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CHAPTER 1 
 

EXECUTIVE SUMMARY 
 
 
Background 
 
The City of Lincoln’s last wastewater facilities plan update was completed in 1995.  Since then, several 
regulations have been promulgated or are anticipated that will impact the City’s wastewater treatment 
requirements.  Lincoln’s increasing population and the overall age of some wastewater system 
components are also driving the need for system improvements.  The long-term capital projects 
required to address these issues will take several years to complete. 
 
This updated Wastewater Facilities Plan was developed in conjunction with the 2002 Lincoln-Lancaster 
County Comprehensive Plan to proactively address wastewater issues and assure that the City is well 
prepared to meet wastewater service needs when they occur.  Wastewater collection and treatment 
facilities required over the next 25 years have been identified to guide planning for both short and long-
term improvements.  The information contained in this report is to be used for general planning, 
identifying capital improvement projects, and determining funding requirements. 
 
 
Planning Goals and Objectives 
 
The overall goal of the 2003 Lincoln Wastewater Facilities Plan Update is to identify wastewater 
collection and treatment system modifications required to:  
 

1. Provide efficient wastewater service, 
2. Assure adequate protection of public health and the environment, and 
3. Comply with all relevant local, state, and federal regulations. 

 
 
Study Area Boundaries 
 
The study area includes:  
 

1. The entire City of Lincoln, Nebraska;  
2. Portions of the Middle Creek and Haines Branch basins to the west;  
3. Cardwell Branch, located in the southwest;  
4. The Upper Salt Creek and Beals Slough areas to the south;  
5. Little Salt Creek and Lynn Creek drainages to the north and northwest; 
6. Northeast Salt Creek drainage to the north and northeast; and 
7. Stevens Creek to the east.  
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Population Projections 
 
Future wastewater utility needs for 25-year (Tier I) and 50-year (Tier II) planning horizons have been 
developed using population projections provided by the Lincoln-Lancaster County Planning 
Department.  These projections are shown in Table 1-1. 
 

Table 1-1.  City/County Population Projections 
 

Year City of Lincoln 
Annual % 
Increase Lancaster County 

Annual % 
Increase 

2001 225,581 1.5 250,291 1.5 
2005 243,015 1.5 269,634 1.5 
2010 261,796 1.5 290,473 1.5 
2015 282,029 1.5 312,922 1.5 
2020 303,825 1.5 337,106 1.5 
2025 327,306 1.5 363,159 1.5 
2030 352,601 1.5 391,225 1.5 
2035 379,852 1.5 421,460 1.5 
2040 409,208 1.5 454,032 1.5 
2045 440,833 1.5 489,122 1.5 
2050 474,903 1.5 526,923 1.5 

 
 
The population projections shown in Table 1-1 indicate that the historical growth trend is expected to 
continue.  The result will be approximately 102,000 and 113,000 additional people in the City of Lincoln 
and Lancaster County respectively by the year 2025.  This represents an annual growth rate of 
1.5 percent. 
 
 
Wastewater Collection  
 
The existing Lincoln wastewater collection system service area covers 13 drainage basins 
encompassing over 50 square miles. These drainage basins include:  
 

1. Salt Creek 
2. West “O” Street 
3. Beals Slough 
4. Haines Branch 
5. Middle Creek 
6. Antelope Creek 
7. East Campus 
8. Oak Creek 
9. Little Salt Creek 
10. Lynn Creek 
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11. Deadmans Run 
12. Havelock 
13. Regent Heights (portion of West Stevens Creek drainage basin) 

 
The Lincoln wastewater collection system includes over 800 miles of wastewater collection pipelines 
ranging in size from 8-inch to 90-inch in diameter.  Flow through the system is predominantly by 
gravity, however some low elevation areas are served by wastewater lift (pumping) stations.  There 
are a total of 14 lift stations located throughout the collection system.  The existing wastewater 
collection system is shown in Figure 1-1. 
 
Collection System Needs.  Some portions of the collection system are hydraulically overloaded 
under current conditions.  These include pipelines serving portions of the Salt Creek, Beals Slough, 
Deadmans Run, and West “O” drainage basins.  In each of these cases, construction of new 
collection lines to parallel the existing overloaded lines is recommended.  Improvements 
recommended to address these hydraulic problems are listed in Table 9-1 in this report.  Some of 
these recommended improvements are already underway.  In the case of the Deadmans Run 
pipeline, the existing line is quite deep and the overloaded condition does not appear to be creating 
any immediate functional problem.  Before a parallel pipeline is constructed to alleviate the 
overloaded condition in Deadmans Run, additional monitoring and evaluation are recommended to 
determine the extent and impact of the existing loading conditions. 
 
As population growth occurs within the service area, the system will have to be further upgraded 
and expanded to meet service needs.  It is recommended that the gravity character of the Lincoln 
Wastewater Collection System be maintained to the extent possible as the system is expanded to 
accommodate future development.  
 
The timing associated with future system improvements within each drainage basin will depend on 
the rate of development within the basin.  For the purposes of this planning effort, development 
projections for “Tier I” and “Tier II” were taken from the 2002 Lincoln-Lancaster County 
Comprehensive Plan.  Based on this information, wastewater collection system projects required to 
meet future service requirements have been identified in the Salt Creek, Antelope Creek, Beals 
Slough, Middle Creek, Little Salt Creek, Northeast Salt Creek, Oak Creek, and Stevens Creek basins.  
Specific wastewater collection system upgrade and expansion projects in these areas were identified 
based on the Tier I and Tier II development scenarios and are presented in Tables 9-1 and 9-2 of 
this report.  The recommended Tier I improvements are shown in Figure 1-2.  The recommended 
Tier I improvements have been categorized as Priority A or Priority B in a manner consistent with 
needs projected in the Comprehensive Plan.  Tier II improvement recommendations are all 
considered together with no assigned priorities.  As future development occurs, the wastewater 
collection service plan should be revised and updated to appropriately reflect changing conditions. 
 
The Sevens Creek drainage area has substantial development potential, but the majority of the area is 
currently not served by the City’s wastewater collection system.  It is recommended that a detailed 
routing study be performed to identify the most logical pipeline routing configuration to serve this 
growth area with a gravity wastewater collection system. 
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Wastewater Treatment 
 
Wastewater Flows.  Table 1-2 presents projected wastewater flows based on the year 2000 per 
capita flow rates, the service area population projections, and historical dry weather peaking factors. 

 
Table 1-2.  Wastewater Flow Projections (mgd) 

 
 2000* 2010 2025 2050 
Theresa Street WWTF     
 Daily Average (ADF) 16.8 19.5 24 36 
 Maximum Month (MMF) 18.6 21.6 27 40 
 Peak Day (PDF) 25.5 29.6 37 54 
 Peak Hour (PHF) 32.4 37.7 47 69 
Northeast WWTF     
 Annual Average (ADF) 6.8 7.9 10 15 
 Maximum Month (MMF) 7.8 9.1 11 17 
 Peak Day (PDF) 10.5 12.2 15 23 
 Peak Hour (PHF) 13.3 15.4 19 28 
Total Annual Average (ADF) 23.6 27.4 34 51 
Total Maximum Month (MMF) 26.4 30.7 38 57 
Total Peak Day (PDF) 36.0 41.8 52 77 
Total Peak Hour (PHF) 45.7 53.1 66 97 

*Actual Flow  
 
 
It is recommended that the Lincoln Wastewater Treatment Facilities (WWTFs) be designed to treat 
projected peak hourly flows presented in Table 1-2.  Wet weather flows in excess of these values 
should be handled using special wet weather flow facilities. 
 
Existing Treatment Facilities.  The Lincoln wastewater service area is currently served by 
two wastewater treatment facilities. The Theresa Street WWTF is the larger of the two facilities and 
is located at 2400 Theresa Street in Lincoln.  The Theresa Street WWTF currently consists of 
preliminary treatment followed by three distinct treatment trains: 
 

1. The Trickling Filter Train,  
2. The West Side Activated Sludge Train, and 
3. The East Side Activated Sludge Train.  

 
Flows from all three treatment trains are combined prior to disinfection.  The original design capacity of 
the Theresa Street WWTF, including all three treatment trains was 30 million gallons per day (mgd).  
This was based on treatment to meet only standard secondary treatment requirements. 
 
The second facility, the Northeast WWTF, is located at 7000 North 70th Street in Lincoln.  The 
Northeast WWTF consists of a single treatment train including preliminary treatment, primary 
treatment, secondary treatment using an activated biotower process, and disinfection.  The original 
design capacity of the Northeast WWTF was 8 mgd based on treatment to meet standard secondary 
treatment requirements only. 
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Treatment Requirements.  New effluent discharge limits proposed by the Nebraska Department 
of Environmental Quality (NDEQ) will require both the Theresa Street and Northeast WWTFs to 
meet effluent discharge limits for ammonia in addition to the standard secondary treatment 
requirements that have been required in the past.  The City has worked with the NDEQ, the U.S. 
Environmental Protection Agency (US EPA), and other agencies over the last decade to establish 
effluent ammonia limits that will meet state surface water quality standards for protecting aquatic 
wildlife in Salt Creek, the creek to which effluent from both facilities is discharged.  Though the final 
effluent ammonia limits have not yet been formally adopted, the anticipated limits are presented in 
Table 1-3. 
 

Table 1-3.  Anticipated Effluent Ammonia Limits* 
(Calculated with 30-day Averaging Period for  

Waste Load Allocation Long-Term Average Multiplier) 
 

Spring Summer Winter 
Monthly Avg Daily Max Monthly Avg Daily Max Monthly Avg Daily Max 

Treatment Facility mg/L – N mg/L – N mg/L – N mg/L – N mg/L – N mg/L -N 
Theresa Street 

2008 
2013 
2025 
2050 

 
8.29 
8.20 
8.05 
6.93 

 
21.71 
21.46 
21.07 
18.14 

 
2.88 
2.75 
2.55 
2.23 

 
7.55 
7.21 
6.68 
5.84 

 
8.34 
8.27 
8.15 
7.96 

 
21.84 
21.64 
21.31 
20.85 

Northeast 
2008 
2013 
2025 
2050 

 
13.99 
13.50 
12.45 
7.45 

 
36.62 
35.53 
32.58 
19.51 

 
5.68 
4.98 
4.18 
2.48 

 
14.86 
13.03 
10.94 
6.49 

 
14.87 
14.35 
13.81 
8.21 

 
38.93 
37.56 
36.16 
21.50 

* The effluent ammonia limits shown are not final and are based on the best information available at the time this report was prepared 
(March 2003). 
 
 
In addition to meeting the effluent ammonia limits indicated in Table 1-3, it is expected that both 
treatment facilities will be required to treat peak wet weather flows sufficiently to meet secondary 
standards in a ccordance with the anticipated Sanitary Sewer Overflow (SSO) regulations. 
 
Existing Treatment Capacities.  As part of the facilities plan update, the capacities of the Theresa 
Street WWTF and the Northeast WWTF were evaluated in terms of their capability to meet the 
proposed effluent ammonia limits.  These capacities are summarized in Table 1-4. 
 



P:\Data\GEN\Lincoln\21307\PDF Documents\Chapter 1 PDF .doc 1-8 

Table 1-4.  Capacity Summary - Lincoln Wastewater Treatment Facilities 
 

Facility Hydraulic Capacity* Nitrification Capacity** 
Theresa Street WWTF 36 mgd 14.4 mgd 
Northeast WWTF 37 mgd*** 4.4 mgd 
* The hydraulic capacity indicated represents the most hydraulically limiting segment of the treatment facility.  For the Theresa Street 
facility the most limiting segments are the disinfection and outfall segments.  For the Northeast facility the most limiting segments are 
the aeration basins and the chlorine contact basin. 
** The nitrification capacity of both facilities is limited by the combination of aeration basin size and secondary clarifier sizes and is 
based on maximum monthly flow rates.  
*** High flows experienced in 1993 indicate that Northeast WWTF hydraulic capacity is significantly less than 37 mgd.  Further 
research should be conducted to identify the hydraulic limitations experienced in 1993. 
 
These capacities are both significantly below the current wastewater flows received at the WWTFs, 
indicating that the treatment capacity of both facilities must be expanded to comply with treatment 
requirements for existing flows as well as projected future flows.   
 
Preferred Treatment Alternatives.   Alternative methods of providing the required treatment 
capacity at both the Theresa Street and Northeast WWTFs were identified and evaluated.  The 
preferred method of providing the additional treatment capacity required at the Theresa Street 
WWTF involves replacing the existing trickling filter process train with a new activated sludge 
treatment train.  The new activated sludge train should be designed to provide an additional 
nitrifying capacity of 13 mgd, bringing the total nitrifying treatment capacity at the Theresa Street 
WWTF to approximately 27 mgd.  This is sufficient capacity to adequately treat the maximum 
30-day wastewater flow expected at the Theresa Street facility through 2025.  A site layout for the 
proposed Theresa Street WWTF is shown in Figure 1-3.  Several system improvements not directly 
related to providing increased nitrification capacity at the Theresa Street WWTF are also 
recommended between 2002 and 2025.   
 
The additional nitrifying capacity required at the Northeast WWTF should be provided by 
expanding the treatment capacity of the existing activated biotower system.  An additional 6 mgd of 
nitrifying capacity should be provided through the expansion.  It is recommended that this capacity 
expansion be accomplished in two separate phases.  The first phase would involve rehabilitation of 
the biotowers and the subsequent phase would include expansion of the aeration basins and 
secondary clarifiers.  This will bring the nitrifying capacity of the Northeast WWTF to approximately 
11 mgd.  This capacity will be sufficient to treat the maximum 30-day flows anticipated at the facility 
through 2025.  A site layout for the proposed Northeast WWTF is shown in Figure 1-4.  A number 
of improvements not related to providing increased nitrification capacity are also recommended at 
the Northeast WWTF. 
 
Increased biosolids handling and land application capabilities will be required for both the Theresa 
Street and Northeast facilities.  This will include primarily additional digester capacity at Theresa 
Street and application acreage at the Northeast facility. 
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Figure 1-3
Proposed Site Layout for Theresa Street WWTF
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Facilities to provide temporary storage of peak wet weather flows should be constructed at both the 
Theresa Street and Northeast WWTFs.  The stored wastewater can then be treated through the 
standard treatment systems at both facilities after the peak flows have subsided.  This will allow peak 
wet weather flows to receive adequate treatment without adversely affecting system performance 
during the peak flow periods. 
 
New facilities at the Theresa Street and Northeast WWTFs should be designed to allow space to 
accommodate future capacity expansions and treatment upgrades that may be necessary. 
 
 
Improvement Costs 
 
The estimated costs associated with upgrading and expanding the Lincoln Wastewater Collection 
System to serve the projected Tier I needs is approximately $114,000,000.  This includes the main 
Trunk Sewer improvements of $82,000,000 and miscellaneous smaller collection system 
improvements of $32,000,000. 
 
Expansion of the Theresa Street WWTF to provide 27 mgd of nitrifying capacity is expected to cost 
approximately $23,000,000.  Additional hydraulic capacity and other improvements to the Theresa 
Street facility not directly related to the additional nitrification capacity are expected to cost 
approximately $67,000,000. 
 
Costs associated with providing an additional 6 mgd of nitrifying treatment capacity at the Northeast 
WWTF are expected to be approximately $12,000,000.  Additional recommended improvements to 
the Northeast WWTF are expected to cost approximately $43,000,000. 
 
The total cost of all identified capital improvements for the Lincoln wastewater collection and 
treatment facilities for the Tier I period is shown in Table 1-5.  All dollars are 2002 dollars. 
 

Table 1-5.  Tier I Improvement Costs1 

 
 Tier I (25-Year) Costs 

Collection System Trunks Sewers $82,000,000 

Theresa Street WWTF Improvements $90,000,000 

Northeast WWTF Improvements $55,000,000 

General System Improvements $32,000,000 

Totals Costs $259,000,000 
1 All costs are in 2002 dollars. 

 
Expected distribution of the capital improvement costs associated with recommended collection 
system and treatment facility improvements through the Tier I planning period is shown graphically 
in Figure 1-5. 
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 CHAPTER 2 
 
 INTRODUCTION 
 
 
Background 
 
The City of Lincoln’s last wastewater facilities plan update was completed in 1995.  Lincoln’s 
increasing population and the overall age of some wastewater system components are driving the 
need for system improvements.  Several regulations have also been promulgated which impact the 
City’s wastewater treatment requirements.  The City of Lincoln Public Utilities Department 
initiated this update of the 1995 Facilities Plan to proactively address wastewater issues and assure 
that the City is well prepared to meet wastewater service needs when they occur.  
 
This updated Wastewater Facilities Plan has been developed in conjunction with the 2002 update 
of the Lincoln-Lancaster County Comprehensive Plan.  The study identifies the wastewater 
collection and treatment system improvements the City of Lincoln will require over the next 
25 years and serves as a planning guide for both short (year 2025) and long-term (year 2050) 
improvements to the collection and treatment facilities.  The information contained in this report 
will be used for general planning, identifying capital improvement projects, and determining 
funding requirements. 
 
 
Factors Affecting the Facilities Planning Study 
 
Since completion of the 1995 facilities plan update, a number of factors have arisen that impact 
the City’s wastewater treatment requirements.  These include: 
 

§ Regulatory changes, 
§ Population increase, and 
§ Aging facilities. 

 
Regulatory Changes.  Regulations affecting the City’s wastewater treatment facilities include the 
following: 
 

§ The Clean Water Act (CWA), 
§ Title 117 - Nebraska Surface Water Quality Standards, 
§ The Clean Air Act (CAA), and 
§ 40 Code of Federal Regulations (CFR) Part 503.  
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Clean Water Act.  The CWA impacts the City of Lincoln’s wastewater treatment 
requirements in several ways.  Proposed changes to Lincoln’s National Pollutant Discharge 
Elimination System (NPDES) Discharge Permits will require removal of ammonia from the 
wastewater prior to its discharge to Salt Creek.  The anticipated ammonia removal 
requirements will significantly reduce the capacity of existing treatment facilities and 
ultimately necessitate system expansion at both the Theresa Street and Northeast facilities. 
 
It is anticipated that the concentration of chlorine allowed in the City of Lincoln’s 
wastewater discharges will also be severely restricted.  To address this issue the City is 
installing ultraviolet (UV) disinfection systems at both treatment facilities.  The use of UV 
disinfection will eliminate the addition of chlorine to the wastewater under dry weather 
conditions. 
 
New SSO requirements proposed under the CWA will prohibit sanitary sewer overflows or 
treatment system bypasses during wet weather periods.  To comply with these regulations, 
Lincoln will be required to construct facilities to provide adequate treatment of all wet 
weather flows. 
 
Title 117 – Nebraska Surface Water Quality Standards.  These standards represent the 
State’s policy to protect surface waters for a variety of uses.  Recently revised standards for 
Salt Creek impact the quality of effluent allowed to be discharged from Lincoln’s two 
wastewater treatment plants.  The revised standards are more restrictive than the previous 
standards with respect to chlorine and ammonia. 
 
Clean Air Act.  This regulation deals with toxic air emissions from various sources, 
including wastewater treatment plants.  Because wastewater treatment facilities typically 
have fugitive emissions which are toxic, such as hydrogen sulfide and methylmercaptans, 
the City of Lincoln may be impacted by this regulation and consequently have to 
implement a toxic air emissions reduction program. 

 
40 CFR Part 503.  In February 1993 the US EPA published 40 CFR Part 503 which deals 
with the use and disposal of municipal sewage sludges. These regulations are 
comprehensive and affect some the City’s sludge handling and reuse practices. 
 

Population Increase.  The City of Lincoln’s population has increased approximately 30 percent 
since the last expansion of the Theresa Street WWTF in 1973.  Growth is expected to continue at 
a steady pace for the foreseeable future.  This growth will tax existing wastewater collection and 
treatment facilities.  In several areas, hydraulic loadings during peak rainfall events are 
approaching, or have already exceeded, the sewer system’s capacity to transport wastewater flows. 
  
 
Aging Facilities.  The Lincoln wastewater collection system dates back to 1888 when the first 
sewer lines were installed in the Lincoln area.  Some of the older sections of the system are badly 
deteriorated due to age or are simply out of date with respect to construction methods and 
materials. Replacement or rehabilitation of older sections of the system is necessary to assure 
continued reliable service and/or to reduce the quantity of storm water or ground water entering 
the system. 
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The original wastewater treatment facilities were constructed at the Theresa Street site in 1923.  
The system was upgraded and expanded in the 1940s to include the present trickling filters.  
Subsequent expansions in 1966 and 1973 added the West Side and East Side activated sludge 
facilities.  The Northeast WWTFs were constructed in 1980 and placed into service in 1981.  
Because of age, some portions of the treatment facilities have deteriorated to the extent that they 
must be refurbished or replaced just to remain functional.  Other units, such as the trickling filters 
at the Theresa Street facility, need to be replaced because they represent outdated technology that 
will no longer meet the City’s treatment needs. 
 
 
Planning Goals and Objectives 
 
The overall goal of the 2003 Lincoln Wastewater Facilities Plan Update is to identify wastewater 
collection and treatment system modifications required to: 
  

1. Provide efficient wastewater service, 
2. Assure adequate protection of public health and the environment, and 
3. Comply with all relevant local, state, and federal requirements. 

 
A series of specific objectives have been identified for the wastewater facilities planning update.  
These objectives are: 
 

1. Review the City’s planning documents, including the Draft 2002 Lincoln-Lancaster 
County Comprehensive Plan, and the 1995 Wastewater Facilities Plan.  Assess the 
findings and recommendations of these plans, and identify items that impact the 
City’s wastewater collection and treatment systems. 

2. Estimate future service area wastewater flows using the 2002 Lincoln-Lancaster 
Comprehensive Plan population projections and operations records provided by the 
City.  

3. Review current and anticipated laws and regulations affecting wastewater 
management and identify specific requirements that impact Lincoln’s wastewater 
program. 

4. Identify applicable water quality and wastewater discharge standards. 

5. Define the current capacities and treatment capabilities of the Theresa Street 
WWTF and Northeast WWTF. 

6. Identify the most cost-effective, long-term configuration for the Lincoln wastewater 
system, including collection and treatment components. 

7. Develop a phased plan and schedule for implementing required system 
improvements. 

 
These specific objectives are addressed in detail in the following chapters of this report. 
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CHAPTER 3 

PLANNING AREA CHARACTERISTICS 
 
 
A plan to help guide the delivery of the City of Lincoln’s wastewater system utility services to 
future development areas is a fundamental part of the facilities plan update.  The amount of land 
area needed for development has a general correlation to population.  Therefore, it can be assumed 
that as the City’s population increases, a proportional amount of additional land will require 
wastewater service. 
 
A 25-year planning period, beginning in 2000 and ending in 2025, was established in the Lincoln-
Lancaster County Comprehensive Plan.  Projected populations for a 50-year period, from the year 
2000 through 2050, were developed based on supplemental information received from the 
Lincoln-Lancaster County Planning Department to provide the long term wastewater service 
information required for this facilities plan update.  Based on projected population figures, land 
area growth requirements were estimated and associated improvements to the Lincoln wastewater 
collection and treatment systems were identified. 
 
The anticipated growth pattern from 2000 to year 2025 was derived from projections made in the 
2002 Lincoln-Lancaster County Comprehensive Plan.  This chapter reviews existing population 
distribution and growth trends, and presents population projections and anticipated growth areas 
for the 25-year period beginning in 2000. 
 
 
Study Area Boundaries 
 
The study area includes:  
 

1. The entire City of Lincoln, Nebraska;  
2. Portions of the Middle Creek and Haines Branch basins to the west;  
3. Cardwell Branch, located in the southwest;  
4. The Upper Salt Creek and Beals Slough areas to the south;  
5. Little Salt Creek and Lynn Creek drainages to the north and northwest; 
6. Northeast Salt Creek drainage to the north and northeast; and 
7. Stevens Creek to the east.  

 
The study area is shown on Figure 3-1.  The entire study area encompasses approximately 296 
square miles, of which only about 79 square miles are presently served by the City’s sanitary sewer 
system.  Because future growth details cannot be known at this time, this facilities plan addresses 
future wastewater collection and treatment needs only in a general way.   



CITY OFLINCOLN

LincolnWastewaterSystem
Facilities Plan Update

Figure3-1
StudyArea
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Physical Characteristics 
 
The City of Lincoln’s wastewater collection system currently serves 13 drainage basins.  These 
basins vary in size and type of land development.  Wastewater generated in ten of these areas is 
treated at the Theresa Street WWTF located at 2400 Theresa Street.  These areas include:  
 

1. Salt Creek 
2. West “O” Street 
3. Beals Slough  
4. Haines Branch 
5. Middle Creek 
6. Antelope Creek 
7. East Campus 
8. Oak Creek  
9. Little Salt Creek 
10. Lynn Creek 

 
The Northeast WWTF, located at 7000 North 70th Street, handles wastewater generated in the 
remaining three basins: 
 
 1. Deadmans Run 
 2. Havelock 
 3. Regent Heights (portion of West Stevens Creek drainage basin) 
 
Figure 3-2 shows the location of each of these drainage basins. 
 
There is an interconnection between those portions of the collection system which transport 
wastewater to the Northeast WWTF and those portions of the system that convey wastewater to 
the Theresa Street WWTF.  The connection is located in the Deadmans Run drainage and provides 
the capability to divert wastewater that would normally flow to the Northeast WWTF to the 
Theresa Street facility.  Based on current wastewater flow rates, flows of up to about 4 mgd can be 
“redirected” from the Northeast WWTF to the Theresa Street WWTF using this interconnection. 
 
Growth within the 25-year planning period is anticipated primarily in drainage basins currently 
being served by the wastewater system.  As these basins become fully developed (e.g., Antelope, 
Beals Slough, and Lynn Creek) and as population growth continues, new service areas will need to 
be developed.  
 
The 2002 Lincoln-Lancaster County Comprehensive Plan has divided projected wastewater 
service needs into Tier I and Tier II needs.  Tier I needs represent those needs that are expected to 
occur from 2000 through 2025.  Tier II needs are expected to occur between 2025 and 2050.  Tier 
I needs have been further categorized as either Priority A or Priority B needs.  Priority A needs 
being those that are expected to occur during the period from 2000 through 2012.  Priority B needs 
are those that are expected to occur between 2013 and 2025.  The Tier I Priority A and B service 
area needs are shown in Figure 3-3.   
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100-Year Flood Plain Areas  
 
The City of Lincoln has enacted a flood plain management program which restricts growth within 
the 100-year floodplain.  This was accomplished by creating ordinances that prohibit the 
subdivision of land parcels or platting within the 100-year floodplain unless certain restrictive 
conditions are met.  Zoning ordinances also prohibit encroachments in the floodway and impose 
certain construction requirements in the floodway fringe.  In addition, the City of Lincoln has 
passed resolutions regulating the creation of special assessment districts in the 100-year floodplain 
for water, sanitary sewer, storm sewer, sidewalk, and ornamental lighting.  The City has given 
jurisdictional authority to the Building and Safety Department to enforce these ordinances.  Based 
on these regulations, it is anticipated that growth within the 100-year floodplain will be minimal in 
the foreseeable future. 
 
 
Planning Agencies 
 
The 2003 Wastewater Facilities Plan Update will be used by many different groups within the City, 
and certain agencies outside the City, to formulate plans to manage growth in the Lincoln area.  
During the formulation of this facilities plan update, a concerted effort was made to keep these 
groups and agencies involved.  The groups include:  
 

1. Lincoln-Lancaster County Planning Department 
2. City of Lincoln Department of Public Works and Utilities 
3. Nebraska Department of Environmental Quality (NDEQ) 
4. U.S. Environmental Protection Agency (US EPA) 

 
 
Existing Land Usage 
 
The City of Lincoln and Lancaster County are using the Lincoln-Lancaster County Comprehensive 
Plan to guide their planning and land-use activities.  The land-use plans reflect an approach to 
addressing the following basic concerns of the community: 
 

1. Continued development of downtown as the heart of the community; a center of 
employment, culture, entertainment, and government; the clearly dominant multi-
use center. 

 
2. Development of a compact and generally contiguous urban form for the City of 

Lincoln. 
 
3. Development of a roadway network around the perimeter of the City of Lincoln. 
 
4. Development of infrastructure such as roads, water, sewer, parks, stormwater, 

schools, libraries, and open space concurrent with land development. 
 
5. Development of detailed sub-area plans for developing areas of the City, the urban 

environment, and the rural environment. 
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6. Development of a close relationship between the comprehensive plan, land-use 
regulations, and the capital improvements program. 

 
7. Development of multiple public-use corridors for trails, parks, stormwater drainage, 

utilities, etc. 
 
8. Consideration of the natural and “man-made” environments in all development 

actions. 
 
The existing and future land-use plans within the City of Lincoln will direct growth to specific 
drainage basins to ensure orderly expansion and to control expenditures for water and sewer 
infrastructure improvements.  The plans acknowledge that Lincoln’s existing neighborhoods are 
important resources that must be protected and, if necessary, revitalized.  The plans seek to 
maximize benefits from land already within the urban area through infill development on 
underutilized sites.  These strategies emphasize reliance on maximum feasible utilization of 
existing public facilities including roadways, utilities, schools, and libraries before constructing new 
public facilities in other locations.  In some instances, rebuilding or expanding deficient facilities 
within the existing urban area will be necessary. 
 
 
Population Growth 
 
This section presents historical population growth trends and projects future population growth 
based on these trends. 
 
Historical Populations.  Historical population data were supplied by the Lincoln-Lancaster 
County Planning Department.  The source for the population trends from 1880 to 2000 is the U.S. 
Bureau of Census.  Historical population growth for the City of Lincoln and Lancaster County is 
shown in Table 3-1. 
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Table 3-1.  Historical City/County Population Growth 
 

Year City of Lincoln Annual % 
Increase Lancaster County Annual % 

Increase 

1880 13,003 -   

1880-1890 13,003 - 55,154 15.6   

1890-1900 55,154 - 40,169 3.1   

1900-1910 40169 - 43,973 0.9 73,793 - 

1910-1920 43,973 - 54,948 2.3 73,793 - 85,902 1.5 

1920-1930 54,948 - 75,933 3.3 85, 902 - 100,324 1.6 

1930-1940 75,933 - 81,984 0.8 100,324 - 100,585 0.0 

1940-1950 81,984 - 98,884 1.9 100,585 - 119,742 1.8 

1950-1960 98, 884 - 128,521 2.7 119,742 - 155,272 2.6 

1960-1970 128,521 - 149,518 1.5 155,272 - 167,972 0.8 

1970-1980 149,518 - 171,932 1.4 167,972 - 192,884 1.4 

1980-1990 171, 932 - 191,972 1.1 192,884 - 213,461 1.0 

1990-2000 191, 972 - 225,581 1.6 213,461 - 250,291 1.6 

 
 
Table 3-1 shows that in recent years the City of Lincoln and Lancaster County have both sustained 
moderate population growth.  The population growth rate for the last 30 years for the City of 
Lincoln has averaged 1.38 percent per year, and for Lancaster County 1.34 percent per year. 
 
Population Projections.  Because wastewater collection systems and some treatment plant 
components typically have 50-year design lives, it is advantageous to project population growth for 
a 50-year period.  This report estimates future wastewater utility needs for 25-year and 50-year 
planning horizons using population projections provided by the Lincoln-Lancaster County 
Planning Department as shown in Table 3-2.  Graphs of data in Table 3-1 and Table 3-2 are 
shown in Figure 3-4. 
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Table 3-2.  City/County Population Projections 
 

Year City of Lincoln Annual % 
Increase Lancaster County Annual % 

Increase 

2001 225,581 1.5 250,291 1.5 

2005 243,015 1.5 269,634 1.5 

2010 261,796 1.5 290,473 1.5 

2015 282,029 1.5 312,922 1.5 

2020 303,825 1.5 337,106 1.5 

2025 327,306 1.5 363,159 1.5 

2030 352,601 1.5 391,225 1.5 

2035 379,852 1.5 421,460 1.5 

2040 409,208 1.5 454,032 1.5 

2045 440,833 1.5 489,122 1.5 

2050 474,903 1.5 526,923 1.5 

 
 
The population projections provided by the Lincoln-Lancaster County Planning Department and 
shown in Table 3-2 indicate that the present growth trend is expected to continue.  During the 25-
year Tier I planning period, the result will be the addition of approximately 102,000 and 113,000 
persons to the 2000 population for the City of Lincoln and Lancaster County respectively.  Using a 
moderate annual growth rate of 1.5 percent, the calculated population increase from the year 2000 
through the year 2050 is approximately 249,000 for the City of Lincoln, and 277,000 for Lancaster 
County.  The projected service area for the year 2025, shown on Figure 3-5, was taken from the 
Lincoln-Lancaster County Comprehensive Plan.  
 
