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INTRODUCTION 
The 15.94-acre property at 2000 Foster Avenue, designated Assessor’s Parcel Number (APN) 505-161-011, is 
slated for annexation into the City of Arcata in conjunction with development as a minor subdivision for 
three large residential lots (Appendix 1).  Since the site is to be annexed into the City of Arcata, the new 
Municipal Separate Storm Sewer Systems (MS4) stormwater requirements will be applied to this project in 
accordance with the City’s post-construction standards.  Under the State MS4 Permit, this project qualifies 
as a Regulated Project (>5,000 ft2 impermeable surface addition), as well as a hydromodification project (>1 
ac. new impervious surface).  The project will also be subject to the State Water Board’s Construction 
General Permit (CGP).  The MS4 requirements for this project will satisfy the CGP post-construction 
regulations.  This document is an assessment of the potential for the proposed project to meet these 
stormwater standards. 
 

BACKGROUND 
With the adoption of the Phase II Small MS4 General Permit (Order No. 2013-0001 DWQ), effective since 
July 1, 2013, any development creating or replacing 5,000 ft2 or more impermeable surface is subject to 
strict stormwater controls.  Site visits for this project were performed by SHN/Streamline Planning 
Consultants stormwater specialists on July 15, July 16, August 24, October 9, and December 7, 2015, 
February 15, 2016, and March 27, 2018.  During this time, hydrology, soils, vegetative cover, wetland, and 
stormwater conditions were assessed.  Since the site lies on compacted fill from the previous mill condition, 
soils will need amending to retain and treat water onsite before discharge.  Additional Best Management 
Practices (BMPs, called site design measures in MS4 terminology) are proposed to supplement onsite 
stormwater treatment, and to meet MS4 Permit requirements.  These requirements include capturing the 
85th percentile storm event volume of 0.65 inches, through self-retention and low impact development (LID) 
site design measures, along with the hydromodification requirement of maintaining the pre-project site flow 
rate using 2.93 inches for the 2-year, 24-hour storm event. 
 

STORMWATER SETTING AND SITE CONDITIONS 
The project lies on a former mill site, with typical highly compacted, rocky fill soils showing poor infiltration 
capability.  Approximately one acre lies on relatively undisturbed riparian habitat, while the remaining 
14.95-acre parcel is covered with industrial fill typical to that observed on the majority of mill sites in the 
area.  The south half of the eastern property line is bordered by Janes Creek, while the entire western 
border lies adjacent to an agricultural field.  The site is elevated above the western field by several feet of 
fill.  During wet-season site visits, it was noted that the southern agricultural fields to the west were 
inundated for extended periods.  The northern half of these western fields were briefly examined, with an 
area lacking hydric soils or wetland hydrology confirmed along the northern-most hundred feet of these 
fields.  This upland area will provide an emergency access road from the project site to Stewart Avenue.  
 
As seen during periodic site visits, infiltration varies across the site, producing conditions from upland, 
where infiltration is good (as observed within the riparian corridor on native alluvial soils), to poorly-
infiltrating wetland areas scattered across the site.  These depressions classify as two- or three- parameter 
wetlands with negligible permeability.  The majority of the site exhibited poor to moderately infiltrating 
soils, with the volume of rock and compaction so severe in many areas that one shovel was broken during 
field investigation, and tool refusal was met at several locations.  These conditions will make soil amending 
an important component of this project’s stormwater management. 
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NATURE OF PROJECT 
Because this project is an urban development spread relatively uniformly across the site, a combination of 
BMPs will be interspersed throughout the project to meet current stormwater regulations.  This assessment 
is based on the Proposed Site Plan (K. Boodjeh Architects, 2017) and the assumption that all stormwater will 
eventually flow toward the southeast, to ensure that stormwater regulations will be met.  During final site 
design, BMPs can be adjusted, as needed, to fit the finished design and meet applicable regulations.  Self-
retaining Areas, Soil Amending, and Tree Planting are the three most flexible BMPs that can be adjusted 
depending on developer preference, cost analysis, and available space during final design. This analysis 
confirms that the proposed plan contains more than adequate space and BMPs to meet all MS4 
requirements. 
 
