Appendix E

STORMWATER POLLUTION REDUCTION STORM
DEVELOPMENT METHODOLOGY

May 20, 2004 (Updated for September 1, 2004 Stormwater Management Manual Revision)

INTRODUCTION

The development of design storms for the sizing of stormwater pollution reduction (treatment)
facilities generally involves a statistical analysis of local rainfall data, whereas a certain storm
volume, duration, and peak intensity (or rainfall distribution) is identified to achieve a
predetermined treatment volume goal. This treatment volume goal will vary from jurisdiction to
jurisdiction, but is generally 80 to 95% of the average annual runoff. It can be linked to each
jurisdiction’s municipal stormwater discharge permit (MS4 permit) definition of MEP (maximum
extent practicable) as it relates to the removal of pollutants from stormwater. This definition is
rarely clear, but justification for the treatment volume goal generally involves social/political,
economic, and environmental considerations. Without a firm grasp on the environmental
consideration at this time (i.e. what percentage of average annual runoff volume needs to be
treated such that the effluent water quality isn’t harmful to fish or aquatic systems or
groundwater resources?), the economic and social/political considerations are most widely
used. An optimization model can be developed to determine a treatment volume that will result
in the “biggest bang for the buck”, or the point at which additional percentage points of annual
treatment volume begin to require a disproportionately large increase in treatment facility size
(see attached Figure 4). However the treatment volume goal is justified, the link to how
treatment facilities are actually sized, and whether they end up achieving the intended goal, can
be lost in translation.

TREATMENT VOLUME GOAL

Before the adoption of the September 2004 Stormwater Management Manual revision, Portland
relied on a single treatment storm methodology, using a storm of 0.83 inches over 24 hours
(NRCS Type 1A rainfall distribution). Used since 1994, the original intent of this design storm
was to: 1) treat the “first-flush” or first 0.5 inches of runoff from all storm events and 2) pass
100% of 95% of all storm events through the treatment facility. There did not seem to be a
direct environmental or economic justification for choosing 95% of storm events at the time.
The justification was mainly social/political in that it sounded like a reasonable standard.

The City of Eugene uses a treatment goal of 80% of the average annual runoff, and the
justification seems to be both social/political and economic, as an attempt was made to choose
a treatment intensity at the “knee” of an intensity versus percentage of annual runoff volume
treated curve. Gresham also uses 80% of the average annual runoff, with a similar justification
(URS performed both studies). The Washington State Department of Ecology (and thus many
other jurisdictions in Washington) uses 91%, and claims that an economic analysis was
performed to justify the goal.

Rather than stating a treatment volume goal without a link to environmental or economic
considerations, Portland has chosen to consider economic factors to provide the most “bank for
the buck”. From a social/political and environmental perspective it is also desirable to set a
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minimum value to this goal. A continuous simulation analysis, summarized as Figure 4, has
been performed on multiple years of rainfall data to determine the percentage of average annual
rainfall that should be treated to maximize treatment efficiency. This analysis indicates a knee
in the curve somewhere between 80 and 85 percent of the average annual volume. It may not
be desirable to set the treatment goal directly at the economically optimal point, as stormwater
treatment facilities do not always operate at their optimal design flow rates. Filters blind over
time, or swales accumulate sediments that decrease the effective treatment flow rate through
them. A margin of safety should be incorporated into the treatment volume goal. For these
reasons, the City of Portland has chosen to set its treatment volume goal at 90% of the average
annual rainfall volume.

TREATMENT STORM ANALYSIS

Over the past several years, Portland’s 0.83” storm and justification have been questioned by
other northwest jurisdictions. Agencies such as NOAA Fisheries are unsure which stormwater
management regulations to use in the Pacific Northwest, as from an outside perspective the
water quality storms and overall treatment goals used by various jurisdictions seem to vary
dramatically. On the surface, Washington State DOE appears to use a treatment volume
roughly double that of Portland’s, although with the incorporation of the Vb/Vr (volume of basin /
volume of runoff) factor they are basically equal (both result in the use of 2/3™ of the 2-year, 24-
hour storm volume). The City of Eugene uses 1.4”/ 24 hours, and the City of Gresham uses
1.2°/12 hours. Their treatment storm volumes appear greater than Portland’s (1.4” and 1.2”
compared with 0.83”), but with the incorporation of the Vb/Vr ratio, are actually less (1.4” and
1.2” compared with 1.66").

While the City of Eugene uses 1.4”/ 24 hours for volume based treatment facilities, they use the
intensities of 0.13"/hr and 0.22"/hr (for off-line and on-line facilities, respectively) for flow rate
based facilities. These dual sizing standards result in treatment of 80% of the average annual
runoff for rate based facilities, and 100% treatment of the 80" percentile storm for volume based
facilities. At this time it is unclear how the treatment of X% of the average annual runoff with
rate based systems is comparable to treating the X" percentile storm with volume based
facilities. Rather than sizing to the X" percentile storm for volume based facilities, it is
recommended to use a different methodology (see discussion under Volume Based Treatment
Systems). In either case, the need for separate rate and volume based facility sizing standards
is clear if the treatment volume goal is to remain consistent.
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RATE BASED TREATMENT SYSTEMS

Stormwater treatment systems can be divided into two categories based on the methods used
to size them: rate (or flow) and volume (or detention) based systems. Rate based systems used
in Portland include swales, sand filters, and Stormfilter cartridge systems. Rate based systems
remove pollutants with physical processes that settle or filter particulates as the flow passes
through the system. The actual volume of the facility doesn’t play a major role in the pollutant
removal process, as there isn't a significant detention period for the water to remain in the
system for any length of time.

