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	Executive Summary
	Introduction

	The City of Terre Haute has developed a Combined Sewer Overflow Long-Term Control Plan (CSO LTCP), which describes the measures they will take to reduce the combined sewer overflows and improve water quality in the Wabash River in the City of Terre Ha...
	Currently nine combined sewer overflows are active in the Terre Haute area and 100% of those outfalls discharge into the Wabash River.  Flow, water quality and rainfall data was collected and both the combined sewer system and the Wabash River in the ...
	Many regulatory requirements were considered in the City of Terre Haute’s LTCP.  Both Federal and State CSO policies are divided into two phases.  Phase I (CSO Operational Plan) was submitted to IDEM and approved by IDEM in 2006.  Phase II represents ...
	The City of Terre Haute’s LTCP was developed with IDEM’s assistance.  Several key issues specific to Terre Haute were evaluated as described in Section 1.3.  The project team consisted of two separate groups.  The first group included engineering and ...
	The groups worked together to establish project goals specific to the City of Terre Haute.  The work was carried out over two year period and a plan was completed and submitted to IDEM by the deadline.  All of the key decision-making involved input fr...
	Existing Conditions

	The City of Terre Haute’s combined sewer system has approximately 5,100 acres that discharge through 9 combined sewer overflow points along the Wabash River.  The most upstream combined sewer overflow (CSO) discharge point is at River Mile 215 and the...
	The interceptor sewer collects the dry weather flow and a portion of the wet weather flows from each CSO and conveys it to the 48 MGD main lift station.  The main lift station pumps the flow to the wastewater treatment plant that has an existing prima...
	In an average year, a continuous simulation of the collection system model simulates that 284 million gallons of combined sewage is discharged from these CSOs.  Terre Haute is fortunate in that the receiving stream has a large average flow rate relati...
	Terre Haute has an important public park, Fairbanks Park, located in the center of the city that has a boat launch.  There are 4 CSOs that discharge in the park.  Special attention was given to these particular CSOs (005, 006, 007 and 008).
	Consideration of Sensitive Areas

	Both IDEM and EPA guidelines require determination of any “sensitive areas” within the CSO outfall areas and farther downstream.  Any areas deemed sensitive would be given the highest priority for CSO reduction, elimination or control.
	The sensitive areas were evaluated based on several criteria including: Habitats for Threatened or Endangered Wildlife, Primary Contact Recreational Areas, Drinking Water Sources and Outstanding State Resource Waters or Outstanding Natural Resource Wa...
	Evaluation of Alternatives

	A variety of CSO capture alternatives were considered in the LTCP including:
	 No Action
	 System-wide Separation
	 Storage (inline, tanks, earthen, tunnel)
	 Conveyance (open cut gravity sewer, tunnel)
	 High Rate Treatment
	These technologies were screened and then evaluated with consideration for initial costs, annual operation and maintenance costs, ease of implementation, environmental impacts, primary and secondary impacts and local affordability.  Two factors weighe...
	One final alternative evaluated was a CSO tunnel (approximately 40 feet deep) connecting all of the CSO outfalls to a new main lift station and utilization of the IP site (approximately 30 MG) for storage.  The other final alternatives included constr...
	Public Participation

	Public Participation is an IDEM requirement for completing the City of Terre Haute CSO LTCP.  The public was involved in many ways including both City government officials and private citizens.  Several City government divisions including the City Cou...
	Perhaps the most important public participation came from the Citizen’s Advisory Committee (CAC).  A series of meetings were held with the CAC over a 10 year period to explain the process of determining alternatives for control and to garner input thr...
	Public Education was handled through various means.  The CAC helped to educate the public at its meetings and through various meetings its members attended.  A brochure outlining Terre Haute’s plans was distributed and several newspaper articles were ...
	A community notification program will be required by IDEM.  This typically involves additional signage in prominent areas of the Wabash River and also notification if an overflow event is occurring or will occur within 24 hours.  All notifications wou...
	The current volume of CSO discharges impairs the water quality in the Wabash River during CSO events and for several days afterwards.  The recommended plan for the LTCP can be developed and implemented in phases and each phase will act to reduce the C...
	Financial Capability Assessment and Implementation Schedule

	Funding of a LTCP is perhaps the greatest challenge in developing the plan.  The goal in funding is to determine the level of control that the community can provide without causing undue hardship on the City or on the individual households within the ...
	Recommended Plan

	After reviewing the environmental performance, cost-effectiveness and affordability, operability, reliability, and constructability, a recommended plan was developed that reduces CSO volume discharging to the river by 72%, results in 96% capture of we...
	Compliance Monitoring Plan

	A post-construction monitoring program will be implemented upon approval of the LTCP and submitted to IDEM prior to implementation of the LTCP.  The program will measure reduction of combined sewer overflows and improvements to river quality.  The Cit...
	1 Section One – Purpose and Intent of CSO LTCP
	1.1 Project Overview
	1.1.1 Background Information


	The City of Terre Haute has completed this Combined Sewer Overflow Long-Term Control Plan (CSO LTCP) document in accordance with previous and updated regulatory requirements described in Section 1.2.  The CSO LTCP describes the control measures that w...
	This CSO LTCP is subject to review by the Indiana Department of Environmental Management (IDEM) and the United States Environmental Protection Agency (USEPA).  The recommended improvements and implementation schedule will eventually be incorporated in...
	1.2 Regulatory Requirements
	1.2.1 Water Quality Standards


	The Indiana Water Pollution Control Board has established water quality standards for Indiana waterways.  These standards, which have been approved by the federal government, serve as the legal basis for permit requirements under the 1972 Federal Clea...
	To meet the full body recreation standard, the maximum concentration of bacteria allowed in Indiana waters is 235 colonies E coli/100 ml. of water. There is an allowance for up to 10% of samples to exceed this standard as described in 327 IAC 2-1-6(d)...
	1.2.2 NPDES Permit Requirements

	The U.S. Environmental Protection Agency (EPA) issued a National Combined Sewer Overflow Control Strategy in 1989 (EPA, 1989).  This Strategy reaffirmed that CSOs are point source discharges subject to National Pollutant Discharge Elimination System (...
	The Federal and State CSO policies are divided into two phases.  Phase I focuses on implementation of technology-based requirements referred to as the Nine Minimum Controls (NMCs).  The NMCs were developed to provide low-cost measures that could be im...
	Phase II of the federal and state CSO policies focus on meeting water quality based standards if the Phase I actions were found to be inadequate.  The CSO control policies emphasize four key principles to ensure that CSO controls are cost-effective an...
	 Provide clear levels of control that would meet appropriate health and environmental objectives.
	 Provide sufficient flexibility to municipalities, especially those that are financially disadvantaged, to consider the site-specific nature of CSOs and to determine the most cost-effective means of reducing pollutants and meeting CWA objectives and requi�
	 Allow a phased approach for implementation of CSO controls considering a community’s financial capability.
	 Review and revise, as appropriate, water quality standards and their implementation procedures when developing long-term CSO control plans to reflect the site-specific wet weather impacts of CSOs.
	1.2.3 City of Terre Haute NPDES Permit

	CSOs are point source discharges and are subject to NPDES permit requirements.  They are not subject to “limits based” parameters or secondary treatment requirements that are applicable to POTWs (EPA).  The City of Terre Haute was issued its Phase II ...
	The SRCER is intended to establish a “baseline” condition of the water quality of the receiving streams after implementation of the NMCs, prior to the implementation of any long-term control measures.  Within the SRCER, it is to be determined if the c...
	The LTCP is to include the following minimum elements as defined by EPA’s CSO Control Policy:
	1. Characterization, Monitoring, and Modeling of the CSS;
	2. Consideration of Sensitive Areas;
	3. Evaluation of Alternatives;
	4. Cost/Performance Considerations;
	5. Revising the CSO Operational Plan;
	6. Maximizing Treatment at the WWTP;
	7. Use Attainability Analysis (if applicable)
	8. Development of an Implementation Schedule;
	9. Development of a Post Construction Compliance Monitoring Program; and
	10. Public Participation.
	These elements can be modified to meet Terre Haute’s unique conditions.  The permit requires that the City meet with IDEM early and frequently through the study to coordinate the development of the LTCP.  At these meetings, IDEM and the City should ag...
	Lastly, the permit requires the LTCP to include monitoring and modeling activities to characterize the impact of CSOs on each stream, and targets environmentally sensitive areas. The plan incorporates community input in identifying priority areas and ...
	Terre Haute’s original and revised LTCP incorporates all of the above requirements.
	1.2.4 Senate Bill 431 and LTCP Guidance

	Senate Enrolled Act 431 (SEA 431), signed by Governor Frank O’Bannon in March of 2000, established the circumstances under which a long-term control plan meets the state’s water quality goals for wet weather overflows. As codified in IC 13-18-3-2.3, t...
	 The plan provides for the implementation of cost-effective control alternatives that will attain water quality standards or maximize the extent to which water quality standards will be attained if they are not otherwise attainable;
	 The plan provides, at a minimum, for the capture for treatment of the sewer system’s “first flush,” which carries solids that have settled in pipes between wet weather events or that have washed off of streets and parking lots at the beginning of a storm�
	 The plan is reviewed periodically; and
	 Additional, cost-effective controls are implemented as necessary, pursuant to the reviewed and updated plan.
	SEA 431 required IDEM to provide guidance to explain the requirements of the use attainability analysis and the LTCP.  IDEM released this guidance in September of 2001.  SEA 431, EPA and IDEM policies and guidance require an evaluation of a reasonable...
	The appropriate level of CSO control must be defined based on water quality data, system performance modeling, and economic factors.  These factors may support the revision of existing water quality standards.
	SEA 431 requires municipalities to maximize treatment of wet weather flows at the treatment plant as part of the LTCP.  Maximizing the use of existing wastewater treatment facilities to treat wet weather flow is a cost-effective way to reduce the magn...
	1.2.5 Updated IDEM Policy Requirements (Current Standards - 2006)

	Current IDEM and EPA policy requirements include some previous regulatory requirements along with newer directives as summarized below.  A range of alternatives should be developed including “No Action”, complete elimination of all CSO impacts and a r...
	IDEM has approved the “typical year” of rainfall.  They have also approved the design storm of 1.56 inches of rain in 17 hours.  This is the equivalent of an event which would result in on average, 4 overflows per year per outfall.
	Alternatives eliminating all overflows are deemed unaffordable considering other wastewater utility needs.  However, several options and alternatives were evaluated and will be explained further in this document.
	If total elimination of CSO impacts is considered to cause widespread economic and social hardship, the community must determine the point at which implementation of CSO controls would no longer cause widespread impacts (See Section 8).  If water qual...
	1.2.6 Use Attainability Analysis

	A Use Attainability Analysis (UAA) is a structured scientific assessment of the factors affecting the attainment of uses that are specified in Section 101(a)(2) of the Clean Water Act.  IDEM recognizes that in many instances, a community will not be a...
	(1)  Naturally occurring pollutant concentrations prevent the attainment of the use
	(2) Natural, ephemeral, intermittent or low flow conditions or water levels prevent the attainment of the use, unless these conditions may be compensated for by the discharge of sufficient volume of effluent discharges without violating State water conserv�
	(3) Human caused conditions or sources of pollution prevention cannot be remedied or would cause more environmental damage to correct than to leave in place
	(4) Dams, diversions, or other types of hydrologic modifications preclude the attainment of the use, and it is not feasible to restore the water body to its original condition or to operate such modification in a way that would result in attainment of the �
	(5) Physical conditions related to the natural features of the water body, such as the lack of proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, preclude attainment of aquatic life protection uses
	(6) Controls more stringent than those required by sections 301 (b) and 306 of the Act would result in substantial and widespread economic and social impact.
	1.3 Project Approach

	In accordance with the NPDES Permit, Attachment A, Terre Haute met with IDEM in May 2001, early in the development of the original LTCP with IDEM, to present the project approach.  IDEM was given the Project Plan and Sampling and Flow Monitoring Work ...
	The initial approach used to evaluate CSO long-term control alternatives is described as follows:
	 Select a design storm at the anticipated knee-of-the-curve for the evaluation of alternatives.  Storm E (0.818 inches) was selected as the design storm.  (The percent capture for Storm E level of control was approximately 83%.)
	 Identify feasible CSO control technologies that are specific to Terre Haute.
	 Develop three integrated CSO control alternatives to capture and treat a Storm E level of control.  Each alternative included feasible CSO control technologies specific to each CSO, and other technologies identified by the City and the Citizen Advisory C�
	 Develop the three integrated alternatives for Storms D, F, and G level of control.  The cost and performance for Storm D, E, F and G were estimated to develop the cost/performance knee-of-the-curve.
	 Develop options that are common to each alternative, which addressed CAC’s comments on priority areas.  The options reduce CSO discharges at priority sites, but do not reduce the total overflow volume to the river.
	 Estimate the cost performance for complete sewer separation.
	Due to the fact that IDEM never reviewed or approved the originally submitted plan, the City of Terre Haute decided to amend their project approach based on revised IDEM and EPA policy.  Accordingly, the City and its consultants revised the plan to in...
	 Identify feasible CSO control technologies.
	 Based on new collection system flow and rainfall data monitoring, calibrate and develop a SWMM model for evaluation of CSO system reaction to storm events and control alternatives
	 Develop integrated CSO control alternatives to capture and treat typical year rainfall at various levels of control.  Each alternative included feasible CSO control technologies specific to each CSO or combinations of CSOs, and other technologies identif�
	 Estimate the cost for each feasible CSO alternative and also for complete sewer separation.
	 Evaluate each CSO alternative’s performance using a “typical year” rainfall approach and calculate the associated costs.
	 Perform an economic affordability evaluation and determine if a Use Attainability Analysis (UAA) will be performed
	1.3.1 Project Team

	The Terre Haute CSO LTCP team consisted of two groups:
	 Consultants
	 Technical Review Team
	The primary project engineering consultant was Hannum, Wagle & Cline Engineering.  The river modeling work was completed by Limno-Tech, Incorporated of Ann Arbor, Michigan, and the financial capabilities analysis and user rate work was performed by H....
	The second group was the technical review team, which consisted of members of the City Wastewater Treatment Plant Staff, the City Engineering Staff and the Consultants.
	A third group involved in the project was the Citizens Advisory Committee appointed by Mayor Duke Bennett.  This group met five times during the CSO LTCP process and provided public review during the development of a recommended plan.
	A  the fourth part of the team included the City government groups (City Council, Board of Works and Sanitary District) that approved the recommended plan or will be responsible for adopting measures necessary for LTCP implementation.
	The Citizens Advisory Committee and City Government Groups are described in more detail in Section 5 – “Public Participation”.
	1.3.2 Project Goals

	As the CSO LTCP process evolved, goals varied and were subsequently modified.  The following general goals were originally established for the City of Terre Haute at the onset of the original plan:
	1. Meet the IDEM requirements of the LTCP guidance and Senate Bill 431 and CSO related NPDES permit requirements.
	2. Develop and select an alternative that meets the “first flush” capture criteria and the knee of the curve.
	3. Add in options that eliminate overflows in the priority areas by re-routing the overflows downstream of the park.
	4. Upgrade combined sewer overflow related transport and treatment facilities that are in significant need of upgrade regardless of which alternative and/or option is selected.
	5. Select a plan that can be implemented in phases over a reasonable period of time.
	6. Minimize the impact of implementing the selected plan on the sewer rates for the Terre Haute citizens, commercial and industrial community.
	After the initial review of the plan by IDEM and the updated plan requirements for design storms were implemented, the following goals supplemented the original goals:
	1.  Meet the IDEM requirements of the LTCP guidance, Senate Bill 431, updated IDEM policy requirements and CSO related NPDES permit requirements and revise the plan as required by IDEM’S review and/or comments of the initial plan
	2. Explore additional options that eliminate overflows in the priority areas at the first flush design event by selecting alternatives which address effects of overflows on these areas.
	3. Select a plan that can be implemented in phases over a reasonable period of time.
	4. Minimize the impact of implementing the selected plan on the sewer rates for the Terre Haute community taking into account CSO control and other utility needs.
	1.3.3 Project Work Plan

	Based on the project goals, the original project work plan consisted of the following activities, shown in their order of sequence:
	 Collect data on the physical characteristics of the CSO system, Wabash River and the Wastewater Treatment Plant (WWTP).
	 Capture water quality and quantity data by use of flow meters, rain gauges and a field sampling/testing data.
	 Develop design storms based upon historical storm events.
	 Model the CSO system and WWTP performance at the various design storm events and calibrate the model based on actual field data.
	 Using the calibrated sewer system model, develop anticipated overflow volumes and durations for the design storm events.  In the case of Terre Haute, the uncaptured overflow volume at the knee of the curve was approximately four million gallons, a small �
	 Develop alternatives (three minimum) that utilize acceptable technologies to capture and treat combined sewer overflows to a design storm.
	 Develop options to supplement the CSO control alternatives that re-locate the overflows of two, three or all four of the active CSO’s in the Fairbanks Park area to a point downstream of this priority area.
	 Develop and calibrate the river model to estimate the reduction in water quality impacts that will occur as a result of implementing CSO improvements at the various design storms.
	 Develop a capital cost and operation, maintenance and replacement (O, M & R) costs for the alternatives at the various design storms.
	 Utilizing the river model data and cost estimates develop a curve that indicates water quality improvements as they relate to capital and O, M & R cost improvements.  Select the “knee” of this curve and determine if this point meets the IDEM CSO volume r�
	 Determine if the total estimated project costs and O,M & R costs on a Present Worth Basis at the knee of the curve exceed or fall below the 2% equivalent affordable cost described in IDEM’s guidance.
	 Determine the reasonable CSO project implementation timeline based upon the estimated City financial capability index, IDEM standards and project team input.
	 Develop a schedule that divides the recommended improvements into phases over the implementation timeline.
	 Determine anticipated sewer rate increases for the typical homeowner in Terre Haute utilizing various financing options.  As with the phasing of the Capital Cost Improvements and O, M & R increases, develop a plan to phase in the needed sewer rate increa�
	The original work plan was implemented over an 11-month period while the study was being completed.  Numerous meetings, conference calls, updating reports and draft review documents were developed and distributed among this Technical Review Group, Cit...
	Over the past several years (primarily after 2006), the City of Terre Haute has completed additional research and modeling in order to revise and improve the original CSO LTCP.  Additional system characterization data has been collected, hydraulic and...
	 By means of new flow monitoring and a Storm Water Management Model (SWMM), develop anticipated overflow volumes and durations for the design storm events and calibrate the SWMM model based upon real time monitored data
	 Conduct SWMM Model and River Model evaluation of screened alternatives at various levels of control
	 Develop alternatives that utilize acceptable technologies to capture and eventually treat the typical year storm volumes.
	 Develop capital and annual operating, maintenance, and replacement costs for the alternatives at the typical year rainfall.
	 Determine if the total estimated project costs exceed the affordability limits.
	 Determine, based on affordability, whether a UAA will be necessary, and if so, complete the UAA concurrent with the LTCP.
	 Determine the reasonable CSO project implementation timeline based upon the calculated City financial capability index, IDEM standards and project team input.
	2 Section Two – Current Conditions
	1
	2
	2.1 Introduction

