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Appendix A. Stormwater Design Methodologies
This appendix describes the methodologies and assumptions
used in establishing standards for the various design
approaches.
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Appendix
1
A-1. Stormwater Facility Sizing
2
3
4
5
6

Stormwater facilities can be divided into two categories based upon whether or not
the sizing method considers storage within the stormwater facility (see Table A-1).
Stormwater facilities without a storage component are sized using a design rainfall
intensity. Stormwater facilities with a storage component are sized using a design
rainfall depth distributed over a period of time.

7
8
9
10
11
12

Sizing without Storage
• Rate-based facilities are designed to allow runoff to flow through the system
without the system backing up. These facilities may either be designed without
storage (e.g., some manufactured stormwater treatment technologies (MSTTs),
grassy swales, filter strips) or with storage that is not considered in the sizing
(e.g., some MSTTs, sumps 1).

13
14
15
16

Sizing with Storage
• Volume-based facilities (e.g., ponds, structured detention) are designed to store
a volume of stormwater runoff long enough to allow particulates to settle and to
slowly release the treated stormwater.

17
18
19
20

•

21

Table A-1. Stormwater Facilities
Storage
Sizing
Considered
Design Objective
Basis
for Sizing

Rate-volume-based facilities (e.g., basins, planters, green streets, sand filters,
soakage trenches, drywells) are designed to allow stormwater runoff to flow
through the system with a significant storage component in which stormwater
runoff can back up.

No

Rate
Volume

Yes

22

RateVolume

Treat the peak runoff rate as it
flows through the system
Store the total runoff volume
and provide sufficient time for
treatment via settling

Treat the runoff considering
both the total volume and
varying intensities

Inflow
Calculation
Method1

Rational
Method
Santa
Barbara
Urban
Hydrograph
Method
(SBUH)

Design
Storm
Rainfall
intensity
Rainfall
depth
distributed
over
24-hours

The Rational Method and SBUH method are described in the SDFDM and in Appendix A.3.

1

Sumps are in the public right-of-way and drywells are not in the public right-of-way.
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Since there are two categories of stormwater facilities, each with a different sizing
method, the City establishes two categories of design storms: a design rainfall
intensity is used to size rate-based stormwater facilities and a design rainfall depth is
used to size both volume-based and rate-volume-based stormwater facilities.

5
6
7
8
9
10
11

Rainfall Intensity
The rainfall intensity (i.e., rainfall rate) is based upon a depth of rainfall that occurs
over a period of time. As the time period increases, the rainfall intensity decreases.
This is because longer averaging periods smooth out the peak rates. For example, a
storm may include a heavy downpour that lasts only a few minutes; the average
rainfall rate during the few minutes of the downpour will be higher than the average
rainfall rate over the duration of the storm.

12
13
14
15
16

The rainfall intensity used to design rate-based stormwater facilities is based upon
the site’s time of concentration (i.e., the time it takes for the runoff generated from
the entire contributing area to reach the stormwater facility). Stormwater runoff
entering the stormwater facility at a given time corresponds to the average rainfall
intensity based on the site’s time of concentration 2.

17
18
19
20
21
22
23
24
25
26

This concept can be illustrated through an example. In this example, the site has a
5-minute time of concentration and therefore uses a design rainfall intensity based
upon a 5-minute average rainfall rate. Five minutes after the design rainfall intensity
begins (i.e., at the end of the design rainfall intensity), runoff reaching the
stormwater facility from the furthest area will be generated from the beginning of
the design rainfall intensity, runoff from the closest area will be generated from the
end of the design rainfall intensity, and runoff from all other areas will be generated
from sometime in the middle of the design rainfall intensity. At the end of the
5-minute rainfall intensity, all of the site’s stormwater runoff reaching the
stormwater facility will have been generated from that 5-minute rainfall intensity.

27
28
29
30
31
32

Rainfall Depth
The rainfall depth is the cumulative rainfall during a storm event. The rainfall depths
used in the SWMM are based upon a 24-hour storm event and are distributed in
10-minute increments over the 24-hour period based on a modified NRCS Type IA
distribution. This incorporates both intensities (rainfall depths over 10-minute
increments) and a total rainfall depth over a 24-hour storm event.

This is the case while the stormwater runoff reaching the stormwater facility is from the entire
contributing area. At the beginning of the storm and after the end of the storm, only a fraction of the
contributing area has runoff reaching the stormwater facility.

2
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Appendix
1
A-2. Water Quality Design Storm
2
3

The water quality design storm is the design storm used to size stormwater
treatment facilities.

4
5
6
7
8
9
10
11

Water Quality Treatment Volume Goal
The City’s Municipal Separate Storm Sewer System (MS4) National Pollutant
Discharge Elimination System (NPDES) permit requires the City treat stormwater
runoff. For projects authorized, funded, or carried out by a federal agency, the
National Marine Fisheries Services’ Standard Local Operating Procedures for
Endangered Species Permit requires treatment of stormwater runoff from ½ the
2-year, 24-hour storm event. Half the 2-year, 24-hour storm event has been used in
much of Oregon to roughly approximate 85% of the average annual rainfall 3.

12
13
14
15

The City’s Strategic Plan has a service delivery goal of meeting or exceeding local,
state, and federal regulations. In accordance with this plan, the City’s water quality
storm is sized to result in treatment of runoff generated from 90% of the average
annual rainfall.

16
17
18
19
20
21
22
23
24

Background
As part of ongoing adaptive management, the City re-evaluated its water quality
storm for this manual revision with a new analysis of rainfall data from all of the
HYDRA rain gages in the Portland area that had at least 20 years of active service.
This evaluation showed that the current water quality storm for rate-based facilities
(i.e., rainfall intensity) meets the City’s goal of treating 90% of the average annual
runoff volume. However, the water quality storm for volume and rate-volume
based facilities (i.e., rainfall depth) needs to be increased to meet the City’s desired
water quality goal of treating 90% of the average annual runoff volume.

25
26
27

Since 1994, Portland has been using a single treatment storm methodology
(0.83 inches over 24 hours; modified Natural Resources Conservation Service (NRCS)
Type 1A rainfall distribution) since 1994. As stated in the 2016 SWMM:

28
29
30
31
32

In Portland’s case, the 0.83” storm is not equal to the 90th
percentile storm. An estimate would put it somewhere between the
60th and 65th percentile storm. This had been compensated for in
the September 2002 Stormwater Management Manual by requiring
volume-based facilities to use twice the volume of runoff generated

The Oregon Department of Transportation’s (ODOT) October 22, 2008 Water Quality Design Storm
Evaluation and Guidance letter.

3
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by the 0.83” storm, or a [Volume of the basin/Volume of the runoff]
Vb/Vr ratio of 2.

Based on an updated review of the City’s rainfall, the City is increasing the water
quality storm depth to 1.61 inches and is removing the sizing factor previously
required for volume-based facilities (i.e., the Vb/Vr ratio).

6
7
8
9
10
11
12
13

Rainfall Intensity Analysis
For the rainfall intensity analysis, all of the stormwater runoff generated from
rainfall rates less than or equal to the design rainfall intensity is assumed to be fully
treated, while stormwater runoff generated from rainfall rates exceeding the design
rainfall intensity is assumed to receive no treatment. The rainfall intensity
corresponding to 90% of the average annual rainfall can be determined by plotting
the rainfall intensity and drawing a line at which 90% of the rainfall is at or below
that intensity (see Figure A-1).

14

Figure A-1. Continuous Simulation Determination of 90% Rainfall Rate

15
16
17
18
19
20

In 2004, an analysis of four different rain gages representing the different quadrants
of Portland was performed. Long-term rainfall data from each of the four rain gages
was grouped into 5-minute, 10-minute, and 20-minute periods. The average rainfall
intensity was calculated for each of the 5-minute, 10-minute, and 20-minute periods
over the course of each rain gage record.

21
22
23
24
25

BES performed a new analysis in 2019 using 27 different rain gages (i.e., all of the
HYDRA rain gages with at least 20 years of active service) as shown in Table A-2. The
rainfall depths corresponding to 90% of the rainfall for each rain gage were
calculated and these values were translated into a rainfall intensity using the
calculation below:

26

Intensity �hr� = Rainfall depth over x minutes (inches) × x minutes

in

60 minues
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Table A-2. Rainfall Intensity Analysis for 90% of Rainfall (for 5-minute periods)
H2
Number
1
2
3
4
6
7
10
12
14
20
21
41
48
58
64
72
115
121
137
145
146
152
153
130
144
147
125

Station Name

5-minute
Rainfall Depth
(inches)

5-minute Intensity,
(in/hr)

Ankeny Fire Station
Skyline School
Sauvies Island School
Sylvania PCC
Mt. Tabor Yard
Hayden Island Pump Station
Collins View School
Fernwood School
Kelly School
Gresham Fire Station
Holgate Pump Station
Vernon School
Open Meadows School
Bonny Slope School
Harney Pump Station
Fremont Pump Station
Mallory Pump Station
Yeon Pump Station
Marine Drive Pump Station
Pleasant Valley School
Cottrell School
Beaumont School
Cascade PCC
Linnton Pump Station
Columbia STP
Skyline Fire Station
Guilds Lake Pump Station

0.0145
0.0130
0.0136
0.0128
0.0137
0.0134
0.0138
0.0136
0.0141
0.0157
0.0138
0.0141
0.0142
0.0128
0.0144
0.0128
0.0136
0.0146
0.0132
0.0147
0.0148
0.0142
0.0135
0.0136
0.0133
0.0152
0.0139

0.174
0.156
0.163
0.154
0.164
0.161
0.166
0.163
0.169
0.188
0.166
0.169
0.170
0.154
0.173
0.154
0.163
0.175
0.158
0.176
0.178
0.170
0.162
0.163
0.160
0.182
0.167

4
5
6

For each duration and percentage of average annual rainfall analyzed, the intensities
from all of the rain gages were averaged (see Table A-3). This analysis confirmed the
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water quality rainfall intensities from the 2004 analysis meet or exceed the
intensities corresponding to 90% of the average annual rainfall (see Table A-4).

3

Table A-3. Average of gage results for intensity (in/hr) (2019)
Percentage of Average
Annual Rainfall
60th
65th
70th
75th
80th
85th
90th

4

Rainfall data time steps (minutes)
5

10

15

30

0.068
0.076
0.085
0.095
0.107
0.127
0.166

0.053
0.059
0.069
0.082
0.098
0.119
0.155

0.048
0.056
0.066
0.077
0.092
0.113
0.146

0.042
0.05
0.058
0.068
0.081
0.099
0.127

Table A-4. Pollution Reduction Storm Analysis (2004)
Average Intensity
Intensity by Quadrant Rainfall Depth (in)
(in/hr)
5 min (NW)
5 min (SW)
5 min (SE)
5 min (NE)
10 min (NW)

0.19
0.19
0.20
0.19
0.15

10 min (SW)

0.15

10 min (SE)

0.165

10 min (NE)

0.16

20 min (NW)
20 min (SW)
20 min (SE)
20 min (NE)

0.13
0.12
0.14
0.135

0.19

0.16

0.13

5
6
7
8
9
10
11

Volume-Based and Rate-Volume-Based
The volume of a rainfall event depends upon how a storm event is defined. To separate
a rainfall record into discrete storm events, an interevent period (i.e., a break in the
rainfall long enough to consider the storm to have ended) must be defined. The
interevent period defines the minimum time between storm events. In this analysis, the
City defined the interevent period as a 12-hour consecutive period with no more than
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0.04 inches of rainfall. A rainfall depth of 0.04 inches was used because it is considered
to be the maximum rainfall depth that does not generate runoff from an impervious
surface using a curve number of 98 per the SBUH method.

4
5
6
7
8
9
10

BES analyzed the rainfall data from twenty-seven different rain gages (i.e., all of the
HYDRA rain gages with at least 20 years of active service) to group the data into
discrete storm events. These storm events were then arranged in increasing order.
Since the goal is to treat the runoff from 90% of the average annual rainfall, the
treatment storm depth is set to the storm at which 90% of the average annual
rainfall from runoff-producing storm events is from storms equal to or smaller than
that depth (see Figure A-2).

11
12

Figure A-2. Continuous Simulation Determination of 90% Treatment Volume

13
14
15
16
17
18
19
20

The SWMM’s storm events are designed as 24-hour events with a Type IA rainfall
distribution. The water quality storm is based on all runoff-producing storm events
(whether they are longer or shorter than 24-hours) and condenses them into a
standardized model, with a standardized peak. The water quality design storm
representing 90% of runoff-producing rainfall was calculated to be 1.61 inches and
this is distributed in 10-minutes increments over a 24-hour period as shown in the
City’s hyetograph (see Appendix A-2).

21
22
23
24
25
26

Conclusion
The City’s new water quality design storm is 1.61 inches of rainfall over 24 hours
with an NRCS Type 1A rainfall distribution. The rate-based water quality storm
rainfall intensities remain unchanged: 0.19 in/hr for a site with a 5-minute time of
concentration, 0.16 in/hr for a site with a 10-minute time of concentration, and
0.13 in/hr for a site with a 20-minute time of concentration.
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Appendix
1
A-3. Sizing Methods
2
3
4

This appendix describes two main sizing methods: the Rational Method and the
Santa Barbara Urban Hydrograph (SBUH) method. These methods are also described
in the City’s Sewer and Drainage Facilities Design Manual (SDFDM).

5
6
7
8
9
10
11

Both methods take into account the site’s characteristics to estimate runoff from a
given rainfall; the Rational Method uses a runoff coefficient and the SBUH Method
uses a curve number. BES studied the United States Department of Agriculture
Natural Resources Conservation Service (NRCS) soil groups in the City and correlated
the runoff coefficients and curve numbers to these soil groups. Figure A-3 shows soil
groups throughout the City; for more specific soil information, the NRCS Soil Survey
should be used. Table A-5 provides a description of each soil group.

12

Figure A-3. Soil Groups

13
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Table A-5. NRCS Hydrologic Soil Group Descriptions
Soil Infiltration
Soils Consist Chiefly of
Group
Rate1
A

High

B

Moderate

C

Slow

D

Very slow

Deep, well drained to excessively drained sands or gravels.
Moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture.
Soils that have a layer that impedes the downward movement of
water or soils that have moderately fine texture or fine texture.
Clay soils that have a high shrink-swell potential, soils that have a
permanent high water table, soils that have a fragipan or clay layer
at or near the surface, and soils that are shallow over nearly
impervious material.

2
3

1 These rankings (i.e., high to very slow) are when the soil is thoroughly wet and also apply to the rate of water
transmission.

4
5
6
7
8
9

Rational Method

The Rational Method is the method approved by the Bureau of Environmental
Services (BES) for determining peak flow rates for rate-based facilities. The Rational
Method estimates a peak runoff rate at any location in a catchment area of up to
10 acres in area with a time of concentration (tc) of up to 30 minutes using the
following equation:

10
11
12
13
14
15
16

Q = ciA

Where
Q = Peak stormwater runoff rate, cfs
c = Runoff coefficient representing a runoff to rainfall ratio, dimensionless
i = Average rainfall intensity for a design storm duration equal to tc
A = Drainage area contributing to the point-of-interest, acres.
Table A-6. Average Rainfall Intensity, i
Design Storm Time of Concentration (minutes)
10-year

1

Water Quality

17
18
19

5
10
20
5
10
20

Rainfall Rate (inches/hour)
2.86
2.00
1.38
0.19
0.16
0.13

1 The SDFDM contains 10-year rainfall intensities for time of concentrations (tc) that are as small as 5 minutes,
as large as 30 minutes (the maximum tc that can be used with the Rational Method), and every minute in
between.
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Santa Barbara Urban Hydrograph Method

The Santa Barbara Urban Hydrograph (SBUH) method was developed by the Santa
Barbara County Flood Control and Water Conservation District to determine a runoff
hydrograph for an urbanized area. The SBUH method is the method approved by the
City for determining runoff for volume-based facilities and rate-volume-based
facilities. The SBUH method depends on several variables: the contributing area, the
time of concentration (Tc), the runoff curve numbers (CN), and the design storm.

8
9
10

Contributing Area
The contributing area is the area that drains to the stormwater facility. The
contributing area must be quantified in order to evaluate the resulting site runoff.

11
12
13
14
15

Time of Concentration
The time of concentration, Tc, for a stormwater facility is the time for the runoff
from the entire contributing area to reach the stormwater facility. Tc is derived by
calculating the overland flow time and the channelized flow time. Tc depends on
several factors, including ground slope, ground roughness, and distance of flow.

16
17
18
19

In the SBUH method, the minimum Tc that can be used is half the time step. Since
the City’s hyetograph uses 10-minute time steps, the minimum Tc that can be used
with the City’s hyetograph is 5 minutes. To calculate Tc, refer to BES’s SDFDM. If the
minimum calculated Tc is less than 5 minutes, use a Tc of 5 minutes.

20
21
22
23
24
25
26

Curve Numbers
Curve numbers (CNs) were originally developed by the NRCS to translate rainfall into
runoff. The higher the CN, the more runoff for a given rainfall depth. The CN changes
with development; pre-development CNs in the City have been correlated to the
site’s soil group and post-development CNs depend upon the post-development
surface. The CNs shown in Table A-7 should typically be used. The SDFDM provides
post-development CNs for other surfaces.

