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Executive Summary 
In accordance with Combined Sewer Overflow (CSO) Control Policy, the City intends to use a typical 
year to represent long-term average design conditions for evaluating the alternatives and selecting a 
proposed approach for the Long Term Control Plan Update (LTCPU).  Choosing the appropriate 
assessment year is important since any analysis conducted for the LTCPU will be based on the typical 
assessment year. 
 
To determine the typical assessment year, a 40-year time period from 1974 through 2013 was selected 
and analyzed.  Next, several evaluation criteria were developed and each criteria was assigned a 
weighting.  These criteria were developed based on rainfall characteristics and the weightings were 
selected based on how each characteristic contributes to CSOs.  The typical assessment year evaluation 
criteria and weightings were developed to consider the historical rainfall that the City has received as well 
as to account for the City specific goals of their LTCPU.  Yearly averages as well as the time period 
average were then calculated.  The yearly averages were compared to the time-period average and ranked.  
A weighted ranking was calculated based on the assigned weightings. 
 
Based on the weighted rankings, the year 1984 was ranked first and selected as the typical year for the 
LTCPU and best represents the long-term average rainfall conditions.  The year 1984 is better suited for 
the LTCPU than the TMDL Years (2004-2005) because the TMDL Years contain wet weather events that 
have a return frequency of greater than 40 years.  This type of wet weather event is not typically 
considered when planning and developing CSO controls.  The Virginia Department of Environmental 
Quality (VDEQ) elected to use 2004 and 2005 to calculate the Total Maximum Daily Loads (TMDLs).  
These years were ranked 12th and 21st out of 40, respectively. 
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Section 1 Background 
In accordance with CSO Control Policy, which states “Rainfall Records - The permittee should examine 
the complete rainfall record for the geographic area of its existing CSS using sound statistical procedures 
and best available data.”  The City intends to use a typical year to represent long-term average design 
conditions for evaluating the alternatives and selecting a proposed approach for the LTCPU. The typical 
annual rainfall conditions were determined by evaluating the historical rainfall data and selecting a 
suitable typical year. 
 
Hourly precipitation data is available from a National Weather Service (NWS) station at the Ronald 
Reagan National Airport located in Arlington, Virginia.  The airport is approximately three miles to the 
north of the center of the City’s Combined Sewer Service (CSS) area.  There is available precipitation 
data beginning on May 1, 1948.  Figure 1-1 shows the location of the NWS Station. 
 

Figure 1-1 
Location of NWS Station 
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Section 2 Historical Conditions 
To determine the appropriate historical rainfall conditions, the climate in the City was studied.  Climate, 
in a very simple term, can be defined as the “average weather” over a period of time ranging from several 
months to thousands of years.  For the purpose of this technical memorandum, historical rainfall 
conditions for a time period of 40 years was analyzed.  
 
It was determined that the 40-year time period from 1974 to 2013 would be used to evaluate and select a 
typical year.  This time frame was selected since it was the most recent 40-year time period and it was 
assumed that the meteorological conditions during this period would be most similar to the 
meteorological conditions that would be experienced when any CSO controls will be implemented.  The 
time period does not include the year 2014 since rainfall data for the entire year is not yet available. 
 
During this time period, the total rainfall was approximately 1,555 inches.  Average rainfall ranged from 
28.74 inches per year to 58.30 inches per year; throughout the 40 years, the average and median yearly 
rainfall was 38.88 and 37.17 inches, respectively.  The distribution of the yearly total rainfall can be seen 
in Figure 2-1.  The distribution indicates that the yearly total rainfall values are fairly spread out across 
the minimum and maximum values. 
 

Figure 2-1 
Histogram of Yearly Total Rainfall 
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For any rain event, average rainfall intensity ranged from 0.039 inches per hour to 0.081 inches per hour; 
throughout the 40 years, the average rainfall intensity for any rain event was 0.057 inches per hour.  The 



City of Alexandria 
Department of Transportation and Environmental Services 

CSS Long Term Control Plan Update 

Typical Year Selection 
Section 2 

 
 

2-2 

distribution of the average yearly total intensity can be seen in Figure 2-2.  The distribution is fairly 
normal which indicates that majority of the average yearly rainfall values are relatively close to the 
average yearly rainfall intensity. 
 