	Understanding the current baseline condition of the collection system and local waterways provides a basis for understanding sources of pollution and for comparing the benefits of potential CSO controls.  This section describes the current capacity an...
	The City submitted a Stream Reach Characterization and Evaluation Report (SRCER) in 1999 as part of the development of its first Long Term Control Plan (LTCP) that described current river quality conditions.  This section summarizes the SRCER’s conclu...
	The following sections describe the current conditions of major elements of the combined sewer system in and around the City of Terre Haute.
	2.2 Wabash River Watershed

	Thirty miles after its starting point in Grand Lake, Ohio, the Wabash River enters Indiana, where it drains two-thirds of Indiana’s 92 counties.  It flows over 475 miles before it enters the Ohio River below Mount Vernon, Indiana and is the longest fr...
	Throughout the Wabash River Watershed, the major land uses are agriculture and urbanization (commercial, industrial, and residential land areas).  Several cities have grown along the banks of the Wabash River, including Vincennes, Terre Haute, Lafayet...
	Most of the Wabash River basin lies in the geologic area known as the Tipton Till Plain.  This area, characterized by flat to gently rolling surfaces, till (a mixture of sand, silt, clay, and boulders), and covered bedrock, comprises the landscape for...
	/
	Figure 2.2-1. Wabash River Watershed.
	The river has historically had a robust and diverse aquatic life.  During a 2001 fish survey of the Wabash River conducted by the Indiana Department of Natural Resources Fish and Wildlife Service, 82 species and two hybrids of fish were collected from...
	More recently, Asian carp have been found in the Wabash River (IDNR 2010b).  Asian carp (comprising the species of bighead, black, grass and silver carps) are found across much of the Mississippi River Basin (Kolar et al. 2005, Figures 2.2-2A and 2.2-...
	/   /
	Figure 2.2-2A (top). Silver carp distribution in 2006 (from USFWS 2006). Figure 2.2-2B (bottom). Bighead carp distribution in 2006 (USFWS 2006).
	Detailed risk assessments for Asian carp are being completed across their potential range in North America (USFWS 2006). Known risks include rapid range expansion and population increases, resulting in decreases in abundances of native aquatic fauna (...
	Within Indiana, Dr. Reuben Goforth (Purdue University) has expressed a concern over Asian carp impacts on native fishes in the Wabash River stating their numbers appear to be increasing but additional surveys are still needed to verify the rate (Gofor...
	2.2.1 Terre Haute River Basin

	The City of Terre Haute, Indiana is located approximately 220 miles upstream of the Wabash River’s confluence with the Ohio River in the center of Vigo County in west-central Indiana (Figure 2.2-1).  The upstream portion of the watershed draining to t...
	/
	Figure 2.2-3. Wabash River Watershed Features Near the City of Terre Haute
	The dominant land use in the Terre Haute metro area is industrial but the watershed upstream is largely agricultural and forested (NLCD, 2001).  Several CSO communities are located upstream, including the larger communities of Lafayette, West Lafayett...
	The City of Terre Haute is home to Indiana State University, whose campus is contained completely within the combined sewer service area, and the Rose Hulman Institute of Technology (located east of the City limits).  Outside of these campus areas, la...
	/
	Figure 2.2-4. Land Cover in the Wabash River Watershed Near the City of Terre Haute.
	The U.S. Geological Survey (USGS) has maintained a gage in the Wabash River in Terre Haute since 1927.  Water Resources Data from the U.S. Geological Survey (USGS) indicate that the mean annual flow in the Wabash River at their gage in Terre Haute is ...
	There are several small tributaries to the Wabash River that flow through or near Terre Haute.  They are Sugar Creek, Otter Creek, Honey Creek, and Lost Creek (Figure 2.2-3).  Storm water discharges in Terre Haute flow into these tributaries and conse...
	The water quality of the Wabash River in Terre Haute is impacted by CSOs, urban storm water and agricultural runoff and upstream pollution sources.  IDEM’s 2008 303(d) List of Impaired Water Bodies has the Wabash River listed as impaired by E. coli an...
	2.3 CSS Description
	2.3.1 Combined Sewer System Description


	The City’s Sanitary District includes significant rural and urban areas outside of the City so the City’s waste water treatment plant (WWTP) not only treats wastewater for Terre Haute but also for the Town of Seelyville, which is located to the east o...
	The combined sewer area is centrally located in the older, central and northern sections of the City and covers approximately 5,100 acres.  Many of the combined sewer trunk lines (of brick construction), which discharged directly into the Wabash River...
	2.3.2 Combined Sewer Service Areas

	Figure 2.3-1 shows the boundaries of each of the seven CSO service areas, some of which contain more than one outfall.    The areas and corresponding outfalls are designated from north to south, as the Spruce, Chestnut, Ohio, Walnut, Oak and Crawford,...
	Table 2.2-1
	City of Terre Haute CSO Service Areas
	2.3.2.1 Spruce Street

	The Spruce Street service area (CSO-010) is the most northern service area in Terre Haute’s combined sewer area and is served by the 108-inch Spruce Street trunk sewer.  It has approximately 1,260 acres of combined sewers.  The land use in the area co...
	2.3.2.2 Chestnut Street

	The Chestnut Street service area (CSO-009) is located directly south of the Spruce Street service area and is served by a 66-inch trunk sewer that flows from the old Canal Sewer.  It has approximately 320 acres of combined sewers and the land use in t...
	2.3.2.3   Ohio Street

	The Ohio Street service area (CSO-008) is located between the Chestnut Street and Walnut Street service areas and is served by the 42-inch Ohio Street trunk sewer.  This area serves most of the downtown area therefore; the land use is mostly commercia...
	2.3.2.4 Walnut Street

	The Walnut Street service area (CSO-007) is located immediately south of the Ohio Street service area.  It has approximately 1,080 acres of combined sewers.  The land use is mostly residential with some commercial areas.   The separated area to the ea...
	2.3.2.5 Oak and Crawford Streets

	The Oak (CSO-006) and Crawford Streets (CSO-005) service area is located south of the Walnut Street service area.  The combined basin area has approximately 270 acres of combined sewers.  The area serves mostly residential and commercial areas.  Altho...
	2.3.2.6 Hulman and Idaho Streets

	The Hulman Street (CSO-004) and Idaho Street (CSO-011) service area is the largest area in the City with a total combined area of approximately 1,500 acres.  The basin is served by the 114-inch Hulman Street trunk sewer and the 96-inch Idaho Street tr...
	2.3.2.7 Turner Street

	The Turner Street service area (CSO-003) is the southernmost combined sewer service area and is served by 84-inch trunk sewer.  It has approximately 610 acres of combined sewers. The land use is mostly residential with some commercial along the Margar...
	2.3.2.8 Main Lift Station

	The Main Lift Station overflow (CSO-002) is an interceptor relief overflow that is activated when the capacity of the main lift station is exceeded and the interceptor sewer is surcharged.  There is a gate at the main lift station wet well that can be...
	2.3.3 Trunk Sewer & Interceptor Network

	The City of Terre Haute has nine major trunk sewers that flow to the west towards the Wabash River, as described in the previous section.  The main interceptor sewer along the river intercepts all of the flows from the trunk sewers and conveys flow to...
	The concrete main interceptor sewer runs along the east bank of the Wabash River to intercept wastewater flows from the trunk sewers that originally flowed directly into the river.  The interceptor sewer conveys this flow to the 48 MGD Main Lift Stati...
	The concrete interceptor sewer starts at the north end of the combined sewer area at Spruce Street.  The 36-inch throttle pipe from the Spruce Street diversion structure begins the interceptor sewer.  The interceptor sewer consists of several large di...
	Wastewater from each of Terre Haute’s combined sewer service areas discharge to a diversion structure.  During dry weather, all of the flow is diverted through the throttle pipes into the main interceptor sewer for conveyance to the wastewater treatme...
	Table 2.2-2
	CSO Diversion Structure Descriptions
	2.3.4 Wastewater Treatment Plant Facilities

	The wastewater treatment plant in Terre Haute, located along the Wabash River, east of SR 63 and south of Interstate 70 was originally constructed and put into operation in 1963 as a primary treatment facility.  New facilities at that time included: p...
	The existing NPDES permit (Permit No. IN 0025607) indicates that the WWTP is rated for a design average daily flow of 24 MGD.  A copy of the current NPDES permit is included in Appendix 1-1.  The effluent discharge limits contained in the permit are s...
	Table 2.3-3
	Wastewater Treatment Facility Capacities
	(1) One channel does not receive grinding to maintain this peak capacity
	(2) Based on NPDE permit and 1,800 gpd/sf
	(3) Based on previous operational experience
	Table 2.3-4
	Terre Haute WWTP - NPDES Discharge Limits
	Table 2.3-5
	WWTF Influent and Effluent Loadings
	June 2008 through June 2010
	2.3.4.1 Main Lift Station

	The Main Lift Station consists of two buildings connected at an upper level.  The first building houses the influent screening facilities.  The original bar screens were designed to handle 60 Million Gallons Per Day (MGD).  The improvement project of ...
	The wastewater treatment plant also receives wastewater from the following lift stations:
	 Southside Lift Station (which has a self cleaning bar screen),
	 Honey Creek Mall Lift Station, and
	 Penitentiary Lift Station.
	The current average dry weather flow from these three lift stations is estimated to be 1.5 MGD, with a peak of 5.0 MGD.  Unlike the main lift station, these lift stations serve areas with separate sanitary sewers.  There are sub-basins within those se...
	2.3.4.2 Preliminary Treatment

	The original preliminary treatment processes, sometimes referred to as the headworks, was constructed in 1963.  It consists of 2 aerated grit tanks, 3 comminutors/grinders in channels downstream of the grit tanks and 4 pre-aeration tanks.  The facilit...
	These preliminary treatment facilities were part of the original construction and were up to date for the 1960's.  The operational and maintenance difficulties and age of the units have made the preliminary treatment an inefficient process that affect...
	2.3.4.3 Primary Treatment

	The primary clarifiers were part of the original 1963 construction.  They were designed to treat wastewater flow of 48 MGD.  There are four clarifier tanks with three channels per tank.  The clarifiers’ longitudinal collectors act to move sludge to on...
	2.3.4.4 Administration and Control Building

	The existing administration and control building was constructed in 1963.  It is a two level brick building located near the entrance gate.  The building contains various process equipment and control components, insufficient storage areas and personn...
	2.3.4.5 Secondary Treatment

	The secondary treatment plant consists of aeration tanks and secondary clarifiers that were built in 1971.  It is rated for 24 MGD.  The four aeration tanks are comprised of three passes each and can be operated in step feed mode.  There are four 100'...
	The discharge from the clarifiers is disinfected by utilizing gas chlorination and dechlorination with sulphur dioxide.  The wastewater is only disinfected during the recreation season (April- October) in accordance with the NPDES Permit.  The disinfe...
	2.3.4.6 Biosolids

	The original plant was constructed with anaerobic digesters and storage of liquid digested biosolids in lagoons.  In 1989, new belt presses and dewatered biosolids storage facilities were constructed to allow disposal of liquid and/or dewatered biosol...
	2.3.4.7 Flow Equalization Basins

	The two earthen, lined flow equalization basins were constructed in 1990 and have a total volume of 5.2 Million gallons.  The equalization basins receive primary effluent on flows greater than 24 MGD.  Once the basins are full, approximately 24 MGD of...
	2.3.4.8 WWTF Expansion – Phase I

	Given the age and condition of the existing treatment facility, a preliminary engineering report (PER) was completed for the entire facility in 2008/09 during the latter stages of the CSO LTCP process.  The PER recommended significant upgrades for the...
	Phase I of the improvements to the treatment facility consist of a new Headworks facility which initiated construction in late 2010.  As a result, this new facility shall be considered part of the existing facility with respect to the CSO LTCP, and th...
	The new headworks facility will be constructed east of the existing aerobic digesters.  New influent piping will convey all influent flows from the existing preliminary treatment structure to the new facility site.  Three 24 MGD fine screens will be f...
	2.3.4.9 Summary

	In general, while the wastewater treatment plant has adequate capacity for the present dry weather flows, there are many areas that are significantly depreciated, inefficient and are beyond the useful life cycle.  The recommended and planned improveme...
	2.3.5 Implementation of Nine Minimum Controls

	Various options were investigated to determine the options applicable to implementation of the Nine Minimum Controls in Terre Haute’s combined sewer system. Each of these options is summarized in Table 2.2-5 below.
	Table 2.2-5
	Options for Implementation of Nine Minimum Controls
	The City is currently implementing all of the Nine Minimum Controls except for Floatable controls which are addressed in the LTCP.
	2.4 Receiving Stream Water Quality

	In 1999, the City of Terre Haute submitted its Stream Reach Characterization and Evaluation Report (SRCER) to characterize conditions within the CSO receiving stream, the Wabash River.  The City conducted a river sampling program to measure E. coli, T...
	2.4.1 Receiving Stream Water Quality Data Sources
	2.4.1.1 Historical Water Quality Data


	Several Agencies have monitored water quality in the Wabash River, most notably the Indiana Department of Environmental Management (IDEM), but also U.S. EPA, ORSANCO and USGS.  Monitoring the Wabash River near the City of Terre Haute is difficult beca...
	IDEM monitored water quality, including E. coli, for several years in the 1990s and again in 2009 in the Terre Haute area.  They also collected many more samples in the 1990s and 2000s at a location approximately 25 miles downstream of the City.  The ...
	The City, as noted above, has also conducted sampling in the Wabash River to supplement the paucity of data collected by other agencies in the local area.  As part of the original CSO LTCP development, the City conducted another river sampling program...
	2.4.1.2 City of Terre Haute Wet Weather Sampling Program
	2.4.2 Effects of CSOs on Water Quality

	The analyses presented in this section include analysis of water quality parameters relevant to the designated uses of the Wabash River:  recreation use and supporting aquatic life.  Specifically, E. coli data were used to assess impacts to recreation...
	Chemical data, which are snapshots of in-stream conditions in space and time, can be segregated into “wet” and “dry” categories so that distinctions in water quality attributed to wet weather sources, such as CSOs, can be identified, if such distincti...
	2.4.2.1 E. coli

	The State of Indiana has designated all surface waters to support full-body contact recreation at all times, during both dry and wet weather. As noted in Chapter 1, Indiana’s recreation standards require that no sample in a 30-day period can exceed an...
	This section analyzes bacteriological conditions in the Wabash River during both dry and wet weather, based upon data collected by IDEM and the City between 1991 and 2009 (including 2007 Wet Weather Sampling Program). The data indicate that the Wabash...
	Figure 2.4-2 presents a box-and-whisker analysis of E. coli levels during wet and dry conditions in the Wabash River. Data were aggregated into categories corresponding to the location relative to the City.  Samples collected between river miles 220 a...
	/
	Figure 2.4-2. Box-and-whisker plot of wet and dry E. coli data in the Wabash River.
	A comparison of the “boxes” (concentrations between the 25th and 75th percentiles) in these figures illustrate that wet weather concentrations tend to be higher than dry weather concentrations at all locations. This suggests that wet weather sources o...
	The Wabash River meets E. coli water quality standards (single sample maximum) approximately 60% of the time as it enters the Terre Haute area.  Compliance is approximately 55% of the time within the City and 45% downstream of the City. Compliance ten...
	Table 2.4-1
	Frequency of E. coli Single Sample Maximum Water Quality Standard Compliance During Wet and Dry Periods
	2.4.2.2 Dissolved Oxygen

	Dissolved oxygen (DO) concentration provides a reasonable indicator of impacts to aquatic life due to oxygen-depleting pollutants. Monitoring data for DO are available for the Wabash River from the early 1990s through 2009.  The State of Indiana has d...
	Figure 2.4-3 presents a box-and-whisker analysis of dissolved oxygen levels during wet and dry conditions in the Wabash River. Data were aggregated into categories corresponding to the location relative to the City.  Samples collected between river mi...
	/
	Figure 2.4-3. Box-and-whisker plot of wet and dry dissolved oxygen data in the Wabash River.
	A comparison of the “boxes” (concentrations between the 25th and 75th percentiles) in these figures illustrate that dry and wet weather concentrations are not similar in all reaches. This suggests that wet weather sources of oxygen-depleting materials...
	The Wabash River meets dissolved oxygen water quality standards (acute criterion of 4 mg/L) approximately 90% of the time as it enters the Terre Haute area.  Compliance is also approximately 90% of the time within the City and 85% downstream of the Ci...
	Table 2.4-2
	Frequency of Dissolved Oxygen Water Quality Standard Compliance During Wet and Dry Periods
	2.4.2.3 Metals

	Limited data are available for pollutants with potentially toxic effects on aquatic life, such as metals. Table 2.4-3 shows the results of metals data in the three reaches (Upstream, City and Downstream) of the local Wabash River area (insufficient da...
	Table 2.4-3
	Summary of Heavy Metals Data by Reach Measured in the Wabash River Near the City of Terre Haute
	2.4.2.4 Total Suspended Solids

