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Introduction 
 
The following is an investigation into methods employed by various municipalities across the 
nation to address the issue of stormwater management in areas of redevelopment or infill.  
Ordinances were reviewed from the states of Maryland and Georgia as well as ordinances from 
the cities of Seattle, WA and Portland, OR and the Chester Creek Watershed in Delaware 
County, PA.  These ordinances were reviewed to determine if there is a consensus on how 
stormwater runoff from redeveloping areas should be addressed from a water quantity and 
quality perspective. 
 
Summary 
 
The five ordinances reviewed varied significantly in the way stormwater issues were addressed.  
A brief summary of the stormwater quantity and quality criteria from each ordinance is included 
in the paragraphs below. 
 
Maryland  
 
Runoff Quantity Controls 
 
There are no specific criteria to be met within the ordinance to address recharge, channel 
protection storage volumes or overbank flood protection volumes unless specified by the 
approving agency. 
 
Runoff Quality Controls 
 
In areas of redevelopment, there are three options to address stormwater runoff quality: 
 
1) Reduce existing site impervious areas by 20% 
 
2) If site conditions prevent a reduction in impervious areas, provide water quality control for at 
least 20% of the sites impervious area. 
 
3) A combinations of 1 & 2 can be employed for impervious reductions between 0% and 20%.  
The combination of impervious area reduction and area control by a stormwater management 
practice must equal or exceed 20%. 
 
Notes 
 
No explanation is provided as to where the 20% impervious area reduction was determined. 
 
 
City of Seattle, WA 
 
Runoff Quantity Controls 
 



 

For redevelopment sites less than 9,000 sq. feet, the peak discharge rate from pervious and 
impervious surfaces shall not exceed 0.2 cfs per acre under the 25- year design storm.  For 
redevelopment sites greater than 9,000 sq. feet, the peak discharge rate from pervious and 
impervious surface shall not exceed 0.15 cfs per acres under the 2- year design storm AND shall 
not exceed 0.2 cfs per acre under the 25- year design storm. 
 
Runoff Quality Controls 
 
No specific criteria is sited for runoff quality control, however is required to “control the sources 
of sediment and other contaminants and pollutants that could enter drainage water” by use of 
temporary and permanent best management practices. 
 
Notes 
 
No explanation is provided as to where the 9,000 sq. foot area limit was determined, or where 
peak allowable flow rates were developed. 
 
City of Portland, OR 
 
Runoff Quantity Controls 
 
Control of on site flows to maintain peak flows at the pre- development (defined as a site’s 
ground cover prior to development, “i.e. Lewis & Clark days”) for the 2-, 5-, and 10- year storm 
events. 
 
Runoff Quality Controls 
 
Criteria requires a 70% reduction of TSS from runoff generated by a design storm up to and 
including 0.83 inches of rainfall over a 24- hour period. 
 
Georgia 
 
Minimum standards for redevelopment sites are same as standards for new development, as 
follows: 
 
Runoff Quantity Controls 
 
24- hour extended detention of the 1- year, 24- hour storm event; post development to pre 
development rate control for the 25- year, 24- hour storm event. 
 



 

Runoff Quality Controls 
 
Stormwater management systems must be designed to remove 80% of the average post-
development TSS load.  If facility is designed to capture and treat the water quality volume 
(defined as the first 1.2 inches of rainfall from a site), the facility is considered adequate. 
 
Notes 
 
“Pre- development conditions” is not defined in the case of redevelopment, therefore it could not 
be determined if existing impervious areas are included in the runoff calculations. 
 
Chester Creek 
 
Runoff Quantity Controls 
 
Runoff quantity control is accomplished by determining the pre-development RCN value or 
Rational “C” value from a provided chart to reflect existing conditions less restrictive than 
“meadow on B class soils” (Chester Creek soils are primarily HSG ‘B’) based on the percentage 
of exiting impervious cover.  Post- development runoff must then meet pre- development rates 
based upon the given release rate criteria for the site. 
 
Runoff Quality Controls 
 
Water quality must be addressed using the following: 

1) Infiltration 
2) Extended detention 
3) Implementation of additional design control 

Riparian buffers are required where applicable (404.A.2). 
 
Notes 
 
Chart developed for “Adjusted” RCN or C values is based on the composite value of the 
impervious and pervious sections as follows: 
 
for RCN Method: %imperv * 98 + %perv * 58 (meadow “B” soils) 
for Rational Method: %imperv * 0.95 + %perv * 0.12 (Lawn, sandy soil, avg slope) 
 



 

Conclusions 
 
An ordinance which addresses development in an area where redevelopment is encouraged 
should provide the developer with some credit to consider on site exiting impervious conditions 
when determining the amount of stormwater runoff which should be stored or treated.  If no 
credit is given, and the developer must design to meet pre- existing (i.e. no impervious cover) 
rates, the standards may discourage the use of redevelopment sites.  However, this must be 
balanced with the desire to improve existing conditions as it relates to improving water quality 
and reducing potential flood damages to downstream areas. 
 
Of the five ordinances reviewed, the Portland, OR criteria appears to present the most stringent 
standards to meet by requiring onsite flows for redevelopment sites to be limited to pre-existing 
(i.e. undeveloped) rates and no credit is given for existing on site impervious cover.  The Seattle, 
WA criteria specifies target flow values which are site independent and again do not consider 
existing impervious cover.  Both of these ordinances are considered to be strict criteria which 
may discourage redevelopment projects in areas where the developer has an option to use 
undeveloped sites.  In areas where there are little undeveloped available lands and development 
pressures are high, these ordinances may be considered to reduce downstream flooding and water 
quality impacts. 
 
Of the remaining ordinances, Georgia, Maryland & Chester Creek, the Georgia and Maryland 
criteria were not specific enough to determine if existing impervious cover was considered to be 
part of the pre- development conditions.  However, the Chester Creek ordinance clearly 
considers existing impervious cover in the determination of pre development conditions.  The 
charts developed for the Chester Creek ordinance are based upon assuming that the pre 
development site is underlain by “B” soils, which is somewhat conservative when determining 
the storage / treatment volumes for post development runoff, if the site were actually underlain 
by a “C” or “D” soil.  The Chester Creek ordinance also requires that water quality issues be 
addressed in the form of TSS reductions and groundwater recharge.  The approach of this 
ordinance is more suitable for areas where developer have the option of choosing undeveloped 
sites for development, rather than redevelopment sites.  The water quantity criteria coupled with 
then currently promoted water quality criteria should both encourage redevelopment projects 
while improving existing water quality concerns and flooding concerns, to a lesser degree.  In 
areas where downstream flooding is a current problem, additional credits (i.e. exemption from 
water quantity criteria as in the MD ordinance) may be given to the developer is a reduction in 
total impervious area can be attained. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 



 

1   Maryland 
 

1.1 Definition 
 
"Redevelopment" means any construction, alteration, or improvement exceeding 5,000 square 
feet of land disturbance performed on sites where existing land use is commercial, industrial, 
institutional, or multifamily residential. 

 
1.2 When Stormwater Management Is Required 

Redevelopment 

(1) An approving agency shall require that stormwater management be addressed 
for redevelopment. Proposed redevelopment project designs shall include:  

(a) A reduction in impervious area;  
(b) The implementation of stormwater management practices; or  
(c) A combination of both §D (1) (a) and (b) of this regulation to result in 
an improvement to water quality.  

(2) Unless otherwise specified by watershed management plans developed 
according to §E of this regulation, all redevelopment projects shall reduce existing 
site impervious area by at least 20 percent.  

(3) Where site conditions prevent the reduction of impervious area, stormwater 
management practices shall be implemented to provide water quality control for 
at least 20 percent of the site's impervious area.  

(4) When a combination of impervious area reduction and stormwater 
management practice implementation is used for redevelopment projects, the 
combination of impervious area reduction and the area controlled by a stormwater 
management practice shall equal or exceed 20 percent.  

(5) An approval authority may allow practical alternatives where conditions 
prevent impervious area reduction or on-site stormwater management. Practical 
alternatives include, but are not limited to:  

(a) Fees paid in an amount specified by the approving agency;  
(b) Off-site BMP implementation for a drainage area comparable in size 
and percent imperviousness to that of the project;  
(c) Watershed or stream restoration;  
(d) Retrofitting; or  
(e) Other practices approved by the appropriate authority.  

(6) The recharge, channel protection storage volume, and overbank flood 
protection volume requirements specified in the Design Manual do not apply to 
redevelopment projects unless specified by the approving agency.  

(7) On-site or off-site channel protection storage volume requirements as 
specified in the Design Manual may be imposed if watershed management plans 



 

developed according to §E of this regulation indicate that downstream flooding or 
erosion need to be addressed.  

(8) Variations of this redevelopment policy shall be approved by the 
Administration.  

1.3 Redevelopment Provisions That Different From Requirement 
An approving agency may develop quantitative waiver and redevelopment provisions for 
stormwater management that differ from the requirements of this chapter. These 
provisions shall be developed only as part of an overall watershed management plan. 
Watershed management plans developed for the purposes of implementing different 
stormwater management policies for waivers and redevelopment shall:  

(1) Include detailed hydrologic and hydraulic analyses to determine hydrograph 
timing;  

(2) Evaluate both quantity and quality management;  

(3) Include cumulative impact assessment of watershed development;  

(4) Identify existing flooding and receiving stream channel conditions;  

(5) Be conducted at a scale determined by the approving agency; and  

(6) Specify where on-site or off-site quantitative and qualitative stormwater 
management practices are to be implemented.  

 
1.4 References 

 
Title 26 DEPARTMENT OF THE ENVIRONMENT. Subtitle 17 WATER 
MANAGEMENT. Chapter 02 Stormwater Management. Authority: Environment Article, 
§4-203, Annotated Code of Maryland. 26.17.02.00. 
 

1.5 URLs 
 
https://constmail.gov.state.md.us/comar/dsd_web/comar_web/subtitle_chapters/26_Chapters.
htm#Subtitle17 
 



 

2 City of Seattle 
 
2.1 Definition 
 

All land disturbing activities or addition or replacement of impervious surface are 
required to comply with this section, even where drainage control review is not required. 
Exception: Maintenance, repair, or installation of underground or overhead utility 
facilities, such as, but not limited to, pipes, conduits and vaults, is not required to comply 
with the provisions of this section. 
 
"Replaced impervious surface" or "replacement of impervious surface" means impervious 
surface that is removed down to earth material and a new impervious surface is installed.  
 
"New development" means any of the following activities: Structural development, 
including construction of a new building or other structure; Expansion or alteration of an 
existing structure that results in an increase in the footprint of the building or structure; 
Land disturbing activities;  Creation or expansion of impervious surface; Demolition; 
Subdivision and short subdivision of land as defined in RCW58.17.020. 

 
2.2 When Compliance Is Required 
 

Redevelopment 
 

The portion of the site being redeveloped shall at least comply with the minimum 
requirements below.  Projects exceeding 9,000 square feet of developmental 
coverage must also comply with the additional requirements. Compliance is 
required regardless of the type of redevelopment, and regardless of whether or not 
a permit is required. However, only those projects meeting the review thresholds 
set forth in Subsection B below must prepare and submit the required plans. 

 
2.3 Minimum Requirements for All Projects 
 

All projects must comply with the requirements of this subsection.  Projects with more 
than 9,000 square feet of developmental coverage shall also comply with the 
requirements of additional requirement for larger project below.  The Director of 
Construction and Land Use may also require projects with 9,000 square feet or less of 
developmental coverage to comply with the requirements set forth in additional 
requirement for larger project when necessary to accomplish the purposes of this Subtitle.  
In making this determination, the Director of Construction and Land Use may consider, 
but not be limited to, the following attributes of the site:  location within an 
Environmentally Critical Area; proximity and tributary to an Environmentally Critical 
Area; proximity and tributary to an area with known erosion or flooding problems.  
 



 

(1) Discharge Point.  The discharge point for drainage water from each site shall 
be selected as set forth in rules promulgated jointly by the Director of Seattle 
Public Utilities and the Director of Construction and Land specifying criteria, 
guidelines and standards for determining drainage discharge points to meet the 
purposes of this Subtitle.  The criteria shall include, but not be limited to, 
preservation of natural drainage patterns and whether the capacity of the drainage 
control system is adequate for the additional volume. For those projects meeting 
the review threshold, the proposed discharge point shall be identified in the 
drainage control plan required by paragraph C4 below, for review and approval or 
disapproval by the Director of Construction and Land Use. 

