
 
 

 

 
 

 

 
 

 
 

 
 

 

 

 

 

 

 

 

March 24, 2006 

TO: Ralph Reznick, Nonpoint Source Unit 
 Water Bureau 

FROM: Dave Fongers, Hydrologic Studies Unit 
Land and Water Management Division 

SUBJECT: 90-Percent Annual Non-Exceedance Storms 

Michigan Department of Environmental Quality (MDEQ) Best Management Practice (BMP) 
guidelines recommend capture and treatment of 0.5 inches of runoff from a single site.  The 
runoff is then released over 24 to 48 hours or is allowed to infiltrate into the ground within 
72 hours. However, this is only applicable to a single site. Runoff from multiple or large sites 
may exhibit elevated pollutant concentrations longer, because the first flush runoff from some 
portions of the drainage area will take longer to reach the outlet.  For multiple sites or watershed 
wide design, it is better to capture and treat 90 percent of the runoff producing storms (Claytor, 
1996, pages 2-22 through 2-23, attached). This "90 percent rule" effectively treats storm runoff 
that could be reaching the treatment at different times during the storm event.  It was designed 
to provide the greatest amount of treatment that is economically feasible.  This criterion is being 
considered for inclusion in the MDEQ's BMP guidebook. 

As requested, the Hydrologic Studies Unit of the Land and Water Management Division has 
completed an analysis of January 1948 through March 2005, National Oceanic and Atmospheric 
Administration climatological data, in order to statistically define 90-percent non-exceedance 
storms statewide.  The 90-percent non-exceedance storm is the storm where 90 percent of the 
runoff-producing storm rainfalls are equal to or less than the specified value.  The Center for 
Watershed Protection recommends using a runoff threshold of 0.10 inches, because impervious 
areas of the watershed are assumed to generate runoff beginning at approximately 0.10 inches 
of rainfall. 

Data from 13 weather stations were evaluated, as shown in Figure 1.  The selected weather 
stations include at least one station from within each of the ten Michigan climatic divisions, plus 
three additional stations to improve statewide coverage and comparability.  Statistics for this 
analysis are shown in Table 1. 

The limitations of this technique and methods to calculate water quality volumes and peak flows 
are further discussed by Claytor and Schueler in the attached reference.  Although the goal of 
this memo is simply to statistically define the 90-percent non-exceedance storms statewide, the 
attached information, or an adaptation of it, will need to be combined with the 90-percent 
non-exceedance storm information if it is to be meaningful in the BMP manual. 
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Figure 1: Selected Weather Stations 
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Table 1: Statistics for storms with more than 0.10" of rainfall at selected weather stations 
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Station Number 4328 1439 5816 4257 5531 0446 0146 7227 1361 3504 4641 2395 2103 
Climatic Section 1 2 3 4 5 6 7 8 9 10 
90-Percent  
Non-exceedance 
Storm 

0.95 0.87 0.84 0.77 0.78 0.93 0.93 0.92 0.87 1.00 0.90 0.91 0.90 

Period of Record 5/48-
12/99 

12/49-
3/05 

1/48-
12/99 

5/48-
12/99 

5/48-
12/99 

6/48-
12/99 

5/48-
12/99 

1/48-
12/99 

7/76-
3/05 

5/48-
12/99 

5/48-
12/99 

1/57-
12/99 

12/58-
12/99 

Number of 
Storms 3151 3943 3772 4219 3564 4007 3602 3453 1957 4071 3395 2939 3191 

Minimum 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 
Median 0.30 0.29 0.29 0.26 0.27 0.30 0.30 0.31 0.30 0.32 0.29 0.30 0.30 
Mean 0.44 0.41 0.41 0.39 0.38 0.43 0.45 0.44 0.43 0.46 0.42 0.44 0.43 
Maximum 5.45 4.41 4.18 3.26 3.13 4.21 9.33 5.51 9.01 3.95 4.95 4.18 4.34 

If you have any questions regarding our evaluation, please contact me at 517-373-0210. 

Attachment: Claytor, R.A., and T.R. Schueler. 1996. Design of Stormwater Filtering Systems. 
The Center for Watershed Protection, Silver Spring, MD, pages 2-16 through 2-29. 

cc:	 Steve Holden, WB 
 Ric Sorrell, LWMD 



 

 



 

DESIGN OF STORMWATER FILTERING SYSTEMS 

PARTICLE SIZE DISTRIBUTION 

One additional important aspect of stormwater runoff from different source areas is the 
relationship of particle size to pollutant load. Work done by S~rtor and Boyd (1974) and 
Pitt ( 1987) starting in the early 1970's suggests that most of the total particulate load 
from urban runoff is made up by the coarser fractions, consisting of sand/gravel particle 
sizes greater than approximately 40 microns. Shaver and Baldwin (1991) reported that 
while nearly 94% of the urban runoff particulate load is from these coarser grained 
fractions, more than half of the phosphorus load and significant percentages of other 
pollutants are associated with fine grained silts and clays. 