	Suspended solids in a water body can depress dissolved oxygen levels, block sunlight needed by aquatic plants and smother organisms that live in the stream bed. Sediment layers that build up in a water body can change its natural flow. After wet weath...
	Figure 2.4-4 presents a box-and-whisker analysis of total suspended solids (TSS) levels during wet and dry conditions in the Wabash River. Data were aggregated into categories corresponding to the location relative to the City.  Samples collected betw...
	/
	Figure 2.4-4. Box-and-whisker plot of wet and dry total suspended solids (TSS) data in the Wabash River.
	Results of the box-and-whisker plot show that wet weather concentrations tend to be higher than dry weather concentrations, indicating that wet weather sources and resuspension of in-stream sediment are potentially important.  The plot also shows that...
	2.4.2.5 Conclusions

	Data collected by the City of Terre Haute and IDEM indicate that the Wabash River near Terre Haute is impacted by elevated bacteria concentrations. While the City’s CSOs have been identified as a source of bacteria, analyses of the available data show...
	The data analyses presented in this section that include data collected since the first SRCER and LTCP were submitted provide additional confirmation that E. coli is the only pollutant of concern with respect to CSO discharges and that it is the appro...
	2.5 Sensitive Areas
	2.5.1 Consideration of Sensitive Areas


	USEPA and Indiana CSO Control Strategies require that communities identify any "sensitive areas" along the CSO stream segments, or further downstream.  Any area meeting one or more of the “sensitive” criteria must be given the highest priority for CSO...
	 Habitat for threatened or endangered species,
	 Primary Contact Recreational Areas such as swimming and water skiing areas,
	 Drinking Water Source Waters, and
	 Outstanding State Resource Waters or Outstanding Natural Resource Waters.
	The City conducted a sensitive area analysis as one of their first steps in the development of the 2002 LTCP.  This section presents the findings from that investigation.
	Several agencies were contacted to determine if "sensitive areas" exist in the Terre Haute area.  Responses were received from United States Department of the Interior Fish and Wildlife Service, and the Indiana Department of Natural Resources.  The "O...
	2.5.1.1 Habitat for Threatened or Endangered Species

	Based on the letters received from the contacted agencies, the Wabash River has suitable habitat for the federally endangered Indiana bat, the ring pink mussel, the tubercled-blossom pearlymussel, the white-warty back pearlymussel and the bald eagle. ...
	 Brant Fisher of IDNR confirmed on January 2, 2002 that the endangered mussels listed have not been found in Indiana for many years and are considered expatriated.  Mussel surveys that have been completed for IDNR have confirmed this finding.
	 Forest Clark with U.S. Fish & Wildlife discussed the endangered species on January 7, 2002.  His past survey information indicated that there are no federally endangered mussels found alive in the Wabash River stream section.  He also indicated that a baA
	2.5.1.2 Primary Contact Recreational Areas

	The Wabash River can frequently have a velocity greater than 2.5 feet per second which is considered dangerous.  The City and its Parks Department have posted "NO SWIMMING" signs at several locations.  Boat access to the river is available at Fairbank...
	A stream survey was conducted by boat during the Fall of 2001 for visual confirmation that primary contact recreational activities were occurring in the Wabash River.  No contact activities were noted.  The stream banks are generally very steep and ov...
	2.5.1.3 Drinking Water Source Waters

	The Wabash River is not the source of any water supplies in the area.  The City of Terre Haute is served by Indiana-American Water Company, which utilizes a well field north of the northern most CSO.  The interceptor for the northern most CSO in Terre...
	2.5.1.4 Outstanding State Resource Waters

	The Wabash River is not an Outstanding State Resource Water (327 IAC 2-1-2).
	2.5.2 Sensitive Area Assessment

	As a part of the planning process to create the 2002 LTCP, information regarding sensitive areas was presented to the Citizen Advisory Committee.  Several items were noted during the discussions:
	 The Wabash River is dangerous because of the rapid currents, channels in the river bottom and difficult access.
	 There are only a few areas that are known to be frequented for fishing and camping (these are noted in Figure 2.4-1).
	 Convenient access to the river's edge is only possible at Fairbanks Park because of the boat dock.
	2.5.3 Identification of Areas to be Further considered

	Although no sensitive areas were identified, the City and Citizens Advisory Committee considered whether some areas of the City should be prioritized with respect to CSO control.  The consensus of the Citizen Advisory Committee and City staff was that...
	2.6 Historical Rainfall Analysis

	This subsection discusses the analysis of the 50 years of rainfall data used to develop the typical design storms used for the collection system computer model.
	2.6.1 Fifty-Year Data Analysis

	Historical hourly precipitation records were obtained from the National Climatic Data Center.  Rainfall data for Terre Haute was only available from 1948 to 1954.  This seven-year period was compared to the same seven-year period of rainfall data from...
	The 51 years of hourly precipitation data was imported in XP-SWMM for preliminary analysis.  During the analysis, the criterion of a dry period of six hours between storms was used. XP-SWMM’s output file included rainfall statistics by year, which inc...
	2.6.2 Design Storms

	The rainfall data from the original XP-SWMM output file was sorted by depth of rain to determine rainfall ranges for the design storms as shown in Table 2.6-1.  The 50% Huff Curve Ordinates table for Indianapolis (Burke, p. 2-5) was used to develop th...
	Table 2.6-1
	Characteristics of Selected Storms
	Table 2.6-2
	Rainfall Hyetograph Data
	In addition, a Design Storm event resulting in 4 overflows per year was developed and accepted by IDEM for use in preliminary sizing of alternatives.
	2.6.3 Typical Year Rainfall

	The City of Terre Haute proposed to use a continuous modeling approach for the alternative evaluations using rainfall data from 1978 for sizing controls, then evaluating the performance of the alternatives using 1978 rainfall and stream flow conditions.
	The documentation of the selection of the typical year period of 1978 is detailed in Appendix 2-2, “Typical” Period Analysis for the City of Terre Haute.”
	2.7 Summary

	Current conditions in the City of Terre Haute and the Wabash River can be summarized in the following bullets:
	1. The City has 10 CSOs discharging to the Wabash River. No CSOs discharge to local tributaries.
	2. Although the City’s collection system and WWTP reflect the age of this historic river community, the City has been investing in upgrades to their system, including implementation of NMCs to limit CSO overflows.
	3. The Wabash River is a very large watershed.  Over 12,000 sq mi. have drained to the Wabash River by the time it passes through the City of Terre Haute.  Upstream sources can affect water quality in the vicinity of the City
	4. The City has invested significant resources in understanding the effects of their CSOs on in-stream water quality and has determined (in combination with IDEM data) that E. coli is the only pollutant of concern from the City’s CSOs. CSOs do not impact DF
	5. The Citizens Advisory Committee has identified Fairbanks Park, which has four CSOs located in it, as an area for reducing or eliminating CSO discharges.
	6. The year 1978 has a typical year of rainfall and was used to evaluate benefits of control alternatives (presented in Section 6).  Design storms were developed from rainfall data in Indianapolis and were used to size the CSO controls evaluated in the conF
	3 Section Three – Collection System Model Development
	1.
	2.
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	3.1 Combined Sewer System Model Development and Calibration
	3.1.1 Introduction


	This subsection discusses the development of the calibrated combined sewer system (CSS) computer model.  The model simulates runoff from the CSO service areas and then routes the flow through the major trunk sewers, CSO diversion structures and the in...
	This subsection presents the following information:
	 Description of Terre Haute’s XP-SWMM combined sewer system computer model.
	 Estimated CSO service areas dry weather flow rates.
	 Development of a calibrated XP-SWMM Runoff Block Model to estimate the runoff volumes from the combined sewer areas.
	 Development of a calibrated XP-SWMM Extran Block Model to estimate wet weather flow rates through the major trunk sewers and the interceptor.
	 Estimate of the CSO volumes and durations to the river.
	 Estimate of the storm water volumes to the river.
	3.1.2 Combined Sewer System Model

	The XP-SWMM model provides the following capabilities for the City:
	 Developed from EPA SWMM software for technical and regulatory credibility of results.
	 A user-friendly graphical interface for cost-effective use and updating
	 A physical based model with formulations explicitly linked to actual conditions in the field as input by the user.
	 Can be used to simulate the hydraulic conditions of the modeled trunk sewers, interceptors, gravity sewers, force mains, pump stations, and treatment plants during dry and wet weather.
	 Can be used to evaluate CSO control alternatives and interceptor capacities.
	 As the CSO control plan is implemented and as the City develops, the XP-SWMM model can be progressively updated.
	 Can estimate flows from separate sewered areas.
	XP-SWMM is one of the most comprehensive model packages available for assessing CSS.  XP-SWMM computations are based on the well-documented and widely accepted USEPA SWMM model.  It may be used to simulate continuous (multi-year) or single storm event...
	XP-SWMM has three main simulation blocks; RUNOFF block, TRANSPORT block and EXTRAN block.  The RUNOFF block simulates runoff in response to rainfall.  Most model parameters that are adjusted during calibration are in the RUNOFF block.  The TRANSPORT a...
	3.1.3 Simulation of Overland Flow

	Overland flow or runoff from combined sewer areas is simulated in the XP-SWMM RUNOFF Block.  The RUNOFF Block represents a combined sewer area as an aggregate of idealized rectangular subcatchments.  It accepts rainfall hyetographs and makes a step-by...
	3.1.4 Simulation of Flow through Trunk Sewers to CSO Diversion Structures

	Terre Haute trunk sewers were simulated using the EXTRAN Block.  The RUNOFF Block is capable of simulating a complete network of interconnected trunk sewers in either single event or continuous (cumulative) mode.  The RUNOFF Block routes the flow as f...
	 It assumes the sewer system is a series of cascading reservoirs ignoring tailwater effects and control points.
	 In the event of a surcharge, the RUNOFF Block indicates what section of the trunk sewer system is surcharged and the full flow capacity of the conduit is used during flow routing.  Flow in excess of the full flow capacity of the conduit is stored in the I
	Because of the above limitations of the RUNOFF Block, CSO service area trunk sewers for the Terre Haute model are simulated in the EXTRAN Block.  The EXTRAN Block offers the following advantages:
	 Simulates surcharged pipe conditions allowing higher than full pipe flow capacity to be conveyed.
	 Simulates tailwater effects and control points to estimate the hydraulic grade lines in any sewer segment and at any time during the simulation.
	CSO trunk sewers were simulated to mimic the response of the sewer collection system during high rainfall events.  The CSO tailwater effects and surcharged conditions can propagate to the upper reach of the trunk sewer during such conditions.
	3.1.5 Simulation of Flow Through Interceptor System

	The EXTRAN Block determines the combined amount of storm water runoff and dry weather flow that goes through the throttle pipe to the interceptor and through the overflow pipe to the river.  The EXTRAN Block uses the synthesized runoff hydrographs as ...
	The EXTRAN Block has the added capability of simulating dry weather flow, pump stations, detention basins and flow diversion structures.  The table below summarizes the different types of flow diversion structures used in the model.
	3.1.6
	3.1.7 Runoff Block Input Data

	Basic input to the RUNOFF Block are rainfall data and the watershed parameters.  The watershed parameters pertains to the combined sewer service areas only and are as follows:
	 Rainfall Data
	 Subcatchment areas
	 Percent imperviousness
	 Subcatchment widths
	 Overland slope
	 Depression storage
	 Overland flow Manning’s roughness coefficient
	 Soil infiltration parameters
	The rainfall data and watershed parameters are described in the following subsections.
	3.1.8 Rainfall Data

	Rainfall data represents the average precipitation that falls on an area within a defined time interval.  Rainfall data can be entered in the model as total rainfall or rainfall intensity occurring within a time interval.  The rainfall time interval c...
	3.1.9 Subcatchment Areas

	Subcatchment areas represent the surface area that contributes overland wet weather flow to the combined sewers.  The subcatchment areas are shown on Figure 3.1-1.  The CSO service areas include combined and separate sewered areas.   Large CSO service...
	Table 3.1-1
	Subcatchment Area Land Use
	3.1.10 Percent Impervious

	Percent imperviousness is the ratio of hydraulically connected impervious areas (parking lots, streets, etc.) to the total subcatchment area. Hydraulically connected means that the travel path of overland flow is continuous over impervious areas until...
	Values used for percent imperviousness for different land uses are as shown in Table 3.1-2.
	Table 3.1-2
	Assumed Values of Percent Imperviousness
	A study was conducted by the City to investigate the percentage of rain leaders connected to the combined sewer system.  These percentages are shown in Table 3.1-3.  The percent imperviousness for each single-family residential land use in each CSO su...
	Table 3.1-3
	Rain Leader Estimate
	Table 3.1-4
	Percent Imperviousness
	3.1.10.1 Subcatchment Widths

	Subcatchment width determines the shape of the runoff hydrograph. Higher peak flow rates and more immediate response to a storm event can be achieved when the subcatchment width is increased for the same area. For model calibration this parameter is a...
	3.1.10.2 Overland Slope

	Overland slope affects the travel time of overland flow, peak runoff rate and runoff volume.  Steeper slope decreases the travel time, increases the peak runoff rate and increases the runoff volume.  Average overland slope was estimated by overlaying ...
	3.1.10.3 Depression Storage

	Depression storage relates to both pervious and impervious areas and is defined as the amount of incidental surface depressions that must be filled before runoff begins. For pervious areas, the following values were used prior to calibration (Greeley ...
	Impervious depression storage is a function of the average subcatchment slope and was estimated from the following equation (Kidd, 1978 referenced in Huber and Dickinson, 1988):
	Depression storage (in) = 0.0303 x (average slope (%))-0.49
	The values for the pervious and impervious depression storage for each subcatchment are shown in Table 3.1-5.
	Table 3.1-5
	Model Input Data
	3.1.10.4 Mannings’ Roughness Coefficient

	The following Manning’s roughness coefficients were used for pervious overland flow (Crawford and Linsley, 1966 and Engman, 1936, referenced in Huber and Dickinson, 1988):
	The Manning’s roughness coefficient used for impervious overland flow was 0.015.
	3.1.10.5 Soil Infiltration

	Infiltration parameters influence the runoff hydrograph from the combined sewer system subcatchments by absorbing rainfall into the soil.  The infiltration capacity of the soil is exceeded when the soil becomes saturated during continuous simulation a...
	The Green-Ampt infiltration equation was used to represent the soil infiltration parameters.  The percentage of the different soil types for each subcatchment was determined from the Soil Survey of Vigo County, Indiana obtained from the United States ...
	Table 3.1-6
	Green-Ampt Parameters
	3.1.11 Dry Weather Flow

	Dry weather flow to the CSO diversion structure is the sum of sanitary flow and infiltration.  Dry weather flow is estimated based on land use and flow monitoring information.  Dry weather flow to a CSO diversion structure was estimated as follows:
	 Identify the major dry weather flow contributors based on water consumption data.
	 Identify the land use and area of each major dry weather flow contributor.
	 Estimate the area of residential, multi-family, commercial, industrial and open area land uses for each CSO service area.
	 Estimate the dry weather flow for each land use and major contributor.
	 Compare estimated dry weather flows to flow monitoring data and adjust dry weather flows as necessary.
	Table 3.1-7 shows the estimated dry weather flow for each CSO service area subcatchment.  Dry weather flow is broken down by land use and infiltration.  The dry weather flow was used as input for each service area subcatchment’s point of concentration...
	Table 3.1-7
	Dry Weather Flow Estimation
	3.1.12 Trunk Sewer and Main Interceptor Data for Model

	The nine major trunk sewers were simulated in the EXTRAN model.  Pipe lengths, sizes and slopes were determined from sewer system maps provided by the City.  If the City record maps did not show the slope of the trunk sewer, the minimum of ground slop...
	3.1.13 Other Model Data

	The City provided manhole numbers for each modeled manhole.  For modeling purposes, the letter N was added to the end of each manhole number to designate a node in the model.  The conduit downstream of the manhole has the same name as the manhole, but...
	Manhole  -  004-097TN
	Downstream Conduit - 004-097TL
	CSO structures were labeled as CSO0XX where XX is the CSO service area number.  CSO overflow links and nodes were labeled as CSO0XXOF     where the last character identifies the element as a pipe or manhole, L or N respectively.
	3.1.13.1 Computational Time Step

	The RUNOFF Block utilizes the following time steps:
	Wet time step  - 60 seconds,
	Wet/Dry time step - 60 seconds, and
	Dry time step  - 86,400 seconds.
	The EXTRAN Block utilizes a time step of 60 seconds.
	3.2 CS Model Calibration and Verification
	3.2.1 Objectives


	This section describes the XP-SWMM model calibration and verification.  The objective of the calibration and verification process is to obtain a calibrated and verified model that is acceptable to the regulatory agencies for CSO Control Alternatives E...
	3.2.2 Model Development
	3.2.2.1 Model Input Data


	The model data needed for calibration is comprised of two types of data:  Rainfall data and flow monitoring data.  This section describes the data used in the calibration and verification of the model.
	3.2.2.2 Flow Monitoring Program

	Seventeen area-velocity flow meters were placed within the collection system to measure flow for a six month period.  Meters gathered data in the collection system from May 18, 2005 to November 22, 2005.  The data were collected in 5-minute increments.
	Flow meters were installed in three types of locations to assist in calibration:  upstream in the system, downstream in the system and on interceptors.  Table 3.2-1 shows the location of the flow meters installed in the system.
	Table 3.2.1
	Flow Monitoring Locations
	Upstream Meters
	Flow meters that were installed significantly upstream of the interceptor and upstream of major inputs and diversion structures are referred to as “upstream meters”.  The upstream meters provide redundancy and a quality control check to the downstream...
	Downstream Meters
	Flow meters that were installed downstream of all major inputs and close to the CSO diversion structures that split flow to the interceptor and to an outfall are referred to as “downstream meters”.  The downstream meters measure the total runoff from ...
	The hydraulic conditions close to weirs is variable and can cause uncertainty in downstream flow monitoring data.  Upstream meters were used as a tool in downstream meter calibration.
	Interceptors
	Flow meters were installed on the interceptor to measure the flow split between the outfall and the throttle pipe to the interceptor.
	3.2.2.3 Rainfall Data