 
Collection System Land-Use Plan 
 
As the City’s population has grown historically, new land areas have been developed to 
accommodate the growth.  In planning for future growth in the City of Lincoln and its impact on 
the wastewater system, the land-use plan described in the Lincoln-Lancaster Comprehensive Plan 
was utilized.  The population growth associated with this land-use plan served as the basis for 
projecting collection system improvements and treatment needs through the year 2025. 
 
Total land area needed for future growth was derived using present demographic information 
obtained from the City planning department.  Wastewater planning decisions should incorporate 
enough flexibility to accommodate possible variations in future growth conditions within the City. 
 The Lincoln-Lancaster Comprehensive Plan addresses growth in detail and provides specific 
direction for planned growth. 
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CHAPTER 4 
 

EVALUATION OF EXISTING WASTEWATER FACILITIES 
 
 
During the previous facility planning effort in 1995 the existing wastewater treatment facilities were 
evaluated for performance, capability for serving current and projected development, and ability to 
meet effluent quality discharge requirements.  That analysis of the existing wastewater facilities has 
been updated to reflect new conditions or requirements and is presented in this chapter.   
 
 
Description of Existing Collection System 
 
The existing Lincoln wastewater collection is shown in Figure 4-1.  As described in Chapter 3, the 
City of Lincoln wastewater collection system currently serves all or part of 13  drainage basins.  Ten 
of these drainage basins are served by the Theresa Street WWTF.  The drainage areas served by the 
Theresa Street facility include: 
 

1. Salt Creek 
2. West “O” Street 
3. Beals Slough 
4. Haines Branch 
5. Middle Creek 
6. Antelope Creek 
7. East Campus 
8. Oak Creek 
9. Little Salt Creek 
10. Lynn Creek 

 
Salt Creek.  The existing Salt Valley Trunk (SVT) Relief Sewer line, which represents the backbone of 
the sanitary sewer system, extends from the Theresa Street WWTF located near the intersection of 
Theresa Street and 27 th Street, 8.6 miles to approximately the intersection of Yankee Hill Road and 
14th Street.  A six-phase plan for a relief sewer has been established, of which two phases have been 
completed.  Phase I is designed for 17,000 acres of development and Phase IIA for 22,000 acres.  Phase 
IIB is currently in the design phase.  This relief sewer construction provides much needed capacity to 
the system. 
 
West “O” Street.  The existing sanitary sewer mains that flow west to east in West “O” Street were 
built in two segments.  The first segment, which connects to the Salt Creek Trunk, consists of a 12-inch 
vitrified clay pipe (VCP) line that  discharges to the “P” Street Lift Station (C-8).  This lift station 
includes two suction lift pumps rated at 900  gallons per minutes (gpm) capacity each, which results in a 
total capacity of 4.0 cubic feet per second (cfs).  To the west of the first segment is the second segment 
of the West “O” main, a newer 36-inch line that was constructed with the need for future capacity in 
mind.  As the system currently exists, the 36-inch main discharges into the downstream 12-inch main. 
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Beals Slough.  The center of the Beals Slough Basin is at Old Cheney Road and 40th Street.  The Beals 
Slough Basin is south of the Antelope Creek Basin and discharges flow to the Salt Creek Trunk sewer.  
The City map shows 5,370 acres of service area within the basin, which will generate an estimated 32.7 
cfs of wastewater.  This flow will overload selected sections of the Beals Slough trunk line.  One 
location is at the intersection of 56th Street and Highway 2.  A 24-inch line is planned to parallel the 
existing trunk at this location to mitigate this flow problem.  Nevertheless, downstream capacity 
constraints will cause surcharging to extend upstream along almost the entire length of the Beals Slough 
Systems. 
 
Haines Branch.  (Included in the Salt Creek discussion.) 
 
Middle Creek.  The majority of existing 12-inch to 21-inch interceptor sewer serving the Middle Creek 
Basin is currently overloaded.  The average overloading is about 2 cfs for the upstream segments of the 
line and more than 5 cfs for the last 1,739 linear feet (LF) of 18-inch pipe.  Lift Station C-9 is located 
2,823 LF upstream of the termination of the trunk line into the Salt Valley Trunk.  The condition of the 
piping system has been described as fair. 
 
Antelope Creek.  Antelope Creek Basin includes 7,199 acres and generates approximately 42.6 cfs of 
wastewater that travels in a 42-inch pipe through the majority of the basin.  Near the downstream end 
of the pipeline is a recently extended 15-inch line that reaches just south of Pine Lake Road.  It was 
extended to serve a 403-acre development bound by 84th & 98th Street, and Pine Lake & Yankee Hill 
Road.  Wastewater from the Antelope Creek basin are discharged into the Salt Creek trunk sewer. 
 
Further downstream a set of parallel pipes carry the flow of the trunk line.  At 21 st and “R” Streets a 
36-inch line (Campus Line) splits off and runs up 20th Street while the main 42-inch trunk runs up 
22nd Street.  The Campus Line terminates at the Salt Valley Trunk Sewer while the Antelope Creek 
Trunk line continues all the way to the Theresa Street WWTF.   
 
East Campus.  (Included in the Little Salt Creek discussion.) 
 
Oak Creek.  The Oak Creek Trunk Line ranges in size from 8-inch to 54-inch and stretches northwest 
from the City through the Lincoln Municipal Airport.  In its present state, there is overloading in the 
27-inch and 30-inch portions of the line.   
 
Little Salt Creek.  Located immediately north of the Theresa Street WWTF,  the Little Salt Creek Basin 
includes 2,251 acres of developed land, with more developable land to the north.  The Little Salt Creek 
Interceptor ranges in size from 24- to 48-inches and was built in the 1970’s. 
 
Lynn Creek.  The main line that serves Lynn Creek ranges in diameter from 18-inches to 36-inches.  
The line currently handles all of the present flows easily except in the 24-inch segment (where it 
currently has under 2 cfs of excess capacity for 503 LF) and in the 21-inch segment (where it currently 
has under 3 cfs of excess capacity for 1,330 LF and under 1 cfs of excess capacity for 7,809 LF).  The 
total flow that the Lynn Creek sub-basins contribute to the trunk sewer line is about 10.0 cfs.  This flow 
enters the Oak Creek Trunk line at MH#B6-265. 
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The remaining three drainage areas are served at least partially by the Northeast WWTF.  These 
drainage areas include: 
 

1. Deadmans Run 
2. Havelock 
3. Regent Heights (portion of West Stevens Creek drainage basin) 

 
Deadmans Run.  Wastewater flows from the Deadmans Run area initially were treated at the Theresa 
Street WWTF but now generally flow to the Northeast WWTF (see discussion in Chapter 3 about 
potentially diverting some of its flow to the Theresa Street WWTF).  The Deadmans Run trunk line 
consists of pipe diameter ranging from 18-inch to 60-inch.  Most of the segments with capacity 
problems are located at the west end of the run.  (The 24-inch diameter and 30-inch diameter segments 
of the line are buried at an average depth of 15.7 feet.) 
 
Havelock.  The Havelock Basin is the second existing area that contributes wastewater flow to the 
Northeast WWTF.  The components of the main Havelock line are VCP and PVC pipeline ranging in 
diameter from 18 to 24 inches.  Two of its sub-basins (HV1 and HV10) contribute to the trunk line.  
Because of low existing flows and the high capacity of the line, there are no existing capacity problems. 
 
Regent Heights.  A ridge east of the Havelock, Deadmans Run, and Antelope Basins separates these 
basins from the West Stevens Creek Basin.  There is currently no sanitary sewer infrastructure in the 
Stevens Creek Basin.  The Regent Heights area, which is within the West Stevens Creek Basin, is 
currently served through the Havelock wastewater collection system.  
 
 
Collection System Needs 
 
The existing Lincoln wastewater collection system is generally adequate to serve current needs.  
Some areas of hydraulic overload such as the Salt Valley and Beals Slough areas or deteriorated 
facilities have been identified for correction.  It is recommended that funding be provided to correct 
these conditions over the next 12 years.  As population growth occurs within the service area, the 
system will have to be upgraded and expanded to continue to meet service needs.  Specific upgrade 
and expansion recommendations are presented in Chapter 8. 
 
 
Description of Existing Wastewater Treatment Facilities 
 
This section describes the major components of the wastewater treatment facilities serving the City of 
Lincoln, including the Theresa Street WWTF and the Northeast WWTF.  Figure 4-2 shows the 
locations of these facilities. 
 
Theresa Street Wastewater Treatment Facility.  The Theresa Street WWTF is the larger of the two 
facilities and is located at 2400 Theresa Street.  The NDEQ presently considers the design capacity of 
the Theresa Street WWTF to provide standard secondary treatment to be 30 mgd as indicated in the 
existing discharge permit (a copy of the existing Theresa Street WWTF NPDES discharge permit is 
provided in Appendix A).  Effluent from the Theresa Street facility is discharged to Salt Creek.   
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The original wastewater treatment facilities at Theresa Street were constructed in 1923 and consisted 
of influent pumps and Imhoff tanks.  In the 1930s, the system was upgraded and expanded to 
include fixed nozzle trickling filters, secondary clarifiers, and sludge drying beds.  A 1940’s upgrade 
included the addition of primary clarifiers and additional trickling filters.  Major improvements were 
made with the construction of a 10-mgd activated sludge train in 1966, and a 15-mgd activated 
sludge train in 1973.  As it currently exists, the Theresa Street WWTF consists of three distinct 
treatment trains: 
 

1. The Trickling Filter Train,  
2. The West Side Activated Sludge Train, and 
3. The East Side Activated Sludge Train.  

 
Since completion of the 1995 Wastewater Facilities Plan Update, the following improvements to the 
Theresa Street WWTF have been completed or are underway: 
 

1. Screening of Raw Primary Sludge Added with Parkson Sieve Press (1997) – These 
improvements were made to remove plastics and other contaminants from the 
primary sludge prior to pumping it to the anaerobic digesters. 

 
2. SCADA System Upgrade (1999) – The SCADA System Upgrade increased the 

capability and reliability of the process monitoring and control system.  
 

3. Primary Clarifier Improvements (2000) – Intended to improve performance of these 
units, this project replaced the existing primary clarifier sludge collection mechanisms; 
primary clarifiers 3, 4, 5, and 6 were renovated with new mechanisms and weirs.  

 
4. Headworks Improvements (2001) – Additional influent pumping capacity was installed 

along with new bar screen equipment.  Influent Bar Screens 3 and 4 were replaced.  The 
addition of new screenings conveyance and compaction equipment for headworks, and 
an additional raw sewage pump were also installed. 

 
5. West Side Aeration Basin Improvements (2000) – This project reconfigured the 

aeration basins to improve the settling characteristics of the mixed liquor, increase the 
aeration efficiency and prepare for operating in a nitrification/denitrification 
configuration.  

 
6. East Side Aeration Basin Improvements (2002)* – This project reconfigures the East 

Side aeration basins in a way similar to that of the West Side system. 
 

7. ADA Improvements to Building A-16 (2002) – This project brings Building A-16 
into compliance with requirements of the Americans with Disabilities Act (ADA). 

 
8. Ultraviolet Disinfection (2002)* – This project replaces chlorine with UV light as the 

primary wastewater disinfectant. 
 

9. Grit Removal (2002)* – This project replaces the existing aerated grit basins with new 
vortex type grit basins. 
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10. Odor Control Project (2002)* – Improvements include odor containment and 
scrubbing for the East Side System. 

 
11. Secondary Electrical Feed (new transformer) (2002)* – Driven by the need for 

redundant power for the new East Side aeration blowers, the purpose of this project 
is to provide electrical back-up to the facility.  

 
12. FEMA Flood Mitigation Project (2002)* – This project includes flood proofing of 

the electrical substation, area transformers, and key building locations. 
 

13. West Side Blower Replacement (2003)* - Replace existing West Side blowers with 
new blowers to provide adequate oxygen for waste activated sludge systems. 

 
14. Upgrade return activated sludge (RAS) pumping station for East Side activated sludge 

systems (2002)*. 
 

*currently underway. 
 
Figure 4-3 presents a schematic diagram of the liquid stream treatment process at the Theresa Street 
WWTF.  Flow entering the Theresa Street WWTF receives preliminary treatment (screening and grit 
removal) prior to being split among the three separate treatment trains.  Each train employs primary 
sedimentation followed by secondary treatment via trickling filters or activated sludge.  From April 
1st through September, following secondary treatment, all wastewater is disinfected with chlorine 
prior to being discharged to Salt Creek.  From October 1st through May, the secondary effluent is 
discharged directly to Salt Creek without disinfection.  The ultraviolet disinfection project currently 
underway will replace the chlorine disinfection with UV disinfection.  Appendix B contains a 
summary of key process data for the Theresa Street WWTF.  
 
Figure 4-4 presents a schematic of the residuals handling facilities at the Theresa Street WWTF.  The 
facilities treat five types of solids: 
 

1. Screenings and grit, 
2. Primary sludges, 
3. Waste activated sludge and trickling filter sludge (humus), 
4. Primary and secondary scum, and 
5. Septage waste. 

 
Egg-shaped anaerobic digesters were constructed in 1992 to treat the sludge, scum, and septage 
waste.  Screenings and grit are disposed directly in the Lancaster County landfill.  Methane gas 
produced by the anaerobic digestion process is used to heat the digesters and power two 450-kW 
engine driven generators which produce electric power.  The electric power produced is introduced 
into the Lincoln area power grid and serves to offset electric power used at the WWTF to operate 
plant equipment. 
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Northeast Wastewater Treatment Facility.  Construction of the Northeast WWTF was completed 
in November 1980.  Preliminary treatment (screening and grit removal) is provided prior to primary and 
secondary treatment.  The NDEQ currently considers the capacity of the Northeast WWTF to provide 
standard secondary treatment to be 8 mgd as indicated in the existing discharge permit (a copy of the 
Northeast WWTF NPDES discharge permit is provided in Appendix C).  Secondary treatment at the 
Northeast WWTF is provided by an activated-biotower process which consists of biotowers, aeration 
basins, and secondary clarifiers.  From May through September the final effluent is chlorinated prior to 
discharge to Salt Creek.  From October through April the secondary effluent is discharged directly to 
Salt Creek without disinfection.  Figure 4-5 presents a schematic diagram of the Northeast WWTF 
liquid stream treatment processes, and Figure 4-6 is a schematic diagram of the Northeast solids 
treatment system.  Appendix D contains specific design data for the Northeast WWTF. 
 
Primary sludge, secondary sludge, and scum generated at the Northeast WWTF are stabilized by 
anaerobic digestion prior to thickening and disposal at a dedicated land application site.  All digested 
sludges are pumped about 2 miles offsite to a storage lagoon located at the land application site.  
Sludge from the storage lagoon is injected into City owned cropland adjacent to the lagoon.  
Supernatent from the sludge storage lagoon is returned to the Northeast WWTF for treatment. 
 
Since completion of the 1995 Wastewater Facilities Plan Update, the following projects have been 
completed or are under construction at the Northeast Wastewater Treatment Facility: 
 

1. Chemical Feed Facilities for Odor/Corrosion Control (1997) – This project included 
the construction of iron feed facilities to allow ferric chloride to be injected into the 
plant influent. 

 
2. Headworks Rehabilitation (1997) – This project included the installation of new flow 

measurement equipment and repaired concrete grit handling structures which had 
deteriorated due to hydrogen sulfide attack.  

 
3. Aeration Basin Modifications (1998) – This project included the installation of fine-

bubble diffusers in the existing aeration basins and converted the basins to a plug flow 
regime. 

 
4. Flow Meter Replacement (1998) – An influent mag meter has been installed to 

replace an old Parshall flume.   
 
5. Maintenance Shop Improvements (1998) – The project involved upgrading the 

maintenance shop with addition of a paint booth and added storage space. 
 

6. Heating Water Loop Improvements (2002) – This project involved replacing 
corroded heating water piping with new fiberglass piping.  The heating water system 
serves the recirculation pump station and the digester building. 

 
7. Digester Upgrade (2002)* – This project will convert aerobic digesters to waste 

activated sludge (WAS) or thickened WAS storage tanks, add rotary drum thickeners, 
convert a secondary digester to a primary digester, and provide screening of primary 
sludge with a Parkson Sieve Press. 
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8. Ultraviolet Disinfection (2002)* – This project will add ultraviolet disinfection 

facilities to the plant.  UV disinfection will replace the chlorine disinfection as the 
primary method of disinfection at the Northeast WWTF. 

 
9. Mechanical Screens (2002)* – This project will replace the existing mechanical 

screens with new units. 
 

*currently underway 
 
 
Existing Treatment Process Capacity Analysis  
 
Techniques used to assess the process capacity of wastewater treatment facilities have improved 
significantly since the 1995 Wastewater Facilities Plan Update.  These improvements have allowed a 
more accurate analysis of treatment system capacities to be performed as part of this facilities plan 
update.  These techniques include:   
 

1. Derivatives of the International Water Association Activated Sludge Model 
Number 1 incorporated into the BioWin™ simulator for the aeration basin system. 

 
2. State Point Analysis (SPA) techniques for the secondary clarifier evaluation. 

 
Anticipated changes in the discharge limits for ammonia at both the Theresa Street and Northeast 
facilities will have significant impacts on treatment system capacity. 
 
A detailed facility rating of the Northeast WWTF was completed in November 1999.  Similar 
modeling techniques were utilized as part of this facilities plan update to determine the capacities of 
the Theresa Street WWTF, and the 1999 evaluation of the Northeast WWTF was updated to reflect 
current conditions.   
 
Factors Affecting Treatment Capacity.  This section discusses the environmental and operational 
factors that affect the treatment capacity of an activated sludge system.  This discussion is intended to 
promote a better understanding of the capacity analysis methodology used to evaluate treatment 
capacities and provide a basis for development of treatment alternatives. 
 
Table 4-1 summarizes the primary factors that affect the capacity of an activated sludge facility. 
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Table 4-1.  Primary Factors Affecting Treatment Capacity of an Activated Sludge System 
 

Factor Capacity Impact 

Effluent Requirements More stringent effluent requirements typically decrease facility 
capacity. 

Temperature Lower wastewater temperature typically decreases facility 
capacity. 

Wastewater Characterization Highly variable and strong influent wastewater typically 
decrease facility capacity. 

Mixed Liquor Settling 
Characteristics 

Poor mixed liquor settling characteristics typically decrease 
facility capacity. 

Flow Peaking Factor Large peaking factors typically decrease facility capacity. 

Operator Expertise Knowledgeable operators significantly increase wastewater 
facility capacity. 

 
 
More information about each of these factors is presented in the following paragraphs: 
 

Effluent Requirements.  Effluent requirements establish the performance constraints 
within which an activated sludge facility must function.  Generally, biochemical oxygen 
demand (BOD), ammonia, total nitrogen, and total phosphorus are the parameters that most 
significantly affect treatment capacity.  Although specific ammonia limits are currently being 
negotiated between the City and the NDEQ, ammonia removal will require that the 
activated sludge system be operated at a solids retention time (SRT) sufficiently high to 
ensure the presence of nitrifying organisms.  Effluent ammonia affects treatment capacity by 
dictating the minimum SRT required to ensure the presence of nitrifying organisms.  
Consequently, higher SRT requirements translate into a need for larger aeration basin sizes 
to treat a given quantity of wastewater and larger clarifiers to handle the resulting solids 
loads. 

 
For the past 10 years the City of Lincoln, the NDEQ, the Water Environment Research 
Foundation, and several other interested parties participated in an extensive study to 
determine site-specific ammonia effluent criteria for Salt Creek.  This process is ongoing and 
Lincoln expects a new NPDES permit in the near future (i.e., before the end of 2003).  
Table 4-2 presents the effluent ammonia requirements for the Theresa Street and Northeast 
WWTF that this facility plan update assumes will be implemented.  Table 4-2 also presents 
anticipated future limits calculated with future flows and existing ammonia waste load 
allocations.  For this facility plan analysis the treatment capacities are based on the projected 
2025 ammonia limits. 
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Table 4-2.  Anticipated Effluent Ammonia Limits* 
(Calculated With 30-Day Averaging Period For  

Waste Load Allocation Long-Term Average Multiplier) 
 

Spring Summer Winter 
Monthly Avg Daily Max Monthly Avg Daily Max Monthly Avg Daily Max 

Treatment Facility mg/L – N mg/L – N mg/L – N mg/L – N mg/L – N mg/L -N 
Theresa Street 

2008 
2013 
2025 
2050 

 
8.29 
8.20 
8.05 
6.93 

 
21.71 
21.46 
21.07 
18.14 

 
2.88 
2.75 
2.55 
2.23 

 
7.55 
7.21 
6.68 
5.84 

 
8.34 
8.27 
8.15 
7.96 

 
21.84 
21.64 
21.31 
20.85 

Northeast 
2008 
2013 
2025 
2050 

 
13.99 
13.50 
12.45 
7.45 

 
36.62 
35.53 
32.58 
19.51 

 
5.68 
4.98 
4.18 
2.48 

 
14.86 
13.03 
10.94 
6.49 

 
14.87 
14.35 
13.81 
8.21 

 
38.93 
37.56 
36.16 
21.50 

* The effluent ammonia limits shown are not final and are based on the best information available at the time this report was prepared 
(March 2003). 
 
 

Effluent ammonia requirements, as prescribed by the expected permit limits, affect 
treatment capacity by dictating the minimum SRT required to ensure the presence of 
nitrifying organisms.  The transition from the presence to the absence of nitrifying 
organisms occurs rapidly at an SRT value known as the washout SRT.  Figure 4-7 presents 
the results of BioWin™ model simulations from the City of Lincoln East Side activated 
sludge system.  The figure demonstrates how the effluent ammonia concentration decreases 
rapidly from approximately 30 mg/L to less than 2 mg/L with a one to two day change in 
SRT, dependent on the temperature.  Figure 4-7 shows the aerobic SRTs required to reliably 
meet permit ammonia limits at each temperature. 
 
Temperature.  Figure 4-8 presents monthly average influent wastewater temperatures at the 
Theresa Street WWTF based on hourly average temperature measurements taken from 1987 
through 1993.  From this data, and the fact that lower temperatures tend to decrease facility 
capacity, the critical month in terms of nitrification capacity rating is determined to be 
March.  Anticipated spring ammonia limits are relatively low, as shown in Table 4-2, and the 
monthly average temperature in March has been recorded as low as 13oC. 
 
Wastewater Characteristics.  Wastewater chemical oxygen demand (COD) impacts the 
capacity of the overall system, particularly through the required minimum SRT and oxygen 
supply requirements.  Other wastewater characteristics also affect the biodegradation of 
compounds within the wastewater.  During August and September of 2000, the City of 
Lincoln conducted a special sampling campaign designed to determine wastewater 
characteristics and factors required to calibrate the BioWin™ model.  The sampling data 
were used to calibrate the BioWin™ simulation models of the Lincoln WWTFs, which were 
subsequently used to evaluate WWTF capacities and treatment alternatives for this facilities 
plan update.  Various comparisons between model results and actual operating conditions  
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Figure 4-7
 Effect of Aerobic SRT on Effluent Ammonia
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Figure 4-8
Monthly Average Influent Wastewater Temperatures 
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observed during the West Side stress testing period showed good correlation between model 
predictions and actual system performance.  However, it is recommended that the City 
continue to improve the model calibration and wastewater characterization via additional 
sampling and field testing.   

  
The COD introduced to the activated sludge treatment process is termed primary effluent 
(PE) COD.  PE COD is a function of the plant influent COD and the performance of the 
primary clarifiers.  Due to the presence of food product industries in the service area, the 
Theresa Street facility experiences a highly variable influent wastewater strength.   
 
Figure 4-9 presents the daily and 30-day average PE COD at the Theresa Street facility from 
late 1999 through early 2002.  In addition to the high daily variability, seasonal variation in 
influent COD results from variations in food manufacturers discharges.   
 
The data indicate that a monthly average PE COD of 450 mg/L is appropriate to use for the 
capacity analysis during the critical spring design period when the low wastewater 
temperatures can also occur.  

 
The Northeast WWTF influent lacks the industrial wastewater component and therefore 
does not experience the same fl uctuation in influent COD load as does the Theresa Street 
facility.   
 
Mixed Liquor Settling Characteristics.  Sludge settling characteristics play a significant 
role in establishing the capacity of an activated sludge system.  Wastewater engineers and 
operators commonly utilize the sludge volume index (SVI) as an indication of the settling 
characteristics of the activated sludge solids.  Settling characteristics affect the capacity by 
limiting the quantity of solids that can be applied to the secondary clarifiers while 
maintaining acceptable clarifier performance.  WWTFs not specifically designed to control 
the sludge settling characteristics typically experience wider variations in settling 
characteristics than those designed to control sludge settleability.  Such wide variations in 
sludge settling characterizations must be considered in evaluating system capacity.  Many 
facilities chlorinate the RAS in an attempt to selectively kill the filamentous organisms 
believed to be responsible for most poor settling characteristics.  Historically, the City of 
Lincoln has chlorinated the RAS to control settling characteristics. 

 
Recently, the City of Lincoln constructed improvements to aeration basin design at both the 
Theresa Street and the Northeast WWTFs, incorporating features known to improve mixed 
liquor settling characteristics.  These improvements have increased the capacity of these 
facilities without construction of new secondary clarifiers.  Features such as anoxic selectors, 
plug flow reactor configurations, and fine-bubble aeration all improve settling characteristics 
by creating conditions that encourage the predominate growth of microorganisms known to 
settle well.  These aeration system improvements have increased the capacity of the activated 
sludge systems by controlling the SVI without the use of chlorine. 
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Flow Peaking Factor.  The hydraulic peaking factor also affects the capacity of an activated 
sludge system.  During the peak flow periods of the day, solids within the system tend to 
move from the aeration basin to the secondary clarifier at a higher rate than they can be 
returned.  This condition results in an increase in the quantity of sludge in the clarifier and 
may negatively affect the facility performance.  Excessive solids accumulation in the 
secondary clarifier may cause the following additional detrimental effects: 
 

1. Enhanced growth of “low dissolved oxygen filaments” unable to be 
controlled through aeration basin improvements such as anoxic selectors.  
Lincoln may have experienced some of this during start-up of the West Side 
activated sludge system. 

 
2. Decreased ammonia removal efficiency.  This may occur when mixed liquor 

suspended solids (MLSS) concentrations decrease as solids migrate from the 
aeration basin to the clarifier.  As the MLSS decreases, the nitrifier 
population under aeration also decreases.  Lincoln operators have been 
measuring inventory distribution between the aeration basins and clarifiers.  
These measurements indicate that 15 to 25 percent of the solids inventory 
can be resident in the clarifier even prior to blanket accumulation.   

 
Figures 4-10 and 4-11 present monthly average flows for the period of January 2000 through 
March 2002 for the Theresa Street and Northeast facilities respectively.  The data for 
September 2001 through March 2002 are atypical and represent periods when flows were 
diverted from the Northeast facility to the Theresa Street facility.   
 
Because the atypical data from September 2001 through December 2001 skew both the 
average and peak flow values for the entire year of 2001, only 2000 data was used to 
establish peak to average flow ratios for facility planning.  These peak flow factors are 
represented in Table 4-3. 
 

Table 4-3.  Summary of Historical Peak Flow Factors 
 

Theresa Street WWTF Northeast WWTF Peak Flow Factor 1 2000 2000 
MMF to ADF2 1.11 1.15 
PDF to ADF2 1.37 1.34 
PHF to ADF2 1.93 1.95 
PHF to MMF 1.74 1.70 

1Includes wet weather flows occurring within the period indicated. 
2See Chapter 5 for further definition of terms. 
MMF = Maximum Monthly  Average Daily Flow 
PDF = Peak Daily Flow 
PHF = Peak Hourly Flow 
ADF = Annual Average Daily Flow 
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Figure 4-10
Theresa Street WWTF Monthly Average Flows
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Figure 4-11
Northeast WWTF Monthly Average Flows

Note: Sept. 01 thru Feb. 02 reflect partial flows diverted to Theresa Street WWTF
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During some previous years, considerably higher peaks have occurred due to low probability 
rainfall events.  The capacity estimates prepared for this facility plan update do not consider 
these rare peaks as they fall under new regulations being negotiated by the US EPA related 
to SSOs.  Recent improvements to the collection system to reduce stormwater inflow may 
have decreased the highest peaking factors.  Rating an activated sludge system to provide for 
such high peaking factors would severely reduce the capacity of the overall system and is 
considered uneconomical.  For excessive peak flows, those significantly higher than the 1.74 
and 1.70 peak hour to maximum month factors for Theresa Street and Northeast 
respectively, side-stream treatment or other alternative treatment scenarios should be 
applied.  This issue is discussed further in Chapter 8. 

 
Operator Expertise.  Operator knowledge and experience is a critical, but often 
overlooked, factor in determining the realistic capacity of an activated sludge system.  
Experienced and knowledgeable operators can successfully operate a given WWTF at 
organic loads and flows much higher than can inexperienced operators.  Lincoln conducted 
activated sludge training during the startup of the West Side activated sludge system.  During 
that training, the factors influencing capacity presented in this chapter were presented and 
discussed.  The Lincoln operations staff gained additional knowledge of system capacity 
limits during a stress testing period following the training.  During the stress testing period 
the hydraulic and organic loading to the West Side system was increased almost to the 
system capacity limits.  The knowledge of the Lincoln wastewater operations staff was taken 
into consideration when evaluating the capacity of the Lincoln WWTFs. 

 
Capacity Estimate Methodologies.  The above discussion indicates that numerous factors influence 
the capacity of an activated sludge system.  The capacity estimating models applied to the Lincoln 
WWTFs account for each of these factors.  The model provided considerable detail which allows the 
relative effect of each of these factors to be observed.  This detailed model output promotes the 
development of alternative concepts and the data for the evaluation.  This approach to capacity analysis 
avoids applying the most limiting value of each of the parameters concurrently, a common approach 
which can result in extremely conservative capacity estimates that do not represent situations likely to be 
experienced in actual facility operation.  
 
Theresa Street WWTF Capacity Estimate.  The capacity analysis applied the BioWin™ simulation 
model and Brown and Caldwell’s State Point Analysis program to both the East Side and West Side 
activated sludge systems at the Theresa Street Facility.  The trickling filter treatment train at Theresa 
Street is considered incapable of consistently removing ammonia during cold weather periods and 
therefore does not represent nitrifying capacity. 
 
Assuming an average maximum month PE COD concentration of 450 mg/L, a temperature of 13oC 
and an SVI of 150 mL/g, Figures 4-12 and 4-13 present the capacity rating for operation to achieve 
nitrification sufficient to meet the ammonia limits shown in Table 4-2 for 2025 results for the West 
and East Side systems, respectively.  Table 4-4 summarizes the results.  
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Figure 4-12
West Side Capacity Vs. MLSS Concentration
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Figure 4-13
East Side Capacity Vs. MLSS Concentration
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Table 4-4.  Nitrification Capacity Summary - Existing Theresa Street WWTF 
 

Treatment System 
Capacity* 

(mgd) 
West (MMF) 4.7 
East (MMF) 9.7 
Total (MMF) 14.4 

* Wastewater flows, loadings, and temperatures occurring during the month of 
March represent the capacity limiting considerations.  The treatment capacity is 
limited by a combination of the aeration basin size, the clarifier solids loading rate 
and spring time (March) operating conditions. 

 
 
As indicated in Table 4-4, the overall Theresa Street WWTF system nitrification capacity is rated at 
14.4 mgd.   
 
