the watercourses that interconnect the lakes within the study 

area will be required to validate the stormwater model and to size proposed culvert crossings. 
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8.3 Topography

The Highway 102 Study Area generally slopes in an eastward direction, primarily discharging overland

into Kearney Lake, Quarry Lake, Susies Lake, and Washmill Lake. Quarry Lake and Susies Lake 

discharge into Washmill Lake, which ultimately discharges northward into Kearney Lake. It should be 

noted that Kearney Lake is outside the proposed development area.  

It is understood at this time that the existing quarry pit will be allowed to fill naturally with runoff, 

groundwater flow and direct rainfall contribution, with the goal of the existing depression to become a 

proposed lake. Based on the existing topography, this lake will need to discharge to Washmill Lake as 

well. However, this proposed lake is conceptual in nature and its outlet to Washmill Lake has not been 

included in the scope of this project. Please refer to Section 8.5.1 for further discussion on the quarry pit 

lake.

Stantec has analyzed LiDAR data provided by HRM to categorize steep slopes. This task was entirely 

performed using ESRI ArcMAP, taking into account field observations. Field teams were directed to 

record notable slopes near water bodies and wetlands. Steep slopes were divided into three groups 

based on their percentage increase: 0.0%-5.0%, 5.1% - 15.0%, and above 15%. The slope mapping is 

illustrated in Figure 8.2, while Figure 8.3 provides existing contours.
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8.4 Soil Conditions

Soil conditions for the Highway 102 Study Area were obtained from the “Nova Scotia Soil Survey Report 

#13 – Halifax County 1963”. As depicted in Figure 8.4, the soil type is primarily classified as Halifax (Hx),

which corresponds to a sandy loam soil with good to excessive drainage. For the northwest and 

southwest corners of the site the soil type is classified as Rockland (R), which corresponds to areas 

where at least 60% of the land is exposed bedrock. Consequently, the classification scheme has been 

used to categorize this as Hydrologic Soil Group C.

  

Figure 8.4: Soil Type (Nova Scotia Soil Survey Report #13 – Halifax County 1963) 

8.5 Watercourses and Waterbodies

The data for wetlands and waterbodies were sourced from the Nova Scotia Open Data, complemented 

with the information presented in Stantec’s 2024 Land Suitability Analysis for the Highway 102 Study 

Area.

Thirty-five (35) wetlands were identified and evaluated within the study area. While none of the evaluated 

wetlands were determined to be Wetlands of Special Significance (WSS), there are multiple factors that 
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can result in a wetland being considered a WSS and further work and/or consultation with regulators may 

result in any of the wetlands within the HSA being considered a WSS. Stantec’s Land Suitability Analysis 

recommended to engage with Nova Scotia Environment and Climate Change (NSECC) as early as 

possible to discuss potential wetland impacts (direct or indirect), the permitting process, and 

compensation requirements (e.g., potential opportunities for wetland restoration, enhancement, or 

creation).

Watercourse mapping was obtained from Stantec’s Land Suitability Analysis for the Highway 102 Study 

Area, which identified six mapped watercourses, and four mapped waterbodies. Water quality monitoring 

along the watercourses was completed as part of the field study and the results were complemented with 

a desktop study using historical water quality reports. 

As outlined in Stantec’s Land Suitability Analysis, riparian zones which are areas adjacent to 

watercourses were considered in the analysis, in addition to the bed and banks of the watercourse. 

Riparian zones provide a buffer that protects the watercourse from the impacts of adjacent development 

and also reduce the severity of flooding on adjacent lands. This results in the creation of watercourse 

setbacks and buffers as established in the Draft Regional Plan or Regional Plan Review Process as the 

minimum criteria.

The PCSWMM software was used to create an existing drainage condition model composed of 

subcatchments, junctions, and conduits, which were partially parameterized based on features from the 

Digital Elevation Model (DEM). 

The Watershed Delineation Tool (WDT) in PCSWMM was used to establish drainage patterns and 

channels, from which, the main channels were retained and transformed into ditches using the Transect 

Creator Tool. This tool utilizes the DEM to gather elevation data at each station along the transects. This 

comprehensive approach ensures accurate and efficient modeling of the watercourses.

The proposed site is within the Kearney Run watershed that includes Susies Lake, Quarry Lake, 

Washmill Lake, and Kearney Lake. Dam structures control water elevations at the outlets of Kearney 

Lake and Quarry Lake. The dam structure at Quarry Lake is within the proposed site development 

boundary and controls the flow through Bad Luck Falls, which discharge into Washmill Lake. The lakes 

are part of a complex drainage system and there is not sufficient data available regarding their hydrologic 

and hydraulic response to rainfall events, or the discharge curve(s) for the dam structures to include 

these in the hydrologic/hydraulic model.

8.5.1 PROPOSED QUARRY PIT LAKE 

The intention of allowing the existing quarry pit to fill and become a lake, as it is currently understood, is 

conceptual in nature and its implications on the water quality and the hydrologic/hydraulic regime of the 

downstream system have not been studied. As it is further explained in the Post Development Conditions 

section of this report (Section 9), the quarry pit lake has not been included in the post development 

condition stormwater model for the HSA given that this artificial lake is proposed to have no hydraulic 
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The USDA Natural Resources Conservation Service (NRCS) method was selected in PCSWMM to 

estimate infiltration. Average Curve Number (CN) values were determined based on weighted areas for 

each land use within the pervious portion of the subcatchment. This approach ensures that the CN values 

used are representative of the variation of land uses in the watershed.

