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Executive Summary 

Objectives 
Bullittsville Pump Station (PS), which pumps to Taylorsport PS, has inadequate capacity for current peak 
tributary flow, which contributes to a recurring sanitary sewer overflow (SSO) in the upstream trunk 

in (FM) along the 
existing alignment, and upgrades to the receiving Tanner Road gravity sewer. However, increasing 
pumped flow from Bullittsville PS to Tanner Road would significantly accelerate the need for upgrades at 
Taylorsport PS. 

Allen Fork PS also has inadequate capacity to convey projected peak tributary flow once approved 
development builds out. The long-term plan for Allen Fork PS in the Watershed Plans is to eliminate this 
pump station and redirect the flow directly to the Western Regional Conveyance Tunnel (WRCT) via a 
new PS and FM, thereby diverting the flow away from Burlington PS.  

Due to the proximity of these facilities to each other, alternative concepts (shown in Figure ES-1) to 
redirect flow from Bullittsville PS to the WRCT (instead of to Taylorsport PS) and to integrate the long-
term improvements for both Bullittsville PS and Allen Fork PS have been proposed.  

Figure ES-1: Overall Project Area (Scenarios A, B, and C) 
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Thus, before proceeding with design of any improvements to address capacity issues at Bullittsville and 
Allen Fork PSs, SD1 decided to investigate the various alternatives in order to reduce construction costs, 
delay expenditures to the extent practicable, reduce lift-cycle costs (LCCs), and offer other benefits. 

The purposes of this business case evaluation (BCE) are to evaluate feasible alternatives to address 
existing SSOs and planned growth and to recommend a preferred alternative and path forward for 
Bullittsville and Allen Fork PSs that adequately conveys flows from the 2-year, 6-hour design storm. This 
BCE considers the following three scenarios and alternatives within each scenario: 

Scenario A  Upgrade Bullittsville PS to continue pumping to Taylorsport PS 

Under Scenario A, Bullittsville PS would continue to pump to Taylorsport PS via the Tanner Road sewer. 
A new Bullittsville PS with firm capacity of 7.0 mgd would be constructed, and the existing 12-inch FM 
would be replaced with a 20-inch FM. This would require upsizing an additional 2,830 feet of sewer 
along Tanner Road (in addition to the improvements currently being designed). Taylorsport PS would be 
upsized from its current firm capacity of 9.0 mgd to a firm capacity of 17.6 mgd. The following 
alternatives for Taylorsport PS were evaluated: 

Alternative A.1: Upsize the station to 17.6 mgd and construct a complete replacement of the 
existing 24-inch FM with a 30-inch FM. 

Alternative A.2: Upsize the station to 17.6 mgd and construct a separate, parallel 24-inch FM. 

Alternative A.3: Limit station capacity to 13.25 mgd and construct 550,000 gallons of 
equalization (EQ) storage, including an EQ pump station to dewater the storage tank. 

Scenario A also includes routing of flow from the existing Allen Fork PS through a new 24-inch gravity 
sewer to a new, relocated, 5.23-mgd Allen Fork PS and FM that would convey the flow to Shaft 3 on the 
WRCT. The existing trunk sewer tributary to the existing Allen Fork PS will also need to be upsized. 

Scenario B  Redirect Bullittsville PS flow to the WRCT via the proposed 
replacement Allen Fork PS 

Scenario B would reroute all flow from Bullittsville PS to the WRCT via the new Allen Fork PS, using 
one of the following alternatives: 

Alternative B.1: This alternative was ruled out as infeasible. 

Alternative B.2: Eliminate Bullittsville PS with a 24-inch gravity sewer along the west branch 
of Woolper Creek to the site of the new Allen Fork PS. 

Alternative B.3: Construct a new 7.0-mgd Bullittsville PS, new 20-inch FM, and new 24-inch 
gravity sewer to convey flow to the new Allen Fork PS. 

This would free up capacity in the Tanner Road sewer and Taylorsport PS, reducing, but not eliminating, 
those upgrade needs. After the improvements that are in design, only one additional span (420 feet) of 
sewer along Tanner Road would need to be upsized for this alternative. Only pump replacement and 
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minor electrical upgrades would be needed at Taylorsport PS (by approximately 2035) to achieve the
required 10.8 mgd capacity. 

The new Allen Fork PS would have a capacity of 12.2 mgd under Scenario B, but the tributary gravity 
sewer improvements would be the same as in Scenario A. 

Scenario C  Redirect Bullittsville PS flow and Allen Fork flow to the WRCT via a 
proposed tunnel sewer 

Scenario C would reroute all flow from Bullittsville PS and Allen Fork PS to the WRCT via a new tunnel 
sewer, which would connect into the existing WRCT at Shaft 3. Identical to Scenario B, this would free 
up capacity in the Tanner Road sewer and Taylorsport PS, requiring the same improvements to those 
facilities as Scenario B. A tunnel entrance shaft west of Bullittsville PS and a sewer redirecting the flow 
from Bullittsville PS would be constructed. A second entrance shaft would be included near the proposed 
location of the new Allen Fork PS described in Scenarios A and B to receive redirected flows from Allen 
Fork PS; however, the Allen Fork PS would not be needed in Scenario C. A third shaft would be required 
near the tunnel terminus for retrieval of the tunneling equipment. 

Initial Improvements Common to All Alternatives 
Regardless of which scenario is selected, initial improvements to Bullittsville PS, Allen Fork PS, and 
Burlington PS are needed as soon as practicable to reduce existing SSOs and provide capacity for planned 
development, for which reserved capacity has already been approved. These initial improvements, which 
would accommodate flows of 3.55 mgd to Bullittsville PS and at least 4.6 mgd to Allen Fork PS, would 
delay the need for more extensive improvements by approximately seven to eight (7 8) years. Therefore, 
it is recommended that SD1 begin design and commence construction of these improvements as soon as 
practicable. The estimated capital costs for these initial improvements are $5.0 million for Bullittsville 
improvements and $3.8 million for Allen Fork and Burlington improvements. 

Table ES-1 presents estimated costs for each alternative, including the initial and other common 
improvements. 
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Table ES-

Bullittsville PS to Taylorsport PS Bullittsville PS to WRCT

Alt. A.1 Alt. A.2 Alt. A.3 Alt. B.1 Alt. B.2 Alt. B.3 Alt C

35-YR Capital Cost $97,100,000 $94,200,000 $69,600,000 $ - $73,200,000 $75,700,000 $127,900,000

35-YR Energy Cost $7,000,000 $6,700,000 $7,800,000 $ - $6,000,000 $6,600,000 $4,100,000

35-YR O&M Cost $3,500,000 $3,500,000 $3,700,000 $ - $3,100,000 $3,500,000 $2,200,000

35-YR Odor Control 
Cost $15,100,000 $15,100,000 $15,100,000 $ - $13,800,000 $13,900,000 $11,700,000

35-YR LCC, NPV 
(n=2.8%) $87,300,000 $85,400,000 $71,500,000 $ - $72,600,000 $75,000,000 $110,700,000

Conclusions 
The estimated capital and net present value (NPV) costs of Alternatives A.3, B.2, and B.3 are within 5% 
of each other. However, Alternatives A.1, A.2, and C costs are significantly higher than the other 
alternatives and were ruled out. Thus, although Alternatives A.1 and A.2 are most consistent with the 
Watershed Plans, these are not cost-effective and are not recommended; neither is Alternative C. 
Alternatives A.3, B.2, and B.3 are considered to be feasible, cost-effective alternatives. A comparison of 
various quantities and values for each of these alternatives and the favorability of each is presented in 
Table ES-2 to help better compare the alternatives. 