Northeast WWTF Capacity Estimate.  In November 1999, Brown and Caldwell completed a 
process rating study to estimate the capacity of the Northeast WWTF.  The study utilized the best 
available process data, including the data generated during two special sampling periods.  The 
capacity evaluation approach utilized was similar to that used to rate the Theresa Street WWTF 
capacity.  Due to available data limitations, assumptions for the capacity estimate were somewhat 
more conservative than the assumptions applied to the Theresa Street facility.   
 
Assuming “maximum month” primary effluent COD concentration of 300 mg/L, a wintertime 
temperature of 15°C, and an SVI of 150 mL/g, the capacity of the Northeast WWTF was 
determined in the 1999 Study to be 4.0 mgd.  This was based on the limiting solids loading rate for 
the final clarifiers. 
 
As part of this Facility Plan Update, additional analysis of the Northeast WWTF nitrifying capacity 
was performed by comparing PE COD and aeration basin and clarifier capacities at the Northeast 
facility with those of the Theresa Street West Side facility.  This comparison was made because the 
two facilities are similar in both size and configuration.  The additional analysis was performed using 
the most recent ammonia discharge limit information and has been stress tested to confirm the 
limits of nitrifying capability.  The comparison assumed that the Northeast facility could 
accommodate a food to microorganism ratio and specific clarifier solids loading rate similar to what 
the West Side facility can treat.  The results of this comparison are shown in Table 4-5 and represent 
the system capacity under spring loading conditions. 
 

Table 4-5.  Nitrification Capacity Summary - Existing Northeast WWTF  
 

Parameter Capacity 
Northeast WWTF  

Capacity (MMF) 4.4 mgd 
* Wastewater flows, loadings, and temperatures occurring during the month of March 

represent the capacity limiting conditions The treatment capacity is limited by a combination 
of the aeration basin size, the clarifier solids loading rate and spring time (March) operating 
conditions. 
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The values presented for treatment capacity of the Northeast WWTF are considered to be the best 
available without further in-depth modeling and stress testing the facility.   
 
Improving Capacity Estimates.  The following parameters significantly impact the capacity estimates 
of the two plants and, because of the limited data available during facility planning, merit further study 
at both WWTFs during subsequent preliminary design:  
 

1. Temperature:  The data evaluated for the Northeast WWTF indicated a minimum 
wastewater temperature of 15oC during the winter.  The critical month temperature 
assumed for the Theresa Street facility was 13oC.  Heat loss in colder months 
through the biotowers at the Northeast plant suggest that Northeast temperatures 
would be expected to be lower than temperatures at the Theresa Street facility.  More 
aeration basin temperature data should be obtained at both facilities to develop a 
more accurate temperature database. 

 
2. Nitrifier Washout Solids Retention Time:  Modeling completed for the Theresa 

Street facilities indicated that a 9.5 day SRT with 25 percent of the reactor volume 
unaerated, should be above the nitrifier washout SRT for all conditions.  Modeling 
completed for the Northeast facility assumed that a 12.0 day SRT would be required 
in the aeration basins to prevent nitrifier washout.  This assumption represents the 
major difference in the value of the capacity estimates and should be investigated 
through additional modeling efforts and field stress testing.  The City of Lincoln has 
been operating the Northeast facility in a nitrification mode during relatively warm 
wastewater temperature periods.  Additional experience during cold temperatures 
would be very useful in further refining the system capacity.   

 
 
Hydraulic Capacity Analysis 
 
Hydraulic Profile Modeling.  Hydraulic and energy grade lines were calculated for the Theresa Street 
WWTF (East Side and West Side) and Northeast WWTF using Brown and Caldwell’s software 
program called PROFILE.  This program models flow through the WWTF by calculating the total 
energy grade (elevation head, pressure head and velocity head).  When water surface elevation data were 
available, the model was calibrated for the given flow, and plant hydraulic capacity was determined by 
subsequent runs of the calibrated model at increased flow rates.  When no elevation data were available, 
typical energy loss coefficients were used. 
 
The WWTFs were assumed to have reached capacity when the water surface for a particular element 
came within 6 inches of the top of the wall or a controlling weir was submerged.  
 
The hydraulic analysis was based upon record drawing information provided by the City of Lincoln.  
In order to accurately calibrate the model, field verification of all key hydraulic elements is needed.  
In the absence of this field verification, the hydraulic capacity estimates provided herein may vary 
significantly from actual capacities.  The detailed results of the modeling effort are included in 
Appendix E. 
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Theresa Street WWTF.  Hydraulic modeling was conducted only for the East and West Side systems 
at the Theresa Street WWTF.  Decommissioning of the trickling filter system is planned for the near 
future, so hydraulic modeling of this system was not performed.  A relative 100-year flood elevation of 
1,147 feet above mean sea level (amsl) in Salt Creek was used initially in the modeling effort.  The UV 
system designer provided headloss information through the proposed UV disinfection system. 
 

East Side System.  The hydraulic capacity of the East Side System was performed assuming 
concurrent flow through the West Side equal to one-half the flow through the East Side 
System.  

 
The capacity of the East Side process train was reached at approximately 24 mgd as 
indicated by the water surface levels in the Final Junction Manhole, Chlorine Basin, 
Distribution Box (before the Chlorine Manhole), Final Clarifier, and the Aeration Basin.  At 
26 mgd the water surface is less than 6 inches from the top of the Final Manhole, and the 
top of the wall is surpassed in the Chlorine Contract Basin and Distribution Box.  The 
launder in the Final Clarifier and final weir in the Aeration Basin are submerged at 26 mgd 
and the top of the wall of the Final Clarifier is surpassed at 33 mgd.  The Primary Clarifier 
launder is submerged at 33 mgd.  The Aerated Grit Basin appears to have a capacity of 30 
mgd.  The other major elements not mentioned have capacities in excess of 33 mgd. 

 
The City has embarked on the design of a new grit removal system and a new UV 
disinfection system.  These projects will include streamlining the flow through the 
headworks and the disinfection facilities.  These improvements should mitigate the following 
flow restrictions through these facilities and accommodate future treatment trains and wet 
weather facilities.  Factors limiting hydraulic capacity include: 

 
§ Piping between the outfall and the Chlorine Contact Basin:  contributes to 

much of the headloss from the Distribution Box downstream. 
 
§ Initial channel in the Chlorine Contact Basin:  generates high headloss and 

experiences high water levels. 
 
§ Piping and other elements between the Final Clarifier and the Aeration 

Basin:  contributes to the submergence of the final weir in the Aeration 
Basin. 

 
§ Aerated Grit Basin inlet and discharge channels:  generate high headlosses 

and high water levels.  (This appears to be caused by both the piping and 
other elements between the Distribution Box and Aerated Grit Basin and the 
Aerated Grit Basin itself.) 

 
West Side System.  The model run assumed flow through the West Side System would 
equal to one-half of the flow through East Side System.  The capacity for this process train 
was reached at 12 mgd as indicated by the water surface levels in the Chlorine Contact Basin 
and Distribution Box.  The water surface in the Final Manhole exceeded the top of wall at 
15 mgd.  The Primary Clarifier launder became flooded at 15 mgd.  All other elements 
appear to have capacities in excess of 15 mgd.  Factors limiting hydraulic capacity include: 
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§ Piping between the outfall and the Chlorine Contact Basin:  contributes to 
much of the headloss from the Distribution Box downstream. 

 
§ Initial channel in the Chlorine Contact Basin:  generates high headloss and 

experiences high water levels. 
 
§ Initial channel in the Aerated Grit Basin:  generates high headloss and 

experiences high water levels. 
 

New vortex grit basins and UV disinfection facilities are currently being planned for the 
Theresa Street WWTF.  Construction of the new grit basins will not impact the hydraulic 
capacity of the East Side or the West Side Systems.  Since the Chlorine Contact Basin and 
Distribution Box are limiting elements in the hydraulic capacity of both the East and West 
Side Systems, installation of the new UV disinfection system could serve to increase the 
hydraulic capacities of both systems.  Design of the UV system should be directed toward 
substantially reducing the headloss through the disinfection system and thereby eliminating 
this hydraulic limitation. 

 
Analysis was also performed to determine the impact of a 100-year flood level in Salt Creek 
at the point of the Theresa Street discharge.  The 100-year flood elevation in Salt Creek at 
the point of the Theresa Street discharge is 1,147 feet amsl.  The water level in Salt Creek at 
this elevation will cause major hydraulic problems at the Theresa Street facility.  The top of 
the final junction manhole is 1,146 feet.  A creek water surface elevation of 1,147 feet would 
be above the top of this manhole and the manhole would be totally submerged.  The 
elevation of the top of the chlorine contact basin walls is 1,147.16 feet, just 2 inches above 
the creek water surface.  At a wastewater flow of less than 10 mgd, wastewater would begin 
to flow over the top of the contact basin walls.  Treatment processes prior to disinfection 
would be less drastically impacted. 

 
Northeast WWTF.  The hydraulic capacity of the Northeast WWTF was reached at 37 mgd as 
indicated by the water surface levels in the Chlorine Contact Basin and Aeration Basin.  In the Chlorine 
Contact Basin and Aeration Basin the final weirs were submerged at this flow rate but the walls of the 
basins were not.  Approximately 40 mgd can pass through the Primary Distribution Box and the Tower 
before the water surface exceeds the weir in the Primary Distribution Box or reaches the bottom of the 
media in the Tower.  The Final Clarifier weir was submerged at flows of 50 mgd, but the water surface 
level did not surpass the top of the walls of the clarifier.  All other units experienced no problems 
regarding high water surfaces at flows up to 50 mgd.  Specific hydraulic limitations include: 
 

§ The flow restrictions in the Chlorine Contact Basin and downstream piping cause 
submergence of the final clarifier weirs; however, flow will still pass through up to at 
least 50 mgd without surpassing any walls.   

 
§ Piping and other elements between the Final Distribution Box and the Aeration 

Basin cause submergence of the final weir in the Aeration Basin.  
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§ Piping and other elements between the Aeration Basin and the Tower cause the 
water level to exceed the weir in the Primary Distribution Box and submerge the 
bottom of the media in the Tower at flows of 40 mgd. 

 
High flow experienced during a wet weather period in 1993 indicated that the hydraulic capacity of 
the Northeast WWTF was significantly less than these hydraulic calculations predict.  It is 
recommended that a more detailed investigation of the Northeast WWTF be conducted to identify 
what structure, pipe, or piece of equipment limited the hydraulic capacity in 1993 to less than 
37 mgd. 
 
 
Lincoln Wastewater Residuals Management 
 
Residuals are generated from several different treatment processes at the Lincoln Wastewater 
Treatment Facilities.  The following sections discuss regulations relating to, and the disposal of, 
residuals resulting from: 
 

§ Influent Screening 
§ Grit Removal 
§ Primary Clarification 
§ Secondary Treatment 
 

 
Screenings and Grit.  The residuals generated from the screening and grit removal processes are 
disposed by trucking them to the Lancaster County landfill.  The regulation governing this disposal 
practice is the Federal Resource Conservation and Recovery Act (40 CFR 258 or RCRA).  The 
particular portion of the regulation involved is generally referred to as “Subtitle D”.  This regulation is 
discussed in greater detail in Chapter 6, Regulatory Requirements. 
 
At both the Theresa Street and Northeast WWTFs, screenings and grit are of a character and 
sufficiently dewatered to meet the Subtitle D requirements. 
 
 
Primary and Secondary Sludges 
 
Biosolids generated in the primary and secondary treatment processes at the Lincoln WWTFs are 
applied to agricultural lands in the Lincoln area.  At a minimum, the biosolids must meet:   
 

1. The Pollutant Ceiling Limits for metals, 
2. Class B requirements for Pathogen Reduction, and  
3. Vector Attraction Reduction Requirements. 

 



P:\Data\GEN\Lincoln\21307\PDF Documents\Chapter 4 PDF.doc 4-31 

Biosolids from both treatment facilities are well within the Pollutant Ceiling Limits.  Biosolids from 
the Theresa Street and Northeast facilities are treated with anaerobic digestion to meet both the 
Pathogen Reduction and Vector Attraction Reduction requirements.  Vector Attraction Reduction 
Requirements can be met by either processing or with appropriate physical barriers at the application 
sites.   
 
 
Theresa Street WWTF Digested Sludge Handling and Disposal 
 
A summary of the sizes and treatment capacities of the anaerobic digesters at the Theresa Street 
WWTF is provided in Table 4-6. 
 
 

Table 4-6.  Theresa Street WWTF Anaerobic Digester Size and Loading Summary 
 

Parameters Value 
No. of Digesters 3 
Volume of each Digester 1,100,000 gallons 
Total Digester Volume 3,300,000 gallons 
Historical Sludge Production (maximum month) 8,062 gal/mg 

2,609 lbs/mg 
Historical Volatile Sludge Production (maximum month) 1,930 lbs VS/mg 
Required Digester Hydraulic Detention Time 18 days 
Design Digester Volatile Solids Loading 0.15 lbs VS/day/cu ft 
Digester Design Capacity 23 mgd 

 
 
Anaerobically digested sludge from the Theresa Street WWTF is dewatered by belt filter presses 
prior to hauling to the land application sites.  A summary of the sludge dewatering facilities at the 
Theresa Street facility is provided in Table 4–7. 
 
 

Table 4-7.  Theresa Street Sludge Dewatering Facility Summary 
 

Parameters Value 
No. of  Belt Filter Presses 3 
Average Dry Solids Produced (following 
anaerobic digestion) 

25,881 lb/day (~1,500 lbs/MG of wastewater 
treated) 

Typical operation time 32 hours/week (Mon., Tues., Thur., Fri.) 
Capacity of each BFP 3,300 lbs/hr 
Firm Sludge Dewatering Capacity (1 bfp out of 
service) 

105,600 ppd (operated 16 hrs/day) 
~70 mgd of wastewater treatment capacity 

Typical Dewatered Sludge Solids 
Concentration 

20.8% 

Average BFP filtrate 625 gpm 
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The information presented in Table 4-7 indicates that the belt filter presses at the Theresa Street 
WWTF have adequate capacity to treat the sludge generated from all contemplated wastewater 
flows. 
 
The historical nitrogen concentration of the anaerobically digested sludge from the Theresa Street 
WWTF is approximately 54,000 mg/L or 5.4 percent.  The rate at which Theresa Street WWTF 
biosolids can be applied to agricultural lands depends on the crops grown and the quantity of 
biosolids or other nitrogen containing fertilizers applied previously. If corn is the primary crop 
grown and biosolids application has been occurring for several years at agronomic rates, 
approximately 5,900 pounds (lbs) of dry weight biosolids can be applied to each acre of cropland 
each year.  This is based on an agronomic nitrogen requirement of 200 lbs per acre per year and the 
assumption that 50 lbs of the nitrogen is available from biosolids or other fertilizers previously 
applied.  At an annual application rate of 5,900 lbs of dry sludge per acre, approximately 0.26 acres 
are required for every million gallons of wastewater treated.  At this application rate approximately 
1,600 acres are required for biosolids application at current flow rates and just over 2,300 acres will 
be required to accommodate 2025 biosolids production. 
 
In addition to the agronomic rate limitations for biosolids application, total cumulative application 
limits are applied to biosolids not meeting the “high quality” criteria for metals concentration.  A 
summary of the 40 CFR 503 requirements for metals and historical metal concentrations of Theresa 
Street biosolids are presented in Table 4-8. 
 

Table 4-8.  Theresa Street Biosolids Pollutant Concentration Data 
 

Pollutant 

Theresa Street 
Biosolids 

Concentration 
(mg/kg) 

 
Ceiling 
Limits 

(mg/kg) 

“High 
Quality” 
Limits 

(mg/kg) 

Annual 
Loading 

Rate 
(kg/ha/yr) 

Cumulative 
Loading 

Rate 
(kg/ha) 

Arsenic 14.7 75 41 2.0 41 
Cadmium 15.6 85 39 1.9 39 
Chromium 107.2 3,000 1,200 150 3,000 
Copper 650.4 4,300 1,500 75 1,500 
Lead 69.5 840 300 15 300 
Mercury 0.01 57 17 0.85 17 
Molybdenum 20.4 75 18 0.90 18 
Nickel 80.5 420 420 21 420 
Selenium 2.8 100 36 5.0 100 
Zinc 704.7 7,500 2,800 140 2,800 

 
Based on the information presented in Table 4-8, the Theresa Street biosolids may be applied at 
rates up to about 6,500 kg/ha/yr (approximately 5,900 lbs/acre/yr), for over 100 years before any 
cumulative metal loading rates are reached.  It should be noted that the biosolids generated at 
Theresa Street are within the requirements for “High Quality” biosolids with the exception of 
molybdenum.  It is recommended that the source of molybdenum in the wastewater be identified to 
determine if its discharge to the wastewater collection system could be reduced to the level necessary 
to allow the Theresa Street biosolids to meet “High Quality” requirements. 
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The filtrate generated by the dewatering process at Theresa Street is returned to the wastewater 
treatment stream for treatment.  This filtrate is high in ammonia and other pollutants and represents 
a significant load on the treatment system.  In addition, since the belt filter processes are generally 
operated only during the day on week days and not at all on weekends, the recycle of filtrate also 
introduces significant “slug loads” or high strength intermittent loading on the liquid treatment 
process.  Equalizing the filtrate return to the wastewater treatment system so it is returned constantly 
over a 24-hour period each day would significantly reduce its impact on the activated sludge 
treatment process.  This or some other method of reducing the negative impact of this “side-
stream” on the activated sludge process is recommended. 
 
Northeast WWTF Digested Sludge Handling and Disposal 
 
The solids handling system at the Northeast WWTF is currently under construction.  Sludge is being 
hauled to the Theresa Street WWTF for treatment during the construction project.  The 
construction project includes: 
 

§ Conversion of the existing secondary anaerobic digesters to submerged cover 
primary digesters, 

§ Installation of a double membrane gas storage system, 
§ Installation of a new boiler, 
§ Hot water loop replacement, 
§ Conversion of the existing aerobic digesters to WAS thickeners, and 
§ Addition of a dewatering building.  

 
Under normal operating conditions digested sludge from the Northeast WWTF is pumped to 
holding lagoons near the land application site for storage prior to land application.  Sludge from the 
lagoons is injected beneath the surface of City owned agricultural land near the lagoon site.  
Supernatent from the lagoon is returned to the WWTF. 
 
Table 4-9 provides a summary of the sizes and treatment capacities of the anaerobic digesters at the 
Northeast WWTF.  
 
 

Table 4-9. Northeast WWTF Anaerobic Digester Capacity Summary 
 

Parameters Value 
No. of Digesters 2 
Volume of each Digester 467,000 gallons 
Total Digester Volume 934,000 gallons 
Historical Sludge Production (maximum month)  5,613 gal/mg 

1,813 lbs/mg 
Historical Volatile Sludge Production (maximum month) 1,341 lbs VS/mg 
Required Digester Hydraulic Detention Time 18 days 
Design Digester Volatile Solids Loading 0.15 lbs VS/day/cu ft 
Digester Design Capacity 9 mgd 
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A summary of the capacities of the land application facilities at the Northeast WWTF is provided in 
Table 4-10. 
 

Table 4-10.  Northeast WWTF Land Application Facilities 

Parameters Value 
No. of Lagoons 1 
Usable volume of Lagoon 289,080 gallons 
Injection Field 
    Size 
    Number of field connections 

 
440 acres 

30 
 
 
The digested sludge generated at the Northeast WWTF has historically contained approximately 
60,100 mg/L or 6 percent nitrogen.  As with the Theresa Street WWTF, the rate at which Northeast 
WWTF biosolids are applied to agricultural lands depends on crops grown and the quantity of 
biosolids or other nitrogen containing fertilizers applied previously.  If corn is the primary crop 
grown on the agricultural lands and biosolids application has been occurring for several years at 
agronomic rates, approximately 4,000 lbs of Northeast sludge can be applied to each acre of 
cropland each year.  This is based on an agronomic nitrogen requirement of 200 lbs per acre per year 
and the assumption that 50 lbs of the nitrogen is available from biosolids or other fertilizers 
previously applied.  At an annual application rate of 4,000 lbs of dry weight biosolids per acre, 
approximately 0.23 acres are required for every million gallons of wastewater treated.  At this 
application rate approximately 575 acres of land are required for biosolids application at current flow 
rates and approximately 840 acres will be required in 2025. 
 
The quantity of land required varies considerably with the crops grown, method of biosolids 
application, etc.  Further evaluation of biosolids handling practices should be undertaken before 
determining how much additional land should be procured for biosolids application. 
 
In addition to the agronomic rate limitations for biosolids application, total cumulative application 
limits are applied to biosolids not meeting the “high quality” criteria for metals concentration.  A 
summary of the 40 CFR 503 requirements for metals and historical metal concentrations from 
Northeast biosolids are presented in Table 4-11. 
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Table 4-11.  Northeast Biosolids Pollutant Concentration Data 

Pollutant 

Northeast 
Biosolids Pollutant 

Concentration 
(mg/kg) 

Ceiling 
Limit 

(mg/kg) 

“High 
Quality” 

Limit 
(mg/kg) 

Annual 
Loading 

Rate 
(kg/ha/yr) 

Cumulative 
Loading 

Rate 
(kg/ha) 

Arsenic 12.8 75 41 2.0 41 
Cadmium 8.1 85 39 1.9 39 
Chromium 49.4 3,000 1,200 150 3,000 
Copper 1330.4 4,300 1,500 75 1,500 
Lead 132.0 840 300 15 300 
Mercury 3.1 57 17 0.85 17 
Molybdenum 63.1 75 18 0.90 18 
Nickel 73.4 420 420 21 420 
Selenium 9.7 100 36 5.0 100 
Zinc 2744.6 7,500 2,800 140 2,800 

 
Based on the information presented in Table 4-11, the Northeast biosolids may be applied at rates 
up to 4,500 kg/ha/yr (approximately 4,000 lbs/acre/yr) for over 50 years before the cumulative 
pollutant loading limits are reached.  The biosolids generated at the Northeast WWTF meet the 
quality requirements for “High Quality” biosolids except for molybdenum.  Zinc is also close to the 
“High Quality” limit.  It is recommended that the sources of these two pollutants be identified to 
determine if their discharge to the wastewater collection system could be curtailed to the point that 
the “High Quality” limits could be met. 
 
Supernatant from the biosolids lagoons is returned to the Northeast wastewater treatment stream 
for treatment.  This supernatant is high in ammonia and other pollutants and represents a significant 
load on the treatment system.  Since the same pipeline used to transport biosolids to the lagoons is 
used to return supernatant to the wastewater treatment process, supernatant return is typically 
accomplished in relatively large batches, which introduces significant ammonia “slug loads” on the 
wastewater treatment process.  Constructing a separate pipeline to allow the constant return of 
supernatant from the lagoons to the wastewater treatment system would significantly reduce the 
impact of the supernatant return on the wastewater treatment process.  This or some other method 
of reducing the negative impact of this side-stream load on the secondary/nitrification treatment 
process is recommended. 
 
 
Identification of Needs 
 
In addition to the need for increased nitrification capacities cited, the following list of “additional 
needs” has been developed for the Theresa Street and Northeast WWTFs.  The Lincoln wastewater 
staff was instrumental in developing this list.   
 
Theresa Street WWTF. 
 

§ Preliminary Treatment Improvements 
- South raw wastewater pumping station 
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- North raw wastewater pumping station 
- Grit handling facilities  

§ Cogeneration facility improvements 
§ Anaerobic Digester complex improvements 

- Additional digester 
- Gas equalization or storage facility 
- Replace sludge valves on heating loop 
- Replace gas mixers/compressors 

§ West Side process improvements 
- Primary sludge pump replacement 
- Replace RAS pumps 
- New blowers 
- Secondary clarifier improvements 

§ East Side process improvements 
- Primary sludge pump replacement 
- Aeration system improvements 
- Secondary clarifier improvements 

§ DAF improvements 
§ Dewatering system improvements 
§ Maintenance shop rehabilitation 
§ Electrical improvements 
§ Collection system shop improvements 
§ Splitter structure improvements 
§ Administration building improvements 
§ Liquid waste handling facility improvements 
§ General system improvements  

- Wet weather flow facilities 
- Side-stream flow equalization 
- Hydraulic capacity improvements 

§ General plant/site improvements  
- Replace potable water distribution system 
- On-line process control instrumentation facilities 
- Plant site flood protection 
- Outside lighting improvements 
- Pavement rehabilitation 
- Gas line service replacements 

 
 
Northeast WWTF. 
 

§ Upgrade operations control center 
§ Replace raw wastewater pumps 1, 2, and 3 
§ Improve grit removal facilities 
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§ Primary Sludge Pumping Building & Clarifiers 
- Replace clarifier sludge collector assemblies in a 5-10 year period 
- Replace weirs 
- Scum pits need rehab due to corrosion. 

§ Refurbish biotowers 
§ Secondary clarifier improvements 
§ Maintenance shop improvements 
§ Sludge handling system improvements 

- Digester improvements 
- Sludge utilization system improvements 

§ General system improvements 
- Wet weather flow facilities 
- Sludge storage return flow equalization 

§ General plant/site improvements 
- Replace outside facility lighting – needs new conduit & circuit 
- Repair and replace sidewalks and roads as required 
- Upgrade entrance gate structure 

 
The capital improvement program should incorporate these needs. 
 
 
Treatment Facility Capacity Summary 
 
When discussing the capacity of a treatment plant, it is important it be clear on the basis of the capacity 
being discussed.  The discussion should indicate whether hydraulic or process capacity is involved and, 
when process capacity is being discussed, the influent quality, effluent limitations, and other key factors 
should be identified.  Table 4-12 summarizes hydraulic and process or “Nitrification” capacities at each 
treatment facility.   
 

Table 4-12.  Nitrification Capacity Summary –  
Existing Lincoln Wastewater Treatment Facilities 

 
Facility Hydraulic Capacity* Nitrification Capacity** 

Theresa Street WWTF 36 mgd 14.4 mgd 
Northeast WWTF 37 mgd*** 4.4 mgd 

* The hydraulic capacity indicated represents the most hydraulically limiting segment of the treatment facility.  For the 
Theresa Street facility the most limiting segments are the disinfection and outfall segments.  For the Northeast facility the 
most limiting segments are the aeration basins and the chlorine contact basin. 
** The nitrification capacity of both facilities is limited by the combination of aeration basin size and clarifier sizes.  
*** High flows experienced in 1993 indicate that Northeast WWTF hydraulic capacity is significantly less than 27 mgd.  
Further research should be conducted to identify hydraulic limitations experienced in 1993. 
 

 
 
The rated capacity of a treatment plant is generally accepted as being the capacity of the most limiting 
hydraulic or process component within the system.  The limiting component is the component with the 
lowest capacity rating. 
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As discussed previously in this chapter, the hydraulic capacity of the Theresa Street WWTF is limited by 
the capacity of chlorine contact basin and adjacent facilities.  The limiting process at both Lincoln 
treatment plants is the nitrification process.  As indicated in Table 4-12, the Theresa Street WWTF has 
an overall capacity of 14.4 mgd based only on the capacity of the East and West Side activated sludge 
systems.  The Northeast WWTF capacity is also limited by the biological process and is rated at 
4.4 mgd.  In both cases, the capacities are based on the need to meet anticipated effluent ammonia 
limits during spring time weather conditions. 
 



P:\Data\GEN\Lincoln\21307\PDF Documents\Chapter 5 PDF.doc 5-1 

CHAPTER 5 
 

WASTEWATER FLOW AND LOAD PROJECTIONS 
 
 
This chapter summarizes the historical flows and loads entering the City’s two wastewater treatment 
facilities and establishes flows and loading projections associated with anticipated growth.   
 
 
Terminology  
 
The terms and abbreviations used throughout this chapter and the remainder of this report are 
defined in the following paragraphs:  
 
Average Daily Flow (ADF).  The average daily flow that passes through a facility on an annual basis is 
expressed as the average daily flow (ADF).  The ADF for a particular year is defined as the average of 
the 365 daily flows treated at the facility.  ADFs typically vary from year to year depending on weather 
conditions and population growth trends.  An indication of the overall trend of flows on an annual 
basis can be observed by plotting these values.  The ADF is typically used to determine the long-range 
planning requirements for wastewater treatment systems. 
 
Maximum Monthly Flow (MMF).  The maximum monthly flow (MMF) is defined as the average 
daily flow rate for the 30-day period of maximum wastewater flow occurring within the evaluation 
period.  The MMF is used in combination with the maximum month organic loading to determine 
design capacity of the organic treatment facilities.  MMF is dependent on general climatic conditions, 
water use pattern in the community, size of the contributing population, and industrial water use 
patterns in the service area. 
 
Peak Daily Flow (PDF).  Peak daily flow (PDF) represents the maximum flow entering the treatment 
facility during a single day.  The PDF is used in conjunction with wastewater characteristics to 
determine aeration system size requirements. 
 
Peak Hourly Flow (PHF).  The maximum flow entering the treatment facility over a one-hour period 
at any time during the evaluation period is defined as the peak hourly flow (PHF).  Each storm event 
exhibits unique peak flow characteristics in the collection system that may affect the time and duration 
of the peak flow period at the treatment facility.  The PHF is a combination of wet weather infiltration, 
direct storm water inflow (infiltration/inflow), and the normal contributions from domestic and 
industrial dischargers.  This parameter is used to establish the hydraulic capacity requirements of pipes, 
lift stations, and treatment processes.   
 
Infiltration and Inflow (I/I).  Infiltration and inflow is a term which describes water entering a 
wastewater collection system as the result of groundwater leaking into the system through leaking pipe 
joints or manholes and surface water entering the system through leaking manhole covers, roof drains 
connected to the system, etc.   
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Peak Wet Weather Flow (PWWF).  For this evaluation, extremely high flows that occur in 
conjunction with an unusually large precipitation event are referred to as peak wet weather flows.  
These flows are greater than typical PHFs and may be handled in a different manner.  
 
 
Existing/Historical Flows  
 
Historical flows at the Theresa Street WWTP and the Northeast WWTP from 1978 through 2001 are 
shown in Table 5-1.  
 

Table 5-1.  Historical Wastewater Flows 
 

 
Year 

Theresa Street WWTF 
Average Daily Flow, mgd 

Northeast WWTF* 
Average Daily Flow, mgd 

Total Average Daily 
Flow, mgd 

1978 21.9 --  
1979 22.0 --  
1980 20.1 --  
1981 17.4 4.5 21.9 
1982 18.3 6.8 25.1 
1983 18.8 6.6 25.4 
1984 20.4 7.7 28.1 
1985 16.5 6.8 23.3 
1986 17.6 6.0 23.6 
1987 20.1 5.7 25.8 
1988 16.6 5.2 21.8 
1989 16.7 5.3 22 
1990 17.3 5.5 22.8 
1991 17.5 5.3 22.8 
1992 17.0 5.7 22.7 
1993 20.2 7.4 27.6 
1994 17.4 5.4 22.8 
1995 20.3 5.4 25.7 
1996 19.9 7.3 27.2 
1997 18.9 5.0 23.9 
1998 20.6 5.1 25.7 
1999 18.0 6.4 24.4 
2000 16.8 6.8 23.6 
2001 19.3 5.1 24.4 

*The Northeast WWTF began service in 1981. 
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The flows shown represent ADF in mgd.  Over the period from 1978 to 2001, ADFs at the Theresa 
Street WWTP declined slightly over this period due to a City program to reduce I/I, the Northeast 
WWTP coming on-line in 1981, and the cessation of operation by three large industrial dischargers.  
The low flows experienced from 1988 through 1992 may be attributed to the drought conditions 
experienced in the area during that time.  The higher than normal flows in 1987 and 1993 were the 
result of significant rainfall events and generally wetter than normal conditions.  These historical flows 
are shown graphically in Figure 5-1. 
 