A continuous simulation model can easily be used to determine the average annual runoff
volume percentage treated by a rate based system. An assumption is that 100% of the runoff
less than or equal to the peak treatment flow rate is fully treated, while the flows that exceed the
peak treatment flow rate receive no treatment. Different assumptions can be made for on and
off-line treatment systems. Likewise, an analysis of continuous rainfall intensity data can
determine the average annual rainfall volume that is associated with a particular range of rainfall
intensities. This type of analysis was completed for four different rain gages representing the
different quadrants of Portland, and is summarized in Exhibit 5. 5, 10 and 20-minute intensities
were analyzed to determine the intensities associated with the 90% rainfall volume goal. For 5-
minute intensities, rainfall intensities of 0.19 inches per hour or less were determined to account
for 90% of the average annual rainfall volume.

Eugene performed an analysis on 50 years of Eugene Airport rainfall data and also concluded

that a rainfall intensity of 0.19”/hr would be needed to treat 90% of the average annual runoff
volume.

Figure 1: Continuous simulation determination of 90% treatment flow rate
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flow rate

Treatment runoff flow rate =
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VOLUME BASED TREATMENT SYSTEMS

Unlike rate based systems, volume (or detention) based systems provide a significant storage
volume for water to accumulate and be detained for a period of time. Pollutants are removed
through physical (settlement) and/or biological processes. Volume based facilities used in
Portland include wet ponds and wetlands. Unlike rate based systems, it is not easy to model
volume based systems with continuous simulation models or rainfall analysis. Storm detention
time needs to be factored into the model, and the mixing of water within the facility from one
storm to the next creates a complex process that cannot be simulated accurately at this time.
The currently accepted methodology used to size volume based treatment facilities (in
Portland’s SWMM, Gary Minton’s Stormwater Treatment textbook, and many other jurisdictions)
is to set the wet portion of the pond or wetland (permanent pool) equal to the full volume of
runoff generated by the predetermined water quality storm, and apply a safety factor (Vb/Vr
ratio).

The volumes of most jurisdictions’ water quality storms are set at their average annual treatment
volume goal. For example, if the goal is to treat 80% of the average annual flow volume, the
treatment storm depth is set to the 80% percentile storm. Eugene’s goal is to treat 80% of the
average annual volume. Their water quality storm is 1.47/24 hours, which is equal to the 80"
percentile storm. 80% of their storm events have a depth of 1.4 inches or less. In Portland’s
case, the 0.83” storm is not equal to the 90" percentile storm. An estimate would put it
somewhere between the 60" and 65" 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 by the 0.83” storm, or a Vb/Vr ratio of 2, but this factor
should most likely be a function of soil type. In a recent version of Stormwater Treatment
Northwest (Vol 9, No 4), Gary Minton and Roger Sutherland suggest that Pacific Northwest
monitoring data indicates that a Vb/Vr ration of 1 may be adequate to achieve a TSS removal of
80%.

The City of Eugene has performed an analysis on 50 years of Eugene Airport rainfall data, and
concluded that 90% of rainfall events are less than 2.4 inches in depth. Hourly rainfall intensity
data was used in the analysis, storm depths of 0.01 inches or less were eliminated from the
analysis, and a minimum inter-event time of 6 hours was used. A slight change in the modeling
assumptions has a significant impact on the outcome. In the December 2003 issue of
Stormwater Treatment Northwest, Gary Minton stated that an analysis he did of 24-hour rainfall
data from the Seattle-Tacoma International Airport indicated that with a storm depth of about
1.35 inches, 90% of the runoff would be treated over time. The specific assumptions that were
used in Dr. Minton’s analysis are not known, but he was not using the 90" percentile Seattle-
Tacoma storm. The Washington State Department of Ecology’s Western Washington
Stormwater Manual targets the capture of 91% of the average annual runoff for water quality,
which they equate to two-thirds of a 2-year storm event (roughly 1.65 inches). Again, this storm
event is not equivalent to the 91% percentile Western Washington storm.

A way of modeling the rainfall that could result in a clearer link to the treatment goal may be to
determine the volume of a wet basin that will result in an average storm detention time of 24, 36,
or 48 hours, depending on the anticipated TSS settling velocity in the vicinity of the site. The
assumed inter-event time could be adjusted to ensure that enough detention time is provided
between each storm event. An assumption could be made that storms with total volumes less
than the “90% treatment storm” would receive 100% treatment. Storms with total volumes
greater than the “90% treatment storm” would receive partial treatment- 100% treatment for the
volume equal to the 90% storm volume, and 0 treatment for the volume greater than the 90%
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storm volume. This may be overly conservative, as some very long, drawn-out storms (>24
hours) with total volumes greater than the designated treatment volume, may in fact receive
greater than 24 hours of detention time for the entire storm, or 100% effective treatment.

Figure 2: Continuous simulation determination of 90% treatment volume

— Portion of storm volume greater than
Minimum treatment volume X
inter-event
Runoff
flow rate
Treatment volume = X Time
= treated runoff =0.90
+
= untreated runoff

CONCLUSION AND RECOMMENDATION

The Portland water quality design storm shall be stated as a volume treatment goal- e.g. “90%
of the average annual runoff shall be treated”, and will be clarified by stating the peak rainfall
intensity, and total volume components. This achieves two things:

1) Volume based facilities and rate based facilities will be theoretically sized to achieve
treatment of the same percentage of average annual runoff volume.