	The City of Terre Haute has four main rain gauges in the collection system that it uses to record rainfall.  The gauges are tipping bucket type gauges that tip after collecting 0.01 inches of rain.  During the flow monitoring period, an additional thr...
	Table 3.2-2
	2005 Monitored Rainfall Events
	Each subcatchment was assigned a rain gauge for model calibration based on the Thiessen Polygon method.
	3.2.2.4 Model Update

	The XP-SWMM model was originally calibrated in 2002.  The XP-SWMM model was updated in 2005.  The following updates were made:
	 City staff raised weirs.  The weir heights were updated in the model based on measurements conducted by the City.
	 1st Street cross connections and Oak and Crawford cross connections were updated based on field investigations conducted by the City.
	 CSO 002 was closed by the City and the change was reflected in the model.
	 Subcatchment 003-5 was removed from the model.  Initial model runs indicated that less combined sewer area contributed to combined sewer in which the flow meter was located.  The area was further evaluated and it was determined that  subcatchment 003-5 id
	3.2.3 Calibration and Verification Objectives

	The main objective of the model calibration was to obtain a good visual comparison of model and metered hydrographs, in terms of peak flow, total volume, peak flow rate of occurrence and shape of the hydrograph for a range of storm sizes.  The goal of...
	3.2.3.1 Dry Weather Calibration

	Dry weather flow to the CSO diversion structure is the sum of sanitary flow and infiltration.  Dry weather flow was estimated based on land use and flow monitoring information.  The dry weather calibration consisted of comparing the dry weather model ...
	The dry weather inputs were adjusted until the model results approximated the metered flows.  The dry weather inputs are as shown in Table 3.2-3.
	Table 3.2-3
	Dry Weather Flow Inputs
	3.2.3.2 Wet Weather Calibration and Verification Summary

	The wet weather calibration consisted of running the model with rainfall data collected from selected storms and then comparing the calculated results to the actual flow monitoring data collected.  The model parameters were adjusted and the process re...
	 To match model runoff volumes (volume under curve) to actual runoff volumes (calculated with flow meter data) within approximately +/- 20%
	 To match model runoff peak flow rates to actual flow monitor runoff peak flow rates within approximately +/- 20%
	 To match model peak flow rate time of occurrence to actual flow monitored peak flow rate time of occurrence within approximately +/- one hour
	The model calibration effort consisted of calibrating runoff from CSO Service Areas 010. 009, 007, 004, 011 and 003.  The areas comprise approximately 93% of the total combined sewer area.
	The model calibration began with the most upstream flow meter.  Once an upstream meter was calibrated, those parameters were not adjusted to calibrate downstream meters.  Each CSO service area was calibrated independently.  Figure 3.1-1 also shows a s...
	The runoff from the six CSO service areas was calibrated with two storms and then the model was verified independently with one storm.
	3.3 CS Model Calibration

	The June 12, 2005 and September 28, 2005 storms were used to calibrate the model.  Storm event data is shown in Table 3.2-2.  The June 12th storm had an average total rainfall of 1.70 inches.  The September 28th storm had an average total rainfall of ...
	The rainfall from the June 12th and September 28th storm events were entered in to the XP-SWMM model.  Modifications were made to percent imperviousness, subcatchment width and depression storage to obtain the desired calibration curves.  The model re...
	Table 3.3-1 shows the initial RUNOFF parameters prior to calibration and Table 3.3-2 shows the final RUNOFF parameters after calibration.  An effort was made to balance the modeled response between storm events while striving to predict the meter resp...
	Table 3.3-1
	Initial Model Data
	Table 3.3-2
	Final Model Data
	3.4 CS Model Verification

	According to EPA Guidance on Modeling and Modeling (1999), “validation is the process of testing the calibrated model using one or more independent data set(s) of rainfall data.”
	After calibration, the next step consisted of using the July 21, 2005 storm as shown in Table 3.2-2, to verify the model.  The July 21st storm had an average total rainfall of 1.77 inches and was chosen because of even distribution of rainfall.
	The model results were compared to actual flow monitoring data collected.  The validation effort resulted in a satisfactory verification.  The validation proved the model calibration to be suitable for alternative evaluation.
	Detailed information regarding the calibration and verification of the collection system model is provided in the “CSO Program Model Calibration and Verification Report, December 2006” that was previously submitted to IDEM and approved for alternative...
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	4.1 Introduction

	This section presents an overview of the development, calibration and application of a river model of the Wabash River to simulate water quality in the river from upstream of the City of Terre Haute to approximately 11.5 miles downstream of the City’s...
	The model domain for the Wabash River extends from Vigo County at RM 217.5 downstream to RM 200.0, downstream of the City’s WWTP and all of the City’s CSOs. A schematic of the model is shown in Figure 4.1-1.  The extent of the model domain of the Waba...
	 The upstream boundary of the model is upstream of the City’s CSOs and will provide insight to the loads not originating from Terre Haute;
	 The model domain includes Sugar Creek, a tributary to the Wabash River, which may identify another potential source of E. coli; and
	 The model extends over fourteen miles beyond the last CSO outfall and 11.5 miles beyond the City’s WWTP (at RM 211.50), which allows an assessment of the impact of the City’s sources on water quality downstream of the City.
	/
	Figure 4.1-1. River Model Extent and CSO Load Inputs.
	The United States Geological Survey’s (USGS) Branched Lagrangian Transport Model was selected as the model to simulate water quality in the Wabash River near Terre Haute. The river model uses a moving frame of reference (Lagrangian) approach to dynami...
	4.2 River Model Calibration and Validation

	The model was calibrated to data from three wet weather events sampled by the City in 2007.  The monitoring program and data are described in Section 2.4.1.2 and in the previously provided memorandum included as Appendix 2-1 (LimnoTech 2008a).  The mo...
	The calibration and validation of the river model indicates that it is capable of reproducing the timing and magnitude of most of the observed data.  The model performs well for a variety of conditions, from dry weather to storms ranging from 0.2 inch...
	4.3 Application to Characterize Baseline Conditions

	The CSO Policy and subsequent EPA guidance recognizes that the annual performance of CSO controls will vary based on rainfall conditions.  Long-term hourly rainfall and daily stream flow data were examined on an annual and summer (recreation season, A...
	The calibrated BLTM river model was applied for the baseline simulation.  External forcing (e.g. flows, bacteria loads, climate) inputs were adjusted to reflect 1978 conditions for this simulation.  The calibrated collection system model was applied i...
	Table 4.3-1
	Overflow Characteristics by CSO for a Typical Year
	/
	Figure 4.3-1. Annual E. coli Loads to the Wabash River by Source Type for a Typical Year
	The model was applied with a 15-minute computation time step and hourly output frequency.  The model output at each model grid node was evaluated and compared to State water quality standards for E. coli.  Indiana water quality standards include numer...
	/
	4.3-2. Downstream Profile of Exceedances of Indiana’s Single Sample Maximum E. coli Criterion (235 cfu/100 mL).
	Fairbanks Park was identified as a key location for CSO controls by the Citizens Advisory Committee.  Results are shown in Table 4.3-2 at this key location as well as the locations used as sampling stations during the City’s Wet Weather Sampling Progr...
	Table 4.3-2
	Hours Exceeding Indiana’s E. coli Single Sample Water Quality Standard Criterion During the Recreation Season (5,136 hours)1
	Notes:
	1 Defined for Recreation Season only (April-October); Single Sample Maximum Criterion = 235 cfu/100 mL
	When considering the in-stream impact from the City’s CSOs, the single sample maximum criterion is more restrictive than the 30-day criterion.  This is because the City’s CSOs are intermittent discharges and do not affect very many days within any giv...
	4.3.1 River Sensitivity to Sources of E. coli

	The magnitude and relative contribution of upstream and City CSO sources of E. coli, as shown in Figure 4.3-1, to compliance with the State’s water quality standards were evaluated by conducting sensitivity simulations with the river model.  Figure 4....
	/
	Figure 4.3-3. Downstream Profile of Exceedances of Indiana’s Single Sample Maximum E. coli Criterion (235 cfu/100 mL) with and without the City’s CSOs.
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	5.1 Introduction

	The involvement of the public is vital to the success of any long term planning process for any public works projects.  The creation of the City of Terre Haute CSO Long-term Control Plan through its CAC and its consultant has emphasized this involveme...
	5.2 Stakeholder Identification

	Because CSO control is specific to each particular community, strong stakeholder support is essential to promoting the plan to ratepayers, agencies, and third party interest groups.  Early awareness of stakeholder views and inputs can help ensure that...
	5.3 Public Participation Process

	At the outset of the LTCP process, it was made clear that public involvement and notification were essential to a successful implementation of the final plan.  In order to accomplish this involvement, several steps were taken.  In August 2001, then Ma...
	The staff from the WWTP also attended civic organization meetings to educate the public on combined sewer overflows and the City’s options for improving water quality.  Presentations were made to the Environmental Committee of the Terre Haute Chamber ...
	After the decision was made to revise and update the original LTCP and seek other alternatives to meet changing regulatory requirements in 2006-2007, the CAC was required to become involved in the process again, however, due to the elapsed time since ...
	 New flow monitoring in the CSO system to calibrate and develop a new SWMM model
	 Development of new CSO control technologies and alternatives based on new CSO overflow data and typical year design storms.
	 Evaluation of the affect current regulatory requirements would have on the necessary changes and revisions to the LTCP
	As discussed in detail later in this section, the CAC was presented information to refresh and/or educate members on the City’s CSO system and LTCP requirements.  Eventually, the meetings with the CAC presented information regarding developed alternat...
	During the period of alternative development with the CAC, the City entered into negotiations to purchase the former wastewater treatment facility site of the International Paper property adjacent to the City’s Main lift station and outfall 003.  The ...
	Local newspaper and television coverage has been provided numerous times throughout the process to educate the public.  Some of the related articles are included in Appendix 5-1.
	5.3.1 City Involvement

	The City of Terre Haute wastewater system is under the direction or control of several governmental units.  Each unit’s role in developing and implementing the LTCP is also discussed in this section.
	The City Council consists of nine members which are elected officials.  The Council approves the city budgets and rate adjustments, appropriates money to various departments and enacts, repeals or amends local laws and ordinances.  In regard to the wa...
	The Board of Public Works and Safety consists of five members, which are appointed officials.  The Board is responsible for awarding contracts relative to the various city departments, and will select professionals, contractors and other groups needed...
	The Terre Haute Sanitary District Board of Sanitary Commissioners consists of three to five appointed members including the City Engineer. The primary responsibility of the district is to develop and plan sanitary and storm sewer interceptors, relief ...
	The Terre Haute Wastewater Treatment Plant (WWTP) is run completely by City staff.  The management team and staff have been actively involved in the LTCP process and the resulting recommendations as the amount of CSO flows handled by the existing or e...
	5.3.2 Mayor’s Appointment of Citizen’s Advisory Committee (CAC) (2 Phases)

	As mentioned previously, the development of the LTCP has continued through several administrations.  In September of 2001, then Mayor Judith Anderson appointed the original 15 member Citizen’s Advisory Committee.  The committee was formed to provide g...
	The city conducted five public meetings via the original Citizen Advisory Committee between September 2001 and April 2002.  Those meetings were held not only to gain direction, but to also disseminate information to the public through the committee.  ...
	The first meeting was held September 27, 2001.  The focus of that meeting was to explain:
	 The history of the sewer system in Terre Haute,
	 What a combined sewer is,
	 The reason a LTCP is required,
	 Their role in the LTCP process,
	 The work plan on describing the river sampling and monitoring plan, and
	 Discussion that  input on public access to the river was needed at the next meeting in order to determine priority areas.
	The second meeting was conducted on November 29, 2001.  The discussion items during the meeting were as follows:
	 Reminder on the purpose of the committee and their role,
	 Update status of the sampling and modeling work,
	 Review agency responses on sensitive areas and river assessment
	 Forum on public access and uses observed along the river,
	 Presentation on types of CSO control technologies, and
	 Discussion that the next meeting would request their input on alternatives.
	The committee concluded and verified that there are no sensitive areas.  However, the committee felt that the Fairbanks Park area should be considered a priority area.  Therefore, the alternatives to be developed should consider how to eliminate or re...
	The third meeting was held on January 31, 2002.  The meeting provided significant detail on the work completed.  The discussion items were as follows:
	 Explanation of the system characterization results of the collection system model and the typical storms used in the evaluation,
	 Presentation on the volume of overflow from the CSOs predicted by the collection system model,
	 Presentation on detailed CSO control alternatives that included specific project components along with pros and cons,
	 Options to eliminate, or relocate discharges in the priority area which will be beyond the knee of the curve costs,
	 Other projects and goals that should be incorporated into the plan, and
	 Discussion regarding the next meeting which will review cost estimates and select the preferred alternative.
	Citizen Advisory Committee Meeting No. 4 was held on March 18, 2002.  The meeting discussed the following topics:
	 The results of the river modeling for the control alternatives, which included, days of the exceedance of water quality standards and CSO impacts on the river,
	 Review of the work items associated with the alternatives and options,
	 Discussion of the costs estimates for the alternatives and options along with the cost effectiveness evaluation by the Present Worth Analysis.
	 The possibility of using existing industrial treatment facilities that are underutilized along 1st St. and the vicinity of potential storage tanks.  The owner of the property was present and also offered input,
	 Presentation of the resulting “Knee of the Curve” analysis which showed the In-line storage alternative (No. 1) to primarily be the lowest cost alternative,
	 The minimum project cost based on the LTCP guidance economic affordability limit,
	 Terre Haute’s Socio-Economic indicator and the resulting implementation period required,
	 Possible phasing options, and
	 Discussion of  the next meeting which would have potential rate impacts
	The final CAC meeting of the original members was held April 16, 2002.  It was held to finalize the committee’s input of the plan.  The specific discussion items included:
	 Review of proposal from Wabash Environmental Technology,
	 Review of the work items selected in the plan,
	 Finalized project costs for the recommended plan,
	 An implementation schedule for the plan, and
	 The resulting impact on the user rates.
	In 2008, after several meetings had been held with IDEM concerning the review of the initial LTCP submittal, enactment of the revised regulatory requirements, and development of a plan to revise/update the LTCP, the City re-engaged the CAC, with some ...
	This revised committee met 4 times during the course of developing and revising the LTCP.  The group met on May 20, 2008 and February 15, June 23 and November 1 in 2010.  The meetings discussed plan requirements and purpose of the CAC,  updated regula...
	The first meeting of the revised CAC was held on May 20, 2008 and was largely informational.  The meeting included the following topics:
	 Introduction of the CAC to the City of Terre Haute Combined Sewer System (for the benefit of new members),
	 History of the Sewer System in Terre Haute,
	 “Early Action Items” that were completed after development of the original LTCP,
	 Required updates to the Long Term Control Plan,
	o New IDEM requirements
	o Potential further “Early Action Items”
	 State Judicial Agreement Requirements relative to the new plan and schedule.
	The second meeting of the CAC was held on February 15, 2010 and discussed the following:
	 Review of the existing CSO system,
	 Presentation of activities completed since last CAC meeting including:
	o River Model Wet Weather Results Approved by IDEM,
	o Development of seven system-wide control plan alternatives,
	o Initial screening of control plan alternatives to three or four final alternatives,
	o IDEM Approval of Alternative Screening/Methodology,
	o Geotechnical testing of soil profiles along the river,
	o SWMM model analysis of developed and screened alternatives,
	o International Paper property acquisition investigation.
	The third meeting of the CAC was held on June 23, 2010.  The topics discussed included:
	 Upcoming Long Term Control Plan Updates,
	 Existing Pollutant Sources in the Wabash River (e. Coli),
	 Range of Screened Alternatives and request for input,
	 Estimated Sewer Rate Impacts of the screened alternatives and request for input,
	 Upcoming activities required.
	The fourth and final CAC meeting during the LTCP planning stages was held on November 1, 2010.  The following topics were discussed:
	 Review CSO LTCP requirements and past meeting information,
	 Present Evaluation Data for final three alternatives including:
	o Overflow Frequency and Volume,
	o River impacts,
	o Costs and User Rate Impacts,
	 Discussion of CAC’s input on final alternative selection,
	 Review process for finalization of the LTCP for submittal to IDEM.
	This final meeting allowed the CAC members to provide recommendations to the Sanitary District Board before a final alternative was selected by the sanitary district.  While the CAC considered and favored the environmental benefit Alternative 7B offer...
	The Citizen’s Advisory Committee was asked to continue to meet as the project is implemented.  This will allow the city to obtain input from the public as the work begins to impact their daily lives.  Such input could prompt the implementation schedul...
	5.4 Public Meetings and Public Education

	In addition to the meetings conducted prior to the City’s initial LTCP submittal to IDEM, the City and its consultants discussed the Long Term Control Plan progress at the Sanitary District meetings held bi-monthly.  The consultants provided updates t...
	City staff members, including Mayor Bennett, also attended civic organizational meetings over several months to educate the public about the CSO project.  The discussion included the history of CSOs, what is required of the City of Terre Haute and oth...
	In addition, the Technical Team met with the Riverscape organization to provide information regarding the City’s plans for land use along the river and a member of the group was added to the CAC for the final 3 meetings.  The Riverscape group expresse...
	A final public meeting was held on January 24, 2011 to present the plan and the final selected alternative to the public.  The presentation to the public is included in Appendix 5-2.
	5.5 Community Notification Program

	As a part of this LTCP, a proposed notification program was established.  The IDEM guidance requires that a program be implemented that will provide warning when  an overflow events is occurring or when there is likelihood that one will occur within t...
	5.5.1 Signage

	All the CSO outfall structures now have public warning signs.  Signs have been posted along the Wabash River.  All signs follow the requirements of the IDEM guidance and contain language stating that the waters could be polluted after rainfall and sno...
	5.5.2 Notification

	The City developed a finalized plan for public notification.  The plan involves sending an invitation in March of each year to property owners along the river plus downstream, and to the media outlets (Newspaper, Television, and Radio) as required by ...
	The notifications must be documented and recorded for submission to IDEM.  Such documentation will further the efforts of notifying and educating the public about their combined sewer overflow status.
	5.6 Print and Electronic Media Coverage