Table ES-2: Comparison of Cost-effective Alternatives 

A.3 12 13 11,100 2,600 16,100 10 24,100 12,500 5** 7,500 2

B.2 15 34 26,800 9,300 20,100 31 11,500 8,100 5 7,500 10

B.3 12 19 10,400 5,700 13,900 16 11,000 10,900 7 10,100 6

Notes:
Green shading = favorable; yellow shading = moderate; red shading = unfavorable. 
* Installation within road right of way has pros and cons, so favorability of installation in ROW is debatable. 
** Alternative A.3 major road crossings include I-275 and North Bend Road. 
*** Installation within farmland has pros and cons (e.g. when compared to installation in road ROW), so favorability of 
shorter lengths in farmland is debatable. 

Alternatives A.3 and B.2 appear to be slightly less expensive than the other cost-effective alternative. 
Also, Alternative B.2 offers the ability to serve additional areas in Boone County south of I-275 that 
currently are not expected to develop by 2050. However, the sizing and costs of improvements presented 
in this BCE do not provide for capacity to serve these additional areas. Alternative B.3 seems to offer the 
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most non-cost advantages and fewest disadvantages at a comparable cost, with the highest potential 
flexibility to reduce costs during design. 

Wastewater treatment costs at Dry Creek WWTP and Western Regional WRF and treatment capacities at 
these facilities were not evaluated in this BCE, yet the cost associated with treating wastewater from 
Bullittsville PS could be significantly different at these facilities. Thus, treatment costs, capacities, and 
related considerations may be important factors in selecting between Alternative A.3 and one of the 
Scenarios B alternatives (i.e., B.2 or B.3). Furthermore, projected odor control costs account for 
approximately 20% of the NPV of each alternative; and this BCE included only a high-level estimate of 
these future costs based on existing odor control costs. Thus, the relative costs of the three cost-effective 
alternatives could change with different assumptions regarding future odor control costs. 

Table ES-3 presents a summary of the total capital costs of Alternatives A.3, B.2, and B.3, including all 
years used in developing the LCC analysis. Preliminary schedules and cost/budgetary outlay by year are 
presented for each feasible alternative in the report. The final decision of which of the three feasible, cost-
effective alternatives to select should be made by SD1 after fully vetting the advantages and 
disadvantages of each, discussing the project with Boone County and other stakeholders, considering 
treatment-related costs, and more-detailed evaluation of future odor control costs for the preferred 
alternatives. 

Table ES-3: Categorical Costs of Preferred Alternatives 

Alt. A.3 Alt. B.2 Alt. B.3

Design (Preliminary and Final) $9,051,000 $9,514,000 $9,839,000

Easement Acquisition $357,000 $542,000 $508,000

Construction Administration & Inspection $6,022,000 $6,313,000 $6,534,000

Construction $54,194,000 $56,814,000 $58,802,000

TOTAL CAPITAL COST (2016 DOLLARS) $69,600,000 $73,200,000 $75,700,000
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1. Background  
The Hebron area of is one of the fastest developing areas in Northern Kentucky. Sanitary sewer service to 
this area is provided through Taylorsport Pump Station (PS), which pumps to Dry Creek Wastewater 
Treatment Plant (WWTP). Design is underway to address capacity issues at Sand Run PS and other 
portions of the collection system that serve the North Hebron area. Yet, it is projected that Taylorsport PS 
and other portions of the tributary collection system will reach capacity within the next five to ten years. 
Bullittsville PS, which pumps to Taylorsport PS, has inadequate capacity for current peak tributary flow, 
which contributes to a recurring sanitary sewer overflow (SSO) in the upstream trunk sewer. The 
Watershed Plans call for an upgrade of Bullittsville PS, a new force main (FM) along the existing 
alignment, and upgrades to the receiving Tanner Road gravity sewer. These upgrades would require a 
large financial commitment and a multi-year period for design and construction. Also, increasing pumped 
flow from Bullittsville PS to Taylorsport PS would accelerate the need for upgrades at Taylorsport PS. 

South of the Hebron area, Allen Fork PS, which pumps to Western Regional Water Reclamation Facility 
(WRF) via Burlington PS and the Western Regional Conveyance Tunnel (WRCT), also has inadequate 
capacity to convey peak tributary flow, and there have been at least two upstream wet weather SSO
events in 2016 at nearby upstream manhole 2390002. The long-term plan for Allen Fork PS in the 
Watershed Plans is to eliminate this pump station and redirect the flow directly to the WRCT via a new 
pump station, thereby diverting the flow away from Burlington PS. However, the short-term plan is to 
upgrade the pumps at Allen Fork and Burlington PSs, upsize portions of the Burlington FM, and construct 
a gravity sewer to redirect a portion of the flow currently tributary to Allen Fork PS directly into 
Burlington PS. These improvements also represent a multi-year design and construction period and 
significant financial investment. 

An alternative approach that would redirect flow from Bullittsville PS to the WRCT and integrate the 
long-term improvements for both Bullittsville PS and Allen Fork PS has been proposed. This approach 
has the benefit of removing the Bullittsville PS flow from Taylorsport PS, thereby preserving capacity in 
Taylorsport PS for areas that are more-directly tributary to that station. Also, preliminary estimates 
suggested the potential for significant life-cycle cost (LCC) savings with this approach. There are also 
other benefits of this alternative, which are discussed herein. 
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2. Objectives 
Before proceeding with design of improvements to address capacity issues at Bullittsville and Allen Fork 
PSs, SD1 desires to investigate the alternative approach for Bullittsville PS and some other options for 
these pump stations that might reduce construction costs, delay expenditures, reduce life-cycle costs, 
and/or offer other benefits. Thus, SD1 commissioned this business case evaluation (BCE) to evaluate 
several alternatives, both short-term and long-term, as discussed herein. 