2) With the treatment rainfall intensity already given, the SBUH or other hydrograph based
hydrologic analysis method won’t be needed to size rate based treatment facilities,
simplifying the design process. Rather, the Rational Method can be used to calculate
the runoff treatment flow rate, based on the site’s time of concentration.

To achieve the treatment of 90% of the average annual rainfall volume, rate based facilities
must be sized to treat rainfall at 0.19 inches per hour for sites with 5-minute time of
concentration or less, 0.16 inches per hour for sites with a 10-minute time of concentration, and
0.13 inches per hour for sites with a 20-minute time of concentration.

For volume based facilities, Portland shall continue to size wet basins using 0.83 inches of
rainfall over 24 hours (NRCS Type 1A rainfall distribution), with a Vb/Vr ratio of 2. Further
analysis will be completed during the September 2007 Stormwater Management Manual
revision process.
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There should no longer be the perception of extreme water quality design storm discrepancies
between Portland’s Stormwater Management Manual and the Department of Ecology’s
Stormwater Management Manual for Western Washington, answering questions raised by
NOAA Fisheries during review of Portland’s manual.

In the long term, as more is learned about the capabilities of stormwater treatment facilities and
their relationship to environmental, economic, and social considerations, Portland’s treatment
storm characteristics shall be re-analyzed and compared with those of other local jurisdictions
periodically to determine if changes are necessary.
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Figure 3: Water Quality Design Storm Pacific Northwest Comparison

Jurisdiction | Average | Treatment | WQ Storm | Volume | WQ WQ Storm | WQ Storm
Annual Goal Volume Based [ Storm Intensity for | Intensity  for
Rainfall | (average | (inches) Facility | Duration | Off-Line On-Line
(inches) | annual Vr Sizing (hours) Facilities Facilities

runoff %) Factor (in/hr) (in/hr)

City 37.4 80 1.2 1 12 0.11 0.20

Of Gresham

City 46.6 80 1.4 1 24 0.13 0.22

Of Eugene

City 43.2 90 0.90, 0.3 3 24 Not Specified:

Of Corvallis mean ann. 0.90” storm peak 10 min

storm for intensity (per NRCS 1A dist.)
wet ponds =0.29 in/hr

Clean Water 36 85 0.36 1 4 WQ Volume / 4 hours

Services- =0.09 in/hr

Oregon

DOE Varies 91 “6-month 1 24 91% treatment: varies by

Western 36-46 storm jurisdiction, HSPF

Washington volume”- continuous simulation,

SWMM Varies different on & off-line

City 37.6 91 “6-month 1 24 91% treatment, HSPF

Of Tacoma storm continuous simulation,

volume” different on & off-line

City 38.6 Not Clear “‘Mean 1 24 6-month storm (64% of 2-

Of Seattle annual year storm or 1.08 inches)

storm” peak 10-min intensity using
=0.47 SBUH = 0.35 in/hr

King 38.6 95 “‘Mean 3 24 60% of 2-yr storm flow rate

County- annual using KCRTS continuous

Washington storm” = simulation, or 64% of 2-yr

0.47- 0.65 storm flow rate using SBUH

Oregon Varies Not Clear 2-year 1 24 Not Specified:

State DEQ 37 storm: 2.4” storm peak 10 min
approx. 247 in intensity (per NRCS 1A dist.)
average Portland = 0.78 in/hr

City 36 Not Clear: 0.83 2 24 Not Specified:

Of Portland 95% 0.83” storm peak 10 min

(1996-Sept. Claim intensity (per NRCS 1A dist.)

2004) = 0.27 in/hr

City 36 90 90% Ave. | 1ifVr= 24 90% treatment as shown by

Of Portland annual 1.7, continuous simulation

(Recom- treatment | 2if Vr = (see Figure 5)

mended for volume* 0.83 =0.19to0 0.13 in/hr,

Sept. 2004) depending on site’s TofC

* As defined by the recommended analysis of 24 years of Portland rainfall data, assuming a
minimum inter-event time of 12 hours and minimum rainfall amount of 0.01 inches (see Figure 6).
Portion of storm volume below specified treatment volume receives 100% treatment, portion of
storm volume above specified treatment volume receives 0% treatment.
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Figure 4: Rainfall Intensity Versus Percentage of Annual Rainfall Volume 8/M12/2004
Rainfall data taken from each of four Portland quadrants, then averaged. Fancher

S-minute % Annual
intensity |Rainfall
infhir  [Yolume
0 0
0.01 7
002 14
003 21
0.04 28
0.05 35
006 42
007 485
0.08 555
0.09 525
01 595
011 765
012 835
013 845
0.14 855
015 36
0.18 87
017 33
0.18 39
019 90
0z 905
0.21 915
022 925
023 93
024 94
0.25 95
03 96
04 98
05 98

% Annual Rainfall

Volume

Rainfall Intensity Vs.
% Annual Rainfall Volume

100
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40
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0

—

/

/

/

0

0.1 02 03 04 05
Rainfall Intensity (in/hr)

Stormwater Management Manual
Adopted July 1, 1999, revised September 2004

Page E-8




Figure 5: BES Stormwater Pollution Reduction
Storm Analysis
April 30, 2004

Intensities Resulting in Treatment of 90% of Rainfall Volume (in/hr)

Assumption: Percentage of rainfall less intense than specified intensity receives
100% treatment, percentage of rainfall more intense than specified intensity

receives 0 treatment.