	As mentioned previously, information about CSOs is available on the Terre Haute Clean Water website, www.terrehautecleanwater.com.  The purpose of the website is to educate the public about CSOs in general as well as provide a history of the CSOs in t...
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	6.1 Introduction

	It is required that the CSO Long Term Control Plan (LTCP) contains an evaluation of a reasonable range of control alternatives.  This section describes the process that the City of Terre Haute team used to develop and evaluate CSO control alternatives...
	6.2 Goals of the CSO Control Plan

	The CAC and technical committee identified the following goals:
	1. Comply with IDEM requirements
	2. Reduce in-stream bacteria from CSOs
	3. Eliminate / reduce CSOs 005, 006, 007 and 008 in Fairbanks Park
	 This is considered a priority area given the  potential access to the river by park users
	4. Wastewater Treatment Plant (WWTP) Improvements
	 Provide new preliminary treatment facility
	 Upgrade sustained wet weather peak treatment capacity to 48 MGD in all sections of the plant
	 Replace and upgrade old equipment
	 Eliminate peak flow bottlenecks at the Plant
	5. Maximize flow to the WWTP
	6. Generally site new CSO control facilities to allow for ISU campus expansion near the river
	7. Control and eliminate floatables from CSOs in accordance with NPDES permit requirements
	8. Provide Protection Within Wellhead Protection Zone (This was accomplished as an “early action” project through rehabilitation of large diameter pipe within the wellhead protection area).
	9. Reasonable sewer rate increase based on total project cost with consideration given to phasing the proposed work
	10. Effective Odor Control at WWTP
	6.3 Evaluation Factors

	The LTCP utilized several factors to screen and evaluate alternatives for CSO Control including cost-effectiveness, regulatory compliance, technical feasibility, and community input.
	For the CSO LTCP, the City of Terre Haute developed a range of alternatives based on the typical year rainfall of 1978 approved by IDEM.  Alternatives were evaluated ranging from “No Action” to complete closure of all CSO.  Costs of each alternative w...
	The CSO Policy requires that the CSO control program that is selected be sufficient to meet water quality standards and other CWA requirements.  A post-construction water quality assessment program of monitoring or modeling is necessary to demonstrate...
	The following evaluation criteria were utilized by the Technical Team to evaluate the CSO control technologies and alternatives under either approach for the selected plan of the LTCP.
	6.3.1 Cost Effectiveness

	The cost effectiveness of each control alternative will be determined by comparing the reduction on CSO overflows to the cost of the alternative.  Alternatives for the different design storms system-wide overflow frequencies will be investigated and t...
	6.3.2 Regulatory Compliance

	The Terre Haute CSO LTCP technical team developed and evaluated alternatives in accordance with EPA and IDEM CSO control policies.  The selected alternative will comply with appropriate regulatory requirements or amended standards as designated throug...
	6.3.3 Non-Monetary Factors

	The non-monetary factors included environmental issues/impacts, technical issues, implementation issues, priority areas, and public acceptance.  These factors while not deciding factors in the CSO control selection process are considered in the overal...
	Environmental Issues/Impacts
	Alternatives evaluated take into account environmental issues/impacts, which include wetlands, floodplains, geotechnical and groundwater sources, threatened and endangered species, water quality impacts from construction, and future operational odors ...
	Technical Issues
	The evaluation of CSO control alternatives included the following technical issues:
	 Construction feasibility – how complex it is to construct the facilities included in each of the alternatives.
	 Operability/reliability – the level of complexity of the technologies involved and the impact this would have on the City’s ability to operate the systems, and the number of remote facilities that will affect the reliability of the alternative and operat�
	 Expandability – alternatives should have the ability to expand in the future if regulatory requirements dictate.
	Implementation Issues
	The evaluation of alternatives included implementation considerations, which included the ability to phase the implementation of various elements of an alternative.  These factors included land availability, complex construction and interrelation of e...
	Public Acceptance
	The control alternatives were evaluated on the ability to receive public acceptance.  Public acceptance is relative to the level of disruption a CSO project would have on local businesses and neighborhoods during construction and during the operation ...
	6.3.4 Community and Technical Committee Input

	As part of the public participation program, the Mayor of the City of Terre Haute appointed a Citizen Advisory Committee (CAC).  During the nearly 12 year development of the LTCP, the CAC consisted of two separately appointed groups (with some common ...
	In addition to the CAC, a technical committee team was also established.  The technical committee included wastewater treatment plant staff, the City Engineer and staff, and the team of environmental, engineering, financial and legal consultants, led ...
	6.4 Initial Screening of CSO Control Technologies

	A wide range of CSO control technologies applicable to Terre Haute’s combined sewer system were initially considered by the technical team.   The technologies were grouped into the following general categories:
	 Collection System Control
	 Storage Technologies
	 Treatment Technologies
	6.4.1 Collection System Control

	The objective of using collection system technologies as a control alternative is to reduce the amount of combined sewage into the collection system below the WWTP capacity during wet weather.  Collection system controls fall into the following catego...
	1. Inflow/Infiltration Reduction
	2. Real Time Control
	3. Sewer Separation
	4. Outfall Consolidation/Relocation
	6.4.1.1 Inflow/Infiltration Reduction

	Inflow/Infiltration reduction involves the elimination of storm water connections to the combined sewer system.  Generally this involves the disconnection of rain leaders from the combined sewer system and the resulting storm runoff is diverted elsewh...
	There are newer “green technology” opportunities for inflow/infiltration reduction which will be discussed in greater detail later in this section.
	6.4.1.2 Real Time Control

	Real-time control (RTC) is a sophisticated in-line storage method that uses sewer depth and rainfall monitors to control the amount of wastewater being stored, transported, and directed throughout the existing combined sewer system.  This method of CS...
	Monitors necessary to control the storage of flow in existing sewers require a power source and telecommunication lines to communicate with a central computer system.  The computer system processes the monitoring data every few seconds or minutes, usi...
	Releasing in-system storage volumes by deflating a dam or lowering a weir is not instantaneous.  Therefore, incorporating rainfall data into the decision process is necessary to give the system enough time to react to an approaching storm that has int...
	Static flow control devices, such as vortex valves are generally used for flow control in conjunction with other devices that provide the storage, such as inflatable dams, weir structures or concrete storage tanks.  The inherent storage capacity of th...
	However, while RTC does potentially increase storage at a relatively low cost, the risk of flooding basements with raw sewage increase as additional RTC devices are installed in the collection system and as storage is attempted in smaller sewers.  Whi...
	RTC could be used in selective areas of the system and as part of a larger more complex plan and thus, provide the basis for system-wide control and minimization of structural capital improvements that could result in a more cost-effective solution fo...
	6.4.1.3 Sewer Separation

	Sewer separation is the conversion of a combined sewer system, or sub-system into a system of separate sanitary sewers and storm sewers. This alternative prevents sanitary wastewater from being discharged to receiving waters. However, when combined se...
	With partial separation, combined sewers are separated in the streets only, or other public right of way. This is accomplished by constructing either a new sanitary wastewater system or a new storm water system.
	In addition to separation of sewers in the streets, storm water runoff from each private residence or building such as from rooftops and parking lots is also separated.  See Figures 6.3-1A and 6.3-1B for a schematic of how sewer separation can be achi...
	6.4.1.4 Outfall Consolidation/Relocation

	Outfall consolidation allows nearby outfalls to be joined together, eliminating the number of outfall points.  The elimination of outfalls reduces the monitoring requirement and localizes end-of-pipe treatment technologies, like floatable controls.  O...
	6.4.2 Storage Technologies

	The objective of using storage technologies as a control alternative is to capture combined sewage in excess of the WWTP capacity during wet weather for controlled release into the collection system for conveyance to the WWTP after storm events.  Stor...
	1. Storm water storage ahead of combined system;
	2. In-line Storage - Storage of CSO flows within the sewer system;
	3. Off-line storage of CSO flows.
	6.4.2.1 Storm Water Storage ahead of Combined System

	There are two ways to provide storage of runoff prior to entering the combined system and mixing with the sanitary flow.  One method is to require industries or other large property developments to build detention basins and release the storm water af...
	The other methods of providing storage of CSO flows are to collect combined sewage prior to the outfall.  This can be accomplished with in-line storage, off-line storage tanks, or a combination of the two technologies.  The storage volumes required in...
	6.4.2.2 In-line Storage

	In-line storage optimizes the use of the existing storage capacity of the combined sewer collection system to reduce overflow volumes.  It often proves to be less expensive than other alternatives since there are significantly lower construction costs...
	This technology cannot typically be used alone to achieve complete control of substantial wet-weather events.  In-line storage can only be used if sufficient capacity is available within the collection system and to a lesser degree at the treatment pl...
	Each trunk sewer of the Terre Haute collection system was investigated for available storage capacity during the initial LTCP development and reconfirmed during the final plan development.  The areas best suited for in-line storage are the large, flat...
	/
	Figure 6.3-2 Inflatable Dam
	In-line storage will only extend to a location upstream (the storage limit) where the water elevation in the combined trunk sewer equals the elevation of the outfall pipe or regulator downstream.  If an attempt is made to store wastewater above this s...
	One storage technology that has been evaluated as a control alternative is inflatable dams.  Inflatable dams are rubber fabric devices which can be inflated during wet weather conditions to hold wastewater within the sewer and prevent combined sewage ...
	The air supply to inflate the dam, which is either produced by a compressor or supplied from a storage tank, is located on site in an equipment vault.  This on-site equipment vault also contains a manual control to deflate the dam in case of equipment...
	Since the dams are generally made from a heavy fabric or rubber, they should not require a substantial amount of in-pipe maintenance; however, some maintenance will be required for the instrumentation inside the equipment vault.  Also, these dams must...
	Although the fabric and rubber material used in these structures is durable, sharp objects can penetrate it.  In addition, since inflatable dams are installed directly inside the combined sewer outfall pipe, they must be able to accommodate the variou...
	Another option for in-line storage which would operate similar to inflatable dams would be an operable weir structure.  This type of control would include a large concrete structure located near the outfall of a CSO and would contain an adjustable wei...
	6.4.2.3 Off-line Storage

	Another CSO control alternative that has been evaluated for a storage option is using off-line structures such as earthen basins or closed concrete tanks.  The type of storage structure requires very different operations and design considerations.
	Closed concrete tanks typically include odor control systems, washdown/solids removal systems, and access for cleaning and maintenance.  Closed concrete tanks have been constructed below grade such that the surface at grade can be used for parks, play...
	Earthen basins often provide a more cost effective method for CSO flow storage; however, their construction near urbanized areas has often been a problem from a public perception perspective.   As a result, earthen basins were initially not considered...
	An existing wastewater treatment facility, Wabash Environmental Technologies (WET), exists just north of the Hulman (004) outfall.  The facility has storage tanks available on site which could be used for CSO storage in lieu of or in combination with ...
	6.4.3 Treatment and Floatables Controls Technologies

	There are two types of treatment technologies for CSO flows: treatment at the CSO outfall and treatment expansion of the existing treatment plant. Given its condition and capacity, expansion of the existing treatment plant is considered common to any ...
	Providing high rate treatment facilities at the outfalls would be expensive because the peak wet weather flow rate in the collection system would have to be pumped up to each treatment unit.  Also, disinfection chemicals would have to be handled at ea...
	Conversely, floatable controls provide screening and removal of floatables from combined sewer overflows only and are actually an NPDES permit requirement for existing outfalls.  As a result, a form of floatable controls will be provided at each outfa...
	6.4.3.1 Screens

	Screening devices can be used to prevent floatables from being discharged from CSOs to receiving water bodies during wet weather after floatables have entered the combined sewer system. Screening of CSOs can potentially be challenging because the quan...
	Static Bar Screens
	Static bar screens are one of the least expensive forms of screening technologies available. The static bar screen consists of sturdy bars, aligned in parallel to one another and typically spaced 0.5 to 1.0 inches apart. The screens are fixed in place...
	For the CSO outfalls that discharge infrequently and low volumes, static screens can be used. Some commercially available static screens are equipped with flushing water devices that can be activated after overflow events. For high volume discharges, ...
	Vertical Mechanical Screens
	Vertical mechanical bar screens are typically equipped with a vertical, inclined, static bar screen rack which remains submerged below the water surface, and a mechanical rake arm which remains above the water surface. When the bar rack requires clean...
	Horizontal Mechanical Bar Screens
	Horizontal mechanical bar screens are a relatively new technology being utilized in the United States to screen solids and floatables, though the screens are already being utilized in Europe for CSO control. The screens are rigid, weir-mounted, and co...
	Vortex-Type Separators
	A vortex separator is a cylindrical unit, which uses the hydrodynamics of swirling or vortex velocities to concentrate and remove solids and grit. The unit has no moving parts. Storm flows enter the unit tangent to the cylindrical chamber to create a ...
	Currently, there are various model types of vortex separators in use; despite variations among the different types, the principles of operation of most models are essentially the same. The advantages of vortex separators include:
	The disadvantages of vortex separators include:
	6.4.3.2 Netting Systems

	Two types of netting systems were identified in development of the system-wide alternatives:
	End-of-Pipe Netting System
	End-of-pipe netting systems are designed to "catch" floatable materials shortly after being discharged by CSOs. Most applications consist of simple construction materials and components, such as nylon netting and support platform and framing. The end ...
	When the mesh bags are full, they are removed and hauled away. The bags are usually disposed of with the solids and floatables. The waste materials are usually landfilled and new clean nets are replaced on the system.
	The advantages of this system include:
	In-Line Netting System
	In addition to the end-of-pipe netting system, in-line netting can be installed where end-of-pipe installations are not technically feasible. This system operates on the same principle as the end-of-pipe nets but consists of a concrete chamber to hold...
	This system allows for the netting, floatables, and solids to be removed from the chamber by hoisting the nets out of the chamber with a crane, which may then be loaded on a truck for disposal. In addition to the advantages mentioned for the end-of-pi...
	Due to the disadvantages detailed in this section, netting systems were eliminated from consideration for further evaluation.
	6.4.3.3 Floatables Source Control

	Floatables source controls are methods of reducing floatables and solids at their source. Floatables source control methods include:
	The primary advantage of the use of source controls is low capital cost.  The primary disadvantages include increased O&M costs required for cleaning streets, inlets, and potential for street and yard flooding. Due to the nature of these kinds of cont...
	The actual method proposed for floatables control for the CSO’s to remain in the developed comprehensive system-wide alternatives will be discussed with each respective alternative evaluated.
	6.4.4 Summary of Screening Process of CSO Control Technologies

	On September 12, 2008 the Technical Team conducted a planning meeting to evaluate and screen the various CSO control technologies developed for Terre Haute, and based on this screening, develop comprehensive system wide control alternatives based on t...
	The first step in the CSO technology screening process was to assess each of the major and minor technologies and their environmental impact (high or low).  Table 6.4-1 displays the results of this assessment on the various technologies.
	After assessing each of the technologies, a matrix was developed in which the decision to eliminate or consider each of the various technologies was made.  Table 6.4-2 displays this decision matrix and it should be noted the some of the technologies w...
	Table 6.4-1
	Initial CSO Technology Screening
	Table 6.4-2
	Consideration of Technologies
	Minutes and summaries from the technology screening process are included in Appendix 6-1.
	6.5 Development of Control Alternatives
	6.5.1 In-Depth Evaluation of Control Alternatives


	Based on the screened CSO control technologies, the technical team began to develop comprehensive alternatives for CSO control for the entire system.  The alternatives could then be input into the SWMM model to determine infrastructure sizing required...
	6.5.1.1 Main Lift Station and WWTP Upgrade

	The existing main lift station is nearly 45 years old and is in a deteriorated condition which requires significant pump maintenance and rehab annually.  Similarly, most components of the wastewater treatment facility were constructed over 40 years ag...
	6.5.1.2 In-Line Storage Alternatives

	As discussed elsewhere in this report, several of the existing large diameter combined sewers in the system offer favorable conditions for in-line storage of combined wastewater flows.  The Walnut, Hulman, and Ohio sewers in particular are of brick co...
	Additional in-line storage opportunities can be developed utilizing relief sewers which will store and ultimately convey combined wastewater flows from one outfall or area to another.
	Lastly, large diameter tunnels can be constructed which will operate similar to CSO relief sewers, however, their storage capacities and operation and maintenance differ significantly.
	The comprehensive alternatives developed and discussed below utilize a variety of combinations of these in-line storage opportunities.
	6.5.1.3 Off-Line Storage Alternatives

	Off line storage of combined sewage flows is attained through transferring flows from the combined sewer to a facility which is separated from the combined system.  Combined wastewater flows can either be conveyed by gravity to the storage facility an...
	International Paper Lagoons

	During the LTCP revision process, an industrial site directly north of and adjacent to the city’s main lift station and Turner outfall ceased operation and the property became available.  The site contained a five cell lagoon based wastewater treatmen...
	Given the location of this facility and the fact that the property could be acquired by the City with the lagoons/basins in-place, it was the recommendation of the tech team to utilize this option for off-line storage of combined sewage flows in some...
	Storage Tanks

	The other viable option for off-line storage which was selected by the Tech Team for evaluation in some alternatives was the use of storage tanks.  Given the location of the need for these tanks, most would need to be below grade concrete tanks with m...
	6.5.2 Description of Comprehensive Alternatives Developed