The purposes of this BCE are to evaluate feasible alternatives to address existing SSOs and planned 
growth and to recommend a preferred alternative and path forward for Bullittsville and Allen Fork PSs 
that adequately conveys flows from the 2-year, 6-hour design storm. This BCE considers the following 
three separate potential scenarios 

Scenario A  Upgrade Bullittsville PS to continue pumping to Taylorsport PS, and upsize 
Taylorsport PS and other existing infrastructure to accommodate the increased flow from 
Bullittsville PS. Scenario A generally replaces and/or upgrades existing infrastructure and 
consists of the following: 

o Upgrade or construct the following infrastructure: Tanner Road gravity sewer, Taylorsport 
PS and FM, and equalization (EQ) storage at Taylorsport PS.  

o Replace Bullittsville PS and FM with a larger station and FM, and continue conveying the 
flow to Taylorsport PS and Dry Creek WWTP.  

o Construct a new Allen Fork PS and FM to convey flow to the WRCT, new gravity sewer 
to convey flow to the new PS, and other capacity improvements in the Allen Fork and 
Burlington PSs vicinity. 

o Construct a new facility for grit removal, screening, odor control, and to drop flow into the 
WRCT at an existing access shaft . 

Scenario B Redirect Bullittsville PS flow to the WRCT via the proposed replacement Allen 
Fork PS. Scenario B involves rerouting Bullittsville PS flow to the WRCT, thereby freeing up 
capacity in the Tanner Road sewer and Taylorsport PS, and consists of the following 
improvements: 

o Upgrade or construct the following infrastructure: Tanner Road gravity sewer, Taylorsport 
PS.  

o Construct gravity sewer to convey flow from Bullittsville PS to the new Allen Fork PS, 
and (under some alternatives), construct a new Bullittsville PS and FM to convey the flow 
into this new gravity sewer. 

o Construct a new Allen Fork PS and FM to convey flow to the WRCT (including the 
Bullittsville flow), new gravity sewer to convey flow to the new PS, and other capacity 
improvements in the Allen Fork and Burlington PSs vicinity.  

o Construct a new drop shaft facility for grit removal, screening, odor control, and to drop 
flow into the WRCT at an existing access shaft. 

Scenario C Redirect Bullittsville PS flow and Allen Fork flow to the WRCT via a proposed 
tunnel sewer. Scenario C would include a drop shaft in lieu of a replacement Allen Fork PS. 
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o Upgrade or construct the following infrastructure: Tanner Road gravity sewer, Taylorsport 
PS.

o Interim capacity improvements in the Allen Fork and Burlington PSs vicinity.  
o Construct gravity sewer to convey flow from Bullittsville PS and Allen Fork PS to the 

proposed tunnel. 
o Construct new drop shaft facilities, including grit removal, screening, and odor control, to 

convey flow from Bullittsville PS and Allen Fork PS into the proposed tunnel. 

Scenarios A and B each has multiple alternatives, whereas Scenario C is single-faceted (i.e. Scenario C
includes only Alternative C). None of the alternatives considered can be fully implemented in the near-
future, so intermediate steps (phasing) are necessary as part of all scenarios considered. Figure 2-1 
presents the overall area and existing infrastructure considered within the three scenarios to put the 
multiple components of each alternative in perspective. 

Figure 2-1: Overall Project Area (Scenarios A, B, and C) 

For all alternatives, population projections from the Watershed Plans, as subsequently adjusted under 
other studies, have been used to project required capacities through 2050, as the basis for sizing and 
timing of improvements. All alternatives of each scenario were evaluated considering capital costs, life-
cycle costs, construction feasibility, non-economic factors, ability to phase work, and impact on SD1 
customers and residents. These factors are discussed in depth in Section 3. 
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The BCE also considers the small Brentwood PS and Ethans Glen WWTP, since one alternative of 
Scenario B has the potential to eliminate these facilities by gravity conveyance. However, this alternative 
(B.1) was removed from consideration during the development of the BCE as discussed in Appendix 03. 
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3. Alternatives Analysis 
As stated above, the following three scenarios with multiple alternatives are considered herein:

Scenario A Upgrade Bullittsville PS to continue pumping to Taylorsport PS. 

Scenario B Redirect Bullittsville PS flow to the WRCT via the proposed replacement Allen 
Fork PS.  

Scenario C Redirect Bullittsville PS flow and Allen Fork flow to the WRCT via a proposed 
tunnel sewer. 

Common to all scenarios is the gravity sewer to eliminate the existing Allen Fork PS. A new Allen Fork 
PS and FM discharging to a new drop shaft facility at the WRCT Access Shaft 3 are included in Scenarios 
A and B, whereas Scenario C includes a new Allen Fork Drop Shaft to the new tunnel. Scenario A results 
in additional improvements to Tanner Road sewer and Taylorsport PS/FM than the other scenarios, but it
reduces overall gravity sewer length and minimizes the size of the new Allen Fork PS. Conversely, 
Scenarios B and C reduce improvements to Tanner Road sewer and Taylorsport PS/FM but require 
extensive gravity sewer improvements to eliminate Bullittsville PS and a larger new Allen Fork PS.

The alternatives were compared by many factors, which are outlined below. It should be noted that some 
of the factors used in the evaluation are not relevant for Alternative C, since a tunnel has little or no effect 
on surface features along its alignment. A table comparing key cost estimates is shown in Table 3-1 with 
a complete list in the Project Sheets within Appendix 04. 

Table 3-1: Summary of Costs 

Bullittsville PS to Taylorsport PS Bullittsville PS to WRCT

Alt. A.1 Alt. A.2 Alt. A.3 Alt. B.1 Alt. B.2 Alt. B.3 Alt C

35-YR Capital Cost $97,100,000 $94,200,000 $69,600,000 $ - $73,200,000 $75,700,000 $127,900,000

35-YR Energy Cost $7,000,000 $6,700,000 $7,800,000 $ - $6,000,000 $6,600,000 $4,100,000

35-YR O&M Cost $3,500,000 $3,500,000 $3,700,000 $ - $3,100,000 $3,500,000 $2,200,000

35-YR Odor Control 
Cost $15,100,000 $15,100,000 $15,100,000 $ - $13,800,000 $13,900,000 $11,700,000

35-YR LCC, NPV 
(n=2.8%) $87,300,000 $85,400,000 $71,500,000 $ - $72,600,000 $75,000,000 $110,700,000

Capital Cost: The Costing Tool was used for capital cost generation of most improvements. 
The tool uses unit costs from historical bid tabs inflated based on the current ENR 
construction cost index. Capital cost includes construction cost, preliminary study, design, 

and land acquisition (refer also to 
easements below). SD1 and Hazen have used this tool for other BCEs in the past to compare 
options consistently.  