While debate has centered around the best way to handle MS4 requirements on multi-unit residential 
developments, impervious surface area distributed across the site mandates spreading BMPs throughout 
the site to meet the regulated project requirements.  Six BMPs have been selected for application on 
individual lots, with Stream Setbacks and Buffers being employed as a seventh BMP on a portion of the 
southeastern project perimeter. 
 

BMP RECOMMENDATIONS 
A variety of BMPs are slated to diversify management and increase the effectiveness of stormwater 
detention and treatment for this project. Additionally, these BMPs will be spread throughout the site to 
reduce concentrated flows, rather than taking the historical end-of-pipe approach.  Special emphasis has 
been placed on the use of stormwater treatment BMPs to pre-treat stormwater before it enters the wetland 
mitigation area, prior to entering Janes Creek. These BMPs, including soil quality improvement, vegetated 
swales, porous asphalt, and rain gardens, provide water quality treatment through improved stormwater 
infiltration, water detention, and microbiological uptake and treatment. The following BMPs will be utilized 
for this project, in combination as appropriate for each location: 
 
 1) Soil Quality Improvement and Maintenance – Soil quality improvement is one of the most practical 
post-construction BMPs, because it greatly increases stormwater infiltration, soil moisture retention 
capacity, and plant health, which increases evapotranspiration.  Additionally, amending and aerating soil 
creates a more favorable environment for microbial populations and activity, which immensely increases 
microbial pollutant treatment capabilities, as well as tree and plant growth for providing additional pollutant 
treatment.  Stormwater runoff reduction for this BMP equals the surface area amended.  After application 
of 50 pounds of gypsum per 1,000 ft2 and 80 pounds of dolomite lime per 1,000 ft2, a typical eight-inch 
surface profile is tilled, followed by a four-inch lift of compost added and tilled in.  This practice provides a 
12-inch layer of permeable soil that fosters pollutant-treating microorganisms and water infiltration.  All 
swales, soil quality, and self-retaining areas should be amended, with the exception of the Stream Buffer 
Area. 
 
 2) Tree Planting and Preservation – Trees provide significant increases in evaporative surfaces for 
precipitation, in addition to their ability to extract moisture from the soil through evapotranspiration.  
Furthermore, trees and other plants provide an environment in their rhizosphere that fosters pollutant 
removal and transformation.  Evergreen trees qualify for a 200-square foot runoff reduction, while 
deciduous trees count for 100-square feet of reduction.  Trees must be at least one-inch in diameter at 
breast height, with a four-foot height for evergreens and a six-foot height for deciduous trees.  Since a large 
number of trees provides multiple stormwater quality benefits to urban development, 103 deciduous and 
155 evergreen trees are proposed for installation throughout the site.  Columnar evergreens should be 
considered for tight spaces.
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 3) Vegetated Swales – Vegetated swales are superior to piped or paved conveyances in that they slow 
water velocity, increase evaporation, foster infiltration, provide wildlife habitat, and increase stormwater 
treatment.  Swales qualify for a 1:1 reduction similar to Soil Quality Improvement.  Swales will be used in 
landscape strips along roads and along the western border of the wetland mitigation area.  The ideal 
dimensions are a minimum five feet width, with a minimum 2-foot wide bottom, and 3:1 slopes. While 
vegetated swales are planned for this project, they were left out of the calculations to ensure an additional 
factor of safety for runoff management and Permit compliance. An approximate 5,700 ft2 pretreatment 
swale is planned along the western length of the wetland mitigation area to provide a factor of safety for 
overflow coming from the project’s site design measures. This swale’s volume has been included in the 
hydromodification calculation.  
 
 4) PPPP (Alternative Engineered Hardscaping Surfaces) – This BMP counts for a 1:1 reduction similar to 
Soil Quality Improvement, which is critical on large projects.  Porous Asphalt will be used on secondary 
roads, which include driveways for the Assisted Living Facility and Cottage Neighborhood, in the alley for the 
single-family units, and in several parking lots. An approximate 92,783 ft2 of permeable paving is proposed 
for this project. 
 
 5) Stream Setbacks and Buffers – This BMP counts for a 1:1 reduction similar to Soil Quality 
Improvement.  A significant Stream Buffer (100 feet from Janes Creek) will be employed east of the Memory 
Care facility, Assisted Living facility, and the Cottage Neighborhood.  This BMP was not included in the MS4 
calculations. However, the wetland mitigation area that will be constructed within the buffer will be used to 
meet the hydromodification requirement. 
 