Depression storage refers to the capacity of a specific land area to retain water in its pits and 

depressions, thereby preventing it from flowing. The PCSWMM online help manual offers a range of 

values suitable for defining the depression storage for both pervious and impervious surfaces. An 

average value within the provided range was selected.

The existing storm drainage plan present in Drawing EX-SD-1 in Appendix C illustrates the existing 

storm drainage plan, showcasing the watercourses and the delineated subcatchments.  

8.7 Boundary Conditions

The water elevations in Quarry, Susies, and Washmill Lakes, along with their respective stage/discharge 

relationship at the outlet, significantly influences existing drainage conditions within the Washmill Lake

watershed. Investigating the water elevation fluctuations within these lakes as a result of runoff response, 

and the stage/discharge relationship of the lake outlet are outside the scope of this project. However, 

preliminary floodlines for the 5-year, 20-year, 100-year, and 200-year scenarios for both current climate 

conditions and projected climate conditions in the year 2100 provided by HRM as part of the on-going 

Regional Flood Mapping Delineation project being completed by CBCL. These floodlines were derived 

from a high-level hydrologic and hydraulic analysis of flooding risks in the entire Halifax Regional 

Municipality and are based on a series of high-level assumptions regarding seasonal land cover, initial 

conditions at lakes, dam operation, coastal water elevations, rainfall distribution (Chicago distribution – 

24-hour, 5-min interval), and soil conditions. Figure 8.5 illustrates the 20-year and 100-year flood extents 

under the projected climate conditions in the year 2100, which were the storms used in the stormwater 

model. 

The preliminary floodlines have been used to estimate the water elevations in Quarry, Susies, Washmill, 

and Kearney Lakes during various return periods. These estimated water elevations have been applied 

as fixed water levels, also known as boundary conditions, at the outfalls to each of these Lakes within the 

hydrologic/hydraulic PCSWMM model for the 100-yr storm event scenario. As illustrated in Figure 8.5,

there are three stormwater outfalls that discharge into Washmill Lake, which ultimately flows into Kearney 

Lake, and one outfall that discharges into Susies Lake. In addition, there is one more outfall that 

discharges directly into Kearney Lake. The water elevation at each of these outfalls is determined to be 

45 m, 60 m and 73m, for Kearney Lake, Washmill Lake, and Susies Lake, respectively, during a 100-year 

event. These are based on the topographic contours for both the current and climate change flood extent. 

For all other return periods, the normal flow depth within the outlet conduit or watercourse transect was 

used as a boundary condition at these locations. The 20-year and 100-year floodlines are also shown in 

Drawing EXSD-1 in Appendix C. 
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9 Post Development Conditions

Stantec’s planning team engaged landowners to build a development scenario for the Highway 102 Study 

Area and built on that scenario to provide lower and higher densities scenarios. 

For the purpose of this stormwater management assessment, the high-density scenario, which results in 

larger impermeable surfaces, has been selected given that it is the worst-case scenario and provides a 

comprehensive understanding of the most conservative conditions. It should be noted that the current 

development plan is conceptual and subject to change based on results of further analysis and studies 

within the study area and to adhere to the recommendations made in Stantec’s 2024 Land Suitability 

Analysis for the Highway 102 Study Area. Refer to Figure 9.1 for conceptual proposed development 

conditions.

Moreover, it is anticipated that the stormwater management strategies for the high-density scenario will 

also be applicable and effective for both the low and medium density scenarios.

In the post development conditions, development is being considered in the area located immediately 

downstream of Culvert_28 and Culvert_29, and at the location of Culvert_27. Culvert_28, and Culvert_27 

are associated with unnamed watercourse 3 and it is recommended that the proposed development plan 

be revisited to maintain connectivity of unnamed watercourse 3 to Washmill Lake. Culvert_29 and 

Culvert_30 are associated with unnamed watercourse 1 and it is recommended that the proposed 

development plan be revisited to maintain connectivity to Susies Lake. If the external culverts were to be 

upsized at some point in the future by their respective owners, it would have an impact on the peak flows 

reaching the proposed development area. Therefore, it is recommended that further hydraulic analyses 

be completed to assess flooding impacts downstream. Culvert sizing as a whole should be confirmed 

during later design/planning stages of this project. To reduce exposing future residents in the area to 

flooding risks, it is recommended to assume that culverts upstream will be upgraded and that proposed

infrastructure will be located outside flood lines delineated under such scenarios. 

The existing quarry has been included in the current regional flood risk mapping project as a depression 

and it is shown to be part of Washmill Lake’s floodplain in its entirety. Based on this, development should 

be restricted within this area as per regulatory policies. It is our understanding that the intent is to create 

an artificial lake in this area. However, under the conceptual proposed conditions assessed, it has been 

assumed that the artificial lake would not be used for stormwater management for future developments.

The artificial lake has been shown to have no hydraulic connectivity to the proposed SWM ponds and/or 

storm infrastructure and to provide a separate outlet to Washmill Lake. 

The subsequent subsections detail the various characteristics of the post-development conditions. 

Additionally, the post-development storm drainage plan is presented in Drawing SD-1 in Appendix C.  
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9.1 Site Grading & Land Use

The high-density development scenario has been used to create a master grading plan designed to follow 

existing drainage patterns as much as possible, provide sufficient cover over trunk sewers, provide an 

overland flow outlet, takes into account sufficient cover over future culvert crossings and incorporates 

bottom and high-water elevations at end of pipe SWM facilities.