27

Table A-7. Curve Numbers
Development Status
Pre-development

Post-development

Area Description

A
B
Soil Group
C
D
Unidentified
Impervious area
Ecoroof

Curve Number
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If a contributing area has distinct subareas with different CNs, a weighted CN can be
used for the entire site. The weighted CN is calculated as follows:
Weighted CN =

(Area 1 × CN of Area 1) + (Area 2 × CN of Area 2)
Area 1 + Area 2

Design Storm
The SBUH method also requires a design storm to perform the runoff calculations.
For volume-based and rate-volume-based facilities, a design storm is composed of
two parts: the total depth of rainfall and the distribution of that rainfall over a
specified period.

9
10
11

Depth of Rainfall: The depth of rainfall increases as the recurrence interval
increases. A 100-year design storm is larger and rarer than a 2-year design storm.
The 2-, 5-, 10-, 25-, and 100-year design storm depths are shown below in Table A-8.

12

Table A-8. 24-Hour Rainfall Depths at Portland Airport
Recurrence Interval
24-Hour Rainfall Depth
(Years)
(Inches)

13

2
5
10
25
100

2.4
2.9
3.4
3.8
4.7

14
15
16
17
18
19
20
21

Distribution of Rainfall: During a storm event, rainfall intensities vary over time. The
design hyetograph in Figure A-4 is a Portland-modified NRCS 24-hour Type 1A
hyetograph and establishes a given fraction of rainfall for each 10-minute time step
over a 24-hour period. The design distribution of rainfall begins and ends with a low
intensity (0.4% of the rainfall occurs during each of the first ten and last forty-four
10-minute time steps). The peak intensity begins 7 hours and 40 minutes after the
storm begins and lasts for 10-minutes; during this peak 10-minute period, 5.4% of
the rainfall occurs.

22
23
24
25

Calculating the Design Storm: The design storm consists of the design rainfall depths
distributed in 10-minute time steps over a 24-hour period according to the design
hyetograph. The rainfall depth during each 10-minute time step of the 24-hour
storm is calculated as follows:

26

Rainfall Depth during time step = Design Rainfall Depth ×
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1

Figure A-4. NRCS 24-Hour Type 1A Hyetograph

2

3
4

Last revision 7/13/1998 Bureau of Environmental Services, Portland, Oregon.
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Appendix A-4. Simplified Approach Sizing Calculations
BES evaluated facility designs and sizes appropriate for small development sites. The
process included a review of technical literature, review of BES monitoring data,
calculations, and theoretical analysis (see Table A-9). The sizing factors on the Simplified
Approach Form were developed as a simple site planning tool for small projects and to
accelerate permit review and approval. Generalized assumptions were used and are
documented in the Simplified Sizing requirements in Section 2.5.4. Except for rain
gardens, facilities sized through this approach assume that there is an overflow to an
approved discharge point. Facilities built to the standards of the Simplified Approach are
assumed to meet pollution reduction and flow control requirements.
Table A-9. Simplified Sizing Spreadsheet Column Descriptions
Column

Column (1)
Column (2)

Column (3)
Column (4)
Column (5)
Column (6)
Column (7)
Column (8)
Column (9)

Description

Time in Minutes
Inflow (cfs)
Note: Contributing Impervious area = 10,000 ft2
Time of concentration = 5 minutes
Curve number = 98
Design storm = 10-year design storm (3.4 inches/24 hours)
Soil infiltration Rate = 2 inches/hour
Inflow volume (cf) = Inflow (cfs) x 60 (sec/min) x 10 (min)
Cumulative Volume (cf) = Inflow volume (cf) + Inflow of previous step (cf)
Infiltration (cfs) = If(Inflow<Max infiltration, Inflow, Maximum Infiltration)
Maximum Infiltration (cfs) = Infiltration area (sf) x Infiltration rate (ft/s)
Incremental Storage (cf) = [Inflow(cfs) – Infiltration (cfs)] x 60 (sec/min) x
10 (min)
Cumulative Storage (cf)
Percentage Storage Capacity = Cumulative Storage/Facility Storage x 100
Planter Facility Storage = Facility Bottom Area (sf) x Storage Depth (ft)
Note: Facility Type = Planter
Facility Bottom Area = 650 (6.5% of contributing impervious area)
Facility Storage Depth = 1 ft
Storage capacity does not exceed 100% and the maximum depth of
12 inches is not exceeded. Facility sizing does not result in an overflow
condition.
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Appendix A-5. Presumptive Approach Calculator
The Presumptive Approach Calculator (PAC) was developed to provide design
professionals a standard tool for sizing basins and planters (both flat and sloped
versions) with typical details and configurations in accordance with the City of
Portland Stormwater Management Manual. In conjunction with the 2020 SWMM,
The PAC was updated in 2020 to provide new capabilities, including designing
facilities with orifices, partial rock galleries, and partial infiltration.

Pre-requisites for Designing City-Authorized Facilities

Professional judgment is required to design facilities with the PAC. To design a Cityauthorized facility using the PAC, the designer must be a licensed design
professional, such as an Oregon-registered professional engineer or a registered
landscape architect. The designer must also be familiar with the area requiring
stormwater management and aware of the site constraints that limit the dimensions
and design of the stormwater facility. Prior to using the PAC to design a stormwater
facility for City approval, the designer must have the following information:
• Results from infiltration testing of the native soil or fill or documentation
demonstrating why site constraints prevent infiltration.
•

A site design layout that shows the grading, identifies impervious areas and the
type(s) of impervious material, delineates the drainage areas from all impervious
surfaces, and identifies site constraints (e.g., waterways, easements, property
lines, buildings, and foundations).

The information in the stormwater report must be consistent with the information
the designer enters into the PAC. The City will require a new stormwater facility
design if the site design substantially changes (e.g., the impervious area increases) or
the proposed location or depth of the facility changes such that the infiltration
testing is no longer representative of the soil in which stormwater will infiltrate.

Access (My Projects Page)

The online Stormwater PAC initially displays an introductory page. After reading the
introduction, clicking the button “I understand. Take me to the PAC” directs users to
a page that allows them to create a PortlandOregon.gov account or log in with their
existing account. To use the PAC, users must create a PortlandOregon.gov account if
they do not already have one and sign in with their account. Once signed in, the PAC
opens the My Projects page. This page allows a user to open an existing project by
clicking on the name of a project under the “Project Name” column or create a new
project by clicking the “Create New Project” button.
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Creating a New Project (Project Details Page)

Selecting the “Create New Project” button on the My Projects page or “Edit Project
Details” button on the Project Overview page opens the Project Details page. This
page requires the user to enter information for all of the parameters below, except
for “Permit No.”, which should only be entered if the project has a permit number.
Project Name. This is the name of the development proposal or capital
improvement project (CIP) if it has been named; otherwise it is a user-created name,
such as the primary site address for the taxlot(s).
Address. This is the primary site address to facilitate locating the stormwater facility.
The postal address or site address should be used for projects on taxlots (i.e., private
projects). Street names with nearby intersections should be used for projects in the
right-of-way (i.e., public projects).
City. This is the name of the city in which the project is located. If it is not within a
city limit, the user should indicate the City it is near (e.g., “near Portland”).
Zip Code. This is the zip code in which the development is located. The user must
enter a valid zip code.
Designer. This is the name of the designer of the stormwater facility.
Company. This is the name of the company for which the designer works.
Project Summary. This is a brief description of the project and the stormwater
facility. This should be only a few sentences.
Only for
projects
with a
permit #

Permit No. This is the land use case number, building permit number,
public works permit number, or CIP project number associated with
the facility. All of the numbers that apply should be included. If there
are no numbers assigned to the project, this should remain blank.

Once all of the required information has been entered, the user can create the
project by clicking the “Create Project” button. This creates a new project and takes
the user back to the My Projects page.

Opening an Existing Project (Project Overview Page)

Selecting a project in the My Projects page by clicking on a project name within the
“Project Name” column opens the Project Overview page. The Project Overview page
shows the information from the Project Details page and allows the user to either
edit this information by clicking on the “Edit Project Details” button. It also allows
the user to add a catchment for the project by either importing catchment details or
clicking the “Add Catchment” button or edit a catchment by clicking the “Catchment
Details” button.
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Adding Site Parameters (Catchment Details Page)

All of the impervious area must be addressed at a site; sometimes this requires
multiple facilities. If multiple facilities are needed, the user must enter a separate
catchment for each facility. Selecting the “Add Catchment” button or “Catchment
Details” link on the Project Overview page opens the Catchment Details page. The
Catchment Details page allows the user to enter the catchment details (i.e., site
parameters).
This page requires the user to enter information for all of the parameters below,
except for “Tested Infiltration Rate”, which is to be entered if a testing procedure
has been done for the project. Using the Santa Barbara Urban Hydrograph method
with these catchment details, the PAC calculates the pre-development and postdevelopment stormwater runoff outflow hydrograph for the area that will be
impervious after development. The post-development stormwater runoff outflow
hydrograph for the impervious area is the stormwater facility inflow hydrograph.
Catchment Name. This is the name the user assigns to the catchment. For projects
with multiple catchments, each catchment must be given a different name.
Hierarchy Level. This is the set of requirements the facility must be designed to
meet. It is based upon the facility’s discharge point. The manual describes how to
determine which hierarchy level is acceptable for a given project. The City has the
authority to require a specific hierarchy level be met.
•

Level 1: Onsite Infiltration. This level should be selected unless site constraints
prevent infiltration or the facility is a water quality-only facility that discharges to
an underground injection control.

•

Level 2a: Water Quality-Only. This level should be selected for a facility that
discharges 1) to a UIC or 2) to the Columbia Slough, Willamette River, or
Columbia River, either directly or via an adequately sized storm-only system.

•

Level 2b: Water Quality and Flow Control for Streams and the Storm System. This
level should be selected for a facility that discharges, either directly or via a
storm-only system, to a waterbody other than the Columbia Slough, Willamette
River, or Columbia River.

•

Level 2c: Water Quality and Flow Control for the Storm System Only. This level
should be selected for facilities that discharge through a storm-only system that
outfalls directly to the Columbia Slough, Willamette River, or Columbia River if
pipe capacity is a concern.

•

Level 3: Flow Control for the Combined System. This level should be selected for
facilities that discharge to the combined system.
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Infiltration Testing Procedure. This is the method used to determine the infiltration
rate for soil in the vicinity of the stormwater facility. If site constraints require a lined
facility without the need for an infiltration test, the user may select that testing is
not applicable (N/A). However, most projects require infiltration testing. The user
must select one of the following:
• Open pit
• Encased
• Double-ring infiltrometer
• N/A
Required
unless there
was no
infiltration
testing

Tested Infiltration Rate. This is the speed, in in/hr, at which water
within an infiltration test pit dropped during infiltration testing. In
other words, this is the field-measured infiltration rate without
applying any correction factors. The PAC automatically applies a
correction factor of 2 for the open pit and encased tests and a
correction factor of 1 for the double-ring infiltrometer test.

Impervious Area. This is the area of impervious surfaces, as measured in square feet
from a plane surface, that will drain to the stormwater facility. Impervious surfaces
are surfaces that significantly reduce infiltration, such as rooftops or areas covered
with traditional pavement or concrete. Permeable pavement designed to infiltrate
direct rainfall into the subsurface is not counted as impervious area.
Curve Number (Pre- and Post-Development). This is a rough estimate of the
impervious area’s capacity to retain rainfall both after development (i.e., postdevelopment) and before it became impervious, in its natural, undeveloped state
(i.e., pre-development). For a given storm, the higher the curve number, the smaller
the fraction of rainfall retained onsite and the higher the fraction of stormwater
runoff generated. The recommended pre-development curve numbers are 72 for
soil type B, 79 for soil type C, and 81 for soil type D. The recommended postdevelopment curve number is 98 for typical impervious surfaces.
Time of Concentration (Pre- and Post-Development). This is the longest time it is
calculated to take, in minutes, for stormwater runoff to travel through the
catchment area, or 5 minutes, whichever is longer. The post-development time of
concentration is the time it takes for stormwater runoff that originates from the
furthest area (time-wise) to reach the stormwater facility after development. The
pre-development time of concentration is the time it takes for stormwater runoff to
reach the discharge point of the catchment area in its natural, undeveloped state.
Due to the limitations of the Santa Barbara Urban Hydrograph Method with 10minute time steps, the minimum allowable time of concentration is 5 minutes. If the
calculated time of concentration is less than 5 minutes, 5 minutes must be used.
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Adding Facility Parameters (Facility Details Page)

The user must add exactly one facility for each catchment. Clicking the link “Add
Facility” or the link with the facility name on the Project Overview page opens the
Facility Details page. This page allows the user to enter the catchment details
(i.e., site parameters). The user can also access this page after saving the catchment
on the Catchment Details page if the user selects the option “Go to facility details
after saving” at the bottom of the Catchment Details page.
Overview of Facility
With the PAC, a user can design a flat planter or flat basin of any shape, and a sloped
planter or basin (i.e., a sloped facility) with a rectangular shape. All facilities must
include the standard blended soil, but the user can choose whether the facility has
various combinations of other components such as a rock gallery, an underdrain, an
orifice, or a liner. See Table A-14 and Table A-15 for allowed parameter values.
Type. This is one way the City classifies a facility; it is based upon the location of the
facility, which can either be in the public right-of-way or on a parcel. Facilities in the
public right-of-way have different design constraints than either public or private
facilities on parcels. The user must select one of the following two facility types:
•

Public (for facilities in the public right-of-way)

•

Private (for all other facilities including, but not limited to privately-owned
parcels, City-owned parcels, and other parcels)

Category. This is another way the City classifies a facility; it is based upon the
general slopes of the facility. If the longitudinal slope of the bottom of the facility is
4% or greater, the facility is a “sloped facility” and requires check dams. If the
longitudinal slope of the bottom is less than 4%, the bottom is considered to be flat
and the facility is either a basin or a planter. A planter has vertical side walls made of
a durable material such as concrete while a basin has sloping sides comprised of
blended soil planted with vegetation. The user must select one of the following
three facility categories:
• Basin (i.e., flat bottom with sloped sides)
• Planter (i.e., flat bottom with vertical sides)
• Sloped Facility (i.e., sloped bottom with either sloped or vertical sides)

Facility Category Names

Naming conventions have been updated in the PAC. The old PAC used the term
“swale” for a sloped facility with sloped sides and the term “sloped planter” for a
sloped facility with vertical sides. If the facility would have been deemed a
“swale” or “sloped planter” in the old PAC, the user should select “sloped
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Only
required for
flat basins;
optional for
flat planters

Facility Shape. This is the shape of the facility from an aerial view. The
PAC can only design sloped facilities with rectangular shapes but can
design planters and basins of any shape. The facility shape is only
required for basins because, as water rises along the sloped sides of a
basin, the water’s surface area increases based on a combination of
the slope and shape. If the facility is not rectangular, the user can
select either “amoeba” or “user-defined” for the same shape. The
“amoeba” shape typically results in an underestimate of the actual
surface storage volume and area but requires simpler input by the
user. The user-defined shape gives more precise results but requires
the user to calculate the water’s surface area when the water is at the
elevation of the top overflow. If the user selected ‘basin’ as the facility
category, the user must select one of the following shapes:
•
•
•

Rectangle (or square)
Amoeba (i.e., non-rectangular shape)
User-defined (i.e., non-rectangular shape)

Facility Shape

When designing a basin with an amoeba or user-defined
shape, the designer may save time by starting with a rectangle
shape to estimate the size needed to meet the requirements
and then switch to the desired shape to fine-tune the size.
Only for
basins with a
rectangle or
amoeba
shape

Side Slope (Left and Right). This is the horizontal distance, in feet, that
the side-slope travels with each foot of vertical rise (i.e., the “x” in an x:1
slope). The right and left sides may be chosen arbitrarily. The PAC uses
the side slopes of basins with a rectangular or amoeba shape (along with
other parameters) to estimate the volume of surface storage.

Only for
basins with
an amoeba
shape

Perimeter Length of Bottom Area. This is the length, in feet, of the edge
along the flat bottom area, excluding the side slopes. The PAC uses the
perimeter length of the bottom area (along with other parameters) to
estimate the volume of surface storage for these facilities.

Only for
basins with a
user-defined
shape

Surface Area at the Highest (or Only) Overflow. This is the area, in
square feet, of the water’s surface when it is at the elevation of the
highest (or only) overflow. The PAC uses this (along with other
parameters) to estimate the volume of surface storage.

Configuration. This is the combination of main selectable components that create
the facility structure. All PAC facilities include blended soil; the main selectable
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components are a rock gallery, an underdrain, a liner, and an overflow to the rock
that is either separate from the outflow or connected to the outflow. The PAC can
design facilities of six types of configurations as shown in Table A-10.