Operation and Maintenance (O&M) Cost (exclusive of electricity):
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o SD1 provided a database of work orders from Lucity to estimate pump station O&M 
costs. Comprehensive documentation of pump station work orders in Lucity began by 
April 2010. For existing pump stations, O&M costs were estimated by averaging yearly 
work order costs while excluding some large rehabilitation costs, such as pump 
replacements. Pump replacement is included in the life-cycle costs as separate capital 
expenditures based on anticipated useful service life. For proposed or upsized PSs, O&M 
costs were estimated by interpolating between O&M costs from existing SD1 PSs of 
similar size. A logarithmic relationship of O&M cost to PS average daily flow was found 
for PSs ranging from 0.6 mgd to 13 mgd.  

o New gravity sewer O&M costs were estimated by assuming CCTV inspection and 
cleaning costs every ten years. Separate costs were used for on-road vs. off-road 
inspection and cleaning as some alignments would be difficult to access with CCTV or 
cleaning vehicles. 

o New EQ tank O&M costs were assumed to be 1% of the capital construction cost 
annually, which is approximately $8,700 for the 220,000-gallon EQ tank and $18,500 for 
the 550,000-gallon EQ tank.  

o New Drop Shaft Facility O&M costs were assumed to be $15,000 per year regardless of 
flow based on work order costs documented in Lucity for the existing Drop Shaft 1 
facility.  

Pump Stations Odor Control Cost: Odor control costs at pump stations were estimated based 
on Bullittsville, Allen Fork, and Taylorsport PSs odor control budget estimates for FY2017 
with adjustments for changing conditions. It was assumed that pump station odor control costs 
would increase as improvements take place in the future for reasons such as:  

o longer and larger FMs, leading to increased retention time 
o decrease of flow leading to increased retention time 
o significant increase of flow requiring more chemical to maintain effectiveness.  

However, changes to Allen Fork and Bullittsville PS amounted to a small change in the 
overall odor control cost, as the bulk of the total is for Taylorsport PS. For instance, of the 
total $376k budgeted in FY2017 for Bioxide at the three PSs, $314k (84%) is for Taylorsport 
PS. The new Allen Fork PS was assumed to have similar odor control costs as the existing 
Allen Fork PS with adjustments per the above criteria. 

Electrical Energy Cost: Pump station electrical energy costs were estimated in two ways. 
Average existing energy costs were calculated from Duke Energy and Owen Electric 
Cooperative billing records provided by SD1. Proposed PS energy costs were estimated based 
on the flow to the PS, the brake HP of the pumps, and $0.10 per kW-hour, which is consistent 
with billing records. The proposed WRCT drop shaft facility energy costs were assumed to be 
similar to those at the existing Drop Shaft 1 facility. Energy costs for all stations and the drop 
shaft facility were assumed to increase proportionately with average flows. 

Net Present Value, Life-cycle Cost: A 35-year period for the LCC was selected for this BCE 
to match the 2050 planning year used for sizing improvements. In addition to a simple sum of 
all capital costs and other yearly expenditures, a net present value (NPV) value for each 
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alternative accounts for the time value of money by using a discount rate (accounts for both 
inflation and interest) and projecting capital improvement costs to be incurred in the projected 
year of the improvement. The annual discount rate used for this BCE was assumed to be 2.8%.

Major Roadway Crossings: Using GIS and Google Maps, the number of intersections where 
construction could require more than just simple signs and flaggers were counted. Scenario A
includes replacement of a FM under I-275 and in North Bend Road, as noted elsewhere herein.  

Distance under Pavement: Length of improvements under pavement were identified and 
accounted for due to increased cost associated with traffic control, public interaction, and 
restoration costs. It typically means the alignment is within a public right-of-way (ROW), but 
Alternative B.3 and the Allen Fork FM travel along private roads which would need both an 
easement and pavement restoration.  

Utility Crossings: A GIS shapefile of water lines in the project area was obtained from the 
Boone County Water District, and water line crossings were counted for the proposed 
alternatives. Power line crossings were counted based on GIS and Google Maps aerial 
imagery. A Design Ticket was submitted to Kentucky 811 with a map of the project area. The 
ticket was submitted to Duke Energy Electric, Duke Energy Gas, Duke Energy Gas 
Transmission, Insight Kentucky Partners Bowling Green Cable, and Owen Electric for 
locations of their underground utilities, and all five utilities responded that the project site was 
clear of their utilities. However, Hazen conducted a field visit of the project area, and there do 
appear to be existing underground utilities that would be crossed by the proposed construction.  

Creek Crossings and Footage within 50 feet of a Creek: Creek crossings were counted based 

two SD1 GIS shapefiles. S was also 
estimated from these shapefiles. Work within 50 feet of a creek can add to construction cost 
due to increased dewatering, sediment and erosion control, and streambank stabilization costs. 
Also, installation of a sewer along a creek may increase infiltration due to high groundwater in 
the vicinity. 

for each option. The Costing Tool includes a field for total new easement linear footage, 
which was used to estimate costs associated with easement acquisition for each alternative. 
For Alternative C, subterranean easements may be a potential option. This is an easement that 
only exists at defined by vertical and horizontal dimensions around a buried tunnel at a 
defined depth; it does not exists on the ground surface and therefore has almost no effect on 
the property owner. This type of easement still requires coordination and monetary 
compensation to property owners but is typically less controversial and expensive than a 
standard surface easement. 

Distance through Farmland: There are several areas where alignment B.3 looks to be on a 
working farm. It might be possible during design to locate this sewer under a private road to 
avoid disturbing the farmed areas. Scheduling of construction could potentially also minimize 
impacts to farmland. 
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Distance Impacting Mature Trees: Using GIS and Google Maps, the distance where large 
mature trees would need to be removed was quantified. In addition to increased cost to clear, 
haul, and dispose of cleared trees, removal of mature trees may impact public perception of 
the project, increases environmental impacts, and affects the local wildlife habitat.  

Permitting Needs: Permits would likely be required for portions of each scenario from The 
Kentucky Division of Water (KDOW), the U.S. Army Corps of Engineers (USACE), the 
Kentucky Transportation Cabinet (KYTC), the Kentucky State Historical Preservation Office 
(SHPO), the U.S. and Kentucky Fish and Wildlife Services (USFW and KYFWS). KDOW 
requires a review of plans and specifications with respect to sanitary features of design. The 
USACE requir aters . Part of the USACE 
permits may require additional permits from USFW and KYFWS, and Northern Kentucky is 
home to endangered species including the Indiana Bat and Running Buffalo Clover. KYTC 
requires permits for any access to a road on the state highway system or work activity on the 
right-of-way. SHPO requires a review for any federally funded, permitted, or licensed projects 
in order to avoid or minimize adverse effects to properties in the National Register of Historic 
Places. Any of these permitting agencies may require adjustments to a recommended 
alternative which could increase the proposed construction costs if one of their areas of 
interest is adversely affected. In some cases, additional costs could be incurred to avoid or 
reduce assessment studies, such as contributions to the Imperiled Bat Conservation Fund 
(IBCF) based on potentially acreage disturbed, to offset USFW restrictions. Permitting 
concerns can also prolong the design and construction phases of the project(s).  