The proposed development plan consists of a diverse mix of land uses that encompasses low-density 

residential areas, high density multi-unit residential areas, institutional areas, mixed-use/commercial 

areas, as well as park and open space areas. Figure 9.1 presents the proposed development areas.





HIGHWAY 102 WATERSHED AND STORMWATER MANAGEMENT STUDY -  
REVISED DRAFT REPORT

Project Number: 160410459 67

9.2 Proposed Subcatchments

The general hydrologic parameters applied to the post-development areas are consistent with those used 

in the existing conditions model, as detailed in Section 8.5.1. The proposed subcatchments and their 

corresponding runoff coefficients are illustrated in Drawing SD-1 in Appendix C.

Given that the concept plans are preliminary and subject to change and do not provide details on location 

and width of driveways and sidewalks, a representative runoff coefficient based on proposed land use 

was used. Average runoff coefficients based on the proposed conceptual land use were obtained from 

the help file for ICM SWMM, ICM InfoWorks and SWMM5 software. The average runoff coefficients (C) 

based on the various land uses are as follows:

Low Density Residential: 0.65

Multi-residential: 0.75

Commercial: 0.85

Institutional: 0.70

Green Space: 0.20

Community Park: 0.40

In the hydraulic model, the imperviousness parameters for the proposed subcatchments were obtain per 

the following equation, where C correspond to the runoff coefficient: 

=
( 0.2)

0.7
× 100

Additionally, the flow length, which is the longest path that water is likely to take flowing over the surface, 

was calculated based on the area’s topography and layout. The width was then computed from the total 

area divided by the flow length. The slope of the proposed areas is estimated to be 2% for the hydraulic 

assessment. Additionally, for the pervious areas within the proposed subcatchments, a CN value of 74 

was used. 

9.3 Boundary Conditions

For the post-development hydrologic/hydraulic PCSWMM model, the boundary conditions remain 

consistent with the existing conditions. Refer to Section 8.7 for detailed information about boundary 

conditions. 

9.4 Proposed Crossing Structures

The conceptual storm drainage plan present in Drawing SD-1 in Appendix C shows the high-density

development plan for the Highway 102 Study Area, which includes proposed road crossings at the 

existing watercourses. These crossing locations have been identified, however at this stage, there is 

insufficient data available to validate the watercourse peak flows and water levels associated with 
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upstream drainage areas and the proposed development area, and therefore, only high-level conceptual 

sizing of these structures has been completed based on unrestricted conveyance. It is recommended that 

sizing of these structures be reviewed once flow monitoring and model calibration are completed for the 

existing watercourses.

9.5 Stormwater Management Strategy

Urbanization inevitably leads to changes in the landscape so in order to successfully implement 

development plans that result in balanced and environmentally sustainable development, it is key to 

devise an effective management strategy. This section provides a general description of stormwater 

management measures which, when combined, form a comprehensive approach to stormwater 

management in order to meet established SWM criteria and protect the surrounding natural environment.

Following discussions with HRM and HW, it was agreed that quantity control measures would be 

implemented to limit post-development peak flows to pre-development levels up to the 100-year storm. It 

is therefore recommended that quantity control measures in the form of end-of-pipe stormwater 

management (SWM) dry ponds be implemented at key locations within the proposed development area 

to mitigate post development peak flows to pre-development levels. 

The current SWM pond locations are conceptual (i.e., not an approved plan) and subject to change based 

on results of more detailed analysis as the development plan progresses. The SWM ponds should be 

located outside of the floodplain based on existing topography and proposed grading to restrict post 

development peak flows to existing conditions levels. 

An artificial lake has been shown in the location of the existing quarry, which constitutes a 40m deep 

depression. Under the conceptual proposed conditions assessed, the artificial lake was assumed to have 

no hydraulic connectivity to the proposed SWM ponds and/or storm infrastructure and to provide a 

separate outlet to Washmill Lake. However, the feasibility of using the existing quarry area for stormwater 

management purposes could be assessed during later planning/design stages, pending detailed hydraulic

analysis and a cost feasibility assessment to fill part of the existing quarry.

Urbanization typically alters the water balance, leading to increased runoff and decreased infiltration, 

primarily due to increased impervious surfaces associated with urban development. In addition, 

urbanization usually results in increased sediment and phosphorus loading in receiving watercourses. 

Retaining native and existing ground cover should be prioritized where possible to preserve ecosystem 

service function, reduce volume of runoff discharged into watercourses, promote infiltration, and provide 

an opportunity for evapotranspiration. Where retaining native cover is not possible, it is recommended

that a treatment train approach consisting of lot level best management practices (BMPs), such as

directing residential roof runoff to vegetated surfaces, introducing vegetated swales, and low impact 

development (LID) measures such as infiltration trenches, bioswales, etc., be investigated at the detailed 

design stage to provide quality control of runoff prior to discharging into the receiving watercourses and to 

promote infiltration. 
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Rain Barrels capture and store rainwater for future use, thereby reducing stormwater runoff. 

However, the specific selection, design, and positioning of these LIDs should be further investigated 

during the detailed design stage. The assessment should take into account factors such as the infiltration 

abilities of the native soils, the depth to bedrock, the groundwater table, and local regulations.
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10 Hydrologic and Hydraulic Modeling

The following sections provide a comprehensive overview of the conceptual stormwater management 

plan for the Highway 102 Study Area developer-proposed concept plan, including outlining measures 

required to restrict post development peak flows to pre-development levels, identifying flood risk areas,

and summarizing the limitations associated with the modeling process.