A
B

Full Infiltration or Partial
Infiltration
Full Infiltration or Partial
Infiltration
Partial Infiltration

x

x

D

Lined (No Infiltration)

x

x

x

x

x

x

F

Hybrid – Full Infiltration or
Partial Infiltration
Hybrid –
Partial Infiltration

Separate from
the Outflow

Connected to
the Outflow

x

C

E

Liner

Infiltration Level

Underdrain

#

Rock Gallery

Table A-10. Components of the PAC Facility Configurations
Facility Components
Facility Configuration
Overflow Directed to Rock

x
x
x

The user must select one of the following configurations. If the user selected
hierarchy level 1 (full infiltration), the PAC limits the facility configuration options to
A, B, or E, as these are the only configurations that provide full infiltration.
•

Configuration A – This is the
simplest configuration and the only
one without a rock gallery. It is best
applied when the native soil
infiltration rate is equal to or greater
than the blended soil infiltration
rate of 6 in/hr.
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•

Configuration B – This is the second
simplest facility configuration in the
PAC. It has a rock gallery to provide
subsurface storage for slowerinfiltrating soils and is best applied
when the native soil infiltration rate is
between 2 in/hr and 6 in/hr.

•

Configuration C – This facility
configuration has a rock gallery that
provides subsurface storage for slowerinfiltrating soils and a perforated pipe
that allows filtered stormwater to
discharge offsite when the stormwater
backs up in the rock gallery. It is best
applied when the native soil infiltration
rate is less than 2 in/hr.

•

Configuration D – This is the only
facility configuration with an
impermeable liner. The liner is placed
over the facility-subsurface interface
and along the facility sides to prevent
subsurface infiltration. This facility
configuration should only be selected if
site constraints require a liner.

•

Configuration E – This facility
configuration allows stormwater
runoff to bypass the blended soil and
still infiltrate to the subsurface during
large events. It is best applied when
the native soil infiltration rate greatly
exceeds 6 in/hr. As a hybrid facility
(i.e., because it includes an
underground injection control (UIC)),
it requires registration with the
Oregon Department of Environmental
Quality (DEQ).
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•

Configuration F – This facility
configuration allows stormwater
runoff to bypass the blended soil and
sometimes still infiltrate to the
subsurface during large events. This
option is best applied only on rare
occasions. As a hybrid facility, it
requires registration with DEQ.
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Orifice. This is a restricted opening on the outflow to the underdrain
Only for
configuration to limit peak outflow. The PAC can only design orifices on freedraining pipes that receive only stormwater that has been filtered
C and D
through the blended soil (i.e., the underdrain in configurations C
and D). If the user selected configuration C or D, they must indicate
whether the facility will have an orifice on the underdrain.

Choosing if an Orifice is Required

Orifices are not required for facilities with a hierarchy level of 1
or 2a or for facilities that manage stormwater from impervious
areas that are so small, the outflow cannot be sufficiently
restricted by a 3/8-inch diameter orifice. Table A-11 shows the
largest impervious areas for various curve numbers and hierarchy
levels that would likely not require an orifice.
Table A-11. Largest Impervious Area not Requiring an Orifice
Hierarchy
Largest Area not requiring an orifice based
Level
on a post-development curve number of 98
and a pre-development CN as listed below.
CN = 72
CN =79
CN =81
2b
9,500
5,000
1,200
2c
3,000
1,500
700
3
2,500
1,500
600
Only for
configuration
C and D
that have
no orifice

Explanation why the Design has no Orifice. This is the reason why
the user selected that the facility will not have an orifice. If the user
selects no orifice on a facility with configurations C or D, the user
must select one of the following answers to explain why the design
does not include an orifice:
• Water-quality-only facility (i.e., the hierarchy is level 2a and flow
control is not required)
• Facility meets flow control without an orifice (e.g., the hierarchy is
level 1 and flow control is met via infiltration)
• Catchment area too small (i.e., the hierarchy is level 2b, 2c, or 3
and the impervious area contributing stormwater runoff to the
facility is so small that an orifice with a diameter smaller than 3/8
of an inch would be needed to meet flow control requirements
(see Table A-11).

The information provided to the City in the stormwater report must support the
selected answer.
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Facility Dimensions
The user’s selection of the facility configuration, category, and shape determine
which facility dimensions the PAC displays. Once all of the facility dimensions are
entered, the PAC calculates whether the facility passed or failed to meet the
requirements of the selected hierarchy level. The user may need to adjust the
dimensions of the facility or may need to select different facility components to
meet the requirements of the selected hierarchy level.
Bottom Surface Area. This is the area of the bottom of the surface storage (i.e., the
top of the blended soil), in square feet, not counting any side-slopes.
Surface Storage Depth. This is the vertical distance, in inches, from the top of the
blended soil to the top of the overflow pipe. The surface storage depth is restricted
by the PAC to the following maximum surface storage depths: 18 inches for private
facilities and 9 inches for public facilities.
Blended Soil Depth. This is the thickness of the blended soil, in inches, as measured
in a location that is not above rock. A typical blended soil depth is 18 or 24 inches.
Only for
configuration
A, B, C, E, F
(not D)

Bottom Area of Infiltration (%). This is the percentage of the bottom
area that allows infiltration to the subsurface soil. This value should
be 100% unless there is an obstruction (e.g., a partial liner)
preventing infiltration from a portion of the bottom area.

Only for
configuration
B, C, D, E, F
(not A)

Rock Storage Depth. This is the thickness of the rock gallery, in
inches. A typical rock storage depth is 12 inches.

Optional
and only for
configuration
B, C, D, E, F
(not A)
Only if Rock
Storage Area
Overwrite is
not left blank

Bottom Width. This is the average width of the bottom of the surface
storage, in feet, not counting any side-slopes, as measured
perpendicular to the longitudinal slope. The PAC uses the bottom
width to calculate the quantity and area of rock and the length of any
underdrain.
Rock Area Overwrite. This is the area of the rock gallery, in square
feet. It is an optional entry and can be up to 1/3 the area of the
bottom of the surface storage. If this entry is filled in, it overwrites
the PAC-calculated rock storage area. If this entry is left blank, the
PAC calculates a partial rock storage area based upon the dimensions
of the bottom of the surface storage.
Rock Width Overwrite. This is the width of the rock gallery, in feet,
as measured perpendicular to the longitudinal slope. It is only
required (and only displayed) if the user is overwriting the PACcalculated rock storage area with their own entry (i.e., if the “Rock
Area Overwrite” is not blank).
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Only for
configuration
C, D, E, F
(not A, B)
Only for
facilities
with
orifices

Rock Storage Depth below the Underdrain. This is the vertical
distance, in inches, from the bottom of the facility (i.e., where the
facility meets the subsurface) to the invert elevation of the
underdrain. This is typically 4 inches.
Orifice Diameter. This is the diameter of the orifice on the
underdrain, in inches. The PAC allows users to select orifice
diameters as small as 3/8 of an inch and choose larger sizes in 1/8”
increments.

Designer Tip: Orifice Sizing

Selecting an appropriately sized orifice can require an iterative
solution. An orifice that is too large for a given facility will allow
too much filtered water to flow out; an orifice that is too small
for a given facility will back up stormwater in the system such
that too much unfiltered water overflows. Sometimes the
surface storage (i.e., the bottom area, side slopes, longitudinal
slope and depth) requires adjustment and sometimes the orifice
size requires adjustment.
The PAC provides a suggested orifice diameter to begin sizing,
but to minimize the facility size, the design may require a
smaller or larger orifice than the originally suggested diameter.
Overflow E Height. This is the vertical distance, in inches, from the
Only for
configuration top of the blended soil to the top of the separate piped overflow to
the rock (i.e., the height of overflow E as measured from the top of
E
the blended soil).
Only for
configuration
E
with a
user-defined
shape

Surface Area at Overflow E. This is the area, in square feet, of the
water’s surface when the water is at the elevation of the top of the
separated piped overflow to the rock (i.e., the surface area of the
water when it is just about to crest overflow E).
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Only for
sloped
facilities

SLOPED FACILITIES
Sloped facilities are divided by check dams into segments. The PAC
does not limit the number of segments allowed. For each segment
the user is required to input the dimensions described below.
Slope. This is the longitudinal slope as measured by the rise over the
run (ft/ft) of the facility along the bottom of the surface storage. The
maximum allowable slope is ______.
Segment Length. This is the distance, in feet, as measured along the
bottom of the surface storage area (i.e., the top of the blended soil),
from the center of one checkdam to the center of the next checkdam
or from the end of the facility to the center of the nearest checkdam.
Downgradient Depth. This is the maximum depth of water, in inches,
as measured from the low-elevation end of the segment, when the
surface storage is at its maximum capacity (i.e., the surface storage is
full of water).
Bottom Surface Width. This is the width of the bottom of the surface
storage (i.e., top of the blended soil), in feet, not counting any sideslopes, as measured perpendicular to the longitudinal slope. The PAC
uses this to help determine if the facility can fit within the landscape
width. If the facility has a rock gallery, the PAC also uses the bottom
surface width (along with other parameters) to calculate the length
of any underdrain and the quantity and area of rock in the final (i.e.,
lowest elevation) segment.
Check Dam Width. This is the width of the checkdam, in inches, as
measured along the flow path. The check dam width is typically the
narrow dimension of the check dam. The PAC subtracts the
checkdam width from the segment length to calculate the volume of
surface storage.
Landscape Width. This is the width of the landscaped area, in feet, in
which the facility will be located. If the landscape width is insufficient
to contain the facility, the PAC will state that the facility fails.
Side-Slope (Right and Left). This is the horizontal distance in feet that
the side-slope travels with each foot of vertical rise (i.e., the “x” in an
x:1 slope). The right and left sides may be chosen arbitrarily.
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Stormwater Runoff Calculations

The PAC analyzes stormwater runoff from various design storms and routes the
runoff from these design storms through the stormwater facility all in ten-minute
time steps. The PAC includes design rainfall from five fixed design storms (the water
quality and 2-year, 5-year, 10-year, and 25-year, 24-hour design storm). These
design storms are the same for the pre- and post-development condition. The PAC
calculates the runoff from each of these design storms and also calculates ½ the
runoff from the 2-year, 24-hour design storm for both the pre- and postdevelopment condition.
Stormwater facilities are only present after development. Therefore, only postdevelopment (not pre-development) stormwater runoff is routed through the
stormwater facility. The post-development stormwater runoff from each of the five
design storms and ½ the runoff from the 2-yr, 24-hour design storm is routed through
the stormwater facility. See Table A-12 for a summary of the analyzed scenarios.
Table A-12. Scenarios Analyzed
PAC Analysis
Component

Development
Status
Irrelevant

Rainfall over area
Stormwater runoff
over area
Stormwater facility
outflow

Before
Development

After
Development

x

Number of
Design
Storms
Analyzed
5

x

x

12

x

6

Hydrologic Analysis
Rainfall: Each of the five design storms has a fixed total rainfall depth which is
distributed across 24 hours in a fixed manner (see Appendix A-3 and Table A-13).
Table A-13. 24-Hour Design Rainfall Depths
Storm Event
24-Hour Rainfall Depth (Inches)
Water Quality

1.61

2-yr, 24-hr

2.4

5-yr, 24-hr

2.9

10-yr, 24-hr

3.4

25-yr, 24-hr

3.8
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Stormwater Runoff: The PAC calculates the stormwater runoff from both the predevelopment and post-development condition using the Santa Barbara Urban
Hydrograph Method (see the SDFDM and Appendix A-3). The PAC uses 10-minute
time steps for the analysis.
1. The PAC estimates a potential maximum retention, which is the potential
maximum depth of rainfall the site can retain onsite, and the initial abstraction,
which is the amount of rainfall that can occur during a storm before runoff
begins. The higher the curve number, the lower the initial abstraction.
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = (

1000
− 10)
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 0.2 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

2. The PAC compares the cumulative rainfall to the initial abstraction. If the
cumulative rainfall is equal to or less than the initial abstraction, no runoff
occurs. Once the cumulative rainfall exceeds the initial abstraction, runoff occurs
for the remainder of the design storm, and the cumulative runoff is calculated
using the following equation:
(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ −𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴)2

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ+(0.8×𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)

3. The PAC then calculates the stormwater runoff depth for each time step by
subtracting the previous time step’s cumulative runoff from the current time
step’s cumulative runoff.

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ(𝑡𝑡) − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ(𝑡𝑡−1)

4. Using the site-specific impervious area, the PAC calculates the volume of
stormwater runoff (i.e., instantaneous stormwater runoff) during each time step.
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =

(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 ×

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ
)�
12
600

5. The PAC routes the instantaneous stormwater runoff through the area being
analyzed to calculate the routed stormwater runoff during the time step.
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑡𝑡) = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑓𝑓(𝑡𝑡−1) +

600 × [𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑡𝑡) + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑡𝑡−1) − �2 × 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑡𝑡−1) �]
600 + (2 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑜𝑜𝑜𝑜 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶)

6. The PAC calculates the runoff volume during each time step. In the special case
of the ½ the 2-yr, 24-hr design storm, the 2-yr, 24-hr design storm is modeled
and the runoff volume from the 2-yr, 24-hr design storm is divided by two.
• For ½ the 2-yr, 24-hr design storm: 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 × 600⁄2

• For all other design storms in the PAC: 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 × 600
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Facility Capacity Calculations

The following are parameters (some of which have been converted from user-input
inches into feet) used in the facility capacity calculations (see Figure A-5):
•

Abottom = Surface Area at the bottom of the surface storage, ft2

•

Atop = Surface Area at the top of the surface storage, ft2

•

A75 = Surface Area of water when the surface storage is 75% full, ft2

•

AE = Surface Area at the top of the first overflow (for Configuration E only)

•

A75E = Surface Area at the top of the first overflow (for Configuration E only)

•

D= Surface Storage Depth, ft

•

D75 = 75% of the Surface Storage Depth, ft

•

DE = Surface Storage Depth to the top of the first overflow, ft

•

D75E = Depth from bottom of surface storage to 75% of the top of the first
overflow

•

V = Surface Storage Volume, ft3

•

V75 = Surface Storage Volume at 75% of the surface storage depth, ft3

•

VE = Surface Storage Volume to the top of the first overflow for Configuration E, ft3

•

W = Facility Width at the bottom of the surface storage, ft

•

L = Facility Length at the bottom of the surface storage, ft

•

P = Perimeter Length along the bottom of the surface storage, ft

•

Dsoil = Blended Soil Depth, ft

•

Drock = Rock Storage Depth, ft

•

Wrock = Rock Storage Width, ft

•

Arock = Rock Storage Area, ft2

•

X = Side slope, (X:1) (H:V)

•

Lsegment = Length of segment, ft

•

Wdam = Check Dam Width, in

•

Slope = Longitudinal Slope, ft/ft

•

Xright = Right side slope, (X:1) (H:V)

•

Xleft = Left side slope, (X:1) (H:V)

•

Ddwn= Surface Storage Depth at the downstream end, inches

•

D75dwn = 75% of the Surface Storage Depth at the downstream end, inches
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Figure A-5. Typical Cross-Section of a Facility

Surface Capacity
For all facilities, the PAC calculates the volume of the surface storage below the
overflow (and for configuration E, the volume of surface storage below overflow E).
The PAC also calculates the surface area of standing water when the water depth
within surface storage is equal to 75% of the surface storage depth.
Planters
Since planters have vertical walls, the surface area of standing water is always the
same, regardless of the depth of standing water.
A75 = A75E = Atop = Abottom

𝑉𝑉 = 𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 × 𝐷𝐷

𝑉𝑉𝐸𝐸 = 𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 × 𝐷𝐷𝐸𝐸 (for Configuration E only)

Basins
The surface area is based on the weighted average of the top and bottom areas for
user-defined basins and on the bottom area and side slopes of other basins.
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RECTANGLE SHAPE
𝐴𝐴75 = 𝐿𝐿𝐿𝐿 + 2(𝐿𝐿 + 𝑊𝑊)𝑋𝑋𝐷𝐷75 + 𝜋𝜋(𝑋𝑋𝐷𝐷75 )2
𝑉𝑉 = 𝐿𝐿𝐿𝐿𝐿𝐿 + (𝐿𝐿 + 𝑊𝑊)𝑋𝑋𝐷𝐷2 +

p𝑋𝑋 2 𝐷𝐷3
3

𝐴𝐴75𝐸𝐸 = 𝐿𝐿𝐿𝐿 + 2(𝐿𝐿 + 𝑊𝑊)𝑋𝑋𝐷𝐷75𝐸𝐸 + 𝜋𝜋(𝑋𝑋𝐷𝐷75𝐸𝐸 )2
𝑉𝑉𝐸𝐸 = 𝐿𝐿𝐿𝐿𝐷𝐷𝐸𝐸 + (𝐿𝐿 + 𝑊𝑊)𝑋𝑋𝐷𝐷𝐸𝐸 2 + p𝑋𝑋 2 𝐷𝐷𝐸𝐸 3 ⁄3

AMOEBA SHAPE

𝐴𝐴75 = 𝐴𝐴bottom + 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙 𝐷𝐷75 𝑋𝑋

𝑉𝑉 = (𝐷𝐷𝐷𝐷𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙 ⁄2) + (𝐴𝐴bottom 𝐷𝐷)
𝐴𝐴75𝐸𝐸 = 𝐴𝐴bottom + 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙 𝐷𝐷75𝐸𝐸 𝑋𝑋

𝑉𝑉𝐸𝐸 = (𝐷𝐷𝐸𝐸 𝑋𝑋𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙 ⁄2) + (𝐴𝐴bottom 𝐷𝐷𝐸𝐸 )