(2) Discharge Rate.  To the extent practical, the peak drainage water discharge 
rate from pervious and impervious surfaces on the site shall not exceed 0.2 cubic 
feet per second per acre under design storm conditions.  The Director of 
Construction and Land Use and the Director of Seattle Public Utilities may jointly 
promulgate rules modifying the discharge rate requirement for projects which will 
result in less than 2,000 square feet of new impervious surface.  The Director of 
Construction and Land Use and the Director of Seattle Public Utilities may jointly 
promulgate rules allowing exceptions to the permissible peak discharge rate for 
property which discharges water directly to a designated receiving water or 
directly to a public storm drain which the Director of Seattle Public Utilities 
determines has sufficient capacity to carry existing and anticipated loads from the 
point of connection to a receiving water.  The design storm used to determine 
detention volume necessary to obtain the required discharge rate shall be a storm 
with a statistical probability of occurrence of one in 25 in any given year.  If the 
project is within an environmentally critical area, the design storm requirements 
of SMC Chapter 25.09, Regulations for Environmentally Critical Areas, shall be 
applied.  The Director of Seattle Public Utilities and the Director of Construction 
and Land Use shall jointly adopt rules specifying the methods of calculation to 
determine the discharge rate. Where laws or regulations of the federal government 
or the State of Washington impose a more stringent requirement, the more 
stringent requirement shall apply. 

(3) Control Measures.  During new development, redevelopment and land-
disturbing activities, best management practices, as further specific din rules 
promulgated jointly by the Director of Seattle Public Utilities and the Director of 
Construction and Land Use, shall be used to accomplish the following: 

 
(a) Control erosion and the transport of sediment from the site through 
measures such as mulching, matting, covering, silt fences, sediment traps 
and catch basins, settling ponds and protective berms; 
(b) Permanently stabilize exposed soils that are not being actively worked, 
through such methods as the installation of permanent vegetative cover 
and installation of slope protective materials; and 
(c) Control the introduction of contaminants and pollutants into, and 
reduce and treat contaminants in drainage water, drainage control 



 

facilities, surface water and  groundwater, and the public drainage control 
system by methods such as covering of material stockpiles; proper 
disposal of hazardous materials; regular cleaning of catch basins, gravel 
truck loading and heavy equipment areas; spill control for fueling 
operations; sweeping; and maintaining erosion control protective features 
described above. 
 

(4) Drainage Control Plan.  For those projects meeting the review thresholds set 
forth in Subsection B above and which are less than 9,000 square feet, the 
applicant shall submit a drainage control plan as set forth in rules promulgated 
jointly by the Director of Seattle Public Utilities and the Director of Construction 
and Land Use. Standard designs for drainage control facilities as set forth in the 
rules may be used.  Projects exceeding 9,000 square feet must submit a 
comprehensive drainage control plan as set forth in Subsection D below.  The 
Director of Construction and Land Use may impose additional requirements, 
including a comprehensive drainage control plan prepared by a licensed civil 
engineer, when the project has complex or unusual drainage, or when additional 
requirements are otherwise necessary to accomplish the purposes of this Subtitle. 
 
(5) Memorandum of Drainage Control.  The owner(s) of the site shall sign a 
"memorandum of drainage control" that has been prepared by the Director of 
Seattle Public Utilities.  Completion of the memorandum shall be a condition 
precedent to issuance of any permit or approval for which a drainage control plan 
is required.  The memorandum shall not be required when the drainage control 
facility will be owned and operated by the City.  A memorandum of drainage 
control shall include: 
 
 (a) The legal description of the site; 
 (b) A summary of the terms of the drainage control plan, including any 

known limitations of the drainage control facilities, and an agreement by 
the owners to implement those terms; 

 (c)) An agreement that the owner(s) shall inform future purchasers and 
other successors and assignees of the existence of the drainage control 
facilities and other elements of the drainage control plan, the limitations of 
the drainage control facilities, and of the requirements for continued 
inspection and maintenance of the drainage control facilities; 

 (d) The side sewer permit number and the date and name of the permit or 
approval for which the drainage control plan is required; 

 (e) Permission for the City to enter the property for inspection, 
monitoring, correction, and abatement purposes; 

 (f) An acknowledgment by the owner(s) that the City is not responsible for 
the adequacy or performance of the drainage control plan, and a waiver of 
any and all claims against the City for any harm, loss, or damage related to 
the plan, or to drainage or erosion on the property, except for claims 
arising from the City's sole negligence; and 



 

 (g) The owner(s)' signatures acknowledged by a notary public. The 
applicant shall file the memorandum of drainage control with the King 
County Department of Records and Elections so as to become part of the 
King County real property records.  The applicant shall give the Director 
of Seattle Public Utilities proof of filing of the memorandum. 

 
(6) Flood-Prone Areas.  Sites within flood prone areas must employ measures to 
minimize the potential for flooding on the site and for the project to increase the 
risk of floods on adjacent or nearby properties.  Flood control measures shall 
include those set forth in other titles of the Seattle Municipal Code and rules 
promulgated there under, including but not limited to, SMC Chapter 25.06 
(Floodplain Development) and Chapter 25.09 (Environmentally Critical Areas), 
and in rules promulgated jointly by the Director of Seattle Public Utilities and the 
Director of Construction and Land Use to meet the purposes of this subsection. 
 
(7) Natural Drainage Patterns.  Natural drainage patterns shall be maintained. 
 
(8) Obstruction of Watercourses.  Watercourses shall not be obstructed. 

 
2.4 Additional Requirements for Large Projects 

 
All projects exceeding 9,000 square feet of developmental coverage and those small 
projects identified by the Director according to subsection C above must comply with the 
requirements set forth in this subsection.  These requirements are in addition to the 
requirements set forth in Subsection C above.  When the Directors develop rules 
prescribing best management practices for particular purposes, whether or not those rules 
are adopted by ordinance, BMPs prescribed in the rules shall be the BMPs required for 
compliance with this Subsection.  Best management practices shall include, but not be 
limited to: maintenance and housekeeping practices such as proper storage of oil barrels 
and other contaminant sources, covering material stockpiles, proper use and storage of 
hazardous materials, as well as constructed facilities such as detention tanks, wet ponds, 
extended detention dry ponds, infiltration, vegetated streambank stabilization, structural 
stabilization, catch basins, oil/water separators, grassed swales, and constructed wetlands. 
 

(1) In addition to detaining a 25-year storm to a release rate of 0.2 cubic feet per 
second per acre, the peak drainage water discharge rate from projects of more 
than 9,000 square feet of developmental coverage shall not exceed 0.15 cubic feet 
per second per acre in a two-year storm;  
(2) Control the sources of sediment and other contaminants and pollutants that 
could enter drainage water, including the selection, design and maintenance of 
temporary and permanent best management practices; 
 
(3) Minimize streambank erosion and effects on water quality in streams, 
including the selection, design and maintenance of temporary and permanent best 



 

management practices, where stormwater is discharged directly to a stream or to a 
conveyance system that discharges to a stream; 
 
(4) Minimize the introduction of sediment, heat and other pollutants and 
contaminants into wetlands, including the selection, design and maintenance of 
temporary and permanent best management practices, where stormwater 
discharges directly to a wetland or to a conveyance system that discharges into a 
wetland; 

 
(5) Analyze impacts to off-site water quality resulting from the project.  The 
analysis shall comply with this Subsection and rules promulgated pursuant to this 
Subsection.  The analysis shall provide for mitigation of all surface water quality 
or sediment quality impacts.  The impacts to be evaluated and mitigated shall 
include at least the following: 

 
(a) Amount of sedimentation; 
(b) Streambank erosion; 
(c) Discharges to groundwater contributing to recharge zones; 
(d) Violations of state or federal surface water, groundwater, or sediment 
quality standards; and  
(e) Spills and other accidental illicit discharges; 

 
(6) A schedule shall be provided for inspection and maintenance of proposed 
temporary and permanent drainage control facilities and other best management 
practices.  The schedule shall meet the requirements of this Subtitle and rules 
promulgated under this Subtitle. 
 
(7) In addition to the requirements described above, for land- disturbing activities 
and demolition of structures, an erosion/sediment control plan designed to comply 
with the requirements and purposes of this Subtitle and rules promulgated 
hereunder shall be submitted and implemented.  The erosion/sediment control 
plan shall be designed to accomplish the following: 
 

(a) Stabilization of exposed soils and sediment trapping; 
(b) Delineation of limits on clearing and easements; 
(c) Protection of adjacent property; 
(d) Appropriate timing and stabilization of sediment trapping measures; 
(e) Minimization of erosion on cut-and-fill slopes; 
(f) Control of off-site erosion; 
(g) Stabilization of temporary conveyance channels and outlets; 
(h) Protection of storm drain inlets; 
(i) Minimization of transport of sediment by construction vehicles; 
(j) Appropriate timing for removal of temporary best management 

practices; 
(k) Control of discharges from construction site dewatering devices to 

minimize contamination of drainage water; and 



 

(l) Inspection and maintenance of best management practices for 
erosion/sediment control to insure functioning at design capacity. 

 
(8) Comprehensive Drainage Control Plan.  A comprehensive drainage control 
plan to comply with the requirements of this Subtitle and rules promulgated 
hereunder and to accomplish the purposes of this Subtitle shall be submitted with 
the permit application.  It shall be prepared by a licensed civil engineer in 
accordance with standards adopted by the Director of Construction and Land Use. 

 
2.5 References 
 

Seattle Municipal Code (SMC) SMC 22.800.010- Stormwater, Grading and Drainage 
Control Code 
 
An ordinance Relating to the Stormwater, Grading, and Drainage Control Code, as adopted 
by Ordinance 116425 and amended by Ordinances 117432, 117697, 117789, and 118396; 
amending Chapter 22.800, entitled "Title, Purpose, Scope, and Authority"; amending Chapter 
22.801, entitled "Definitions"; amending Chapter 22.802, entitled "Stormwater, Drainage, 
and Erosion Control"; amending Chapter 22.804, entitled "Grading"; and amending Chapter 
22.808, entitled "Administration and Enforcement."  

 
2.6 URLs 

http://clerk.ci.seattle.wa.us/~scripts/nph-
brs.exe?s1=22.800&s2=&S3=&Sect4=AND&l=20&Sect1=IMAGE&Sect3=PLURON&Sect
5=CODE1&d=CODE&p=1&u=/~public/code1.htm&r=1&Sect6=HITOFF&f=G 
 
http://clerk.ci.seattle.wa.us/~scripts/nph-
brs.exe?d=CBOR&s1=119965.ordn.&Sect6=HITOFF&l=20&p=1&u=/~public/cbor2.htm&r
=1&f=G 



 

3 City of Portland 
 
3.1 Definition 
 

Redevelopment: Any development that requires demolition or complete removal of 
existing structures or impervious surfaces at a site and replacement with new impervious 
surfaces. Maintenance activities such as top-layer grinding and re-paving are not 
considered to be redevelopment. Interior remodeling projects and tenant improvements 
are also not considered to be redevelopment. Utility trenches in streets are not considered 
redevelopment unless more than 50% of the street width is removed and re-paved. 

 
3.2 Requirements 
 

Pollution Reduction Requirements 
 

The City of Portland has a citywide pollution reduction requirement for all new 
development projects with over 500 square feet of impervious development 
footprint area, and all redevelopment projects redeveloping over 500 square feet 
of impervious surface. This requirement is 70 percent removal of total suspended 
solids (TSS) from runoff generated by a design storm up to and including 0.83 
inches of rainfall over a 24-hour period (NRCS Type 1A distribution). Appendix 
B provides a more detailed definition of “70 percent removal of TSS”, which is 
actually a function of influent TSS concentration. 

 
Flow Control Requirements 
 

Flow control requirements are intended to maintain post-development peak flows 
at their pre-development levels and to maintain peak flows within the capacity of 
the conveyance system for most storm events. Specifically, on-site flow control 
shall be sufficient to maintain peak flows at their pre-development levels for the 
2-year, 5-year, and 10-year runoff events. (Note that for redevelopment projects, 
pre-development conditions are defined as undeveloped land- See definition in 
Section 1.3). Surface retention facilities are required to the maximum extent 
practicable to control stormwater volumes (see exceptions in Section 1.6). 

 
3.3 Parking Lots 
 

Surface Parking Lot Requirements 
 

Parking and Loading describes dimensions, landscaping and other requirements 
for parking lots. Title 33.248: Landscaping and Screening describes planting 
requirements for parking lots and other site uses. (Also see Chapter 5.0 for a list 
of approved parking lot trees.) Any new parking lot that creates more than 500 
square feet of impervious surface, or any redeveloped parking lot (see definition 
of redevelopment in Section 1.3) that redevelops more than 500 square feet of 



 

impervious surface, must use the landscape area required by the zoning code to 
manage stormwater from the new or redeveloped area. Existing parking lots 
required to meet the non-conforming use landscaping requirements under Title 
33.258.070, must use simplified approaches where practicable in the newly 
required landscaped areas. Where it is not practical for runoff to flow into 
landscaped areas this requirement does not apply. The following exceptions 
and/or conditions to these requirements may apply. If an exception is claimed, the 
applicant must still fulfill all other relevant requirements of Chapters 1.0 through 
7.0 of this manual. 
 

(1) The parking lot or a portion of it is designated as a high-use (see 
Chapter 4.0, Section 4.11) and is subject to requirements that may conflict 
with the use of landscaping for stormwater management. 
 