As illustrated in Figure 5-1, the average daily flows for both facilities combined have not increased 
significantly over the last twenty-two years; though the population has increased from 172,000 in 1980 
to 226,000 in 2000.  Assuming a typical wastewater contribution of 115 gallons per capita per day 
(gpcd), the total wastewater flow should have increased by approximately 6.2 mgd.  As this did not 
occur, it is speculated that other contributors to wastewater flow must have decreased.  Research 
confirms that I/I has decreased due to collection system repair efforts, per capita flows have decreased 
due to water conservation efforts, and industrial wastewater discharges have decreased.  These factors 
have combined to produce the flow reductions observed. 
 
Design dry weather flow rates have been developed based on historical flow data shown in Table 5-1, 
the current service population data, and the relationships between ADF and PHF presented in 
Table 4-3.  These design dry weather flow values are shown in Table 5-2. 
 

Table 5-2.  Design Dry Weather Flow Values 
 
Parameter Theresa Street WWTF Northeast WWTF 
Average Daily per Capita Dry Weather Flow 105 105 
Maximum Month Peaking Factor (MMF/ADF) 1.11 1.15 
Peak Hour Peaking Factor (PHF/MMF) 1.74 1.70 

 
 
Wet Weather Flows 
 
Even though considerable effort has been made to reduce I/I, large storm events still have a significant 
impact on the maximum flows at both wastewater treatment facilities.  Over the past fifteen years, the 
PWWF received at both the Theresa Street and Northeast WWTFs occurred on July 24, 1993 following 
a rainstorm that produced 2.23 inches of precipitation.  The PWWF received at the Theresa Street was 
approximately 83 mgd and at Northeast facilities it was about 24 mgd.  
 
The PWWF experienced on July 24, 1993 resulted from a series of storm events.  On July 23, 1993, 
the day before the PWWFs were recorded, Lincoln received approximately 1.75 inches of rainfall.  As 
a result of the storm on the 23rd, it is estimated that Theresa Street was already receiving approximately 
11 mgd above normal dry weather flows when the storm on the 24 th occurred.  The peak flow received 
at the Theresa Street facility on the 24th was estimated to be 83 mgd.  Because the magnetic flow meter 
at the lift stations was set to read a maximum flow of 80 mgd, this peak flow was not precisely 
measured.  The 83 mgd flow rate persisted for between one and two hours before subsiding to less 
than 80 mgd.   
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The flows experienced as a result of the July 24, 1993 storm indicate that the PWWF factors for both 
the Theresa Street and Northeast WWTFs can be over four times the ADF.  Projecting future PWWF 
values based on the 1993 PWWFs is somewhat conservative because it assumes that the level of I/I 
experienced from the addition of new service areas will be similar to that which occurs within the 
historical service area.  In fact, the level of I/I occurring within newly developed service areas will likely 
be significantly lower than that from older areas due to better materials and techniques used in new 
construction.  For the purpose of establishing wastewater treatment facility design treatment capacities, 
it is recommended that the PHF to MMF ratios presented in Table 5-2 be used to establish treatment 
system capacities.  Peak flows exceeding the design treatment system capacities should be handled 
separately with a peak wet weather flow system. 
 
 
Historical Wastewater Composition 
 
The most significant wastewater characteristics to consider when evaluating a wastewater treatment 
facility are the influent and effluent values for 5-day biochemical oxygen demand (BOD5), total 
suspended solids (TSS), COD, and total Kjeldahl nitrogen (TKN).  Information on these parameters is 
needed to evaluate specific process units within the overall treatment facility.  Maximum BOD5, TSS, 
and TKN loading must be determined to ensure proper sizing of treatment units.  Maximum month 
BOD5 loading is used as a design parameter to ensure the facility will meet its effluent permit limits for 
BOD5.  Determining a maximum day BOD5 loading ensures that the aeration system is designed with 
sufficient capacity.  Maximum month TSS loading must be determined to ensure that primary solids 
handling processes are properly sized.  Determining maximum month TKN loading ensures that the 
facility is designed to meet its effluent permit limitations for ammonia.  Finally, peak ammonia loading 
information is used to determine peak oxygen requirements for the aeration system.  This section 
summarizes historical trends for each of these wastewater characteristics at the Theresa Street and 
Northeast WWTFs. 
 
Theresa Street WWTF Influent Wastewater Composition.  Figures 5-2 and 5-3 show the historical 
trends of influent BOD5 at the Theresa Street facility from 1987 to the present.  Figure 5-2 shows the 
monthly average influent BOD5 concentration in mg/L.  This plot shows a trend of increasing influent 
BOD5 concentrations coinciding with drought conditions in 1987 and 1989.  Figure 5-3 indicates the 
monthly average BOD5 loading in terms of pounds per day.  It shows that there has been an increase in 
BOD5 loading to the facility over time.  Figure 5-4 shows that monthly TSS loads have also been 
increasing; however, the rate of increase is not as extreme as that for BOD5.  The term BOD5 loading 
refers to the quantity of BOD5 entering the treatment facility on a daily basis.   
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Figure 5-3
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Average 1995-2001 BOD5, TSS, and TKN data for the Theresa Street WWTF are shown in Table 5-3. 
 

Table 5-3.  1995 - 2001 Theresa Street WWTF Influent 
Characteristics 

 Parameter Values 
BOD5  
 Annual Average 240 mg/L 
 Maximum 30-Day Average 300 mg/L 
TSS  
 Annual Average 270 mg/L 
 Maximum 30-Day Average 430 mg/L 
TKN  
 Annual Average 35 mg/L 
 Maximum 30-Day Average 45 mg/L 

 
 
The values shown in Table 5-3 will be used in this facilities plan update to project future loading at the 
Theresa Street WWTF.    
 
Northeast WWTF Influent Wastewater Composition.  Figures 5-5 and 5-6 show the historical 
trends of influent BOD5 and TSS concentrations entering the Northeast WWTP.  Figures 5-7 and 5-8 
show historical BOD5 and TSS loading trends occurring between 1988 and 2000.  Like the Theresa 
Street WWTP, influent BOD5 loads at the Northeast WWTF have increased with time.  In contrast 
with Theresa Street, TSS loads at Northeast have actually decreased over time.  
 
Average BOD5, TSS, and TKN data for the time period from 1995 to 2001 at the Northeast WWTF are 
shown in Table 5-4.  
 
 

Table 5-4.  1995 - 2001 Northeast WWTF Influent 
Characteristics 

 Parameter Values 
BOD5  
 Annual Average 180 mg/L 
 Maximum 30-Day Average 250 mg/L 
TSS  
 Annual Average 200 mg/L 
 Maximum 30-Day Average 400 mg/L 
TKN  
 Annual Average 30 mg/L 
 Maximum 30 Day Average 40 mg/L 

 
The values shown in Table 5-4 will be used in this facilities plan update to project future loading at the 
Northeast WWTF.  
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Figure 5-6
Historical Monthly Average Influent TSS Concentrations
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Figure 5-7
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Figure 5-8
 Monthly Average TSS Loadings

Northeast WWTF

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

T
S

S
 (

p
p

d
)

Year

CITY OF LINCOLN

Lincoln Wastewater System
Facilities Plan Update



P:\Data\GEN\Lincoln\21307\PDF Documents\Chapter 5 PDF.doc 5-14 

Projected Waste Flows and Loads 
 
This section presents projected wastewater flows and loads for the next fifty years for both the Theresa 
Street and Northeast WWTFs.  These projections were based on historical data and the results of 
hydrologic modeling studies correlated with the City of Lincoln’s population growth projections.   
 
Projected Flow Rates.  The annual average flow has not increased significantly since 1978, though the 
population has grown from 171,932 in 1980 to 225,581 in 2000.  As illustrated in Figure 5-9, the flow 
per capita has shrunk from an average of 140 gpcd in 1978 to 105 gpcd in 2000.  This phenomenon can 
be attributed to the success of the City’s I/I reduction program, the use of low flow plumbing fixtures 
in newer homes, and better construction techniques and materials used to install new sewers. 
 
The data indicate that the per capita flow in the year 2000 was 105 gpcd.  This is the value that has been 
used to project wastewater flows through the year 2050.  The flow projections were developed using the 
historical average flow rate of 105 gpcd and a projected population growth rate of 1.5 percent per year.   
Average daily flow (ADF) projections for the years 2000 - 2050 are presented in Figure 5-10.   
 
Table 5-5 presents projected wastewater flows based on 2000 per capita flow rates, the service area 
population projections presented in Chapter 3, and historical dry weather peaking factors. 

Table 5-5.  Wastewater Flow Projections (mgd) 
 

 2000* 2010 2025 2050 
Theresa Street WWTF     
 Daily Average (ADF) 16.8 19.5 24 36 
 Maximum Month (MMF) 18.6 21.6 27 40 
 Peak Day (PDF) 25.5 29.6 37 54 
 Peak Hour (PHF) 32.4 37.7 47 69 
Northeast WWTF     
 Annual Average (ADF) 6.8 7.9 10 15 
 Maximum Month (MMF) 7.8 9.1 11 17 
 Peak Day (PDF) 10.5 12.2 15 23 
 Peak Hour (PHF) 13.3 15.4 19 28 
Total Annual Average (ADF) 23.6 27.4 34 51 
Total Maximum Month (MMF) 26.4 30.7 38 57 
Total Peak Day (PDF) 36.0 41.8 52 77 
Total Peak Hour (PHF) 45.7 53.1 66 97 

*Actual Flow  
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Figure 5-10
Projected Annual Average Wastewater Flows
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Projected Peak Wet Weather Flows 
 
The City has established a design storm return interval of 25 years for use in planning to ensure 
adequate service and protect property.  This means that the wastewater collection and treatment 
facilities are to be designed to accommodate the peak wet weather flow resulting from a storm event 
of a magnitude statistically expected to occur only four times each century, or once every 25 years.  
Based on the experiences of July 1993, it is obvious that total rainfall on any single day is not the 
only variable in predicting peak flow events.  Antecedent I/I conditions, soil saturation level, and 
time of day also play a critical role in the PWWF.  To attain the desired level of service, peak wet 
weather design flows are based on the sum of the individual PWWF components based on actual 
measurements under severe conditions.  The components used to develop the design peak flows are 
listed below in Table 5-6.   
 

Table 5-6.  Peak Wet Weather Flow Components 
 

Component Measurement 

Peak Dry Weather Flow for Theresa Street WWTF 1,035 gal/acre/day 

Design Infiltration Rate 500 gal/acre/day 

Design Inflow Rate 2,585 gal/acre/day 

Total Peak Wet Weather Flow 4,120 gal/acre/day 
 
 
The peak flows projected for the City’s wastewater treatment facilities are based on historical levels for 
I/I and actual flow metering in the collection system.  
 
By adding the dry weather peak flow to the design inflow rate an additional safety factor is attained. 
This implies that the design peak wet weather flow will coincide with the peak hourly dry weather flow. 
The peak wet weather flow design factor will be 4,120 gallons/acre/day, which correlates well with the 
historical wastewater flows received at the two wastewater treatment facilities.  This peak flow, when 
compared to annual average, represents a peak flow to ADF ratio of approximately 4.6:1.  
 
Based on the wet weather peaking factor of 4.6:1 (PWWF:ADF) and the wastewater flow projections 
presented in Table 5-5, the design PWWFs presented in Table 5-7 have been developed. 
 

Table 5-7.  Peak Wet Weather Design Flows (mgd) 

 2000 2010 2025 2050 
Theresa Street WWTF 77.3 90 110 166 
Northeast WWTF 31.3 36 46 69 

Total 108.6 126 156 235 
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It is recommended that the Lincoln WWTFs be designed to treat projected peak hourly flows 
determined using the PHF/MMF ratios presented in Table 4-3.  Wet weather flows in excess of 
these values should be handled using special wet weather flow facilities. 
 
 
Projected Wastewater Loadings 
 
An analysis of the per capita BOD5 and TSS contributions was conducted to aid in establishing a basis 
for long-term projections of organic loadings to Lincoln’s wastewater treatment facilities.  Table 5-8 
presents historical and projected loading rates for the Theresa Street and Northeast WWTFs. 
 

Table 5-8.  WWTF Loading Rate Projections* 
 
 2000 2010 2025 2050 

Theresa Street WWTF 
BOD5 (ppd) 46,500 54,000 67,500 98,000 
TSS (ppd) 66,700 77,400 96,800 140,400 
NH3–N (ppd) 7,000 8,100 10,100 14,700 

Northeast WWTF 
BOD5 (ppd) 16,300 18,900 23,600 34,300 
TSS (ppd) 26,000 30,200 37,800 54,800 
NH3–N (ppd) 2,600 3,000 3,800 5,500 

Total 
BOD5 (ppd) 62,800 72,900 91,100 132,300 
TSS (ppd) 92,700 107,600 134,600 195,200 
NH3–N (ppd) 9,600 11,100 13,900 20,200 
Population 225,581 261,796 327,306 474,903 

 *Loading projections are based on maximum month conditions. 
 
 
The values presented in Table 5-8 represent maximum month loading conditions and are based on the 
maximum month flows shown in Table 5-5 and the constituent concentrations presented in Tables 5-3 
and 5-4.  NH3-N represents ammonia nitrogen.  Figures 5-11 and 5-12 show the historical trends in per 
capita contributions for BOD5 and TSS.  These values were derived from trends established using 
historical flow and load data from 1987 through 2001.  Since the City has made several changes to the 
wastewater system over the past few decades, data generated prior to 1987 are not considered to 
accurately represent current loading conditions. 
 
As illustrated in Figure 5-11, the average BOD5 load per capita has generally increased over time. The 
average BOD5 load per capita during the year 2001 is approximately 0.228 lbs/capita/day. 
 
Figure 5-12 shows the long-term trend in per capita TSS loadings.   The average TSS loading for the 
period shown is approximately 0.26 lbs/capita/day. 
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Projected Wastewater Solids Production Rates 
 
A projection of future wastewater solids production is necessary to predict when additional sludge 
handling facilities will be required.  Future solids loading will not necessarily correspond to population 
growth.  Loads from other sources such as industrial, commercial, and septage contributors can affect 
solids loading without an appreciable difference in the population served. Figure 5-13 presents 
projected solids loads for the Theresa Street WWTF from 2000-2050. 
 
Projected solids production rates, measured in dry pounds per day, are based on historical production 
rates and wastewater flow projections.  These values are presented in Table 5-9.  TSS represents total 
suspended solids, and VSS represents volatile suspended solids.  
 
 

Table 5-9.  Projected Solids Production Rates 
 

 2000 2010 2025 2050 
Theresa Street WWTF 

TSS (ppd) 48,500 56,400 70,400 104,400 
VSS (ppd) 35,900 41,700 52,100 77,200 

Northeast WWTF 
TSS (ppd) 14,100 16,500 19,900 30,800 
VSS (ppd) 10,500 12,200 14,800 22,800 

Total 
TSS (ppd) 62,700 72,900 90,400 135,200 
VSS (ppd) 46,400 53,900 66,900 100,000 

 
 
The values shown in Table 5-9 are based on maximum month flows and loads and on historical solids 
production rates. 
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Summary  
 
Projected wastewater flows and loads for the Theresa Street and Northeast WWTFs are presented in 
Table 5-10. 
 

Table 5-10.  Summary of Projected Flows and Loads 
 

 2000 2010 2025 2050 
Population 225,581 261,796 327,306 474,903 
Theresa Street     

Flow (max month) 18.6 21.6 27 40 
BOD5 (ppd) 46,500 54,000 67,500 98,000 
TSS (ppd) 66,700 77,400 96,800 140,400 
NH3–N (ppd) 7,000 8,100 10,100 14,700 

Northeast     
Flow (max month) 7.8 9.1 11 17 
BOD5 (ppd) 16,300 18,900 23,600 34,300 
TSS (ppd) 26,000 30,200 37,800 54,800 
NH3–N (ppd) 2,600 3,000 3,800 5,500 

Totals     
Flow (max month) 26.4 30.7 38 57 
BOD5 (ppd) 62,800 72,900 91,100 132,300 
TSS (ppd) 92,700 107,600 134,600 195,200 
NH3–N (ppd) 9,600 11,100 13,900 20,200 
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CHAPTER 6 
 

REGULATORY REQUIREMENTS 
 
 
This chapter summarizes current and anticipated regulations that impact the City of Lincoln’s 
wastewater treatment requirements.  
 
 
Current Water Quality Standards 
 
The State of Nebraska, in conjunction with the US EPA, established water quality classifications 
for all surface water in the state.  Specific minimum water quality requirements have been 
established for each classification category to protect the water uses associated with that 
classification.  These water quality requirements determine to a large degree the level of 
wastewater treatment required for surface discharges.  Lincoln’s two wastewater treatment 
facilities both discharge into segment LP2-20000 of Salt Creek.  The quality of effluent allowed to 
be discharged from Lincoln’s wastewater treatment facilities into the creek is dictated by the 
stream classification, seasonal flow condition, and secondary effluent standards through NPDES 
discharge permits issued by the NDEQ. 
 
State Stream Use Classifications.  In Nebraska, surface water quality is regulated under 
Title 117-Nebraska Surface Water Quality Standards.  Title 117 establishes the public policy for 
Nebraska to protect and improve surface water quality for human consumption, aquatic life, 
industry, recreation, and other beneficial uses.  The NDEQ has been delegated the responsibility 
of implementing this state program with oversight from Region VII of the US EPA. 
 
The following surface water classifications have been established by the State of Nebraska: 
 

§ Aquatic Life 
- Coldwater (Class A and B) 
- Warm Water (Class A and B) 

§ Recreation (Class A and B) 
§ Water Supply 

- Public Drinking Water 
- Agricultural (Class A and B) 
- Industrial 

§ Aesthetics 
 
Descriptions of the water quality standards associated with each use classification, and the specific 
classifications for individual water bodies or water body segments, are presented in the Title 117 
regulations. 
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Salt Creek Classification.  Use classifications, or beneficial uses, are assigned to all surface 
waters within the State of Nebraska.  Assigned and existing use classifications are protected by the 
“Antidegradation Clause” and the narrative and numerical water quality criteria stated in Title 117. 
 The Theresa Street and Northeast WWTFs both discharge into segment LP2-20000 of Salt Creek 
located in the Lower Platte River basin. The quality of all discharges into Salt Creek must be 
consistent with maintaining the quality of water in the creek at or above the quality levels 
established for the creek’s classifications. 
 
Surface water bodies are classified as either cold water or warm water based on their ability to 
support different types of aquatic life.  The cold water classification is the most restrictive in terms 
of water quality requirements.  The cold and warm water classifications are then assigned a sub-
classification of A or B, with A being the most restrictive.  Recreation classifications are based on 
suitability for recreation and human contact.  Class A is the primary contact designation and 
indicates the waters are to be suitable for recreational activities involving full body contact.  The 
agricultural use classification designates the water’s suitability for irrigation of crops and ingestion 
by livestock.  As with aquatic life and recreation classifications, agricultural Class A is more 
restrictive than Class B in terms of water quality requirements. 
 
Segment LP2-20000 of Salt Creek (Beals Slough to Rock Creek) has been classified as follows: 
 

§ Aquatic Life, Warm Water Class A 
- Site-specific Ammonia Criteria 

§ Recreation, Class A (primary contact) 
§ Agricultural Use, Class B 

 
 
Nebraska Discharge Permitting System 
 
The NDEQ is required to regulate point source discharges under the NPDES program, and 
NPDES permits are issued and enforced through the NDEQ.  A point source is defined as "any 
discernible, confined, and discrete conveyance...from which pollutants are or may be discharged" 
(US EPA, 1983). Pollutants regulated include liquid and solid wastes of chemical, biological, or 
physical nature which are discharged into surface waters. 
 
An effluent discharge permit issued under the NPDES includes two main elements:  specific 
effluent limits for each regulated pollutant being discharged, and effluent monitoring requirements. 
 NPDES permits are developed by the NDEQ and must be renewed every five years, unless an 
administrative extension is granted.   
 
Effluent limits in Nebraska NPDES permits reflect two levels of treatment requirements.  The 
first level, referred to as technology-based limits, is based on technological treatment capabilities 
and establishes the minimum degree of treatment required before discharge.  The second level of 
treatment requirements, termed water-quality-based effluent limits, may be imposed on municipal 
and industrial dischargers if technology-based limits are insufficient to protect and maintain 
designated water uses and meet water quality criteria.  Point source water-quality-based effluent 
limits are defined as waste load allocations (WLA) under the Total Maximum Daily Load (TMDL) 
program (US EPA, 1999).  A TMDL defines the maximum quantity of a pollutant which can be 
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assimilated by a receiving water without exceeding water quality standards.   
 
Current Theresa Street WWTF NPDES Permit.  The City of Lincoln was issued an NPDES 
permit, No. NE0036820, on April 9, 1986 which identified effluent limitations, monitoring 
requirements, and other conditions for wastewater discharge from the Theresa Street WWTF.  This 
permit expired on April 9, 1989.  However, the NDEQ has issued the City numerous 
administrative extensions to the permit since that time.  Currently, all requirements listed in the 
April 9, 1986 permit still apply.  Tables 6-1 and 6-2 present the permit limits and monitoring 
requirements of the current NPDES permit.  This permit will remain effective through 
administrative extensions until a new NPDES permit is issued, which is expected to occur in 2003. 
 A copy of the permit is located in Appendix D. 
 
 

Table 6-1.  NPDES Permit Limitations - Theresa Street WWTF 
 

Maximum Concentrations 
Constituent 30-day Average 7-day Average Daily Maximum 

BOD5, mg/L (lb/day) 30 (7,506) 45 (11,259) N/A 
TSS, mg/L (lb/day) 30 (7,506) 45 (11,259) N/A 
Fecal Coliform, number/100 
mL 

200 400 N/A 

Cadmium, mg/L (lb/day) 0.004 (1.0) 0.004 (1.0) 0.004 (1.0) 
Flow, mgd 30 N/A N/A 
Cyanide, mg/L (lb/day) N/A N/A N/A 
Oil and Grease, mg/L (lb/day) 10.0 (2,502) 20 (5,004) N/A 

Notes: 
1. pH - standard units shall remain between 6.5 and 9.0. 
2. Biomonitoring shall indicate an organism mortality less than 10 percent. 
3. Loadings based on a 30-mgd flow. 
4. mL – milliliters.  
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Table 6-2.  NPDES Permit Monitoring Requirements - Theresa Street WWTF 
 

Constituent 
Sampling 

Frequency 
Influent Sample 

Type 
Sludge Sample 

Type 
Cyanide, total Daily Grab Grab 
Oil and Grease Weekly, quarterly Grab -- 
Cadmium, total Daily, quarterly 24-hour composite Grab 
Chromium, total Quarterly 24-hour composite Grab 
Copper Quarterly 24-hour composite Grab 
Lead Quarterly 24-hour composite Grab 
Nickel Quarterly 24-hour composite Grab 
Nitrogen, total Quarterly 24-hour composite Grab 
Zinc Quarterly 24-hour composite Grab 
BOD5 Daily, annually 24-hour composite -- 
TSS Daily, annually 24-hour composite -- 
pH - standard units Daily, annually Grab Grab 
Flow Continuous Metered Metered 
Fecal Coliform Daily Grab N/A 
Bio-monitoring Annually 24-hour composite N/A 

 
 
Current Northeast WWTF NPDES Permit.  Treated wastewater discharged from the Northeast 
WWTF is regulated by NPDES permit No. NE0112488.  This permit was issued on December 4, 
1987 and expired December 4, 1992.  The NDEQ has also issued numerous administrative 
extensions to this permit since 1992.  Currently, all requirements listed in the December 4, 1987 
permit apply.  The Northeast WWTF permit regulates effluent concentration of various parameters 
and defines monitoring requirements.  The Northeast WWTF NPDES permit requirements are 
summarized in Tables 6-3 and 6-4.  The 1987 NPDES permit will remain effective through 
administrative extensions until a new NPDES permit is issued, which is expected to occur in 2003. 
 
The current Northeast WWTF NPDES permit also regulates biosolids application at the City-
owned land application site and sets forth surface water and groundwater monitoring requirements. 
 A copy of the Northeast WWTF NPDES permit is included in Appendix E. 
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Table 6-3.  NPDES Permit Limitations - Northeast WWTF 

 
Maximum Concentration 

Constituent 30-day Average 7-day Average 
BOD5, mg/L (lb/day) 30 (2,001) 45 (3,002) 
TSS, mg/L (lb/day) 30 (2,001) 45 (3,002) 
Fecal Coliform, number/100 mL 200 400 
Flow, mgd 8.0 N/A 
Ammonia, mg/L (lb/day) N/A N/A 
Oil and Grease, mg/L (lb/day) N/A 10 (667) 

Notes: 
1. pH - standard units shall remain between 6.0 and 9.0. 
2. Biomonitoring shall indicate an organism mortality less than 10 percent. 
3. Loadings based on an 8 mgd flow. 
4. mL – milliliters.  
 
 

Table 6-4.  NPDES Permit Monitoring Requirements - Northeast WWTF 
 

Constituent Sampling Frequency Influent Sample Type 
Oil and Grease Daily Grab 
Ammonia, total as N Daily, quarterly 24-hour composite 
BOD5 Daily, annually 24-hour composite 
TSS Daily, annually 24-hour composite 
pH - standard units Daily, annually Grab 
Flow Continuous Metered 
Fecal Coliform Daily Grab 
Total Residual Chlorine Daily Grab 

 
 
Potential Future NPDES Permits.  Since 1992 the City of Lincoln and NDEQ have been 
discussing new NPDES permits for both of the City's wastewater treatment facilities.  It is 
anticipated that new NPDES permits will be issued in 2003 and that they will contain the same 
pollutant limits as the current permits plus new limits for constituents such as ammonia, residual 
chlorine, whole effluent toxicity, and possibly some metals.  Of the possible new constituents to 
be regulated under the next NPDES permit, ammonia effluent limits could have the greatest 
impact to the Theresa Street and Northeast WWTFs with respect to required treatment upgrades.  
Potential ammonia effluent limits are discussed in more detail below.  
 
Potential Ammonia Effluent Limits.  In 1994 the City selected a technical consulting team to 
support efforts in determining appropriate chronic ammonia criteria applicable to Salt Creek 
Segment LP2-20000 and associated ammonia effluent limits for both the Theresa Street and 
Northeast WWTFs.  Extensive chemical, biological, toxicity, and physical analysis of Salt Creek 
were initiated in 1994 under the Salt Creek Water Quality Studies (SCWQS) project.  The 
intention of the SCWQS was to collect data for the development of site-specific seasonal chronic 
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ammonia criteria, which reflect some of the unique characteristics of Salt Creek and are protective 
of the biological community it supports.  The City completed the final monitoring and data 
evaluation efforts in 2000 and the results are documented in various reports.  The SCWQS-
proposed chronic ammonia criteria and effluent limits are documented in the report titled City of 
Lincoln, Nebraska Salt Creek Water Quality Studies, Site-Specific Chronic Ammonia Criteria Final Technical 
Report, June 16, 2000.  
 
As indicated in the Site-Specific Chronic Ammonia Criteria Final Technical Report (Table 5-2, 
Manuscript 5), seasonal chronic ammonia criteria were recommended based on bioassessment 
results, in situ study results, and an equal weighted combination of both.   
 
As part of the SCWQS, a peer review team was organized through the Water Environment 
Research Foundation (WERF).  The WERF Peer Review Team provided technical oversight and 
review of final results and recommendations for chronic ammonia criteria.  The Peer Review Team 
also provided a final report to the City documenting their support in the City’s efforts in 
developing chronic ammonia criteria.  While the Peer Review Team’s final report was supportive 
of the individual criteria and equal weighting of the bio-assessment-based criteria and the in situ 
criteria, the Peer Review Team could not support the use of the summer bio-assessment based 
criteria being used as a summer “floor” value.  During discussions and negotiations with NDEQ, it 
was agreed by the City to base the site-specific chronic criteria on the in situ results only.  The final 
site-specific criteria were approved by the Nebraska Environmental Quality Council in October 
2002.  The site-specific criteria were applied as three-season criteria (spring, summer, and winter) 
based on NDEQ-approved seasonal pH and temperature values. 
 
Based on the chronic ammonia criteria developed through the SCWQS, chronic ammonia effluent 
limits were calculated for both the Theresa Street and Northeast WWTFs.  Since final approval of 
the proposed criteria has not been provided by NDEQ, final limits may vary from the potential 
limits identified.  The potential chronic ammonia effluent limits are presented in Table 6-5. 

Table 6-5.  Anticipated Effluent Ammonia Limits* 
(Calculated with 30-day Averaging Period for  

Waste Load Allocation Long-Term Average Multiplier) 

Spring Summer Winter 
Monthly Avg Daily Max Monthly Avg Daily Max Monthly Avg Daily Max 

Treatment Facility mg/L – N mg/L – N mg/L – N 
mg/L – 

N mg/L – N mg/L -N 
Theresa Street 

2008 
2013 
2025 
2050 

 
8.29 
8.20 
8.05 
6.93 

 
21.71 
21.46 
21.07 
18.14 

 
2.88 
2.75 
2.55 
2.23 

 
7.55 
7.21 
6.68 
5.84 

 
8.34 
8.27 
8.15 
7.96 

 
21.84 
21.64 
21.31 
20.85 

Northeast 
2008 
2013 
2025 
2050 

 
13.99 
13.50 
12.45 
7.45 

 
36.62 
35.53 
32.58 
19.51 

 
5.68 
4.98 
4.18 
2.48 

 
14.86 
13.03 
10.94 
6.49 

 
14.87 
14.35 
13.81 
8.21 

 
38.93 
37.56 
36.16 
21.50 

* The effluent ammonia limits shown are not final and are based on the best information available at the time this report was 
prepared (March 2003). 
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It should be noted that the City and its technical team are still negotiating the final chronic 
ammonia criteria applicable to Segment LP2-20000 of Salt Creek and the resultant final chronic 
ammonia effluent limits.  It is anticipated that the final chronic ammonia criteria and effluent 
limits will be established in 2003. 
 
 
Current Wastewater Residuals Disposal Regulations 
 
Understanding and application of regulations relating to wastewater sludge utilization and disposal 
is necessary for evaluating existing sludge management practices, and for planning and evaluating 
future sludge treatment, utilization, and disposal alternatives.  All relevant laws and regulations 
impacting current and potential future use and disposal, and critical elements of the laws and 
regulations which may constrain future sludge use and disposal should be considered. 
 
Sludge use and disposal is controlled or affected by the following laws and regulations.  While 
some are not directly applicable to wastewater sludge, they may impact the City’s current and 
future sludge management program. 
 

1. Standards for the Use and Disposal of Sewage Sludge, 40 CFR Part 503. 
2. NDEQ proposed sludge regulations. 
3. The Federal Clean Water Act. (CWA).  
4. Resource Conservation and Recovery Act (RCRA) Subtitle D Municipal Solid 

Waste Regulations, 40 CFR Part 258. 
5. RCRA Hazardous Waste Regulations, 40 CFR Part 261. 
6. Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) or Superfund requirements. 
7. City of Lincoln and Lancaster County requirements and regulations. 

 
Residuals are generated from several different treatment processes at the Lincoln Wastewater 
Treatment Facilities.  These include: 
 

§ Influent Screening 
§ Grit Removal 
§ Primary Clarification 
§ Secondary Treatment 
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Screenings and Grit.  The residuals generated from the screening and grit removal processes are 
hauled to the Lancaster County landfill for disposal.  The regulation governing this practice is the 
Federal Resource Conservation and Recovery Act (40 CFR 258 or RCRA).  The section of this 
regulation that applies to wastewater screenings and grit disposal is typically referred to as 
“Subtitle D”.  The requirements of the Subtitle D regulation are basically that the material not be 
“hazardous” and that it not contain free water.  Wastes are considered hazardous if they exhibit 
corrosivity, toxicity, reactivity, or ignitability.  Wastes are considered to contain no free water if 
they pass the “Paint Filter Test”. 
 
Generally, screenings and grit generated in domestic wastewater treatment facilities comply with 
the non-hazardous requirements, but treatment is generally required to eliminate free water.  At 
both the Theresa Street and Northeast WWTFs, screenings and grit are de-watered sufficiently to 
meet the RCRA requirements. 
 