USER-DEFINED SHAPE

𝐴𝐴75 = (𝐴𝐴bottom × 0.25) + (A𝑡𝑡𝑡𝑡𝑡𝑡 × 0.75)
V = (𝐴𝐴bottom + 𝐴𝐴top ) × 0.5𝐷𝐷

𝐴𝐴75𝐸𝐸 = (𝐴𝐴bottom × 0.25) + (A𝐸𝐸 × 0.75)

V𝐸𝐸 = (𝐴𝐴bottom + 𝐴𝐴E ) × 0.5𝐷𝐷𝐸𝐸

Sloped Facilities
Since sloped facilities are divided by check dams into segments, the total area and
volume is the sum of the area and volume of each segment, respectively. Only
segments that are full can overflow the check dams and reach the final segment
with the overflow pipe(s). Therefore, for configuration E facilities, the storage below
overflow E is the cumulative surface storage volume of all but the final segment plus
the volume of surface storage to the top of overflow E of the final segment. See
Figure A-6 to Figure A-8.
1. The PAC calculates the upgradient depth of standing water for each segment.
𝐷𝐷𝑢𝑢𝑢𝑢 = 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑 − �𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆� 𝑜𝑜𝑜𝑜 0, 𝑤𝑤ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝐷𝐷75𝑢𝑢𝑢𝑢 = 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑 − �0.75 × 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆� 𝑜𝑜𝑜𝑜 0, 𝑤𝑤ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝐷𝐷75𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 − �0.75 × 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠 × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆� 𝑜𝑜𝑜𝑜 0, 𝑤𝑤ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
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2. The PAC then calculates the length of standing water for each segment.
𝐿𝐿100𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −
𝐿𝐿75𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −

𝑊𝑊𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑
𝑜𝑜𝑜𝑜
, 𝑤𝑤ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
2
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

𝑊𝑊𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝐷𝐷75𝑑𝑑𝑑𝑑𝑑𝑑
𝑜𝑜𝑜𝑜
, 𝑤𝑤ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
2
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

3. Next, the PAC calculates the areas and volumes for each segment.

𝐿𝐿75𝑠𝑠𝑠𝑠𝑠𝑠
× �2𝑊𝑊 + [(𝐷𝐷75𝑑𝑑𝑑𝑑𝑑𝑑 +𝐷𝐷75𝑢𝑢𝑢𝑢 ) × (𝑋𝑋𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑡𝑡 + 𝑋𝑋𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 )]�
2
𝐿𝐿75𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
=
× �2𝑊𝑊 + [(𝐷𝐷75𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +𝐷𝐷75𝐸𝐸𝐸𝐸𝐸𝐸 ) × (𝑋𝑋𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑡𝑡 + 𝑋𝑋𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 )]�
2

𝐴𝐴75𝑠𝑠𝑠𝑠𝑠𝑠 =

𝐴𝐴75𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠 =

𝐿𝐿100𝑠𝑠𝑠𝑠𝑠𝑠
𝐷𝐷𝑢𝑢𝑢𝑢 2 + 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑 2
× ([(𝐷𝐷𝑢𝑢𝑢𝑢 + 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑 ) × 𝑊𝑊] + [(
) × �𝑋𝑋𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑡𝑡 + 𝑋𝑋𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 �])
2
2

𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =

𝐿𝐿100𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝐷𝐷𝑢𝑢𝑢𝑢𝑢𝑢 2 + 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 2
× ([(𝐷𝐷𝑢𝑢𝑢𝑢𝑢𝑢 + 𝐷𝐷𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ) × 𝑊𝑊] + [(
) × �𝑋𝑋𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑡𝑡 + 𝑋𝑋𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 �])
2
2

4. Finally, the PAC calculates the cumulative areas and volumes for the facility.
𝑠𝑠𝑠𝑠𝑠𝑠=𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝐴𝐴75 = ∑𝑠𝑠𝑠𝑠𝑠𝑠=𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐴𝐴75𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑠𝑠𝑠𝑠𝑠𝑠=𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝐴𝐴75𝐸𝐸 = ∑𝑠𝑠𝑠𝑠𝑠𝑠=𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐴𝐴75𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝑠𝑠𝑠𝑠𝑠𝑠=𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑉𝑉 = ∑𝑠𝑠𝑠𝑠𝑠𝑠=𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠

𝑠𝑠𝑠𝑠𝑠𝑠=𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑡𝑡𝑡𝑡 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠
𝑉𝑉𝐸𝐸 = 𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + ∑𝑠𝑠𝑠𝑠𝑠𝑠=𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

Figure A-6. Sloped Facility Configurations A1, B, C & D2

1 For Configuration A, rock storage is eliminated.
2 For Configurations C & D, the final rock storage segment contains an underdrain that conveys filtered runoff to
an approved discharge point.
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Figure A-7. Sloped Facility Configuration E

Figure A-8. Sloped Facility Configuration F

Blended Soil Storage Capacity
For all facilities, the PAC calculates the blended soil storage capacity by assuming
that the blended soil available pore space is 10% at the start of the storm event. For
the rock facilities only, the PAC divides the blended soil into two sections: a section
next to the rock and a section above the rock.
Configuration A
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 × 0.1
Configurations B, C, D, E, and F

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = (𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ) × 𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 × 0.1

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = (𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ) × 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 × 0.1
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Configurations C, D, E, and F
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = (𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 − 𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ) × (𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ) × 0.1

Subsurface Rock Capacity
For facilities with rock, unless the user overwrites the PAC calculation, the PAC
calculates the rock storage area as being ¼ the length of the facility and 3 feet wide,
if there is space. For sloped facilities, all of the rock is in the final segment. If the final
segment is less than ¼ of the length of the facility, the PAC calculates the rock as
extending the full length of the final segment (i.e., less than ¼ the length of the
facility). For facilities narrower than 3 feet, the PAC calculates the rock as extending
the full width of the facility (i.e., less than 3 feet). The user can overwrite this
calculation by entering a value in the “Rock Area Overwite”.
Total Rock Storage (for configurations B, C, D, E, and F)
The PAC assumes the rock storage area has a 30% available pore space.
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 × 𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 × 0.3

Rock Storage Below Underdrain (for configurations C, D and F)
The rock storage below the underdrain is the pore space within the rock that can
hold water below the invert elevation of the underdrain. Water in this portion of
rock storage cannot discharge via the underdrain but, if the facility is unlined, can
infiltrate to the subsurface.
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑡𝑡𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 × 0.3

Rock Storage Above Underdrain (for configurations C, D, and F)
The rock storage above the underdrain is the pore space within the rock that can
hold water above the underdrain’s invert elevation. Water in this portion of the rock
may discharge via the underdrain or, if unlined, may infiltrate to the subsurface.
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 = 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 × (𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑡𝑡𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 ) × 0.3

Facility Routing Calculations

The facility routing calculations involve many steps, which are summarized in this
portion of the appendix.
The PAC uses the routed post-development stormwater runoff from the six
scenarios (i.e., the water quality storm event, the ½ the 2-year, 24-hour storm event,
and the 2-, 5-, 10-, and 25-year, 24-hour storm events) as inflow to the stormwater
facility. The PAC calculates everything in 10-minute time steps. Backup can occur
above the blended soil or from below the blended soil, as described below:
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•

If the inflow rate exceeds the blended soil filtration rate, stormwater will back up
within the surface storage up to the point of the overflow pipe.

•

If the rate of stormwater runoff that has filtered through and is exiting the
blended soil exceeds the sum of the bottom area’s infiltration rate and any
underdrain’s peak discharge rate, stormwater will begin to backup, first within
the rock gallery (if a rock gallery exits), then (if backup continues) within the
blended soil, and finally (if backup is still continuing) within surface storage.

Inflow to the Stormwater Facility
The PAC does not count direct rainfall on the facility; only stormwater runoff from
the impervious area entering the facility is routed through the facility. The volume of
inflow to the stormwater facility during each time step equals the volume of runoff
reaching the facility during each time step.
𝐼𝐼𝐼𝐼𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓(𝑡𝑡) = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(𝑡𝑡)

Surface Storage
Before the storm begins, the PAC assumes the surface storage is empty. Therefore,
at the beginning of the first time step, the cumulative volume of stormwater in
surface storage is zero. At the beginning of all subsequent time steps, the cumulative
volume of stormwater in surface storage is equal to the cumulative volume of
stormwater in surface storage at the end of the previous time step. As time
proceeds during each 10-minute time step, stormwater inflow enters the surface
storage and stormwater exits the surface storage by filtering through the blended
soil (unless prevented by backup from below) and, if the surface storage capacity is
exceeded, by outflowing through the overflow. Any amount that cannot infiltrate
into the blended soil (either due to the blended soil infiltration rate, or backup
within the rock and blended soil) or outflow through the overflow pipe remains in
the surface storage at the end of the time of the time step.
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡−1) + 𝐼𝐼𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓(𝑡𝑡) − 𝐼𝐼𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑡𝑡) + 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) − 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑡𝑡)

Surface Overflow
The surface storage has a maximum capacity; any volume of backup into surface
storage that exceeds the surface storage capacity exits the surface storage as
overflow. Overflow from the discharge pipe only occurs if the backup within surface
storage exceeds the capacity of the surface storage. If the backup within the surface
storage is less than this capacity, then no overflow occurs.
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂(𝑡𝑡) = greater of

0
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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Overflow into Pipe E - Configuration E Only
For configuration E only, there are two overflow pipes. The lower overflow pipe
(called overflow “E”) directs stormwater to the rock gallery below the blended soil
(bypassing filtration). Stormwater flows into overflow E only if the backup within
surface storage exceeds the capacity of the surface storage of overflow E. If the
backup within the surface storage is less than this capacity, then stormwater does
not enter overflow E.
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝑡𝑡)= greater of

0
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢(𝑡𝑡) − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

Overflow E can only direct overflow into the rock gallery if there is room in the rock
or the blended soil next to the rock for this overflow. If there is no room in the rock
or the blended soil next to the rock for this water to go, it continues to build up in
the surface storage.
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂(𝑡𝑡)= smaller of

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) + 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑡𝑡)
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝑡𝑡)

Outflow from Surface into Overflow Pipes
The PAC calculates the sum of the outflow from the pipes (PIPE(t)).
Facilities with configurations A, B, C, D, and F
Facilities with configurations A, B, C, D, and F have only one overflow pipe.
Therefore, the total pipe outflow is simply the outflow from the overflow pipe.
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑡𝑡) = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂(𝑡𝑡)

Facilities with configuration E
Facilities with configuration E have two overflow pipe. Therefore, the total pipe
outflow is the sum of outflow from both pipes.
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑡𝑡) = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂(𝑡𝑡) + 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂(𝑡𝑡)
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Flow into the Blended Soil
The volume of stormwater that enters the blended soil during each time step
depends upon 1) the quantity of inflow and stormwater within surface storage,
2) the maximum volume that the blended soil can infiltrate during the time step, and
3) the amount of backup in the facility. For the purposes of calculation only, the PAC
divides the blended soil into layers and, for rock facilities, also into sections. The
two sections of blended soil in rock facilities are divided by an imaginary line
extending from the top of the rock parallel to the facility bottom: blended soil below
this line is referred to as the blended soil next to the rock, blended soil above this
line (even if not directly above the rock) is referred to as blended soil above the
rock. For rock facilities, only the blended soil above this line is then further divided
into layers. For facilities without rock, all of the blended soil is divided into layers.
Flow into the Blended Soil Prior to Considering Backup
The PAC first calculates inflow without considering backup; the PAC accounts for
backup later. If the sum of the surface storage at the beginning of the time step and
inflow during the time step is less than the maximum volume that the blended soil
can infiltrate, then all of the stormwater within surface storage at the beginning of
the time step and all of stormwater inflow during the time step infiltrates.
Otherwise, the maximum volume that the blended soil can infiltrate, infiltrates.
𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = the smaller of

𝐼𝐼𝐼𝐼𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓(𝑡𝑡) + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡−1)
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)

The maximum volume of stormwater that can enter the blended soil during a time
step is based upon the infiltration rate of the blended soil and the area over which
stormwater can infiltrate into the blended soil. For planters, the area over which
stormwater can infiltrate into the blended soil is always the same (i.e., the bottom
area of surface storage). For basins and sloped facilities, the area over which
stormwater can infiltrate into the soil increases as the depth of water within surface
storage increases.
For simplicity, this PAC, like the previous PAC, calculates the maximum infiltration
rate based upon the water’s surface area when the stormwater in surface storage is
at 75% of the full depth. (For planters, the water’s surface area is always the bottom
area of surface storage, regardless of the depth.) Since the blended soil infiltration
rate is 6 in/hr and there are six 10-minute time steps in one hour, the blended soil
infiltration rate is 1 inch (or 1/12 of a foot) per 10-minute time step. The water’s
surface area (at 75% full) multiplied by 1/12 of a foot yields the maximum volume of
inflow to the blended soil per time step.
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) =

𝐴𝐴75
12
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Flow through the Blended Soil
The PAC assumes the blended soil infiltration rate is 6 in/hr. Since there are six
10-minute time steps in one hour, the blended soil infiltration rate is 1 inch per time
step. The infiltration rate is based on the rate of drop at the surface (i.e., one inch of
stormwater drops every ten minutes at the surface), which is different from the
drop of stormwater within the blended soil. The surface storage porosity is assumed
to be 1 (i.e., 100% of the space in surface storage is available for water, ignoring the
space the plants take up) and the blended soil storage porosity is assumed to be 0.1
(i.e., 10% of the space in the blended soil is available to hold water). A volume of
water that fills 1-inch of surface storage is equal to a volume of water that fills the
pore spaces of 10-inches of blended soil. In other words, a 1-inch depth of
stormwater infiltrating from surface storage into the blended soil fills the pore space
of a 10-inch depth of blended soil when the blended soil infiltration rate is 6 in/hr.
Stormwater flow through the blended soil is complicated by many factors. The PAC
assumes that as stormwater infiltrates through the blended soil, it fills the pore
space evenly starting from the top of the blended soil column and working its way
down over time to the bottom of the blended soil column. The PAC divides the
blended soil above the rock (or if there is no rock, above the bottom of the facility)
into stacked layers, with each layer being the depth that stormwater filters through
in a 10-minute time step.
#𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =

(𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 )/12
(𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑑𝑑 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)
�𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑁𝑁𝑁𝑁. 𝑜𝑜𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

Given the standard blended soil infiltration rate of 6 in/hr, a 10-minute time step
(six time steps per hour), and a blended soil porosity of 0.1, a full blended soil layer
is 10 inches. The equation for the number of 10-inch layers in a given depth of
blended soil simplifies to the following:
Using the default PAC parameters: #𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ) × 0.1
If the number of blended soil sections is a whole number, then each layer has the
same thickness (i.e., 10 inches using the default PAC parameters). Otherwise, the
the final layer is less thick (i.e., less than 10 inches using the default PAC
parameters). The fraction of the final layer is calculated by dividing the thickness of
the final layer by the thickness of a full layer.