(2) Contaminated soil conditions on the site preclude the use of landscape 
infiltration. In this situation, landscape facilities may be used for 
stormwater management, but must be lined to prevent infiltration. 

 
(3) The parking lot has been approved without landscaping, or has 
landscaping conditions that conflict with the use of the landscaping for 
stormwater management. (For example, if landscaping is required in a 
location that cannot receive stormwater as gravity flow, that portion of the 
landscaping would not have to be used for stormwater management.) The 
following simplified approaches from this chapter may be used to meet 
these requirements: 

 
(a) Vegetated swales 
(b) Grassy swales 
(c) Vegetated filters 
(d) Planter boxes 
(e) Vegetated infiltration basins 
(f) Sand filters 
(g) Soakage trenches (if site soil conditions support their use, and 

the surface of the trench is not paved over).The appropriate 
sizing requirements shown on Form SIM shall be used to 
calculate the area needed for the applied measures. If the 
landscaped area(s) within the parking lot are not adequately 
sized to meet the requirements of this chapter, the applicant has 
the following options: 

(i) Increase the landscaped area(s) within the parking lot to 
accommodate the required stormwater facility size, or 
(ii) Use additional stormwater management facilities 
(which can include non-landscaped approaches) to obtain 
the required level of management. 

(h) Additional disposal measures (e.g., drywells, soakage trenches, 
off-site storm sewers, drainage ways, or ditches) may be required 



 

through building and plumbing codes, as approved by BES and 
OPDR. 

 
Tips for Parking Lot Design 
 

(1) Design the grading to direct stormwater runoff into landscape areas. Depress the 
landscape areas adjacent to the parking surfaces to allow runoff to enter. See the 
vegetated swale detail in this chapter for a typical cross-section. 
 
(2) Maximize sheet flow opportunities and, if possible, avoid piping that drives the 
water level down, making it difficult to manage in surface facilities. 
 
(3) Provide numerous curb cuts (one every 10 feet) or use tire stops or other means to 
protect the landscape areas and allow maximum dispersal of the flows. 
 
(4) Consider design elements such as berms or trench drains. 

 
(5) When possible, situate buildings or fill areas on the high elevations of the site. 

 
(6) Make certain the design includes overflow and appropriate disposal methods. 
Overflow routes must show a safe escape route for the 100-year storm event. 

 
(7) Note that the parking lot tree standard is 3 caliper inches, unless the tree is chosen 
from the approved parking lot tree list, when it can be 2 caliper inches. 

 
3.4 References 
 

2002 Stormwater Management Manual, Adopted July 1, 1999, Revised September 1, 2002, 
Environmental Services, City of Portland Clean River Works.  

 
3.5 URLs 

  
http://www.cleanrivers-pdx.org/tech_resources/2002_swmm.htm 



 

4 GEORGIA 
 
4.1 Definitions 
 

Redevelopment is defined as structural development (construction, installation or 
expansion of a building or other structure), creation or addition of impervious surfaces 
(creating an additional 5,000 s.f. of impervious area), replacement of impervious surface 
not part of routine maintenance, and land disturbing activities associated with structural 
or impervious development. Redevelopment does not include such activities as exterior 
remodeling. 

 

4.2 Stormwater Management for Area of New Development and 
Redevelopment  

 
The focus of this Manual is how to effectively deal with the impacts of urban stormwater 
runoff through effective and comprehensive stormwater management. Stormwater 
management involves both the prevention and mitigation of stormwater runoff quantity 
and quality impacts as described in this chapter through a variety of methods and 
mechanisms. Volume 2 of this Manual deals with ways that developers in Georgia can 
effectively implement stormwater management to address the impacts of new 
development and redevelopment, and both prevent and mitigate problems associated with 
stormwater runoff. This is accomplished by:  
 

(1) Developing land in a way that minimizes its impact on a watershed, and 
reduces both the amount of runoff and pollutants generated 
 
(2) Using the most current and effective erosion and sedimentation control 
practices during the construction phase of development 
 
(3) Controlling stormwater runoff peaks, volumes and velocities to prevent both 
downstream flooding and streambank channel erosion 
 
(4) Treating post-construction stormwater runoff before it is discharged to a 
waterway Implementing pollution prevention practices to prevent stormwater 
from becoming contaminated in the first place 
 
(5) Using various techniques to maintain groundwater recharge 

 
The goal of a set of minimum stormwater management standards for areas of new 
development and significant redevelopment is to reduce the impact of post-construction 
stormwater runoff on the watershed. This can be achieved by (1) maximizing the use of 
site design and nonstructural methods to reduce the generation of runoff and pollutants; 
(2) managing and treating stormwater runoff though the use of structural stormwater 
controls; and (3) implementing pollution prevention practices to limit potential 
stormwater contaminants. 



 

 
It should be noted that the standards presented here are recommended for all communities 
in Georgia. They may be adopted by local jurisdictions as stormwater management 
development requirements and/or may be modified to meet local or watershed-specific 
stormwater management goals and objectives. Please consult your local review authority 
for more information. 
 
The minimum standards for development are designed to assist local governments in 
complying with regulatory and programmatic requirements for various state and Federal 
programs including the National Pollutant Discharge Elimination System (NPDES) 
Municipal Separate Storm Sewer System (MS4) permit program and the National Flood 
Insurance Program under FEMA. 

 
4.3 Additional Requirements 
 

New development or redevelopment in critical or sensitive areas, or as identified through 
a watershed study or plan, may be subject to additional performance and/or regulatory 
criteria. Furthermore, these sites may need to utilize or restrict certain structural controls 
in order to protect a special resource or address certain water quality or drainage 
problems identified for a drainage area. 

 
4.4 Georgia Stormwater Management Manual Volume 2 (Technical 

Handbook) 
 
The following standards are the recommended minimum stormwater management 
performance requirements for new development or redevelopment sites falling under the 
applicability criteria in subsection 1.2.2.1. (The word “shall” in brackets is provided for 
local jurisdictions that wish to adopt these standards as part of their stormwater 
management ordinances) A more detailed explanation of each minimum standard is 
provided in the next subsection. 

 
Minimum Standard #1 – Use of Better Site Design Practices for Stormwater Management 
Site designs should preserve the natural drainage and treatment systems and reduce the 
generation of additional stormwater runoff and pollutants to the fullest extent practicable. 
 
Minimum Standard #2 – Stormwater Runoff Quality 
All stormwater runoff generated from a site should [shall] be adequately treated before 
discharge. Stormwater management systems (which can include both structural 
stormwater controls and better site design practices) should [must] be designed to remove 
80% of the average annual post-development total suspended solids (TSS) load and be 
able to meet any other additional watershed- or site-specific water quality requirements. 
 
It is presumed that a stormwater management system complies with this performance 
standard if: 



 

It is sized to capture and treat the prescribed water quality treatment volume, which is 
defined as the runoff volume resulting from the first 1.2 inches of rainfall from a site; and 
appropriate structural stormwater controls are selected, designed, constructed, and 
maintained according to the specific criteria in this Manual. Runoff from hotspot land 
uses and activities is adequately treated and addressed through the use of appropriate 
structural stormwater controls and pollution prevention practices. 
 
Minimum Standard #3 – Stream Channel Protection 
Stream channel protection should [shall] be provided by using all of the following three 
approaches: 24-hour extended detention storage of the 1-year, 24-hour return frequency 
storm event; erosion prevention measures such as energy dissipation and velocity control; 
and preservation of the applicable stream buffer. 
 
Minimum Standard #4 – Overbank Flood Protection 
Downstream overbank flood protection should [shall] be provided by controlling the 
post-development peak discharge rate to the predevelopment rate for the 25-year, 24-hour 
return frequency storm event. If control of the 1-year, 24-hour storm (Minimum Standard 
#3) is exempted, then overbank flood protection should [shall] be provided by controlling 
the post-development peak discharge rate to the predevelopment rate for the 2-year 
through the 25- year return frequency storm events. 
 
Minimum Standard #5 – Extreme Flood Protection 
Extreme flood protection should [shall] be provided by controlling and/or safely 
conveying the 100-year, 24-hour return frequency storm event such that flooding is not 
exacerbated. Existing and future floodplain areas should be preserved as possible. 
 
Minimum Standard #6 – Downstream Analysis 
A downstream hydrologic analysis should [shall] be performed to determine if there are 
any additional impacts in terms of peak flow increase or downstream flooding while 
meeting Minimum Standards #1 through 5. This analysis should [shall] be performed at 
the outlet(s) of the site, and downstream at each tributary junction to the point(s) in the 
conveyance system where the area of the portion of the site draining into the system is 
less than or equal to 10% of the total drainage area above that point. 
 
Minimum Standard #7 – Groundwater Recharge 
Annual groundwater recharge rates should be maintained to the extent practicable 
through the use of nonstructural methods. 
 
Minimum Standard #8 – Construction Erosion and Sedimentation Control 
Erosion and sedimentation control practices shall be utilized during the construction 
phase or during any land disturbing activities. 
 
Minimum Standard #9 – Stormwater Management System Operation and Maintenance 
The stormwater management system, including all structural stormwater controls and 
conveyances, should [shall] have an operation and maintenance plan to ensure that it 
continues to function as designed. 



 

 
Minimum Standard #10 – Pollution Prevention 
To the maximum extent practicable, the development project should [shall] implement 
pollutant prevention practices and have a stormwater pollution prevention plan.  
 
Minimum Standard #11 – Stormwater Management Site Plan 
The development project should [shall] prepare a stormwater management site plan for 
local government review that addresses Minimum Standards #1 through 10. 

 
4.5 Better Site Design Practice  
 

Reduce the Parking Footprint- Reduction of Impervious Cover 
 

Description: Reduce the overall imperviousness associated with parking lots by 
providing compact car spaces, minimizing stall dimensions, incorporating 
efficient parking lanes, parking decks, and using porous paver surfaces or porous 
concrete in overflow parking areas where feasible and possible.  
 
Key Benefits 
Reduces the amount of impervious cover and associated runoff and pollutants 
generated 
 
Using this practice  
Reduce the number of parking spaces 
Minimize stall dimensions 
Consider parking structures and shared parking 
Use alternative porous surface for overflow areas 
 
Discussion 
Setting maximums for parking spaces, minimizing stall dimensions, using 
structured parking, encouraging shared parking and using alternative porous 
surfaces can all reduce the overall parking footprint and site imperviousness. 
Many parking lot designs result in far more spaces than actually required. This 
problem is exacerbated by a common practice of setting parking ratios to 
accommodate the highest hourly parking during the peak season. By determining 
average parking demand instead, a lower maximum number of parking spaces can 
be set to accommodate most of the demand. Table 1.4.2-2 provides examples of 
conventional parking requirements and compares them to average parking 
demand. 

 
Table Conventional Minimum Parking Ratios (Source: ITE, 1987; Smith, 1984; Wells, 1994) 

Parking Requirement 
Land Use 

Parking Ratio Typical Range 
Actual Average 
Parking Demand 

Single family homes 
2 spaces per dwelling 
unit 

1.5–2.5 
1.11 spaces per 
dwelling unit 



 

 

Shopping center 
5 spaces per 1000 ft2 

GFA 
4.0–6.5 

3.97 per 1000 ft 2 
GFA 

Convenience store 
3.3 spaces per 1000 ft2 
GFA 

2.0–10.0 -- 

Industrial 
1 space per 1000 ft2 
GFA 

0.5–2.0 
1.48 per 1000 ft 2 
GFA 

Medical/ dental office 
5.7 spaces per 1000 t2 
GFA 

4.5–10.0 4.11 per 1000 ft2 GFA 

GFA = Gross floor area of a building without storage or utility spaces. 
 

Another technique to reduce the parking footprint is to minimize the dimensions 
of the parking spaces. This can be accomplished by reducing both the length and 
width of the parking stall. 
Parking stall dimensions can be further reduced if compact spaces are provided. 
While the trend toward larger sport utility vehicles (SUVs) is often cited as a 
barrier to implementing stall minimization techniques, stall width requirements in 
most local parking codes are much larger than the widest SUV structured parking 
decks are one method to significantly reduce the overall parking footprint by 
minimizing surface parking. Figure 1.4.2-20 shows a parking deck used for a 
commercial development. 
 
Shared parking in mixed-use areas and structured parking are techniques that can 
further reduce the conversion of land to impervious cover. A shared parking 
arrangement could include usage of the same parking lot by an office space that 
experiences peak parking demand during the weekday with a church that 
experiences parking demands during the weekends and evenings. 
Utilizing alternative surfaces such as porous pavers or porous concert is an 
effective way to reduce the amount of runoff generated by parking lots. They can 
replace conventional asphalt or concrete in both new developments and 
redevelopment projects. However, porous pavement surfaces generally require 
proper installation and more maintenance than conventional asphalt or concrete. 