Required Air Release Valves (ARVs): Due to the extra maintenance effort, potential for 
nuisance odors, risk of leakage, risk of pipe internal corrosion (if ductile iron pipe is used),
and other concerns, SD1 prefers to minimize the number of ARVs. Thus, the estimated 
number of ARVs required were counted for each alternative based on the anticipated force 
main profiles.  

Depth Greater than 15 Feet: Due to presence of shallow rock in Boone County (see Figure 3-
1) and a potential need for non-standard heavy equipment or benching of trench excavations, 
the estimated length of sewer and force main below 15 feet was quantified. Construction costs 
for alternative alignments being constructed below 15 feet were increased accordingly, within 
the costing tool. For Alternative C, depth considerations for a tunnel are very different when 
compared to direct bury infrastructure. Therefore, Tunnel construction costs have been 
developed independently and not via the costing tool. 

General Constructability: In addition to all items listed above, the alternatives were reviewed 
and evaluated for their constructability based on all known factors.  

Scheduling: BCE alternatives considered the ability to phase or stagger the construction of 
improvement features and/or delay associated capital costs to be advantageous to SD1 based 
on actual project/development requirements. Detailed phasing of improvements was 
considered for the capital improvements of each alternative as shown within the Project Sheets 
(Appendix 04).  
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Figure 3-1: Scenarios B and C Lithology (UK  Kentucky Geologic Society) 

3.1 Initial Improvements 
Regardless of whether Scenario A, B, or C is selected, initial improvements to both Bullittsville PS and 
Allen Fork PS are needed as soon as practicable to reduce existing SSOs and provide capacity for planned 
development for which reserved capacity has already been approved. These initial improvements would 
delay the need for the more extensive improvements of Scenarios A, B, and C. Further discussion of 
existing conditions and proposed initial improvements are presented here. 

3.1.1 Existing Bullittsville PS Condition 

Based on field drawdown testing performed in May 2016, Bullittsville PS has a firm capacity of 570 gpm 
(0.82 mgd), a total capacity of 630 gpm (0.91 mgd), and velocity in the FM of only 1.0 to 1.6 ft./s.; 
reference Figure 3-2. This corresponds to an equivalent Hazen- roughness factor of only 60, 
which corresponds to considerable head loss and is likely due to settled solids, accumulation of grease on 
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the pipe wall, and/or air binding in the FM resulting from low velocities. The high head loss serves to 
further reduce velocity, which further exacerbates the pipe roughness. This is further evidenced by prior 
drawdown testing in 2008 and 2012 that indicated higher pumping capacities and s 
of 90 and 80, respectively i.e. the pipe roughness has been progressively getting worse. 

Figure 3-2: Bullittsville PS Drawdown Test Results (May 2016) 

As discussed above, peak influent flows to Bullittsville PS exceed its pumping capacity, and there is a 
recurring SSO immediately upstream. 

3.1.2 Initial Bullittsville PS and FM Upgrades 

Current peak flow to Bullittsville PS would be 3.23 mgd if the upstream bottleneck in the trunk sewer 
were alleviated. With currently-reserved capacity, this peak increases to 3.55 mgd. Thus, initial 
improvements are needed to receive at least 3.55 mgd flow at Bullittsville PS. As an intermediate 
solution, several steps could be completed to increase the capacity of Bullittsville PS and reduce the 
frequency and volume of SSO occurrences. Increasing pumping capacity at Bullittsville PS would 
increase flow to the Tanner Road sewer. Several sections of the Tanner Road sewer are already scheduled 
to be upsized by the end of 2018 as part of North Hebron / Sand Run PS improvements. 

Initial Bullittsville PS improvements identified are as follows: 

Construct an equalization storage tank, which would also require additional pumping 
equipment and controls to fill and drain the EQ storage. Preliminary modeling analysis 
indicates approximately 220,000 gallons of EQ storage would be sufficient, provided all other 
steps in these initial upgrades are completed. This would likely be an above-ground cylindrical 
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tank (45-ft. diameter, filled to 18.5 feet depth). For this BCE, it has been assumed that two 4-
inch skid-mounted diesel pumps (including sound attenuation and block heaters for winter 
operation), each with 1.4 mgd capacity (allows for one pump to meet the needs of a 2-year, 6-
hour design storm, with the other as backup and to supplement capacity during more intense 
events), would be used to fill the EQ tank during wet weather events when the pump station 
experiences a high wet well condition; and the tank would be drained by gravity with a 
modulated control valve once influent flows subside. Additional property behind the PS would 
be required to fit the EQ tank and pumps. 

Mechanically Pig, or Ice Pig, the FM to clean out the pipe, , and reduce 
head loss. Considering the large quantity of ice likely needed for ice-pigging (approximately 
10 truckloads), traditional mechanical pigging may be more cost-effective for this application. 
Traditional mechanical pigging would require installation of a pig-launching assembly on the 
FM at the PS and a pig recovery facility at the end of the original force main on the west side 
of Northbend Road (i.e. prior to the Protecto 401-lined force main). For this BCE, it was 
assumed that additional pig launching and recovery facilities would be needed at 90-degree 
bends in the force main where the FM crosses under I-275.  

Add additional air release valves at high points where trapped air was heard during prior 
Sahara inspections (refer to the November 2010 report, Pump Station Force Main and ARV 
Preventative Maintenance Program).

Install larger pumps to increase the capacity, which would also increase FM velocities to 
promote scouring and help keep the FM clean after pigging. The 6-inch station piping would 
be a limiting factor and would need to be replaced, together with a new, larger valve vault 
(potentially sized to accommodate future capacity needs). Electrical improvements would be 
necessary and it was assumed for this BCE that surge improvement would be needed for 
increased flow. Additional property behind the PS would likely be required to relocate the 
generator. If Scenario A or Alternative B.3 is selected, any additional land needs anticipated 
for the future PS upgrades could be obtained at the same time. 

Figure 3-3 presents the potential initial upgrade at Bullittsville PS with proposed pump curves shown in 
Figure 3-4. This would achieve a total capacity of 3.4 mgd and a firm capacity of 3.0 mgd given the 
following assumptions: a new valve vault and electrical work get completed allowing three Flygt NP 
3315 HT pumps to be installed and the station piping upsized to 12 inch, a 220,000-gallon EQ tank (e.g. 
an above-ground pre-stressed concrete tank) is constructed, the downstream Tanner Road sewer gets 
upsized to handle the additional flow, and the FM is successfully pigged to increase the head loss 

the pipe has been cleaned and scouring 
velocities are achieved and maintained. The approximate capital cost of the initial improvements would 
be $5.0 million, which could allow approximately seven additional years of service (at projected growth) 
before additional work is needed at Bullittsville PS.  
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Figure 3-3: Bullittsville PS (Initial Upgrades) 

Figure 3-4: Hydraulics with Potential Initial Bullittsville PS Upgrades 
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3.1.3 Existing Allen Fork PS and Related Sewers Condition 

Based on field drawdown testing performed in May 2016, Allen Fork PS was found to have a firm 
capacity of 1,760 gpm (2.53 mgd) and a total capacity of 2,290 gpm (3.30 mgd); reference Figure 3-5. 
Based on this, velocities in the Allen Fork FM are estimated to be between 3.2 ft./s and 5.8 ft./s. One of 
the pumps (Pump 3) is a different pump than the others and achieves a much higher pumping rate. The 
FM was found to have low head loss with an equivalent Hazen- factor of 115. This is very 
good considering the age of the pipe. factor this high typically can be found when the flow 
regularly achieves scouring velocity and air is not trapped in high points.  