Primary and Secondary Sludges.  The primary federal regulations governing disposal of sewage 
sludge are regulations adopted by the US EPA under the Clean Water Act.  These regulations were 
published as 40 CFR Part 503, and are commonly referred to as the "503 Regulations".  The 503 
Regulations govern the disposal of sewage sludge, or biosolids, by land application, surface 
disposal, and incineration.  Land application refers to disposal of biosolids on land for beneficial 
use at agronomic rates.  Agronomic rates means rates intended to supply the nitrogen requirements 
of the crops being grown, but rates that will not result in migration of nitrogen below the root 
zone.  Surface disposal describes disposal on land at sites and rates not limited by the agronomic 
requirements of crops.  This includes disposal practices such as sludge only landfills, sludge 
lagoons, and dedicated land disposal sites.  The incineration practices covered by the 503 
Regulations apply only to "sludge only" incinerators. 
 
The 503 Regulations establish different site management and application practices for different 
qualities of biosolids.  Biosolids quality is determined primarily on the basis of certain metal 
concentrations, the degree of treatment the biosolids receive prior to disposal, and the 
concentration of certain microorganisms in the biosolids at the time of disposal.  The higher the 
quality level, the fewer the restrictions placed on disposal. 
 
The 503 requirements that affect the City of Lincoln relate to biosolids disposal.  A summary of 
the 503 Regulation requirements for biosolids applied to agricultural land is provided in Table 6-6. 
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Table 6-6.  Summary of 503 Regulations Applicable to Land Application of Biosolids 
 

Disposal 
Method 

Metals 
Requirements 

Pathogen 
Reduction 

Requirement 

Vector 
Attraction 
Reduction 

Requirement Restrictions 
Sold or Given 
Away 

Pollutant Limits 
for “High 
Quality” Sludge 

Class A  Sludge 
Processing 

These are “Exceptional 
Quality Biosolids” and 
no restrictions apply. 

Applied in Bulk 
to Public Access 
Areas such as 
Parks or Golf 
Courses 

Pollutant Ceiling 
Limits 

Class A  Sludge 
Processing 

Must comply with 
annual biosolids 
application limits and 
management practice 
requirements. 

Applied to 
Agricultural 
Lands such as 
Crop Lands or 
Pasture Lands or 
Non-agricultural 
Lands such as 
Forests 

Pollutant Ceiling 
Limits 

Class B  Sludge 
Processing or 
Physical 
Barriers 

Must comply with 
annual biosolids 
application limits and 
management practice 
requirements. 

 
 
Biosolids are classified as either Class A or Class B under the 503 Regulations, depending on the 
quality of the biosolids and the type of treatment they have received prior to land application.  The 
quality requirements associated with Class A and Class B biosolids are summarized in Tables 6-7 
and 6-8. 
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Table 6-7.  Summary of Class A Biosolids Criteria 
 
Class A biosolids must comply with both requirements 1 and 2 below: 
Requirement 1 – Biosolids must meet one of the following criteria: 

Criteria 1A Fecal Coliform Bacteria density less than 1,000 Most Probable Number (MPN) 
per gram of total dry solids (<1,000 MPN / gTs) 

Criteria 1B Salmonella density less than 3 MPN per 4 grams of total dry solids (<3 
MPN/4gTs). 

Requirement 2 – Biosolids must meet one of the following criteria 

Criteria 2A Biosolids have been subjected to elevated temperatures according to 
requirements set forth in 503 Regulations. 

Criteria 2B Biosolids pH is raised to greater than 12 for at least 72 hours at temperatures 
specified in 503 Regulations and air dried to total solids by weight. 

Criteria 2C Biosolids complies with density requirements for Entric Viruses and Viable 
Helminth Ova as stipulated in the 503 Regulations. 

Criteria 2D The biosolids have been treated by a “Process to Further Reduce Pathogens” 
(PFRP) or a PFRP equivalent process as defined by the 503 Regulations.  PFRPs 
include: 
§ Composting (55ºC) 
§ Heat Drying 
§ Heat Treatment 
§ Thermophilic Aerobic Digestion 
§ Beta Ray Irradiation  
§ Gamma Ray Irradiation 
§ Pasteurization 

 
 

Table 6-8.  Summary of Class B Biosolids Criteria 
 

Class B biosolids must meet one of the following pathogen requirements: 
 Requirement 1  Fecal Coliform Bacteria densities less than 2,000,000 MPN or Colony 

Forming Units (CFU) per gram of total dry solids (< 2,000,000 MPN or 
CFU/gTs). 

 Requirement 2  The Biosolids have been treated by a “Process to Significantly Reduce 
Pathogens” (PSRP) or a PSRP equivalent process as defined by the 503 
Regulations.  PSRPs include: 
§ Aerobic Digestion 
§ Air Drying 
§ Anaerobic Digestion 
§ Composting (40ºC) 
§ Lime Stabilization 
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Biosolids generated in the primary and secondary treatment processes at the Lincoln WWTFs are 
applied to agricultural lands in the Lincoln area.  At a minimum they must meet the pollutant 
ceiling limits for metals, the Class B requirements for pathogen reduction, and the vector attraction 
reduction requirements either by processing or with appropriate physical barriers at the application 
sites.  Biosolids from both facilities are treated with anaerobic digestion to meet both the pathogen 
reduction and vector attraction reduction requirements. 
 
Monitoring requirements associated with the 503 Regulations vary depending on the quantity of 
sludge or biosolids produced.  Monitoring generally ranges from monthly to annually. 
 
Reporting Requirements.  Reporting and record keeping requirements also vary with the quality 
of the sludge produced.  The two examples described below illustrate the range of the 
requirements: 

 
1. If the sludge meets the alternate pollutant levels, Class A pathogen levels, and 

vector attraction reduction requirements, then the sludge is classified "exceptional 
quality" and the record keeping requirements are: 

a. Pollutant concentrations, 
b. Description of how Class A requirements are met, 
c. Description of how vector attraction reduction requirements are met, and 
d. Certification statement that requirements are met as determined under the 

treatment facility supervisor's direction. 
 

2. If the sludge meets the pollutant ceiling limits, Class B pathogen reduction, and 
vector attraction reduction requirements, then the record keeping requirements are: 

a. Location and size of application site, 
b. Date and time sludge is applied, 
c. Amount of each pollutant applied to each site, 
d. Amount of sludge applied to each site, 
e. Pollutant concentrations, 
f. Description of how pathogen reduction is met, 
g. Description of how vector attraction reduction is met, 
h. Description of how site restrictions for Class B sludge are met, 
i. Description of how management practices are met, and 
j. Certification statement that requirements are met as determined under the 

treatment facility supervisor's direction. 
 
Given the current treatment levels and sludge quality at Lincoln's facilities, the more stringent 
record keeping and reporting requirements apply. 
 
The 40 CFR Part 503 Regulations require sludge permits for all wastewater facilities generating 
sludge.  The sludge permit requirements may be covered in a facility’s NPDES permit.  The permit 
application must be submitted six months before the expiration of the existing NPDES permits for 
the treatment facility.  States may require a sludge permit application before NPDES permits 
expire. 
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The information required for the permit application includes: 
 

1. Sludge monitoring data and annual volumes; 
 
2. Available groundwater monitoring data for landfills or land application sites; 
 
3. Description of sludge use or disposal practices including location of application or 

disposal sites, contractors who apply sludge, and distributors who market sludge; 
and 

 
4. A land application plan for each site, including: 

a. Geographical area covered by plan, 
b. Site selection criteria, 
c. How the site will be managed, and  
d. Advance notice to permit authority, adjacent landowners and occupants, 

and the public (if required by the State). 
 
Clean Water Act.  The federal CWA establishes requirements for all discharges to surface waters 
through the NPDES permit process.  The authority for 40 CFR Part 503 sludge regulations is also 
provided by the CWA. 
 
All point source discharges are required to have an NPDES permit and to comply with the 
required effluent conditions established in the permit.  Sludge management and disposal in 
compliance with 40 CFR Part 503 Regulations is typically part of the NPDES permit.  
 
Industrial waste pretreatment requirements are also part of the CWA requirements.  In establishing 
local limits for pretreatment, sludge use must be considered. 
 
RCRA Hazardous Waste Regulations, 40 CFR Part 261.  RCRA regulations define and control 
the handling of hazardous waste.  Wastewater sludge is exempt from RCRA requirements unless it 
is determined to be a hazardous waste through testing of toxicity characteristics. 
 
Hazardous waste is defined in 40 CFR Part 261 by the following criteria: 
 

§ Ignitability 
§ Reactivity 
§ Corrosivity (pH less than 2 or more than 12.5) 
§ Toxicity characteristics 
§ Listed hazardous waste 

 
Toxicity characteristics are determined by analyzing the sludge for hazardous characteristic and 
contaminants using the Toxicity Characteristics Leaching Procedure (TCLP) test.  Wastewater 
sludge usually does not exceed any of the maximum concentration levels but individual WWTF 
sludges should be analyzed to confirm this.  
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Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  
CERCLA may be applied to require corrective actions to remove hazardous substances discharged 
to the environment.  This legislation establishes liability and corrective actions for parties 
responsible for the discharge.  The liability is extensive and comprehensive.  Although remote, the 
application of CERCLA liability to wastewater sludge may be possible if hazardous substances are 
traced to the sludge.  Further, if a landfill has been determined to be a hazardous waste source, 
liability can be attached to wastewater sludge that was disposed in it. 
 
Failure to fully acknowledge all hazardous substances in wastewater sludge may incur CERCLA 
liability, especially if any unpermitted constituents are later determined to pose a threat to human 
health or the environment.  The best protection is to ensure that all hazardous substances in the 
sludge are identified during the US EPA permitting process. 
 
 
Evolving Regulations and Standards 
 
From a planning perspective it is important to have knowledge of existing local, state, and federal 
regulations and requirements.  It is also important to have a solid understanding of how these 
requirements may change or what new regulatory requirements are under development.  Many new 
requirements or initiatives at the national level have evolved over the past few years and are 
making their way down to the state and local level.  This section presents some of the current and 
future regulatory initiatives that could have an impact to the City of Lincoln. 
 
Clean Water Act Reauthorization.  Reauthorization of the Clean Water Act was expected to be 
completed in 1994.  Congress did not act on reauthorization but is expected to do so in the future. 
 Issues within the proposed reauthorized act included stormwater and other non-point discharges, 
sediment criteria, innovative approaches such as point/non-point source pollutant trading, and 
pollution prevention.  An additional key element is encouragement for water quality agencies to 
develop and implement watershed management plans.  There is also the potential for increased 
flexibility and funding for states in several programs, including the control of non-point source 
pollution.   
 
Clean Water Action Plan.  In 1997 the Clinton Administration directed US EPA and other 
agencies to develop a Clean Water Action Plan (CWAP) that defines a course toward fulfilling the 
original goal of the Clean Water Act. The CWAP also addresses drinking water safety, including 
both chemical and microbiological contamination potential.  In 1998 the CWAP was finalized; its 
focus is on a cooperative approach to watershed protection among state, tribal, federal and local 
governments and the public. The first step is to identify those watersheds with the most critical 
water quality problems and work together to focus resources and implement effective strategies to 
solve these problems.  The CWAP has three major goals: 
 

§ Enhance protection from public health threats posed by water pollution, 
§ More effectively control polluted runoff (non-point source), and 
§ Promote water quality protection on a watershed basis. 

 
A watershed focus helps identify the most cost-effective pollution control strategies to meet clean 
water goals.  Key elements of a watershed approach include: 
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§ Unified watershed assessments, 
§ Watershed restoration action strategies, 
§ Watershed pollution prevention, and 
§ Watershed assistance grants. 

 
Although the CWAP puts more focus on non-point source contributions to water pollution, point 
source dischargers likely will play a part in meeting the goals of the CWAP.  Opportunities exist to 
include more input from non-point source contributors, and the CWAP emphasizes the importance 
of their involvement.  Funding has been earmarked for this effort through the Clean Water and 
Watershed Restoration Budget Initiative. 
 
National Criteria Revisions – Water Quality Criteria and Standards Plan.  The US EPA 
Office of Science and Technology in the Office of Water developed the Water Quality Criteria and 
Standards Plan – Priorities for the Future to identify and communicate key scientific and technical 
priorities the agency plans to pursue, together with the states and tribes, to enhance and improve 
water quality criteria and standards programs across the country.  This plan was developed to 
support the CWAP announced by President Clinton in February 1998. 
 
The Water Quality Criteria and Standards Plan presents a “vision” and strategy for important new 
initiatives and improvements that could be made to the water quality criteria and standards 
program to better protect human health and maintain or enhance the quality of the nation’s water 
bodies. 

The seven new criteria and standards program initiatives that the US EPA is expected to take over 
the next decade include: 
 

1. Maintaining and strengthening the existing ambient water quality criteria for water 
and sediments. 

2. Developing nutrient criteria and assessment methods to better protect aquatic life 
and human health. 

3. Developing criteria for microbial pathogens to better protect human health during 
water recreation. 

4. Completing the development of biocriteria as an improved basis for aquatic life 
protection. 

5. Developing improved methods for developing TMDLs and modeling to better 
translate water quality standards into implementable control strategies. 

6. Evaluating possible criteria initiatives for sedimentation, flow, and wildlife. 

7. Ensuring implementation of these new initiatives and improvements by the US 
EPA in partnership with the states and tribes. 
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The Water Quality Criteria and Standards Plan “Vision” states that: 

“The water quality criteria and standards program will fully integrate biocriteria, nutrient criteria, and 
microbial pathogen control with improved chemical-specific criteria, whole effluent toxicity methods, and 
possible sedimentation, flow and wildlife criteria, into criteria and standards programs to better support 
watershed management for the protection of human health and the maintenance and improvement of the 
chemical, physical, and biological integrity of the Nation’s waters.  Future criteria initiatives for excessive 
sedimentation, flow and wildlife will be investigated.” 
 

While this Plan strives to improve water quality, it does not replace the CWA or US EPA’s 
regulations, nor is it a regulation itself.  
 
TMDL Regulation.  Under Section 303(d) of the 1972 Clean Water Act, states are required to 
develop lists of impaired and threatened waters that do not meet the state’s water quality 
standards and update these lists every two years.  This law also requires that the states establish 
priority rankings for the waters on the list and develop TMDLs for these waters.  This is a process 
that the NDEQ implements and that may affect the acceptability of permitting new discharges or 
expansions at existing wastewater treatment facilities. 
 
A TMDL identifies the maximum amount of pollutant that a water body can receive and still meet 
water quality standards.  It then allocates this pollutant loading among point and non-point 
pollutant sources that affect the water body.  Waste load allocations for point dischargers are 
established through the discharger’s NPDES permit.  The plan for implementing load allocations 
for waters with primarily non-point sources of pollution will include incentive-based, non-
regulatory or regulatory measures, a public participation process, and recognition of watershed 
management processes and programs.  A TMDL must also include a margin of safety and 
consideration of seasonal variations.   
 
US EPA guidance suggests that TMDLs be developed expeditiously, or within 8 to 13 years after 
the original listing of the water body.  By law, the US EPA must approve both the list and TMDL, 
or establish it based on federal guidelines.  Although part of the original CWA, states and the US 
EPA did not initially fulfill their responsibility to develop Section 303(d) lists and TMDLs until 
citizen organizations began bringing legal actions against the US EPA.  The US EPA is now under 
court order or consent decrees in many states to ensure that TMDLs are established, either by the 
state or by the US EPA. 
 
In 1996 the US EPA began a comprehensive evaluation of Section CWA 303(d) implementation.  
The US EPA convened a Federal Advisory Committee, whose recommendations served to guide 
the development of proposed changes to the TMDL regulations issued by the US EPA.  These 
changes were issued in draft form in August 1999.  Following a comment period, the US EPA 
published the Final Rule in July 2000.  Even though a Final Rule was promulgated, a congressional 
“rider” prohibited the US EPA from spending FY2000 or FY2001 money to implement the new 
rule.  As a result, states are continuing to operate under the 1992 TMDL regulations. 
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In July 2001 the National Research Council (NRC) presented their review of the July 2000 TMDL 
Final Rule, which is documented in the report titled “Assessing the TMDL Approach to Water Quality 
Management.”  In its review, the NRC recommended changes to the TMDL process, including:  
 

1. Changes to the process of assessing water bodies for impairment and Section 
303(d) listing, 

2. Evaluation of the scientific basis for TMDL development, and  

3. Implementation of the TMDL with emphasis on adaptive implementation, which is 
a more cost effective and streamline process.   

 
In late July 2001 the US EPA placed an eighteen-month moratorium on the July 2000 TMDL Final 
Rule to allow time for additional review and possible revamping of the rule.  With the moratorium, 
state agencies are expected to revert back to the initial TMDL rule.  However, the moratorium is 
not likely to slow down the TMDL process and schedule that the NDEQ has set in place. 
 
Nutrient Criteria.  In 1999 the US EPA published two technical guidance manuals for the 
development of nutrient criteria for rivers and streams and for lakes and reservoirs.  The purpose 
of the manuals was to provide scientifically defensible technical guidance to assist states and tribes 
in developing regionally based numeric criteria and algal criteria for river, stream, lake, and 
reservoir systems.  The CWAP focuses attention on addressing nutrient enrichment problems.  
Some of the primary goals set in the US EPA guidance manuals include: 
 

1. Identification of water quality needs and goals. 
2. Selection of appropriate variables and development of a monitoring program. 
3. Collection and analysis of data. 
4. Development of criteria and implement nutrient controls. 
5. Monitoring effectiveness of controls and reassessing validity of criteria. 

 
The US EPA proposed various options to develop nutrient criteria.  One option involved the use 
of percentile values based on actual data from groups of water bodies, including reference waters 
(minimal or no impact), or using a group of waters that would include some that are impaired.  The 
US EPA also proposed a second method that advocated the refinement of trophic classification 
systems, use of models, and examination of system biological attributes to assess nutrient and algal 
variables.  A third method provided several published nutrient/algal thresholds that may be used 
or modified as criteria.   
 
In 2000 and early 2001 the US EPA developed and published recommended nutrient criteria for 
fourteen Ecoregions within the United States.  These numeric criteria are based on the approach of 
using percentile values based on actual data from groups of water bodies within each Ecoregion.  
Most of the waters in the Lincoln area fall within Ecoregion VI – Corn Belt and Northern Great 
Plains.  The Ecoregion VI criteria will apply unless the NDEQ adopts state specific criteria or 
some other accepted alternative for nutrient control.  The US EPA’s proposed criteria for 
Ecoregion VI are shown in Table 6-9. 
 

Table 6-9.  US EPA Proposed Nutrient Criteria for Ecoregion VI 
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Nutrient 

EPA Recommended 
Criteria for Streams 

and Rivers 

EPA Recommended 
Criteria for Lakes and 

Reservoirs 
Total Phosphorus (TP), ug/l 76.25 37.5 
Total Nitrogen (TN), mg/L 2.18 1.68 
Chlorophyll-a, ug/l 7.33 8.59 
Turbidity, NTU 9.89 N/A 
Secchi Depth, m N/A 1.36 

 
 
Bacteria Standards.  Current Nebraska water quality criteria for recreational uses are based on 
fecal coliforms.  The US EPA has been evaluating the appropriateness of fecal coliforms as the 
bacteriological indicator of pathogens in surface waters.  In the 1986 Ambient Water Quality Criteria 
for Bacteria, the US EPA recommended criteria for E. coli (126/100 mL) and Enterococci (33/100 
mL) for recreational waters because these organisms have a higher correlation with certain human 
disease outbreaks than fecal coliforms. Indicator organisms are currently used as criteria because 
direct analyses for pathogens are difficult and costly.  In current permit renewals many states are 
initiating requirements for E. coli monitoring and comparisons between fecal coliform and E. coli to 
help develop a correlation between the two.  In the near future, states are expected to require E. 
coli effluent limitations in place of fecal coliforms.  However, fecal coliforms may continue to be a 
monitoring requirement since the E. coli test is more difficult and, to date, not as reliable (greater 
variability) as the fecal coliform tests. 
 
Whole Effluent Toxicity.  Since the US EPA’s ruling adding whole effluent toxicity (WET) to 
40 CFR Part 136, WET testing has come under much scrutiny for the uncertainty and variability in 
WET testing procedures and results.  The primary concerns are that the US EPA is inconsistent in 
their methodology for WET testing requirements and the analysis of WET testing results.  The 
probability of false positive results and inter-laboratory and intra-laboratory variability are also 
issues of concern.  Litigation resulting from the US EPA’s 1995 ruling yielded a settlement 
agreement committing the US EPA to undertake several actions.  Among these actions are: 
 

1. Conducting a comprehensive inter-laboratory validation study on all of its WET 
testing methods,  

2. Issuing a number of rulemakings, and  
3. Publishing several guidance documents.   

 
When this work has been completed, the final revised policy will be published in the Federal 
Register, thus promulgating a new rule.  The new rule will affect current state requirements for 
WET testing and application of WET effluent limitations. 
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Sanitary Sewer Overflows (SSO).  SSO regulations are expected to be promulgated by the 
US EPA in the near future.  These regulations are expected to prohibit sanitary sewer overflows 
and establish specific management, operation, and maintenance requirements for wastewater 
collection system operators.  The most significant aspect of the SSO regulations, as they apply to 
Lincoln, is the prohibition of sanitary sewer overflows or treatment system bypasses during wet 
weather conditions. 
 
Sediment Criteria.  The US EPA is currently in the process of developing sediment quality 
criteria. The rationale for sediment quality criteria is that sediments act as sinks for many 
pollutants and often become a source of contaminants both to benthic organisms and to water 
column species.  The criteria will be an additional tool to help accomplish a wide range of 
environmental goals including pollution prevention, contaminated sediment assessment, 
remediation evaluations, and ecological risk assessment.  The final publication of the sediment 
quality criteria will provide national guidance to state water quality programs, US EPA programs, 
and other agencies.  The final criteria may be incorporated, in some manner, into effluent discharge 
limitations. 
 
Stormwater Discharge Regulation.  In 1993 Lincoln submitted a Municipal - Part 2 NPDES 
Permit Application for a stormwater discharge permit.  The NPDES Part 2 Permit Application is 
part of the federally mandated NPDES regulations promulgated on November 16, 1990 (55 CFR 
47990).  Origination of this legislation began with the Clean Water Act, which under 1987 
amendments required the US EPA to establish requirements for stormwater discharges.  The US 
EPA has authorized the NDEQ to administer NPDES applications for stormwater discharges for 
the State of Nebraska. 
 
The National Urban Runoff Program has shown that stormwater from residential and commercial 
areas, along with industrial areas, can contain a variety of pollutants.  Additional areas of concern 
include the potential for illicit discharges of untreated non-stormwater discharges, spills, and 
improperly disposed wastes.  It has been determined in recent years that such stormwater 
discharges to receiving waters have been detrimental to receiving water quality. 
 
Requirements of the NPDES stormwater permit include implementation of best management 
practices, monitoring, compliance with discharge limits for specific parameters, and investigation 
of illicit discharges under a stormwater management program.   
 
Clean Air Act Amendments (CAAA).  According to US EPA estimates, publicly owned 
treatment works (POTWs) emit approximately 11,000 tons of toxic air pollutants annually.  
Although this quantity amounts to less than 0.1 percent of all toxic air emissions in the U.S., the 
lack of progress in achieving National Ambient Air Quality Standards (NAAQS) in many urban 
areas has resulted in air quality regulations becoming significantly more stringent.  Federal and 
state regulators are taking a closer look at air emissions from wastewater treatment facilities.  
Today, regulators are concerned with everything from fugitive odors and volatile organic 
compounds (VOCs) from treatment processes to emissions of toxic air contaminants (TACs) from 
digester gas combustion.  To reduce emissions of TACs and VOCs, the 1990 CAAA require that 
emission controls be installed at larger existing wastewater treatment facilities.  Additionally, the 
CAAA require that emissions from existing combustion equipment such as boilers and flares be 
controlled. 
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Title III of the CAAA requires that major sources of 189 listed hazardous air pollutants (HAPs) 
install maximum achievable control technology (MACT) to reduce HAP emissions.  A “major” 
source is defined as a facility that has the potential to emit 10 tons per year of a single HAP, or 25 
tons per year of combined HAPs.  For existing facilities, MACT will be based on the average 
emissions limit achieved by the best performing 12 percent of existing sources across the country. 
 
The US EPA has promulgated specific standards which identify MACT for 174 source categories.  
Furthermore, the US EPA has required each state to promulgate its own air quality permitting 
requirements.  The NDEQ Air Quality Division has passed this responsibility on to the 
Lincoln/Lancaster County Health Department.  Under these requirements the City must obtain a 
Class 1 operating permit at the Theresa Street facility and a Class 2 operating permit at the 
Northeast facility. 
 
Class 1 operating permits are required for emissions of criteria pollutants of 100 tons per year (tpy) 
or more.  Class 2 operating permits are required for emissions of 40 tpy or more.  Criteria 
pollutants include: 
 

§ Carbon monoxide, 
§ Nitrogen oxides, 
§ Sulfur dioxide, 
§ Particulate matter - 10 microns (PM-10), 
§ Total suspended particulates, 
§ Ozone, and 
§ VOCs. 

 
Incorporation of the current and anticipated regulatory requirements presented here is fundamental 
to development of an effective wastewater facilities plan for the City of Lincoln. 
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CHAPTER 7 
 

BASIS OF PROJECT DEVELOPMENT 
 
 
In addition to process design criteria, the economic evaluation of facility treatment alternatives is 
an important tool for project development and making wastewater management decisions.  The 
economic evaluation methods described in this chapter have been used to help determine the most 
cost-effective wastewater program for the City of Lincoln.  Many of the planning considerations 
documented in this chapter were developed in project workshop meetings with the City staff held 
during preparation of this report. 
 
 
2002 Lincoln-Lancaster County Comprehensive Planning 
 
The recently updated and revised Lincoln-Lancaster County Comprehensive Plan presents policies 
for future growth and helps guide future decisions and development within the community.  The 
wastewater management systems developed and evaluated as part of this study are consistent with 
the 2002 Lincoln-Lancaster County Comprehensive Plan.  It is intended that planning 
recommendations and costs identified in this document be used in future citywide planning efforts. 
 
 
Design Period and Project Staging 
 
Two planning periods were used in analyzing the cost of various treatment facility alternatives.  A 
25-year base planning period from 2000 through the year 2025 was used for planning wastewater 
treatment facilities.  A 50-year period from 2000 through 2050 was also used for planning 
considerations because many facilities, particularly pipelines and structures, have a 50-year design 
life. 
 
 
Economic Evaluation 
 
Present Worth Analysis.  Because some of the projected costs will be incurred today and some 
incurred in the future, a reasonable adjusting method must be used to reflect the fact that a dollar’s 
purchasing power diminishes over time.  Present worth analysis has been used to provide 
meaningful cost comparisons for alternative courses of action.   
 
It should be recognized, however, that the economic life assigned to the various wastewater 
system components is only estimated to facilitate cost comparison and may not accurately reflect a 
component’s true useful life.  The following sections describe the cost estimating methods used in 
this report. 
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Assigning Costs.  Where appropriate, costs from previous studies and the 1995 Lincoln 
Wastewater Facility Plan have been used in the development of this facility plan update.  These 
data are footnoted to indicate the source of information.  All costs have been adjusted to represent 
2002 dollar values. 
 
Capital Costs.  Actual projects were used as a basis for much of the cost estimating data for 
wastewater treatment process equipment and various plant-wide improvements.  Other cost 
sources include manufacturers, suppliers of material and equipment, local contractors, and project 
data provided by professional journals and construction publications.  The previous facility plan, 
the 1991 Odor Evaluation, and previous estimates generated by Brown and Caldwell were used to 
estimate costs, where appropriate. 
 
All costs presented in this report were derived using the same level of estimating accuracy and, 
therefore, are comparable.  Actual construction costs may differ from the estimates presented, as a 
result of specific design requirements and the economic climate at the time a project is bid.  
Specific cost estimating factors are discussed in the following paragraphs. 
 

Cost Index.  Cost estimates were obtained from projects in different locations and in 
different years.  In order to bring all costs to a common, comparable base, the Engineering 
News-Record (ENR) Construction Cost Index was used.  This is a common, industry-
accepted means for adjusting costs from different time periods and locations.  The ENR 
Construction Cost Index tracks construction costs in twenty-two U.S. cities and is 
computed from construction, material, and labor costs.  

 
Contingencies.  Feasibility studies and master plans represent a relatively “rough” level of 
construction cost estimating.  Pre-bid construction cost estimates, which are based on well-
defined engineering drawings and specifications, represent a much more refined cost 
estimate.  

 
The American Association of Cost Engineers (AACE) has developed levels of accuracy for 
various stages in construction cost estimation.  The AACE cost estimation accuracies are 
presented in Table 7-1.  
 

 
Table 7-1.  Construction Cost Estimation 

 
Type of Estimate Anticipated Accuracy 

Order of magnitude estimate (facilities plan) +50% to –30% 
Budget estimate +30% to –15% 
Definitive estimate +15% to -5% 

 
 

The AACE accuracy levels confirm that the fewer the unknowns and the closer to 
construction date, the more accurate the cost estimate becomes. 
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To adjust for the level of uncertainty associated with a particular project, contingency 
funds are commonly included.  As a project becomes better defined, there become fewer 
unknowns and the magnitude of the contingency allocation decreases.  In general, facility 
planning reports include contingencies of 20 to 30 percent of the total equipment and 
construction costs, whereas a design development document may only include a 
contingency of 10 to 20 percent. 

 
The Theresa Street and Northeast WWTF sites are the expected areas for much of the 
anticipated construction.  Actual alignments for new pipelines have not been identified.  
Therefore, physical land characteristics such as slope, groundwater depth, geotechnical 
characteristics, and utility conflicts are unknown and cannot be included in the current cost 
estimates.  Such uncertainties are accounted for in the contingency allocation.  Based on 
the level of unknowns associated with the projects identified in this facility plan update, a 
contingency factor of 25 percent has been included in the construction costs presented in 
this report. 
 
Engineering, Legal, and Administration.  Often times legal services are required to 
coordinate construction efforts with local government agencies, to facilitate land 
purchases, and easement and right-of-way transactions.  Similarly, ancillary engineering 
services such as special investigations, surveys, foundation reports, location of interfering 
utilities, detailed design, preparation of plans and specifications, construction inspection 
and materials testing, start-up assistance, and operations and maintenance (O&M) manual 
preparation may be required.  These potential legal fees and ancillary engineering services 
were not included in the construction cost estimates.  Finally, administrative effort will 
also be required to coordinate the engineering and legal efforts of all projects.  A 
contingency factor of 25 percent has been used to account for engineering, legal, and 
administrative costs for projects described in this report. 
 

 
Collection System   
 
Construction cost estimates for collection system projects were developed based on pipeline size, 
general character of the terrain, and historical cost for similar facilities in the Lincoln area.  The 
cost for a particular pipeline may vary depending on the final route selected, the type of pipe used, 
and the method of construction. 
 
The wastewater collection system improvement costs presented in this facilities plan are general 
planning level costs and should be refined during the preliminary design phase of implementation. 
 
 
Treatment Facilities 
 
Many of the construction cost estimates presented here are based on unit process costs derived 
from construction costs for other projects with similar wastewater treatment processes and 
adjusted appropriately to reflect specific conditions in Lincoln.  For example, a typical secondary 
clarifier may be estimated to cost $75 per square foot of surface area.  However, these unit costs 
can vary widely from project to project because of such factors as unit size, seismic design 
requirements, groundwater levels, foundation stability, mitigation factors, aesthetics, and owner 
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preferences.  Considerable judgement is required to arrive at unit process costs that most closely 
reflect the conditions for the City of Lincoln. 
 
Construction costs of general items are estimated as a percentage of the total cost since the 
necessary field studies and designs are not yet complete.  This allows for a clearer definition of the 
required work as described below.   
 
Site Work.  Site work includes such items as clearing and grubbing, excavation, grading, major 
drainage facilities, roadways, curb and gutter, sidewalks, landscaping, and fencing.  A 15 percent 
factor is applied to the total equipment and construction budget to cover site work expenses. 
 