	In order to develop the comprehensive system-wide alternatives, the Terre Haute CSO system was divided into four distinct areas:  Spruce/Chestnut Outfalls Area (CSO’s 009/010), Fairbanks Park Area (CSO’s 005, 006, 007 and 008), Hulman/Idaho Outfalls A...
	Alternative 1- North Storage/International Paper Storage Option I
	 Consolidation of Spruce and Chestnut outfalls via relief sewer from Spruce to Chestnut, closure of Spruce and new storage tank (10 MG).
	 Relief Sewer (48” – (2) 144”) for conveyance from Fairbanks Park south to International Paper lagoons, closure of outfalls 004, 005, 006, 007, 008 and 009.
	 International Paper lagoon modifications, influent and effluent conveyance for lagoons and Turner Outfall conveyance
	Alternative 2 – North Storage/International Paper Storage Option II
	 Consolidation of Outfalls 007, 008, 009 and 010 via relief sewer (96” to 120”) from Walnut Street north to Chestnut, closure of outfalls 007, 008 and 009, and new storage tank (10.8 MG) at outfall 010.
	 Relief sewer (60” – (2) 132”) for conveyance for Oak Street south to International Paper Lagoons, closure of outfalls 006, 005, and 004.
	 International Paper lagoon modifications and Turner Outfall conveyance.
	Alternative 3 – Conveyance and Storage Option
	 Consolidation of Spruce and Chestnut outfalls via relief sewer from Spruce to Chestnut, new Storage tank (10 MG) at Chestnut and closure of outfall 010.
	 Relief sewer (48” – 144”) for storage and conveyance from Ohio Street to Hulman Street with closure of outfalls 005, 006, and 008 in Fairbanks Park with 007 remaining open for storm water discharge only.
	 Hulman Street Storage Tank (7 MG), outfall 011 remains open.
	 Turner Street Storage Tank (3.2 MG), outfall 003 remains open.
	Alternative 4 – Storage Tanks Option
	 North conveyance via relief sewer from Spruce to Chestnut
	 North Storage tank (10 MG) at Chestnut, closure of outfalls 009 and 010
	 Park conveyance and storage via relief sewer (48” – 144”) from Ohio Street to storage tank (2 MG) at south end of the park.  Closure of outfalls 005, 006 and 008 with 007 remaining open for storm water only.
	 New outfall 005A at new storage tank at south end of Fairbanks Park
	 Hulman Street Storage tank (5 MG)
	 Turner Storage Tank (3.2 MG)
	Alternative 5 – North Tunnel
	 17’ diameter tunnel from Spruce Street south to Crawford Street, closure of outfalls 006, 007, 008, 009 and 010.
	 North Tunnel flow storage evacuation lift station with outlet south of Fairbanks Park
	 Idaho Storage Tank (5 MG) with Outfall 011 remaining open.
	 Turner Storage Tank (3.2 MG) with Outfall 003 remaining open.
	Alternative 6 – Tunnel to Idaho Street
	 17’ diameter tunnel from Spruce Street (010) to Idaho Street (004), closure of outfalls 004, 005, 006, 008, 009 and 010.
	 Idaho Tunnel flow storage Evacuation Lift station
	 Idaho Storage Tank (5 MG)
	 Turner Storage Tank (3.2 MG), outfall to remain open.
	Alternative 7 – Tunnel to Main Lift Station
	 17’ diameter tunnel for conveyance and storage from Spruce Street south to the Main Lift Station, closure of all outfalls but Turner (003).
	 Tunnel flow storage evacuation lift station
	6.5.3 Common Alternative Elements

	Concurrent to development of the comprehensive alternatives for the system, several common elements were developed which would enhance the effectiveness of any of the CSO control alternatives.  The following common alternative elements were combined w...
	6.5.3.1 Floatable Controls at CSO’s to remain

	In all of the comprehensive alternatives developed for the combined sewer system, at least one and in most cases a few outfalls will remain.  In accordance with the City’s NPDES permit, floatables control shall be placed on each outfall which will rem...
	6.5.3.2 Back-Up Weir Structure at Hulman/Idaho and Floatables Control

	All of the SWMM model analysis for the combined sewer system and each alternative for CSO control will assume that a backup weir structure will be constructed at the Hulman Street outfall.  This backup weir structure will allow the Hulman and Idaho St...
	6.5.3.3 Interim Plant Upgrades – Piping/Hydraulics and Chlorine Contact Tank Upgrades

	When the original seven comprehensive alternatives were developed, the new treatment plant upgrades and expansion were not finalized and approved for construction.  As a result, the alternatives assumed that piping and hydraulic capacity of the primar...
	6.5.3.4 Rehabilitation of North Hulman Street Sewer and Weir at 15th and Ohio

	In addition to the in-line storage proposed for the Hulman/Idaho combined sewers, in-line storage is proposed in an upstream section of the system.  The SWMM model analysis of all alternatives will assume a weir is placed at the intersection of 15th a...
	6.5.3.5 Large Diameter Pipe Rehabilitation

	In order to utilize some of the larger combined sewers in the system and to address poor conditions of some of the pipes which will be required to continue to operate in the system, inspection and rehabilitation of several of the systems larger outfal...
	6.5.3.6  New Headworks Facility at Wastewater Treatment Facility

	Phase I of the City’s wastewater treatment plant improvement/expansion project consists of the construction of a new headworks facility.  In the original LTCP development and through the early portions of the final plan development, it was assumed tha...
	6.5.3.7  Separation of East area of basin 003 and west end of 009

	Given the size of the Terre Haute system, complete separation of the combined sewer system was not a viable option.  However, two areas of two of the basins, the east area of the Turner Street basin, and the western area of the Chestnut street basin d...
	The area of the Turner Street basin is along Margaret Avenue, a major transportation route in the City which will be improved in the next several years with combined sewer separation possible through the construction of new storm sewers.
	The western section of the Chestnut Street basin can be feasibly separated since it is outside of the main campus area of Indiana State University.
	All of the comprehensive alternatives and SWMM model analyses will assume separation of these areas at some point in the LTCP implementation.  Additionally, other areas of the Chestnut Street basin could realize a reduction in CSO flows through the im...
	6.5.3.8 Wastewater Treatment Plant Improvements Phases II and III

	As stated previously, the new Headworks proposed for the wastewater treatment facility is Phase I of the overall facility improvements and is scheduled to begin construction in January 2011.  The remainder of the improvements to the facility, Phases I...
	Demolition of Grit Tank and Pre-Aeration Tank
	The existing grit chambers and pre-aeration tanks will be excavated and demolished after the new headworks is operational.
	Anoxic Tank Conversion
	The primary tanks will be converted to four (4) anoxic tanks — concrete will be repaired, weirs replaced, primary sedimentation equipment removed and mixers installed. The walls of the tanks will be raised to hydraulically accommodate 48 MGD peak wet ...
	Internal Recycle Division Structure
	Due to the high flow planned through the anoxic tanks, a new flow division structure downstream of the headworks is required. An internal recycle flow division structure will be built to accept the internal recycle flow from the aeration tank effluent...
	Proposed Aeration Tanks
	Twelve (12) new aeration tanks, an influent division structure, effluent division structure and piping are required to meet the higher flow demands. This structure will be built perpendicular and to the east of the existing aeration tanks. New aeratio...
	Proposed Blower Building
	A new blower building will be built to the south of the new aeration tanks to house six (6) 6000 scfm blowers to aerate all the aeration tanks plus two (2) 1000 scfm blowers to aerate the channels.
	Existing Aeration Tank Upgrades
	The existing aeration tanks will have upgrades which include concrete replacement of the top two (2) feet of all walls, increased wall height of two (2) feet, additional flow control weirs and replacement of the air piping, valves and diffusers. New i...
	Existing Secondary Clarifier Upgrades
	The existing rim flow secondary clarifiers will need equipment replacement as well as minor concrete repairs. Influent and effluent piping will be replaced as needed.
	Proposed Secondary Clarifier Tanks and RAS Pump Building
	Two new secondary clarifiers will be constructed along with a new RAS pumping building, secondary effluent control box and piping.
	Conversion to Ultraviolet Disinfection
	The existing chlorine disinfection system will be converted to UV disinfection by modifying the chlorine contact tank and installing UV disinfection equipment. In addition, the existing Parshall Flume will be replaced with a magnetic flow meter and th...
	Proposed Sludge Process Building
	The gravity belt thickeners and belt filter press dewatering systems will be removed and replaced with rotary drum thickeners and centrifuges respectively. Four rotary drum thickeners (including one backup) and three centrifuges (including one backup)...
	The remaining sludge pad, approximately 166 ft by 60 ft, will run west to east and provide approximately 1330 cy of storage for the dewatered sludge from the centrifuges in the new sludge handling facility.
	Proposed Liquid Storage Tanks and Odor Control/Pump Building
	Four (4) 2.5 million gallon (MG) storage tanks will store either thickened WAS, aerobic sludge or both. The tanks will have wet scrubbers for odor control and jet mixing for aeration. The storage tanks are sized for 90 days of storage and will be loca...
	Administration Building
	A new administration building, which will also house a new laboratory and SCADA control center, will be located south of the southernmost entrance to the WWTP.
	Plant Water System
	The existing process of chlorine disinfection of the final effluent at the Terre Haute WWTP will be replaced by ultraviolet (UV) disinfection. Because the secondary effluent is the source of non-potable water for the existing non-potable water system ...
	Plant Side Stream Lift Station
	To accommodate upgrades to the WWTP including proposed sludge processes, a new lift station will be built to receive recycle water waste streams from throughout the WWTP and pump the streams back to the proposed headworks facility.
	Proposed Internal Anoxic Recycle Pump Station
	A pump station from the effluent division structure is necessary to pump the internal recycle flow to the internal recycle flow division structure upstream of the anoxic tanks.
	Proposed Scum Handling Pit
	The current collection of scum at the primary and secondary clarifiers and disposal to the landfill will need to be reconfigured with proposed changes to both processes. The collected scum from various processes will be concentrated in a scum pit, pum...
	Flow Equalization Basins and Odor Control System
	The existing basins have liners that have pulled loose from the anchoring system and need replacement. Odor control provisions using chemical addition and a new water monitor system will also be provided.
	Electrical and Instrumentation and Control (IOC)
	The electrical and I&C upgrades will be incorporated into the upgrades listed above and include replacing electrical equipment as needed, adding standby power for critical unit processes, and a new Supervisory Control and Data Acquisition (SCADA) syst...
	6.5.3.9 Combined Sewer Inspection and Cleaning

	The City plans to implement a program to inspect and clean the combined sewers in the collection system.  Most of the large diameter combined sewers in the system except for those rehabilitated in 2006/2007 have not been inspected or cleaned in severa...
	The program proposed for sewers not included in the “early action” project will involve hiring specialists to assess the conditions of the sewers to evaluate if the sewers are in need of repair.   After the inspection is complete the City will then im...
	6.5.3.10 Wellhead Protection Zone

	During one of the original plan development CAC meetings, the issue of exfiltration of combined sewage in some of the older sewers was brought to the attention of the group.  The CAC expressed their concern of exfiltration of combined sewers in the We...
	6.6 Evaluation of Comprehensive System-Wide Alternatives

	After the development of the seven comprehensive system alternatives, evaluation of the alternatives was completed prior to detailed analysis of the final 2 or 3 options.  The following two subsection described the screening process completed by the t...
	6.6.1 Initial Screening (Screen from 1-7 to 1, 5A, 5B and 7)

	6.1
	6.2
	6.3
	6.4
	6.5
	6.5.1
	6.5.1.1 Cost Model
	Costs were developed for each of the seven alternatives that had been previously determined by the Technical Team and approved by IDEM for further evaluation.  The alternatives were developed to store or treat flows for the design storm resulting in f...
	The costs for each of the seven options are shown in Table 6.5-1.
	Table 6.5-1
	Preliminary Opinion of Construction Cost Summary – Initial Alternatives Sized for 4 Overflows per Year
	*Note – Costs indicated are for construction only and do not include common items nor non-construction costs.
	Costs were developed using bid tabulations from several communities for similar projects.  Bid tabulations are generally the best indication of costs.      Material and equipment and labor costs were determined from supplier estimates.
	The Operations and Maintenance costs for each alternative were developed by using a percentage based on the type of project was to be constructed.  The percentages used are 0.5% for primarily pipeline projects and 1.65% for projects that include a com...
	Table 6.5-2
	Preliminary Opinion of Operations and Maintenance Costs Summary – Initial Alternatives Sized for 4 Overflows per Year
	6.5.1.2 Screening Criteria
	The Technical Team concluded that eight different criteria would be used for further screening of the alternatives.
	Each criterion was weighted by the Technical Team.  The goal was to determine the relative importance of each criterion.  A score of 0 to 25 was given to each criterion.  A score of 25 would represent the most important criteria and 0 would represent ...
	Table 6.5-3
	Evaluation Criteria Weighting
	After the criteria were weighted, each alternative was ranked according to each scoring criterion by the Technical Team.  Each criterion was given a score of 0 to 5.  A score of 5 points meant that the alternative met the criterion completely.  A scor...
	Table 6.5-4
	Terre Haute CSO LTCP Alternative Screening
	Alternative Scoring/Ranking
	As seen in Table 6.5-4, the highest ranking alternative is Alternative 7 – Tunnel to Main Lift Station.  The second highest ranking alternatives were Alternatives 1 and 2 – both of which make use of the existing ponds at the International Paper site. ...
	In addition, Alternative 5 was broken into Alternative 5A and Alternative 5B.  Alternative 5B included the use of the International Paper ponds.  The use of the ponds in this alternative could result in a decrease in overall capital cost, but again, a...
	Accordingly, the four screened alternatives and their descriptions are as follows:
	6.5.1.3 Common Alternatives
	Based on each alternative, the common elements that have been previously proposed may be modified.  For example, no floatable requirements will be necessary for Alternative 7 – Tunnel to Main Lift Station since all of the existing outfalls would be cl...
	Based on this screening process, the City of Terre Haute Long Term Control Plan Technical Team narrowed down the comprehensive alternatives previously defined and approved by the Indiana Department of Environmental Management (IDEM).  The process resu...
	6.6.2 Final Screening and Evaluation (Screen from 1, 5A, 5B and 7 to 7, 11 and Hybrid)

	After the technical team screened the original seven alternatives to four for detailed evaluation, a few key events prompted further analysis and alternative development including the following:
	 Acquisition of the International Paper Property – The City acquired the property and thus given its location and size, it was logical to include its use in all alternatives included in the final detailed evaluation.
	 Approval of Wastewater Treatment Facility Upgrade and Expansion – The City approved a plan for upgrading and expanding the wastewater treatment plant in 2009 and actual user rate increases for the approximate $120 million phased project were initiated in¬
	 Indiana State University Master Plan – During this period, Indiana State University finalized a master plan of its current campus which included proposed development near the Chestnut/Spruce outfalls.  The plan required some additional analysis and re-co¬
	 Wabash River Riverscape Planning Efforts – A community group and its consultant completed a plan for future development along the Wabash River in order to enhance its value to the community.  This plan required some additional consideration within the al¬
	In consideration of these key elements, several months of re-analysis of the alternatives were conducted and new alternatives which were simply variations of the screened four alternatives were developed.  Alternative 11 was developed as a variation o...
	6.7 Green Infrastructure Opportunities

	USEPA has expressed support for CSO communities to utilize green infrastructure in their CSO control solutions (USEPA 2007, USEPA 2010).  The City of Terre Haute identified green infrastructure as a potential means of reducing volume or the size of gr...
	Based on this evaluation, it was found that there are widespread opportunities for green infrastructure implementation in the CSO 009 drainage area (Figure 6.6-1). These opportunities are more prominent in part of the drainage area occupied by the Ind...
	Basins 009 and 010 were looked at for possible green technologies because each basin has large, single owners for portions of the basins (Indiana State University and Union Hospital) and very large flows come from these basins.  CSO controls are also ...
	/
	Figure 6.6-1. Impervious Surface (Green Infrastructure Opportunities) in CSO-009 Drainage Area.
	Conceptual designs that illustrate several green infrastructure retrofit opportunity types were developed as part of this evaluation. Extrapolating the storage volume and cost estimates for these conceptual designs to the overall campus area provides ...
	While it is unlikely that 100% implementation of green infrastructure retrofits can be achieved on the ISU campus, these estimates clearly show that significant stormwater storage potential exists for even partial implementation. This storage potentia...
	Implementation of green infrastructure at the levels needed to affect storage tank volume will require the City to partner with other public and private entities within CSO basins 009 and 010.  The City intends to explore the feasibility of utilizing ...
	The plan will be implemented as shown with green technologies, but if the green technologies are unsuccessful, the City is committed to building traditional grey infrastructure.
	6.8 Conclusion

	Several factors were taken into consideration when developing and evaluating the CSO control alternatives, such as:
	 Cost Effectiveness
	 Non-Monetary Factors
	 Goals of the CSO Control Plan
	Based on these factors, the technical team selected the following three alternatives for detailed analysis.  The detailed analysis of these three alternatives will include SWMM model analysis and several storm events for varying overflow frequencies w...
	6.8.1 Alternatives Screened for Detailed Evaluation
	6.8.1.1 Alternative 7B


	Alternative 7B is one of the original 7 comprehensive alternatives developed for the system which consists of a large diameter tunnel constructed from the Spruce Street outfall south to the main lift station.  This variation of Alternative 7 utilizes ...
	6.8.1.2 Alternative 11

	Alternative 11 selected for detailed evaluation is a variation of the screened original alternative #1 with the major difference being that the conveyance relief sewer included in alternative 1 in Fairbanks Park is extended south to the main lift stat...
	6.8.1.3  Alternative “Hybrid”

	The “hybrid” alternative was developed as a “lower cost” alternative developed for evaluation and is based upon the same technologies and principles of Alternative 11.  The main difference between the “hybrid” and Alternative 11 is that the hybrid doe...
	7 Section Seven – Cost Performance Considerations
	7.
	7
	7.1 Introduction

	The National CSO Control Policy requires CSO communities to consider a reasonable range of CSO control alternatives. For example, the plan should evaluate control alternatives that would capture 75-100 percent of wet-weather sewer flows during a typic...
	As a result of the analysis of the options described in Section 6, the City, U.S. EPA and IDEM agreed that Alternative 7B (tunnel) and 11 (parallel interceptor and local storage) should be carried forward as final alternatives for a detailed analysis....
	The cost/performance analysis included simulating each level of control of each final alternative to predict the water quality improvements in the Wabash River if that alternative was implemented.  The water quality benefit results were combined with ...
	The detailed analysis is described in this section.  More emphasis has been given to the cost-performance analysis than the non-monetary analysis because the cost of each of the final alternatives is unaffordable, even at low levels (e.g. 12 overflows...
	7.2 Cost Performance Curve Analysis

	The final developed alternatives were evaluated using the models to determine performance of each alternative over a typical year (1978).  Hourly CSO overflows predicted by the collection system model were input into the river model to simulate result...
	7.2.1 Unit Cost Development