Additional information regarding current conditions at Allen Fork PS was provided by Hazen in June 
2016 via a Word document named Allen Fork Questions Joe Verst and PowerPoint presentation named 
Burlington and Allen Fork Pump Stations Summary_June 2016; reference Appendix 07. These also 
include recommendations for some initial Allen Fork PS upgrades, which have been incorporated into the 
phasing of improvements for this BCE as indicated below. 

Figure 3-5: Allen Fork PS Drawdown Test Results 

As discussed above, peak influent flows to Allen Fork PS exceed its pumping capacity, and there were at 
least two upstream wet-weather-related SSO events in 2016. 

3.1.4 Initial Allen Fork PS Upgrades 

Current peak flow to Allen Fork PS with currently-reserved capacity would be 4.6 mgd. Thus, significant 
initial improvements are needed to convey peak flows and prevent SSOs in the design storm. The Initial 
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Upgrades to Allen Fork PS are laid out in Appendix 07, Burlington and Allen Fork Pump Stations 
Summary_June 2016 presentation. Proposed initial upgrades include: 

Upgrade pumps to 4.0 mgd capacity and related surge improvements if needed  

Construct south Burlington sewer re-route  

Upsize remaining 12-inch Burlington FM along KY18 to 24-inch diameter  

Replace the pumps at Burlington PS (optional: upsize pump discharge piping to further 
increase capacity) 

The net effect of these Initial Upgrades is to accommodate anticipated development tributary to both 
Allen Fork and Burlington PSs for approximately eight to ten years, with an approximate capital cost of 
$3.8 million for these initial improvements.  

3.2 Scenario A - Bullittsville PS to Taylorsport PS 
Under Scenario A, Bullittsville PS would continue to pump flow to Taylorsport PS via the Tanner Road 
sewer. By 2050, Bullittsville PS is projected to require 7.0 mgd of capacity to convey anticipated peak 
flow. Scenario A could be phased to incorporate the initial upgrades discussed in Section 3.1.2 above to 
delay the large capital expenses associated with PS and FM replacement to 7.0 mgd. These initial 
improvements are needed as soon as the Tanner Road sewer is capable of handling the additional flow. As 
stated in Section 3.1.2, these improvements could delay larger improvements by approximately seven 
years.  

Separate from Bullittsville PS, the Allen Fork PS improvements identified in the Watershed Plan would 
be needed (capacity and sizing updated for this study). Thus, Scenario A includes routing of flow from 
the existing Allen Fork PS through a new gravity sewer (6.57 mgd capacity) to a new relocated Allen 
Fork PS (5.23 mgd firm capacity) and FM that would convey the flow to the WRCT as discussed in 
Section 3.4. 

3.2.1 Bullittsville PS and FM 

Bullittsville PS would be upsized to a firm capacity of 7.0 mgd to meet 2050 projected peak flow. This 
would result in an entirely new PS. As discussed in 3.1.2, it may be possible to reuse the valve vault and 
EQ storage from the initial upgrades to reduce the size and cost of the new PS. However, the entire wet 
well, electrical equipment, generator, etc. would require complete replacement, which would likely 
require the acquisition of additional land (which could potentially be obtained at the time of the initial 
upgrades). 

PS replacement would also require the existing 12-inch FM to be replaced with a 20-inch FM.
Approximately 3,000 ft. of the 13,440 ft. FM runs along Graves Road and would be relatively easy to 
construct, except for two creek crossings. The existing FM crosses and parallels I-275, as shown in Figure 
3-6, and is partially located under the recently expanded North Bend Road. Therefore, replacing the 
existing FM would require a new utility crossing under I-275 and within the recently improved North 
Bend Road right-of-way. As another option, it may be possible to select a different route to the Tanner 
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Road sewer in order to avoid deep excavation along the I-275 West entrance ramp and avoid construction 
in North Bend Road (other than crossing at the intersection with Tanner Road), but this was not 
considered for this BCE. 

Figure 3-6: Bullittsville FM crossing I-275 

3.2.2 Tanner Road Gravity Sewer 

The existing 5,770 feet of 15-in Tanner Road sewer conveys flow from Bullittsville and other PSs to 
Taylorsport PS. As part of the North Hebron / Sand Run PS improvements, it is anticipated that 2,880 feet 
of this sewer will be upsized by the end of 2018. Modeling results indicate the need for 15.4 mgd capacity 
to meet the 2050 projected peak flow. This would require upsizing an additional 2,830 feet of pipe (all but 
one section), for a total of 5,710 feet of sewer to be upgraded along Tanner Road. Table 3-2 below 
indicates the spans to be upgraded in each phase.  
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Table 3-2: Tanner Road Sewer Upsizing (Scenario A)

Upstream MH Downstream MH Length 
(feet)

Existing Size 
(inch)

Proposed Size 
(inch)

2360022 2360021 167 15 30
2360021 2360965 91 15 30
2360965 2360987 7 15 30
2360987 2360020 260 15 30
2360020 2360019 136 15 30
2360019 2360018 412 15 30
2360018 2360017 296 15 30
2360017 2360016 419 15 30
2360016 2360015 326 15 30
2360015 2360014 253 15 30
2360014 2360013 135 15 30
2360013 2360012 72 16 30
2360012 2360011 180 15 30
2360011 2360010 115 15 30
2360010 2360009 115 15 30
2360009 2360008 377 15 30
2360008 2360007 299 15 30
2360007 2360006 266 15 30
2360006 2360005 410 15 30
2360005 2360004 420 15 30
2360004 2360003 383 15 30
2360003 2360002 383 15 30
2360002 2360001 131 16 30
2360001 2360023 59 16 30

Notes:  
1. The orange-shaded rows represent sewers being replaced with North Hebron / Sand Run PS 

Improvements. The blue-gray-shaded rows represent the additional sewer needing to be replaced in the 
future to convey the 2050 peak flow (15.4 mgd) with Bullittsville PS.

2. The proposed size of 30-inch assumes sewer slopes are adjusted as needed and is based on the anticipated 
2050 flows. This sewer is currently being designed by others as 36-inch.