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = #𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑢𝑢𝑢𝑢 𝑡𝑡𝑡𝑡 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑤𝑤ℎ𝑜𝑜𝑜𝑜𝑜𝑜 # − #𝐿𝐿𝐿𝐿𝐿𝐿𝑒𝑒𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
Using the default PAC parameters: 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑇𝑇ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
10
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Top Layer
The PAC assumes stormwater from surface storage initially enters the top blended
soil layer. The volume of stormwater runoff entering the facility may vary from time
step to time step, but is assumed to enter at a constant rate during each individual
time step.
If the blended soil is thick enough to contain a full blended soil layer (i.e., using the
default PAC parameters, the blended soil is 10-inches or more above the rock for
facilities with rock or 10-inches or more above the bottom for facilities without
rock), then the layer has the capacity to hold all of the water that infiltrates into it
from the surface during the 10-minute time step.
If the number of blended soil layers is less than 1 (i.e., the blended soil is less than 10
inches in depth using the standard blended soil assumptions), then the blended soil
does not have enough capacity to hold all of the water that infiltrates into it from
the surface during a 10 minute period. Stormwater that infiltrates early in the time
step will pass entirely through the blended soil (unless there is backup) while the
portion that infiltrates later in the time step will still be in the blended soil at the end
of the time step. The amount stored within the blended soil during a given time
step is assumed to be the amount entering the blended soil during the time step
multiplied by the fraction of a time step that the blended soil can hold.
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑡𝑡) = 𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) × 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

*In the above equation, the Fraction of the soil layer is 1 if the top layer is thick
enough to contain a full blended soil layer or a positive number less than 1 if the top
layer is not thick enough to contain a full blended soil layer.
Multiple Layers
If there are multiple blended soil layers, during the next 10-minute time step, what
infiltrated into the blended soil in the top layer, infiltrates into the layer of blended
soil below it and so on until the stormwater enters the final layer. The final layer
takes all of the stormwater from the layer above it that it can hold. If the number of
blended soil layers is a whole number, the final layer can hold all of the water that
infiltrated from the layer above (i.e., using the default PAC parameters, the blended
soil is 10-inches or more above the rock for facilities with rock or 10-inches or more
above the bottom for facilities without rock). Otherwise, the final layer can hold
only a fraction the amount that infiltrated from the layer above.
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑡𝑡) = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2𝑛𝑛𝑛𝑛 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑡𝑡−1) × 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

*In the above equation, the Fraction of the soil layer is 1 if the final layer is thick
enough to contain a full blended soil layer or a positive number less than 1 if the
final layer is not thick enough to contain a full blended soil layer.
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Storage of Stormwater in the Blended Soil
The blended soil layers are based on the depth of the blended soil above the rock
gallery for facilities with a rock gallery (configurations B, C, D, E, and F) and are based
on the depth of the blended soil above the bottom of the facility for facilities
without a rock gallery (configuration A). The sum of the stormwater stored within
all of the blended soil layers from the final layer to the top layer is added to
determine the total blended soil storage above the rock gallery, for facilities with a
rock gallery, or above the bottom of the facility, for facilities without a rock gallery.
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) =

𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

�

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)

Available Blended Soil Capacity
The available blended soil capacity is the pore space in the blended soil that is not
currently storing water. It is calculated by subtracting the amount of water stored in
the blended soil by the maximum amount the blended soil can store.
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴1𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑡𝑡) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)

The storage capacity of each layer of blended soil depends upon whether the
blended soil contains only one blended soil layer or multiple blended soil layers. If
the blended soil contains only one blended soil layer, the storage capacity is equal to
the total storage capacity of the blended soil.
Multiple Layers
If the blended soil contains multiple blended soil layers (i.e., if it takes more than
one time step for water to flow through the blended soil), the storage capacity of
the final layer may be different than the layers above it. The PAC calculates the
average capacity of a layer, by dividing the total capacity by the number of layers.
Note that the number of layers is a whole number, rounded down so as not to
contain any fractional final layer.
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝑠𝑠𝑠𝑠𝑠𝑠𝑙𝑙
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠= 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷#𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

The storage capacity in the final layer of blended soil may be a full time step or a
fraction of a time step. For example, if it takes 1.8 time steps for stormwater to flow
through 18 inches of blended soil to the rock, then the final layer is 0.8 time steps or
80% of a time step. In the below equation, the fraction of the soil layer is 1 if the
final layer is thick enough to contain a full blended soil layer or a positive number
less than 1 if the final layer is not thick enough to contain a full blended soil layer.
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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Flow out of the Blended Soil
The PAC calculates flow out of the blended soil first by calculating the flow out of the
blended soil assuming there is no backup and then by subtracting any backup. If
there is no backup, the volume of stormwater that flows out of a blended soil layer
during the time step equals the volume of stormwater that flowed into that layer of
blended soil during the previous time step.
𝑂𝑂𝑂𝑂𝑂𝑂(1)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = 𝐼𝐼𝐼𝐼(1)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡−1)

𝑂𝑂𝑂𝑂𝑂𝑂(1)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = 𝐼𝐼𝑁𝑁(1)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡−1)

There may not be room for the flow from the blended soil if the combined available
rock storage capacity, orifice capacity, and subsurface infiltration capacity is too
small. If it is too small, then backup will prevent the flow from exiting the blended
soil. The actual flow out of the blended soil is the flow that would occur without
backup minus what is prevented from flowing out of the soil by the backup.
𝑂𝑂𝑂𝑂𝑂𝑂𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = 𝑂𝑂𝑂𝑂𝑂𝑂(1)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) − 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡−1)

Flow into the Rock Gallery
The PAC assumes the maximum rate of flow into the rock gallery is equal to the
maximum rate of flow into the blended soil plus the volume of water contained in
the blended soil next to the rock above the underdrain.
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑉𝑉 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑡𝑡𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑢𝑢𝑢𝑢𝑢𝑢𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

Infiltration to Subsurface
The bottom area is multiped by the percentage of the bottom area that infiltrates
(i.e., the percent that is unlined) to calculate the area for subsurface infiltration. The
PAC uses ½ the test infiltration rate as the infiltration rate for all infiltration tests
except for the double-ring infiltrometer test. The double-ring infiltrometer test
results are used as the infiltration rate since this test is a more thorough test.
For the double-ring infiltrometer test: 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

For all other infiltration tests: 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅/2
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = (𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ×

%𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
) × 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅/(12 × 6)
100
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Configuration A
The PAC compares the volume exiting the blended soil with the volume that can
infiltrate to the subsurface. It uses the smaller value as the infiltration to the
subsurface.
𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = the smaller of

𝑂𝑂𝑂𝑂𝑂𝑂𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡)

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

Configuration B
The PAC compares the volume of the water in the rock storage and the blended soil
next to the rock storage plus the volume exiting the blended soil above the rock with
the maximum that can infiltrate to the subsurface. It uses the smaller value as the
infiltration to the subsurface.
𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = the smaller of

𝑂𝑂𝑂𝑂𝑂𝑂𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) + 𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑀𝑀𝑀𝑀𝑥𝑥𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

Configuration D
Configuration D is lined and has no infiltration to the subsurface.
Configurations C, E, and F
For configurations C, E, and F, the PAC compares the volume of the water in the rock
storage and the blended soil next to the rock storage plus the volume exiting the
blended soil above the rock with the maximum that can infiltrate to the subsurface.
It uses the smaller value as the initial estimate of the infiltration to the subsurface.
This initial estimate is used as the infiltration to the subsurface if the depth of water
in the rock gallery does not exceed the invert elevation of the underdrain. If the
depth of water in the rock gallery exceeds the invert elevation of the underdrain,
this initial estimate must be adjusted to account for the underdrain outlfow. This is
because some of the water above the invert of the underdrain will exit via the
underdrain.
The PAC estimates the fraction of the water above the underdrain that exits via the
underdrain and the fraction that exits via subsurface infiltration. To do this, the PAC
calculates both the maximum amount that could exit via the underdrain and the
maximum amount that could infiltrate to the subsurface. Since none of the stored
stormwater below the invert elevation of the underdrain will exit via the underdrain,
all of the volume below the invert elevation of the underdrain is counted toward the
maximum amount that could infiltrate to the subsurface. The PAC calculates the
ratio of the maximum volume that can exit via the underdrain to maximum volume
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that can infiltrate to the subsurface minus the volume of stormwater within the
facility below the invert elevation of the underdrain.
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 −𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢

Underdrain Outflow
The maximum outflow from the underdrain in a given time step is based upon the
amount of stormwater stored within the rock above the invert elevation of the
underdrain plus any amount of stormwater that can reach the rock in a given time
step. The maximum outflow from the underdrain depends upon whether the
underdrain has an orifice. If there is no orifice, the underdrain is assumed to not
restrict the outflow.
Orifice
If the underdrain has an orifice, the outflow is restricted by the orifice. The smaller
the diameter of the orifice, the smaller the flow out of the underdrain.
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 (𝑖𝑖𝑖𝑖) 2
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 (𝑓𝑓𝑓𝑓 ) = 𝜋𝜋 �
�
2 × 12
2

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 = 0.6 × 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 × √64.4 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

The underdrain flow depends upon the head of water in the facility, which is
calculated as the depth of water in the facility minus headloss through the blended
soil. The head is the sum of the depth of water above the orifice that impacts flow.
The head is calculated from the invert of the underdrain up. The depth of water in
the rock storage above the invert elevation of the underdrain is always counted
toward the head. The depth of water in a given layer of the blended media is only
counted toward the head if the rock storage is completely full and all of the blended
media layers below it are completely full. The depth of water in surface storage is
only counted toward the head if both the rock gallery and the blended soil is
completely saturated. If the rock gallery and the blended soil is not saturated, then
water in surface storage is considered to be perched, and not impacting the flow on
the underdrain. Headloss through the blended soil is small and is estimated as the
depth of water in the blended soil that counts toward the head multiplied by the
ratio of the estimated underdrain outflow rate to the media infiltration rate.
If the facility is unlined (i.e., configurations C, E, or F), some of this water may
infiltrate into the subsurface instead of outflowing through the underdrain.
Therefore, the PAC estimates the portion of this volume of stormwater infiltrates
into the subsurface and subtracts out the portion the infiltrates to the subsurface.
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Determination of Compliance

The PAC calculates the pre- and post-development stormwater runoff from various
design storm events and routes the post-development stormwater runoff through
the facility to calculate the filtered outflow and surface overflow. If flow control
requirements apply, the PAC requires the post-development discharge (i.e., the
filtered outflow plus the surface overflow) from the facility for the applicable design
storm(s) not exceed the pre-development runoff from the site for the corresponding
design storm(s). For water quality requirements, the PAC requires the facility have
no surface overflow from the post-development runoff from the water quality storm
event. If the PAC shows the facility fails any applicable requirements, the user needs
to adjust the facility parameters until the PAC shows the facility passes.
Filtered Outflow, Unfiltered Outflow, and Total Outflow
Compliance with flow control standards are based upon the combined outflow from
the surface overflow and the underdrain discharge.
•

Any volume within surface storage that exceeds the surface storage capacity
will overflow.

•

The discharge from underdrain depends upon whether there is an orifice:
o For subsurface pipes without an orifice, flow is unrestricted and any
amount of stormwater that reaches the rock will exit during the time
step.
o For pipes with an orifice, the amount that exits the orifice is the
smaller of the maximum amount that can exit the orifice or the
amount that reaches the rock.
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Table A-14. Allowed and Recommended Ranges
Description
Facility Category
Facility Configuration
Facility Type
Segment Length
Check Dam Length
Slope
Right Side Slope (h/v)
Left Side Slope (h/v)
Downstream Depth
Bottom Surface Width
Landscape Width
Rock Storage Width Overwrite
Facility Shape
Is there an Orifice
If there is no Orifice, Why?

Unit
N/A
N/A
N/A
ft
ft
ft/ft
ft/ft
ft/ft
in

Possible Values
Planter (flat), basin (flat), sloped facility
A,B,C,D,E,F
Public or Private
Blank or non-negative #
Blank or non-negative #
Blank or non-negative #
Blank or non-negative #
Blank or non-negative #
Blank or non-negative #

ft
ft
N/A
y/n
N/A

Blank or non-negative #
Blank or non-negative #
Rectangle, Amoeba, User-Defined

Diameter of Orifice

in

Coefficient of Orifice
Bottom of Surface Area (BA)
Bottom Width (BW)
Surface Storage Depth
Growing Medium Depth
Rock Storage Area Overwrite
Rock Storage Depth
Rock Porosity
Height of underdrain
Bottom Area of Infiltration %
Blended Soil Filtration Rate
Blended Soil Pore Space
Side Slope (left and right)
Surface Area at the Overflow
Freeboard Depth
Surface Area at Overflow E
Depth to Overflow E
Perimeter length of bottom
area

N/A
sq ft
ft
in
in
sq ft
in
%
in
%
in/hr
%
ft/ft
Sq ft
ft
Sq ft
in
ft

Water quality only facility; facility meets
flow control without an orifice;
catchment area too small
Blank (if no orifice), 3/8, ½, 5/8, ¾, 7/8, 1, 1
1/ , 1 ¼, 1 3/ , 1 ½, 1 5/ , 1 ¾, 1 7/ , 2, 2
8
8
8
8
1/ , 2 ¼, 2 3/ , 2 ½
8
8
Blank (if no orifice), 0.6
Positive number
Positive number
Non-negative #
18 (default)
Non-negative #
Non-negative #, 12 (default)
0.3 (default)
Non-negative #, 3 (default)
Whole numbers, 1 through 100,
6 in/hr (constant)
0.1 (constant)
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Table A-15. Site-Specific Parameters
Description
Infiltration Testing Procedure

Unit
N/A

Possible Values
Open pit, encased, double ring
infiltrometer, N/A
Tested Native Soil Infiltration Rate
in/hr Positive number
Hierarchy
N/A 1, 2a, 2b, 2c, 3
Impervious Area
sq ft Positive number
Pre-Development Time of Concentration min ≥5
Post-Development Time of Concentration min ≥5
Pre-Development Curve Number
N/A 65, 72, 79, 81
Post-Development Curve Number
N/A 98
Description
Unit
Possible Values
Facility Category
N/A
Planter(sloped), planter (flat), basin
(sloped), basin (flat)
Facility Configuration
N/A
A,B,C,D,E,F
Facility Type
N/A
Public or Private
Facility Shape
N/A
Rectangle, Amoeba, Sloped, UserDefined, Planter
Is there an Orifice
Yes/n Yes/No
o
If there is no Orifice, Why?
N/A
Water quality only facility; facility meets
flow control without an orifice;
catchment area too small
Diameter of Orifice
in
Blank (if no orifice), 3/8, ½, 5/8, ¾, 7/8, 1, 1
1/ , 1 ¼, 1 3/ , 1 ½, 1 5/ , 1 ¾, 1 7/ , 2, 2
8
8
8
8
1/ , 2 ¼, 2 3/ , 2 ½
8
8
Coefficient of Orifice
N/A
Blank (if no orifice), 0.6
Growing Medium Depth
in
18 (default)
Rock Storage Depth
in
Non-negative #, 12 (default)
Rock Porosity
%
0.3 (default)
Rock Storage Depth below the in
Non-negative #, 4 (default)
perf pipe
Bottom Area of Infiltration
%
Whole numbers, 1 through 100,
Percent
Blended Soil Filtration Rate
in/hr 6 in/hr (constant)
Blended Soil Pore Space
%
0.1 (constant)
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1

Appendix
2
B. Recommended Guidance for Culverts and
Outfalls
3
4
5
6
7
8
9

The following information is intended to provide guidance in
designing stormwater outfalls and surface water culverts that
provide multiple benefits to watersheds, not just conveyance.
Each site is unique and a number of additional requirements,
such as state and federal regulations and other city codes may
also apply. This appendix includes the following sections:

10

B.1. Culverts and Other Water Crossing Structures ................................................. 2

11

B.2 Outfalls .............................................................................................................. 14

12

B.3. Reference Material .......................................................................................... 25

13
14

City of Portland Stormwater Management Manual—April 2020
Appendix B: Recommended Guidance for Culverts and Outfalls

B-1

B.1. 1Culverts and other water crossing structures
2
3
4
5
6
7
8
9
10

Culverts and other water crossing structures allow water to flow under a road or
other constructed obstructions along drainageways. Proper sizing, placement, and
design of culverts and other water crossing structures can reduce impacts to
conveyance, water quality and watershed processes. Improperly sized or poorly
placed culverts can change hydraulic conditions that alter or interrupt the transport
of woody debris and sediments, and can change groundwater/surface water
interactions. Poorly designed culverts and bridges can induce major channel and
bank erosion that threatens to undermine roadways, or impede flood flow
conveyance, which in turn causes flooding and failure of roadways.

11
12
13
14

Poorly designed road crossings can prevent fish from migrating to spawning and
rearing habitats. Over time, this can result in degradation of the biological
productivity of the stream system and a net reduction in ecological benefits. Culverts
can also restrict or block wildlife passage.

15
16
17
18
19
20
21

Drainageway conveyance, including natural or constructed channels, is protected
through drainage reserves (See Chapter 5). Drainage reserves are no-build areas that
require approval from BES for any encroachments. Culverts and other water crossing
structures constitute a channel encroachment. Crossings over open channels should
be designed to maintain continuity of flows upstream and downstream of the
crossing or culvert and minimize negative effects on watershed processes and
ecological functions.

22
23
24
25
26
27

Summary of Analysis and Design Methods
This section provides a brief description of hydrologic analysis and design
methodologies for open-bottom and natural-bed box culverts. Detailed design
requirements and procedures are not included here, but can be found in reference
documents listed below and cited in this section and Section B.3. Reference
Material.

28
29
30
31
32
33
34
35






Hydrologic analysis requirements for culverts in the public right-of-way or
otherwise owned by the City of Portland are provided in the Portland Sewer
and Drainage Facilities Design Manual (SDFDM).
Culvert design requirements and procedures are detailed in the SDFDM.
Culvert design guidance for fish passage is provided in the Oregon
Department of Fish and Wildlife Fish Passage Criteria and related statutes,
the Oregon Road/Stream Crossing Restoration Guide, and the Washington
Department of Fish and Wildlife Design of Road Culverts for Fish Passage.
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1
2

Permits from the US Army Corps of Engineers and the Oregon Division of
State Lands may be required. 

Additional Design Information
Culverts constructed under Public Works Permits that would be owned or
managed by the City of Portland must meet the requirements of the BES SDFDM
and the technical standards of the City of Portland Standard Construction
Specifications.
Before a water-crossing structure or culvert may be placed within a drainageway
that provides fish passage or other wildlife benefits, Oregon Department of Fish
and Wildlife (ODFW) consultation and approval may be required. ODFW often
refers to water crossing design guidelines published by the Washington
Department of Fish and Wildlife. Additional requirements may be imposed by
state and federal requirements.

3
4

A bridge, rather than a culvert, may be recommended if any of the following apply:

5



The active channel is greater than 20 feet wide.

6



A roadway width requires a culvert longer than 150 feet.

7
8



Endangered Species Act (ESA) listed fish or other wildlife as identified by the
Oregon Department of Fish and Wildlife are present.

9



The channel gradient is greater than 6%.

10



Woody debris movement occurs frequently.

11



There is active channel movement.

12



Large animals (e.g., coyote or deer) need wildlife passage.

13



A culvert could not achieve hydraulic or hydrologic requirements.