10.1 Floodplain Identification

Based on the preliminary floodlines obtained from HRM, part of the proposed development lies within the 

floodplain. The development blocks within areas C109A, C203A, C208A, and C210A all have a portion of 

the development within the preliminary 100-year flood plain of Washmill Lake and the existing quarry, 

elevation 60.0 m. Additionally a portion of area C407A lies within the preliminary 100-year flood limit of 

the unnamed watercourse 1. 

For the proposed development areas within the preliminary flood limits, it is recommended that the 

proposed roads within this area be located outside the 100-year floodline. Similarly, it is recommended 

that future development be restricted within the 100-year floodplain in consistency with municipal by-laws 

and the Nova Scotia Statement of Provincial Interest regarding flood risk areas.

10.2 Stormwater Management Dry Ponds

As presented on Drawing SD-1 in Appendix C, the proposed development area would be serviced 

through storm sewers that would be sized to convey the 5-year runoff under free flow conditions to the 

proposed end of pipe SWM dry ponds for quantity control prior to discharging into the receiving 

watercourses. During major storm events, higher than the 5-year storm, peak overflows would be routed 

overland to the proposed SWM dry ponds.

A total of five SWM dry ponds have been proposed for stormwater management based on existing 

drainage patterns and the conceptual development plan to mitigate post development peak flows to pre-

development levels for all storms from the 2-year up to the 100-year storm event. The final number, 

location, and size of the SWM dry ponds is to be confirmed based on best engineering principles and 

detailed floodplain mapping for the area, including flow monitoring and model calibration. The conceptual 

location and overall drainage area of the SWM ponds are shown in Figure 10.1, Figure 10.2,

Figure 10.3, Figure 10.4, and Figure 10.5.
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10.4 Modeling Limitations

The following are some of the limitations associated with the current modeling approach:

Calibration: Flow monitoring data for the Kearney Lake watershed, which includes Washmill Lake, 

Susies Lake and Quarry Lake, is not available at this time and as such, the hydrologic/hydraulic 

PCSWMM model has not been calibrated. Hydrologic and hydraulic parameters used in this 

modeling exercise have been selected as discussed in this report based on available information. 

However, these parameters have not been calibrated to reflect the actual runoff response from 

the watershed, and the rain runoff response of the lakes as a result of existing dam operation at 

the outlet. Without calibration, the model’s predictions are based solely on theoretical calculations 

and assumptions, which may not accurately reflect real-world conditions.

Culvert sizing for existing watercourses and the existing Bad Luck Falls has not been completed 

at this time due to insufficient data available to accurately estimate existing and proposed peak 

flows during different return periods. 
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11 Floodplain & Sustainable Development

Planning and development decisions should be guided by best practices in both floodplain management 

and sustainable development. This process should integrate the principles of resilience to climate change 

and commitment to environmental conservation at each planning stage. 

To guide the HRM in planning, development, and refinement of sustainable future development plans for 

the Highway 102 Study Area, it is recommended to develop a high-level map outlining opportunities to 

protect and improve the natural environment and associated limitations and constraints. It is important to 

note that most development constraints which include meander belt widths, existing wetlands and 

woodlots, and regulatory flood plains, greatly impact the environment and hence should not be altered. 

However other constraints such as modification to drainage may be permitted if carried out as part of an 

integrated planning approach such as a subwatershed study. Should there be a need to alter/affect 

development constraints, detailed investigation must be performed to evaluate the impact on natural 

features and downstream properties and infrastructure, and to establish corresponding measures to 

eliminate/compensate for the adverse impacts. Development constraint mapping for the study area has 

been provided in the Land Suitability Assessment (Stantec, 2024), as well as in this report. However, 

these studies do not quantify the impacts on stormwater/flooding resulting from any alterations that may 

be proposed as part of the development concept plans.

Additionally, it is understood at this time that the existing quarry site will be allowed to flood and become a 

proposed lake. As part of the on-going Regional Flood Mapping Delineation project being completed by 

CBCL, this location was identified as a depression and thus included in the flood lines provided by HRM. 

However, this proposed lake is conceptual in nature and as of the publishing of this report, no dedicated 

outlet design to Washmill Lake has been provided. Further studies are necessary regarding this lake’s 

hydrological response, once an outlet is determined to control lake water levels, as well as infill costing 

studies, prior to finalizing any development decisions based on floodlines within its vicinity. 

Wetlands effectively aid in reducing the negative impacts of frequent heavy rainfall events by collecting 

runoff in their naturally low-lying areas, allowing it to be slowly released into receiving watercourses, 

infiltrated into the soil to recharge groundwater systems, or absorbed by wetland vegetation. As a result, 

wetlands represent an important constraint for any development in Nova Scotia. Conservation of wetlands 

in the province is guided by the Nova Scotia Wetland Conservation Policy and supported by regulation 

under the provincial Environment Act and Activities Designation Regulations. The goals of the policy are 

to have no loss of Wetlands of Special Significance (WSS) and to prevent net loss in area and function for 

other wetlands.

