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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 2/3rd 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 80th 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 Xth percentile storm with volume based 
facilities.  Rather than sizing to the Xth 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 
 
 
 
 
 
 
 
 
 
 
 
 

Time

Runoff 
flow rate 

Treatment runoff flow rate = 
0.19 cfs 

 = treated runoff 
 

>= 0.90  
= untreated runoff  
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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 1.4”/24 hours, which is equal to the 80th 
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 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 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 90th 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 91st 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 
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= treated runoff = 0.90  

 
 

= untreated runoff  
 
 
CONCLUSION AND RECOMMENDATION 
 
The Portland water quality design storm shall be stated as a vol
of the average annual runoff shall be treated”, and will be clarif
intensity, and total volume components.  This achieves two things
 

1) Volume based facilities and rate based facilities will be
treatment of the same percentage of average annual runo

2) With the treatment rainfall intensity already given, the SB
hydrologic analysis method won’t be needed to size r
simplifying the design process.  Rather, the Rational Me
the runoff treatment flow rate, based on the site’s time of c

 
To achieve the treatment of 90% of the average annual rainfa
must be sized to treat rainfall at 0.19 inches per hour for
concentration or less, 0.16 inches per hour for sites with a 10-min
0.13 inches per hour for sites with a 20-minute time of concentrat
 
For volume based facilities, Portland shall continue to size we
rainfall over 24 hours (NRCS Type 1A rainfall distribution), wit
analysis will be completed during the September 2007 Stor
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 

Annual 
Rainfall 
(inches) 

Treatment 
Goal 
(average 
annual 
runoff %) 

WQ Storm 
Volume 
(inches) 
Vr 

Volume 
Based 
Facility 
Sizing 
Factor 

WQ 
Storm 
Duration 
(hours) 

WQ Storm 
Intensity for 
Off-Line 
Facilities 
(in/hr) 

WQ Storm 
Intensity for 
On-Line 
Facilities 
(in/hr) 

City  
Of Gresham 

37.4 80 1.2 1 12 0.11 0.20 

City 
Of Eugene 

46.6 80 1.4 1 24 0.13 0.22 

City 
Of Corvallis 

43.2 90 0.90, 0.3 
mean ann. 
storm for 

wet ponds

3 24 Not Specified: 
0.90” storm peak 10 min 

intensity (per NRCS 1A dist.) 
= 0.29 in/hr 

Clean Water  
Services- 
Oregon 

36 85 0.36 1 4 WQ Volume / 4 hours  
= 0.09 in/hr 

DOE 
Western 
Washington 
SWMM 

Varies 
36-46 

91 “6-month 
storm 

volume”- 
Varies 

1 24 91% treatment: varies by 
jurisdiction, HSPF 

continuous simulation, 
different on & off-line 

City  
Of Tacoma 

37.6 91 “6-month 
storm 

volume” 

1 24 91% treatment, HSPF 
continuous simulation, 
different on & off-line 

City  
Of Seattle 

38.6 Not Clear “Mean 
annual 
storm”  
= 0.47 

1 24 6-month storm (64% of 2-
year storm or 1.08 inches) 
peak 10-min intensity using 

SBUH = 0.35 in/hr 
King 
County- 
Washington 

38.6 95 “Mean 
annual 

storm” = 
0.47- 0.65 

3 24 60% of 2-yr storm flow rate 
using KCRTS continuous 
simulation, or 64% of 2-yr 

storm flow rate using SBUH 
Oregon 
State DEQ 

Varies 
37 

approx. 
average 

Not Clear 2-year 
storm: 
2.4” in 

Portland 

1 24 Not Specified: 
2.4” storm peak 10 min 

intensity (per NRCS 1A dist.) 
= 0.78 in/hr 

City 
Of Portland 
(1996-Sept. 
2004) 

36 Not Clear: 
95% 
Claim 

0.83 2 24 Not Specified:  
0.83” storm peak 10 min 

intensity (per NRCS 1A dist.) 
= 0.27 in/hr 

City 
Of Portland 
(Recom-
mended for 
Sept. 2004) 

36 90 90% Ave. 
annual 

treatment 
volume* 

1 if Vr = 
1.7,  

2 if Vr = 
0.83 

24 90% treatment as shown by 
continuous simulation  

(see Figure 5) 
= 0.19 to 0.13 in/hr, 

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 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. 
 
 
5 minute intensity NW 0.19 
5 minute intensity SW 0.19 
5 minute intensity SE 0.20 
5 minute intensity NE 0.19 

Average = 0.19 in/hr 

10 minute intensity NW 0.15 
10 minute intensity SW 0.15 
10 minute intensity SE 0.165 
10 minute intensity NE 0.16 

Average = 0.16 in/hr 

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 & 
Time 

Total 
Rainfall 
(in) 

Number 
of 12-hr 
Storms 

Average 
Storm 
Size (in) 

90% 
Treatment 
Storm Size 
(in) 

Average 90% 
Treatment Storm 
Size (in) 

NW 97-98 80.15 169 0.47 1.6 
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 

Average = 1.7 in 

SW 97-98 73.85 176 0.42 1.4 
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 

Average = 1.7 in 

SE 97-98 74.41 185 0.40 1.6 
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 

Average = 1.8 in 

NE 97-98 74.00 180 0.41 1.4 
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 

Average = 1.7 in 
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Appendix: Local Pollution Reduction Storm Specifications 
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