Figure 2-2 
Histogram of Average Yearly Rainfall Intensity 
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Section 3 Evaluation Criteria 
Several aspects of the available precipitation data were used for the evaluation and are described in more 
detail in the following sub-sections.  Only storm events were analyzed and evaluated.  A storm event is 
defined as rainfall equal to or exceeding 0.05 inches and separated by at least six continuous dry hours.  It 
is important to note that not all rain events are storm events and at the same time, not all storm events 
cause CSOs. 

3.1 Annual Rainfall  
This metric represents the total rainfall, measured in inches, for a given year.  The total rainfall is 
important since it will also determine the volume of CSO that results and needs to be controlled; the 
greater the rainfall, the greater the volume of CSO that may be produced. 

3.2 Number of Back-to-Back Events 
This metric is the number of storm events that occur within 24 hours of each other for a given time frame.  
Storm events occurring within 24 hours of each other have a higher probability of causing an overflow 
event.  If the first rain event fills up the storage capacity of the system, the second rain event that occurs 
will likely cause an overflow.  It is assumed that it takes at least 24 hours for the storage capacity of the 
system to be emptied after any rain event.   

3.3 Number of Events Greater than 0.10 inches 
This metric represents the number of storm events having a total rainfall greater than 0.10 inches for a 
given time frame.  Typically, storm events totaling less than 0.10 inches of rainfall do not cause 
overflows. 

3.4 Number of Events Greater than 0.25 inches 
This metric represents the number of storm events having a total rainfall greater than 0.25 inches for a 
given time frame.  Storm events greater than 0.25 inches nearly always cause overflow events.  This value 
represents the minimum number of events that would need to be captured to prevent an overflow for a 
given timeframe. 

3.5 Average Rainfall Duration 
This metric represents the average length of each storm event, measured in hours, for a given time frame.  
The probability of the storage capacity of the system being reached and an overflowing occurring 
increases the longer the duration of a rain event. 

3.6 Average Rainfall Intensity 
This metric represents the average rainfall intensity of each storm event, measured in inches per hour, for 
a given time frame.  High average rainfall intensity increases the amount of flow entering the sewer 
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system.  CSOs tend to occur when average rainfall intensity is high since the system cannot handle 
elevated flows for a sustained period of time. 

3.7 Maximum Peak Intensity 
This metric is the greatest peak intensity of each storm event, measured in inches per hour, for a given 
time frame.  Storm events with high peak intensities send a larger amount of flow into the sewer system 
in a short amount of time.  CSOs tend to occur when maximum peak intensity is high since the system 
cannot handle receiving such high flows in a short amount of time. 

3.8 Maximum Storm Size 
This metric represents the storm event with the greatest total rainfall volume, measured in inches, for a 
given time frame.  CSOs are more likely to occur the greater the rainfall volume of a storm event since 
high rainfall volumes deliver a great deal of flow into the sewer system. 
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Section 4 Evaluation Method 
After selecting and defining the eight evaluation criteria, a relative weighting was assigned to each metric.  
Since rainfall volume directly influences CSOs, it was given the largest weighting.  Average rainfall 
duration was given the second largest weighing because storm events occurring for a long period of time 
tend to send a high level of flow into the sewer system, which tend to overload the system and cause 
CSOs.  The number of storm events greater than 0.10 inches and the number of storm events greater than 
0.25 inches were given the third and fourth largest weightings since any storm event greater than 0.10 
inches will almost always cause CSOs.  Table 4-1 shows the weighting given to each of the evaluation 
criteria developed. 
 

Table 4-1 
Metric Weightings 

Evaluation Criteria Weight 
Annual Rainfall 30% 
Back-to-Back Events 5% 
Number of Events Greater than 0.10 inches 12% 
Number of Events Greater than 0.25 inches 13% 
Average Rainfall Duration 15% 
Average Rainfall Intensity 10% 
Maximum Peak Intensity 5% 
Maximum Storm Size 10% 

 
After assigning a quantitative value to the relative importance of each criterion, the metric for each of the 
40 years was calculated.  The average of each metric for the entire 40-year time frame was also 
calculated.  The results for the one-year time periods can be seen in Table 4-2. 
 
Other CSO communities (including those in Virginia) have used a very similar method to determine a 
typical rainfall time period. 
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Table 4-2 
Rainfall Characteristics 1974-2013 

Time 
Period 

Rainfall 
(in) 

Num. 
of 

Back-to-
Back 

Events 

Num. of 
Events 

>0.10 in. 