Foundations.  Foundation needs are determined by detailed geotechnical investigations.  Actual 
construction costs may include such items as preloading to hasten soil consolidation, imported 
materials, foundation piles, foundation backfill, and drainage requirements. A factor of 10 percent 
has been applied to the total equipment and construction budget to account for foundation costs.  
 
Yard Piping.  Yard piping generally includes all piping between structures.  This piping may be 
water, sewer, gas, minor drainage, and telecommunications lines, as well as process piping.  A 
factor of 15 percent times the total equipment and construction budget has been used to 
accommodate yard piping costs.   
 
Electrical and Instrumentation.  Electrical and instrumentation costs can vary widely from plant 
to plant depending on owner preferences and the complexity of the treatment processes, control 
systems, etc.  Instrumentation costs are higher if the plant requires a high level of monitoring to 
control the process.  The level of automation also affects instrumentation costs.  A factor of 20 
percent has been applied to the total equipment and construction cost to cover electrical and 
instrumentation items.  This reflects a moderate level of instrumentation. 
 
Treatment Facilities.  Additional land for new treatment facilities required beyond 2025 was 
assumed to cost $10,000 per acre.  This value only corresponds to the purchase of land itself, and 
does not reflect the cost of acquiring easements and rights-of-way for the pipelines required to 
convey wastewater to the facility site.  No attempt has been made to estimate the amount or cost 
of land that may be purchased for use as a buffer around the facilities. 
 
Land.   The City owns the land required for expansion of treatment facilities to serve projected 
2025 needs. 
 
Collection Facilities.  The cost of pipeline projects includes cost for right-of-way and easement 
acquisition.  These costs were based on the following easement requirements: 
 

§ Trunk Lines (42-inch diameter and larger) 
Permanent Easement - 40 feet wide 
Temporary Construction Easement - 150 feet wide 
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§ Collection Lines (36-inch diameter and smaller) 
Permanent Easement - 20 feet wide 
Temporary Construction Easement - 100 feet wide 

 
The cost of permanent easements was taken to be $9,000/acre.  The cost of temporary 
construction easements was taken to be $1,000/acre. 
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CHAPTER 8 
 

DEVELOPMENT AND EVALUATION OF ALTERNATIVES 
 
 
Previous chapters have presented background information and key factors that influence wastewater 
management planning for the City of Lincoln and Lancaster County.  Wastewater flow rates and 
characteristics have been discussed.  Population growth, distribution, and land-use development 
projections have been presented.  Existing wastewater collection and treatment systems have been 
described and their capabilities defined.  Regulatory and water quality criteria affecting effluent 
quality requirements have also been summarized.  Finally, the basis for capital improvement project 
development including the planning process, design considerations, cost estimating, and procedures 
used to evaluate the alternatives have been presented. 
 
During development of the 1995 Lincoln Wastewater Facilities Plan, several system-wide 
alternatives were evaluated.  These evaluations addressed key questions the City had regarding 
wastewater handling.  These questions, along with the answers developed in 1995, were: 
 

Question: Should the City give serious consideration to a third wastewater 
treatment facility? 

Answer: A third wastewater treatment facility in southwest Lincoln was 
evaluated and its cost along with issues regarding the acceptable siting 
of such a facility were compared to the cost of constructing a “Salt 
Creek Interceptor Relief Sewer.”  The decision was made to construct 
the Relief Sewer and not build a third treatment plant, at least within 
the Tier I planning period.  Construction of the Salt Creek Relief Sewer 
is approximately thirty percent complete. 

 
Question: If a third wastewater treatment facility is not selected, how should the 

Salt Valley interceptor system be upgraded? 

Answer: This design has been completed using a gravity sewer. 
 
Question: Should the solids generated at the Northeast WWTF be treated at the 

Northeast site or the Theresa Street site? 

Answer: These alternatives were evaluated and it was determined that the capital 
cost of treating solids from the Northeast WWTF at the Theresa Street 
WWTF was approximately equal to continuing to handle these solids 
separately.  Since there was no clear economic advantage, the decision 
was made to maintain separate solids handling facilities.  The cost of 
land application of the Northeast WWTF biosolids has historically 
been substantially less than the cost for disposal of Theresa Street 
WWTF biosolids. 
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This update of the Wastewater Facility Plan will not address the above questions, but will deal with 
several new issues that have arisen since completion of the 1995 facilities plan, including questions 
such as: 

 
Question: What changes must be made to the current wastewater interceptor 

sewer system, and what expansion plans must be implemented to 
accommodate projected population growth? 
 

Question: What practical alternatives are available to achieve the type of treatment 
needed to meet anticipated effluent ammonia limits at the Theresa 
Street and Northeast WWTFs? 

 
Question: What alternatives are available to handle peak wet weather events at the 

Theresa Street  and Northeast WWTFs? 
 
Question: What are the existing process deficiencies at the Theresa Street and the 

Northeast WWTFs? 
 
These questions have been addressed through a multi-step approach that evaluated a nd compared 
system-wide wastewater management plans.  These steps included: 
 

1. Formulation of wastewater transportation and treatment alternatives to serve existing 
growth areas as defined by the 2002 Lincoln-Lancaster County Comprehensive Plan.  

2. Identification of collection system needs. 

3. Identification and evaluation of treatment alternatives. 

4. Selection of the most favorable system-wide plan. 
5. Economic analysis. 

 
The wastewater collection system needs and wastewater treatment alternatives considered in this 
facilities plan update are described in the following paragraphs. 
 
 
Anticipated Collection System Needs  
 
City of Lincoln future wastewater collection system needs within each of the drainage areas served 
by the City have been separated into two phases or “Tiers”.  The different basins and interceptors 
were evaluated for the Tier I Priority A and B conditions  (12 and 25 years into the future 
respectively) and the Tier II condition (50 years into the future).  These “Tier” designations are 
consistent with those presented in the 2002 Lincoln-Lancaster County Comprehensive Plan 
 
Recommendations are made in accordance with the sanitary sewer capacity needs of the different 
basins depending on where the existing trunk sewer lines are located and whether or not these lines 
need to be paralleled, upgraded, or extended.  All of the recommendations include lengths and sizes 
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of the main lines needed but do not include any laterals required to convey the flow to the main 
lines.  The City has developed the costs for lateral lines required for each basin. 
The acreages for the future basin areas were provided on the Directional Growth Map with the 
acreages for the presently developed areas taken from the City map entitled Physical Data on Sewer 
System Drainage Basins – December 1999.  The acreages presented in the December 1999 document are 
assumed to be the acreages currently contributing flow to the City’s collection system.  These 
acreages are then translated into peak flows utilizing the City’s design flow equation: 
 
 Q (cfs) = 0.01726*(A)0.8 + 0.003(A) 
 
Figure 8-1, Tier I Improvements, and Figure 8-2, Tier II Improvements show the different sanitary 
sewer drainage basins, the wastewater lift stations, the locations of the City’s two wastewater plants 
(the Northeast and the Theresa Street WWTFs), the existing trunk sewers in orange with pipe sizes, 
and the recommended main improvements in red (either paralleled, upgraded or extended) with 
recommended pipe sizes.  Tier I  improvements represent those anticipated to be needed between 
now and 2025.  Tier II improvements are those that are expected to become necessary between 
2025 and 2050. 
 
The slope for all proposed line extensions used to determine needed pipeline sizes for both the 
25-year and 50-year condition is assumed to be 0.0015 (or 0.15 percent) unless the pipe is being 
paralleled, in which case the slope would be the same as the paralleled pipe.  Hydraulic calculations 
were performed using Mannings “n” values of 0.013.   
 
In cases where pipelines are only one or two standard pipe sizes smaller than what is required to 
serve an area, it may be possible to upgrade the existing pipeline using a technology known as pipe 
bursting.  The opportunity to upgrade pipelines through pipe bursting will depend on the soils 
around the pipe, the material of the pipe being burst, and the utilities found surrounding the pipe. 
 
Salt Creek.  In accordance with the City’s flow equation, approximately 2.4 cfs of wastewater will be 
generated from the west and is conveyed through a 12-inch PVC pipe from the Haines Branch 
Basin.  Since assuming that the slope is 0.15 percent and the pipe is not a pressurized system, 1.4 cfs 
is the maximum flow that the existing pipe can carry to the Salt Valley Trunk (SVT) Line (at 
MH#B2-101).  The Haines Branch was built in the 1920's to serve the State Regional Center.  
 

Tier I Condition.  Over the next 25 years, growth in the Salt Creek Basin is expected to 
occur in various places.  First, some development is expected east of Salt Creek in basin S-2 
and a portion of S-5.   This area totals 2,766 acres and will contribute approximately 18.1 cfs 
of wastewater to the system.  Second, a similar sized area is expected to be developed to the 
west of Salt Creek in the east portions of basins SW-4, SW-5, and SW-6.  This area is located 
south of the Haines Branch area, has an area of 2,955 acres, and currently has no collection 
system.  When fully developed, it will generate a flow of approximately 19.2 cfs.  Third, the 
eastern portion of basin SW-3 is expected to be developed within 25 years and will add flow 
into the Haines Branch system.  This projected development of 816 acres will generate a 
flow of about 6.1 cfs.  The total area expected to contribute to the Salt Valley Trunk in 
25 years is 26,070 acres. 
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Tier I Recommendations.  As the previous sections are divided into three parts (Salt 
Creek, West Salt Creek, and Haines Branch), the recommendations presented in this section 
follow a similar format.  The combination of all of this proposed development (26,070 acres) 
exceeds the design capacities of the first two phases of the SVT when it was built.  To rectify 
this situation, the entire SVT (including the two phases that have been built) can be upsized 
to accommodate this new development.   
 
The SVT Relief Sewer will follow the alignment to Old Cheney Road as described in the 
1998 Salt Valley Trunk Relief Sewer - Phase I to V Report.  See the Summary of 
Recommendations for a review of the lengths and sizes of this alignment.  As basin S-2 and 
a portion of basin S-5 are developed, a 33-inch line will be needed to extend from the 
existing 48-inch line (Phase V of the SVT Relief Sewer) located at MH#B0s-37 to the south 
for approximately 5,000 LF.  The average slope of the SVT Relief Sewer from Pioneers 
Boulevard to Yankee Hill Road was calculated to be 0.0019 or 0.19 percent, which is the 
slope assumed for this pipe. 
 
Approximately 2,955 acres are expected to be developed on the west side of Salt Creek 
(according to the Future 25-year Condition).  This area is referred to as the Proposed West 
Salt Creek Basin (WSC).  Using the assumed slope of 0.0019 (0.19 percent), another 33–inch 
line is required to facilitate 100 percent development in this area.   
 
With the Haines Basin service area expanding by 816 acres, the wastewater collection system 
will be required to carry 6.1 cfs of wastewater.  The existing 12-inch pipe capacity is 1.4 cfs.  
Considering the age of this pipe, the recommendation is to replace the existing 12-inch line 
with a 24-inch line and extend it to a total length of 5,300 LF. 
 
Tier II Condition.  The design for the SVT Relief Sewer has assumed additional service 
area acreage of about 5,000 (for a total of 22,000 acres).  The anticipated Future 50-year 
Condition includes a service area much larger than this (total of 41,732 acres).  Tier II 
growth is expected to continue in the same three areas as projected for Tier I.  The future 
service area in basin S-5 will continue to expand and the flows from this area (which include 
basin S-2 and totals approximately 5,900 acres) will ultimately contribute 35.6 cfs to the 
system.  The area west of Salt Creek, which includes most of basins SW-4, SW-5, SW-6, and 
SW-7, has a developable area of approximately 8,539 acres and is expected to generate a flow 
of 49.7 cfs.  Other basins that are expected to develop within 50 years will add flow into the 
Haines Branch.  The east portion of basin SW-3 and the north portion of basin SW-4 
together constitute close to 4,000 acres and represent a total flow potential of 25.1 cfs.  That 
brings the total required capacity of the Haines Branch interceptor sewer to 27.5 cfs where it 
joins the SVT line at Pioneers Boulevard.   
 
Tier II Recommendations.  The current six-phase improvement plan for the SVT Relief 
Sewer needs to be completed, but the sizes of the Relief Sewer need to be discussed in 
relation to the decision to build another treatment plant.  At the upstream end of the basin, a 
48-inch line will be needed to extend from the end of the existing 48-inch line to the south 
for approximately 4,650 LF.  A 36-inch line will also need to be extended to the east for 
4,850 LF.    
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Toward the downstream area of the basin is where the design options present themselves.  
There are four that are listed on the “Lincoln Future Sanitary System – Tier II Condition,” 
of which, the last two are recommended (#3 & #4).  At the point of treating 41,000+ acres 
of development, a new treatment plant is strongly encouraged.  The placement of this plant 
is the question at hand.  The City of Lincoln has expressed their desire to place any future 
plant near the intersection of 1st and Old Cheney (option #4, which is shown on the Tier II 
figure).  This would allow the flow of 26,349 acres of development pass on into the SVT 
(which would require additional upsizing – see discussion in Tier I).  Option #3 places the 
proposed Southwest Plant near the intersection of 1st and Van Dorn.  This adds flexibility to 
the system since it would be able to pick up any amount of flows from the Beals Slough 
Trunk and avoid the need to upsize any of the SVT lines downstream.  The costs associated 
with a potential new Southwest WWTF are not included in the “Summary of 
Recommendations.” 
 
Second, approximately 8,539 acres are expected to develop in the West Salt Creek Basin.  
Using an assumed slope of 0.0019, a 36- to 48–inch line will be required to accommodate 
development in this area.  About 5 miles of 60-inch line is shown on the map running to a 
new Southwest WWTF site.  Cost information associated with building the Southwest 
WWTF has not been developed. 
 
Third, the Haines Basin service area is expected to grow by 3,992 acres and the collection 
system pipeline servicing this area would be required to carry a total flow of 25.1 cfs.  The 
capacity of the existing 12-inch pipe with a 0.15 percent slope is 1.4 cfs.  The 
recommendation is to replace the existing 12-inch line with about a mile of new 36-inch 
pipe.  

 
 
West “O” Street.   
 

Tier I Condition.  When the West “O” Street Basin reaches full development as 
represented in the Future 25-year Condition, an additional 1,900 acres of developed area will 
be added to the west side of the basin.  This represents 12.9 cfs of future flow and causes 
one major problem.  The capacity at the downstream end of the system is not sufficient to 
handle anticipated future flows. 
 
Tier I Recommendations.  Overloading of the 12-inch line can be alleviated by 
constructing 3,357 LF of 30-inch parallel line.  If the 30-inch line is constructed with the 
same slope as the 12-inch VCP (0.004 ft/ft), it will provide adequate capacity to handle the 
20.5 cfs of flow present when the area is 100 percent developed.   
 
As for the Lift Station C-8, as of May 2002 it is pumping a dry weather average flow of 
0.52 cfs, which represents only 6.8 percent of the theoretical flow that should be generated 
from this service area using the City’s Design Equation.  This is largely due to the fact that 
the area is mainly railroads and does not have a high residential population.  If we were to 
use that same percentage of flow from using 15 percent of the City’s Design Equation flows 
as was done with Middle Creek, the station would only require 3 cfs of pumping capacity.  
This capacity is available within the existing station.  If wastewater from Lift Station C-9 is 
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diverted to this area, greater pumping capacity will be required.  If this is the case, it is 
anticipated that 5.3 cfs of total pumping capacity would be required. 
 
At the west end of the basin, a 36-inch extension needs to be built from the existing line 
west to serve the future developed area.  This addition of 4,650 LF of 36-inch pipe will drain 
the future developed 1,897 acres with a minimum slope of 0.0005 ft.ft. 
 
Tier II Condition and Recommendations.  If the flows are diverted from C-9 to C-8, 
8.7 cfs of pumping capacity will be required.  A new pump station with two new 2,400 gpm 
pumps would need to be built with room enough for a third.  
 

 
Beals Slough.  The City map shows 5,370 acres of service area within the basin which will generate 
an estimated 32.7 cfs of wastewater.  This flow will overload selected sections of the Beals Slough 
lateral.  One location is the intersection of 56 th Street and Highway 2.  A 24-inch line is currently 
planned to parallel the existing trunk at this location and mitigate this flow problem.  Nevertheless, 
downstream capacity constraints will cause surcharging to extend upstream along almost the entire 
length of the Salt Creek and Beals Slough Systems. 

 
Tier I Condition.  Future development in the Upper Beals Slough service area is expected 
to add about 4,411 acres to the area.  This future developed area will contribute 
approximately 27.4 cfs to the upstream end of the existing sewer.  With the exception of 
approximately 1,554 LF of pipeline, the entire Beals Slough Trunk Line will be overloaded 
with this additional flow. 
 
Tier I Recommendations.  The recommendation is for a relief sewer to be installed 
parallel to the entire Beals Slough Interceptor.  At the upstream end, the future flows should 
be collected into the new line.  A new 30-inch line should be extended from MH#D0-62 to 
the south on the east side of 56 th Street.  The pipe will be about 5,600 feet long and extend 
to Cavvy Road.  The existing 27-inch line should be extended to the east to handle a portion 
of the future flows.  It should extend east along Pine Lake Road to 70 th Street for an 
approximate length of 2,900 LF.  At the end of both of these lines, smaller diameter sewer 
lines should be constructed to collect future flows. 
 
To provide the capacity necessary for the future development of Upper Beals Slough, a 
36-inch line should be built to parallel the existing trunk along Highway 2.  The proposed 
36-inch line will connect into MH#C0-119 and run 18,800 LF to the west following the 
alignment suggested in the 1995 Facilities Plan. 
 
Tier II Condition and Recommendations.  Same as Tier I above. 

 
Haines Branch.  See Salt Creek discussion above. 
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Middle Creek.   
 

Tier I Condition.  The 25-year Tier I Condition shows additional development in the east 
portions of Basins SW-1 and SW-2 for a total of 704 acres of additional service area and a 
resulting future flow of 5.4 cfs. 
 
Tier I Recommendations.  One new 30-inch line with a slope of 0.25 percent would be 
able to transport the flows to the SVT.  However, the existing line, if structurally sound, 
could provide some capacity and reduce the size required for the new parallel line.  
Additional information of the condition of the existing pipe is needed to determine if it 
should be replaced or paralleled.   
 
The Lift Station C-9 currently has 4.5 cfs of pumping capacity and the basin’s projected 2025 
capacity requirement is 15.6 cfs according to the City’s Design Equation for flow.  The 
actual flow being pumped as of May 2002 is 1.2 cfs (as stated in Lift Station Flow Records, a 
spreadsheet provided by the City of Lincoln dated 16 May 2002).  If it is assumed that only 
15 percent of the City’s Design Equation flow will pass through the station (based on 
historical flow records), only 2.3 cfs of pumping capacity will be required and sufficient 
capacity already exists.  This assumes that the flow is not diverted to the north to Lift Station 
C-8.  Not enough information was available to investigate siphon scenarios. 
 
Tier II Condition.  Per the information shown on the Future 50-year Condition maps, the 
east portions of Basins SW-1 and SW-2 are expected to develop.  Together they represent a 
total of 4,472 acres of new development and a corresponding future flow of 27.8 cfs. 
 
Tier II Recommendations.  This large additional development will require a 42-inch line 
to transport the flows to the SVT.  Again, additional information of the condition of the 
existing pipe is needed to see if it should be replaced or paralleled.   
 
With the Tier II flows, the C-9 Lift Station would need one additional 800 gpm pump or one 
2,400 gpm pump to replace the other three (depending on their condition) to pump the 
anticipated flow from this basin.  The cost shown at the end of the report is for one 
2,400 gpm pump to replace them all. 

 
 
Antelope Creek.   
 

Tier I Condition.  In the year 2025 the projected total service area acreage in the Antelope 
Creek Basin will be 7,864 acres (to the southeast).  The projected wastewater flows from this 
area will cause 5,704 LF of 30-inch VCP (material needs to be verified by the City) found 
between MH#D1-302 and MH#D2-42 to be overloaded and surcharge 4,276 LF of pipe 
upstream (MW, Feb 1998). 
 
Tier I Recommendations.  In the upstream portions of the sewer line, the existing 8- and 
15-inch lines are adequate to convey the anticipated 5.1 cfs from the 665 acres additional 
service area to the south.  Therefore, the only improvement needed is a relief sewer to 
parallel the existing 30-inch VCP.  Assuming the same slope (0.00059), the 5,704 LF of 
30-inch VCP will need to be paralleled by a new 24-inch line to provide the capacity needed. 
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Tier II Condition and Recommendations.  Same as Tier I above 
 
 
East Campus.  Included in Little Salt Creek Discussion. 
 
 
Oak Creek.   
 

Tier I Condition.  As Oak Creek Basin continues to grow, future development in sub-basin 
NW-2 will generate flow from the west (into OC-7) and sub-basins NW-3 and NW-6 will 
generate flows from the north (into OC-5 and the West Highlands Trunk Sewer).  The 
Future 25-year Condition depicts about 1,100 and 1,865 acres of development respectively in 
these sub-basins with corresponding wastewater flows of 8.7 and 12.7 cfs.  The current 
overloading conditions in the 27- and 30-inch lines will be exacerbated by the anticipated 
future growth.   
 
Tier I Recommendations.  The portions of NW-3 and NW-6 sub-basins that will 
contribute 12.7 cfs from the north can be handled in the existing 30-inch West Highlands 
Trunk Sewer.  This assumes that its slope is at least 0.001 ft/ft.  Once information has been 
provided for this line, the West Highlands Trunk Sewer can be properly analyzed for both 
present and future conditions. 
 
The 27-inch and 30-inch pipes need to be paralleled to relieve the existing overloaded 
condition and to prepare for 21.4 cfs of future flows.  Recommended new construction 
includes 2,196 LF of 24-inch line from MH#AA7-21 to 10, and 2,817LF of 36-inch pipe 
between MH#AA7-10 to 298.  The slope on these pipes is assumed to be the same as the 
slope of the lines they parallel.  
 
The 48-inch reinforced concrete pipe (RCP) system starting one manhole further 
downstream has two problem areas.  The first segment between MH#A6-209 and 208 is 
98 LF and has a capacity 20.7cfs short of that required to meet future needs.  This flow can 
be handled by installing a parallel a 54-inch pipe at the same low slope – 0.0001.  The second 
problem segment is 687 LF with a slope of 0.000029 and does not have adequate capacity 
for the 25-year flow condition.  If the 1,888 LF segment between MH#A6-199 and 
196 could be unearthed and re-laid with a uniform slope, it would have the capacity needed 
(39.1cfs).  A concern with this scenario is that the pipe may have been originally installed 
with an inconsistent slope due to utility conflicts. 
 
The existing 54-inch RCP segment of the line also needs a minor improvement to convey 
the future flows.  From MH#B6-321 to B6-319, 6.5 cfs of capacity is needed to 
accommodate future flows.  A 27-inch parallel line is recommended to provide the future 
capacity required for this 438 LF segment of line.  

 
Tier II Condition and Recommendations.  Same as Tier I above. 
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Little Salt Creek.   
 

Tier I Condition.  As development occurs to the north, about 1,661 acres of service area 
will be added in current Basin LS-5.  This area has a potential to contribute 11.5 cfs to the 
system.  This additional flow will overload the existing system from the C-11 pump station 
to the plant.  It is evident that the current infrastructure cannot handle all potential 
development in the Northeast Salt Creek Basin (the rest of N-4 and N-5). 
 
Future development in the East Campus may contribute 6.5 cfs at MH#C6-349, which is 
just half a mile east of the Theresa Street WWTF.  This, combined with potentially 7.8 cfs 
from Deadmans Run, if flows are diverted from the Northeast WWTF, will mean the 36-
inch East Campus Trunk will be carrying 14.3 cfs.  When combined with the upstream flows 
of Little Salt Creek (currently 13.0 cfs) at the mentioned manhole, the Little Salt Creek 
Trunk will have reached its capacity of 27.3 cfs.  This potential diversion of 7.8 cfs from 
Deadmans Run does not provide any sewer capacity for development to the north of the 
existing Little Salt Creek sub-basins. 
 
Tier I Recommendations.  When the future flow of 11.5 cfs is combined with the current 
flow at Lift Station C-11 (13.0 cfs), the total flow will be 24.5 cfs.  Currently, the station has 
two pumps with a total capacity of 10.7 cfs.  The lift station does have room for four more 
pumps.  Therefore, if three 2,400 gpm rated pumps were installed (16 cfs), the new capacity 
could accommodate the future flows (24.5 cfs).  This size of pump is preferred due to the 
commonality of parts with the existing pumps. 
 
As this wastewater is pumped into the gravity system, additional capacity to the Theresa 
Street WWTF will be needed.  A new 33-inch pipe parallel to the existing 7,427 LF of 36-
inch trunk line is recommended to provide the needed capacity. 
 
Tier II Condition.  In 50 years it is anticipated that an additional 1,017 acres will be 
developed in Basin N-4.  This area has a potential to contribute an additional 6.1 cfs to the 
system for a total future flow of 17.6 cfs. 
 
Tier II Recommendations.  As this future flow (17.6 cfs) combines with the current flow 
at Lift Station C-11 (13.0 cfs) they form a total of 30.6 cfs.  A 36-inch pipe should be 
installed parallel to the existing trunk line from the lift station to the Theresa Street WWTF 
to handle this flow. 
 
As far as pump capacity is concerned, four 2,400 gpm rated pumps would need to be 
installed to accommodate the future flows (30.6 cfs). 

 
 
Lynn Creek.   
 

Tier I Condition.  Due to the topography of the surrounding basins, Oak Creek and Little 
Salt Creek will collect sewage from the future development areas to the north.  According to 
the anticipated Future 50-year Condition, Lynn Creek Basin laterals will need to be extended 
to serve 354 acres of future development (a portion of Basin NW-6), but no major flows 
from the north are anticipated. 
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Tier I Recommendations.  Due to the relatively small area of anticipated development in 
the Lynn Creek Basin, there are only three segments of the existing interceptor with 
insufficient capacity to handle future flows.  Fortunately, the additional capacity can 
probably be achieved through pipe bursting rather than more expensive means such as 
paralleling or replacement.  Starting at the upstream end, the 200 LF of 10-inch pipe 
between MH#A9-63 and 62 should be expanded to an inside diameter of 12 inches.  (It is 
assumed in this area that the slope of the existing 12-inch line upstream of MH#A9-56 is 
equal to or greater than 0.008.)  The 780 LF of 21-inch pipe between MH#B8-67 to B7-343 
needs to be enlarged to a 24-inch pipe.  Finally, between MH#B7-341 and 340 there is 503 
LF of 24-inch VCP that needs to be expanded to 27-inches in diameter to allow for the 
additional flow of 3 cfs. 
 
Tier II Condition and Recommendations.  Same as Tier I above. 

 
 
Deadmans Run.   
 

Tier I Condition.  The areas to the east of the plant do not affect the flow of the 
Deadmans Run Trunk Sewer.  The Deadmans Run and Havelock Basins have a ridge as 
their eastern border that prevents flow from any future developments further east from 
entering the Deadmans Run Trunk Sewer.  To the north of the Northeast WWTF, portions 
of sub-basins N-1 and N-2 (1,434 total acres) will add 10.3 cfs of wastewater once they are 
developed.  
 
The Havelock Basin will pick up an additional 6.0 cfs of wastewater from future 
development and Deadmans Run Trunk Sewer must carry that flow from MH#D9-70 to the 
Northeast WWTF.  The only segment that will have problems transporting this flow is the 
pipe immediately downstream from that manhole.  All of the subsequent piping has 
sufficient capacity. 
 
Tier I Recommendations.  Hydraulic calculations indicate that three segments of the 
Deadmans Run Trunk Sewer downstream of Theresa Street WWTF will experience an 
overloaded condition when the anticipated Tier I development occurs.  The first problem 
involves 18-inch RCP between MH#D4-486 and D5-45.  The average capacity needed in 
this 1,949 LF stretch of pipe is 0.7 cfs.  Although the line could be modified by pipe bursting 
to a final diameter of 21 inches, the recommendation is to do nothing since the costs 
outweigh the benefits.  
 
The second portion of pipe that is under capacity is between MH#D5-121 and 152.  This 
21-inch RCP is barely overloaded with an average need of 0.4 cfs.  Again, this should not be 
a concern as the resulting surcharging is not expected to create any problems.   
 
The third segment is where improvements need to be made.  The sanitary sewer line from 
MH#D5-153 to C6-195, with the exception of two segments, is currently overloaded with 
the design constraints.  This line ranges from 24 to 30 inches in diameter and runs for 
11,265 LF.  A new 21-inch pipeline paralleling the existing sewer line will provide the 
capacity needed between MH#D5-153 and C6-195.  This would aid in transporting the 
increasing I/I that has been reported in the basin’s sewer system.  It may be prioritized as a 
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secondary improvement due to the depth of the line as a result of which additional static 
head is granted to the area. 
 
For future conditions, additional improvements will be required.  The development 
anticipated north of the Northeast WWTF around the intersection of I-80 and 56th Avenue 
is expected to generate 10.3 cfs.  This wastewater flow, if discharged to the existing 60-inch 
line west of the plant, would overload it.  Therefore, a separate new 27-inch line beginning 
southeast of the intersection and extending eastward to the Northeast WWTF is 
recommended. 
 
Tier II Condition.  The only change from the Tier I Condition to the Tier II Condition is 
in basins N-1 and N-2.  These sub-basins will continue to grow to 2,695 total developed 
acres and will add an additional 17.7 cfs to the sanitary sewer flow.   
 
Tier II Recommendations.  To accommodate the Tier II conditions, a 33-inch line will be 
required instead of the 27-inch line to convey flows from the I-80 and 56th Avenue 
intersection to the Northeast WWTF. 

 
 
Havelock.   
 

Tier I Condition.  The Tier I Condition shows no new development areas that would 
contribute flows to the Havelock Interceptor.  
 
Tier I Recommendations.  Because both the present and future conditions do not present 
any capacity problems for the trunk line, no action is recommended.  
 
Tier II Condition and Recommendations.  Same as Tier I above. 

 
 
West Stevens Creek.   
 

Tier I Condition.  In 25 years it is projected that 7,520 acres will be developed in the 
Stevens Creek Basin.  This development is expected to generate 45 cfs according to the 
City’s Flow Equation.  It is anticipated that all of this flow will be directed to the east along 
the west side of Stevens Creek.  
 
Tier I Recommendations.  The new trunk line will need to be constructed along the west 
side of Stevens Creek to collect the flows generated in this area.  The required diameters for 
the proposed pipe will be 48 inches and below, assuming a 0.0015 slope. 
 
Tier II Condition.  The Tier II Condition anticipates the development of an additional 
12,428 acres within the Stevens Creek Basin, with an accompanying wastewater flow of 
62.4 cfs.  All of the flow will be directed to the east along the west side of Stevens Creek.  
 
Tier II Recommendations.  Recommendations for the Tier II Condition have already 
been made by the City via an inter-department communication dated March 12, 2002 from 
the Engineering Department to the Planning Department.  
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Summary of Collection System Needs 
 
A summary of the recommended existing wastewater collection system needs is provided in 
Table 8-1.  Tier I and Tier II service area sizes are presented in Tables 8-2 and 8-3.  
 
 
Theresa Street WWTF 
 
Description of Alternatives.  Two factors affect treatment capacity at the Theresa Street WWTF, 
namely the facility’s biological treatment capability and the system hydraulic capacity. 
 
Process modeling indicates that the existing Theresa Street East Side and West Side biological 
treatment trains can provide secondary treatment plus nitrification (ammonia removal) to meet the 
anticipated permit limits for flows up to about 14 mgd.  The projected maximum month flow rate 
for year 2025 is 27.0 mgd and for 2050 is 40.0 mgd (see Chapter 5).  Therefore, approximately 
26 mgd of additional treatment capacity will be required at the Theresa Street facility by 2050.  For 
planning purposes it is assumed that the additional capacity will be provided in two approximately 
equally sized segments or phases.  
 