Particle size distribution is an important consideration for sizing the sedimentation 
chamber of a filter system. Shaver and Baldwin (1991) and Bell et al. (1995) specify 
that sand filters should only be used to treat runoff from impervious, or nearly
impervious surfaces. They argue that the larger percentage of particulates from 
impervious surfaces are in the coarser fractions, and therefore, filtering systems will be 
less prone to clogging. The logic follows that the sedimentation chamber will capture 
the coarser grained material, and the filter chamber will capture and treat the relatively 
small amount of finer grained material. Therefore, filters designed to treat runoff from 
purely impervious surfaces require less sedimentation area and volume than those 
designed to treat runoff from more pervious surfaces. 

The City of Austin (1988) allows the use of sand filters for a range of land uses and 
drainage areas. They use a smaller, silt size particle (20 microns) as the target for 
sizing the sedimentation chamber, probably recognizing that more pervious areas are 
likely to contribute more fine grained particles In order to quantify and resolve the 
apparent discrepancy between the above criteria, this manual recommends that for 
drainage areas less than 75% impervious, the target particle size for designing the 
sedimentation chamber be set at 20 microns. For drainage areas with imperviousness 
greater than 75%, the target particle size should be set at 40 microns. See Chapter 5 
for discussion and application of these sizing principles. 

2.3 SMALL STORM HYDROLOGY 

Small storms are responsible for most annual urban runoff and likewise are responsible 
for most pollutant washoff from urban surfaces. Therefore, the small storms are of most 
concern for water quality resource protection. 

Large storms occur infrequently, and although they may contain significant pollutant 
loads (Chang, G., et al., 1990), their contribution to the annual average pollutant load 
is really quite small (due to the infrequency of their occurrence). In addition, there are 
longer periods of recovery available to receiving waters between larger storm events 
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CHAPTER 2. RUNOFF AND WATER CHARACTERISTICS OF SMALL SITES 

allowing systems to flush themselves and the aquatic environment to recover. 

The runoff volume is the most important hydrologic variable for water quality protection 
and design because water quality is a function of the capture and treatment of the mass 
load of pollutants. The runoff peak rate is the most important hydrologic variable for 
drainage system design and flooding analysis. Water quality facilities are designed to 
treat a specified quantity or volume of runoff for the full duration of a storm event as 
opposed to accommodating only an instantaneous peak at the most severe portion of 
a storm event. 

To design effective BMPs and evaluate water quality impacts in urban watersheds, it 
is necessary to predict the amount of rainfall converted to runoff. The amount of rainfall 
which is converted to runoff is a function of storm characteristics such as rainfall 
amount, storm duration, rainfall intensity, and the urban land surface. These surfaces 
can be broken down into two main categories, pervious and impervious surfaces. 

Impervious surfaces are traditionally thought to convert almost all rainfall into runoff, 
with pervious surfaces contributing much less runoff. In urban areas, particularly for 
small storms, this is not necessarily the case. Pervious surfaces can be heavily 
compacted and can have a surprisingly high runoff potential. Impervious surfaces, with 
minor cracks and expansion joints can have a remarkably high infiltration capability. 

Impervious surfaces have five main components which contribute to rainfall losses: 

.,.. Interception of rainfall by over-hanging vegetation 

.,.. Flash evaporation 

.,.. Depression storage 

.,.. Sorption by dirt particles 

.,.. Infiltration through cracks and seams 

The first four processes predominately occur immediately after the start of a rainfall 
event and dissipate within a relatively short time period and are therefore often referred 
to as initial abstractions. Infiltration through cracks and seams continues throughout the 
storm event and depending on the amount of rainfall, can account for significant losses. 
Many runoff models incorrectly estimate initial abstractions by holding them constant, 
and few consider infiltration through impervious surfaces for the duration of the storm 
event (Pitt, 1994). 

The amount of runoff generated by pervious surfaces is related to the size of the 
pervious area, the relationship to impervious surfaces, the permeability of the 
underlying soils and the condition and type of vegetative cover. 
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DESIGN OF STORMWATER FILTERING SYSTEMS 

The primary hydrologic methods to estimate storm runoff peak discharges in the 
Chesapeake Bay Watershed are the Rational Formula and SCS Methods, particularly, 
TR-55, "Urban Hydrology for Small Watersheds" (USDA, 1986). Several computer 
models, including SCS, TR-20, "Project Formulation, Hydrology" (USDA, 1982) and the 
U.S. Army Corps- of Engineers', HEC-1 (U.S. Army, COE 1982) also utilize SCS 
methods to compute discharge rates. These methods are valuable for estimating peak 
discharge rates for large storms (i.e., >2") and larger drainage areas(> 10 to 25 acres), 
but can significantly underestimate the runoff from small storm events. 

The limiting factors for the Rational Formula are in the computation of the time of 
concentration (usually set at a minimum of 5 minutes, which is hard to achieve on many 
small sites), the selection of "C" values for urban developments which do not address 
soil infiltration capability, and the equal weight placed on drainage area. The rational 
method is ideally suited for drainage design where peak rates of runoff are required, but 
does not estimate storm volume and therefore should not be used for water quality 
design. 