 
4.6 References 

 
Georgia Stormwater Management Manual Volume 1: Stormwater Policy guidebook First 
Edition August 2001, Atlanta Regional Commission 

 
4.7 URLs 

 
http://www.georgiastormwater.com 

 



 

5 Center for Watershed Protection (CWP) 
 
5.1 Definition  
 

“Redevelopment” is the process in which an existing developed area is adaptively reused, 
rehabilitated, renovated or expanded. 

 
“Infill” is development that occurs on smaller parcels that remain undeveloped but are 
within or very close to existing urban areas. 

 
5.2 What Are The Best Incentives To Encourage Redevelopment? 
 

(1) Resolving the transportation problems, particularly for suburban commuters. 
(2) Waterfront development. 
(3) Shortening/ simplifying the approval process. 
(4) Unifying codes and ordinances. 

 
5.3 Other Suggestions 
 

(1) Don't forget the temporal scale, e.g. over time redevelopment is very 
beneficial at the site level. 

(2) Don't forget the neighborhood based framework. Don't forget environmentally 
sensitive techniques inside the building. 

(3) Make it applicable to all areas of different climate, politics and technical 
expertise. 

(4) Use a word other than principle. 
 

5.4 Tools and Techniques for Redevelopment and Infill 
 
 Practice Oriented 
 

(1) Maintain natural features as part of the landscape at a site and encourage tree 
planting and other revegetation practices. 

(2) Manage rooftop runoff through storage, reuse, and/or redirection to pervious 
surfaces for stormwater management. 

(3) Use alternative paving materials for parking and other pathways whenever 
possible and feasible. 

(4) Provide long term management plans for natural areas, public spaces, 
stormwater management facilities and lighting. 

 
Program Oriented 
 

(1) Promote the rehabilitation of urban streams and the creation and restoration of 
aquatic corridors. 



 

(2) Encourage the use of green parking techniques by providing incentives 
whenever possible. 

(3) Monitor and eliminate illicit or unmanaged discharges into streams, lakes and 
estuaries and foster operation and maintenance practices that prevent or 
reduce pollutants entering the municipal or natural drainage system. 

(4) Promote environmental stewardship through outreach and education for the 
present and the future. 

(5) Encourage pollution prevention practices for businesses and municipalities to 
reduce pollutant loads and foster an environmental ethic. 

 
Shared Principles 
 

(1) Use appropriate, effective, and economical stormwater management where 
possible.* 

(2) Encourage the incorporation of natural features as part of the streetscape.* 
(3) Master plan redevelopment areas to promote planting practices and provide 

green spaces (trees, urban parks, and community gardens) in the urban 
environment.* 

(4) Encourage the use of open space designs, including reduction of building 
footprints, preservation of natural areas, and innovative building techniques to 
reduce the amount of new impervious cover created.*  

(5) Encourage development designs that integrate new paths, open spaces, and 
architecture with the existing community.* 

 
Indicates principles that can be organized under both the Practice and Program. 
 

5.5 URLs 
 
http://www.cwp.org/index.html  
 



 

6 Green Roofs 
 

A. Green Roofs for Healthy Cities 
Water Benefit (other benefits are not list here) 
 
In summer, green roofs retain 70-100% of the precipitation that falls on them; in winter they 
retain between 40-50%. A grass roof with a 4-20 cm layer of substrate can hold between 10-15 
cm of water. 
 
6.1 Stormwater Retention 

Water is stored by the substrate and then taken up by the plants from where it is returned 
to the atmosphere through transpiration and evaporation.  

In summer, depending on the plants and growing medium, green roofs retain 70-80% of 
the precipitation that falls on them; in winter they retain between 25-40%. For example, a 
grass roof with a 4-20 cm (1.6 - 7.9 inches) layer of growing medium can hold 10-15 cm 
(3.9 - 5.9 inches) of water.  

6.2 Water Filtration 
Green roofs not only retain the rainwater, but also moderate the temperature of the water 
and act as natural filters for any of the water that happens to run off.  

6.3 Temporal Delay of Stormwater Runoff and Reduced Runoff Volume 
Green roofs reduce the amount of stormwater runoff and also delay the time at which 
runoff occurs, resulting in decreased stress on sewer systems at peak flow periods.  

  

 
Source: National Research Council's Institute for Research in Construction 



 

The graph above records the cumulative rainfall and runoff from the Green Roof and the 
Reference Roof during a 34mm (1.3 inches) rain event over a 15h period in October 
2001. The green roof delayed runoff and reduced the runoff rate and volume. For more 
details on this research conducted by the National Research Council's Institute for 
Research in Construction, see the article on page 7 of the Winter 2002 issue of the Green 
Roof Infrastructure Monitor . 

6.4 Regulatory/Policy Initiatives 
 

The U.S. Clean Water Act promises to become an important regulatory driver of green 
roof implementation in the United States. The Clean Water Act, Section 319 Grant, 
addresses non-point source pollution and can provide a source of funding for green 
roofs.  

To inquire about receiving Section 319 grant funding for green roof projects contact your 
state nonpoint source coordinator. Green roofs can be funded as demonstration projects 
throughout most states and can be used to mitigate the impacts of stormwater and 
combined sewer overflows in developed areas.  

Two projects funded by this grant include: 

Maryland: Montgomery Park , Grant Award: $92, 000.00 
  
Arizona: Riverfront Residence, Grant Award: $33, 875.00 
  

The City of Seattle requires that all new municipal buildings be LEEDTM certified and 
green roofs provide an opportunity to gain as many as 5 points under this system.  A 
number of LEEDTM certified buildings have green roofs. 

The City of Toronto’s “Environmental Plan” and draft “Official Plan” both contain 
policies that encourage the implementation of green roof infrastructure  

The City of Chicago passed an Energy Conservation Ordinance on June 3, 2001 
requiring all new and replaced roofs to meet minimum standards of solar reflectance and 
emissivity using ASTM testing methods. This requirement, which is being phased in, can 
be met by installing a green roof system.  

 

B. GreenRoofs 

6.5 GreenRoof  
 

Greenroofs reduce the volume of stormwater flowing into streams and drainage channels, 
resulting in the control of sediment transport and overall soil erosion. According to an 
article in the November/December 1998 issue of Erosion Control Magazine, the natural 
carpets provided by greenroofs protect both roofs and the soil below. Nitrogen, phosphorus 
and toxins can enter a vegetated stream as dissolved substances.  Greenroofs' vegetated cover 



 

properties of friction, root absorption, clay, and soil organic matter can control these substances 
from entering a stream corridor (Dramstad, et al, 1996).  In February of 1999, the International 
Erosion Control Association’s Conference & Trade Exposition was held in Nashville, TN, and 
featured a training workshop and special section regarding the benefits and applications of roof 
greening systems.  Thomas Roess of Strodthoff and Behrens GMBH of Germany presented on 
this subject, and is a frequent lecturer worldwide on greenroof technology. 

Vegetation absorbs pollutants from rainwater, and greenroofs provide this same amenity.  
Heavy metals and nutrients found in stormwater are bound in the soil instead of being discharged 
into the groundwater or streams or rivers.  Over 95% of cadmium, copper and lead and 16% of 
zinc can be taken out of rainwater.  Nitrogen levels can also substantially fall (The London 
Ecology Unit, 1993). 

Perhaps the greatest ecological function a greenroof can provide is its stormwater 
management capacity.  Impervious cover has become a function of contemporary land uses.  As 
a result of new land use practices, cities across the nation have developed over-stressed sewer 
systems with urgent stormwater management problems. According to analysis of Lansat Satellite 
data by NASA climate scientists, University of Georgia researchers and others, metro Atlanta is 
losing 50 acres of tree cover per day.  From 1988 to 1998 the 13-county metro area lost 
approximately 190,000 acres of tree cover to development (Charles Seabrook, 1999).  Lost green 
space is then a by-product of the proverbial asphalt jungle, and the inherent natural processes 
associated with natural areas are also lost.  The chart below from Bruce Ferguson's Introduction 
to Stormwater: Concept, Purpose, Design (1998), shows the amount of impervious cover that 
development and the new impervious pavements produce. 

 



 

“We are obligated to restore the mechanisms of the earth’s self-maintaining balance.  Runoff 
must be moderated, treated, and returned to its restorative path in the soil,” (Ferguson, 1998). 

On-site stormwater retention and runoff control 
from expansive roof surface areas of buildings can 
be accomplished through greenroofs.  According 
to civil engineer Charlie Miller, Principal, of 
Roofscapes, Inc., “Vegetated roof covers may 
offer the only practical ‘at-source’ technique for 
controlling runoff in areas that already are highly 
urbanized.” The reversal of damage caused by 
uncontrolled storm water runoff and non-point 
source pollution is possible within our urbanized 
watersheds. He believes that the intelligent use of 
best management practices (BMPs) can result in 
significant improvements, as well as long-term 
savings to individuals and municipalities ( 
www.roofmeadow.com). 

Depending on rain intensity and greenroof soil 
depths, runoff can be absorbed between 15 to 90 %, thereby considerably reducing runoff and 
potential pollutants from traditional impervious roofing surfaces.  Plants intercept and delay 
rainfall runoff and the peak flow rate, alleviating combined sewer overflows, and eventually 
return water to the surrounding atmosphere by evaporation and transpiration.  Average runoff 
absorption rates are between 50 to 60% (www.roofmeadow.com).  

The control of stormwater 
runoff is achieved by mimicking 
natural processes by intercepting 
and delaying rainfall runoff.  
Greater grass & plant diversity 
provides better plant uptake and 
simple friction, which creates 
less erosion, and more water is 
retained on the greenroof 
surface.  Stormwater Natural 
Processes Detail from 
www.roofmeadow.com. 

According to Charlie Miller, the 
installation of greenroofs is “a 
potential technique for relieving 

nuisance flooding and reducing hydraulic loads on combined storm sewer systems.”  He 
contends that, “In addition to providing immediate relief for overburdened stormwater 
management facilities, the deployment of vegetated roof covers can help reduce the overall costs 
of infrastructure rehabilitation in our older cities.”   

 

Source:  ZinCo International 3/98 Brochure 
 

 

Courtesy of Roofscapes, Inc.; www.roofmeadow.com 
 



 

Possible impervious coverage restrictions may be reduced for developers who incorporate 
greenroofs into their site plan.  Depending on local ordinances, greenroofs may be installed in 
lieu of conventional stormwater practices. They can significantly reduce the size, or even 
completely eliminate the necessity for unsightly, space-wasting, and expensive detention ponds 
or underground galleries (Roofscapes, Inc., 1998). Although hard to quantify, there is also 
potential for downstream stormwater treatment savings. 

 
 
Water Benefit 
Control of stormwater runoff is achieved by mimicking the processes that occur in nature, 

intercepting and delaying rainfall runoff by:  

o Capturing and holding precipitation in the plant foliage  

o Absorbing water in the root zone  

o Slowing the velocity of direct runoff as it infiltrates through the layers of 

vegetated cover  

For small rainfall events, little 

runoff will occur and most of the 

precipitation will eventually return 

to the atmosphere by evaporation 

and transpiration. For larger 

storms, vegetated roof covers can 

significantly delay and attenuate 

the discharge of runoff from roofs.  

Vegetated roof covers are 

effective methods of retarding 

runoff from roof surfaces 
during storms:  

Compared to many other 

stormwater management 

practices, vegetated roof covers 

are unobtrusive, low 

maintenance, and reliable 

management systems. Vegetated 

roof covers are particularly effective when applied to extensive roofs, such as those 

that typify commercial and institutional buildings. They can be designed to achieve 

specified levels of stormwater runoff control, including reductions in:  

o Total annual runoff volume (reductions of 50 to 60 percent are common 

place for vegetated roof covers)  

o Peak runoff rates for selected  

o design storm events 



 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

6.6 URLs 
 
 http://peck.ca/grhcc/ 
 http://greenroofs.com/ 
 http://roofscapes.com 
 

 

 
Stormwater runoff for a 3.35-inch, 24-hour rainfall event. This 

Roofmeadow incorporated a 3-inch deep layer of growth 
media.

© Roofscapes, Inc.



 

 

7 Chester  
 
7.1 Definition (ordinance language) 
 Redevelopment (in Article II) 

Reconstruction of an existing improved, developed property, as of the data of 
adoption of this Ordinance. This includes all projects creating over 2,000 s.f. of 
additional impervious cover. 

  
7.2 Water Quality and Quantity Control Drainage Plan preparation 

Procedure (Ordinance language) 
1) Applicant determines if development meet definition of “Redevelopment” per Article 

II. 
2) If yes, applicant adjust pre-development RCN or C value based on curves present in 

Section 401 C and Appendix B.  
 
7.3 Section 401 C (ordinance language) 

The Chester Creek Stormwater Management Plan requires water quality and water 
quantity controls as illustrated on the flow chart shown in Figure 4-1 and detailed in 
Section 404.  The flow chart illustrates a three-step hierarchical process. 