Hydraulic modeling indicates that the Theresa Street East Side and West Side treatment trains can 
hydraulically pass 36 mgd.  The primary clarifiers can hydraulically pass 48 mgd.  The projected peak 
flow for design of in-plant structures for the year 2025 is 1.7 times the maximum month flow (see 
Chapter 4) or 47 mgd.  Flows above 47 mgd should be handled by separate wet weather facilities.  
Expansion of the Theresa Street WWTF to handle the 2025 flow of 27 mgd should include 
modifications to increase the facility hydraulic capacity to 47 mgd.  
 
Sizing for wet weather facilities was based on historical flow data from 1990 to present.  This data 
indicates that a future wet weather peaking factor of 4.6:1 is reasonable (see Chapter 5).  This is 
higher than the peaking factor used for design of hydraulic components within the treatment system.  
Consequently, wet weather facilities must be designed to accommodate the peak flows that exceed 
the 47 mgd hydraulic capacity.  A twelve million-gallon equalization basin appears to be adequate to 
equalize the resulting peak wet weather flows.  It is recommended that the wet weather peaking 
parameters be assessed in greater detail during preliminary design of the wet weather facilities.   
 
After identifying factors that either limited capacity or increased treatment demand at the Theresa 
Street WWTF, four alternative methods of producing additional capacity were investigated.  These 
alternatives include: 
 

Alternative 1: Pretreat the largest industrial discharge (Cook Foods discharge) off-site to 
reduce pollutant loading at the Theresa Street WWTF and expand the 
Theresa Street WWTF to provide the remainder of the required treatment 
capacity. 

 
Alternative 2: Utilize a side-stream treatment process to reduce the pollutant loading 

from the solids treatment processes and expand the Theresa Street WWTF 
to provide the remainder of the required treatment capacity. 



  

 
Table 8-1.  Summary of Recommendations for Existing Collection System 

        

Basin 
Upstream 
Manhole 

Downstream 
Mahole 

Existing 
Line 

Diameter 
(in) 

Length 
(ft) 

Unit 
Cost 
($/ft) Total $ Notes 

Salt Creek Old Cheney Rd Pioneer Blvd 24 5572         220     1,230,000 Construction of 48" pipe to parallel this line (Phase V) 
Salt Creek Pioneer Blvd Van Dorn Pkwy 36 6350         220     1,400,000 Construction of 60" pipe to parallel this line (Phase IV) 
Salt Creek Van Dorn Pkwy "M" St 42 9396         225     2,110,000 Construction of 60" pipe to parallel this line (Phase III) 
Salt Creek "M" St Vine St 48 4635         135        630,000 Construction of 78" pipe to parallel this line (Phase IIB) 

Beal Slough C0-119 SVT Relief Sewer varies 18,800         165     3,100,000 Construction of 36" pipe to parallel this line 
Oak Creek AA7-10 AA7-6 27 452         195         90,000 Construction of 36" pipe to parallel this line 
Oak Creek A6-199 A6-196 48 1888         100        190,000 Unearth and re-bury at a consistent slope 
West "O" A4-66 B5-57 12 3357         220        740,000 Construction of 30" pipe to parallel this line 

Dead Mans Run D5-153 C6-195 varies 11,265         140     1,580,000 Construction of 21" pipe to parallel this line 
Other Improvments             21,000,000 Includes Replacements, Lift Stations, and Manholes 

Totals:      61,715     32,070,000   



 

Table 8-2.  Lincoln Future Wastewater Collection System Acreages Served (25 year - Tier I) 
                

Basin 
Antelope 

Creek 
Beals 

Slough 

Dead-
mans 
Trunk 

East 
Campus 

Haines 
Branch Havelock 

Lynn 
Creek 

Little 
Salt 

Creek 
Middle 
Creek 

Oak 
Creek 

Salt 
Creek 

West 
"O" 

Street 

West 
Stevens 
Creek 

West 
Salt 

Creek Total 

Existing 
acreage 
served       7,199     5,370     4,536           865        283        3,401     2,314     2,251     1,456        3,661     4,370     1,042       36,748  

Additional 
acreage 
served       
25-yrs - 
Tier I         665     4,411     1,434          816          354     1,661        704        2,961     2,766     1,897     7,520     2,955   28,144  
Total      7,864     9,781     5,970           865     1,099        3,401     2,668     3,912     2,160        6,622     7,136     2,939     7,520     2,955   64,892  

Trunk line 

Antelope 
Creek 
Trunk 

Beals 
Slough 
Trunk 

Dead-
mans 
Trunk 

Dead-
mans 
Trunk 

Salt 
Valley 
Trunk 

Dead-
mans 
Trunk 

Oak 
Creek 
Trunk 

Dead-
mans 
Trunk 

Salt 
Valley 
Trunk 

Oak Creek 
Trunk 

Salt 
Valley 
Trunk 

Salt 
Valley 
Trunk 

West 
Stevens 
Creek 

Salt 
Valley 
Trunk  

                
                

Tier 1 acreages served by each trunk line 

Antelope 
Creek 
Trunk 

Beals 
Slough 
Trunk 

Dead-
mans 
Trunk 

Oak 
Creek 
Trunk 

Salt 
Valley 
Trunk 

West 
Stevens 
Trunk Total      

          7,864     9,781       14,148     9,290   16,289     7,520      64,892       
 



 

  
Table 8-3.  Lincoln Future Wastewater Collection System Service Acreages (50 year - Tier II) 

                

Basin 
Antelope 

Creek 
Beals 

Slough 

Dead-
mans 
Run 

East 
Campus 

Haines 
Branch Havelock 

Lynn 
Creek 

Little 
Salt 

Creek 
Middle 
Creek 

Oak 
Creek 

Salt 
Creek 

West 
"O" 

Street 

West 
Stevens 
Creek 

West 
Salt 

Creek Total 

Existing 
acreage 
served        7,199     5,370     4,536           865        283         3,401     2,314     2,251     1,456         3,661     4,370     1,042       36,748  

Additional 
acreage 
served       
50-yrs - 
Tier II         665     4,411     2,695       3,992          354     2,678     4,472         2,961     5,900     1,897   19,948     8,539   58,512  
TOTAL       7,864     9,781     7,231           865     4,275         3,401     2,668     4,929     5,928         6,622   10,270     2,939   19,948     8,539   95,260  

Trunk line 

Antelope 
Creek 
Trunk 

Beals 
Slough 
Trunk 

Dead-
mans 
Trunk 

Dead-
mans 
Trunk 

Salt 
Valley 
Trunk 

Dead-mans 
Trunk 

Oak 
Creek 
Trunk 

Dead-
mans 
Trunk 

Salt 
Valley 
Trunk 

Oak Creek 
Trunk 

Salt 
Valley 
Trunk 

Salt 
Valley 
Trunk 

West 
Stevens 
Trunk 

Salt 
Valley 
Trunk  

                
                

Tier 2 acreages served by each trunk line 

Antelope 
Creek 
Trunk 

Beals 
Slough 
Trunk 

Dead-
mans 
Trunk 

Oak 
Creek 
Trunk 

Salt 
Valley 
Trunk 

West 
Stevens 
Trunk Total      

          7,864     9,781       16,426     9,290   31,951   19,948       95,260       
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Alternative 3: A modified combination of Alternatives #1 and #2. 
 
Alternative 4: Expand the Theresa Street WWTF to provide all of the required treatment 

capacity. 
 

These alternatives are summarized in Table 8-4.  Note that all four scenarios assume that the 
trickling filter train is no longer in service. 
 
 

Table 8-4.  Treatment Capacity Scenarios to Meet Year 2025 and Projected Wastewater 
Flows at the Theresa Street WWTF 

 

Treatment Location Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Existing Capacity @ Theresa St 
WWTF (mgd) 

14 14 14 14 
 

New Capacity @ Cook Foods 
(mgd) 

* -- * -- 

New Capacity @ Solids Side-
stream (mgd) 

-- * * -- 

New Capacity @ Theresa St 
WWTF (mgd) 

13 13 13 13 

Total (mgd) 27 27 27 27 
* These treatment facilities will reduce the organic and solids loadings on the Theresa Street WWTF but will not reduce the hydraulic 
capacity required at the facility and therefore do not contribute to the total capacity values shown. 
 
Common Alternative Components.  Components common to all alternatives have been identified 
and defined as follows: 
 

New Nitrification Capacity at the Theresa Street WWTF.  These improvements include 
the facilities needed to treat the projected waste loads to meet nitrification limits anticipated 
in the new discharge permit.  They include hydraulic structures, process units, and other 
treatment units.  For the possible off-site pretreatment of Cook Foods waste, an anaerobic 
upflow reactor has been proposed, with operations staffing from the Theresa Street WWTF.  
Side-stream treatment of flows from solids handling could be accomplished with a side-
stream activated sludge treatment process, but no additional staff would be necessary.  

 
Wet Weather Treatment for the Theresa Street WWTF.  These improvements will 
provide the capability to treat 100 percent of the projected peak wet weather flow.  Although 
this is not presently required, it is expected to be a requirement of the anticipated SSO 
regulations. 
 
Correcting Existing Deficiencies at the Theresa Street WWTF.  These deficiencies are 
described later in this chapter.  

 
Each of these components is addressed as part of each treatment alternative. 
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Key Treatment Issues 
 
There are three key treatment-related issues at the Theresa Street WWTF: 
 

1. Treatment to provide nitrification capacity to meet expected permit limits,  
2. Treatment of currently by-passed “wet weather” flows, and  
3. Treatment to accommodate sludge handling return flows. 

 
All of these issues are addressed by each of the treatment alternatives evaluated. 
 
 
Theresa Street Alternative 1 - Pretreatment of Cook Foods Wastewater 
 
Alternative 1 involves upgrading the Theresa Street WWTF to handle a maximum month flow of 27 
mgd, and a peak hourly flow of 47 mgd.  The plant would require additional nitrifying treatment 
capacity of approximately 13 mgd.  The Cook Foods COD would be reduced by approximately 90 
percent in an anaerobic upflow reactor system.  This anaerobic upflow treatment system would be 
located at the Cook Foods plant site (or adjacent to it), and be operated by personnel from the 
Theresa Street WWTF.  Pretreatment of the Cook Foods waste would decrease the needed organic 
capacity of the Theresa Street WWTF due to the reduction of the organic strength of the incoming 
wastewater.  It would not, however, affect the required hydraulic capacity of the Theresa Street 
facility. 
 
Wet weather flows above 47 mgd would be temporarily stored in an equalization basin and then 
treated by the Theresa Street facility when influent flows returned to normal dry weather levels.  The 
predicted maximum wet weather flow rate at the Theresa Street WWTF in 2025 is based on a peak 
flow of about 110 mgd (see Table 5-7). 
 
This alternative would reduce the amount of biosolids produced at the Theresa Street WWTF and 
would delay the need for a fourth anaerobic digester.  It would also delay the requirement for an 
additional belt press.  Biosolids produced at the Cook Foods pretreatment facility would be treated 
at that site. 
 
Table 8-5 lists the improvements required during the planning period under this alternative.  
Figure 8-3 shows a conceptual site plan for this alternative. 
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Table 8-5.  Theresa Street Alternative 1 – Year 2025 Required Improvements 

 
Treatment Component Description 

Anaerobic Upflow Reactor § Construct anaerobic upflow reactor at Cook Foods. 
§ Construct biogas fired reactor heating system, including gas 

storage and flare at Cook Foods.  
§ Provide associated chemical feed systems, including 

phosphoric acid, urea, and soda ash at Cook Foods.  
§ Hire 1 additional staff to operate anaerobic system. 

Increased nitrifying treatment 
capacity 

§ Construct 13 mgd of increased primary clarifier capacity. 
§ Construct 13 mgd of aeration basin and blower capacity. 
§ Construct 13 mgd of secondary clarifier capacity. 

 
 
The estimated total project cost of the facilities listed in Table 8-5 is $19,900,000.  This cost is based 
on the estimated capital cost of the required facilities.  Detailed cost estimates are presented in 
Appendix F.  
 
 
Theresa Street Alternative 2 - Treat Side-Streams from Solids Processing 
 
Alternative 2 involves upgrading the Theresa Street WWTF to handle an average annual flow of 
27 mgd, and a peak hourly flow of 47 mgd.  The side-stream from solids handling would be treated 
with a separate treatment process to reduce the organic load and oxidize the ammonia.  This side-
stream process provides an additional source of nitrifiers that would allow the Theresa Street 
activated sludge process to be operated at a lower SRT. 
 
The representative side-stream process would include an equalization basin, activated sludge basin, 
secondary clarifier, a sodium bicarbonate buffering system, and RAS and WAS pumping facilities, as 
well as the associated piping and pumping facilities to divert solids dewatering filtrate to the side-
stream process.  Other processes could be utilized for this alternative and should be investigated 
during preliminary design if Alternative 2 is implemented. 
 
Wet weather flows above 47.0 mgd would be temporarily stored in an equalization basin and then 
treated by the Theresa Street facility when influent flows returned to normal dry weather levels.  The 
predicted maximum flow rate to the Theresa Street influent is based on a peak flow of 
approximately 110 mgd (see Table 5-7). 
 
Table 8-6 lists the improvements required during the planning period under this alternative.  
Figure 8-4 shows a conceptual site plan for this alternative. 
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Table 8-6.  Theresa Street Alternative 2 – Year 2025 Required Improvements 
 

Treatment Component Description 
Side-Stream Treatment § Construct separate process for treatment of side-stream 

from solids handling. 
Increased nitrifying treatment 
capacity 

§ Construct 13 mgd of increased primary clarifier capacity. 
§ Construct 13 mgd of aeration basin and blower capacity. 
§ Construct 13 mgd of seconda ry clarifier capacity. 

 
 
The estimated total project cost of the facilities listed in Table 8-6 is $20,700,000.  This cost is based 
on the estimated capital cost of the required facilities.  A detailed cost estimate is included in 
Appendix F.  
 
 
Theresa Street Alternative 3 - Pretreat Cook Foods and Ammonia Side-Stream Treatment 
 
Alternative 3 is essentially a modified, scaled-down combination of Alternatives 1 and 2 and includes 
upgrades to the Theresa Street WWTF to handle an average annual flow of 27 mgd and a peak 
hourly flow of 47 mgd.  The Cook Foods COD would be reduced by approximately 90 percent with 
an anaerobic upflow reactor system.  This anaerobic upflow treatment system would be located at 
the Cook Foods plant site (or adjacent to it), and be operated by personnel from the Theresa Street 
WWTF.  The side-streams from solids handling would be treated with a separate treatment system 
to reduce the organic load and oxidize the ammonia.  This would provide an additional source of 
nitrifiers that would allow the activated sludge process to be operated at a lower SRT.   
 
Wet weather flows above 47.0 mgd would be temporarily stored in an equalization basin and then 
brought back into the Theresa Street facility when influent flows returned to normal dry weather 
levels.  The predicted maximum flow rate to the Theresa Street influent is based on a peak flow of 
approximately 110 mgd (see Table 5-7). 
  
This third alternative would reduce the amount of biosolids produced at the Theresa Street WWTF 
and would delay the need for a fourth anaerobic digester.  This alternative would also delay the 
requirement for an additional belt press. 
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Table 8-7 lists the improvements required during the planning period under this alternative.  
Figure 8-5 shows a conceptual site plan for this alternative. 
 
 

Table 8-7.  Theresa Street Alternative 3 – Year 2025 Required Improvements 
 

Treatment Component Description 
Anaerobic Upflow Reactor § Construct anaerobic up-flow reactor at Cook Foods.  

§ Construct biogas fired reactor heating system, including gas 
storage and flare at Cook Foods.  

§ Provide associated chemical feed systems, including 
phosphoric acid, urea, and soda ash at Cook Foods.  

§ Hire 1 additional staff to operate anaerobic system. 
Side-Stream Treatment § Construct treatment reactors, alkalinity feed system, line from 

solids dewatering effluent, effluent pumping station, and 
RAS/WAS pumping station. 

Increased Nitrifying 
Treatment Capacity 

§ Construct 13 mgd of increased primary clarifier capacity. 
§ Construct 13 mgd of aeration basin and blower capacity. 
§ Construct 13 mgd of secondary clarifier capacity. 

 
 
The estimated total project cost of the facilities listed in Table 8-7 is $19,400,000.  This cost is based 
on the estimated capital cost of the required facilities.  A detailed cost estimate is included in 
Appendix F.  
 
 
Theresa Street Alternative 4 – Expand Activated Sludge System 
 
Alternative 4 requires that the Theresa Street WWTF handle a maximum month flow of 27.0 mgd, 
and a peak hourly flow of 47.0 mgd.  The plant would require additional secondary treatment 
capacity of 13.0 mgd. 
 
Wet weather flows above 47.0 mgd would be temporarily stored in an equalization basin and be 
brought back into the Theresa Street facility when influent flows returned to normal dry weather 
levels.  The predicted maximum wet weather flow rate to the Theresa Street WWTF in 2025 is based 
on a peak flow of approximately 110 mgd (see Table 5-7). 
 
This alternative would not impact the amount of biosolids produced at the Theresa Street WWTF 
since an aerobic process would still be used to treat the side-stream.   
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Figure 8-5
Alternative 3 - Conceptual Site Plan
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Table 8-8 lists the improvements required during the planning period under this alternative.  
Figure 8-6 shows a conceptual site plan for this alternative. 
 
 

Table 8-8.  Theresa Street Alternative 4 – Year 2025 Required Improvements 
 

Treatment Component Description 
Increased secondary treatment 
capacity 

§ Construct 13 mgd of increased primary clarifier capacity. 
§ Construct 13 mgd of aeration basin and blower capacity. 
§ Construct 13 mgd of secondary clarifier capacity. 

 
 
The estimated total project cost of the facilities listed in Table 8-8 is $22,700,000.  This cost is based 
on the estimated capital cost of the required facilities.  A detailed cost estimate is included in 
Appendix F.  
 
 
Summary of Theresa Street WWTF Alternatives 
 
A comparison of the estimated costs for each of the alternatives considered is shown in Table 8-9 
and include only those costs associated with the facilities unique to the specific alternatives.  Other 
improvements common to all of the alternatives are presented later in this chapter.  
 
 

Table 8-9.  Alternative Capital Cost Summary 
 

Alternative Description Total Project Cost 
1 Pretreatment @ Cook Foods $19,900,000 
2 Side-stream Treatment of Filtrate Return $20,700,000 
3 Pretreatment @ Cook Foods and Side-stream Treatment 

of Filtrate Return 
$19,400,000 

4 All treatment @ Theresa Street WWTF $22,700,000 
 
 
Although the capital costs suggest that the alternatives that include pretreatment at Cook Foods or 
solids side-stream treatment are more economical than the more conventional wastewater treatment 
plant upgrade, the costs are reasonably close given the accuracy of the estimates and there are 
several mitigating issues that must be considered in selecting the preferred alternative.   
 
Both Alternative 1 and Alternative 3 involve the construction and operation of dedicated, off-site 
treatment facilities.  This condition involves substantial risk on the part of the City.  If for some 
reason Cook Foods were to go out of business or leave Lincoln, the capital investment in the off-
site treatment facilities could be lost.  In addition, there is a substantial increase in operation and 
maintenance costs associated with operation of a separate off-site facility. 
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Figure 8-6
Alternative 4 - Conceptual Site Plan
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Alternatives 2 and 3 involve a separate side-stream treatment process to treat sludge dewatering 
return flows prior to their re-introduction into the main liquid treatment stream.  This would reduce 
the organic and ammonia loading on the main liquid stream treatment system.  As a result, some 
components of the main system could be smaller.  The primary disadvantage of this separate side-
stream system is that it represents a totally separate treatment system that would require separate 
operation and maintenance.  It also represents a relatively new and therefore experimental process 
whose performance and subsequent impacts on the main treatment system are difficult to accurately 
quantify. 
 
 
Theresa Street WWTF Basic Improvements 
 
The following list identifies basic facility improvements required at the Theresa Street WWTF 
during the planning period regardless of the treatment alternative selected:   
 

§ Preliminary Treatment Improvements 
- South raw wastewater pumping station 
- North raw wastewater pumping station 
- Grit handling facilities  

§ Cogeneration facility improvements 
§ Anaerobic Digester complex improvements 

- Additional digester 
- Gas equalization or storage facility 
- Replace sludge valves on heating loop 
- Replace gas mixers/compressors 

§ West Side process improvements 
- Primary sludge pump replacement 
- Replace RAS pumps 
- New blowers 
- Secondary clarifier improvements 

§ East Side process improvements 
- Primary sludge pump replacement 
- Aeration system improvements 
- Secondary clarifier improvements 

§ DAF improvements 
§ Dewatering system improvements 
§ Maintenance shop rehabilitation 
§ Electrical improvements 
§ Collection system shop improvements 
§ Splitter structure improvements 
§ Administration building improvements 
§ Liquid waste handling facility improvements 
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§ General system improvements  
- Wet weather flow facilities 
- Side-stream flow equalization 
- Hydraulic capacity improvements 

§ General plant/site improvements  
- Replace potable water distribution system 
- On-line process control instrumentation facilities 
- Plant site flood protection 
- Outside lighting improvements 
- Pavement rehabilitation 
- Gas line service replacements 

 
The total project cost for these improvements is estimated to be approximately $51,800,000.  A 
detailed breakdown of this estimate is included in Appendix F.  
 
 
Northeast WWTF 
 
As with the Theresa Street WWTF, the capacity of the Northeast WWTF may be limited by two 
different factors; biological treatment capability and hydraulic capacity.  The evaluation performed as 
part of this facility planning process determined that the biological treatment capability of the 
Northeast WWTF is limited to approximately 4.4 mgd by the system’s ability to remove ammonia at 
low wastewater temperatures.  For the purposes of this evaluation, the existing Northeast WWTF 
capacity has been rounded to 5 mgd.  The hydraulic capacity of the existing Northeast WWTF is 
estimated to be approximately 37 mgd.   
 
The projected maximum 30-day flow for year 2025 is approximately 11 mgd, and for 2050 is 17 mgd 
(see Chapter 5).  Therefore, approximately 6 mgd of additional treatment capacity will be required at 
the Northeast WWTF by 2025 and another 6 mgd of capacity will be required to accommodate 2050 
flows.  It is assumed that the additional capacity will be provided in two expansion phases.  
 
Two alternatives for expanding nitrification capacity at the Northeast WWTF have been considered.  
The first involves elimination of the existing biotowers and expanding the activated sludge system to 
provide the required nitrification capacity.  The second alternative involves continuing use of the 
biotowers prior to activated sludge to provide the necessary nitrification capacity.  A preliminary 
evaluation indicates that the biotowers provide significant BOD5 reduction as well as contribute to 
the stability and enhance the nitrification rate realized in the activated sludge process.  Based on this 
preliminary information, it is recommended that the biotowers be refurbished and retained as a 
component of the Northeast wastewater treatment process.  Preliminary design for the Northeast 
WWTF expansion should further investigate continued use of the biotowers. 
 
Return flow from the sludge storage basin represents a significant ammonia loading at the Northeast 
facility that has historically occurred only on an intermittent basis.  This intermittent ammonia 
loading promotes inconsistency in the effectiveness of ammonia removal and can negatively impact 
effluent quality.  Two alternatives were considered to mitigate the negative impact of this return 
flow: 
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1. Construct a separate pipeline from the sludge storage basin to the Northeast facility 
to allow the return flow to be returned to the treatment process on a constant basis. 

 
2. Construction of flow equalization facilities a t the Northeast WWTF to allow the 

return flow to be introduced into the treatment process at a constant rate. 
 
A return pipeline is currently planned to return cooling water from the new Lincoln Electric Power 
Generation Facility to the Northeast WWTF.  It is recommended that this pipeline be utilized to 
return supernatent from the sludge storage basin to the Northeast WWTF.  This will minimize the 
capital cost of facilities associated with returning supernatent at a consistent rate. 
 
The estimated cost associated with expansion of the Northeast WWTF to provide nitrification 
capacity to accommodate the projected 2025 flows is presented in Table 8-10. 
 
 

 Table 8-10.  Northeast WWTF Phase I Expansion Cost 
 

Description Estimated Cost 
1st Phase Expansion $11,600,000 

 
 
A detailed breakdown of these costs is provided in Appendix G. 
 
The projected peak design flow for the year 2025 is 1.75 times the average daily flow, or about 
14 mgd.  Even though the Northeast facilities have the hydraulic capacity to handle peak flows in 
excess of 14 mgd, it is recommended that peak flows above that flow be handled with the wet 
weather facilities to avoid the process upsets that may result from extreme hydraulic surges. 
 
Sizing for wet weather equalization facilities was based on historical flow data from 1990 to the 
present.  From this data a 2025 peak wet weather flow of 46 mgd was identified for the Northeast 
WWTF (see Chapter 5). The design parameters for wet weather flow facilities should be assessed in 
more detail during preliminary design of the wet weather facilities. 
 
As indicated in Chapter 4, the Northeast WWTF currently produces more sludge than can be 
agronomically applied at the disposal site.  At the current sludge production and agronomic loading 
rates, it is anticipated that over 550 acres of land are required for Northeast sludge injection.  The 
facility currently has only 440 acres; therefore, action to obtain more land for sludge disposal or 
adopt some other mechanism for disposing of sludge from the Northeast WWTF should be taken 
soon.  In the interim, sludge may be hauled to the Theresa Street WWTF for dewatering. 
 
At 2025 sludge production rates, it is expected that over 800 acres will be required for agronomic 
application of biosolids generated at the Northeast facility.  If adequate agricultural land can be 
obtained at the Northeast biosolids site to accommodate future biosolids application requirements, it 
is recommended that dedicated land application of Northeast biosolids continue.  If adequate 
agricultural land at or near the existing site is not available, an alternative biosolids handling method 
should be adopted. 
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One alternative for a long-term dewatering operation is to construct a sludge drying bed adjacent to 
the sludge storage basin.  Sludge could be pumped from the storage basin into the sludge drying bed 
during the summer and hauled to application sites on private agricultural lands in the fall.  Paved 
drying beds for the Northeast WWTF with concrete containment walls and no underdrain system 
are estimated to cost approximately $5.5 million. 
 
Other options for handling Northeast sludge include constructing mechanical dewatering facilities at 
the Northeast WWTF or pumping or trucking liquid sludge from the Northeast WWTF to the 
Theresa Street facility for handling prior to land application with the Theresa Street biosolids.  
Sludge drying beds have been evaluated only to determine a cost for additional sludge handling 
facilities and are not necessarily recommended.  Further evaluation of sludge handling alternatives 
should be undertaken as part of the preliminary design for the Northeast WWTF improvements. 
 
 
Northeast WWTF Basic Improvements 
 
In addition to the basic need to provide additional nitrification and sludge handling capacity, the 
Lincoln wastewater management staff has identified several other improvements necessary at the 
Northeast WWTF. 
 
Based on information provided by Lincoln wastewater management staff, the following basic 
improvements need to be addressed at the Northeast WWTF during this planning period. 

 
§ Upgrade operations control center 
§ Replace raw wastewater pumps 1, 2, and 3 
§ Improve grit removal facilities 
§ Primary Sludge Pumping Building & Clarifiers 

- Replace clarifier sludge collector assemblies in a 5-10 year period 
- Replace weirs 
- Scum pits need rehab due to corrosion. 

§ Refurbish biotowers 
§ Secondary clarifier improvements 
§ Maintenance shop improvements 
§ Sludge handling system improvements 

- Digester improvements 
- Sludge utilization system improvements 

§ General system improvements 
- Wet weather flow facilities 
- Sludge storage return flow equalization 

§ General plant/site improvements 
- Replace outside facility lighting – needs new conduit & circuit 
- Repair and replace sidewalks and roads as required 
- Upgrade entrance gate structure 

 
A proposed site layout for the Northeast WWTF is shown in Figure 8-7. 



P:\Data\GEN\Lincoln\21307\PDF Documents\Chapter 8 PDF.doc  8-32 

 
The estimated total project cost of these basic improvements is $26,900,000.  A detailed breakdown 
of this estimate is included in the Appendix G.  
 
Further discussion of the alternatives for expanding and upgrading the Theresa Street and Northeast 
WWTFs and planning recommendations for each facility are presented in Chapter 9. 
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CHAPTER 9 
 

PREFERRED WASTEWATER MANAGEMENT SYSTEM 
 
 
The discussion in this chapter is based on the assumption that the NDEQ will impose ammonia 
limits on the City of Lincoln.  It is assumed that these requirements will become effective with the 
issuance of new discharge permits for both the Theresa Street and Northeast WWTFs, which are 
expected sometime in 2003.  It is also assumed that a compliance period will be allowed before 
compliance with the new standards is required.  An additional assumption is tha t the SSO 
regulations will be adopted in a form similar to that currently proposed. 
 
 
Preferred System Description 
 
The preferred or recommended wastewater management system for the City of Lincoln to provide 
wastewater collection and treatment services through 2025 includes: 
 

1. Upgraded and expanded wastewater collection facilities to accommodate existing needs 
and serve areas of new development within the Lincoln wastewater service area. 

2. Upgrade and expansion of the Theresa Street WWTF to provide full nitri fication 
treatment capacity for a maximum month flow of 27 mgd plus peak wet weather 
capacity to handle flows of 110 mgd. 

3. Upgrade and expansion of the Northeast WWTF to provide full nitrification treatment 
capacity for a maximum month flow of approximately 11 mgd plus peak wet weather 
capacity to handle flows of 46 mgd. 

 
Details regarding each aspect of the preferred system are presented in subsequent paragraphs. 
 
The pipeline alignments and wastewater treatment facility descriptions included herein were 
developed for planning purposes only.  Design assumptions and specific criteria should be further 
investigated and defined when specific project implementation begins.  Although the final design 
features may deviate from those described herein, these facilities are representative of the facilities 
needed by the City of Lincoln and can be used reliably for long-range planning. 
 
Collection System Improvements.  A number of improvements to the existing wastewater 
collection system are recommended.  These recommendations are summarized in Table 8-1 in 
Chapter 8.   
 
The Lincoln wastewater collection system must also be expanded to accommodate anticipated 
growth.  The costs associated with the collection system improvements and upgrades recommended 
to serve future growth are summarized in Tables 9-1 and 9-2.  Table 9-1 summarizes the collection 
system improvements and upgrades recommended to meet service needs within the next 25 years.   
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Basin Upstream Manhole
Downstream 

Manhole

Existing 
Line 

Diameter 
(in)

Length 
(ft) Total $ Notes

Priority A
Antelope Creek D1-302 D2-42 30 5,704      770,000         24" pipe to parallel this line

Beals Slough B1-239 SVT Relief Sewer varies 7,400 1,740,000       36" pipe to parallel this line (Phase I)
Beals Slough C0-119 B1-239 varies 13,000 3,060,000       36" pipe to parallel this line (Phase II)
Beals Slough extends to the east new manhole 27 2,900      480,000         Extension of 27" line
Beals Slough extends to the south D0-62 30 5,600      1,090,000       Extension of 30" line

Little Salt Creek C7-343 C7-342 varies N A 200,000         3-2400 gpm pumps needed
Little Salt Creek Lift station C-11 TSP varies 7,427      1,750,000       36" pipe to parallel this line

Lynn Creek A9-63 A9-62 10 200         30,000           Pipe burst to a minimum 12" diameter
Lynn Creek B8-67 B7-342 21 780         200,000         Pipe burst to a minimum 24" diameter
Lynn Creek B7-341 B7-340 24 503         140,000         Pipe burst to a minimum 27" diameter

NE Salt Creek extends to the north NEP N A 10,025    2,360,000       Stubout of 36" line to the north
Oak Creek AA7-10 AA7-6 27 452 90,000           36" pipe to parallel this line
Oak Creek extends to the north AA8-166 30 840         160,000         Stubout of 30" line to the north
Oak Creek AA7-21 AA7-10 27 2,196      300,000         24" pipe to parallel this line
Oak Creek AA7-6 AA7-298 30 2,365      560,000         36" pipe to parallel this line
Oak Creek A6-209 A6-208 48 98           40,000           54" pipe to parallel this line
Oak Creek B6-321 B6-319 54 438         70,000           27" pipe to parallel this line
Oak Creek B6-318 B6-76 27 119         20,000           27" pipe to parallel 54" line
Salt Creek Old Cheney Rd Pioneer Blvd 24 5572 1,730,000       48" pipe to parallel this line (Phase V)
Salt Creek Pioneer Blvd Van Dorn Pkwy 36 6350 2,950,000       60" pipe to parallel this line (Phase IV)
Salt Creek Van Dorn Pkwy "M" St 42 9396 4,370,000       60" pipe to parallel this line (Phase III)
Salt Creek "M" St Vine St 48 4635 3,480,000       78" pipe to parallel this line (Phase IIB)
Salt Creek extends to the south B0s-37 48 5,000      1,550,000       Construct 48" pipe

West "O" Street extends to the west new manhole 36 4,650      1,090,000       Stubout of 36" line to the west
West Salt Creek extends to the south B0-151 N A 7,500      3,490,000       New construction of 60" pipe

West Stevens Creek N A N A N A 11,000    6,820,000       New construction of 72" pipe
West Stevens Creek N A N A N A 7,000      5,040,000       New construction of 78" pipe
West Stevens Creek N A N A N A 4,500      4,500,000       New construction of 102" pipe

Other Improvements 10,000,000     
58,080,000     

Priority B
Deadmans Run D5-153 C6-195 varies 11,265 1,580,000       21" pipe to parallel this line
Haines Branch extends to the south B3-472 8 & 12 5,300      2,170,000       Replace with 36" line
Middle Creek A3-191 A4-21 varies 10,000    4,650,000       Replace or parallel with new 42" pipe

West  "O" A4-66 B5-57 12 3357 740,000         30" pipe to parallel this line
West Stevens Creek N A N A N A 8,000      3,120,000       New construction of 54" pipe
West Stevens Creek N A N A N A 10,000    5,400,000       New construction of 66" pipe

Other Improvements 6,500,000       
24,160,000     

Total: 82,240,000     
NA = Not Applicable.