 6) Rain Gardens (Self-retaining Areas) – To be used in the two largest landscaped areas of the Cottage 
Neighborhood, this development technique can take the runoff from an area up to 3.5 times the size of the 
self-retaining feature.  Similar to the Soil Quality Improvement BMP, the soils on the self-retaining areas will 
be amended appropriately to ensure infiltration and stormwater treatment.  This BMP will be employed to 
the maximum extent feasible to take advantage of the natural water treatment capabilities of the soil 
ecosystem. 
 

REGULATED PROJECT COMPLIANCE DEMONSTRATION 
The State MS4 Permit requires that all projects creating or replacing 5,000 ft2 or more of impervious surface 
must meet the 85th percentile storm event runoff reduction value for the total post-project impervious 
surface area. For Humboldt County, the average value of 0.65 inches has been assigned, with only the 
Shelter Cove area having a different value.  Meeting this requirement satisfies the Construction General 
Permit post-construction regulations. 
 
To demonstrate compliance with current stormwater regulations, BMPs were selected from the Humboldt 
LID Stormwater Manual V2.0 and inserted into Regulated Projects Worksheet 2, based on current 
impervious surface area estimates (Appendix 2).  To provide a factor of safety, an excess of BMPs were 
entered to reach an Impervious Surface Runoff Value Reduction of 123%.  BMPs can be adjusted upon final 
site design to achieve the most effective, compliant site design. 
 
To properly treat the stormwater created by this development, two self-retaining areas were employed at 
the Cottage Neighborhood with surface totals of 22,426 ft2, which produce an equivalent runoff reduction 
credit of 78,491 ft2.  From this reduction credit value, BMPs are employed to deduct additional credits to 
achieve an approximate runoff volume that would match natural or pre-project conditions for the 85th 
percentile storm event (0.65 inches).  Trees, Soil Quality, and Porous Asphalt were then employed, as 
outlined in Table 1. This table and Appendix 2 demonstrate Regulated Project compliance.
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Table 1.  Runoff Reduction Credits for Installed BMPs 
                Total Impervious Area 273,557 ft2 = 14,758 ft3 of runoff from impermeable surface 

BMP Size Runoff Reduction Credit 

Self-retaining Area 22,426 ft2 -78,491 ft2 

New Trees 103 Deciduous, 155 Evergreen -41,300 ft2 

Existing Trees 100 ft2, 30 ft2, 30 ft2 -4,631 ft2 

Soil Quality 119,202 ft2 -119,202 ft2 

Vegetated Swale To be customized for final plan NA ft2 

Porous Asphalt 92,783 ft2 -92,783 ft2 

Total Runoff Reduction Credit -336,408 ft2 

% Reduction in Impervious Surface Runoff Value 123% 

Note: Runoff reduction credits ≠ total impervious area because some runoff is natural (Appendix 2). 

 

HYDROMODIFICATION COMPLIANCE DEMONSTRATION 
To meet MS4 hydromodification requirements, projects creating one acre or more of impervious surface 
must maintain post-project runoff at or below pre-project flow rates for the 2-year, 24-hour storm event 
(2.93 inches).  In other words, the post-project flow is compared with the pre-project flow, rather than 
determining total runoff from impermeable surfaces as done for the regulated project requirement.  This 
can be done with self-retaining areas if the fine soil textural fraction is less than 50%.  A site visit and soil 
analysis within the proposed wetland mitigation area on March 27, 2018 demonstrated that the average 
fine soil separates meet this requirement, as set forth in Section 5.8 of Part C in the Humboldt County LID 
Manual (Appendix 3). With 14,758 ft3 of runoff from the 85th percentile storm event treated onsite under the 
regulated projects requirement, no additional measures are required, since the post-project condition will 
be an improvement over current conditions, as shown in the calculations below. 
 