3.2.3 Taylorsport PS and FM 

Under Scenario A, Taylorsport PS would continue to receive flow from Bullittsville PS and discharge to 
Dry Creek WWTP via the Bromley FM. Based on field drawdown testing performed in May 2016, 
Taylorsport PS has a firm capacity of 6,240 gpm (8.98 mgd) and a total capacity of 6,960 gpm (10.0 mgd) 
as shown in Figure 3-7. Two small pumps at Bromley PS were running while the drawdown testing was 
conducted. During drawdown testing, it was noticed that there appears to be more head loss in the FM 
than during previous testing in 2008. This concern was relayed to SD1 and is being addressed separately
from this BCE. 
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Figure 3-7: Taylorsport PS Drawdown Test Results 

To meet the projected 2050 peak flow, Taylorsport PS would be upsized from its current firm capacity of 
9.0 mgd to a firm capacity of 17.6 mgd. Linear interpolation of the projected flow suggests that the 
current 9.0 mgd will be sufficient until year 2024. The total capacity already pushes flow through the 24-
inch FM at 4.1 feet per second and 210 feet of total dynamic head (TDH). The existing FM could only 
convey approximately 13.25 mgd (additional 4.15 mgd) without excessive velocity and head loss. 
Upsizing the existing Taylorsport PS to the maximum FM capacity of 13.25 mgd, which could likely be 
accomplished with pump replacements without upsizing the structures, would gain another 12 years 
before additional capacity is needed.  

The following alternatives to accommodate flows over 13.25 mgd at Taylorsport PS would not be needed 
until approximately 2036 (based on a linear interpolation of the development projections). Scenario A
would require one of the following options for the 2050 projected flows:

Alternative A.1: Upsize the station to 17.6 mgd and construct a complete replacement of the 
24-inch FM with a 30-inch FM. 

Alternative A.2: Upsize the station to 17.6 mgd and construct a separate, parallel FM. This 
was assumed to be 24-inch, although a 20-inch FM could potentially be used (using a 20-inch 
FM would require more expensive improvements at Taylorsport PS). 

Alternative A.3: Limit station capacity to 13.25 mgd and construct 550,000 gallons of EQ 
storage. This could be an 80-foot diameter tank filled to 15 feet depth. The location that looks 
most promising for an EQ tank is an adjacent lot, shown in Figure 3-8. The stream, trees, 
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slope, and nearby homes would make it difficult to locate elsewhere. Additional property 
behind the PS would be required. It is assumed that this EQ storage would be gravity-in, 
pumped-out, so an EQ pump station would be needed to empty the EQ storage tank back into 
Taylorsport PS. 

Figure 3-8: Potential EQ Location  Taylorsport PS 

Any new Taylorsport FM would continue all the way to Dry Creek WWTP and would not be connected 
to the Bromley FM. This would add 6,000 feet of FM and approximately 17 feet of static head, which 
would have to be accounted for during design. For Alternative A.2, the existing 24-inch FM would also 
need to be disconnected from Bromley FM and extended to Dry Creek WWTP, but that is not included in 
the costing within t

Some of the key features of Scenario A are listed below. These are quantified in Appendix 04 Project 
Sheets. 

Capital cost: The total capital expenditures for Alternatives A.1, A.2, and A.3 are as shown in 
Table 3-1. This includes the initial upgrades to Bullittsville PS and Allen Fork PS, Tanner 
Road sewer replacement, the gravity sewer elimination of and construction of a new 5.23-mgd 
Allen Fork PS and FM, drop shaft facility into WRCT, upgrades to Bullittsville PS and FM, 
and the associated work at Taylorsport PS. 

Odor control cost: The odor control cost would be increased at Allen Fork, Taylorsport, and 
Bullittsville PSs as improvements take place over the BCE time period.  

Net Present Value: The NPVs are shown in Table 3-1 and Appendix 05. Where capital cost is 
higher than NPV, it is the result of delaying a large expenditure(s) to later in the LCC period. 

Utility Crossings: There are several locations where potable water mains and over-head power 
lines would be crossed, but nothing was identified that appears to be of major consequence.  
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Easements: Construction for Alternative A.1 would take place on existing easements and no 
new easements are anticipated. Alternatives A.2 may require new easements for the parallel 
Taylorsport FM. Alternative A.3 would certainly require land acquisition/easements for the 
Taylorsport EQ storage and EQ PS. 

Distance through farmland Scenario A does not have any construction through farmland.  

Permitting needs: 

o Due to most of the new sewer from Bullittsville PS to Dry Creek WWTP being 
constructed in place of existing sewer lines, environmental impacts as well as US and KY 
Fish and Wildlife Service and SHPO permitting needs are expected to be minimal. The 
number of creek crossings are accounted for as well as clearing of mature trees, which are 
much lower than for Scenario B.  

o Due to much of the construction taking place under and along major roads, several KYTC 
road encroachment permits would be required. Construction under I-275 may require 
special permitting. 

Required ARVs: Considering both Bullittsville and Taylorsport FMs, Scenario A would have 
a significant number of new ARVs. However, all of these new ARVs would be replacing 
existing ARVs except for 18 that are part of the parallel Taylorsport FM included in 
Alternative A.2. Thus, Alternatives A.1 and A.3 would have no net change in number of 
ARVs in the system. 

Depths greater than 15 feet: There would be very minimal or no pipeline construction greater 
than 15 feet deep with Scenario A. The FM under I-275 would be greater than 15 feet but 
would be installed via trenchless construction.  

Bromley FM disconnect: Construction of a new or parallel Taylorsport FM (Alternatives A.1 
and A.2) would provide an opportunity to disconnect Taylorsport FM from Bromley FM and 
tie in to the influent sewer upstream of the new headworks at Dry Creek WWTP. This would 
essentially add approximately 6,000 feet of FM and 17 feet of static head. The TDH would 
also be higher due to additional head loss in the 6,000 feet of FM. The annual energy cost of 
Taylorsport PS was increased to reflect this additional TDH.  

General Constructability: Most of the construction would take place in developed areas and 
involve replacing existing sewer. This alternative would require more road restoration and 
traffic control and cause more of a public disturbance. Bore and jack or HDD construction 
would be required to replace the Bullittsville FM under I-275. Construction at Allen Fork PS 
and Taylorsport PS would be difficult due to creeks, slopes, trees, and homes. 

Scheduling / Phasing: If the Initial Bullittsville PS upgrades are completed as recommended in 
this BCE, the EQ storage tank and additional land acquisition could be utilized with the new 
Bullittsville PS. Taylorsport PS would need to be upgraded within approximately five years, 
Bullittsville PS and FM within seven years, and Taylorsport PS and FM again within 15 years. 
Appendix 04  Project Sheet also shows proposed schedules.  
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3.3 Scenario B - Bullittsville PS to WRCT 
Scenario B would reroute all flow from Bullittsville PS to the WRCT via the new Allen Fork PS. This 
would free up capacity in the Tanner Road sewer and Taylorsport PS, reducing, but not eliminating, those 
upgrade needs. The scope of this BCE listed two alignment options for this alternative and a third was 
developed during the evaluation. For the BCE, these alignment options will be referred to as Alternatives 
B.1, B.2, and B.3. All three of the alignment options eventually reach the site of the new Allen Fork PS 
near Woolper Creek and Easton Lane. Table 3-3 presents a brief summary of these alternatives, and more 
information is provided in Appendix 04. 