Num. of 
Events 

>0.25 in. 

Avg. 
Rainfall 
Duration 

(hrs) 

Avg. 
Rainfall 
Intensity 

(in/hr) 

Max. 
Peak 

Intensity 
(in/hr) 

Max. 
Storm 
Size 
(in.) 

1974 35.46 15 59 40 7.33 0.062 1.15 2.27 
1975 50.47 17 66 48 9.03 0.064 1.97 6.13 
1976 37.26 16 56 38 8.07 0.066 1.35 2.96 
1977 35.48 11 54 38 9.39 0.053 1.34 3.21 
1978 39.3 14 60 46 9.95 0.051 1.44 2.84 
1979 46.39 22 68 50 10.16 0.056 0.81 3.69 
1980 28.74 13 62 35 8.60 0.046 0.77 1.61 
1981 30.21 15 59 45 8.23 0.050 0.69 1.59 
1982 35.28 12 56 43 8.16 0.057 1.10 1.80 
1983 51.34 18 68 49 11.26 0.062 1.29 2.44 
1984 37.06 18 60 44 9.56 0.054 0.91 2.53 
1985 35.61 25 51 34 8.42 0.050 0.99 3.96 
1986 31.87 14 56 40 9.68 0.048 1.17 2.36 
1987 36.13 13 56 41 9.79 0.055 1.25 2.26 
1988 31.12 13 51 35 8.19 0.059 1.32 1.79 
1989 49.83 15 69 48 10.52 0.060 1.31 2.71 
1990 39.88 12 61 41 8.75 0.061 1.25 2.44 
1991 28.95 17 49 36 8.94 0.047 0.96 1.64 
1992 35.7 16 67 49 8.60 0.051 0.95 1.84 
1993 40.92 16 64 48 8.91 0.058 0.86 4.03 
1994 37.07 14 62 43 9.53 0.049 0.96 2.39 
1995 39.29 15 56 44 8.83 0.065 0.83 3.36 
1996 49.93 16 72 56 8.93 0.064 1.34 2.57 
1997 33.4 6 55 36 9.94 0.051 1.17 2.72 
1998 33.88 19 54 39 9.68 0.051 0.77 2.37 
1999 39.41 9 59 42 9.39 0.063 1.84 4.57 
2000 38.72 14 64 50 9.08 0.058 1.13 2.14 
2001 29.42 23 60 35 7.81 0.050 0.96 1.64 
2002 32.78 10 50 38 10.65 0.050 1.52 2.17 
2003 58.3 26 85 60 9.48 0.063 0.93 2.61 
2004 40.64 23 67 40 8.45 0.055 1.46 2.46 
2005 41.07 8 53 37 9.61 0.067 0.99 7.30 
2006 47.72 11 54 42 9.23 0.081 1.93 9.55 
2007 31.35 13 43 30 7.91 0.060 1.07 4.00 
2008 45.49 15 59 39 8.80 0.068 1.25 3.95 
2009 44.76 21 67 46 10.66 0.051 1.01 2.54 
2010 33.45 10 53 38 9.43 0.058 0.91 5.00 
2011 46.16 17 71 47 8.72 0.064 1.22 3.83 
2012 31.64 20 54 33 6.27 0.062 1.21 4.84 
2013 43.86 6 56 38 16.64 0.039 1.20 4.99 
AVG 38.88 15.20 59.65 42.03 9.26 0.0570 1.16 3.23 
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Section 5 Rankings 
After obtaining the averages for each year and for the whole 40-year time frame, the next step involved 
calculating the absolute difference for each criterion between each single year and the average of the 
entire 40-year time frame.  This absolute difference, which signified the closeness of each year’s metric to 
the 40-year average, was then used to rank each year from smallest to greatest in the eight evaluation 
criteria that were developed.  A weighted average was then calculated by using the weightings found in 
Table 4-1.  The weighted average was then ranked from smallest to greatest.  For each criterion, the time 
period with an overall rank of 1, which also corresponds to the year with the lowest weighted average, 
was determined to most closely resemble a typical rainfall year for the City.  Thus, when evaluating all 
years based on the eight criteria, the lowest weighted average represents the year closest to a typical or 
average year.  The individual rankings of each one-year time period for each criterion as well as the 
overall rank can be seen in Table 5-1. 
 