While the Regulated Project requirements consider BMPs specifically designed to reduce stormwater runoff, 
they overlook other improved surface conditions inherent to the proposed residential development. 
Hydromodification calculations employ engineering runoff coefficients that consider such overlooked site 
characteristics including overall flow length, evaporative surfaces, soil hydrological types, and surface cover 
types. Examples of these additional development features and site characteristics that will help reduce 
runoff are: 1) the transformation of compacted, rocky ground to lawn and landscape not included in the soil 
quality improvement calculation; 2) differences in surface cover types and their associated improvements in 
surface runoff reduction and infiltration (such as the difference between plant type, plant species, and 
mulch type), and; 3) differences in cover percentages (100% cover on a grassy swale compared to an 
interspersed shrub landscape). However, since unexpected underground or installation conditions can 
potentially lead to impaired detention conditions, a hydromodification calculation was performed based on 
a worst-case scenario, as presented below in the Final Hydromodification Volume section to provide 
confidence that the stormwater system will adequately detain and treat site runoff. 
 
While an approximate 6.28 acres will be paved or roofed, a large streamside buffer will remain unpaved, and 
an approximate 7.5 acres of landscaped area will receive soil quality treatment, planting, or plant 
preservation, which will greatly improve the site over current conditions (dominantly compacted, rocky fill 
soil).  Self-retaining areas around the Cottage Neighborhood will provide 22,426 ft2 of detention and 
infiltration area.  With the site soil textures meeting the fine-earth standard, the proposed wetland 
mitigation area will be used, with a pretreatment bioswale along the entire western edge of the mitigation  
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area, to protect the nearby stream, to amplify the pretreatment of the site design measures, and as an 
additional hydromodification safety measure.  This wetland mitigation area will hold an approximate 53,762 
ft3 of runoff volume in addition to the water treated for the 85th percentile storm event.   
 
With an average runoff C value of 0.72 across the site under current conditions, a composite runoff 
coefficient of 0.52 was determined for post-project conditions based on the 6.28 acres of paving/roof 
(coefficient 0.95), 2.13 acres of permeable paving (coefficient 0.40), 3.39 acres of lawn area (coefficient 
0.22), and 4.14 acres of landscape (woodland/amended conditions: coefficient 0.19).  There will be less 
runoff due to the land improvements of the project, when compared with pre-project conditions, using the 
soil improvement and tree planting BMPs, along with landscaping, to break up the soil and build soil 
structure.  The volume calculations in Tables 4, 5, and 6 demonstrate that the project will produce a net 
decrease in stormwater runoff from the parcel. 
 
Design Storm Intensity 
Humboldt County uses the State Water Board's LID standard, which is the 85th percentile, 24-hour storm 
event.  This event is 0.65 inches when using the State Board’s Post Construction Water Balance Calculator 
for Woodley Island, Humboldt County, as well as the Humboldt County LID Manual.  The additional 
stormwater runoff capture requirement necessary to meet the state MS4 hydromodification standard 
includes the 2-year, 24-hour storm event of 2.93 inches.  Runoff volume for this requirement was calculated 
using a standard conversion of the runoff flow calculated from the Rational Equation, as well as the NRCS 
method for comparison. 
 

Table 2. Design Storm Comparison 

Source Design Storm Volume 

Humboldt Co. 85th percentile, 24-hr 0.65 inches 

Humboldt Co. 2-year, 24-hr 2.93 inches 

 
Rational Method 
The Rational Method has become the most commonly used equation for determining the runoff flow rate.  
This method is most useful for small urban watersheds lacking large storage features (Bengston, 2010).  
From this flow rate, the required storage volume was calculated.  The first volume calculation method used 
was the City of Arcata's method which simply converts the flow rate, derived from the Rational Method, 
from cubic feet per second to total storage in cubic feet.  The second method employed was the Runoff 
Solution used by the Natural Resources Conservation Service (NRCS, 1986). 
 
The Rational Method equation is Q = CIA. 
 