Average = 0.19 in/hr

Average = 0.16 in/hr

5 minute intensity NW 0.19
5 minute intensity SW 0.19
5 minute intensity SE 0.20
5 minute intensity NE 0.19
10 minute intensity NW ] 0.15
10 minute intensity SW ] 0.15
10 minute intensity SE ] 0.165
10 minute intensity NE ] 0.16
20 minute intensity NW ] 0.13
20 minute intensity SW ] 0.12
20 minute intensity SE | 0.14
20 minute intensity NE ] 0.135

Average = 0.13 in/hr
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Figure 6: BES Stormwater Pollution Reduction
Storm Analysis
April 30, 2004

Volumes Resulting in Treatment of 90% of Rainfall Volume (in/hr)

Assumptions: Percentage of storm volume less than specified volume receives
100% treatment, percentage of storm volume greater than specified volume
receives 0 treatment. Storm event is defined by a minimum of 0.01 inches of
rainfall with a minimum inter-event period of 12 hours.

Place & Total Number | Average |90% Average 90%
Time Rainfall | of 12-hr | Storm Treatment Treatment Storm
(in) Storms Size (in) | Storm Size Size (in)
(in)
NW 97-98 | 80.15 169 0.47 1.6 Average = 1.7 in
NW 90-91 | 65.5 163 0.40 1.3
NW 83-84 | 83.9 202 0.42 1.9
NW 80-81 | 95.37 247 0.39 2.1
SW 97-98 | 73.85 176 0.42 1.4 Average = 1.7 in
SW 90-91 | 61.83 180 0.34 1.25
SW 83-84 | 82.37 201 0.41 1.9
SW 80-81 | 67.45 160 0.42 2.1
SE 97-98 | 74.41 185 0.40 1.6 Average = 1.8 in
SE 90-91 | 63.71 184 0.35 1.3
SE 83-84 | 82.75 192 0.43 2.0
SE 80-81 | 65.41 163 0.40 2.3
NE 97-98 | 74.00 180 0.41 1.4 Average = 1.7 in
NE 90-91 | 64.62 176 0.37 1.2
NE 83-84 |72.27 217 0.33 1.7
NE 80-81 | 65.37 188 0.35 2.3
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Appendix: Local Pollution Reduction Storm Specifications

MEMORANDUM
TO: Greg Gescher, CP&P Supervisor
FROM: Bruce Moser, Project Manager

DATE: December 15, 2003
SUBJECT: Stormwater Quality Facility Design Storm

This memo reviews the stormwater quality design storm event for the City of Corvallis, and
recommends using a NRCS Type 1A storm event of 0.9 inch in 24 hours,

Background

NPDES Phase 1 and 2 Stormwater regulations require agencies to implement stormwater quality
treatment by the use of best management practices. NPDES Phase 1 and 2 Permits do not include
a specific requirement for meeting a design storm and treatment level. The State of Oregon DEQ
has not established stormwater quality criteria for NPDES Phase 1 for receiving streams that are not
water quality limited (TMDLs have not been established).

The Corvallis SWMP includes the requirement to retrofit all existing stormwater outfalls with water
quality facilities, and to require new development to install stormwater quality facilities. The SWMP
includes Technical Memorandum No. 3, dated Nov. 10, 1999, in which Browné&Caldwell staff
recommended that the City of Corvallis use 2/3's of the 2 Yyear, 24 hour rainfall event, or 1.67 inches
for 24 hours for the stormwater treatment design storm event. This level of treatment exceeds the
level other agencies in Oregon are currently using.

Discussion

Agencies in Oregon that have NPDES stormwater permits have established differing criteria for the
Stormwater quality design storm event to capture and treat, Agencies have reviewed local rainfall
data to determine the level of storm event to capture that represents a percentage of the total rainfall.
This methodology is based on the assumption that the majority of pollutants are mobilized and
transported prior to the peak of a large rainfall event. Several stormwater quality studies have
substantiated this assumption.

The process for review of rainfall data involves review of historical rainfall events to establisha level
of 24 hour precipitation that represents a given percentage of the total volume of rainfall, The City
of Portland has established design criteria of 95% of total stormwater runoff is fo be treated to
remove 70% of Total Suspended Solids (TSS). The design storm to capture has been established
as 0.83 inches in 24 hows, using NRCS Type 1A curve. The City of Eugene has established the
design criteria of 90% of total stormwater runoff to be treated, but the TSS removal criteria is not
mentioned. City of Bugene staff assume thet a properly designed stormwater quality BMP will
remove 80% of TSS, City of Eugene has established the design storm as 0.21 inches in one hour for
on-line facilities, and 0.12 inches in one hour for off-line facilities. This is based on using 1.0 inch
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in 24 hour as the design storm, using the NRCS Type 1A curve. The on-line facilities have a greater
design storm based on the assumption that the effectiveness of an on-line facility will be impacted
by flow when compared to an off-line facility.

Establishing Storm i ent Desi t Event for Corv

The design rainfall event and treatment level is not currently identified under existing or anticipated
regulatory requirements for the City of Corvallis. The SWMP does not specify treatment levels, but
community input frequently referenced the water quality requirements that larger Ore gon cities were
meeting. A reasonable expectation for the implementation of stormwater quality facilities in
Corvallis would be meeting community standards established in other Oregon cities that require
stormwater treatment.