	Unit construction cost opinions were developed for the infrastructure components of the various CSO control alternatives.  These opinions were based on actual construction costs for similar facilities.  The costs were adjusted to current price levels ...
	The following subsections describe the process utilized for development of unit costs for CSO conveyance systems, CSO storage facilities and other construction items within the alternatives and operation, maintenance, and replacement unit costs for th...
	7.2.1.1 Conveyance Unit Costs

	Pipeline and tunnel unit costs used to develop conveyance cost opinions were obtained by determining unit quantities for proposed tunnels and sewers at various sizes and depths of installation. Pipeline unit costs were developed from actual bid tabula...
	 Past Terre Haute Sanitary District Projects
	 City of Indianapolis
	 City of Des Moines, Iowa
	 Stratford County, Virginia
	 King County, Washington
	 Other Indiana communities Long Term Control Plans including the Cities of Lafeyette and Fort Wayne.
	The quantities and unit costs were reviewed against the proposed work of the Terre Haute alternatives and adjustments were made based upon depth of cut, diameter, quantity and size of structures/manholes, etc.  Several local contractors also reviewed ...
	7.2.1.2 CSO Storage Facilities

	The CSO storage facilities included in the unit construction cost opinions are designed as below grade covered concrete storage tanks with flushing/cleaning systems and in some cases also include floatables control, weir/gate structures, connecting se...
	The costs for storage structures were confirmed and verified for accuracy against other similarly constructed facilities in Michigan and Indiana.  Based upon similar facilities design, cost estimates were adjusted utilizing a cost per gallon of storag...
	7.2.1.3 Operation, Maintenance and Replacement Costs

	Annual operating and maintenance costs for power and labor for cleaning and inspection of the CSO control alternative technologies were developed for each alternative.  Labor costs were developed from costs provided by the City based on the time and p...
	Table 7.2-1
	Annual Operations and Maintenance Costs for each Alternative
	Table 7.2-2
	Total Project Costs for Each Alternative
	Table 7.2-3
	Present Worth of Total Project Costs for Each Alternative
	Replacement costs were also included as an annual expense for short-lived assets such as equipment placed into service which will require replacement prior to the 25 year completion of the CSO LTCP implementation.  The replacement costs are based upon...
	7.2.2 Cost for Each Control Alternative

	Based upon the infrastructure sizing predicted by the SWMM model for each level of control, various cost estimates were developed using the process and rationale discussed in 7.2.1.  Cost estimates for Alternative 11 and the “Hybrid” alternative were ...
	A summary of the costs for each alternative at the various levels of control is included in Tables 7.2-2 and 7.2-3.
	Table 7.2-4A
	Alternative 7B – 12 Overflows
	Table 7.2-4B
	Alternative 7B – 9 Overflows
	Table 7.2-4C
	Alternative 7B – 6 Overflows
	7.2.3

	Table 7.2-4D
	Alternative 7B – 0 Overflows
	Table 7.2-5A
	Alternative 11 – 12 Overflows
	Table 7.2-5B
	Alternative 11 – 9 Overflows
	Table 7.2-5C
	Alternative 11 – 7 Overflows
	Table 7.2-5D
	Alternative 11 – 6 Overflows
	Table 7.2-5E
	Alternative 11 – 4 Overflows
	Table 7.2-5F
	Alternative 11 – 2 Overflows
	Table 7.2-5G
	Alternative 11 – 1 Overflow
	Table 7.2-5H
	Alternative 11 – 0 Overflows
	Table 7.2-6A
	Alternative Hybrid – 12 Overflows
	Table 7.2-6B
	Alternative Hybrid – 9 Overflows
	Table 7.2-6C
	Alternative Hybrid – 6 Overflows
	Table 7.2-6D
	Alternative Hybrid – 4 Overflows
	Table 7.2-6E
	Alternative Hybrid – 2 Overflows
	Table 7.2-6F
	Alternative Hybrid – 1 Overflow
	Table 7.2-6G
	Alternative Hybrid – 0 Overflows
	7.2.4 Collection System Model Results

	The collection system model was applied for the typical year (1978) at several levels of control for each of the final three alternatives.  Although the controls in each alternative were sized initially using the rainfall from the appropriate design s...
	Table 7.2-7
	Total Number of Overflows in a Typical Year for Each Level of Control of Final Alternatives
	Table 7.2-8
	Total Annual Volume (Million Gallons) in a Typical Year for Each Level of Control of Final Alternatives
	Table 7.2-9
	Total Hours of Overflow in a Typical Year for Each Level of Control of Final Alternatives
	Figure 7.2-1 shows the total overflow volume for the final alternatives at each level of control.  The total volume of overflow remaining for each level of control varies by alternative but even at 12 overflows per year, the City is reducing the overf...
	/
	Figure 7.2-1. Total Annual CSO Volume in a Typical Year by Level of Control.
	These collection system model results were then used to calculate the percent capture for the various levels of control.  The percent capture is defined as the volume of combined sewage treated during wet weather on a system wide annual average basis ...
	% Capture     =           Total System Volume – CSO Volume
	Total System Volume
	7.2.5 River Model Results

	The final CSO control alternatives, which included sewer separation, were developed (described in Chapter 6) and their performance was evaluated by applying the collection system model in continuous mode for a “typical” year of rainfall (identified as...
	In-stream benefits of the final alternatives are presented in terms of reduction in CSO volume (see previous section) and exceedance of Indiana’s 235 cfu/100 ml single sample maximum criterion. The river model results for each CSO control alternative ...
	As noted in Section 4, although the State has a 30-day geometric mean criterion (125 cfu/100 ml), compliance with this standard was not evaluated because upstream loads are the primary factor affecting compliance with this standard and when these sour...
	The results and information described in the previous section were used to develop a recommended plan, which is described in Section 10.
	7.2.6 Comparison to Single Sample Maximum Criterion

	River model results indicate that the Hybrid and 11 alternatives provide similar water quality benefits for E. coli at the same level of control.  At a control level of 12 overflows per year, the City’s CSOs would cause approximately 55 hours of excee...
	/
	Figure 7.2-2. Comparison of Compliance with Indiana’s Single Sample Maximum E. coli Criterion for Each Final Alternative Sized at 12 Overflows/Year.
	Table 7.2-10 presents a summary, in hours of exceedance, of each control alternative to the single sample maximum criterion for the recreation season at the key locations within or downstream of the City’s CSO outfalls.
	Table 7.2-10
	Total Hours of Exceedances of Indiana’s Single Sample Maximum E. coli Criterion in the Recreation Season of the Typical Year for Each Level of Control of Final Alternatives
	For each alternative, the incremental in-stream benefit due to increasing the level of control is shown in Figures 7.2-3, 7.2-4, and 7.2-5 for Alternative 7b, Alternative 11 and the Hybrid Alternative, respectively.  Results in these figures are expre...
	/
	Note: In this figure, the following scenarios are included as follows:
	 Dark blue line = current conditions/baseline
	 Green line = Alternative 7b at 12 OF/yr
	 Gold line = Alternative 7b at 9 OF/yr
	 Light blue line = Alternative 7b at 6 OF/yr
	 Red line = Alternative 7b at 0 OF/yr (all locations have 0 hours of exceedance)
	Results are presented for the exceedances based on CSO loads alone.
	Figure 7.2-3. Comparison of Compliance with Indiana’s Single Sample Maximum E. coli Criterion for Different Levels of Control for Alternative 7b.
	/
	Note: In this figure, the following scenarios are included as follows:
	 Dark blue line = current conditions/baseline
	 Green line = Alternative 11 at 12 OF/yr
	 Gold line = Alternative 11 at 9 OF/yr
	 Light blue line = Alternative 11 at 7 OF/yr
	 Red line = Alternative 11 at 6 OF/yr
	 Brick line = Alternative 11 at 4 OF/yr
	 Gray line = Alternative 11 at 2 OF/yr
	 Yellow line = Alternative 11 at 1 OF/yr
	 Brown line = Alternative 11 at 0 OF/yr (all locations have 0 hours of exceedance)
	Results are presented for the exceedances based on CSO loads alone.
	Figure 7.2-4. Comparison of Compliance with Indiana’s Single Sample Maximum E. coli Criterion for Different Levels of Control for Alternative 11.
	/
	Note: In this figure, the following scenarios are included as follows:
	 Dark blue line = current conditions/baseline
	 Green line = Hybrid Alternative at 12 OF/yr
	 Gold line = Hybrid Alternative at 9 OF/yr
	 Light blue line = Hybrid Alternative at 6 OF/yr
	 Red line = Hybrid Alternative at 4 OF/yr
	 Brick line = Hybrid Alternative at 2 OF/yr
	 Gray line = Hybrid Alternative at 1 OF/yr
	 Yellow line = Hybrid Alternative at 0 OF/yr (all locations have 0 hours of exceedance)
	Results are presented for the exceedances based on CSO loads alone.
	Figure 7.2-5. Comparison of Compliance with Indiana’s Single Sample Maximum E. coli Criterion for Different Levels of Control for Hybrid Alternative.
	Within the City limits, the maximum benefit of Alternative 11 is an additional 60-100 hours of compliance from the approximately 1,600 hours of exceedance simulated during baseline conditions (Figure 7.2-6).  Downstream of the City, at the wastewater ...
	/ Note: In this figure, the following scenarios are included as follows:
	 Dark blue line = current conditions/baseline
	 Green line = Alternative 11 at 12 OF/yr
	 Gold line = Alternative 11 at 0 OF/yr
	Results are presented for the exceedances based on loads from all sources.
	Figure 7.2-6. Comparison of Compliance with Indiana’s Single Sample Maximum E. coli Criterion for Different Levels of Control for Alternative 11 Considering All Bacteria Sources.
	7.2.7 Cost Performance Curve

	The performance of each control alternative was evaluated by relating the water quality benefit at two key locations within the remaining CSO area to the cost for each level of control.  Costs for each alternative and the river model results were pres...
	/
	Figure 7.2-7. Cost-Performance Analysis of CSO Control Alternatives Based on Water Quality Benefit at Fairbanks Park.
	/
	Figure 7.2-8. Cost-Performance Analysis of CSO Control Alternatives Based on Water Quality Benefit Near the Waste Water Treatment Plant.
	The cost-performance graphs were used to identify the most cost-effective level of control, which is approximately 4 overflows/year for Alternative 11 and the Hybrid Alternative.  The tunnel alternative (7B) did not have a classic knee because the tec...
	The shape of the cost-performance curves are similar for the alternatives 11 and its hybrid, with both showing a “knee” between 6 and 4 overflows per year. Costs for equivalent levels of control are similar.  Also of note is that there is very little ...
	As will be explained in Section 8, based on affordability, the recommended alternative is not at the knee of the curve.  Although the knee is the location of the most cost-effective solution, it is higher than the calculated affordability of the commu...
	7.2.8 Priority Area Assessment

	Care was taken during the development of the final CSO control alternatives to reduce or eliminate the CSO volume discharging to the river at or upstream of Fairbanks Park, which had been identified as an area of priority by the Citizens Advisory Comm...
	An assessment of the river model results at Fairbanks Park (RM 215.50) for the storm events remaining after implementation of the LTCP indicates that the water quality at this location returns to acceptable bacteria levels (e.g. < 235 cfu/100 ml) with...
	This suggests that CSO discharges remaining after the preferred CSO control alternative is implemented will affect Fairbank Parks approximately one day after each event.  If the level of control in the final alternative is 7 overflows, then Fairbanks ...
	/
	Figure 7.2-9. E. coli Concentration Profile at Fairbanks Park During Events Remaining After Implementation of the Long Term Control Plan.
	7.3 Summary of Alternative Development

	Based upon the cost/performance criteria described in the previous Section, the following three alternatives were evaluated at various levels of control.  The following descriptions provide the details of the three final alternatives and the correspon...
	Alternative 7B
	Alternative 7B can eliminates all or most CSO’s depending upon the level of control selected.  Under the zero overflow scenario, an emergency overflow at the International Paper storage lagoons could be open in the unlikely case that an overflow event...
	The most significant benefits to this option are that it will eliminate all CSO structures in the park under all levels of control and other CSO’s based on tunnel size/level of control, has the lowest capital cost for the best water quality benefit ov...
	Alternative 11
	Alternative 11 consolidates CSO’s 009/010 into one outfall with a storage tank, eliminates all CSO’s in the park via conveyance of flows to CSO 011 or the International Paper lagoons depending upon the level of control, and replaces the existing main ...
	The most significant benefits to this option are that it can be phased over 20 to 25 years (both project construction and rate implementation), can be reasonably expanded to gain more CSO control, allows ISU development along the Riverfront by consoli...
	Hybrid Alternative
	The “Hybrid” Alternative utilizes very similar technologies and infrastructure as Alternative 11 with a few differences including both CSO 009 and 010 remain open and a storage facility is constructed at each outfall and the main lift station is not r...
	The most significant benefits to this option as compared to the other two under all levels of control are as follows:  lowest capital cost, lowest rate impact, and it can be phased over 20 to 25 years (both project construction and rate implementation...
	The costs for each level of control within each alternative are represented on Figures 7.2-7 and 7.2-8 as part of the knee-of-the-curve and in Table 7.2-3 referenced previously.
	Several factors were taken into consideration when developing and evaluating the final screened CSO control alternatives, such as:
	 Cost Effectiveness
	 Non-Monetary Factors
	 Goals of the CSO Control Plan
	The following subsections describe how each of these factors was considered during the evaluation process which ultimately led to the final selected plan discussed in Section 10.
	7.4
	7.4.1 Cost Effectiveness


	The cost effectiveness is determined with the cost performance curves shown in Figures 7.2-7 and 7.2-8.  The process used for the CSO control alternatives developed demonstrates the improvements to water quality in the Wabash River and shows how much ...
	7.4.2 Non-Monetary Factors

	The non-monetary factors include environmental issues/impacts, technical issues, implementation issues, and public acceptance.
	When the alternatives were evaluated, environmental issues and impacts were taken into consideration.  The parallel interceptor that is considered in several alternatives was preliminarily designed on First Street rather than along the river to avoid ...
	During the evaluation of alternatives, construction feasibility, implementation issues such as operability and reliability, and expandability were taken into consideration with the help of the City staff, CAC and the technical committee.  The concepts...
	The control alternatives are to be evaluated on the ability to receive public acceptance.  Public acceptance is relative to the level of disruption a CSO project would have on local businesses and neighborhoods during construction and during the opera...
	During implementation of the selected plan, phasing of the control technologies in the alternative can be achieved as described in Section 10.4.
	7.4.3 Meeting the Goals of the CSO Control Plan

	The following goals were established during the CAC and technical committee meetings and used to develop the CSO control alternatives during the evaluation process.  The summary below indicates how these goals were addressed with respect to the three ...
	1. Comply with IDEM requirements
	IDEM’s Combined Sewer Overflow Long Term Control Plan Use Attainability Analysis Guidance  was used during the development of the alternatives.  It is presumed that the level of control selected will meet with approval by IDEM in accordance with an ap...
	2. Reduce in-stream bacteria from CSOs
	All alternatives reduce in-stream bacteria from CSOs by reducing the volume and duration of CSO entering the river.
	3. Eliminate / reduce CSOs 005, 006, 007 and 008 in Fairbanks Park
	Priority area options were specifically developed in each alternative including those screened out to eliminate or reduce CSOs 005, 006, 007 and 008, which are in the priority area, Fairbanks Park.
	4. WWTP Improvements
	During the LTCP development process, a plan to improve and increase the capacity of the WWTP was approved by the City.  The improvements proposed have been incorporated into the design of CSO control elements and the financial analysis of the LTCP imp...
	5. Maximize Flow to the WWTP
	Given the expansion of the existing treatment facility, maximization of wet weather flows to and through the plant will be implemented once the improvements are complete.  The SWMM model and subsequent CSO control infrastructure have been sized based ...
	6. Control and eliminate floatables from CSOs in accordance with NPDES permit requirements
	Floatables controls have been incorporated in each alternative for every outfall which would be proposed to remain.  The outfalls to remain vary within each of the three screened alternatives and with the level of control within the alternatives.
	7. Provide Protection Within Wellhead Protection Zone
	After concern was addressed at a CAC meeting during the original LTCP development in 2001 regarding exfiltration of the combined sewers in the wellhead protection zone, lining of the combined sewers in the protection zone was a priority.  The rehabili...
	8. Reasonable Rate Increase based on total project cost with consideration given to phasing the proposed work
	During the development of the LTCP, reasonable rate impacts were considered, particularly after the approval of the WWTP project which has an estimated cost of approximately $120 million.  The final three alternatives were evaluated and cost estimates...
	9. Review of Odor Control at WWTP
	Odor control is a major element of the improvement’s project at the WWTP and will be incorporated into the construction of each phase of the project.
	7.5 Preferred Alternative

	Based upon the information presented in this section, the technical team completed an evaluation of the final three screened alternatives at several levels of CSO control each.  This process produced a recommended final selected plan which would inclu...
	- Cost/Rate Impact vs. Performance – Alternative 11 at 7 overflows per year allowed for a lower capital cost option and subsequent rate impact than Alternative 7B which was important given the additional burden imposed on user rates by the City’s Wastewateą
	- Ability to Phase Project –The infrastructure included in Alternative 11 allows for easy phasing of the project’s construction which allows for a phased financing/rate impact.  Additionally, the phasing allows for the utilization of “green” technologies wą
	- Regulatory Acceptance –Given the meetings the City and technical team has had with IDEM throughout the planning process and the UAA document presented in Section 9, it is presumed that the alternative selected will meet with regulatory acceptance from IDą
	- Consideration of Public Concerns – This alternative, as do all of the final screened alternatives, utilizes the International Paper lagoons for CSO flow storage.  However, while incorporating these basins, which allows for significant flow storage at a vą
	Section 10 will present the selected plan in greater detail along with the proposed schedule including cost/construction phasing proposed review and approval.
	8 Section Eight – Affordability and Financial Capability Assessment
	8.
	8
	8.1 Introduction