4) Infiltration 
5) Extended detention 
6) Implementation of additional design control 

Must evaluate the outcome of each step before processing to next. 
Riparian buffers are required where applicable (404.A.2). 

 
7.4 Appendix B (report) 

Figure B-3 Redevelopment project runoff criteria adjustment for pre-development 
conditions 
 
Concern was expressed that imposing the release rate criteria on redevelopment projects 
might serve as a disincentive for developers. Therefore, an approach was proposed that 
would reduce the level of control required on redevelopment projects.  This was 
accomplished by developing a chart which allows modification of pre-development 
conditions for which the stormwater management plan would be prepared. This chart 
adjusts the pre-development RCN value or “C” value to reflect conditions less restrictive 
than “meadow on B class soils” based on the percentage of exiting impervious cover. 
 
Comment: The figure development is ok. But the goal of “Back to the natural condition” 
will not be reached.  

 
7.5 Section 403 C (ordinance language) 

Redevelopment projects shall meet peak discharge requirements based on the adjusted 
runoff control number (RCN) or “C” value illustrated by Figure B-3 in Appendix B. 



 

 
 
7.6 Section 405 B (ordinance language) 

For the purpose of pre-development flow rate determination, undeveloped land shall be 
considered as “meadow” good condition, type “B” soils, (RCN=58, Rational “C”=0.12) 
unless the natural ground cover generates a lower curve number or Rational “C” value 
(i.e., forest). If a proposed development meets the definition of redevelopment as defined 
in Article II of this Ordinance, the applicant may adjust the pre-development RCN or “C” 
value based on the curves presented in Figure B-3. 
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APPENDIX F 

DARBY-COBBS CREEK WATERSHED WATER BUDGET  

AND STORMWATER INFILTRATION REQUIREMENT ANALYSIS  

1.0 Introduction 

Under natural conditions, watersheds are in hydrologic balance; this means that the 
natural hydrologic cycle of rainfall, streamflow, and evapotranspiration are in equilibrium.  
The key to sustainable land development is to maintain this natural hydrologic regime as 
much as possible. The first step in accomplishing this is to develop an understanding of 
the watershed’s water budget. 

 
A water budget (or water balance) was used in 1944 by the meteorologist C. Warren 
Thornthwaite to refer to the balance between the income of water from precipitation and 
snow melt and the outflow of water by evapotranspiration, groundwater recharge and 
streamflow.  The water balance has been used in a variety of situations, to predict 
human impact on the watershed hydrologic cycle, and has been refined many times.  
Although the predictions made using the water budget method may be approximate, it is 
sufficiently accurate to provide a basis for determining a management approach to 
sustaining the natural hydrologic conditions of a watershed. 
 
In order to evaluate how this water budget can be managed, the watersheds or site 
specific annual water budget must be evaluated.  The general equation of the annual 
water budget is:  
 

P = R + WL   Equation 1 
where: 
 
P = average annual precipitation (rain and snow)  
R = average annual total runoff (overland surface runoff and groundwater discharge to 

base flow)  
WL = average annual water loss (evaporation, transpiration and groundwater losses). 
 
The total runoff value is composed of both overland surface runoff which occurs during 
rainfall events and infiltration which equates to groundwater discharge to streams which 
augments the base flow of streams in the watershed.  For the water budget analysis, 
these two sources of flow were separated.  Equation 1, therefore can be rewritten as  
 

P = Rosr + Re +WL  Equation 2 
 
where: 
Rosr = overland surface runoff 
Re = groundwater recharge/discharge 
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The following sections provide a background for how these parameters were developed 
to analyze the water budget of the Darby-Cobbs watershed. 
 
2.0 Prior Studies 
 
Balmer and Davis (1996) had previously conducted a groundwater resource study for 
Delaware County, PA in which they studied three stream gauges in the Darby-Cobbs 
watershed.  The gauges they analyzed were Darby Creek at Waterloo Mills near Devon, 
PA (01475300), Darby Creek near Darby, PA (01475510), and Cobbs Creek at Darby, 
PA (01475550). 
 
Table 1 shows the total runoff and base flow of these three stream gauges determined in 
the study of Balmer and Davis.  Based upon this information, they concluded that Cobbs 
Creek had the lowest ratio of base flow, which is most likely caused by an increased 
direct runoff from storm sewers, and therefore a lower groundwater recharge rate, in this 
highly urbanized watershed.  Analysis of the water budget of this gauge would not be 
reflective of natural conditions of the watershed, which is the ideal goal for the water 
budget analysis.  Therefore, the Cobbs Creek gauge was not further analyzed. 
 

Table 1  
Summary of Runoff and Base Flow for Dry (1981), Normal (1976) and Wet (1979) 

Years. Modified from Table 6 of WRR 66 (Balmer, 1996) 
 

USGS Gauge Name 
and Number 

Type of year Discharge, in Base flow, in 

Dry 14.33 9.10 

Normal 22.98 18.51 

Darby Creek at 
Waterloo Mills Near 

Devon, PA 
01475300 Wet 37.61 21.77 

Dry 13.27 7.02 

Normal 22.64 16.27 
Darby Creek Near 

Darby, PA. 
01475510 Wet 33.05 17.99 

Dry 15.15 5.70 

Normal 17.54 9.00 
Cobbs Creek at 

Darby 
01475550 Wet 29.54 14.66 

 
Detailed hydrologic data including precipitation, streamflow including base flow from 
1973 to 1982, were reported in the Balmer and Davis study at the Darby Creek at 
Waterloo Mills near Devon and the Darby Creek near Darby gauges.  This data, 
provided in Table 2 along with the derived water losses, shows a lower percentage of 
base flow at the downstream station (Darby Creek near Darby) which is in an urbanized 
setting, when compared to the upstream station (Darby Creek at Waterloo Mills near 
Devon), which is in a more rural setting.  Balmer and Davis concluded that the possible 
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reasons for the lower percentage of base flow are more rainfall in the upper reaches of the 
basin, and more direct runoff due to urbanization in the lower reaches of the basins. 
 

Table 2 
Comparison of Precipitation, Total Runoff, and Base flow for Darby Creek at Waterloo 

Mills Near Devon and Darby Creek Near Darby from 1973 to 1982. (Modified from 
Table 7 of WRR 66, Balmer, 1996) 

 

 
Darby Creek at Waterloo Mills Near Devon, 

Pennsylvania 
01475300 

Darby Creek Near Darby, Pennsylvania 
01475510 

Year 
Precipitation1 

(inches) 

Total 
Runoff 
(inches) 

Base 
flow 

(inches) 

Water 
loss3 

(inches) 

Precipitation2 
(inches) 

Total 
Runoff 
(inches) 

Base 
flow 

(inches) 

Water 
loss3 

(inches) 
1973 52.14 33.76 23.17 18.38 46.06 36.57 21.91 9.49 
1974 41.00 23.40 16.63 17.60 37.78 25.01 16.71 12.77 
1975 56.86 28.75 19.53 28.11 52.13 30.27 19.22 21.86 
1976 38.09 22.98 18.51 15.11 33.27 22.64 16.27 10.63 
1977 50.89 17.85 12.41 33.04 49.42 16.59 9.68 32.83 
1978 49.23 36.72 22.96 12.51 35.58 31.37 18.44 4.21 
1979 64.34 37.61 21.77 26.73 52.79 33.05 17.99 19.74 
1980 34.89 23.12 17.46 11.77 38.80 20.83 14.77 17.97 
1981 42.37 14.33 9.10 28.04 37.83 13.27 7.02 24.56 
1982 49.04 20.54 13.24 28.50 40.43 20.26 11.77 20.17 

         
Mean 47.89 25.91 17.48 21.98 42.21 24.99 15.38 17.42 

1 Precipitation measured at the Devault and Conshohocken Stations. 
2 Precipitation measured at Philadelphia Airport. 
3 Differences between Precipitation and Total Runoff.  
 
Based upon their observations, the stream gauge 01475300 (Darby Creek at Waterloo 
Mills near Devon) which is located in the upper portion of the Darby Creek Watershed, 
has a rural setting which is a less impacted by development within the watershed and 
therefore the hydrologic behavior is closer to natural conditions.  The stream gauge 
records are continuous and record stream stage (elevation in feet) which can easily be 
converted to stream flow (in cubic feet per second, cfs) by knowing the cross sectional 
data and the elevation/flow relationship and the gauge (the “rating curve”).  This gauge 
also has an extended period of record from 1972 through the current year.  Knowing the 
drainage area to this gauge, approximately 5.15 square miles, the flow per square mile 
can be determined and then applied to other areas of the watershed.  From this data, 
statistical frequency analyses can be applied to determine many useful hydrologic facts 
including the 100-year flow, mean annual flow, low flow, etc.  Considering these factors, 
and the fact that flow at this gauge reflects more closely the natural hydrologic cycle of 
the watershed, the Waterloo Mills gauge was selected for the water budget analysis.  
 
3.0 Water Budget Determination 
 
3.1 Average Annual Precipitation (P) 



\\pwdoows1\Watersheds\Darby-Cobbs\Act 167\2005-01-15 Final Version\Final Plan Files\Volume III\Final Darby - Vol III - AppendixF - 
Watershed Budget.doc 4 

 
The average annual precipitation of Delaware County, PA was reported in the Balmer 
study as 43.46 inches (Balmer, 1996).  Detailed precipitation records were collected at 
the Devault and Conshohocken rainfall gauging station from 1973 to 1982 and applied at 
the stream gauge station 01475300 (Darby Creek at Waterloo Mills near Devon).   
Similar rainfall data for were measured at the Philadelphia Airport and applied at the 
stream gauge station 01475510 (Darby Creek near Darby) as reported in WRR 66 
(Balmer, 1996).  Table 2, above, showed the precipitation range at these stations 
between is 34.89 and 64.34 inches.  The average annual precipitation at the Waterloo 
Mills gauge was 47.89 inches (based upon the average precipitation measured at the 
Devault and Conshohocken Stations, Balmer, 1996).  It was noted in the Balmer study 
that the precipitation at the upstream station (Darby Creek at Waterloo Mills near Devon), 
is greater than that at the downstream station (Darby Creek near Darby) in all years 
studied (1973-82).  The average precipitation difference noted is about 13%. 
 
As a second source of average annual precipitation data, Water Resources Bulletin No. 
13 Floods in Pennsylvania (Flippo, 1977) was also referenced. The isohyets are based on 
U.S. Weather Bureau precipitation data for 1931-60.  The average annual precipitation 
for the Darby-Cobbs watershed is in the range of 44 to 46 inches as shown in Figure 1.  
 

Figure 1 
Annual Precipitation Map of Northeast Pennsylvania (Flippo, 1977) 

Isohyets are Based on U.S. Weather Bureau Precipitation Data for 1931- 1960.   
 

 
 
As noted above, precipitation in the Darby-Cobbs Creek varies based upon location 

Isohyet, in 
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within the watershed.  Therefore, the average annual precipitation selected for 
determining the water budget must be weighted carefully.  
 
There are several rain gages around the watershed including Conshohocken, Montgomery 
Co. (36, 6927), Pheonixville, Chester Co. (36 1737), Chadds Ford, Delaware Co. (36 
1342), Marcus Hook, Delaware Co. (36 5390), Philadelphia Airport, Philadelphia Co. (36 
6889), and Devault, Chester Co. (36 2116).  Table 3 presents the average annual 
precipitation of these gages for 1972-2000.  The average precipitation of Darby-Cobbs 
watershed was also computed using Thiessen-weighted average. Thiessen-weighted 
average is a better measure where the rain gages is not uniform distributed and where has 
stronger precipitation gradients (Dunne, 1978).  Figure 2 depicts the percentage of 
influence area within the watershed and average annual precipitation of each gage used in 
Thiessen-weighted average. Table 4 shows the calculation of the Thiessen-weighted 
average. 

Table 3 
Average Annual Rainfall (in) of Rain Gages Nearby the Darby-Cobbs Watershed from 

1972 to 2000.   
 

Rain Gage Name and Station Number Average Annual Precipitation, in 
Conshohocken, Montgomery Co. (36, 6927) 48.79 
Pheonixville, Chester Co. (36 1737) 43.87 
Chadds Ford, Delaware Co. (36 1342) 47.56 
Marcus Hook, Delaware Co. (36 5390) 40.66 
Philadelphia Airport, Philadelphia Co. (36 6889) 42.05 
Devault, Chester Co. (36 2116) 43.72 

  Source: Middle Atlantic River Forecast Center, National Weather Service 
 

Figure 2 
Percentage of Influence Area within the Watershed for Each Rain gage Along with 

Average Annual Precipitation Used for Thiessen-Weighted Average Analysis. 
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Table 4 

Darby-Cobbs Watershed Area Average Precipitation Calculation Using 
Thiessen-Weighted Average   

 

Rain Gage Name and Station 
Number 

Average 
Annual 

Precipitation 
at Gage, in 

Area of Polygon 
Within Watershed 
as a Percentage of 
Total Watershed 

Area, % 

Rainfall 
Weighted by 
Fraction Area 

(Col. 1 x Col. 2) 

Conshohocken (36, 6927) 48.8 45.21 22.06 

Marcus Hook (36 5390) 40.7 0.96 0.39 

Philadelphia Airport (36 6889) 42.1 50.37 21.18 

Devault (36 2116) 43.7 3.46 1.51 
Total  100 45.14 inches 

 
This result is an average annual rainfall for the Darby-Cobbs watershed of 45.14 inches.  
Since this data is the most accurate for the watershed, and corresponds nicely with the 
other studies, 45.41 inches was adopted as precipitation (P) of Darby-Cobbs watershed.  
 