The stormwater receiving streams in Corvallis do not have established TMDL’s, and none are ~
anticipated to be implemented in the foreseeable future. Inaddition, the EPA Implementation Plan

for Corvallis has not established a water quality treatment requirement with the exception of water
temperature, )

The methodology for developing the storm event for design treatment levels for the City of Corvallis
uses review of historical daily rainfall over the last 42 years from the Hyslop rainfall gage (located
4 miles north of Corvallis) to determine the 24 hour event that would provide 90% capture for
treatment. The 42 year historical data was tabulated to establish the average yearly rainfall of43.20
inches. The amount of yearly rainfall that equals 90% of this yearly rainfall is 38.87 inches. The
next step of the methodology was to establishpd a daily rainfall amount that collectively meets the
38.88 inches over the 42 years of data. The historical rainfall data was input to a spreadsheet “if,
then” command to record all daily rainfall less than or equal o 0.9 inches. Rainfall greater than 0.9
inches was converted to 0.9 inches for the 24 hour period. The data was again tabulated and
averaged to determine the yearly average rainfall amount, which was calculated to be 38.99 inches.
This level nearly matches the target the yearly average for 90% rainfall of 38.88 inches.

The following table compares the annual average rainfall and design storm events for Portland,
Corvallis, and Eugene.

City Portland Corvallis Eugene
Annual Ave. =

Rainfall (inches) 37.07 43.20 50.90
24 Hr. Design Storm 0.83 0.90 1.00
(inch/24 hour)

Recommendation

Based on review of other agency design storm methodology and review of local rainfall data, the
stormwater quality design storm event for the City of Corvallis is recommended to be 0.9 inches in
24 hours, using the NRCS Type 1A distribution curve. :

gl Caglial Plannk i cm quallry desf evesLwpd
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Current standards for development Page 1 of 1

-

ra
CleanWater ~—_Services ot B ___Qur.commil

Home > D&C Standards 04-09

Design & Construction Standards

Clean Water Services Design and Construction Standards ct
the administrative and technical requirements for the design
of sanitary and surface water management systems which ai
of residential or commercial development. The new Design a
Standards Resolution and Order 04-9 (R&0 04-9) became &
March 1, 2004 and replaces the previous version of the stan
-

Unless otherwise specifically identified in the land use condit
new development submittals within the District's boundaries-
development within cities—-should comply with R&O 04-9.

e Click here to view or download Resolution and On

(PDF).

* AutoCAD users may click here for PNG files. A CD
containing PDF files of the document is also avail;
purchase at Clean Water Services Permit Counter,
Street, Suite 270, Hillsboro. The cost for the CD is

s Click here for language changes January 6, 2004.

* You may also access Resolution and Order 03-11
January 1, 2005,

(c) 2002, Clean Water Services - Click Here For More Information Last Site

http://www.cleanwaterservices.org/ShowPage.asp?1D={E5917F78-57C2-40CF-9453-D57... 3/23/2004
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APPENDIX B:
WATER QUALITY & QUANTITY
FACILITY DESIGN

1.0 GENERAL REQUIREMENTS FOR WATER QUALITY AND QUANTITY
FACILITIES

1.1 Erosion Protection

a. Inlets to water quality and quantity facilities shall be protected from erosive
flows through the use of an energy dissipater or rip rap stilling basin of
appropriate size based on flow velocities. Flow shall be evenly distributed
across the treatment area,

b.  All exposed areas of water quality and quantity facilities shall be protected
using coconut or jute matting. Coconut matting or high density jute matting
(Geojute Plus or approved equal) shall be used in the treatment area of
swales and below the WQV levels of ponds. Low density jute matting
(Econojute or approved equal) may be used on all other zones.

172 Vegetation

a. Vegetation shall be in accordance with the Appendix D: Landscape
Requirements.

b. No invasive species shall be planted or permitted to remain within the
facility which may affect its function, including, but not limited to the
following:

. Himalayan blackberry (Rubus discolor)

. Reed canarygrass (Phalaris arundinacea)

. Teasel (Dipsacus fullonum)

. English Ivy (Hedra helix)

. Nightshade (Solanum sp.)

. Clematis (Clematis ligusticifolia and C. vitabla)
. Cattail (Typhus latifolia)

. Thistle (Cirsium arvense and C. vulgare)

O 00 =] O Lh o W R

. Scotch Broom (Cytisus scoparius)

Water Quality & Quantity Facility ])_eéigﬁ
Appendix B - - Page 1
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8) A vehicle turnaround shall be provided when the access road
exceed 40’ in length.

2.0 WATER QUALITY FACILITY DESIGN
This section presents methodology for designing water quality facilities.
211 Water Quality Volumes and Flows
(Reproduced from Appendix A: Hydrology and Hydraulics,; Section 1)

The water quality storm is the storm-required by regulations to be treated. The
storm defines both the volume and rate of runoff.

a. Water Quality Storm: Total precipitation of 0.36 inches falling in 4 hours
with a storm return period of 96 hours.

b. Water quality volume (WQV) is the volume of water that is produced by
the water quality storm.

c. Water Quality Volume (WQV): 0.36-inches over 100-percent of the new
impervious area.

Water Quality Volume (cf) = 0.36(in) x Area (5f)
12 (in/ft)

d. Water Quality Flow (WQF): The average design flow anticipated from the
water quality storm.