	One of the greatest challenges in funding a LTCP is to fund the program in such a way to not cause undue hardship on the citizens and industry in the area. There are numerous requirements for the LTCP set by the EPA and IDEM that can make this type of...
	IDEM and the EPA have set forth specific guidelines for determining affordability of a LTCP.  The goal of these guidelines is to determine what measures can be taken by a community without causing undue hardship, currently or in the future, for the co...
	The affordability analysis focuses on many financial and socio-economic issues including:
	• Median household income
	• Total annual wastewater and CSO costs as a percent of the median household income
	• Fixed service costs in addition to wastewater and CSO costs that affect affordability
	• Sewer utility rate as a percent of the median household income
	• Overall net debt of the Sanitary District as a percent of full market property value
	• The Sanitary District's current bond rating and term of current bonded indebtedness
	• The Sanitary District's ability to assume more debt
	• Property tax revenues as a percent of full market property value
	• Property tax collection rate
	• Sanitary District unemployment rate
	• Availability of grants and loans
	8.2 Determining What Residents Can Afford

	IDEM recommends an approach similar to the EPA CSO LTCP Implementation Schedule to conduct the affordability analysis and develop the implementation schedule.  IDEM provides a two-phase approach to determining the financial capability of a community. ...
	8.2.1 Phase 1: Calculation of the Wastewater Cost Per Household Indicator

	IDEM specifies that the initial step in the analysis involves determining a benchmark that relates the LTCP costs and current wastewater treatment (WWT) costs to the CSO municipality’s representative Median Household Income (MHI) on an annualized basi...
	The WWCPHI is analyzed to determine the impact on individual households in the service area as shown in Table 8.2-1.
	Table 8.2-1
	Financial Impact Based on WWCPHI
	IDEM specifies that for a “Medium” result, more detail is necessary to complete the affordability assessment and that additional socio-economic factors will be considered.  If the WWCPHI is greater than 2% of MHI, the socio-economic impacts will be co...
	For the Terre Haute Sanitary District, the WWCPH1 equation was solved for a WWCPH1 of 2.0%, which resulted in a residential rate of $63.50. The current operation and maintenance expenses, current debt, projected WWT operation and maintenance costs and...
	Table 8.2-2
	2% Equivalent Affordable Capital Costs
	The WWCPHI, or the Municipal Affordability Screener (MAS), enabled the service area to determine the level at which total CIP dollars would trigger the 2% Wastewater Cost Per Household Indicator. For the service area of the Terre Haute Sanitary Distri...
	Based on the analysis in Table 8.2-2, it became clear that the recommended CIP would exceed the 2% threshold, which means that the financial impact will be considered "high". This is demonstrated in Table 8.2-3, which calculates the WW CPHI based on t...
	Table 8.2-3
	Cost per Household Based on the Recommended Project
	The following sections show how the figures needed to determine the capital costs available based on a 2.0 WWCPHI were determined.  The city’s financial advisors, J.H. Umbaugh and Associates, provided these calculations.
	8.2.1.1 Median Household Income

	The first step in determining the Wastewater Cost Per Household Indicator is to develop the Annualized Median Household Income (MHI) for the service area. EPA Guidance documents suggest two methods for calculating the MHI: averaging and weighting.
	The averaging method uses the most recent MHI available from the U.S. Census Bureau. The Consumer Price Index (CPI) adjustment factor is applied to each year since the last census data to establish a MHI in today's dollars. MHI figures for the City of...
	The weighting method establishes a weighted MHI for the Terre Haute Sanitary District based on the share of total households that are customers within the City of Terre Haute and the rest of Vigo County.
	For the service area encompassing the Terre Haute Sanitary District, the Adjusted Median Household Income was calculated to be $38,100 (Table 8.2-4).
	Table 8.2-4
	Median Household Income and Residential Indicator
	8.2.1.2 Cost Per Household

	EPA guidance is followed to determine the Cost Per Household (CPH) by adding current WWT and projected WWT and CSO control costs.  Next, the residential share of total WWT and CSO costs is calculated.  Finally, the CPH is found by dividing the residen...
	Current WWT Costs:  The EPA defines current WWT costs as current annual wastewater operating and maintenance expenses (excluding depreciation) plus current annual debt service (principal + interest).  This procedure fairly represents cash expenses for...
	Projected Additional WWT and CSO costs:  Projected costs for various levels of CSO control were developed in Section 7.2, of this report.  For purposes of calculating the cost per household, we have used the recommended alternative, with an estimated ...
	The Terre Haute Sanitary District would like to use SRF funds to finance CSO controls at a lower interest rate of 4.5%.  Availability of SRF funds is not guaranteed though so projected capital improvement availability was also determined using the com...
	Residential Share of Total WWT and CSO costs:  The EPA guidance suggests computing the residential share of total cost by multiplying the percent of total wastewater flow including infiltration and inflow attributable to residential users by the total...
	The flow breakdown of residential and commercial wastewater usage is given in Table 8.2-5.  It was determined that 49% of the usage is based on residential usage.
	Table 8.2-5
	Water Usage
	Total Annual WWT and CSO Cost Per Household (CPH):  The CPH is calculated by dividing the residential share of WWT and CSO annual costs by the number of households served by the system.
	For the Terre Haute Sanitary District service area, the CPH household was found to be $834.91 using traditional bonding and $812.82 using SRF funding.  The monthly CPH was then calculated by dividing that by 12 months, which resulted in $69.58 and 67....
	8.2.2 Phase 2:  Socio-Economic Indicators Matrix (SEIM)

	The second phase of financial capability assessment involves determining the Socio-Economic Indicator for the Terre Haute Sanitary District.  The indicators for the Terre Haute Sanitary District are summarized in the Socio-Economic Indicators Matrix  ...
	For each given indicator, the Terre Haute Sanitary District was evaluated and given a score of three (strong), two (mid-range) or one (weak) according to the following IDEM standards:
	Weak:  BB-D (S&P) or Ba-C (Moody’s)
	Mid-Range: BBB (S&P) or Baa (Moody’s)
	Strong:  AAA-A (S&P) or Aaa-A (Moody’s)
	Weak:  More than one percentage point above the National Average
	Mid-Range: + or – one percentage point of National Average
	Strong:  More than one percentage point below the National Average
	Weak:  More than 25% below National MHI
	Mid-Range: + or – 25% of the National MHI
	Strong:  More than 25% above National MHI
	Weak:  Below 94%
	Mid-Range: 94% - 98%
	Strong:  Above 98%
	Weak:  Above 4%
	Mid-Range: 2% - 4%
	Strong:  Below 2%
	The Socio-Economic Indicator was then found by calculating an average of those six indicators to determine the level of financial burden on the Terre Haute Sanitary District as a whole.  The six individual indicators for the Terre Haute Sanitary Distr...
	8.2.2.1   Bond Rating

	According to Moody's Investor Service, Inc., the Sanitary District has a current bond rating
	of Aa2. The rating on the Sanitary District Bonds of 2006, which were insured, was an Aaa,
	with an underlying rating of A 1. Each of these bond ratings are considered Strong.
	8.2.2.2 Overall Net Debt as a Percent of Full Market Property Value

	Overall net debt is debt that is repaid by property taxes in the service area. Table 8.2-6 shows the District's property tax supported debt, including underlying debt, as a percentage of full market property value in the Terre Haute Sanitary District....
	Table 8.2-6
	Overall Net Debt as a Percentage of Market Value of Real Property for Terre Haute Sanitary District
	8.2.2.3 Unemployment Rate

	The Indiana Business Research Center provided the unemployment rate of 10.4% for Vigo County. It was then compared to the national unemployment rate of 9.3% for the same time period. Vigo County was given a Weak rating because its unemployment rate wa...
	8.2.2.4 Median Household Income

	Median Household Income (MHI) is defined as the median amount of total income dollars received per household during a calendar year in a given area.  It serves as an indicator of a community’s overall earning capacity.
	Median Household Income for the service area was determined during Phase 1 (Table 8.2-4).  The service area MHI is then compared to the adjusted national MHI.  The service area was given a rating of Weak since its MHI is more than 25% below the nation...
	8.2.2.5 Property Tax Revenues as a Percent of Full Market Property Value

	This indicator can be referred to as the "property tax burden" since it indicates the funding capacity available to support debt based on the wealth of the community. The percentage of revenue generated as compared to full market value of property in ...
	Table 8.2-7
	Property Tax Revenue as a Percent of Full Market Property Value
	8.2.2.6 Property Tax Collection Rate

	The property tax collection indicator shows the efficiency of the tax collection system and the acceptability of tax levels to the residents.  The property rate collection rate for the Terre Haute Sanitary District as reported by Vigo County for the y...
	8.2.2.7 Analyzing Permittees Socio-Economic Indicators

	The second phase indicators are compared to national benchmarks to form an overall assessment of the service area’s financial capability and its affect on implementation schedules in the long-term CSO control plan.  Table 8.2-8 summarizes the indicato...
	Table 8.2-8
	Socio-Economic Indicators Matrix
	8.2.3 Financial Capability Assessment Summary

	The results of the Residential Indicator and the Socio-Economic Indicators analyses are combined in the Financial Capability Matrix to evaluate the level of financial burden the CSO controls may impose on the Terre Haute Sanitary District service area.
	The Wastewater Cost Per Household Indicator of 2.0 and the Socio-Economic Indicator of 2.0 determine the Terre Haute Sanitary District service area to show a Medium Burden to enact CSO controls (Table 8.2-9).  This result is used to develop an impleme...
	Table 8.2-9
	Financial Capability Matrix
	The Wastewater Cost Per Household Indicator of 2.14 to 2.19 and the Socio-Economic Indicator of 1.83 determine the Terre Haute Sanitary District service area to show a High Burden to enact CSO controls (Table 8.2-9). This result 1S used to develop an ...
	8.3 Financial Consideration on the Development of the CSOLTCP Implementation Schedule

	Chapter 10 of this CSOLTCP outlines the detailed aspects of the recommended plan as well as the presentation of the implementation and phasing schedule for this plan.
	There are many factors that enter into the determination of how long of a period of time should be allocated for the improvements recommended for combined sewer overflow reduction in Terre Haute to be completed.  These factors include:
	8.3.1 Environmental

	The longer a plan takes to implement the longer a higher level of annual overflows will occur.
	8.3.2 New Technology Considerations

	If newer CSO reduction technologies are to be considered, there must be adequate to pilot test and fully monitor the results of those reduction technologies before any large scale implementation.  This is certainly the case in CSO basins 009 and 010 w...
	8.3.3 Other Major Sewer and Wastewater Treatment Facility Planned Improvements

	The Terre Haute Sanitary District and City Board of Works have many other aspects of the sewer utility to design, build and fund over the next 20 to 25 years which will have scheduling and financial impact on any planned and programmed improvements in...
	8.3.4 Available Low Interest Loan or Grant Funding

	As section 8.2.1 indicated, financing at traditional bonding resulted in a slightly higher future residential sewer rate impact than utilizing the SRF program for financing.  Should even more federal funding be provided in the future to Indiana commun...
	8.3.5 Public Acceptance and Affordability

	The financial impact of the recommended plan on the sewer customers of Terre Haute is considered “High”.  This should allow for a lengthy period of implementation in order to spread the resulting sewer rate increases over as long of a time as possible...
	8.3.6 Recommended Length of the Implementation Schedule for the Terre haute CSOLTCP

	Based upon all of the reasons noted in this chapter, the length of the implementation schedule period for the recommended plan will be 25 years.  Chapter 10 includes more details on the scheduling and phasing of the recommended plan.
	9.
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	10.1 Introduction and Recommended Plan History

	A previous CSO Long Term Control planning effort from 1999 to 2002 resulted in a Recommended Plan that generally involved utilizing a combination of in-line storage and consolidating CSO’s, thereby re-directing or eliminating 5 of the 9 existing CSO o...
	Since that plan submittal, the USEPA and IDEM changed the methodology and approach to determine how much CSO capture would be considered responsible, affordable and reasonable that significantly increased the requirement for a much greater level of CS...
	Regarding the CSO study, 2 significant events occurred in the year 2010.   The City of Terre Haute acquired a substantial portion of the former International Paper Mill brownfield site that included several large paper waste treatment ponds in a locat...
	The adaption of these ponds will result in approximately 30 mg of storage capacity (with approximately the same volume in reserve in a second pond).  This would greatly impact the development of a new CSOLTCP recommended plan from both a CSO storage/c...
	A local group of citizens created a riverscape plan to redevelop the riverfront from the Wabash River RR Bridge just north of US Forty down to the Interstate 70 overpass near the IP site.  They expressed objections to the continued use of these ponds ...
	The second significant 2010 event that would impact the updated CSOLTCP study was the acceptance of the proposed $130 million wastewater treatment plant improvements project by the City leadership.  This project, which already has the first phase (new...
	Given these key potential components of the recommended CSOLTCP, other aspects were developed to make the plan complete and these are described in section 10.2.
	10.2 Recommended Plan Description

	The fully implemented recommended plan will reduce the total number of active CSO’s from 9 to 2, which would include the complete elimination of CSO’s 005, 006, 007 and 008, the consolidation of CSO’s 004/011 and CSO’s 009/010.  There would be a reloc...
	The recommended plan will also include a new large diameter gravity interceptor running parallel along the river to the existing CSO relief sewer that will connect he Fairbanks Park (priority) area CSO’s (005, 006, 007 and 008) to the consolidated 004...
	Another element of the recommended plan is to facilitate CSO capture at CSO’s 009/010 by constructing new storage facilities.  These two CSO’s have relatively large drainage basins and are located the furthest away from the Main Lift Station of all th...
	The other option to be explored is to construct storage facilities on public and private property upstream within the basins that would reduce or slow down stormwater flow into the combined system.  These “Green” infrastructure technologies have great...
	The recommended plan also includes some components of the previously submitted CSOLTCP - that being utilization of in-line storage in the 004 (Hulman) and 008 (Walnut) large diameter combined sewers by construction of weirs/daws and reinforcing these ...
	The total cost of the recommended plan is estimated to be just over $120 million.  The plan can be implemented over several phases as described in section 10.3 below.
	10.3 Phases of the Selected Plan
	10.3.1 General Phasing Considerations


	There are several items to be considered when developing a recommended phasing plan and implementation plan as part of this CSOLTCP for Terre Haute.  The length of the implementation period is a major consideration that must take into account other, o...
	For example, a key recommendation of the selected plan is to provide CSO storage at the combined 009 and 010 outfalls – which are the furthest CSO’s from the main lift station/WWTP and have relatively large drainage basins.  These basins include: two ...
	The City of Terre Haute has recently implemented a series of upgrades at their WWTP that will have a significant impact of that facilities ability to treat captured and stored combined sewer overflow volumes on a sustained basis.  This plant will allo...
	The Terre Haute Sanitary District utilizes a portion of the property tax revenue locally to fund other sewer system improvement projects, such as upgrades/maintenance to existing collection system facilities and pumping stations as well as constructin...
	The final consideration to be taken into account when developing the recommended plan’s implementation schedule is the burden to local residents, businesses, institutions and industry.  As seen in section eight “Affordability and Financial Capability ...
	When all of these factors were taken into account, the City elected to develop a 25 year implementation period which included the WWTP improvements project, as well as adequate time for future between phase monitoring and re-assessment.  Based upon th...
	10.3.2  Description of Phases

	The following two tables and graphic describe and depict the recommended implementation schedule phasing of both the proposed Terre Haute wastewater treatment facility improvements as well as the CSO capture and transport facilities recommended in thi...
	Table 10.3-1
	Implementation Schedule
	Description of Phases
	Table 10.3-2
	Implementation Schedule
	(25 Years)
	Item        Milestone Date
	Finalize Financing, Procure Bids
	Initiate Design of Phase I
	Finalize Financing, Procure Bids
	Finalize Financing, Procure Bids
	Initiate Phase II Design
	Finalize Financing, Procure Bids
	Initiate Phase III Design
	Finalize Financing, Procure Bids
	Initiate Design of Phase IV
	Finalize Financing, Procure Bids
	Initiate Design of Phase V
	Item        Milestone Date
	Finalize Financing, Procure Bids
	10.4 Post Construction Monitoring Program

	As noted in the detailed list of activities in the implementation schedule shown in Table 10.3-2, there will be periods of post-construction monitoring between each phase of the implementation schedule.
	A post-construction monitoring program will be submitted to IDEM prior to implementation of the LTCP.  The program will include the following elements:
	 A method for reporting on the volume, duration and frequency of any remaining overflows on an annual basis.  This could be accomplished through continuous flow monitoring of outfalls, updating and application of the collection system model, or a combinatğ
	 A system to measure the degree to which any CSO storage facilities are filled.
	 A receiving water program to evaluate E. coli conditions in the river.  The program could be structured similarly to that employed to obtain information for the LTCP and may include additional instream sampling, application of the receiving water model oğ
	This information will be used to evaluate the performance of CSO controls.  The evaluations will help determine the need for future modifications to the LTCP or improvements to the controls.
	In accordance with SEA 431, the City will conduct a periodic review not less than every 5 years after the approval of the LTCP as shown on the implementation schedule.  The City will:
	 Submit a document to IDEM demonstrating that the LTCP has been reviewed.
	 Update the LTCP as necessary to document the results of post-construction monitoring of installed CSO abatement projects
	 Submit any amendments to the LTCP to IDEM for review
	 Implement control alternatives determined to be cost-effective
	Any recommended future changes regarding the post-construction monitoring program that was previously developed for an earlier phase could be later modified as part of the 5 year CSO LTCP review and re-evaluation process.
	11 Section Eleven – Revisions to CSOOP Plan
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	As a part of the Long Term Control Plan planning and development, the technical team evaluated the existing CSO Operational Plan that was submitted and approved in 2006.  There will be changes required to the CSO Operational Plan based on the LTCP.  O...
	11.1 Revisions Required

	There are currently several areas of the CSO Operational Plan that require updates based on the LTCP.  These sections will be updated once an approved LTCP is received by the City.  The sections requiring updating include the following:
	 CSO Control Efforts
	 Operation and Maintenance Practices
	 Collection System Storage
	 Flow Maximization to the WWTF
	 Floatables Controls
	 Post Construction Monitoring Program