As stated in the statement of provincial interest regarding flood risk areas, within the Floodway,

development must be restricted to uses such as roads, open space uses, utility and service corridors, 

parking lots and temporary uses, and the placement of off-site fill must be prohibited. Within the Floodway 

Fringe, flood proofed development may be permitted except for residential institutions where flooding 

could pose a significant threat to the safety of residents if evacuation became necessary, and in any use 

associated with the warehousing or the production of hazardous materials. Additionally, the placement of 
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off-site fill within the Floodway Fringe must be limited to that required for flood proofing or flood risk 

management. 

Development contrary to the Statement of Provincial Interest regarding Flood Risk Areas may be 

permitted provided a hydrotechnical study, carried out by a qualified person, shows that the proposed 

development will not contribute to upstream or downstream flooding or result in a change to flood water 

flow patterns.

Based on the above, it is recommended that no active development be permitted within the limits of the 

100-year regulatory floodplain. Some reduced risk uses may be considered in agreement with HRM by-

laws and the Nova Scotia Statement of Provincial Interest regarding Flood Risk Areas. This is subject to 

design considerations that effectively mitigate and/or minimize the impact of such development on the 

floodplain and protect the riparian corridor functions. It is further recommended that future development

phasing start in higher areas outside of the identified preliminary floodplain and that detailed floodplain 

mapping be completed to confirm floodplain extents and development setbacks as future developments 

move closer to the identified preliminary floodplain.

Moreover, any proposed development should adhere to the constraints identified in the Land Suitability 

Assessment constraint mapping for the Highway 102 Study Area (Stantec, 2024). This includes areas of

significant wildlife habitat, wetlands, steep slopes, and other environmentally sensitive areas. In areas 

where development is proposed within or in proximity to the identified floodplain, suitable mitigation 

measures should be implemented.

In addition, the promotion of green space creation or naturally forested park areas greatly reduce volume 

of runoff and pollutant loading discharged into receiving watercourses and as such, it is recommended 

that green space be promoted within future development plans.
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12 Stormwater Management Conclusions and 
Recommendations

The following lists the key points concluded from the stormwater analysis:

The stormwater management plan for the Highway 102 Study Area includes storm sewers sized 

for the 5-year storm at 80% full flow pipe capacity, overland flow routing to end-of-pipe SWM 

facilities and five (5) SWM dry ponds designed to restrict post-development peak flows to existing 

watercourses to pre-development values for up to and including the 100-year storm. However, 

the analysis has identified important limitations and vulnerabilities in the layout provided by the 

developer. Although this layout was used to assess the feasibility of controlling post-development 

peak flows, it requires critical consideration of key elements. The proposed development layout 

and associated stormwater management requires a thorough revision based on further analysis 

of the land use distribution and the siting of SWM ponds, as well as detailed hydraulic modeling, 

to confidently mitigate risks of flooding and reduce risks of degradation to the natural assets 

within the study area. High density land uses can potentially reduce the footprint of development 

and help to maintain development and stormwater management infrastructure away from flooding 

risk areas. 

Quality control for the study area is to be provided through best management practices, along 

with the use of LID measures to provide filtration and promote infiltration within public areas. 

Loading reduction tracking as a result of mitigation measures can be achieved through monthly 

grab samples at select monitoring locations during the summer months.

One proposed watercourse crossing has been identified, over the watercourse associated with 

Bad Luck Falls. However, a preliminary sizing exercise could not be completed due to limited 

available peak flow for the watercourse and lake response data. Additionally, the upstream dam 

structure on the outlet of Quarry Lake, and its response under major storms is not well 

understood. Future sizing should meet the Hw/D 1 criterion for the 100-year design storm event

based on a calibrated model and observed runoff response at the lakes.

Current development plans assume an artificial lake will be provided at the site of the existing 

quarry depression with independent hydraulic connectivity to Washmill Lake. If the 

decommissioned quarry site is to become a lake, an outlet structure and channel to Washmill 

Lake needs to be designed and incorporated into the proposed development.

Current development plans infringe on the preliminary 100-year floodplain extents (drainage 

areas C109A, C203A, C208A, C210A, and C407A).

Two sections of the planned development area (drainage areas C208A and C407A) overlap 

portions of the existing watercourses. Additionally, the extents of SWM Pond 2, in its current 

location, may overlap portions of an existing watercourse as well.
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Based on the discussion provided in this report, the following is a summary of recommendations:

Flow monitoring in the watercourses and lakes, followed by model calibration be completed to 

assess existing dam operation (i.e., stage-discharge curve), determine lake water levels, confirm 

regulatory floodplain limits, determine culvert sizing and proposed pond sizes and locations.  

 No active development be permitted within the limits of the 100-year regulatory floodplain. Some 

reduced risk uses may be considered in agreement with HRM by-laws and the Nova Scotia 

Statement of Provincial Interest regarding Flood Risk Areas. This is subject to design 

considerations that effectively mitigate and/or minimize the impact of such development on the 

floodplain and protect the riparian corridor functions. Once the above is completed it is also 

recommended to confirm pond sizes and locations as well as size the watercourse crossings.

 Investigation into existing dams (i.e., water control structures) at Quarry Lake, Susies Lake, and 

Washmill Lake to determine the rain-runoff response at the lakes is recommended to refine the 

boundary conditions in the model. 

An environmental impact assessment is recommended for the proposed lake at the existing 

quarry site to understand both the interim and final hydrologic, hydrogeologic, hydraulic and water 

quality implications, as well as their respective interim durations, on the overall drainage network.