Water Quality Flow (cfs) = Water Quality Volume (cf)
14,400 Sec

Or

Water Quality Flow (cfs) = .36(in) x Area (sf)
12(in/ft)(4 hr)(60 min/hr) (60 sec/min)

22 Pretreatment
a. Pretreatment Required

Sheet flow of impervious surfaces into water quality facilities will not be
allowed without pretreatment, Incoming flows to the water quality facility
must be pretreated using a water quality manhole in accordance with
section 2.3 or other pre-treatment method as approved by the District/City.
Other methods of pretreatment may include proprietary devices, filter

 Water Quality & Quantity Facility Desigl;
Appendix B - - Page 4
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Chapter 4 - General Requirements for Stormwater
Facilities

Note: All Figures in Chapter 4 are courtesy of King County

41

This chapter addresses general requirements for treatment facilities.
Requirements discussed in this chapter include design volumes and flows,
sequencing of facilities, liners, and hydraulic structures for splitting or
dispersing flows.

Design Volume and Flow
4.1.1 Water Quality Design Storm Volume

The volume of runoff predicted from a 24-hour storm with a 6-month
return frequency (a.k.a., 6-month, 24-hour storm).

Wetpool facilities are sized based upon use of the NRCS (formerly known
as SCS) curve number equations in Chapter 2 of Volume III, for the 6-
month, 24-hour storm. Treatment facilities sized by this simple runoff
volume-based approach are the same size whether they precede detention,
follow detention, or are integral with the detention facility (ie., a
combined detention and wetpool facility).

Unless amended to reflect local precipitation statistics, the 6-month, 24-
hour precipitation amount may be assumed to be 72 percent of the 2-year,
24-hour amount. Precipitation estimates of the 6-month and 2-year, 24-
hour storms for certain towns and cities are listed in Appendix I-B of
Volume I. For other areas, interpolating between isopluvials for the 2-
year, 24-hour precipitation and multiplying by 72% yields the appropriate
storm size. Isopluvials for 2-year, 24-hour amounts for Western
Washington are reprinted in Volume III.

4.1.2 Water Quality Design Flow Rate

Downstream of Detention Facilities: The full 2-year release rate from
the detention facility.

An approved continuous runoff model should identify the 2-year return
frequency flow rate discharged by a detention facility that is designed to
meet the flow duration standard.

Preceding Detention Facilities or when Detention Facilities are not
required: The flow rate at or below which 91% of the runoff volume,
as estimated by an approved continuous runoff model, will be treated.
Design criteria for treatment facilities are assigned to achieve the
applicable performance goal at the water quality design flow rate (e.g., 80
percent TSS removal).

August 2001
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e Off-line facilities: For treatment facilities not preceded by an
equalization or storage basin, and when runoff flow rates exceed the
water quality design flow rate, the treatment facility should continue to
receive and treat the water quality design flow rate to the applicable
treatment performance goal. Only the higher incremental portion of
flow rates are bypassed around a treatment facility. Ecology
encourages design of systems that engage a bypass at higher flow rates
provided the reduction in pollutant loading exceeds that achieved with
bypass at the water quality design flow rate.

Treatment facilities preceded by an equalization or storage basin may
identify a lower water quality design flow rate provided that at least 91
percent of the estimated runoff volume in the time series of a
continuous runoff model is treated to the applicable performance goals
(e.g., 80 percent TSS removal at the water quality design flow rate and
80 percent TSS removal on an annual average basis).

e On-line facilities: Runoff flow rates in excess of the water quality
design flow rate can be routed through the facility provided a net
pollutant reduction is maintained, and the applicable annual average
performance goal is likely to be met.

Estimation of Water Quality Design Flow Rate for Facilities Preceding
Detention or when Detention Facilities are not required:

Until a continuous runoff model is available that identifies the water
quality design flow rate directly, that flow rate shall be estimated using
Table 4.1, and its following directions for use:

Step 1 Determine whether to use the 15-minute time series or the 1-hour
time series. At the time of publication, all BMPs except wetpool-
types should use the 15-minute time series.

Step 2 Determine the ratio corresponding with the effective impervious
surface associated with the project. For effective impervious areas
between two 5 percent increments displayed in the table, a straight
line interpolation may be used, or use the higher 5 percent
increment value.

Step 3 Multiply the 2-year return frequency flow for the post-developed
site, as predicted by an approved continuous runoff model, by the
ratio determined above.

4-2 Volume V — Runoff Treatment BMPs August 2001
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related natural resources. Based upon gross level applications of
continuous runoff modeling and assumptions concerning minimum flows
needed to maintain beneficial uses, watersheds must retain the majority
of their natural vegetation cover and soils, and developments must meet
the Flow Control Minimum Requirement of this chapter, in order to avoid
significant natural resource degradation in lowland streams.

The Roof Downspout Control BMPs described in Chapter 3 of Volume III,
and the Dispersion and Soil Quality BMPs in Chapter 5 of Volume V are
insufficient to prevent significant hydrologic disruptions and impacts to
streams and their natural resources. Therefore, Ecology has suggested
that the City and other local governments should look for opportunities to
encourage and require additional BMPs such as those in Sections 5.2

- through 5.4 of Volume V through updates to their site development

standards and land use plans.

3.5.6 Minimum Requirement #6: Runoff Treatment

Thresholds

The following require construction of stormwater treatment facilities

(see Table 3.1):

« Projects in which the total of effective pollution-generating
impervious surface (PGIS) is 5,000 square feet or more in a
threshold discharge area of the project, or

« Projects in which the total of pollution-generating pervious
surfaces (PGPS) is three-quarters (3/4) of an acre or more in a
threshold discharge area, and from which there is a surface
discharge in a natural or man-made conveyance system from the

site.
Treatment Facility Sizing

Water Quality Design Storm Volume: The volume of runoff predicted
from a 24-hour storm with a 6-month return frequency (a.k.a., 6-
month, 24-hour storm). Wetpool facilities are sized based upon the
volume of runoff predicted through use of the Natural Resource
Conservation Service curve number equations in Chapter 2 of
Volume I, for the 6-month, 24-hour storm.