3.2 Average Annual Total Runoff (R) - Overland Surface Flow (Rosr ) and Base Flow 
(Re) 
 
The average total runoff at the Darby Creek stream gauge at Waterloo Mills near Devon, 
as listed in Table 2, was reported as 25.91 inches (Balmer, 1996).  This total runoff 
value is composed of both surface overland runoff which occurs during rainfall events 
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and groundwater recharge/discharge which augments the base flow of streams in the 
watershed.  For the water budget analysis, these two sources of flow were separated.  
In Table 2, Balmer (1996) reported the base flow at station 01475530 (Darby Creek at 
Waterloo Mills near Devon) from year 1973-82 to be 17.48 inches based upon the mean 
of the period of records.  
 
USGS provides surface water data including annual statistics information.  The average 
annual stream flow (total runoff) at Darby Creek at Waterloo Mills near Devon 
(01475530) from 1973-93 is 23.06 inches (8.75 ft3/s) from USGS Surface Water data for 
Pennsylvania (USGS 2004).  Table 5 presents the detail numbers and average.  
 

Table 5 
Annual Mean Stream Flow and Average Mean Stream flow for 1973-93 at Stream Gage 

Waterloo Mills Near Devon PA (01475300) 
 

Year 
Annual Mean 

Stream flow, ft3/s 
Annual Mean 

Stream Flow, in 
Year 

Annual Mean 
Stream flow, ft3/s 

Annual Mean 
Stream Flow, in 

1973 11.40 30.05 1984 8.89 23.43 

1974 8.19 21.59 1985 5.00 13.18 

1975 12.00 31.63 1986 6.89 18.16 

1976 7.33 19.32 1987 7.17 18.90 

1977 8.70 22.93 1988 6.99 18.42 

1978 12.20 32.16 1989 9.35 24.64 

1979 16.20 42.70 1990 8.51 22.43 

1980 5.96 15.71 1991 8.06 21.24 

1981 5.86 15.45 1992 7.24 19.08 

1982 7.98 21.03 1993 9.52 25.09 

1983 10.30 27.15 Average 8.75 23.06 
Source: USGS Surface Water data for Pennsylvania (USGS 2004).  
 
Therefore, the total runoff (R) for Darby-Cobbs watershed was determined to be 23.06 
inches. 
 
To obtain the amount of the total runoff that is base flow (groundwater recharge), the 
USGS publication Water Resources Investigations Report (WRIR) 90-4161, 
“Base-Flow-Frequency Characteristics of Selected Pennsylvania Streams” (White, 1990), 
was reviewed.  This report used computer-assisted empirical methods to separate the 
ground-water and surface-runoff components for streamflow stations in Pennsylvania.  
This analysis first determined the 2-, 5-, 10-, and 25-year base-flow-recurrence intervals 
for each station utilizing 2 methods; the local-minimum method and the fixed interval 
method. Table 6 summarizes the base flows found at the streamflow at the Waterloo 
Mills station near Devon, PA. (Station I.D. 01475300) for 1973-85.   
 
The data in Table 6 can be plotted as shown in Figure 3 and then interpolated to obtain 
mean annual base flow.  The mean base flow is the arithmetic mean of all annual base 
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flows and has a recurrence interval equal to 2.33 years.  From Figure 3, the mean annual 
base flow was determined from the average of the two methods as 0.69 mgd/mi2.  
 

 
 

 

Figure 3 
Mean Base Flow at Darby Creek at Waterloo Mills near Devon, PA Using WRIR 

90-4167 “Base-Flow-Frequency Characteristics of Selected Pennsylvania Streams” 
(1990) 
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Table 6 
Base Flows for Selected Recurrence Intervals at Darby-Cobbs Watershed at Darby 

Creek At Waterloo Mills near Devon, PA for year 1973-85 
 

 Darby Creek At Waterloo Mills near Devon, PA 
Recurrence 

Interval 
Base Flow Estimate 

(Local-Minimum Method) 
Base Flow Estimate 

(Fixed-Interval Method) 
Year mgd/mi2 In mgd/mi2 in 

2 0.706 15 0.754 16 
5 0.543 11 0.549 12 
10 0.412 8.7 0.419 8.8 
25 0.333 7.0 0.331 7.0 

*mgd/mi2: million gallon per day per square mile. 
Source: USGS WRIR 90-4167, Base-Flow-Frequency Characteristics of Selected 
Pennsylvania Streams 
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This value was converted to inches as follows: 

 
(0.69 mgd/ mi2) x (1 ft3 / 7.481 gal) x (365d/yr) x (1 mi2 / 640 ac) x (1 ac / 43,560 ft2) x (12 in /ft)  

 
= 14.5 inches/year 

 
It was determined that a value of 14.5 inches for the 2.33- year base flow event. As a 
result, the mean groundwater recharge (Re) rate was determined to be 14.5 inches per 
year.   
 
3.3 Water Loss (WL) 
 
The most common mechanisms of surface water losses are due to evaporation and 
transpiration, typically referred to as evapotranspiration (ET).  Evapotranspiration is the 
combination of water that is evaporated and transpired by plants as a part of their 
metabolic processes.  Evapotranspiration is difficult to measure and therefore, very little 
data exists on it for this particular area.  However, potential evapotranspiration (PET), or 
the maximum possible water loss, has been studied and can be used as a reference for 
estimation of ET losses. 
 
Potential evapotranspiration was studies in the USGS Bulletin No. 13, Floods in 
Pennsylvania (Flippo, 1977).  The potential evapotranspiration at the Darby-Cobbs 
watershed from Flippo report was found to be approximately 28.5 inches.  Since the 
potential evaporation is the “potential” amount of water that would evapotranspirate, the 
PET value is typically a larger number than actual ET. 
 
The Water Loss (WL) in Darby-Cobbs watershed can be calculated by subtracting total 
runoff (R) from the precipitation (P) which is equal to 22.08 inches (45.14 in – 23.06 in).  
Cross referencing 28.5 inches PET from (Flippo, 1977), the 22.08 inches ET is smaller 
less than the PET and concluding that 22.08 inches ET is a reasonable estimation.   
 
For the Darby-Cobbs watershed, therefore, the Water Loss (WL) in the equations 1 and 
2 is 22.08 inches. 
 
3.4 Final Darby-Cobbs Water Budget 
 
Based upon above analysis, the general water budget of Darby-Cobbs watershed, 
Equation 1, can be written as: 
 

P = R + WL 
45.14 in = 23.06 in + 22.08 in 

 
Overland surface runoff (Rosr) will therefore be the recharge (Re) and Water Loss (WL) 
subtracted from the precipitation (P) or: 
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Rosr = P - Re - WL 
8.56 = 45.14 in - 14.5 in - 22.08 in 

 
Therefore Equation 2, than can be rewritten as: 
  

P = Rosr + Re + WL 
45.14 in = 8.56 in + 14.5 in + 22.08 in 

 
In summary, 
 
P = average annual precipitation: 45.14 inches  
R = average annual total runoff: 23.06 inches 
WL = average annual water loss: 22.08 inches 
Rosr = overland surface runoff: 8.56 inches 
Re = groundwater recharge/discharge: 14.5 inches 
 
4.0 Establishment of Infiltration Criteria to Recharge Baseflow 
 
In order to evaluate the amount of rain storms that would have to be retained on a 
development site to maintain the natural hydrologic regime, an analysis of the rainfall 
patterns was performed.  To do this analysis a rain gage’s worth of precipitation data 
which had a total precipitation amount close to the average precipitation value for the 
Darby-Cobbs watershed, or 45.14 inches, was selected. 
 
The long term record (1948-2001) of Chadds Ford (36 1342) has an annual average 
rainfall 45.05 inches.  It is close to the average annual precipitation of the Darby-Cobbs 
watershed.  Therefore, the rain gage, Chadds Ford, was used to construct a cumulative 
annual rainfall pattern, as shown in Figure 4.  
 
In Figure 4, each rainfall event was sorted according to total daily precipitation, and then 
the average yearly accumulated precipitation was graphed as shown against daily 
precipitation. 

 
From the previous analysis, it was shown that approximately 14.5 inches of precipitation 
would need to be infiltrated annually to maintain base flow in natural watershed 
conditions.  Plotting this total annual rainfall amount on Figure 5, it can be shown that 
all daily rainfall events with precipitation 0.6 inches would need to be infiltrated to meet 
the 14.5 inches infiltration requirement. 
 
Therefore, as development occurs in the watershed and impervious areas created by 
development begin to prohibit rainfall from infiltrating, 0.6 inches of rainfall would be 
required to be infiltrated from the impervious areas to replicate the natural hydrologic 
regime after development.  The goal of the Darby Creek Plan is therefore to capture the 
rainfall from impervious areas into infiltration BMP and allow this rainfall to infiltrate so 
that it replicates the amount of water that would recharge the groundwater before the land 
mass was paved.   
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In the analysis of the Chadds Ford rain gage, 2450 of the 4487 storms which occurred are 
less than or equal to 0.6 inches.  This represents approximately 55 % (2450/4487) of the 
rainstorms at Chadds Ford for 1948-2001.  A plotting of each rainfall event which 
occurred in the analysis is shown in Figure 5.  

 
Figure 4 

Cumulative Annual Rainfall Patten for Darby-Cobbs Watershed  
 

Darby-Cobbs Watershed Daily Rainfall VS Yearly Accumlated Rainfall (1948-2001)
Chadds Ford, Delaware Co. (36 1342)
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Figure 5 
Rain Storms at Chadds Ford, Delaware, Co. (36 1342) for 1948-2001 
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Darby-Cobbs Watershed (1948-2001)
Chadds Ford, Delaware Co. ((36 1324)
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From the previous discussion, we saw that collecting and infiltrating all rainfall events 
which resulted in 0.6 inches or less of rains would duplicate natural recharge of the 
baseflow.  However, it is impossible to collect just those storms less than 0.6 inches to 
infiltrate as shown in Figure 5.  The first 0.6 inches of every storm greater than 0.6 
inches would also be collected and infiltrated resulting in a net infiltration value greater 
the previously determined 14.5 inches.  The total number of rainfall events greater than 
0.6 inches is 2037 (4487-2450) for 54 years of record (1948-2001).  Then the average 
rainfall events greater than 0.6 inches is 38 (2037/54).   
 
The breakdown of rain storms would therefore be as follows: 
 
Total annual rainfall of storms less than 0.6 inches 14.5 inches 
  

Total annual rainfall of the first 0.6 inches of storms greater than 
0.6 inches (38 storms * 0.6 inches = 22.8 inches) 

22.8 inches 
  

Total annual rainfall amount of storms greater than 0.6 inches 7.7 inches 
  

Total annual rainfall 45.0 inches 
 
Therefore a rainfall threshold value was determined that would theoretically produce the 
14.5 inch recharge value.  This was accomplished by accumulating the all the rainfall 
from storms less than this threshold value plus the first portion of threshold value of all 
storms greater than the threshold value in an Excel spreadsheet until the 14.5 inches was 
obtained as shown graphically in Figure 6.  The threshold value therefore turns out to be 
0.24 inches.  

 
Figure 6 

Rainfall Threshold Value (0.24 inches) Determined in an Excel Spreadsheet Until 
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Recharge Volume 14.5 inches was obtained.  
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Therefore at first glance, this 0.6 inch value appears to be conservative, however, all the 
water that is infiltrated through an infiltration BMP will not recharge the groundwater.   
 
5.0 Average Annual Water Loss from Infiltration / Retention Facilities that Will or 
May Not Enter the Groundwater. 
 
There are several quantifiable and unquantifiable losses which will occur to the rainwater 
from the surface to the groundwater table.   
 
5.1 Quantifiable Losses  
 
5.1.1 Surface Water Losses 
 
Surface (or depression) storage accounts for a large part of the surface losses.  Surface 
storage is estimated based on the nature of the vegetation and ground surface (Chow, 
1988).  The surface storage ranges from 0.04 inches on steep, smooth hill slopes to 2 
inches on agricultural lands of low gradient that have been furrowed to catch the water 
(Dunn, 1978).  Much of the smaller storms will be contained in the puddles, ditches, 
pockets, and cracks of pavement (Ponce, 1989, and Dunn, 1978) and will not runoff to 
the infiltration structure.  Although the exact amount will vary with type of material, 
pavement slope, etc. there is very little runoff from macadam surfaces from the 0.1 inch 
storm or less.  There are 1217 storms of 0.1 inch or less for the period of record 
1948-2001 (54 years).  Totally these storms gives a rainfall amount of 66.33 inches.  
Therefore, dividing the total amount of rainfall by the number of years of record (66.33 
inches / 54 years) gives an average annual surface storage of 1.2 inches for macadam 
surfaces.  This amount would not reach the recharge facility.  
 