A detailed geotechnical investigation is recommended to be completed at the detailed design 

stage. Geotechnical recommendations should be provided for the proposed Stormwater 

Management (SWM) ponds, grade-raise restrictions, and the feasibility of Low Impact 

Developments (LIDs) in the area. 

The development concept plan be revisited to ensure SWM Ponds are located outside of the 100-

year floodplain and/or delineated wetlands, to maximize the use of natural areas considering the 

recommendations of the Land Suitability Assessment, to consider high-density land uses that 

reduce sprawl to achieve this purpose, and to inform the revision of the proposed development 

layout and stormwater management plan to reduce risk of flooding and degradation to natural 

assets in the study area. The current layout includes SWM ponds located in or close to areas 

under risks of flooding. 

The development concept plan be revisited to incorporate options to maintain connectivity of the 

existing watercourses and the proposed quarry site lake to their respective downstream 

waterbodies, as well as grading considerations and setbacks to place development outside the 

preliminary flood limits.

 Future development phasing start in higher areas outside of the identified preliminary floodplain 

and detailed floodplain mapping be completed to confirm floodplain extents and development 

setbacks as future developments move closer to the identified preliminary floodplain.

In future stages of planning and development of the site, the development plan should be revised 

to relocate residential development and SWM ponds that are currently close to or within the 
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potential floodplain. By pulling back the development, and potentially adding density to the 

remaining area, the population/development yield of the site could remain similar, and it could 

reduce the potential risks associated with flooding. The Land Suitability Report outlines that areas 

within 30 m of a watercourse have low suitability for development, so setback areas from 

watercourses and waterbodies must be studied on a site-specific basis during subsequent area 

planning to determine suitability.

Retaining native and existing ground cover be prioritized where possible to preserve ecosystem 

service function, reduce volume of runoff discharged into watercourses/waterbodies, promote 

infiltration, and provide an opportunity for evapotranspiration. 

Implementing structural LID measures within public property to reduce contaminant loads for the 

development area to achieve contaminant loads of existing conditions.

Implementing erosion and sedimentation control measures to mitigate effects from development

during construction, as well as implementing construction sequencing to minimize the quantity of 

soil exposed at any given time to prevent erosion.
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Appendix A - Water Quality Results 
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Appendix B - Brylinsky Phosphorous Loading Model Results



Input Parameters Symbol Value Units

Drainage Basin Area (Excl of Lake Area) Ad 3296.3 ha
Area Land Use Category 1- Commercial Ad1 150.7 ha % Total
Area Land Use Category 2- Forest Ad2 1772.9 ha Upstream Flow 0
Area Land Use Category 3- Gravel Pit Ad3 67.2 ha Precipitation 105053.91 0.47
Area Land Use Category 4- Low Density Residential Ad4 121.3 ha Surface Runoff 22364037 99.53
Area Land Use Category 5- Medium Density Residential Ad5 385.9 ha Evaporation -38793.19 0.17
Area Land Use Category 6 - High Density Residential Ad6 251.5 ha Total Outflow 22430298 99.83
Area Land Use Category 7- Rock/Dune/Barren Ad7 235.6 ha Check 100
Area Land Use Category 8- Undeveloped/Cleared Ad8 141.3 ha
Area Land Use Category 9- Wetlands Ad9 104.6 ha
Area Land Use Category 10- Roads Ad10 65.3 ha % Total
Lake Surface Area Ao 7.525 ha Upstream Flow 0 0
Lake Volume V 1.93 10^6 m3 Atmospheric 1279.3098 0.37

Land Run off 347452 99.63
Upstream Hydraulic Inputs Qi 0 m^3/yr Development 0 0
Annual Unit Precipitation Pr 1.396 m/yr Sedimentation -13949 4
Annual Unit Lake Evaporation Ev 0.516 m^3/yr Total Outflow 334782 96.000069
Point Source Hydraulic Input Qps 0 m^3/yr Check 100.0
Annual Unit Hydraulic Run Off - Developed Ruv 1.15 m/yr
Annual Unit Hydraulic Run Off - Non- Developed Ru 1.03 m/yr

Predicted P (mg/L) 0.0149
Upstream P input Ju 0 gm P / yr Measured P (mg/L) 0.01
Annual Unit Atmospheric Phosphorus Deposition Da 0.017 gm P / M^2 * yr %Difference 39.357
Land Use Category 1 P Export Coefficient E1 0.0202 gm P / M^2 * yr
Land Use Category 2 P Export Coefficient E2 0.0024 gm P / M^2 * yr
Land Use Category 3 P Export Coefficient E3 0.015 gm P / M^2 * yr
Land Use Catefory 4 P Export Coefficient E4 0.025 gm P / M^2 * yr
Land Use Category 5 P Export Coefficient E5 0.01 gm P / M^2 * yr
Land Use Category 6 P Export Coefficient E6 0.03 gm P / M^2 * yr
Land Use Category 7 P Export Coefficient E7 0.035 gm P / M^2 * yr
Land Use Category 8 P Export Coefficient E8 0.0024 gm P / M^2 * yr
Land Use Category 9 P Export Coefficient E9 0.0108 gm P / M^2 * yr
Land Use Category 10 P Export Coefficient E10 0.035 gm P / M^2 * yr
Number of Dwellings Nd 0 #
Average number of persons per dwelling Nu 2.2 #
Average fraction of Year Dwellings occupied Npc 1  /yr
Phosphorus load per capita per year Si 800 gm / capita/yr
Septic system retention coefficient Rsp 0.5 n/a
Point Source Input 1 PS1 0 gm/yr
Point Source Input 2 PS2 0 gm/yr
Point Source Input 3 PS3 0 gm/yr
Point Source Inpit 4 PS4 0 gm/yr
Lake Phosphorus Retention Coefficient v 12.4 n/a