Water Quality Design Flow Rate:

* Preceding Detention Facilities or when Detention Facilities are
not required: The flow rate at or below which 91% of the runoff
volume will be treated, as estimated by an approved continuous
runoff model. Design criteria for treatment facilities are assigned
to achieve the applicable performance goal at the water quality

design flow rate.

* Volume V includes performance goals for Basic, Enhanced,
Phosphorus, and Oil Control treatment, and a menu of facility
options for each treatment type. Treatment facilities that are

3-24 Volume | = Minimum Technical Requirements
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2.2 Sequence of Facilities

concentration. TC depends on several factors, including ground slope, ground roughness, and
distance of flow.

The Soil Conservation Service (SCS) runoff curve number to be used with the SBUH method
shall be 98 for impervious surfaces, and 85 or greater for pervious surfaces unless one of the
following conditions is met:

* A lower SCS curve number is justified for an area incorporating one or more site
design options (see City of Seattle Directors’ Rule for Flow Control), or

* A soil report by an experiences geotechnical/civil engineer indicates site soils are
sufficiently pervious to allow a smaller SCS curve number to be used.

In the City of Seattle, the design storm used by the SBUH method for design of treatment
facilities is based on a standard SCS Type 1A storm event hyetograph where, during the peak
10-minute period, 5.40% of the total rainfall occurs. Note that for design of flow control
Jacilities, a modified SBUH method is used where 9.92% of the rainfall occurs during the
ten-minute period at the peak of the storm event (see Appendix A).

I Water Quality Design Flow

| Flow-through treatment structures, such as biofiltration facilities, media filtration facilities,
and oil control facilities, must be sized based on runoff from the 6-month, 24-hour storm
event, which has a rainfall runoff volume of 1.08 inches. This value is based on the
assumption that the 6-month, 24-hour storm volume is 64% of the volume of the 2-year, 24-
hour storm event.* For these types of facilities, water quality design flow, Quyg, is equal to the
peak flow (measured in cfs). Using the SBUH method, this peak occurs during the ten-
minute interval between 470 and 480 minutes, when 5.40% of the total rainfall volume
oceurs. Additional information on the SBUH method is provided in Appendix A. For
storage treatment facilities, such as wetponds, wetvaults, and stormwater wetlands, sizing is
based on the volume of runoff from the mean annual storm event, which for Seattle is 0.47
inches. Additional information on determining water quality design flows for storage
treatment facilities is contained in Chapter 4.

2.2 SEQUENCE OF FACILITIES

As specified in the water quality menus, where more than one water quality facility is used,
the order is often prescribed. This is because the specific pollutant removal role of the second
or third facility in a treatment train often assumes that significant solids settling has already
oceurred. For example, phosphorus removal using a two-facility treatment train relies on the
second facility (sand filter) to remove a finer fraction of solids than those removed by the first
facility.

There is a larger question, however, of whether water quality facilities should be placed
upstream or downstream of detention facilities. In general, all water quality facilities may be
installed upstream of detention facilities, although presettling basins are needed for sand
filters and infiltration basins. Not all water quality facilities, however, can be located

] * Ref: Stormwater Management Manual for the Puget Sound Basin; The Technical Manual (1992). Publication 91-75, Washington

State Departmaent of Ecology, Olympia.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

6.2 GENERAL REQUIREMENTS FOR WQ FACILITIES

6.2.1

This section presents the general requirements for water quality (WQ) facilities. When detail in the WQ
designs is lacking, refer to Chapter 5 for guidance. In cases where requirements are extremely costly, a
less expensive alternative that is functionally equivalent in terms of performance, environmental effects,
health and safety, and maintenance can be sought through the adjustment process (see Section 1.4).

Use of Metal Materials

Galvanized metals leach zinc into the environment, especially in standing water situations. High zinc
concentrations, sometimes in the range that can be toxic to aquatic life, have been observed in the region."”
Therefore, use of galvanized materials in stormwater facilities and conveyance systems is discouraged.
Where other metals, such as aluminum or stainless steel, or plastics are available, they should be used.

WATER QUALITY DESIGN FLOWS
Water Quality Design Flow

The water quality design flow is defined as follows:

*  Preceding detention: 60% of the developed two-year peak flow rate, as determined using the
KCRTS model with 15-minute time steps calibrated to site conditions (see Chapter 3). Note: If
KCRTS is not being used on a project, the WQ design flow may also be estimated using 64% of the 2-
year 24-hour precipitation in the SBUH model."

¢ Downstream of detention: The full 2-year release rate from the detention facility.

The KCRTS model will typically be used to compute the WQ design flow. When examining the peak

flow rates associated with various runoff volumes, it was found that detained flows and undetained flows
must be described differently. However, unlike peak flows, the KCRTS model computation of volume of
runoff is unaffected by whether or not the runoff is detained. Therefore, facilities such as wetponds,

which are sized by a simple volume-based approach that does not route flows through a detention
pendfacility, are the same size whether they precede or follow detention. |

Note that facilities which are sized based on volume and which include routing of flows through a

detention pendfacility, such as the detailed sand filter method, are significantly smaller when located |
downstream of detention, even though the same volume of water is treated in either situation. This is
because the detention pendfacility routing sequence stores peaks within the pond and releases them at a

slow rate, reducing the size of the sand filter pond subsequently needed (the volume needed to store the
peaks need not be provided again in the sand filter pond).