14
15
16
17
18

Bridge design would need to consider a variety of items, including, but not limited
to, bankfull width, flood plain utilization ratio, stream type, bridge performance, and
channel meander migration. Bridge design requirements are not included in the
Stormwater Management Manual and should meet state and local building,
structural, and transportation requirements.

19
20
21

Design Information
Culverts and other water crossing structures should be designed to safely pass
stormwater from the 25-year storm for build-out conditions in the upstream
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1
2
3
4
5
6
7
8
9
10

drainage basin without surcharging the inlet by maintaining continuity of flows
upstream and downstream. For streams with a Federal Emergency Management
Agency designated floodplain, culverts and other water crossing structures may be
required to convey the 100-year flow. Proposed channel crossing structures will
require formal engineering calculations and designs. Channels are complex systems
that provide critical habitat and convey water, sediment, and woody debris.
Crossings have significant impacts on the proper functioning of channels by changing
the way water and sediment are conveyed. Culverts should be designed to maintain
the geomorphic function of natural channels, protect habitat, provide fish passage,
protect water quality and convey flood flows.

11
12
13
14
15

Three standard approaches to culvert design are listed below (no-slope, stream
simulation, and hydraulic). See Table B-1 for a summary of criteria to help guide
designers toward an appropriate channel crossing structure at the concept and
planning stages. Additional analysis will be necessary to determine the correct
structure for site conditions.

16

Table B-1. Culvert Design Approach Guidance
Design
Approach

Channel Width
(bankfull width)

Channel
Slope

Channel
Stability

No-slope
culverts
Stream
Simulation

Less than 10 feet

<3%

Stable

Less than 15 feet

Any

Moderate
or Stable

Hydraulic

17
18
19

Culvert
Length

Floodplain
Utilization
Ratio

<75 ft

<3

Additional
<3
analysis
needed
when
lengthwidth ratio
>10
Additional engineering methods exist for more complicated situations.

Floodplain utilization rate is defined the flood prone width divided by the bankfull width. Table summarized from
Barnard, R. J., J. Johnson, P. Brooks, K. M. Bates, B. Heiner, J. P. Klavas, D.C. Ponder, P.D. Smith, and P. D. Powers
(2013), Water Crossings Design Guidelines, Washington Department of Fish and Wildlife, Olympia, Washington.

20
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1
2
3
4
5
6
7
8

Open Bottom or Natural Culverts (No-Slope and Stream Simulation)
Culverts designed with an open-bottom or natural-bed are designed to mimic the
substrate and flow conditions in the natural streambed above and below the culvert.
To accomplish this, the culvert alignment, culvert bed grade, and channel bed
material should generally be as similar as possible to the adjacent natural
streambed. The culvert size is based on geomorphic features and fish passage,
sediment transport continuity and flow conveyance are assumed to be achieved by
mimicking the natural channel.

9
10
11
12

Design Approaches
There are two standard design approaches for open-bottom and natural-bed
culverts: no-slope and stream simulation. Both design approaches are described
below:

13
14

No-Slope Culvert Design Approach
The criteria below apply to the No-Slope design (See Figure B-1)

15

1. The culvert is set at a nearly flat gradient, no more than plus or minus 0.5 percent.

16
17
18
19

2. The width of the bed inside the culvert (not the culvert span) is greater than or
equal to the prevailing bankfull width of the stream in the reach where the culvert is
located. The culvert should not constrict the bankfull flow and is expected to
maintain streambed material similar to that found in the adjacent channel.

20
21

Figure B-1. . No-slope schematic diagram showing the four principle
components of the design.

22
23
24
25

Illustration from Barnard, R. J., J. Johnson, P. Brooks, K. M. Bates, B. Heiner, J. P. Klavas, D.C. Ponder, P.D. Smith,
and P. D. Powers (2013), Water Crossings Design Guidelines, Washington Department of Fish and Wildlife,
Olympia, Washington.
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1

In addition, a no-slope culvert should meet the following design criteria:

2
3



A bed should be placed in the culvert that is composed of material similar to or
an improvement of the bed of the adjacent stream.

4
5



Adequate clearance between the culvert bed and crown should be provided to
pass expected debris and high flows during flooding events.

6
7
8
9

Stream Simulation Design Approach
The culvert shape, dimensions, slope and bed roughness should be designed to
provide flood conveyance capacity and fish passage and not result in any further
degradation of water quality.

10
11
12
13
14
15
16

Design Guidance
1.
2.
3.
4.

Moderately confined channels.
Bankfull width less than 15 feet.
Equilibrium stream slope (stable channel).
Culvert bed slope should not be greater than 1.25 times the upstream
channel’s slope
5. Additional analysis for culverts with a length-to-width ratio greater than 10.

17
18

Both no-slope and stream simulation designed culverts should consider the
following design criteria:

19
20
21
22
23
24
25
26
27
28
29

Horizontal Alignment
Culvert alignment should be established to make the culvert as short as possible
while minimizing the skew of the culvert relative to the existing stream channel
alignment. Skew between the upstream channel orientation and the culvert inlet
increases inlet contraction resulting in turbulence at high flows and a reduction of
flood conveyance capacity and sediment transport. In-channel deposition and bank
scour often occur upstream of culverts with excess skew. When the culvert is
skewed relative to the downstream channel alignment, there is an increased risk of
bank erosion near the culvert outlet. When conditions make the ideal alignment
impractical, the designer should consider relocation of a portion of the channel or
small angle bends with bank stabilization.

30
31
32
33

Culvert Length
The culvert length should be minimized to reduce channel disturbance. This
consideration should be balanced with the need to minimize the skew of the culvert
alignment relative to the stream channel as described above.
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1
2
3
4
5
6

The maximum culvert length that can provide conveyance capacity, stream power
continuity, subcritical flow regime, and fish passage (if required) for any given
channel is dependent on stream hydrology and geomorphology (e.g., slope,
sediment transport conditions). Culvert length can be minimized by adding
headwalls to each end of the culvert, by narrowing the road or by steepening the fill
embankments.

7
8
9
10
11

Culvert Size
The width of the active stream channel is the stream width that occurs annually at
ordinary high water. This width can be determined by measuring the stream’s crosssectional distance between the ordinary high water line (OHWL) on both banks of
the stream, or estimated by physical features such as the following:

12



A topographic break from vertical bank to flat floodplain.

13



A topographic break from steep slope to gentle slope.

14



A change in vegetation type.

15



A textural change of depositional sediment.

16



The elevation below which no fine debris (needles, leaves, cones, seeds) persists.

17



A textural change of matrix material between cobbles or rocks.

18
19
20

To the maximum extent practicable, the culvert span should be 1.2 times the active
channel plus two feet. At least three typical cross section widths should be used for
an average.

21
22
23
24
25
26

The minimum culvert bed width should be calculated as 1.2 times the active stream
channel width plus two feet. A span of at least 6 feet is typically necessary to enable
channel bed construction within a culvert. For construction and maintenance of the
culvert, a minimum effective rise (from the culvert bed to the height of the culvert
crown) of 4 feet is recommended. This should allow for the passage of wood and
sediment and favor other natural fluvial processes.

27
28
29
30
31

Flood Conveyance Design (Hydraulic Analysis)
Demonstrating flood conveyance capacity and performing scour analysis for flood
flows is usually required when using hydraulic analysis. This type of analysis must be
performed by a registered professional engineer. Acceptable design approaches
include:

32
33



Federal Highway Administration Hydraulic Design of Highway Culverts (FHWA
2012)
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2
3

This analysis should provide water surface profiles, energy grade line, bed shear, and
velocities through the structure for the applicable design flows.

4

Culverts should be sized to:

Analysis with a hydraulic model such as HEC-RAS

5



Convey 25-year design storm flow

6
7



Not cause an increase of more than 1-ft in the 100-year flood elevation
under full build-out conditions as per Portland City Code Title 24.50.060

8
9



Culverts in designated floodways should meet the conveyance criteria
outlined in Title 24.50

10
11
12
13
14
15
16

Design Storm
Typically, culverts should be designed to convey the 25-year storm flow through a
roadway fill without surcharging the inlet (i.e., water depth shall not exceed the
inside height of the culvert crown). If regular high water conveyance is predicted,
culverts may need to be designed to convey the 100-year storm flow. If the risk
associated with culvert failure is high, a more conservative standard may be
required.

17
18
19
20

In addition, if the culvert is not oversized to convey the 100-year peak flow, a route
should be established to safely convey any flow exceeding the 25-year storm
without damage to property, endangering human life or public health, or causing
significant environmental impact.

21
22
23
24
25
26
27
28
29

Culvert Bed Slope
Culvert bed slope should be set as close as possible to the natural channel gradient
extending upstream and downstream of the culvert. For new installations, this is the
slope of the existing channel. For replacement culverts, this is the slope of the
channel upstream and downstream of the roadway crossing (beyond the extents of
any channel scour or bed aggradation created by the culvert that is being replaced).
Calculated slope should approximate the average slope of the adjacent streambed
from 10 channel widths upstream and downstream of where the new culvert should
be placed.

30
31
32
33

Installing the culvert bed at a slope significantly lower (flatter) than the natural
gradient may result in a reduction of stream power and resultant sediment
aggradation that reduces conveyance capacity and hinders other natural functions.
Installing the culvert bed at a slope significantly higher (steeper) than the natural
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gradient may induce instability of the culvert bed material during higher flows. The
ratio of the culvert bed slope to the natural channel slope should not exceed 1.25.

3
4
5
6
7
8
9
10

The culvert pipe/structure itself may be installed flat or on a slope, depending upon
the culvert length and bed slope. For box culverts, the slope of the culvert should be
minimized to decrease shear stress between the culvert bottom and the bed
material. The depth of channel bed material can vary through the length of a
bottomless/open-bottom culvert that is laid flat to create the desired bed slope
through the culvert. This typically requires a taller culvert pipe/structure so that the
hydraulic opening on the upstream side meets the design criteria. Longer culverts
should include some slope in order to maintain embedded depths and inlet capacity.

11
12
13
14

Culvert Bed Material
A bed should be placed in the culvert that is composed of material similar to or an
improvement of the bed of the adjacent stream. The use of grout or any other
substrate-binding bed material together is not recommended.

15
16
17
18

During construction, the small rock, large rock, and fines should be mixed before
placing. The final bed surface should be washed gently with water to allow the fines
to work into interstitial spaces and provide a good seal, and to demonstrate that this
seal has occurred.

19
20
21
22
23
24

Bed material should be sized based on a sieve analysis of the adjacent natural
stream channel. The bed material distribution should be well-graded, non-porous
and have approximately 5 to 10% fines. Larger material may be used in moderation
to assist in grade retention and to provide resting areas for migratory fish. It is not
appropriate to compare sediment size estimates with channel reaches that are
controlled by large wood, deeply incised, or not in equilibrium.

25
26
27
28
29

Vegetated channels should be designed to match expected natural conditions as
determined by the reference reach approach. The design should maintain stability
and prevent erosion. Analysis using accepted engineering methods should be used
including the stable channel design approach included in the Sewer and Drainage
Facility Design Manual or other approach.

30
31
32
33
34
35

Scour Analysis and Embedded Depth
Hydraulic analysis should be performed to ensure structural integrity at high-flows.
Scour analysis should be performed to ensure that bed material remains within the
culvert during flood flows. The designer may need to include some large oversized
key boulders that should remain in place during the 100-year flow and stabilize the
bed. The design should take scour analysis into account when determining the bed
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material design and proposed embedded depth of countersunk culverts and
footings.

3
4
5
6
7
8
9

Baseflow Channel
The minimum cross-sectional dimensions for the baseflow channel 1-foot wide x 6
inches deep) are based on confining the summer baseflow. The baseflow channel
helps to maintain stream power on the bottom leg of the hydrograph, hence
transporting the fine-grained materials through the culvert. In addition, the baseflow
channel confines low flows and helps to maintain sufficient depths for fish passage
during low flow periods.

10
11
12
13
14
15
16
17
18

Woody Debris Transport
Adequate clearance between the culvert bed and crown should be provided to pass
expected debris during flooding events. Culverts shall be designed to provide some
transport of woody debris. The size of material to pass through a culvert should be
selected based on woody material present in the system (considering root-wad
diameter for larger pieces) and culvert size constraints. The water depth required to
pass (i.e., float the material) should be calculated and accommodated. The culvert
rise can be designed so that sufficient water depth and freeboard occurs during a
storm in which the material would be mobile.

19
20
21
22
23
24
25
26
27

If it is not feasible to design for wood passage, and frequent accumulations of wood
can reasonably be expected in the channel system upstream, the culvert may be
vulnerable to blockage with wood mobilized in higher flow events. In these
situations, consideration should be given to installing wood trapping measures in the
upstream channel. For example, one or more engineered logjams could be installed
in the channel upstream of the culvert to trap wood at a targeted location. If the
culvert is not sized to effectively convey woody debris, long-term maintenance may
be required to periodically remove collected debris in the channel upstream of the
culvert and place it downstream of the culvert.

28
29
30
31
32
33

When frequent transport of large woody debris is necessary, a bridge should be
considered. While there is no easy way to quantitatively evaluate the frequency of
wood transport, considerations should be made for the downstream transport of
woody debris when woody debris accumulations are observed in the channel, there
is history of culvert plugging in the system, and/or there is a potential for
recruitment of wood from a well-vegetated riparian corridor.

34
35
36

Inlet/Outlet Treatment
If the culvert width is less than the upstream or downstream channel width or the
skew of the culvert inlet or outlet relative to the stream alignment is significant (not
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recommended, but sometimes may be necessary), structural protection of the inlet
and/or outlet may be necessary. Depending on the size of the channel and the peak
flow rates that the culvert should convey, this protection can range from concrete
wingwalls to rock armoring or woody debris embedded in a tapered section of the
channel bank approaching the upstream culvert entrance. If the channel is actively
meandering, large wing walls and/or upstream bank stabilization is strongly
recommended, regardless of culvert width.

8
9
10
11
12
13
14
15
16
17
18

Grade Control
If the stream channel bed is aggrading (rising) or degrading (incising), grade control
structures may be needed up or downstream of the channel crossing. Such
instability is indicated by evidence of historical fluctuations in channel bed elevation
(e.g., headcuts, channel avulsion, gravel-splay deposits in floodplain). If instability is
observed downstream of the road crossing, grade control should be installed below
the culvert to prevent the upstream migration of headcuts that could undermine the
structure and damage the roadway. If instability is observed upstream of the road
crossing, grade control can help to stabilize the reach. Grade control structures can
also be used to adjust the gradient of the adjacent channel. Grade control structures
should also meet all applicable fish passage requirements.

19
20
21
22
23
24
25
26
27

Hydraulic Design
Under certain circumstances, a closed-bottom culvert sized using only hydraulic
analysis may be allowed. Culverts designed under this approach should provide
passage of the 25-year flow with no surcharge (additional clearance may be required
in larger systems or when debris passage is required). Natural bed material is not
required but should demonstrate flow conveyance and should be designed to
prevent upstream deposition or downstream scour. This may not be allowed in any
locations requiring fish passage and may be used in instances to protect against
landslide hazards or along roadside ditches, for example.

28
29
30
31
32
33
34
35

Structural Design
Culverts, bridges and all water crossing structures require engineering design and
analysis to ensure they are providing adequate structural strength. Structural
designs should take into account the strength of underlying soils, soil cover, traffic
loads and other design considerations. Typical culvert materials include: metal pipe
(arch pipe or closed pipe), pre-cast concrete and cast-in-place concrete. Selection of
the optimal material for a particular site is typically based on cost, site accessibility
and construction planning, and structural strength.

36
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Minimum Cover Recommendations

2
3
4
5
6

Cover requirements vary depending on the culvert material selected:
 Culverts made of metal should have soil cover between the top of the culvert
barrel and the overlying ground surface or roadway pavement section. The
depth of cover over the culvert will vary depending upon the weight of traffic
loads or other land use that can be expected atop the culvert.

7
8



9
10
11
12
13
14
15

Culverts made of reinforced concrete (cast-in-place or pre-cast) can be designed
to directly support required traffic loads.

Foundation
The type of foundation necessary depends on the structure selected. A geotechnical
engineer should be consulted to determine the adequacy of the underlying soil to
support the weight of the structure, adjacent backfill, and the overlying roadway or
other overlying land use. The geotechnical engineer’s recommendations should be
followed to achieve sufficient structural support for long-term success and prevent
differential settlement.

16
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Construction Considerations
Construction of open bottom and natural-bed box culverts requires fairly
intrusive excavation and local modification of channel conditions at each end of
the culvert. There are many considerations that should be addressed for timely
completion of construction and prevention of adverse environmental impacts
during construction. Prior to construction, in-water work permits should be
obtained from multiple state and federal regulatory agencies, including but not
limited to, the US Army Corps of Engineers, ODFW, and DSL.
The time and duration of culvert construction should be carefully considered to
minimize stream sedimentation, flow interruption, and disturbance of fish during
sensitive periods. Generally, construction should be performed during low flow
conditions in mid to late summer. For guidance on when in-water construction is
allowable in the project area, consult ODFW’s Guidelines for Timing of In-Water
Work to Protect Fish and Wildlife Resources.
Vegetation removal and brush work should minimize impacts to birds and
wildlife, specifically nesting birds, to comply with the Migratory Bird Treaty Act.
Disturbance of the bed and banks should be limited to that necessary to place
the structure, embankment protection, and any required channel modification
associated with the installation. This should expedite completion of construction
and minimize potential for adverse water quality impacts. Project activities
should be kept within the regulated work areas only. Equipment should not be
allowed to enter any waters of the State or U.S., or the regulated work area
except as allowed in permits issued for the project. All disturbed areas associated
with culvert or other water crossing structure construction should be replanted
with native vegetation to help stabilize soils and slopes; this includes
construction access roads, equipment landing pads, and other areas upland of
the bed and banks. Untreated areas within the project’s work area may trigger
upslope erosion and subsequent in-water impacts.