Where: 
 Q = Stormwater runoff flow, in cubic feet per second 
 C = Typical surface runoff coefficients, available from many sources 
 I = Rainfall intensity, in inches per hour 
 A = Surface Area, in acres 
 
Both pre- and post-site conditions were analyzed to determine the net increase in runoff. Table 3 lists some 
typical runoff coefficients (C values) for use in the Rational Method calculation. Table 4 presents the surface 
types at the facility and their associated surface area and C values.
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Table 3. Typical Runoff Coefficients (C values) 

Land Use C Land Use C 

Business:   
   Downtown areas   
   Neighborhood areas  

 
0.70 - 0.95  
0.50 - 0.70  

Lawns:   
   Sandy soil, flat, 2%   
   Sandy soil, avg., 2-7%   
   Sandy soil, steep, 7%   
   Heavy soil, flat, 2%   
   Heavy soil, avg., 2-7%   
   Heavy soil, steep, 7% 

 
0.05 - 0.10  
0.10 - 0.15  
0.15 - 0.20  
0.13 - 0.17  
0.18 - 0.22  
0.25 - 0.35  

Residential:   
   Single-family areas   
   Multi units, detached   
   Multi units, attached   
   Suburban 

 
0.30 - 0.50  
0.40 - 0.60  
0.60 - 0.75  
0.25 - 0.40  

Agricultural land:   
  Bare packed soil   
   *Smooth   
   *Rough   
  Cultivated rows   
   *Heavy soil, no crop   
   *Heavy soil, with crop   
   *Sandy soil, no crop   
   *Sandy soil, with crop   
  Pasture   
   *Heavy soil   
   *Sandy soil   
  Woodlands 

 
 
0.30 - 0.60  
0.20 - 0.50  

0.30 - 0.60  
0.20 - 0.50  
0.20 - 0.40  
0.10 - 0.25   

0.15 - 0.45  
0.05 - 0.25  
0.05 - 0.25  

Industrial:   
   Light areas   
   Heavy areas 

 
0.50 - 0.80  
0.60 - 0.90  

Streets:   
   Asphaltic   
   Concrete   
   Brick 

 
0.70 - 0.95  
0.80 - 0.95  
0.70 - 0.85 

Parks, cemeteries 0.10 - 0.25 Unimproved areas 0.10 - 0.30 

Playgrounds 0.20 - 0.35 Drives and walks 0.75 - 0.85 

Railroad yard areas 0.20 - 0.40 Roofs 0.75 - 0.95 

Source: Mountain Empire Community College online C Value Table. 
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Table 4. Surfaces and Runoff Coefficients for Creekside Homes, 15.94 acres 

Surface Area (Acres) Runoff Coefficients 
(C ) 

Weighted (C) 
Components 

Pre-Development Conditions 

Roof 0 0.95 0 

Pavement 0.28 0.95 0.017 

Vegetated 1.27 0.20 0.016 

Gravel Parking/Road 14.39 0.75 0.677 

Weighted C Value 15.94 ac total  0.72 

Post-Development Conditions 

Roof + Pavement 6.28 0.95 0.374 

Permeable Pavement 2.13 0.40 0.053 

Lawn, Heavy Soil 3.39 0.22 0.047 

Woodland/Amended 4.14 0.19 0.049 

Weighted C Value 15.94 ac total  0.52 

 
Table 5, below, shows the stormwater flows for pre- and post-construction conditions using the weighted 
values from above.  These weighted values consider the difference in permeable area between the two 
conditions.  While pre-development conditions contain a lower “impermeable” surface area, post-
development conditions reflect a greatly improved surface condition with the installation of engineered 
permeable pavement, amended soils, self-retaining areas, and bioswales. These improvements are designed 
to improve infiltration beyond the existing compacted, rocky condition. 
 

Table 5. Pre- and Post-Construction Flows for 2-year, 24-hour storm event (2.93”) 

Parameter Symbol Value 

Pre-Development Conditions 

Runoff Coefficient C 0.72 

Intensity (inches/hour) I 0.122 

Total Area (acres) A 15.94 

Runoff Flow Qpre 1.40 ft3/second 

Post-Development Conditions 

Runoff Coefficient C 0.52 

Intensity (inches/hour) I 0.122 

Total Area (acres) A 15.94 

Runoff Flow Qpost 1.01 ft3/second 
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Standard Conversion 
Storage Volume (Vst) = Qpre (60min/hr)(60sec/min)(24hrs) so V = 1.40 ft3/second 
(60min/hr)(60sec/min)(24hrs) =120,960 ft3  required to contain the total pre-construction flows.  Storage 
Volume (Vst) = Qpost (60min/hr)(60sec/min)(24hrs) so V = 1.01 ft3/second (60min/hr)(60sec/min)(24hrs) = 
87,264 ft3  required to contain the total post-construction flows.  
 
