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CHAPTER 1 

EXECUTIVE SUMMARY  

 
1.1 Study Scope 
 

The City of Omaha retained HDR Engineering, Inc. in 2007 to update the Sanitary Interceptor Sewer 

Master Plan for the Papillion Creek Watershed (Watershed).  Key elements include: 

 Evaluation of the impact of current UNL Bureau of Business Research (BBR) population 

projections. 

 Updating of the hydraulics computer model to include new development and new flow 

monitoring efforts in the Watershed.  ñOver-the-ridgeò pumping impacts from potential 

developments outside of the Papillion Creek Watershed just beyond the western ridge line of 

Douglas County were also evaluated. 

 Review of the current balance of interceptor fund and buy-out status. 

 Evaluation of interceptor requirements, funding needs, and anticipated revenues. 
 

1.2  Change in Modeling Approach from Previous Study 
 

Dynamic (hydrographic time dependent) computer modeling of interceptor sewer capacity using 

InfoWorks
®  software was completed for the Watershed within both Douglas and Sarpy Counties.  Data 

from 2005 and 2006 wastewater flow monitoring conducted by the City in response to past study 

recommendations at various locations within the sanitary interceptor sewer system were used for model 

calibration and flow projections.  Such in-system flow monitoring information was not available for 

previous studies, which relied on the measured flow that passed through the Papio Wastewater Treatment 

Plant (WWTP).  However, during major rainfall events, large volumes of unmetered wastewater have 

been bypassed to the Missouri River upstream of the headworks of the WWTP.  Therefore, for past 

studies there was no way to ascertain the total flow in the sanitary interceptor sewer system. 

 

The 2005 and 2006 flow monitoring data have clearly shown that per capita peak wastewater flows are 

significantly higher than that indicated by the Cityôs standard population-based peaking factor equation 

that has been traditionally used to size sanitary interceptor sewers.  For this updated study, more problem 

areas for relief sewers have been identified, and relief sewer pipe sizes have had to be larger to handle the 

higher wastewater flows.  More discussion will follow, but important issues have emerged: 

 

 There is a need to re-evaluate risk/level of protection criteria with respect to design peaking 

factors. 

 Expanded flow monitoring and extraneous flow reduction efforts need greater emphasis. 

 The Cityôs combined sewer overflow (CSO) program may be affected in the lower reaches of the 

interceptor sewer system from flows higher than previously indicated. 

 Consensus will be needed as to the most appropriate way to finance relief sewer projects 

(connection fees versus sewer revenue funds). 

 

The baseline 2006 model was calibrated to the observed wet weather peak hour wastewater flows from 

flow metering immediately above the WWTP (upstream of the point of bypass).  Other meters farther 

upstream at key points in the interceptor sewer system were used to adjust peak flow timing and 

distribution within the rest of the system.  Peak hourly flows in response to major storms on May 31, 

2005 and August 8, 2006 were normalized to population-based wastewater loadings in terms of gallons 

per capita per day (gpcd).  Such per capita flows were used as a composite representation of both 

residential and commercial/industrial user categories.  This flow translation procedure was used to 

estimate the combined impacts within the entire interceptor system and to project future needs for the 

2010, 2020, 2030, 2040, and 2050 time increments established by the City of Omaha Planning 

Department (Planning Dept.). 
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1.3 Study Areas, Population, and Land Use 

 

Figure 1-1 depicts several boundaries: 

 

 Modeling Area:  The boundary for flow impact analyses within the Watershed in Douglas and 

Sarpy Counties. 

 Study Area:  The defined boundary for evaluating new interceptor sewer projects and funding 

needs through the Sanitary Interceptor Sewer Connection Fund.  This boundary includes all of the 

Watershed in Douglas County and a small portion in northern Sarpy County. 

 Development Zones A, B, C, Exurban (Ponca) Zone, and Zones 1 ï 6.  Zone A and the Ponca 

Zone are not a part of the designated Sanitary Interceptor Sewer System, because their sewer 

systems do not connect to the sewer system within the Papillion Creek Watershed.  Zones B and 

C are in the Watershed but are essentially at a full build-out condition.  Therefore, only Zones 1 ï 

6 were used to allocate new near-term and long-term growth. 

 The Present Development Zone (PDZ) represents the western and northern peripheries of Zones 1 

ï 6 within which new development is targeted by the Planning Dept.  Proposed changes in the 

PDZ are depicted by the dashed lines. 