Total Precipitation Hydraulic Input Ppti 105053.914 m3/yr
Total Evaporation Hydraulic Loss Eo 38793.18958 m3/yr
Total Hydraulic Surface Runoff Ql 22364037.14 m3/yr
Total Hydraulic Input Qt 22469091 m3/yr
Areal Hydraulic Input qs 298.06 m3/yr
Total Hydraulic Outflow Qo 22430298 m3/yr
Total Atmospheric P Input Jd 1279.309841 gm/yr
Total Surface Run Off P Input Je 347452 gm/yr
Total Development P Input Jr 0 gm/yr
Total P Input Jt 348731 gm/yr
Lake P Retention Factor Rp 0.04  - 
Lake P Retention Ps 13949 gm/yr
Predicted Lake P Concentration [P] 0.0149 mg/L
Lake P Outflow Jo 334782 gm/yr
Lake Mean Depth z 25.6 m
Lake Flushing Rate FR 0.09 times/year
Lake Turnover Time TT 11.62 yr
Lake Response Time RT(1/2) 0.06 yr

Washmill Lake - Existing Conditions
Budgets

Morphology
Hydraulic Budget (m^3)

Phosphorus Budget (gm)

Phosphorus Inputs
Model Validation

Model Outputs 

Hydrology Inputs





Input Parameters Symbol Value Units

Drainage Basin Area (Excl of Lake Area) Ad 3296.3 ha
Area Land Use Category 1- Commercial Ad1 152.26 ha % Total
Area Land Use Category 2- Forest Ad2 1588.94 ha Upstream Flow 0
Area Land Use Category 3- Gravel Pit Ad3 67.20 ha Precipitation 105049 0.54
Area Land Use Category 4- Low Density Residential Ad4 124.14 ha Surface Runoff 19368626 99.46
Area Land Use Category 5- Medium Density Residential Ad5 406.60 ha Evaporation -38415.125 0.2
Area Land Use Category 6 - High Density Residential Ad6 379.56 ha Total Outflow 19435260 99.8
Area Land Use Category 7- Rock/Dune/Barren Ad7 235.61 ha Check 100
Area Land Use Category 8- Undeveloped/Cleared Ad8 141.28 ha
Area Land Use Category 9- Wetlands Ad9 104.65 ha
Area Land Use Category 10- Roads Ad10 96.06 ha % Total
Lake Surface Area Ao 7.525 ha Upstream Flow 0 0
Lake Volume V 1.93E+00 10^6 m3 Atmospheric 1279.25 0.31

Land Run off 395311 97.09
Upstream Hydraulic Inputs Qi 0 m^3/yr Development 10560 2.59
Annual Unit Precipitation Pr 1.396 m/yr Sedimentation -20358 5
Annual Unit Lake Evaporation Ev 0.511 m^3/yr Total Outflow 386792 94.999877
Point Source Hydraulic Input Qps 0 m^3/yr Check 99.99
Annual Unit Hydraulic Run Off - Developed Ruv 1.1 m/yr
Annual Unit Hydraulic Run Off - Non- Developed Ru 1.02 m/yr

Predicted P (mg/L) 0.0199
Upstream P input Ju 0 gm P / yr Measured P (mg/L) n/a
Annual Unit Atmospheric Phosphorus Deposition Da 0.017 gm P / M^2 * yr %Difference
Land Use Category 1 P Export Coefficient E1 0.0202 gm P / M^2 * yr
Land Use Category 2 P Export Coefficient E2 0.0024 gm P / M^2 * yr
Land Use Category 3 P Export Coefficient E3 0.015 gm P / M^2 * yr
Land Use Catefory 4 P Export Coefficient E4 0.025 gm P / M^2 * yr
Land Use Category 5 P Export Coefficient E5 0.01
Land Use Category 6 P Export Coefficient E6 0.03
Land Use Category 7 P Export Coefficient E7 0.035
Land Use Category 8 P Export Coefficient E8 0.0024
Land Use Category 9 P Export Coefficient E9 0.0108
Land Use Category 10 P Export Coefficient E10 0.035
Number of Dwellings Nd 12 #
Average number of persons per dwelling Nu 2.2 #
Average fraction of Year Dwellings occupied Npc 1  /yr
Phosphorus load per capita per year Si 800 gm / capita/yr
Septic system retention coefficient Rsp 0.5 n/a
Point Source Input 1 PS1 0 gm/yr
Point Source Input 2 PS2 0 gm/yr
Point Source Input 3 PS3 0 gm/yr
Point Source Inpit 4 PS4 0 gm/yr
Lake Phosphorus Retention Coefficient v 12.4 n/a

Total Precipitation Hydraulic Input Ppti 105049 m3/yr
Total Evaporation Hydraulic Loss Eo 38415.125 m3/yr
Total Hydraulic Surface Runoff Ql 19368626.13 m3/yr
Total Hydraulic Input Qt 19473675 m3/yr
Areal Hydraulic Input qs 258.28 m3/yr
Total Hydraulic Outflow Qo 19435260 m3/yr
Total Atmospheric P Input Jd 1279.25 gm/yr
Total Surface Run Off P Input Je 395311 gm/yr
Total Development P Input Jr 10560 gm/yr
Total P Input Jt 407150 gm/yr
Lake P Retention Factor Rp 0.05  - 
Lake P Retention Ps 20358 gm/yr
Predicted Lake P Concentration [P] 0.0199 mg/L
Lake P Outflow Jo 386792 gm/yr
Lake Mean Depth z 25.6 m
Lake Flushing Rate FR 0.1 times/year
Lake Turnover Time TT 10.07 yr
Lake Response Time RT(1/2) 0.07 yr