This difference translates to a site improvement of 33,696 ft3 of stormwater retained onsite, rather than 
generated by development (Table 6). 
 
Natural Resources Conservation Service (NRCS) Runoff Calculation 
Using a pre-project runoff curve number of 80, taken from the Table of Runoff Curve Numbers for Urban 
Areas found in the Texas DOT Hydraulic Design Manual (Texas, 2009 and Appendix C), the 2.93 inches of 
rainfall for the Humboldt County 2-year, 24-hour storm event was entered into the Solution of Runoff 
Equation (NRCS, 1986) to find the runoff depth of 1.19 inches. This depth was multiplied by the area of 
15.94 acres to get 68,856 ft3 of runoff volume. 
 
Using a post-project runoff curve number of 75 from the same table, based on the addition of LID 
landscaping, the 2.93 inches of rainfall for the Humboldt County 2-year, 24-hour storm event was entered 
into the Solution of Runoff Equation (NRCS, 1986) to find the runoff depth of 0.95 inches. This depth was 
multiplied by the area of 15.94 acres to get 54,969 ft3 of runoff volume. The difference between pre- and 
post-conditions translates to a net runoff reduction of 13,887 ft3 onsite due to soil and surface 
improvements (Table 6). 
 

Table 6. Hydromodification Runoff Volume 

Method Post-Development Flow Storage Volume Required 

Standard Conversion 2.93  inches/hour  -33,696 ft3  

NRCS Runoff Equation 2.93  inches/hour -13,887 ft3  

Difference  -19,809 ft3 

Average  -23,792 ft3 

 
Final Hydromodification Volume 
When the two hydromodification calculation results (standard and NRCS) are compared and averaged, an 
approximate stormwater runoff reduction of 23,792 ft3 from the pre- to post-project condition results on 
this parcel due to soil and site design measures.  The wetland mitigation area and associated pre-treatment 
bioswale will provide adequate contingency overflow protection for this project. 
 
The MS4 Permit and associated hydromodification project requirements are relatively new standards, with 
few existing projects to model.  To ensure an adequate level of safety for flood control and watershed 
protection on this project, the total post-construction 2-year, 24-hour storm event of 2.93 inches was 
calculated for the site based on an urban area runoff curve number of 80, and entered into the Solution of 
Runoff Equation (NRCS, 1986) to find the runoff depth of 1.19 inches.  This depth was multiplied by the area 
of 15.94 acres to get 68,856 ft3 of runoff volume.  By subtracting the 14,758 ft3 removed by the Regulated 
Project requirement LID measures, this leaves a total site post-project runoff value (as opposed to the 
difference between pre- and post-conditions) of 54,098 ft3 of runoff to treat onsite for the 2-year event.  
Since the proposed wetland mitigation area will hold an approximate 53,762 ft3 of runoff volume, along with 
an additional 5,700 ft3 contained in the adjacent pretreatment bioswale, this site will exceed the hydro-
modification requirement to protect the surrounding watershed with a total runoff capture of 59,462 ft3.
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CONCLUSION  
This assessment sets forth a feasible BMP suite that will lead to both compliance and a functional 
development.  While the square footage of individual surfaces and BMPs might fluctuate as part of final site 
design, the attached spreadsheet and above calculations demonstrate that adequate room exists to employ 
appropriate BMPs to meet MS4 requirements across the site.  Additionally, the stormwater management 
scheme, including site design measures and the hydromodification system, have been overdesigned to 
ensure both MS4 and Construction General Permit compliance. This development will be a marked 
improvement over the existing invasive, non-native vegetation growing on low-infiltration soils.  The use of 
BMPs listed in this assessment will create more permeable soil area, and more functional plantings, than 
currently exist onsite.  While urban development faces many stormwater compliance challenges, this site 
can be effectively developed to detain and treat stormwater per applicable regulations.  Because a net 
increase in soil permeability and detention will result from soil quality improvement, landscaping, and LID, 
the project will meet the State MS4 Permit Regulated Project and Hydromodification requirements without 
additional detention measures.  
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