Flow Volume to be Treated

When water quality treatment is required pursuant to the core and special requirements of this manual, it is
intended that a minimum of 95% of the annual average runoff volume in the (8 year) time series, as
determined with the KCRTS model, be treated. Designs using the WQ design flow (as discussed above)
will treat this minimum volume,

Treatable Flows

As stated in Chapter 1, only runoff from target pollution-generating surfaces must be treated using the
water quality facility options indicated in the applicable water quality menu. These surfaces include both

' Finlayson, 1990. Unpublished data from issance of Matra Park and Ride lot stormwater characteristics.

'3 The Department of Ecology WQ design flow is based on the flow predicted by the SBUH model for 64% of the 2-year 24-hour
precipitation. This is roughly equivalent to the WQ dasign flows given here for the KCRTS modal.

1998 Surface Water Design Manual (February 2004 Update Draft) *9/1/98
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B SECTION 6.3 BIOFILTRATION FACILITY DESIGNS

6.4.1.1 METHODS OF ANALYSIS

This section describes methods of analysis for the following two wetpond sizes:
*  Basic wetpond (see below)

* Large wetpond (see page 6-73).

Q BASIC WETPOND

The primary design factor that determines a wetpond's particulate removal efficiency is the volume of
the wetpool in relation to the volume of stormwater runoff from the mean annual storm.*® The larger the
wetpond volume in relation to the volume of runoff, the greater the potential for pollutant removal. Also
important are the avoidance of short-circuiting and the promotion of plug flow. Plug flow describes the
hypothetical condition of stormwater moving through the pond as a unit, displacing the "old" water in the
pond with incoming flows. To prevent short-circuiting, water is forced to flow, to the extent practical, to
all potentially available flow routes, avoiding "dead zones" and maximizing the time water stays in the
pond during the active part of a storm. ;

Design features that encourage plug flow and avoid dead zones are as follows:

* Dissipating energy at the inlet

* Providing a large length-to-width ratio
| * Providing a broad surface for water exchange across cells rather than a constricted area.

Maximizing the flowpath between inlet and outlet, including the vertical path, also enhances treatment by
increasing residence time.

Wetponds designed using the method below (with the volume = 3¥)) and the required design criteria in
Section 6.6.2.2 are expected to meet the Basic WQ menu goal of 80% TSS removal. The actual

| performance of a wetpond may vary, however, due to a number of factors, including design features,

| maintenance frequency, storm characteristics, pond algae dynamics, and waterfowl use.

| Procedures for determining a wetpond's dimensions and volume are outlined below.

Step 1: Identify required wetpool volume factor (f). A basic wetpond requires a volume factor of 3,
This means that the required wetpond volume is 3 times the volume of runoff ¥, from the mean annual
storm (see Steps 2 and 3).

Step 2: Determine rainfall (R) for the mean annual storm. The rainfall for the mean annual storm R is
obtained by locating the project site on Figure 6.4.1.A (p. 6-71) and interpolating between isopluvials.
! e Convert to feet for use in Equation (6-13).

Step 3: Calculate runoff from the mean annual storm (V) for the developed site. The runoff volume
V. is the amount of rainfall that runs off a particular set of land covers. To determine V,, each portion of
the wetpond tributary area is assigned to one of four cover types, each having a different runoff
coefficient: impervious surface, till grass, till forest, or outwash.

* Impervious surface is a compacted surface, such as pavement, gravel, soil, or other hard surfaces, as
well as open water bodies. Note: The effective impervious computations given in Chapter 3, Table

3.2.2.8-E may be used,_unless more detailed information is available-if desived.

¢ Till grass is post-development grass or landscaped area and onsite forested land on till soil that are
not permanently in sensitive area buffers or covenants. Till is soil that does not drain readily and, as a

% The mean annual storm is a statistically derived rainfall event defined by the U.S. Environmental Protection Agency in "Resulls
of the Nationwide Urban Runoff Program”, 1986. It is defined as the annual rainfall divided by the number of storm events in
the year. The NURP studies refer to pond sizing using a Vy/V.ratio: the ratio of the pond volume Vi to the volume of runoff
from the mean annual storm V.. This is equivalent lo using a volume factor f times V..
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6.4.1 WETPONDS — BASIC AND LARGE — METHODS OF ANALYSIS

FIGURE 6.4.1.A PRECIPITATION FOR MEAN ANNUAL STORM IN INCHES (FEET)
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IZ2) Incorporated Area

== RiverLake 0.47"

—— Major Road (0.039') . ot »
(0.043) i O

NOTE: Areas east of the easternmost isopluvial should use 0.65 * 0.56" (0.054")

inches unless rainfall data is available for the location of interest (0.047")

24 Tha mean annual storm is & conceptual stomm lound
by dividing the annual precipitation by the total number
of s10fM ovents par yoar

result, generates large amounts of runoff. For this application, till soil types include Buckley and
bedrock soils, and alluvial and outwash soils that have a seasonally high water table or are underlain at
a shallow depth (less than 5 feet) by glacial till. U.S. Soil Conservation Service (SCS) hydrologic soil
groups that are classified as till soils include a few B, most C, and all D soils, See Chapter 3 for
classification of specific SCS soil types.
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