1

Heavy machinery that produces excessive ground compaction may not be
allowed within the drainage reserve during construction. Low ground-pressure
vehicles (such as spider hoes or those approved under Environmental Zoning or
Greenway Code allowances) may be allowed if the applicant can show adequate
soil and vegetation protection during construction and restoration.

2
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B.2 Outfalls
1
2
3
4
5
6
7

Outfalls are a stormwater conveyance feature that discharge from a stormwater
management facility to a stormwater-only system, such as a drainageway, creek,
stream or river. Outfalls should be designed and constructed to provide flow
conveyance and should minimize impacts to stream channels and watersheds.
Outfall design and construction should prevent and reduce erosive conditions and
protect the stability of shorelines, channels, and ravine slopes.

Additional Design Information
Outfalls owned or managed by the City of Portland must meet the requirements
of the BES SDFDM and the technical standards of the City of Portland Standard
Construction Specifications.
If the conveyance channel in which the outfall is used has fish passage or other
wildlife requirements, Oregon Department of Fish and Wildlife (ODFW)
consultation and approval may be required. Additional requirements may be
imposed by state and federal agencies.
Outfalls subject to Portland City Code Title 33 requirements (33.430
Environmental Zones) must meet the standards for stormwater outfalls of City
Code Section 33.430.180 or be approved through environmental review.

8
9
10

The following outfall design criteria are for outfalls smaller than 36 inches in width.
Three types of outfalls are addressed below in order of preference:

11
12
13



Open channel outfalls: stormwater is discharged via an open channel (such as a
ditch) to a stream, drainageway, or another open channel. Open channel outfalls
are good options for sites with existing ditches or channels.

14
15
16
17



Upland dispersion: stormwater is spread out over an area outside of the riparian
zone and higher in elevation than the receiving stream, drainageway, or open
channel. Sometimes referred to as level spreading. Upland dispersion is a good
option for sites where stormwater currently infiltrates.

18
19
20
21



Piped outfalls: stormwater is discharged from a piped conduit (typically concrete,
metal or plastic) to a stream, drainageway or open channel. A piped outfall is
often used at the terminus of a storm sewer piped network or to convey water
down slope.

22
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Design Information

2
3
4
5
6
7
8
9
10
11

Outfall design and selection is dependent upon local conveyance and energy
dissipation requirements. The size of the outfall is determined based on Oregon
plumbing code requirements and the design storm size (typically, the 25-year design
storm). Configuration and placement of the outfall should be designed based on site
conditions, such as site slopes, drainage basin size, fish passage status, soil
erodibility, receiving channel conditions, slope stability, and existing vegetation.
Drainageways may have steep slopes or banks and may have unstable landforms
(i.e. slump). Geotechnical investigation to determine the stability of the stream or
river bank, as reviewed and approved by BES or BDS, may be required prior to
approval.

12
13
14

The outfall should be oriented at no less than a 30-degree angle from a
perpendicular alignment with the receiving channel; with the confluence of flow
oriented in the downstream direction.

15
16
17
18

Outfalls should be located above the downstream mean low water level. Endwalls or
flared end sections may be required for exposed outfall pipes greater than 12 inches
in diameter. Publicly accessible outfalls greater than 18 inches in diameter should
include grated protection.

19
20
21
22
23
24
25
26
27
28
29
30
31

Erosion and Scour Control
The outfall and the construction area should be designed, constructed and
maintained to reduce erosion. Erosion can result when the dispersed flow passes
over sparsely vegetated ground or bare soil and when the shear stress of the flowing
water exceeds the shear stress at which the soil lining the outfall channel or
receiving waterway is stable (the critical shear stress). If the construction of an
outfall results in bare soil, long-term erosion control should be provided through
vegetation coverage and best management practices as required by the Erosion
Control and Sedimentation Manual (Administrative Rule ENB-4.10). Such practices
may include a natural-fiber erosion control blanket (such as jute, coir, or excelsior)
to provide soil stabilization while the vegetation matures, and native vegetation
becomes established. Thick vegetation cover is critical to effective dispersion and
infiltration of stormwater.

32
33

Protection from erosion can be provided by several techniques. A few of these
techniques are listed below.

34



rock lining (large riprap or smaller quarry spalls, or streambed boulders;

35



geotextile fabric lining;
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low-rise check dams spanning the outfall channel;

2



plantings on the channel banks; and/or;

3



woody structures installed in the drainageway channel bank.

4
5
6
7
8
9

The design should also minimize flow velocities and dissipate energy at the outfall to
the extent possible, thereby decreasing the potential for erosion and scour in the
flow path to the adjacent stream, drainageway, or open channel. In general,
stormwater conveyance systems should be designed to reduce flow velocity
throughout the length of the network, not just at the outfall. Erosion control
techniques such as rock, should not impede fish passage within the receiving water.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Outfall Discharge Protection and Energy Dissipation
Protection of outfalls at the point of discharge to a drainageway, stream or other
waterway is important to protect channel bank stability and reduce erosion.
Depending on the flow velocity and existing site conditions, a variety of natural
materials can be used to disperse energy and prevent erosion. While rock is a
traditionally used material, the use of large woody debris is preferred if feasible.
Large woody debris (larger than 12” diameter) from long-lived species such as
Western redcedar or Douglas-fir is preferred. Large wood can be engineered to
deflect flow and dissipate energy as effectively as large rock, and provides additional
habitat benefits to aquatic and terrestrial ecosystem processes. Logs may be stacked
to form outfall wing walls or to shore up banks on either side of an outfall’s
confluence with a shoreline. It may also be used to build structural beds on stream
banks or slopes where native riparian vegetation should be planted postconstruction. Incorporating large wood into outfall designs may also contribute to
project impact mitigation, particularly if the project takes place in an area bearing
ESA-listed fish or wildlife.

26
27
28
29
30
31
32
33

The use of large, rounded boulders at the outfall outlet may be useful to deflect
debris moving downstream away from the outfall. With the use of the proper size
and gradation, rocks provide energy dissipation as well as protection against soil
erosion. Figure B-2 shows two options for outfall energy dissipaters made of rock. All
rock protection areas should be interplanted with willow stakes or other appropriate
riparian vegetation to increase slope stability, reduce erosion, provide shading and
other habitat functions, and improve aesthetics. See Table B-2 for information on
using rock for outfall protection.

34
35
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Figure B-2. Onsite Storm Outfall

2
3

4
5

Table B-2. Rock Protection at Outfalls
Outfall
Discharge
Average Depth
Diameter Velocity at
Stone
Design Flow Size
2 inch
1 inch
2 inch
4 inch
2 inch
4 inch
6 inch
4 inch
6 inch
>6 inch
0-5 feet per Riprap
2x
second
max
stone
size
6-10 feet
Riprap
2x
per second
max
stone
size

Width

Length

Height

12 inch
24 inch
36 inch
Diameter + 6
feet

24 inch
36 inch
48 inch
As
Crown
calculated + 1 foot

Greater of
(diameter +
6 feet) or (3x
diameter)

As
Crown
calculated + 1 foot

Riprap size shall be calculated as ds = 0.25* (V/g) (6” minimum), where ds= rip rap size, V = average velocity (ft/s)
and g=32.2 ft/ss.
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High velocity flows have significant kinetic energy, which can cause extensive
erosion and scour at an outfall and/or receiving waterway. When flow velocity is
high at an outfall, the energy should be dissipated, and erosion protection should be
in place to protect against scour. The design of an energy dissipation device is
unique to the site; both the engineer designing the system and the reviewer of the
design should consider that the device may not match the specifications above.
However, as long as it can be proven to both dissipate energy and protect against
erosion and scour, it can be considered acceptable.

9

Energy dissipation techniques include:

10



rock outfalls with vegetation incorporated;

11



pipe tee diffusion structures (see Figure B-3); and

12
13



non-rock dissipaters that are shaped with soils, vegetation, berms, and woody
debris are encouraged.

14
15
16

Energy dissipation structures (stilling basins, drop pools, hydraulic jump basins,
baffled aprons, bucket aprons should be engineered) may be required where
velocities are greater than 5 feet per second.

17

Figure B-3. Pipe Tee Diffuser.

18
19
20

Pipe tee diffuser should be designed by a professional engineer using published references. The construction
design submittal must identify the design reference.
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Open Channel Outfalls
To use an open channel outfall, the following conditions should be met:

3
4
5



The soils through which the outfall channel is constructed should be stabilized
through approved erosion control measures and may require an official
geotechnical report.

6
7



The longitudinal slope (in the direction of flow) of the outfall channel should be
less than 20 percent.

8
9



Side slopes shall be a maximum of 3:1. Steeper side slopes may be allowed for
channels with rock protection.

10



Freeboard should allow at least 6 inches for the 25-year flow.

11



The open channel should not pose safety risks at design flow depth.

12
13



Fish passage should be prohibited into any stormwater quality facility through an
open channel outfall.

14
15
16
17
18
19
20
21
22

Channel Depth and Width
The primary concerns where an open channel outfall merges with a wider and
deeper channel are prevention of erosion at the confluence of the outfall channel
and the receiving channel, and stabilization of the outfall channel. The bottom
(invert) of the open channel outfall should be at the same elevation as the bottom of
the receiving channel, to avoid spilling of water down the bank of the receiving
channel that can cause erosion of the bank or bed of the receiving channel. There
should be 6 to 12 inches of freeboard depth above the design storm water surface
elevation in an open drainage channel.

23
24
25
26

Angle of Discharge at Confluence with Drainageway Channel
The open channel outfall should be oriented at no less than a 30-degree angle from
a perpendicular alignment with the receiving channel, with the confluence of flow
oriented in the downstream direction.

27
28
29
30
31
32
33

Plantings
Native vegetation should be incorporated into the design of an open channel outfall.
In most cases involving planting, the use of an erosion control blanket over the bare
soil is recommended until the vegetation is fully established. Vegetation should be
fully established at 90% cover within one year of planting. Reference the Portland
Plant List for appropriate vegetation. See Title 11 Tree Code for tree requirements
relating to development situations.

City of Portland Stormwater Management Manual—April 2020
Appendix B: Recommended Guidance for Culverts and Outfalls

B-19

1
2
3
4
5
6
7
8
9
10
11
12

Grade and Erosion Control
To minimize erosion and scour, the outfall should be designed to be at the same
elevation as the bottom of the open channel and the bottom of the receiving
waterway. Where the outfall channel slope drops steeply to meet the receiving
drainageway channel, one or more grade control structures (larger than typical
check dams) may be required to create a step-pool sequence within the open
channel outfall. Steep (greater than 20 percent slope) elevation drops of greater
than 1 foot should be avoided through use of properly designed and installed grade
controls, particularly if upstream fish passage is a consideration. Outfalls on grades
over 20% may be required to pipe down slope to the receiving waterway.
Appropriate grade control measures depend upon the outfall channel, the receiving
waterway, and the site characteristics.

13
14
15
16
17
18

If the receiving drainageway channel is deeply incised near the outfall, grade control
structures may be needed within the drainageway channel for a reasonable distance
downstream of the outfall point to prevent the outfall discharges from worsening
the incision problem. If a project site appears to need grade control structures for
channel stability, a stream restoration design professional should be consulted early
in the project design.

19
20
21
22
23
24
25
26

If check dams are used to slow velocities in the open channel outfall, a minimum of
three check dams are recommended. They should be made of wood or rock, and
should be keyed into the open channel bed and banks to prevent the dam from
being displaced or bypassed during high flows. Where rock is used, the rock should
be placed by hand or mechanically, rather than dumped from a truck. Check dams
are a good choice for steep outfall channels if channel lining is impracticable. Check
dams are not usually necessary in low-gradient (less than 1 percent channel slope)
reaches.

27
28
29
30
31
32
33
34
35
36

Upland Dispersion
Dispersion of concentrated stormwater flows is often a good choice for discharges
to long slopes, ravines, riparian areas, and other natural areas where erosion could
readily occur otherwise. Where soil conditions are appropriate, this method enables
stormwater to be used to support habitat functions while also adding stormwater
attenuation benefits through uptake by vegetation, decreased flow velocities, and
allowing infiltration. Effective dispersion occurs when concentrated flows are
converted to sheet flow. The primary concerns for effective dispersion design are
stable slopes, a suitably-sized vegetated flowpath downslope of the dispersal
location, prevention of erosion caused by the dispersed flow, and selection of
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plantings that are suited to the hydrologic regime that should be created by the flow
dispersion.

3

To use upland dispersion, the following conditions should be met:

4



Stormwater discharges are considered low flow (100-year flow less than 2 cfs).

5



The slope(s) onto which the runoff will be dispersed should be stable.

6
7
8
9



The slope(s) onto which runoff will be dispersed should have a gradient of 20
percent or less. Otherwise, evaluation by a geotechnical engineer or qualified
geologist and approval by the City of Portland Bureau of Development Services
may be required.

10
11



There should be no existing concentrated surface discharge (channels or ditches)
on the site.

12
13



No drinking water wells, septic systems, or springs used for drinking water may
lie within 100 feet of the proposed dispersion site.

14
15
16



A vegetated flow path of at least 50 feet should be accommodated from the
proposed dispersion location to the nearest property line, structure,
environmental zone, or steep slope (greater than 40 percent).

17

Planting Requirements

18
19
20
21
22
23
24
25
26

Native plants are required in any temporary disturbance areas in drainage reserves
per Chapter 5. For plant recommendations, see the Portland Plant List. Choose
plants appropriate for the native plant community type as described in the Portland
Plant List. Vegetation should be planted in quantities per Table B-3 and should reach
90 percent vegetation cover within one year. See Title 11 Tree Code for tree
requirements relating to development situations and City Code Title 33, the forvegetation requirements related to applicable environmental zoning. For public
natural areas with approved master plans or management plans, vegetation
requirements may vary.
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Table B-3. Planting density for restoration of outfall temporary disturbance
areas
Number of Vegetation Type Per square
Size
Spacing density
Plants
feet
(on center)
2
Trees
100
6’ min
Per plan
height or 1
½” caliper
#1 container Per plan
5
Shrubs
100
or 12-36” tall
bare root
stock

35
120

Herbaceous
plants
Herbaceous
plants

100

4” pots

12”

100

Plugs

6”

3
4
5
6
7
8

Sizing and siting guidance
A flow dispersal trench can be used to provide upland dispersion, where direct
discharge from a storm drain or culvert infiltrates or percolates through a wide
gravel-filled trench before it spreads out and continues onto existing soil and
vegetation. The design criteria for a single flow dispersal trench include:

9
10



Discharge points with up to 0.2 cfs discharge for the peak 100-year flow may use
rock pads or dispersion trenches to disperse flows.

11
12



Piped discharge points with between 0.2 and 0.5 cfs discharge for the 100-year
peak flow should use only dispersion trenches to disperse flows.

13
14
15



Dispersion trenches should be a minimum of 2 feet wide by 2 feet deep in
section, 50 feet in length; filled with ¾ - 1½ inch washed drain rock; and provided
with a level notched grade board.

16
17



Manifolds may be used to split flows up to 2 cfs discharge for the 100-year peak
flow between four trenches (maximum).

18



Multiple dispersion trenches should have a minimum spacing of 50 feet.

19
20



If the 100-year peak flow at the outfall is greater than 2 cfs, dispersion is not an
option for the site.

21
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1
2
3
4
5

Piped Outfall
On slopes over 20%, it may be difficult to route stormwater through an open
channel or disperse upland without causing severe erosion. In such situations, it may
be appropriate to use a piped outfall system. To use a piped outfall, the following
conditions should be met:

6
7



The soil, slope, or space requirements of an open channel or upland dispersion
outfall cannot be met.

8
9



Hand trenching should be provided where runoff will pass over erodible soils
where slopes have a gradient of 15 percent or steeper.