5.1.2 Groundwater Losses 
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Once water is infiltrated into the subsurface, additional losses occur which prevent the 
infiltrated water from becoming a source which replenishes stream baseflow.  One such 
loss is referred to as groundwater evapotranspiration.  Groundwater evapotranspiration 
is the process that evapotranspiration occurs where the saturated zone (water table) close 
to the land surface (Sloto, 1994a).  The moisture is extracted from below the water table 
and brought to the near-surface, where it either evaporates or is used by plants in 
transpiration.  Losses to evapotranspiration are greatest during the growing season, May 
through October, and are particularly great in mid to late summer.  The potential for 
groundwater evapotranspiration increases as the water table approaches the land surface, 
where the roots of plants can capture the water and soil capillaries can draw ground water 
nearer to the surface, allowing warm air to evaporate the water. 
 
Two studies were performed in the region surrounding the Darby-Cobbs watershed to 
estimate the amount of losses which can be attributed to groundwater evapotranspiration.  
The first study focused on groundwater evapotranspiration in Chester and Northern 
Bucks Counties, Pennsylvania (Sloto, 2004, 1994a, 1994b, and 1990).  In this study, 
simulations of hydrological budgets using a groundwater-flow model estimated 
groundwater evapotranspiration to be 2 in/yr.  A second study of groundwater 
evapotranspiration by in the Piedmont geographic province determined a loss on the 
average of 5.5 in/yr (Sloto, 1994a, Olmsted 1962).  Since the Darby-Cobbs watershed is 
located directly in the Piedmont Physiographic Province, a conservative loss value of 5.5 
in/yr associated with groundwater evapotranspiration was adopted in this study. 
 
5.2 Unquantifiable Losses 
 
Some of the unquantifiable losses include: 
 

o Underflow which is the transference of water from beneath one basin to another 
(i.e. outside of the Darby-Cobbs basin), and groundwater storage.  Both 
parameters are difficult to estimate without a detailed hydrogeologic study 
performed within the study basin.   

o Evaporation of the water in retention facilities. 
o Removable of snow from the flow path that would otherwise get to the infiltration 

facility. 
o Surface runoff on frozen ground from areas that would otherwise have infiltration.  
o Horizontal conductivity in the vadose zone due to fractures (USGS, 2001a).  
o Subsurface barriers such as subsurface ice layer and hardpans (USGS 2001b). 

 
Although an exact number could not be determined, based upon best judgment, 
unquantifiable losses lumped together could range from 0 to 6 inches.  It is almost 
impossible to determine an exact value without extensive data collection, well monitoring 
and hydrogeologic evaluations, therefore an estimate was required.  To account 
unquantifiable losses mentioned previously, this study assumed these loss lumped 
together contribute the average of the estimated values stated above or 3 in/yr. 
 



\\pwdoows1\Watersheds\Darby-Cobbs\Act 167\2005-01-15 Final Version\Final Plan Files\Volume III\Final Darby - Vol III - AppendixF - 
Watershed Budget.doc 15 

5.3 Final Losses from Retention / Infiltration Facility 
 
As noted in Equation 1, above, WL consists of evaporation, transpiration, and 
groundwater losses.  The average water loss value determined for the Waterloo Mills 
gauge station was approximately 22.08 inches.  This water loss is composed of losses 
which occur both on the surface, such as evaporation and transpiration, and losses which 
occur in the groundwater table, such as groundwater evapotranspiration, underflow and 
groundwater storage.  Both are explained below. 
 
Hence, the total groundwater loss is estimated to be 11.8 in/yr as listed in the Table 7. 
   

Table 7 
Average Annual Water Losses for Infiltration 

 
Water Lost Amount (inches/yr) 

Surface Depressions 1.2 
Groundwater Evapotranspiration 5.5 
Unquantifiable Losses 3 
Total 9.7 

 
Based upon the prior analysis, the total annual amount of infiltration necessary to 
replenish groundwater sources necessary for baseflow was 14.5 inches.  To assure that 
the 14.5 inches is made available to runoff as base flow, the groundwater losses should be 
added to the base flow discharge amount.  Therefore, the total annual volume which 
should be infiltrated to replenish base flow is then: 
 

14.5 inches/yr + 9.7 inches/yr = 24.2 inches /yr. 
 
 
Therefore a new rainfall threshold value was determined that would theoretically produce 
the 24.2 inch recharge value.  This was accomplished by accumulating all the rainfall 
from storms less than this new threshold value plus the first portion of the new threshold 
value of all storms greater than the new threshold value in an Excel spreadsheet until the 
24.4 inches of recharge value was obtained as shown graphically in Figure 7.  The 
threshold value therefore turns out to be 0.513 inches.  Table 8 explains the 
trail-and-error fitting approach to obtain the new threshold value.  Due to the amount of 
data (1948-2001), only a portion of the data is presented in Table 8 to illustrated the 
concept of the approach.   
 
The total Recharge Volume is the average of the sum of column “Rainfall Amount to be 
Accumulated”.  The individual value in that column is determined by comparing 
precipitation and the threshold value.  If the precipitation is less than the threshold value, 
the rainfall amount to be accumulated is the amount of precipitation (data from ID 4487 
to 1448 in Table 8) for storms less than threshold value, otherwise the accumulated 
rainfall is threshold value (data from ID 1447 to 1) for storms greater than threshold 
value.  The goal of this approach is to find the appropriate threshold value in that the 



\\pwdoows1\Watersheds\Darby-Cobbs\Act 167\2005-01-15 Final Version\Final Plan Files\Volume III\Final Darby - Vol III - AppendixF - 
Watershed Budget.doc 16 

Total Recharge Volume is equal to the recharge volume, 24.2 in. This is determined by 
adjusting the threshold value (0.513) in the spreadsheet and comparing it to the Total 
Recharge Volume in Table 8 (24.2).  For this exercise, to satisfied the recharge value of 
24.2 inches, a threshold value of 0.513 inches was obtained. 
 

 
Figure 7 

Rainfall Threshold Value (0.51 inches) Determined in an Excel Spreadsheet Until 
Recharge Volume 24.2 inches was obtained. 
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Table 8 
Trail-and-Error Fitting Approach to Obtain the New Threshold Valve (0.51 in) in that the 
Recharge Value is Equal to 24.2 inches. Only Portion of Data is Presented to Illustrated 

the Concept. 
 

Threshold Value (in) 0.51 
Total Recharge Volume (in) 24.2 

    
    

ID Precipitation Rainfall Amount to be Accumulated  
4487 0.01 0.01  
4486 0.01 0.01  
4485 0.01 0.01  
4484 0.01 0.01  
4483 0.01 0.01  

    
Etc., etc., etc.  
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1469 0.5 0.5  
1468 0.5 0.5  
1467 0.5 0.5  
1466 0.51 0.51  
1465 0.51 0.51  
1464 0.51 0.51  
1463 0.51 0.51  
1462 0.51 0.51  
1461 0.51 0.51  
1460 0.51 0.51  
1459 0.51 0.51  
1458 0.51 0.51  
1457 0.51 0.51  
1456 0.51 0.51  
1455 0.51 0.51  
1454 0.51 0.51  
1453 0.51 0.51  
1452 0.51 0.51  
1451 0.51 0.51  
1450 0.51 0.51  
1449 0.51 0.51  
1448 0.51 0.51  
1447 0.52 0.513  
1446 0.52 0.513  
1445 0.52 0.513  
1444 0.52 0.513  
1443 0.52 0.513  
1442 0.52 0.513  
1441 0.52 0.513  
1440 0.52 0.513  

    
Etc., etc., etc.  

    
5 5.23 0.513  
4 5.45 0.513  
3 5.45 0.513  
2 5.66 0.513  
1 6.05 0.513  

 
 
6.0 Conclusions 
 
Rounding up for conservatism, a justifiable recharge rate adopted for the Darby-Cobbs 
watershed is 0.5 inches (rounded from the 0.51 inch value) from all proposed impervious 
area. Therefore based upon this analysis, it was determined that infiltrating 0.5 inches 
from impervious area for each event would accomplish the goal of maintaining the 
recharge value in the water budget of the watershed. 
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APPENDIX G 
 

WATER QUALITY VOLUME ANALYSIS  
 
 
Introduction  
 
Several methods exist for the determination of the appropriate water quality volume to 
use in the design of Best Management Practices for addressing water quality issues 
related to stormwater management.  Methods promoted by Pennsylvania, Maryland and 
New Jersey are investigated in this report.  A brief description of these methods and 
summary comparison of these methods is provided below, with detailed calculations 
provided in the appendices. 
 
Methods Summary 
 
Method 1 (2- Year Post Development Runoff to 1- Year Pre Development Rate) 
 
This method incorporates the analysis of pre development conditions when determining 
the water quality volume for design of BMPs and requires the designer to reduce the 2- 
year post development runoff rate to the 1- year pre development runoff rate.  Additional 
requirements include the retention of the 1- year post development runoff volume for a 
minimum of 24- hours to encourage settling of pollutants within the water column.   
 
The water quality volume (WQv) was determined by calculating the pre and post 
development runoff hydrographs for the design storms.  Then the complete 2- year runoff 
hydrograph under post development conditions and a target outflow rate (based upon the 
1- year pre development hydrograph) were utilizing to calculate the volume required 
based upon the SCS TR-55 (1986) method for determining storage volumes for detention 
basins. 
 
Method 2 (Maryland WQv Equations – using Pennsylvania Rainfall depths) 
 
This method utilizes an equation (Table 2.1) developed for the Maryland 2000 
Stormwater Design Manual.  The equation is based on a volumetric runoff rate and 
rainfall depth (based on capturing and treating the 90th percentile storm).  The volumetric 
runoff rate is calculated from a regression analysis performed on rainfall-runoff volume 
data from a number of cities nationwide, and is considered an adequate short cut method 
for runoff volume calculation for small storm events typically analyzed for stormwater 
quality calculations.  Rainfall depths for the 90th percentile storm event were derived 
from the Pennsylvania Association of Conservation District (PACD) Handbook of Best 
Management Practices in Pennsylvania (Table 5.2). 
 
Method 3 (1.25- inch, 2- hour Rainfall Event – NJDEP) 
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This method was developed for the New Jersey BMP Manual (Draft Version dated 
January 2003) and calls for addressing 1.25- inches of rainfall over a 2- hour storm event 
for water quality BMP Design. 
 
The water quality volume (WQv) was determined by calculating the entire runoff volume 
underneath the post development 1.25- inch, 2- hour runoff hydrograph.  To accomplish 
this, the SCS TR-55 (1986) method for determining basin storage volume was utilized 
with an allowable outflow of 0.00 cfs. 
 
Method 4 (1 inch of rainfall – Darby-Cobbs Watershed, Pennsylvania) 
 
The required Water Quality Volume (WQv) is the storage capacity needed to capture and 
to treat a portion of stormwater runoff from the developed areas of the site produced from 
1 inch of rainfall. The following calculation formula is to be used to determine the water 
quality storage volume, (WQv), in acre-feet of storage for the Darby-Cobbs watershed: 
 

WQv=[(P)(Rv)(A)]/12     
 
Where: 
 
WQv = Water Quality Volume (acre-feet) 
P = One (1) inch of Rainfall  
A = Area of the project contributing to the water quality BMP (acres)  
Rv = 0.05 + 0.009(I) where I is the percent of the area that is impervious 
surface (impervious surface/A)*100) 

 
Summary Comparison 
 
A sample site was selected for analysis of the three methods described above.  The 
following table summarized site parameters for pre and post development conditions. 
 

Parameters Pre Development Post Development 
Area (acres) 10.724 10.724 
Land Cover Woods – Grass Combination 

(Fair Conditions) 
1/3 – 1/4 acre Residential Lot 

Subdivision 
Hydrologic Soil Group C C 

TR-55 Runoff CN 76 82 
Time of Concentration (min) 10.7 5.0 

% Impervious 0 24.14 
PDT-IDF Rainfall Region 4 4 

 
A summary of resulting Water Quality Volumes (WQv) to be used in design of Best Management Practices 

is shown in the table below. 
 