 The Future Development Zone (FDZ) is an area within the Omaha jurisdiction that depicts the 

conceptual future expansion limits of the PDZ as long-term growth occurs. 
 

Population data provided by the BBR (April 13, 2007 Draft Final Report) were used to derive the growth 

trends shown in Figure 1-2.  Incremental distribution of the new population was based on updated 

housing and S&ID data from the Omaha and Sarpy County Planning Departments, aerial photography, 

and input from developers. 

 

 

FIGURE 1-2 PROJECTED POPULATIONS 
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FIGURE 1-1 PAPILLION CREEK WATERSHED MODELING AND STUDY AREA 
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Key population and land use assumptions used in the study are as follows (see Chapter 3 for additional 

details): 

 

 Population Growth within the Watershed: 

o Douglas County:  An estimated 70% (342,215) of the 2006 population resided within the 

Watershed; projected to increase to 77% (504,630) in 2050.  This represents a straight-line 

increase of 1.08% per year, which is slightly lower than for the previous study.  There is a 

small amount of ñover-the-ridgeò wastewater being pumped into the Cityôs sanitary 

interceptor sewer system from the Sanctuary and Hamptonôs Subdivisions west of Highway 

31 (west of 204
th
 Street) near West Center Road and West Q Street, respectively.   

o Sarpy County:  An estimated 84% (120,217) of the 2006 population resided within the 

Watershed; target to increase to 87% (246,743) in 2050.  This represents a straight-line 

increase of 2.39% per year.  The growth distribution situation for Sarpy County is less 

certain, because it is difficult to predict what percentage of new growth will reside beyond 

(south) of the Watershed ridge line.  It was assumed that two-thirds of the new growth will 

occur within the Watershed until build-out conditions are reached.  However, this could not 

be achieved at current densities through 2050; that is, platting build-out is predicted to occur 

slightly prior to 2040.  Also, there is a portion of Gretnaôs wastewater being pumped into 

Omahaôs sanitary interceptor sewer system from ñover-the-ridgeò development. 

o Two-County Composite Population:  Estimated to be 462,432 in 2006; targeted to increase to 

751,373 in 2050.  This represents a combined straight-line increase of 1.42% per year.  

However, due to the Sarpy County platting build-out situation, the modeled population for the 

Watershed became 722,677 people through 2050, or 96.2% of the originally targeted value.  

This study will also consider the impacts from additional potential ñover-the-ridgeò pumping 

adjacent to the western ridge line in Douglas County; which, if allowed, would increase the 

effective contributing population slightly.  At the direction of the City, no additional ñover-

the-ridgeò pumping was considered within Sarpy County. 

 Development Densities. 

o Population per Dwelling Unit.  Assumed to remain relatively constant at 2.5 people per 

dwelling unit for the purpose of modeling, which is similar to previous study efforts.  The 

April 2007 BBR Report did not update this statistic. 

o Gross Developable Acres to Total Acres Ratio.  Calculated as being 68.2% for the period 

from 2003 to 2006.  This ratio was used for future projections.  This compares favorably to a 

70% value used in the previous study. 

o Population per Gross Developable Acre.  Calculated to be approximately 8.1 people per gross 

developable acre based on 2003 to 2006 new housing start data.  This is a composite value 

that represents the combination of single family (SF) and multi-family (MF) housing.  During 

this period, SF developable acres accounted for nearly 95% of total residential developable 

acres, and this value was used for future allocations.  In prior studies, this value was 

approximately 75%.  In reality, the overall system capacity modeling is not particularly 

sensitive to the SF/MF split, as long as the appropriate projected populations per time 

increment are fully allocated within the developable sub-basin areas. 
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o Commercial/Industrial Density.  Where specifically indicated on the Planning Dept.ôs Land 

Use Map, commercial/industrial acres and spatial distributions were used as shown.  Where 

not shown, commercial/industrial acres were allocated at 3.6 gross developable acres per 100 

population, as per previous studies.  The 2007 BBR Report did not update this statistic. 

 Land Consumption Projections.  A total increase of approximately 33,630 gross developable 

acres of new S&IDs and commercial/industrial development land consumption from 2010 

through the year 2050 is projected for the Douglas and Sarpy County service area. 