10
11



For slopes steeper than 40 percent, the pipe should be installed on the ground
surface to minimize disturbance of what could be an unstable slope.
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Construction Considerations
Every outfall project is unique and brings specific considerations and
requirements necessary to protect watershed function and public health and
safety. Please note that these guidelines describe only some of the available
construction techniques and that others may be appropriate in certain situations.
Construction in and adjacent to streams that provide habitat for fish should
adhere to prescribed periods for in-water work, as defined in the Oregon
Department of Fish and Wildlife Guidelines for Timing of In-Water Work to
Protect Fish and Wildlife Resources. Vegetation removal and brush work should
minimize impacts to birds and wildlife, specifically nesting birds, to comply with
the U.S. Fish and Wildlife Service’s regulatory Migratory Bird Treaty Act.
Heavy equipment and machinery should be kept out of the receiving waterway
and off of the banks. Project activities should be kept within the regulated work
areas only. Channel beds and banks are typically in a delicate state of equilibrium
and can easily be damaged by the action and forces of large earth-moving
machinery. Equipment operations within the waterway can cause the release of
sediment and disrupt the natural layering and armoring of particles on the
channel bed. Out of the waterway, excessive compaction of native soils can slow
or limit the propagation of beneficial vegetation or increase the erosive nature of
hillslopes and create conditions conducive to sediment runoff into the
conveyance channel. Low ground-pressure vehicles (such as spider hoes or those
approved under Environmental Zoning or Greenway Code allowances) may be
allowed if the applicant can show adequate soil and vegetation protection during
construction and restoration.

1

For open channel outfalls, the new channel excavation should be completed and
stabilized before making the connection to the receiving drainageway. This
should minimize the amount of time that disturbance occurs in the receiving
drainageway while also enabling the downstream end of the excavated area to
serve as a temporary sediment trap for downstream water quality protection. A
plug of native soil or other approved equivalent should be retained between the
outfall channel excavation and the receiving drainageway until the connection is
ready to be made. If runoff or other discharge will occur in the area where a new
energy dissipater or open channel outfall is to be constructed, flow bypass or
other forms of dewatering should be accomplished to enable construction in
relatively dry conditions.

2
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B.3.
1 Reference Material
2

Culvert Design

3
4
5
6

Portland Sewer and Drainage Facilities Design Manual
http://www.portlandoregon.gov/bes/sdfdm
Oregon Department of Transportation, Hydraulics Manual (2014)
https://www.oregon.gov/ODOT/GeoEnvironmental/Pages/Hydraulics-Manual.aspx

7
8
9
10
11
12
13
14

Federal Highway Administration, Hydraulic Design of Highway Culverts (2012)
http://www.fhwa.dot.gov/engineering/hydraulics/pubs/12026/hif12026.pdf
United States Department of Agriculture, Forest Service; Stream Simulation Design
for Culverts (2015)
http://www.stream.fs.fed.us/fishxing/aop_pdfs.html
United States Army Corps of Engineers, Conduits, Culverts and Pipes (1998)
https://www.publications.usace.army.mil/Portals/76/Publications/EngineerManuals
/EM_1110-2-2902.pdf?ver=2013-09-04-070826-733

15
16
17

Washington Department of Fish and Wildlife, Implementation and Effectiveness
Monitoring of Hydraulic Structures (2015)
https://wdfw.wa.gov/sites/default/files/publications/01746/wdfw01746.pdf

18
19
20

Washington Department of Fish and Wildlife, Water Crossing Design Guidelines
(2013)
https://wdfw.wa.gov/sites/default/files/publications/01501/wdfw01501.pdf

21
22
23

Washington Department of Fish and Wildlife, Stream Habitat Restoration Guidelines
(2012)
https://wdfw.wa.gov/sites/default/files/publications/01374/wdfw01374.pdf

24
25
26

Stream Simulation Design for Culverts

27

Fish Passage Design

28
29
30
31

National Oceanic and Atmospheric Administration, Guidelines for Salmonid Passage
at Stream Crossings (2001)
https://www.westcoast.fisheries.noaa.gov/publications/hydropower/fish_passage_
at_stream_crossings_guidance.pdf

32

Oregon Requirements for Fish Passage

33

Oregon Administrative Rules, Chapter 635-412-0005, Fish Passage:

http://www.stream.fs.fed.us/fishxing/aop_pdfs.html
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1
2
3
4
5
6

https://secure.sos.state.or.us/oard/displayDivisionRules.action?selectedDivision=29
88
Oregon Department of Fish and Wildlife, Fish Passage Website
http://www.dfw.state.or.us/fish/passage/
Oregon Department of Fish and Wildlife, Fish Passage Criteria (2011)
https://www.dfw.state.or.us/fish/passage/docs/fish_passage_design_criteria.pdf

7
8
9
10
11
12
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Appendix
1
C: Resources and References
2
3
4
5
6

This appendix provides references for City program and regulations relating to the
design, construction, permitting and maintenance of stormwater management and
conveyance facilities. It also provide information on non-City programs and design
information that may be helpful in design of stormwater management and
conveyance facilities. It consists of the following sections:

7
8

C.1. Stormwater Management Manual Contact Information .................................. 2

9

C.2. Permitting and Development Review ................................................................ 2

10

C.3. City Codes .......................................................................................................... 3

11

C.4. City of Portland Resources................................................................................. 4

12

C.4.1. City Design Resources ................................................................................. 4

13

C.4.2. City Programs and Bureaus......................................................................... 5

14

C.5. Site Evaluation Maps ......................................................................................... 6

15

C.6. Additional Resources ......................................................................................... 7

16

C.6.1. Outside Design Resources .......................................................................... 7

17

C.6.2. Outside Programmatic Resources .............................................................. 8

18
19
20
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C.1. Stormwater
1
Management Manual Contact Information
2
3

Stormwater Management Manual website:
http://www.portlandoregon.gov/bes/swmm

4
5

To request more information on development standards within the Stormwater
Management Manual, write to: BESSTormManual@portlandoregon.gov

6
7

Stormwater Presumptive Approach Calculator (PAC)
https://www.portlandoregon.gov/bes/pac/

C.2. Permitting
8
and Development Review
9
10
11

Development Services Center (DSC)
Provides expertise and services for all permitting needs and processes. Specific
services are listed below.

12

1900 SW 4th Avenue, 1st Floor

13

Portland, OR 97201

14

For hours and availability, visit or call:

15

http://www.portlandoregon.gov/bds/34154

16



Permitting Services (503) 823-7310

17



Planning and Zoning (Zoning questions) (503) 823-7526

18



Plumbing, Electrical, Mechanical, Sign Permits (503) 823-7363

19



Resource/Records (503) 823-7660

20



Permit Status via Voicemail (503) 823-7000 (4)

21



Stormwater facility inspection: (503) 823-7000 (1) Request #487

22
23
24
25

Bureau of Environmental Services, Development Review Hotline
For questions related to project or site-specific development proposals, including
guidance on submittal requirements or required inspections.

26

(503) 823-7761

27
28
29
30

Bureau of Development Services (BDS) Early Assistance Appointments
Services are available prior to submittal of a land use review or building permit
application. These services are intended to provide useful feedback for projects
ranging from relatively simple to very large and complex.
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1

Questions: (503) 823-7526

2

Application form: http://www.portlandoregon.gov/bds/36648

3
4

Application Submittal: Early assistance appointment request forms should be
submitted to the Development Services Center

5
6
7

Public Works Permitting Process
For information on improvements in the public right of way.
http://www.portlandoregon.gov/53147

8
9
10
11

Site Development Permits
Site development permits are issued for work such as clearing, grading, tree cutting,
landslide repair, private streets and groundwork related to new subdivisions, where
no building or structure is altered, moved or constructed.

12

(503) 823-6892

13

http://www.portlandoregon.gov/bds/36670

C.3.14City Codes
15
16

Title 10: Erosion and Sediment Control
http://www.portlandoregon.gov/citycode/28175?

17
18

Title 11: Trees
https://www.portlandoregon.gov/citycode/66002

19

Title 17: Public Improvements

20

http://www.portlandoregon.gov/citycode/28181?

21
22

Title 21: Water
http://www.portlandoregon.gov/citycode/?c=28185

23

Title 24: Building Regulations

24

http://www.portlandoregon.gov/citycode/28188?

25
26

Title 29.30.170 Plumbing
http://www.portlandoregon.gov/citycode/?c=28732&a=18206
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1

Title 33: Planning and Zoning

2

http://www.portlandoregon.gov/citycode/28197?

C.4. City
3
of Portland Resources
4
5

City resources are available for design guidance as well as resources for
programmatic support and information.

6

C.4.1. City Design Resources

7
8

BES Auto CAD Files
https://www.portlandoregon.gov/bes/77336

9
10
11

Bird Friendly Design
Guidance on practical design approaches to reduce risks to birds, with a focus on
exterior glass and lighting design

12

http://www.portlandoregon.gov/bds/article/408796

13
14

City of Portland Standard Details and Drawings
http://www.portlandoregon.gov/transportation/50383

15
16

City of Portland Standard Construction Specifications
https://www.portlandoregon.gov/transportation/50383

17

Erosion and Sediment Control Manual

18

http://www.portlandoregon.gov/bes/article/474129

19
20
21
22

Portland Plant List
Contains a list of Portland’s approved native plants and nuisance plants. Nuisance
plants are prohibited from being planted and native plants are required in certain
environmental zones and drainage reserves.

23

https://www.portlandoregon.gov/citycode/article/322280

24
25
26
27

Rainwater Harvesting Resources
Rainwater Harvesting Code Guide
Portland’s code guide for installing rainwater harvesting systems.
http://www.portlandonline.com/shared/cfm/image.cfm?id=68621.

28
29
30

Rainwater Harvesting Resource Guide
This factsheet provides information on the benefits of rainwater harvesting and the
various city bureaus that are involved in installing a rainwater harvesting system.
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1

http://www.portlandoregon.gov/water/article/278777

2

Sewer and Drainage Facilities Design Manual

3

http://www.portlandoregon.gov/bes/article/360710

4
5
6

Transportation Design and Construction Standards and Documents
Improvements in the public right-of-way must also meet design and construction
standards for transportation elements.

7

https://www.portlandoregon.gov/transportation/article/631178

8
9

Water Valves Hydrants and Assemblies
https://www.portlandoregon.gov/transportation/article/668194

10
11

C.4.2. City Programs and Bureaus

12
13
14

Clean River Rewards – Stormwater Discount Program
Information on Portland’s stormwater utility discount program. Property owners
can receive up to a 100% discount on on-site stormwater management charges.

15

(503) 823-1371

16

http://www.portlandoregon.gov/bes/41976

17
18
19

Columbia South Shore Well Field Wellhead Protection Program
Information on the groundwater protection program, regulations, area map and
technical assistance.

20

http://www.portlandoregon.gov/water/29890

21
22
23

Combined Sewer Overflow (CSO) Program
Information on Portland’s 20 year combined sewer overflow program that was
completed in 2011.

24
25

http://www.portlandoregon.gov/bes/31030

City of Portland Stormwater Management Manual—April 2020
Appendix C: Resources and References

C-5

1
2
3

Ecoroof Resources
Information on a variety of ecoroof resources in the city of Portland including
project examples, technical guidance and how to find an ecoroof professional.

4

http://www.portlandoregon.gov/bes/44422

5
6
7

Green Street Steward Program
Information on how community members can participate in the care and
maintenance of Portland’s green streets.

8

http://www.portlandoregon.gov/bes/52501

9
10
11
12
13

Maintenance Inspection Program
The City of Portland has a program to inspect stormwater management facilities
installed on private property and provide property owners with the Technical
Assistance they need to ensure that stormwater management facilities are
functioning as intended.

14

https://www.portlandoregon.gov/bes/45464

15
16
17

Revegetation Program
The City of Portland has a program that designs, plants, inspects and maintains
stormwater management facilities in the public right of way and on public property.

18

http://www.portlandoregon.gov/bes/article/394076

19
20
21
22
23

Urban Forestry
Portland Parks & Recreation Urban Forestry's Department manages Portland’s forest
infrastructure. Information on permits for planting, pruning, and removal of all
public and some private trees. The site also provides information on 24 hour tree
emergency response.

24

(503) 823-4489

25

http://www.portlandoregon.gov/parks/38294

C.5.26Site Evaluation Maps
27
28
29
30
31

Portland Maps
This site includes public storm and sewer utility information. Inquirers can search by
address to find detailed information about properties. Sewer and environmental
information is located under the utilities tab. Tax lot information is located under
the assessor and assessor detail tab.

32

http://www.portlandmaps.com
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1
2
3

Soil Survey of Multnomah County
Soil Conservation Service, 1982. This document contains soil survey data and soil
property data for Multnomah County.

4
5

http://www.nrcs.usda.gov/Internet/FSE_MANUSCRIPTS/oregon/OR051/0/or051_te
xt.pdf

C.6. Additional
6
Resources
7
8

Additional programmatic and design resources are available through other states
and jurisdictions.

9

C.6.1. Outside Design Resources

10
11
12

East Multnomah Soil and Water Conservation District – Rain Garden
design and construction
http://emswcd.org/in-your-yard/rain-gardens/

13
14

Environmental Protection Agency National Stormwater Calculator
http://www.epa.gov/water-research/national-stormwater-calculator

15
16
17

King County Surface Water Management
King County, Washington, “Surface Water Design Manual”, originally published in
1990 (effective April 24th, 2016)

18
19

https://www.kingcounty.gov/services/environment/water-andland/stormwater/documents/surface-water-design-manual.aspx

20

Oregon Specialty Plumbing Code 2011

21

http://www.iapmo.org/Pages/2011OregonPlumbingSpecialtyCode.aspx

22

Oregon State University, Sea Grant, Oregon Rain Garden Guide

23
24
25

http://seagrant.oregonstate.edu/sgpubs/oregon-rain-garden-guide
City of Tacoma permeable paving specifications
https://www.cityoftacoma.org/cms/one.aspx?objectId=81563

26
27
28

Pervious Asphalt
National Asphalt Paving Association, Porous Asphalt Pavements for Stormwater
Management:

29

http://store.asphaltpavement.org/index.php?productID=759

30
31

Pervious Concrete
National Ready Mix Concrete Association:
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1

http://www.perviouspavement.org/

2
3

Pervious Pavers
Interlocking Concrete Pavement Institute:

4

http://www.icpi.org/paving-systems/permeable-pavers

5
6

Port of Portland - Stormwater Design Standards Manual
https://popcdn.azureedge.net/pdfs/Stormwater_Design_Standards_Manual.pdf

7
8

Rainwater harvesting Resources
Building Codes Division Oregon Smart Guide

9

https://www.oregon.gov/bcd/Documents/brochures/3660.pdf

10
11

For information from the Oregon Specialty Plumbing Code, refer to the website:
http://www.cbs.state.or.us/external/bcd/programs/plumbing/2008opsc.html

12
13

Seattle Washington Stormwater Code
http://www.seattle.gov/sdci/codes/codes-we-enforce-(a-z)/stormwater-code

14
15

Washington State Department of Ecology
Stormwater Management Manual for Western Washington

16

http://www.ecy.wa.gov/programs/wq/stormwater/manual.html

17

C.6.2. Outside Programmatic Resources

18
19
20
21

Clean Water Services
Private Water Quality Facility Management Program
http://www.cleanwaterservices.org/PermitCenter/Inspections/privatewaterqualityf
acility.aspx

22
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1
2
3

Metro
Portland’s regional form of government that oversees regional land use planning,
research, natural areas and solid waste and recycling.

4

http://www.metro-region.org/

5
6
7
8
9

Multnomah County Drainage District
The Multnomah County Drainage District prevents flooding through the
management of levees, pump stations and drainageways, facilitates recreation
within drainage district facilities and maintains habitat friendly environments along
the Columbia River and Columbia Slough.

10

http://www.mcdd.org/

11
12
13

Oregon Department of Environmental Quality (DEQ)
DEQ is Oregon’s state agency that regulates the protection of Oregon’s land, water
and air quality.

14

http://www.oregon.gov/DEQ/Pages/index.aspx

15
16
17

Oregon Department of Environmental Quality (DEQ), Underground
Injection Control Program (UIC)
https://www.oregon.gov/deq/wq/wqpermits/Pages/UIC.aspx

18
19
20

Oregon Department of State Lands
Provides information on regulations associated with activities within waters of the
state.

21

https://www.oregon.gov/DSL/pages/index.aspx

22
23
24
25
26

Oregon Environmental Council – Low Impact Development Guidance
Template
A guidance manual that cities and counties throughout Western Oregon can use to
use to reduce stormwater runoff, prevent flooding, and improve the health of our
rivers, lakes and streams

27

http://oeconline.org/lidmanual/

28
29
30

Oregon Environmental Council - Stormwater Soutions Report
A report developed to recommend strategies (including policies, projects, and
programs) that will reduce stormwater impacts in Oregon’s urban areas.

31

http://www.oeconline.org/wp/wp-content/uploads/2014/11/Stormwater-Solutions-

32

Report.pdf

City of Portland Stormwater Management Manual—April 2020
Appendix C: Resources and References

C-9

1
2
3

Salmon Safe Certification
A guide for site developers and designers interested in developing environmentally
innovative projects that help restore our urban watersheds

4

https://www.salmonsafe.org/getcertified/development

5
6
7
8
9

U.S. Green Building Council
The US Green Building Council helps advance buildings are designed, constructed
and operated through Leadership in Energy and Environmental Design, (LEED).
LEED, or is a certification program for buildings and communities that guides their
design, construction, operations and maintenance toward sustainability

10

http://www.usgbc.org/

11
12
13
14
15

West Multnomah Soil and Water Conservation District – Healthy Stream
Program
The Healthy Streams Program provides full funding, project planning and technical
assistance to landowners for streamside restoration to improve water quality,
wildlife habitat and the condition of the land.

16

https://wmswcd.org/programs/healthy-streams/

17
18
19
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