An exampling for ranking the Rainfall Volume for 1999 is provided below: 
 

1999 had 39.41” of rainfall; the 40-year average for rainfall is 38.88”, this means that: 
|𝟑𝟖.𝟖𝟖" −  𝟑𝟗.𝟒𝟏"| = 𝟎.𝟓𝟑" 

 
The volume of rainfall in 1999 is 0.53” away from the 40-year average volume of 38.88”.  After 
calculating how close each year’s rainfall volume is to the 40-year average, it was found that 
1999 has the 4th closest rainfall volume to the 40-year average. 
 
After ranking every year in each of the 9 criteria, Table 5-1 was developed.  This table shows the 
ranking for every year in each of the criteria. 
 
In order to calculate the weighted average, multiply the weighting by the rank in each of the 
criteria for every year.  Again, the year 1999 is used in the example: 
 
(𝟒 ∗ 𝟑𝟎%) + (𝟑𝟐 ∗ 𝟓%) + (𝟒 ∗ 𝟏𝟐%) + (𝟏 ∗ 𝟏𝟑%) + (𝟐 ∗ 𝟏𝟓%) + (𝟏𝟖 ∗ 𝟏𝟎%) + (𝟑𝟖 ∗ 𝟓%)

+ (𝟐𝟕 ∗ 𝟏𝟎%) =  𝟏𝟎.𝟏𝟏 
 

These weighted averages are then ranked to determine the overall typical year which resulted in 1984 
being the typical year. 
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Table 5-1 
Individual Year Rankings 

Time 
Period 

Rainfall 
Volume 

Rank 

Num. of 
Back-to-

Back 
Events 
Rank 

Num. of 
Events 

>0.10 in. 
Rank 

Num. of 
Events 

>0.25 in. 
Rank 

Avg. 
Rainfall 
Duration 

Rank 

Avg. 
Rainfall 
Intensity 

Rank 

Max. 
Peak 

Intensity 
Rank 

Max. 
Storm 
Size 
Rank 

Wt. 
Avg. 

Overall 
Rank 

1974 16 1 4 9 37 15 3 23 16.00 14 
1975 38 14 24 24 7 28 40 38 27.75 35 
1976 6 6 11 17 31 34 21 3 15.03 11 
1977 15 26 20 17 3 12 19 1 13.11 9 
1978 3 10 1 15 24 17 29 4 10.62 5 
1979 28 33 30 34 27 2 33 5 24.47 27 
1980 35 17 9 31 22 37 35 34 28.61 38 
1981 31 1 4 12 28 30 37 35 23.94 26 
1982 17 23 11 3 30 1 8 29 15.86 13 
1983 39 21 30 29 38 14 13 17 29.57 40 
1984 9 21 1 7 9 11 27 12 9.78 1 
1985 14 39 32 36 26 25 17 14 23.32 24 
1986 25 10 11 9 14 33 1 22 18.14 16 
1987 12 17 11 5 19 7 9 24 12.82 8 
1988 30 17 32 31 29 8 16 30 26.67 30 
1989 36 1 34 24 32 9 14 7 25.15 29 
1990 5 23 8 5 18 13 9 18 10.51 4 
1991 34 14 36 27 10 36 22 31 28.03 36 
1992 13 6 27 29 21 19 25 28 20.31 20 
1993 10 6 17 24 13 4 31 19 14.26 10 
1994 8 10 9 3 8 32 22 20 11.87 7 
1995 2 1 11 7 16 31 32 2 10.18 3 
1996 37 6 38 39 11 24 19 10 27.03 32 
1997 21 37 19 27 23 21 1 6 20.14 19 
1998 19 25 20 13 15 22 35 21 19.34 18 
1999 4 32 4 1 2 18 38 27 10.11 2 
2000 1 10 17 34 5 3 4 26 11.11 6 
2001 33 35 1 31 36 26 22 32 28.10 37 
2002 23 29 35 17 34 29 34 25 26.96 31 
2003 40 40 40 40 6 20 26 9 29.10 39 
2004 7 35 27 9 25 6 30 15 15.61 12 
2005 11 34 25 23 12 35 17 39 21.04 21 
2006 32 26 20 1 1 40 39 40 23.53 25 
2007 29 17 39 38 33 10 12 16 27.32 33 
2008 24 1 4 13 17 38 9 13 17.52 15 
2009 22 31 27 15 35 23 15 11 22.74 22 
2010 20 29 25 17 4 5 27 37 18.81 17 
2011 27 14 37 22 20 27 7 8 22.95 23 
2012 26 28 20 37 39 16 6 33 27.46 34 
2013 18 37 11 17 40 39 5 36 24.53 28 
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Section 6 Selection of Typical Year 