 Housing Starts and Vacant Lots within Watershed. 

o Single Family Housing Starts.  A significant increase in SF housing starts occurred from 2003 

to 2006 due to historically low interest rates.  Figure 1-1 also illustrates the S&IDs in the 

study area, the majority of which were created during this time period.  There are some older 

S&IDs that are still not sufficiently occupied for annexation.  From 1995 to 2002 SF family 

starts averaged 1,622 per year in comparison to 2,262 per year from 2003 to 2006 ï a 39% 

increase. 

o Multi -Family Housing Units.  Conversely to the above, MF housing units decreased by 

approximately 73% from an average of 942 per year from 1995 to 2002 to an average of 256 

per year from 2003 to 2006. 

o Vacant Improved Lots.  The recent increase in SF housing activity also created a larger than 

normal surplus of vacant improved lots and unsold new dwelling units, the residual of which 

will may extend beyond 2010 before a more normal level of new S&ID activity resumes.  

The number of SF vacant improved lots averaged 7,510 lots per year from 1995 to 2002 and 

9,966 from 2003 to 2006 ï nearly a 33% increase. 

 Build-Out.  Occupation build-out has been estimated to occur slightly before 2040 for the Sarpy 

County portion of the Watershed.  For Douglas County, provided that development densities 

continue to track with recent data, occupation build-out is assumed to occur beyond 2050, as 

indicated by the western and northern undeveloped fringe areas in Figure 1-1.  Platting build-out 

for both Counties may occur 10 years or more prior to occupation build-out. 

1.4 Wastewater Modeling Design Parameters 

 

See Chapter 4 for details.  The following are highlights: 

 

 Definitions.  The following terms are used in this report: 

o ñBaseline average flowò (or average flow) means a selected period of dry weather 24-

hour average flow + steady-state background infiltration/inflow extending well beyond 

prior times of precipitation.  Therefore, ñbaseline average flowò is not equivalent to an 

annual average flow or other long period of time that includes days of precipitation. 

o ñPeak hour wet weather flowò (or peak hour flow) means the maximum hourly flow rate 

observed or expected to occur in response to a major storm. 

o ñPeaking factorò means the ratio of the ñpeak hour wet weather flowò to the ñbaseline 

average flow.ò 

 Updated Flow Metering and Pumping Information. 

o Four in-system flow meters were temporarily installed in 2005.  Peak hour flows were 

projected forward in time from the most severe storm event, which occurred on May 31, 

2005. 
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o Two flow meters were temporarily installed in the same manhole for redundancy in 2006 

just above the Papio WWTP headworks and upstream of the point of bypass to the 

Missouri River.  Peak hour flows were determined from the most severe storm event, 

which occurred on August 8, 2006.  Since the latter storm produced a larger response 

than the May 31, 2005 event, peaking factors from the 2005 event were adjusted upward 

to match the 2006 storm response. 

o Gretna.  Contributing average and peak hour flows were determined from 2006 data that 

included the August 8, 2006 storm event from an existing metering site used for billings 

located near the eastern edge of the corporate limits.  The wet weather response for this 

storm event produced a very large peaking factor, but a portion of the flow at this 

location includes some over-the-ridge pumped flow, which would tend to skew the 

peaking factor upward. 

o Elkhorn WWTP.  Based on City feedback, it was assumed that Elkhornôs WWTP would 

be de-commissioned and connected to the West Papio interceptor sewer system in 2010.  

According to plant records, this WWTP normally has a baseline average flow of 

approximately 0.5 MGD; whereas during the August 8, 2006 storm the plant flow meter 

limit of 2.0 MGD was exceeded.  Therefore, for modeling purposes the peaking factor 

was assigned at 4.0, but the actual peaking factor is some unknown value greater. 

o Bellevue.  There is a portion of the Bellevue wastewater system that formerly discharged 

to the Missouri River Basin that was reportedly rerouted in 2008 to the Papio system by 

pumping to a point near the Papio WWTP entrance road.  The peak hour contribution 

from this source was assigned to be the same as the design pumping rates of the lift 

station (dry weather peak hour at 1.296 MGD and wet weather peak hour at 2.592 MGD). 

 Combined Sewer Overflow (CSO) Connections.  It was assumed that the wastewater 

contributions in the Cole Creek and Saddle Creek CSO areas would be at the full capacity of the 

respective connecting pipes that convey ñfirst flushò wastewater to the receiving dedicated 

sanitary interceptor sewer system.  Therefore, the CSO contributions represent fixed peak flow 

values with no additional peaking factors applied. 