Hydrology Inputs

Washmill Lake - Medium Density Conditions

Model Validation
Phosphorus Inputs

Model Outputs 

Budgets
Morphology

Hydraulic Budget (m^3)

Phosphorus Budget (gm)



Input Parameters Symbol Value Units

Drainage Basin Area (Excl of Lake Area) Ad 3296.3 ha
Area Land Use Category 1- Commercial Ad1 152.89 ha % Total
Area Land Use Category 2- Forest Ad2 1588.32 ha Upstream Flow 0
Area Land Use Category 3- Gravel Pit Ad3 67.20 ha Precipitation 105049 0.54
Area Land Use Category 4- Low Density Residential Ad4 121.31 ha Surface Runoff 19361776 99.46
Area Land Use Category 5- Medium Density Residential Ad5 409.43 ha Evaporation -38415.125 0.2
Area Land Use Category 6 - High Density Residential Ad6 379.56 ha Total Outflow 19428410 99.8
Area Land Use Category 7- Rock/Dune/Barren Ad7 235.61 ha Check 100
Area Land Use Category 8- Undeveloped/Cleared Ad8 141.28 ha
Area Land Use Category 9- Wetlands Ad9 104.65 ha
Area Land Use Category 10- Roads Ad10 96.06 ha % Total
Lake Surface Area Ao 7.525 ha Upstream Flow 0 0
Lake Volume V 1.93 10^6 m3 Atmospheric 1279.25 0.31

Land Run off 394997 97.09
Upstream Hydraulic Inputs Qi 0 m^3/yr Development 10560 2.6
Annual Unit Precipitation Pr 1.396 m/yr Sedimentation -20342 5
Annual Unit Lake Evaporation Ev 0.511 m^3/yr Total Outflow 386494 94.9999508
Point Source Hydraulic Input Qps 0 m^3/yr Check 100
Annual Unit Hydraulic Run Off - Developed Ruv 1.1 m/yr
Annual Unit Hydraulic Run Off - Non- Developed Ru 1.02 m/yr

Predicted P (mg/L) 0.0199
Upstream P input Ju 0 gm P / yr Measured P (mg/L) n/a
Annual Unit Atmospheric Phosphorus Deposition Da 0.017 gm P / M^2 * yr %Difference
Land Use Category 1 P Export Coefficient E1 0.0202 gm P / M^2 * yr
Land Use Category 2 P Export Coefficient E2 0.0024 gm P / M^2 * yr
Land Use Category 3 P Export Coefficient E3 0.015 gm P / M^2 * yr
Land Use Catefory 4 P Export Coefficient E4 0.025 gm P / M^2 * yr
Land Use Category 5 P Export Coefficient E5 0.01
Land Use Category 6 P Export Coefficient E6 0.03
Land Use Category 7 P Export Coefficient E7 0.035
Land Use Category 8 P Export Coefficient E8 0.0024
Land Use Category 9 P Export Coefficient E9 0.0108
Land Use Category 10 P Export Coefficient E10 0.035
Number of Dwellings Nd 12 #
Average number of persons per dwelling Nu 2.2 #
Average fraction of Year Dwellings occupied Npc 1  /yr
Phosphorus load per capita per year Si 800 gm / capita/yr
Septic system retention coefficient Rsp 0.5 n/a
Point Source Input 1 PS1 0 gm/yr
Point Source Input 2 PS2 0 gm/yr
Point Source Input 3 PS3 0 gm/yr
Point Source Inpit 4 PS4 0 gm/yr
Lake Phosphorus Retention Coefficient v 12.4 n/a

Total Precipitation Hydraulic Input Ppti 105049 m3/yr
Total Evaporation Hydraulic Loss Eo 38415.125 m3/yr
Total Hydraulic Surface Runoff Ql 19361776.4 m3/yr
Total Hydraulic Input Qt 19466825 m3/yr
Areal Hydraulic Input qs 258.18 m3/yr
Total Hydraulic Outflow Qo 19428410 m3/yr
Total Atmospheric P Input Jd 1279.25 gm/yr
Total Surface Run Off P Input Je 394997 gm/yr
Total Development P Input Jr 10560 gm/yr
Total P Input Jt 406836 gm/yr
Lake P Retention Factor Rp 0.05  - 
Lake P Retention Ps 20342 gm/yr
Predicted Lake P Concentration [P] 0.0199 mg/L
Lake P Outflow Jo 386494 gm/yr
Lake Mean Depth z 25.6 m
Lake Flushing Rate FR 0.1 times/year
Lake Turnover Time TT 10.07 yr
Lake Response Time RT(1/2) 0.07 yr

Washmill Lake - Developer / High Density Conditions
Budgets

Morphology
Hydraulic Budget (m^3)

Phosphorus Budget (gm)

Hydrology Inputs

Model Validation
Phosphorus Inputs

Model Outputs 
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Appendix C - Storm Drainage Plans
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Appendix D - Post to Pre-Development Peak Flow Results