 WQv (Sq. feet) WQv (acres) 
Method 1 19,776 0.4540 
Method 2 20,286 0.4657 
Method 3 5,889 0.1352 
Method 4 10,511 0.2413 
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APPENDIX H 
 

RAINFALL ANALYSIS SUMMARY  
 

Revised 11/26/03 
 

Introduction 
 
 A rainfall study was conducted for the Darby-Cobbs Creek Watershed using 
available NOAA climatological data.  Both daily and extreme event precipitation were 
examined.  Recommended runoff capture values for the Darby-Cobbs Creek Watershed 
were developed that are substantially smaller then that contained within the Pennsylvania 
BMP Manual (PACD 1998).  The extreme event results are not as clear, leading to the 
recommendation that designers continue to use the Pa-IDF curves (PennDot 1986). 
 
Data Sources  
 
 All climatological data for the region was obtained through the NOAA National 
Climatic Data Center.  This data is available electronically, and was downloaded using 
the internet.  Recording gages that are available in this manner include the Philadelphia 
Airport, Chadds Ford, Conshocken, Glassboro (NJ), Marcus Hook, and Phoenixville.  Of 
these gages, only the airport gage is directly located in the watershed.  A limitation of the 
data source is the restriction to daily versus 24 hour reporting.  Thus a storm that begins 
at 10:00 PM and lasts through the next morning is recorded as two storms not one.  This 
limitation mostly impacts the extreme value reporting. 
 
Daily Rainfall Analysis 
 
 Daily rainfall values were collected for all stations for the period of 1948 – 2001.  
While all stations experienced some errors due to equipment break down and losses, the 
number of recorded rain events were high.  For example the Philadelphia Airport gage 
recorded 6236 rain events ranging from .01 to 6.43 inches.  This same gage had only 37 
“errors’ in 19512 days.  Except for the Glassboro gage which had a shorter record, the 
other gages recorded between 4500 and 5500 rain events each. 
 
 The data was manipulated in an Excel XP spreadsheet to ascertain the percent 
rainfall and rainfall capture curve for each gage.  Percent rainfall is defined for the 
purposes of this study as the percent of the yearly volume that falls in storms equal or less 
then that daily rainfall volume.  Rainfall Capture is defined as the amount of the yearly 
rainfall “captured”  when facilities are designed for a set rainfall volume.  For example 
the Pennsylvania BMP manual Appendix F gives the value of .83” as the volume needed 
to make up 60% of the yearly precipitation (PACD 1998).  To develop the rainfall 
capture for the Darby-Cobbs Creek Watershed, first the daily rainfall for each gage was 
sorted, and the total rainfall over the entire period of record was determined.  Second, the 
total record capture volume was found for daily capture values ranging from .5 to 3.0 



inches (increments of .25”).  To determine the total record capture value for a daily 
capture value of 1”, all daily rainfalls less then or equal to one inch were summed, and 
then the first 1” of each storm exceeding one inch were added.  Results of all gages are 
shown below in Table 1 and Figure 1. 
 
  Daily Rainfall Capture - Inches 
  0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 2.75 3 

Station                       

Phoenixville 61.1 74.7 83.4 89.1 92.7 95.0 96.6 97.6 98.3 98.8 99.1 
Conshocken 63.6 76.9 85.1 90.2 93.4 95.5 96.8 97.7 98.3 98.8 99.1 
Chadds Ford 58.8 72.5 81.5 87.6 91.7 94.4 96.2 97.4 98.2 98.7 99.0 
Marcus Hook 63.1 76.7 85.0 90.0 93.0 95.1 96.4 97.2 97.7 98.1 98.4 
Phil Airport 64.9 78.0 85.9 90.8 93.9 95.9 97.2 98.0 98.5 98.8 99.1 
Glassboro 62.2 75.8 84.4 89.7 93.0 95.2 96.6 97.6 98.3 98.7 99.1 
Average 62.3 75.8 84.2 89.5 93.0 95.2 96.6 97.6 98.2 98.7 99.0 
Average 
(C, MH, PA) 63.9 77.2 85.3 90.3 93.4 95.5 96.8 97.6 98.2 98.6 98.9 
  Percent Daily Rainfall Capture - 1948 - 2001 

Table 1 – Overall Runoff Capture Results 
 

 
Figure 1 - Rainfall Capture Results 

 
 While the similarity of all the gages was impressive, it was decided to concentrate 
on the nearest three gages to the watershed, Conshocken, Marcus Hook and the 
Philadelphia Airport.  Philadelphia Airport is at the south eastern corner of the watershed, 
with Marcus Hook just below it.  Conchocken is above the North West corner of the 
watershed.  The average of these three (labeled as Average - 3) is shown more clearly in 
Figure 2.  Note that a fourth order polynomial fits the data with an R squared of .9998 
(This equation is only appropriate between the values of .5 – 3.0 inches), and that the 
average of these three stations indicates a significantly higher capture rate then that 
indicated by the Pennsylvania BMP Manual. 
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Figure 2 - Select 3 Stations Rainfall Capture 

 
Using this equation, the volume necessary to capture a specified percent of the rainfall for 
the watershed was developed as shown below in Table 2. 
 

Table 2 – Capture Rainfall - Three Station Average  

 
Comparison of the Capture, and Percent Rainfall values are shown in Table 3.  

Note the similarity of the percent rainfall to that of the Pa BMP manual.  The Maryland 
values are more confusing.  From a presentation from the Maryland Department of the 
Environment, they listed the rainfall from eastern cities as 1.2” for the 90% Rainfall 
event, and they state that to capture 1 inch is approximately 95% of the yearly rainfall.  
These values are lower, but the method used by MDE is not clear.  

 
 

 

  
 

 

 

Table 3 - Percent vs Capture Rainfall 

 

% Capture 60 65 70 75 80 85 90 95 98 99 
Volume (in) <.5 0.52 0.60 0.71 0.83 0.99 1.22 1.68 2.41 3.00 

Percent 
Pa BMP Manual 

Region - 5 
Darby Percent 

Rainfall 
Darby Capture 

Rainfall 

0.60 0.83 in 1.00 in <.50 

0.75 1.24 in 1.38 in .71 

0.90 2.04 in 2.10 in 1.22 

y = -2.4596x4+ 22.47x3- 77.921x2 + 124.7x + 18.5   
  R2 = 0.9998 
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Estimation of the error contained within these numbers is extremely difficult to 
enumerate.  First there is error introduced when the raingages fail during rainfall events.  
The worst of the 3 selected gages missed less then 5% of the rainfall events over the 
period, and the overall average was greater then 98% successful.  This error is deemed 
insignificant due to the long period of record.  The next source of error is that the data 
period is based on a calendar day.  Thus, a rainfall event occurring overnight may be split 
into two day storms, overstating the capture volume.  This error would only count for 
storms close to the volume of the desired rate.  For example, if a .5” storm was split over 
two days, no error would be introduced for any capture volume of .5” and above.  Also 
the mass of the rainfall volume occurs in smaller storms.  For the Philadelphia Airport 
gage, 62% of the rainfall over the entire period occurs in rainfalls measuring 1” or less, 
90% in 2 inches or less, 96% in 3 inches or less.  This leads to the conclusion that as 
runoff capture volume increases, the volume associated with the error decreases, and the 
overall error rate is not significant. 
 

In conclusion we recommend the Rainfall Capture values be used for the Darby-
Cobbs Creek Watershed. 

 
Extreme Value Rainfall 
 
 Annual Climatological Summaries were collected for four area stations.  These 
stations included the Chadds Ford (1945–2001), Philadelphia Airport (1948-2001), 
Conshocken (1931-2001), and Marcus Hook (1931-2001).  Each summary provided the 
rate and volume of the Maximum observed daily rainfall event for the year.  In addition, 
hourly rainfall was available for the Philadelphia Airport gage.  This allowed for 
comparisons between maximum day and max 24 hour recordings. 
 
 A Log Pearson Type III analysis (Viesman 1996) was conducted for each station.  
This procedure is commonly recommended for extreme value precipitation studies.  The 
data was also plotted on probability paper using a Gumbel plotting procedure method.  
Values were determined for the 2 – 100 year storms. 
 

The first step was to compare the difference between the Philadelphia Airport 
Maximum day and Maximum 24 hour recording period.  As expected, the maximum 24 
hour results were slightly higher, as shown in Table 3 and Figure 3 below.   The 
difference also was higher for the larger storms, as would be expected.  A “delta” was 
created in order to adjust the other stations for comparison purposes.  Note that the 50 
year value was raised slightly to create a progression.  Note that both curves are less then 
Pa- IDF curves for region 5 (PennDot 1986). 

 



 
Figure 3. Philadelphia Airport – 24 Hour Versus Maximum Day. 
 
 
 
 
 
 
 
 

 
 
 
 

Table 3 - Philadelphia Airport - Max Day Vs. 24 hour 

 
 Next all area stations were examined.  Chadds Ford was eliminated as it was 
farther away from the Darby-Cobbs Creek Watershed, and to be consistent with the daily 
rainfall study.  Figure and Table 5 present these results.  Note the difference between the 
Marcus Hook and Philadelphia Airport results, even though these gages are relatively 
close in proximity.   
 
 

    Max 24 Hour Max Day     

Exceedence Return Phila Airport 
Phila  

Airport Difference Delta 
Probability Period Inches Inches Inches Inches 

0.01 100 7.09 6.72 0.37 0.37 
0.02 50 6.13 5.86 0.27 0.35 
0.04 25 5.37 5.07 0.30 0.30 
0.10 10 4.41 4.12 0.29 0.29 
0.20 5 3.71 3.45 0.26 0.26 
0.50 2 2.73 2.57 0.16 0.16 
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    Max Day     Adjusted   

Exceedence Return 
Phila  
Airport Conshocken 

Marcus 
Hook Average Delta Average PaIDF 

Probability Period Inches Inches Inches Inches Inches Inches   

0.01 100 6.72 6.93 9.76 7.80 0.37 8.17 8.40 

0.02 50 5.86 6.01 7.82 6.57 0.35 6.92 7.20 

0.04 25 5.07 5.17 6.23 5.49 0.30 5.79 6.24 

0.10 10 4.12 4.15 4.54 4.27 0.29 4.56 5.04 

0.20 5 3.45 3.44 3.51 3.47 0.26 3.72 4.20 

0.50 2 2.57 2.49 2.37 2.47 0.16 2.63 3.36 

Table 5 – Extreme Event Analysis 
 
 The next step in the analysis was to use the guidance in Bulletin 17B of the US 
Water Resources Council (Viessman 1996) to examine the gages for outliers of the data 
record.  This analysis indicated that Hurricane Floyd was an outlier for the Marcus Hook 
and Conshocken gage , and should be dropped from the data.  Outlier is defined by 
Viessman (1996) are storms “outside the trend of the rest.”  Table and Figure 6 present 
these results. 
 



 
 
Figure 5 – Extreme Event Analysis 

Table 6 – Extreme Event Analysis Adjusted for Outliers 
 
 

    Max Day     Adjusted   

Exceedence Return 
Phila  
Airport Conshocken 

Marcus 
Hook Average Delta Average PaIDF 

Probability Period Inches Inches Inches Inches Inches Inches   

0.01 100 6.72 6.20 8.45 7.12 0.37 7.49 8.40 
0.02 50 5.86 5.45 6.91 6.07 0.35 6.42 7.20 
0.04 25 5.07 4.75 5.62 5.15 0.30 5.45 6.24 
0.10 10 4.12 3.90 4.21 4.08 0.29 4.37 5.04 
0.20 5 3.45 3.28 3.34 3.36 0.26 3.61 4.20 

0.50 2 2.57 2.45 2.34 2.45 0.16 2.61 3.36 

 

2 

4 

6 

8 

10 

1 10 100 

Return Period 

 

Adjusted Average
Pa-IDF
Airport
Conshocken
Marcus Hook

R
ai

nf
al

l -
 In

ch
es

 



 
Figure 6 Extreme Event Analysis Adjusted for Outliers 
 
 These results are not nearly as clear as the daily statistics.  The Marcus  Hook  
gage has recorded higher extreme events then the other stations.  Hurricane Floyd (which 
was considered an outlier) this gage recorded 4 inches more rain then the Philadelphia 
Airport.  This climate influence can not be discounted, but it also represents a minority 
portion of the watershed.  It is reasonable to use the current standard Pa-IDF curves.  
Note that the 2 year Penndot IDF value is similar to the 5 year storm average for this 
work.  
 
Conclusion 
 

Specific runoff capture curves are developed to be used for infiltration or water 
quality design.  These values are smaller then those recommended by the Pennsylvania 
BMP Manual.  Comparison is difficult as we could not find how the runoff capture values 
were determined.  As the numbers presented here focus on the Darby-Cobbs Creek 
Watershed, they should be more accurate.  Due to the data problems identified using the 
day vs 24 hour storm, a slightly higher value should be used for design to compensate for 
this error. 
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The study also has found that the climatological record is very different between the 
immediately adjacent gages surrounding the Darby-Cobbs Creek Watershed.  It seems 
appropriate to continue using the Penndot IDF curves to be consistent with surrounding 
communities.   There is danger that the true 2 year storm is overestimated, leading to 
streambank erosion.  This should be considered when developing final recommendations.  
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