Table 9-1.  Summary of Recommended Trunk Sewer Improvements to Serve Tier I Needs (A & B Priority).



 

 
Table 9-2.  Summary of Recommended Collection System Improvements to Serve  Tier II Needs 

        

Basin Upstream Manhole 
Downstream 

Manhole 

Existing 
Line 

Diameter 
(in) Length (ft) 

Unit 
Cost* ($) Total $ Notes 

Little Salt Creek C7-343 C7-342 varies  NA     65,000             65,000 1 additional pump needed to fill out ex. sta. (C-11 - 2400gpm) 
Middle Creek AA3-11 A3-191 varies             2,610         465        1,214,000 Replace or parallel line with new 42" pipe 
Middle Creek A4-21 A4-206 21  NA     65,000             65,000 One 2400 gpm pump in lift station (C-9) if there is room 

Salt Creek extends to the east prop. 48" line NA             4,850         235        1,140,000 New construction of 36" pipe 
West "O" Street A5-141 A5-42 varies  NA  NA            400,000 New lift station (replacing C-8) with two pumps rated at 2400 gpm
West Salt Creek extends to the south prop. 60" line NA            16,700         465        7,766,000 New construction of 60" pipe 

West Stevens Creek NA NA NA             7,000         235        1,645,000 New construction of 36" pipe 
West Stevens Creek NA NA NA             9,000         285        2,565,000 New construction of 42" pipe 
West Stevens Creek NA NA NA             5,700 465        2,650,500 New construction of 60" pipe to serve East Stephens Creek 
        Tier II total  $   17,510,500   
**NA = Not Applicable.        
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All costs are presented in 2002 dollars.  Future development in the Lincoln service area may vary in 
both timing and location from what is projected in this report.  As development occurs, the 
wastewater collection service plan should be revised and updated appropriately.   
 
Theresa Street WWTF Improvements.  For the Theresa Street WWTF, Alternative 4 as presented 
in Chapter 8 is the preferred alternative.  Alternatives 1 and 3 were ruled out primarily because of 
the risk of implementing capital improvements at a remote facility (Cook Foods) and then having 
that facility close for some reason in the future.  Alternatives 2 and 3 include the implementation of 
a side-stream treatment train to reduce the organic and ammonia loading on the main treatment 
facility.  Although this is a viable alternative and worth investigating, it is only experimental at this 
time and the precise impact on the main treatment facility is uncertain.  There are few operating 
facilities that treat strictly an ammonia laden side-stream.  A more conventional method of handling 
the side-stream would be flow equalization to allow consistent return of the dewatering filtrate to the 
main process flow stream.  This approach has been incorporated into Alternative 4.  Therefore, 
Alternative 4 is identified as the most prudent approach to provide long-term nitrification capacity at 
the Theresa Street WWTF at this time.   
 
Northeast WWTF Improvements.  It is recommended that the additional nitrification capacity 
required at the Northeast WWTF be provided through refurbishing the biotowers and expansion of 
the activated sludge system.  There is a question of the cost effectiveness of rehabilitating the 
existing biotowers, and it is recommended that this issue be investigated thoroughly as part of the 
preliminary design effort for the Northeast WWTF nitrification expansion project. 
 
Wet Weather Flows.  For both the Theresa Street and Northeast WWTFs, it is recommended that 
excess wet weather flows be handled with off-line storage or other facilities that will allow the degree 
of treatment required by the SSO regulations without excessively oversizing the wastewater 
treatment facilities. 
 
Figure 9-1 shows the recommended collection system facilities associated with the preferred system 
(Tier I improvements) and Figures 9-2 and 9-3 depict general site plans for the recommended Theresa 
Street and Northeast treatment facilities respectively.   
 
 
General Considerations 
 
In implementing the specific improvements indicated for the WWTFs, it is recommended that 
consideration be given to the following issues: 
 

1. Odor Control – It is anticipated that odor control will become an increasingly 
important aspect of wastewater treatment for the City of Lincoln.  It is 
recommended that all projects involving improvements to potentially odor 
generating wastewater treatment processes include installation of appropriate odor 
mitigation measures.  Air pollution control requirements should also be addressed in 
conjunction with odor control. 
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RECOMMENDED TIER I COLLECTION SYSTEM IMPROVEMENTS
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Figure 9-2
Recommended Conceptual Theresa Street Site Plan
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2. Additional Nitrification Capacity – As indicated by the population projections 

presented in Chapter 3 and the wastewater flow and loading projections presented in 
Chapter 5, it is anticipated that the population of the Lincoln Wastewater Service 
area will continue to grow beyond 2025.  For this reason, it is recommended that 
consideration be given in all improvement projects at both the Theresa Street and 
Northeast WWTFs to the need for facilities to accommodate wastewater treatment 
capacity requirements beyond 2025. 

 
3. Future Treatment Requirements – As discussed in Chapter 6, it is anticipated that 

nutrient limits may be placed on discharges from both the Theresa Street and 
Northeast WWTFs at some point in the future.  Planning for any additional 
treatment or auxiliary facilities at the Theresa Street or Northeast WWTF sites 
should give consideration to the space and hydraulic requirements of facilities that 
may be required in the future to accommodate nutrient removal.  It may be necessary 
to purchase additional land adjacent to the existing treatment sites to accommodate 
this recommendation.  Figures 9-4 and 9-5 show possible locations and site area 
requirements associated with facilities to accommodate potential future treatment 
requirements. 

 
 
Preferred Treatment System Costs 
 
Tables 9-3 and 9-4 summarize the estimated capital costs of the treatment facilities recommended to 
meet future needs from 2002 through 2025.  The costs in these tables are total project costs and include 
allowances for planning, pre-design, design, bidding, construction, construction management, start-up, 
legal, and administration costs.  All costs are stated in terms of 2002 dollars. 
 
 
Implementation of Preferred System 
 
It is recommended that the preferred system be implemented in stages over multiple years.  The 
timing for construction of the recommended facilities system is contingent upon promulgation of 
future regulations and service area population growth rates.  Adjustments to the timing of facilities 
construction may be required as future development occurs and regulations and discharge limits are 
adopted. 
 
Figure 9-6 depicts the anticipated implementation schedule for the selected improvements.  The 
schedule includes the time required for total project implementation beginning with preliminary 
design and concluding with start-up.  The implementation schedule is divided into three categories:  
 

1. Collection System,  
2. Theresa Street WWTF, and  
3. Northeast WWTF.   

 
Each of these categories is discussed individually in the following paragraphs: 
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Figure 9-4
Theresa Steet WWTF Conceptual Site Plan-Future
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Figure 9-6  Lincoln Capital Improvement Schedule
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Collection System Improvements

Theresa Street WWTF

1 Nitrification Capacity

2 Preliminary Treatment Improvements

3 Cogeneration facility improvements

4 Anaerobic digester complex improvements

5 West Side Process Imrpovements

6 East Side Process Improvements

7 DAF Improvements

8 Dewatering system improvements

9 Maintenance Shop

10 Electrical improvements

11 Upgrade collection system shop

12 Admin bldg improvements

13 Liquid Waste Handling Facilities

14 General system improvements

15 Site improvements
Northeast WWTF

1 Nitrification Capacity

2 Replace raw wastewater pumps

3 Grit removal improvements

4 Primary Clarifiers & Sludge Pumping

5 Final Clarifiers & Sludge Pumping

6 Maintenance Shop Improvements

7 Sludge handling system improvements

8 General system improvements
9 Site improvements
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Table 9-3.  Theresa Street WWTF Estimated Capital  

Improvement Costs (2003 through 2025) 
 

Item Total Project Cost 

13 mgd Additional Nitrification Capacity $22,700,000 

Preliminary Treatment Improvements $6,400,000 

Cogeneration Facility Improvements $300,000 

Anaerobic Digester Complex $6,600,000 

West Side Process Train $2,600,000 

East Side Process Train $6,600,000 

Dissolved Air Flotation $2,500,000 

Sludge Dewatering System Improvements $5,800,000 

Maintenance Shop Rehabilitation $600,000 

Electrical System Improvements $500,000 

Collection System Shop Upgrade $500,000 

Administration Building Improvements $600,000 

Liquid Waste Handling Facility Improvements $1,300,000 

General Hydraulic and System Improvements $30,500,000 

General Plant Site $2,500,000 

Total Estimated Project Cost $90,000,000 
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Table 9-4.  Northeast WWTF Estimated Capital  
Improvement Costs (2003 through 2025) 

 

ITEM Total Project Cost 

6 mgd Nitrification Capacity $11,600,000 

Operations Center Upgrade $3,100,000 

Raw Wastewater Pumps Replacement $1,500,000 

Grit Removal Improvements $1,000,000 

Primary Sludge Clarifiers and Pumping Improvements $1,200,000  

Refurbish Biotowers $2,500,000  

Secondary Clarifier Improvements $1,200,000  

Maintenance Shop Improvements $300,000  

Sludge Handling System Improvements $9,000,000 

General Hydraulic and System Improvements $23,000,000  

General Site Improvements $600,000 

Total Estimated Project Cost $55,000,000 

 
Collection System.  The timing of collection system improvements is driven by capacity needs.  
The downstream section of the Salt Valley system is in need of relief in the near future.  Other 
interceptor sections of the Salt Valley system, along with the Little Salt Creek collection facilities, are 
projected to need relief capacity within the next 6 years.  Due to the potential increase in service area 
identified in the 2002 Lincoln/Lancaster County Comprehensive Plan, significant investments in the 
Salt Valley relief sewer may again be required in 5 to 7 years and again in 12 to 18 years.   
 
The collection system improvements are driven by growth.  Therefore, any change in anticipated 
growth patterns or rates will necessitate a subsequent change in the required timing of the collection 
system improvements.  In addition to the needs identified herein, the City also must repair and/or 
replace other portions of the collection system that fail due to age, damage, or unforeseen 
circumstances.  An allowance should be provided in the capital improvement budget to address 
these situations when they occur. 
 
Theresa Street WWTF.  Since the Theresa Street WWTF does not have sufficient nitrification 
capacity to handle current or projected flows, significant improvements will be required as soon as 
effluent ammonia limits are imposed and final compliance dates are established.  These include 
demolishing the trickling filter system and replacing it with a new nitrifying activated sludge system.  
This new system should provide sufficient nitrifying capacity so the entire Theresa Street WWTF 
can comply with ammonia limits through 2025. 
 



P:\Data\GEN\Lincoln\21307\PDF Documents\Chapter 9 PDF.doc  9-14 
 

Because of the expected timing of a national policy regarding SSOs, it is recommended that 
construction of any facilities related to treatment of peak wet weather flows be deferred until the 
policy is adopted.  However, it is recommended that preliminary engineering begin as soon as 
possible to define the type, size, and location of facilities necessary to handle peak wet weather 
flows.  Any changes to the treatment system undertaken before the SSO policy is adopted should be 
designed to accommodate the planned peak wet weather flow facilities.  
 
Northeast WWTF.  As with the Theresa Street WWTF, the Northeast WWTF does not have 
adequate nitrification capacity to treat existing or projected wastewater flows.  Therefore, expansion 
of the Northeast wastewater treatment capacity should be considered as soon as effluent ammonia 
limits are imposed. 
 
The City of Lincoln does have the capability to divert a portion (up to 4 mgd) of the wastewater 
normally treated at the Northeast WWTF to the Theresa Street WWTF for treatment.  This 
capability provides the City of Lincoln the opportunity to defer the capital investment required to 
increase the nitrification capacity of the Northeast WWTF for some period of time, probably 5 to 
10 years.  This capability may be limited to some extent by the digester capacity available at Theresa 
Street WWTF.  However, the seasonal loading variations typically experienced are expected to result 
in sufficient digester capacity loading available at Theresa Street to accommodate Northeast 
diversion requirements through 2012. 
 
It is recommended that the City utilize this flow diversion capability to defer the major capital 
improvements required to increase the nitrifying capacity of the Northeast WWTF.  This will allow 
the City to spread the needed capital improvements over a longer period of time and subsequently 
reduce the immediate capital outlay. 
 
Immediate improvements recommended at the Northeast WWTF include the installation of 
facilities to reduce the impact of sludge supernatent return flows on the wastewater treatment 
process, acquisition of more land for sludge utilization or other provisions to increase sludge 
disposal capacity, and renovation of the existing biotowers.  The other improvements identified in 
Chapter 8 for the Northeast WWTF should be implemented as the needs develop. 
 
As discussed above, the expected timing of a national policy regarding SSOs suggests deferring any 
projects related to treatment of peak flows until the policy is available.  It is recommended that 
preliminary engineering begin as soon as possible to define the type, size, and location of facilities to 
handle peak wet weather flows and that any treatment system improvements implemented before 
the SSO regulations are promulgated be designed to accommodate the planned peak flow facilities. 
 
Cooling water from the new Lincoln Electric Power generation facility is to be returned to the 
Northeast WWTF for treatment.  Information on the quantity, quality, and temperature of this 
return flow was not available at the time of this writing.  The preliminary design for any 
improvements at the Northeast WWTF should address the issue of this return flow. 
 
As discussed previously, it may be possible to utilize the pipeline that returns the power plant 
cooling water to the Northeast WWTF to convey supernatent from the sludge storage lagoon to the 
Northeast WWTF as well.  This possibility should be investigated more thoroughly during 
preliminary design. 
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Anticipated Capital Expenditures  
 
The projected Tier I collection system trunk sewer improvements are presented in Table 9-1.  The 
schedule for implementing these improvements depends largely on the timing and location of 
growth within the Lincoln wastewater service area.  The Tier I collection system trunk sewer 
improvements are expected to cost approximately $82,000,000 and to be implemented between 2003 
and 2025.  In addition to the specific costs identified for the collection system trunk lines, other 
system capital costs of $32,000,000 are also anticipated for the period from 2003 to 2025.  These 
costs have been incorporated into the costs presented in Figure 9-7.   
 
The anticipated capital costs for the Theresa Street and Northeast WWTFs over the period from 
2003 to 2025 are expected to be $90,000,000 and $55,000,000, respectively.  
 
These anticipated capital costs are summarized in Table 9-5. 
 

Table 9-5.  Tier I Improvement Costs1 

 
 Tier I (25-Year) Costs 

Collection System Trunks Sewers $82,000,000 

Theresa Street WWTF Improvements $90,000,000 

Northeast WWTF Improvements $55,000,000 

General System Improvements $32,000,000 

Totals Costs $259,000,000 
1 All costs are in 2002 dollars.  

 
 
Figures 9-8 and 9-9 present the anticipated capital improvement funding requirements for the 
Theresa Street and Northeast WWTF improvements respectively.  These figures represent a 
schedule of the expenditures necessary to implement the preferred system according to the schedule 
shown on Figure 9-6.   
 
Figure 9-10 presents the anticipated combined capital expenditures for the collection system and the 
Theresa Street and Northeast WWTFs for the period from 2003 through 2025.  All of the values 
shown in Figures 9-7, 9-8, 9-9, and 9-10 are presented in 2002 dollars.   



Figure 9-7  Lincoln WW Collection System Projected Capital Expenditures
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Figure 9-8  Theresa Street WWTF Projected Capital Expenditures
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0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

Year

E
xp

en
d

it
u

re
 (

$1
,0

00
,0

00
)



Figure 9-9 Northeast WWTF Projected Capital Expenditures
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GLOSSARY 
 
 
AACE American Association of Cost Engineers 
acres/mgd Acres per Million Gallons per Day 
ADA  Americans with Disabilities Act 
ADF Average Daily Flow  
BOD5 5-Day Biochemical Oxygen Demand 
BFP Belt Filter Press 
CAA Clean Air Act 
CAAA Clean Air Act Amendments 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
cfs Cubic Feet per Second 
CFU Colony Forming Units 
CFU/gTs Colony Forming Units per Gram of Total Solids 
CIP Capital Improvement Plan 
City City of Lincoln 
COD Chemical Oxygen Demand 
CWA Clean Water Act 
CWAP Clean Water Action Plan 
ENR Engineering News-Record  
EPA Environmental Protection Agency 
gal/acre/day Gallons per Acre per Day 
gal/capita/day Gallons per Capita per Day 
gal/mg Gallons per Million Gallons 
gpcd Gallons per Capita per Day 
gpd Gallons per Day 
gpd/ft2 Gallons per Day per Square Foot 
gpm Gallons per Minute 
gts Gram of Total Solids 
HAP Hazardous Air Pollutant 
HRT Hydraulic Retention Time 
I/I Infiltration and Inflow  
kg/ha/yr Kilograms per Hectare per Year 
kW Kilowatts 
lbs/acre/yr Pounds per Acre Per Year 
lbs/capita/day Pounds per Capita Per Day 
lb/day Pounds per Day 
lbs/hr Pounds per Hour 
lbs/MG Pound per Million Gallons 
lf Linear Feet 
MACT Maximum Achievable Control Technology 
mgd Millions of Gallons per Day 
mg/kg Milligrams per Kilogram 
mg/L Milligrams per Liter 
mL Milliliter 
ml/g Milliters per Gram 
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MLSS Mixed Liquor Suspended Solids 
MMF Maximum Monthly Flow  
MPM/gTs Most Probable Number per Gram of Total Solids  
NAAQS National Ambient Air Quality Standards  
N/acre/yr Nitrogen per Acre per Year 
NDEQ Nebraska Department of Environmental Quality 
NH3–N Ammonia Nitrogen 
N/L Nitrogen per Liter 
NPDES National Pollutant Discharge Elimination System 
NRC National Research Council 
NTU Nephelometric Turbidity Units 
O&M Operation and Maintenance 
PDF Peak Daily Flow  
PE Primary Effluent 
PFRP Process to Further Reduce Pathogens 
PM Particulate Matter 
POTWs Publicly Owned Treatment Works 
ppd Pounds per Day 
PVC Polyvinyl Chloride (Plastic) 
PWWF Peak Wet Weather Flow 
RAS Return Activated Sludge 
RAS/WAS Return Activated Sludge/Waste Activated Sludge 
RCP Reinforced Concrete Pipe 
RCRA Resource Conservation and Recovery Act 
SCWQS Salt Creek Water Quality Studies 
SPA State Point Analysis 
SRT Solids Retention Time 
SSO Sanitary Sewer Overflow 
SVI Sludge Volume Index 
TACs Toxic Air Contaminants 
TCLP Toxicity Characteristics Leaching Procedure 
TKN Total Kjeldahl Nitrogen 
TMDL Total Maximum Daily Load 
TP Total Phosphorus 
tpy Tons per Year 
TSS Total Suspended Solids  
ug/l Micrograms per Liter 
USEPA U.S. Environmental Protection Agency 
UV Ultraviolet 
VOC Volatile Organic Compound 
VS/day/cu ft Volatile Solids per Day per Cubic Feet 
VS/mg Volatile Solids per Million Gallons 
VSS Volatile Suspended Solids 
WAS Waste Activated Sludge 
WERF Water Environment Research Foundation 
WET Whole Effluent Toxicity 
WLA Wasteload Allocations 
WWTF Wastewater Treatment Facility 
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TECHNICAL MEMORANDUM 
 
RE:   Hydraulic Profiles for Theresa Street and Northeast WWTP 
 
TO :  Drury Whitlock 
 
FROM:  Mark Richards 
 
DATE:  August 28, 2001 
 
--------------------------------------------------------------------------------------------------------------------------------- 
Theresa Street – East Side 
 

Calibration:  Calibration was performed at 22.5 mgd through existing system.  (15 mgd through 
Eastside and 7.5 mgd though Westside) 
 
RAS: 50 percent RAS flow of baseflow was assumed. 
 
Aeration  Recircul ation:. No aeration recirculation was included for calibrations.  8-mgd aeration 
recirculation was used for the capacity runs. 
 
Capacity: Capacity runs were performed at 16.6,20,26.6, and 33.4 mgd through the Eastside. 

 
Conclusion:  This section was very difficult to calibrate.  Many of the water surfaces in the 
hydraulic profile appear to be speculative, and require entering friction coefficients well outside of 
the range of normal operations.   

 
Summary of Results 
 

Element Flow (mgd) Weir Elev. (ft) Top of Wall Elev. (ft) Water Surface (ft) 
16.6 45.06 
20 45.18 

26.6 45.69 

Final Junction MH 

33.4 

 46 

45.92 
16.6 45.71 
20 46.13 

26.6 47.37 

Final Channel in 
Chlorine Tank 
(below weir) 

33.4 

45.33 47.5 

48.53 
16.6 46.49 
20 46.90 

26.6 47.94 

Initial Channel in 
Chlorine Tank 

33.4 

 47.5 

49.10 
16.6 46.93 
20 47.38 

26.6 48.77 

Distribution Box 
No. 2 

33.4 

 48 

50.43 
16.6 47.08 
20 47.56 

26.6 49.07 

Launder in Final 
Clarifier  (below 
weir) 

33.4 

48 49.5 

50.91 
16.6 47.97 
20 47.98 

26.6 49.07 

Weir in Final 
Clarifier (above 
weir) 

33.4 

48 49.5 

50.91 
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Element Flow (mgd) Weir Elev. (ft) Top of Wall Elev. (ft) Water Surface (ft) 

16.6 48.65 
20 48.96 

26.6 50.82 

End of Aeration 
Basin (below weir) 

33.4 

50.33 56.5 

53.64 
16.6 51.44 
20 51.50 

26.6 51.66 

Initial Basin in 
Aeration Basin 

33.4 

 56.5 

53.65 
16.6 52.34 
20 52.46 

26.6 52.67 

Launder in Primary 
Clarifier (below 
weir)  

33.4 

54.0 55.5 

54.48 
16.6 53.94 
20 53.94 

26.6 53.96 

Weir in Primary 
Clarifier (above 
weir) 

33.4 

54.0 55.5 

54.48 
16.6 54.34 
20 54.53 

26.6 55.00 

Distribution Box 
No. 1 

33.4 

56.75 61.5 

56.11 
16.6 58.61 
20 59.28 

26.6 60.95 

Final Channel in 
Aerated Grit Basin 
(below weir) 

33.4 

58.75 61.5 

63.05 
16.6 61.40 
20 61.52 

26.6 61.89 

Initial Channel in 
Aerated Grit Basin 
(above weir) 

33.4 

60.5 61.5 

63.38 
 
Major Elements:   
 

Final Junction MH 
 
Channel in Chlorine Tank  : water surface was less that 0.5 from top of wall at 26.6 mg d 
 
Final Clarifier :  the water surface was within 0.5 ft top of wall at 26.6 mgd and overflowed wall at 
33.4 mgd.  The initial channel overflowed wall at 20 mgd. 
 
Distribution Box No. 2:  water surface overflowed wall at 26.6 mgd 
 
Final Clarifier : water surface was within 0.5 ft from top of wall at 26.6 mgd and overflowed wall 
at 33.4 mgd .  Launder and weir are submerged at 26.6 mgd 
 
Aeration Basin:  final weir is submerged at 26.6 mgd 
 
Primary Clarifier   Launder and weir are submerged at 33.4 mgd 
 
Distribution Box No. 1:  no problems at 33.4 mgd 
 
Aerated Grit Basin . Final weir is submerged at 20 mgd and water surface overflowed top of wall 
at 20 mgd in the initial channel. 
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Theresa Street – West Side 
 

Calibration: no calibration was performed, as there was no water surface data against which to 
calibrate. 
 
RAS: 50 percent RAS flow of baseflow was assumed. 
 
Aeration  Recirculation: Assuming no internal recirculation 
 
Capacity:  Capacity Runs were performed at 7.5, 10.0, 12.5, and 15.0 mgd. 
 
Conclusion:  Since no data was available from which to calibrate, the results of the is hydraulic 
profile should no be used for design or operation purposes.   Typical friction loss coefficient 
values were chosen. 

 
Summary of Results 
 

Element Flow (mgd) Weir Elev. (ft) Top of Wall Elev. (ft) Water Surface (ft) 
7.5 45.0 
10.0 45.18 
12.5 45.42 

Final Junction MH 

15.0 

 46 

45.70 
7.5 45.53 
10.0 46.13 
12.5 46.89 

Final Channel in 
Chlorine Tank 
(below weir) 

15.0 

45.33 47.5 

47.82 
7.5 46.38 
10.0 46.90 
12.5 47.52 

Initial Channel in 
Chlorine Tank 

15.0 

 47.5 

48.39 
7.5 46.73 
10.0 47.38 
12.5 48.27 

Distribution Box 
No.1 

15.0 

 48 

49.47 
7.5 46.75 
10.0 47.42 
12.5 48.33 

Junction Box (after 
Final Clarifier) 

15.0 

  

49.55 
7.5 47.52 
10.0 47.56 
12.5 48.44 

Launder in Final 
Clarifier  (below 
weir) 

15.0 

49.25 51.0 

49.69 
7.5 49.21 
10.0 49.22 
12.5 49.22 

Weir in Final 
Clarifier (above 
weir) 

15.0 

49.25 51.0 

49.69 
7.5 49.44 
10.0 49.63 
12.5 49.87 

Channel Junction 
Box (next to 
overflow) 

15.0 

53.0 55.0 

50.62 
7.5 49.60 
10.0 49.92 
12.5 50.32 

End of Aeration 
Basin (below weir) 

15.0 

53 55.0 

51.27 
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Element Flow (mgd) Weir Elev. (ft) Top of Wall Elev. (ft) Water Surface (ft) 
7.5 53.5 
10.0 53.63 
12.5 53.76 

Initial Basin in 
Aeration Basin 
(below weir) 

15.0 

 55.0 

53.88 
7.5 53.55 
10.0 53.71 
12.5 53.89 

Distribution Box 
above Aeration 
Basin (next to 
overflow) 15.0 

55.5 57.5 

54.07 
7.5 56.11 
10.0 56.21 
12.5 56.31 

Launder in Primary 
Clarifier (below 
weir)  

15.0 

57.4 58.5 

56.42 
7.5 57.41 
10.0 57.42 
12.5 57.43 

Weir in Primary 
Clarifier (above 
weir) 

15.0 

57.4 58.5 

57.43 
7.5 57.50 
10.0 57.57 
12.5 57.66 

Final Channel in 
Aerated Grit Basin 
(below weir) 

15.0 

 60.86 

57.77 
7.5 60.83 
10.0 60.91 
12.5 60.98 

Initial Aerated Grit 
Basin  

15.0 

 60.86 

61.06 
 
Major Elements 
 

Final Junction MH : water surface is less 0.5-ft from top of wall at 15.0 mgd 
 

Chlorine Tank :  water surface in main channel overflowed wall at 15.0 mgd and overflowed wall 
at 12.5 mgd in initial channel 

 
Dis tribution Box No.1:  water surface overflowed wall at 12.5 mgd 

 
Junction Box (after Final Clarifier):  more data on top of wall elevation is needed. 

 
Final Clarifier   launder  and weir are submerged at 15.0 mgd 

 
Channel Junction Box:  no problem at 15.0 mgd 

 
Aeration Basin :  no problem at 15.0 mgd 

 
Distribution Box : no problem at 15.0 mgd 

 
Primary Clarifier :  no problem at 15.0 mgd 

 
 Aerated Grit Basin :  water surface overflowed wall at 10.0 mgd 
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Northeast WWTP 
 

Calibration: calibration was performed at 16 and 8 mgd against the flows shown on the hydraulic 
profile. 
 
RAS:  A 50 percent RAS flow rate of the base flow was assumed through the aeration basins. 
 
Aeration  Recirculation:  No recirculation though the aeration was used. 
 
Tower Recirculation  :  12 mgd recirculation through the tower was run with 8 mgd and 4 mgd 
was run with 16-mgd baseflow.  For the capacity runs 25 percent of the baseflow was used. 
 
Capacity:  Capacity runs were run for 20 ,35, and 50 mgd.  Area highlighted in yellow are 
problem areas.  
 
Conclusion:  This process train calibrated well when typical friction loss coefficients were used.  

 
Summary of Results: 
 

Element Flow (mgd) Weir Elev. (ft) Top of Wall Elev. (ft) Water Surface (ft) 
20 31.84 
35 32.01 

Final Junction MH 

50 

 33.5 

32.28 
20 32.16 
35 33.01 

Final Channel in 
Chlorine Tank 
(below weir) 50 

33.25  35.75 

34.32 
20 33.90 
35 34.20 

Mixing Channel in 
Chlorine Tank 

50 

 35.75 

34.77 
20 34.32 
35 34.83 

Launder in Final 
Clarifier  (below 
weir) 50 

35.75 37.25 

35.64 
20 35.81 
35 35.87 

Weir in Final 
Clarifier (above 
weir) 50 

35.75 37.25 

35.91 
20 36.03 
35 36.52 

Channel in  Final 
Distr. Box 

50 

 41.0 

37.24 
20 36.23 
35 37.15 

End of Aeration 
Basin (below weir) 

50 

37.25 40.2 

38.53 
20 37.51 
35 37.94 

Prim. Distribution 
Box (below weir) 

50 

38.5 42.0 

40.02 
20 40.68 
35 41.32 

Tower (water above 
floor) 

50 

 Bottom of media = 
42.0 

43.62 
20 38.46 
35 39.03 

Launder in Primary 
Clarifier (below 
weir)  50 

39.75 41.25 

39.51 
20 39.74 
35 39.77 

Weir in Primary 
Clarifier (above 
weir) 50 

39.75 41.25 

39.81 
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Element Flow (mgd) Weir Elev. (ft) Top of Wall Elev. (ft) Water Surface (ft) 
20 39.84 
35 40.08 

Final Channel in 
Aerated Grit Basin 
(below weir) 50 

40.75 42.5 

40.42 
20 41.24 
35 41.46 

Aerated Grit Basin 
(above weir) 

50 

40.75 42.5 

41.65 
20 43.91 
35 45.05 

Parshall Flume 

50 

 45 

46.06 
 
Major Elements 
 

Final Junction MH : Appears to have no problem at 50 mgd 
 
Chlorine Tank:  final weir was submerged at 50 mgd 
 
Final Clarifier  :  Launder and weir are submerged at 50 mgd 
 
Final Distribution. Box : no problem at 50 mgd 
 
Aeration Basin :  final weir is submerged at 50 mgd 
 
Primary Distribution Box :  weir is submerged at 50.0 mgd 
 
Tower:  water surface is greater than bottom of media at 50 mgd 
 
Primary Clarifier :  no problems at 50.0 mgd 
 
Aerated Grit Basin :  no problems at 50 mgd 
 
Parshall Flume:  water surface upstream of flume is greater than top of wall at 35.0 mgd. 
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