Urban Hydrology For Small Watersheds (TR-55), as the title suggests, is recommended 
for urban watersheds with small drainage basins. This methodology has been used 
extensively for stormwater management design for quantity control (i.e., 2, 10, and 100 
year management). TR-55 relies on a Curve Number (CN) instead of the "C" to reflect 
the percentage of rainfall converted to runoff. The TR-55 methodology also has the 
same limitations associated with computing the time of concentration for extremely 
small drainage areas. 

One of the principal short comings of TR-55 is that the methodology assumes a 
constant CN for a large range of rainfall events. While this assumption does not 
significantly affect the accuracy of the model for larger storm events(> 2"), smaller 
rainfall events produce more runoff than are predicted by the SCS procedure (Pitt, 
1994). This chapter presents a method for estimating the volume of runoff and peak 
discharge from small storms. Standard SCS methods should be used by designers for 
computing volumes and peak discharges for larger storm events (i.e., 2, 10 and 100 
year storms). 

Dr. Robert Pitt and his colleagues, have conducted several years of research on small 
storm hydrology, in several diverse geographic regions, over a wide range of land uses 
with remarkable consistency between simulated and observed results. The results of 
Pitt's research are described in Table 2.10. 
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CHAPTER 2. RUNOFF AND WATER CHARACTERISTICS OF SMALL SITES 

TABLE 2.10: PRINCIPLES OF SMALL STORM HYDROLOGY (ADAPTED FROM PITT, 1994) 

Smaller rainfall events produce more runoff than is predicted by SCS CN procedures. 

For impervious surfaces, the type of surface (i.e., rooftop, large paved surface, narrow 
street) has a significant impact on the amount of runoff for small storm events. The 
infiltration characteristics of these surfaces vary greatly. Remarkably, narrow streets can 
have a higher infiltration capability than some compacted urban pervious surfaces (such 
as ballfields). 

2.4 RAINFALL FREQUENCY SPECTRUM (RFS) 

The effectiveness of any stormwater water quality treatment practice is a function 
of how much stormwater runoff is treated by the system and how much bypasses 
the practice. Since storms vary dramatically in magnitude, stormwater best 
management practices must be sized to capture a reasonable percentage of all 
runoff but bypass excessively large events. The rainfall frequency spectrum or RFS, 
which is defined as the distribution of all rainfall events, is a useful tool for 
establishing water quality treatment volume sizing criteria. This distribution is the 
cumulative volume from all storm events ranging from the smallest most frequent 
events in any given year to the largest most extreme events over a long duration, 
say, the 100 year frequency event. 
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DESIGN OF STORMWATER FILTERING SYSTEMS 

The RFS consists of classes of frequencies often broken down by return interval, 
such as the two year storm return interval. Four principle classes are typically 
targeted for control by stormwater management practices. The two smallest, most 
frequent, classe~ are often referred to as water quality storms, where the control 
objectives are groundwater recharge, pollutant load reduction, and to some extent, 
control of channel erosion producing events. The two larger classes are typically 
referred to as quantity storms, where the control objectives are channel erosion 
control, overbank control, and flood control. Figure 2.5 illustrates a theoretical 
representation of these four classes. 

FIGURE 2.5: FOUR CLASSES OF RAINFALL DISTRIBUTION 

Stormwater Control Points along the RFS 

• 

Rainfall Recun-ence Interval (Years) 

The distribution and magnitude of the RFS varies from region to region and to some 
extent, from year to year. Therefore, in order to establish a reasonable water quality 
treatment design volume for stormwater filtering practices it is necessary to define 
the RFS for the region of application. Within the Chesapeake Bay Watershed the 
average precipitation characteristics vary somewhat. This manual presents a sizing 
criteria based on an in-depth analysis conducted for the Washington, DC 
metropolitan area, compared with three other locations within the Bay and makes 
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CHAPTER 2. RUNOFF AND WATER CHARACTERISncs OF SMALL SITES 

recommendations for establishing the RFS for other locations within the Bay 
Watershed. 

Schueler (1987 and 1992), conducted a detailed evaluation of 50 years of hourly 
rainfall data in the Washington D.C. area. The recorded precipitation data from 
Washington National Airport consisted of all storm events separated by at least 3 
hours from the next event. The base data collected at National Airport included 
minor storm events which normally do not produce measurable runoff. These minor 
events make up approximately 10% of all annual rainfall, are usually less than 0.1 
inches, and are therefore excluded from the RFS analysis. 

Table 2.11 outlines the RFS for the Washington D.C. metropolitan area and 
illustrates that the vast majority of all annual runoff is produced from the small 
frequent storm events. 

TABLE 2.11: RAINFALL FREQUENCY SPECTRUM WASHINGTON, DC AREA a 

SOURCE: DESIGN OF STORWATER WETLAND SYSTEMS (SCHUELER, 1992) 

PetcentotA11·stotm 
Events~ 

a. 50 year analysis of hourly rainfall record at Washington National Airport, 
excluding all storms less than 0.10 inches that were separated by three 
consecutive hours from the next storm. These small storms seldom produce 
measurable stormwater runoff, yet are numerically the most common rainfall 
event. 

b. Equal to or less than given rainfall volume 

c. Watershed inches 
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