6.1 Individual Year Analysis 
The results show that for each year, the year 1984 is ranked first, which indicates that for any one-year 
time period, using the evaluation criteria development, 1984 is most representative of the typical rainfall 
year from 1974 to 2013.  The weighted averages ranged from 9.78 to 29.5, with the lower weighted 
averages being more in line with a typical or average rainfall year.  The year 1984 is closest to the 40-year 
average using the evaluation criteria.  The year 1984 is ranked favorably in several categories.  The top 
five one-year time periods, which can be seen in Table 6-1, have relatively close weighted averages, a 
possible indication that these years are fairly similar in selecting a one-year assessment period.   
 

Table 6-1 
Top Five One-Year Time Periods 

Rank 
One-Year 

Time Period 
Weighted 
Average 

1 1984 9.78 
2 1999 10.11 
3 1995 10.18 
4 1990 10.51 
5 1978 10.62 

 

6.2 TMDL Assessment Years 
The year 2004 was one of the years selected by VDEQ in assessing the TMDLs ranked 12th for the one 
year time periods.  The year 2004 ranked fairly low in several categories such as Number of Back-to-
Back Events and Maximum Peak Intensity.  The year 2004 had 23 back-to-back events compared to the 
40-year average of 15 back-to-back events.  2004 is ranked 35th in Number of Back-to-Back Events.  The 
year 2004 had a maximum peak intensity of 1.46 inches per hour, which is 0.30 inches per hour greater 
than the 40-year average of 1.16 inches per hour.  2004 is ranked 30th in Maximum Peak Intensity. 
 
The year 2005, which was another one of the years used by VDEQ in assessing the TMDLs ranked 21st 
for the one year time periods.  While 2005 did rank in the middle of the data set for several of the 
categories, it ranked fairly low in several categories such as Maximum Storm Size, Average Rainfall 
Intensity, and Number of Back-to-Back Events.  The year 2005 had a maximum storm size of 7.30 inches, 
which is greater than double of the 40-year average of 3.23 inches.  2005 is ranked 39th in Maximum 
Storm Size.  It also had an average rainfall intensity of 0.067 inches per hour, which is 0.010 inches per 
hour greater than the 40-year average of 0.057 inches per hour.  2005 is ranked 35th in Average Rainfall 
Intensity.  2005 only had 8 back-to-back events compared to the 40-year average of 15 back-to-back 
events.  2005 is ranked 34th in Number of Back-to-Back Events. 
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Table 6-2 

Estimated Overflows for 2005 

Storm 
Rank 

Rain Event 
Size to 

Capture 
(in) 

Return 
Frequency 

(years) 
1 7.30 67 
2 2.87 1.78 

 
Table 6-2 shows that 2005 has two events with a return frequency greater than 1 year.  Theoretically the 
largest event during a typical year should have a return frequency of once per year.  Since 2005 has events 
that are much larger than what would typically be considered the once per year event, it is not 
representative of a typical year.  The average of the 40-year time period for maximum storm size is 3.23 
inches.  This indicates that the largest storm in 2005 is significantly greater than the 40-year average. 
 
2005 is not a typical year due to the following reasons: 

 The largest storm event during this year, which occurred from June 24 to June 26, produced 
7.30 inches of rainfall.  The return period for this storm event is once every 67 years. 

 For the year, total rainfall was 41.07 inches.  For the 40-year time period, the average yearly 
rainfall was 38.88 inches.  The median yearly rainfall was 37.17 inches.  These values indicate 
that 2005 received more rain than normal. 

6.3 Typical Year Recommendation 
For the purposes of the LTCPU the year 1984 will be used as the typical year for hydrologic and 
hydraulic analysis and modeling.  It is being used because it has the lowest weighted average and 
therefore most closely represents the 40-year average. 
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