 Modeled Peaking Factors. 

o Figure 1-3 shows considerably higher peaking factors from flow metering results in 

comparison to a common literature-based standard peaking factor equation and to the 

City of Omahaôs current peaking factor equation. 

o Table 1-1 summarizes wastewater modeling parameters from prior studies relative to this 

study update.  Past residential + steady-state infiltration for existing development at 126 

gpcd compares favorably with the most recent 124 gpcd aggregate value. 

o Figure 1-4 shows the distribution of wet weather peaking factors throughout the sanitary 

interceptor sewer system that were used for modeling purposes based on estimated storm 

responses from the August 8, 2006 storm and the nearest flow metering sites.  The flow 

metering results for the respective drainage areas provide a more representative estimate 

of wet weather peaking factors than using a standard design curve approach alone. 

 Interim Recommended Future Design Peaking Factors.  As further discussed in Section 1.5, the 

system pipe capacity design implications from the observed, much higher wet weather peaking 

factors are quite severe.  Until such time that the City can complete more definitive flow 

monitoring and/or achieve significant system rehabilitation with respect to infiltration/inflow 

reduction, the following interim peaking factor design considerations are recommended: 

o Parallel Relief Sewers.  Use the peaking factors indicated by Figure 1-4, provided that 

they exceed the comparable peaking factor from the Cityôs standard design equation for 

the population served.  Relief sewers must be designed conservatively, because there 

would likely be very limited opportunity to further supplement capacity at a later time. 

o Future Extensions.  It is assumed that relatively ñtightò sewer construction practices will 

be implemented for future extensions. Therefore, except for projects such as extending 



 

 Page 7   

new service to the existing Elkhorn sewer system or to pre-existing clustered housing 

with questionable septic systems, it is assumed that the Cityôs standard population-based 

design equation would still be appropriate. 

 Modeled Travel Times.  The computer model was calibrated to the various times of peak flow 

response among the various flow metering sites.  Refer to Figure 4-4 in Chapter 4.  The 

cumulative travel time for peak weather flows from the upper-most portions of the sanitary 

interceptor system to the Papio WWTP is approximately 6 hours.  This does not include the 

additional travel time within smaller sewer mains and laterals, which are not a part of the model.   

 

FIGURE 1-3 OBSERVED PEAKING FACTORS IN COMPARISON TO POPULATION-BASED EQUATIONS 
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Flo-Dar Flow Metering Just Above Papio Plant Headworks (Aug. 8,  2006)

Master Meter Flow Monitoring at Gretna (Aug. 8, 2006)

Flow Monitoring at Elkhorn WWTP (Aug. 8, 2006)

Fair & Geyer Peaking Factor = (18 + P0.5)/(4 + P0.5)

where P = Population in Thousands

City of Omaha Design Peaking Factor =

4.5 - 0.5*Log(Population)
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TABLE 1-1 SUMMARY OF WASTEWATER MODELING PARAMETERS 
 

Parameter 2000 Report 2004 Report 2009 Report 

Residential Contribution 80 gpcd 83 gpcd 124 gpcd as an aggregate 
baseline average flow value 

based on 2006 flow 
metering above Papio 

WWTP  

Commercial/Industrial 1,500 gpd/acre 1,500 gpd/acre 

Steady-State Infiltration for 
established development 

43 gpcd 43 gpcd 

Steady-State Infiltration for new 
development 

43 gpcd 17 gpcd 1  

Peaking Factor By standard peaking 
factor equation  

By hydrograph relative to flow 
through Papio WWTP and default 
peaking factors by City equation 2,3 

Nearest hydrographs from 
in-system flow monitoring.  
See Chapter 4 for details  

1  Based on the Environmental Protection Agencyôs definition for ñnon-excessiveò infiltration for new sewer construction at 500 gpd 

per inch diameter per mile allocated to equivalent population. 
2  Standard City of Omaha Equation:  PF = 4.5 ï 0.5 * Log10(Population) 
3  Alternate equation for comparison purposes only from Water Supply and Waste-Water Disposal,  Fair and Geyer, 1954, page 136: 
  Peaking Factor = (18 + P0.5)/(4 + P0.5), where P = Population in Thousands
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FIGURE 1-4 WET WEATHER PEAKING FACTORS ASSIGNED FROM FLOW METERING 