The relocation of Allen Fork PS to a new location and a new PS and FM to the WRCT is the same as with 
Scenario A, except that the capacity would be increased to 12.23 mgd to accommodate the flow from 
Bullittsville PS. Section 4 discusses these Allen Fork improvements.  

Table 3-3: Overview of Alignment Options 

B.1 - - - - - - - - - - -

B.2 22,200 7 24 17,000 6,700 10,000 22 2 3,400 0 8 2,000

B.3 18,400 4 9 600 3,100 3,800 7 5 2,900 4,000 6 3,300

Note: The values shown include all quantities specific to each Alignment in Alternatives B.2 and B.3. They do not include 
quantities that are shared (i.e. Tanner Rd. sewer or Allen Fork sewer and FM). 

3.3.1 Alternative B.1 

Alternative B.1 is one of the options provided in the Scope of Work for this BCE. The main advantages to 
Alternative B.1 is it would eliminate by gravity Brentwood PS and Ethan Glens WWTP. While this
would be advantageous to SD1, the gravity sewer has multiple environmental and constructability 
challenges in addition to having little to no favorable payback to justify the alternative. Neither 
Brentwood PS nor Ethans Glen WWTP have high enough energy or O&M costs to get a return on the 
investment. Brentwood PS is very small PS and in good condition. A complete list of reasons that 
Alternative B.1 was eliminated from this evaluation was developed and presented to SD1 previously and 
is included in Appendix 03. SD1 approved the elimination of Alternative B.1 allowing the BCE to focus 
on Alternatives B.2 and B.3 as well as the alternatives of Scenario A.  

3.3.2 Alternative B.2 

Alternative B.2 eliminates the existing Bullittsville PS by approximately 22,200 feet of new 24-inch 
gravity sewer along the west branch of Woolper Creek to the site of the new Allen Fork PS. The proposed 
alignment and profile for Alternative B.2 are presented in Appendices 01 and 02, respectively. A big 
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advantage to Alternative B.2 is the complete elimination of Bullittsville PS; which eliminates the high 
energy and O&M costs currently being spent at Bullittsville PS and which are projected to continue 
increasing as the station is upgraded and flow increases. During detail design, it may be possible for 
smaller sewers (18-inch and 21-inch) to convey the target flow due to steeper slopes. However, for the 
purpose of this BCE, 24-inch was assumed to be constant. 

Some of the key features of Alternative B.2 are listed below. 

Capital cost: The capital expenditure for Alternative B.2 is shown in Table 3-1 and in detail in 
Appendix 05. This includes the initial upgrades to Bullittsville PS and Allen Fork PS, Tanner 
Road sewer replacement, the gravity sewer elimination of Allen Fork PS, construction of a 
new 12.23-mgd Allen Fork PS and FM, drop shaft facility to WRCT, and the gravity sewer 
elimination of Bullittsville PS. The capital cost for just the 24-inch gravity sewer to eliminate 
Bullittsville PS is estimated at $17.4 million. The capital cost is provided in Table 3-1. 

Sewer O&M costs: It was assumed that the new sewers would be CCTV inspected and 
cleaned every ten years, as is common for new sewers. Due to the difficulty getting the CCTV 
or Vactor trucks near the sewer alignment, off-road costs were used.  

Odor control costs: 

o Roughly $20,000 is spent annually on odor control chemical at Bullittsville PS. With the 
elimination of Bullittsville PS and the existing Allen Fork PS, it is assumed that the cost 
of odor control at these stations would be transferred to the new Allen Fork PS. 

o Approximately $315,000 is spent annually on odor control chemical at Taylorsport PS. 
Odor control costs at Taylorsport PS may also be impacted; but for this BCE, it was 
assumed that those costs would remain constant.  

Net Present Value: The NPV is shown in Table 3-1 and provided in detail in Appendix 05.  

Utility Crossings: There are several locations where potable water mains and over-head power 
lines would be crossed, but nothing was identified that appears to be of major consequence.  

Creek Crossings and Footage within 50 feet of a Creek: This alignment traverses many private 
properties and follows Woolper Creek for the majority of the alignment. This alignment is 
extremely forested and encounters multiple creek crossings except for a brief section that 
follows Garber Lane and a section along a private drive. As shown in Table 3-3 and Appendix 
04, this alignment frequently crosses and is within 50 feet of several major and minor creeks. 
This alignment would have a higher risk for excessive infiltration than the other alternatives.  

Easements: For Alternative B.2, there are 18 separate property owners where an easement 
would be needed. For the entirety of Alternative B.2, a total of 22 separate easements totaling 
8.6 acres are anticipated (assuming a 20-ft easement is obtained). All of these easements 
appear to be located in unused areas of wooded lots.  

Distance through at Alternative 
However, the new Allen Fork FM that is common to all 
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alternatives would pass through a farm and the design should consider the best alignment 
through the property. This will be discussed in Section 3.4. 

Permitting needs: 

o Due to the number of creek crossings, a substantial permitting effort would be necessary 
with the US Army Corps of Engineers (USACE).  

o According to KY Fish and Wildlife, 
 for Indiana Bats. Due to the amount of trees to be cleared for this alternative and 

the likely presence of the endangered Indiana Bat in Boone County, this alternative would 
likely require an impact study during design. The USACE permits typically require the US 
and State Fish and Wildlife services (Region 3 of the US Fish and Wildlife and KY Fish 
and Wildlife) to be involved. If the Indiana Bat is found, there could be requirements for 
construction at certain times of years and/or a mandatory fee to the Imperiled Bat 
Conservation Fund. However, to avoid an impact study and limitations on construction,
the more likely approach would be to assume the presence of the bat and simply pay the 
fee, per disturbed acre, to the Imperiled Bat Conservation Fund for the entire area in 
question.

o If this project were to be funded with federal funds, SHPO would be involved for 
permitting. The USACE permit may also require SHPO compliance. Within the scope of 
this BCE, nothing suggests that there are historical sites along this alignment.  

o KYTC road encroachment permits would be required (one for crossing Petersburg Road 
and another for Idlewild Road), but nothing was identified that appears to be of major 
consequence.  

Required ARVs: Alternative B.2 would have the least number of ARVs of any alternative, 
with one or two less than Alternative B.3. Since all ARVs on the existing Bullittsville FM 
would be eliminated, this alternative offers a significant advantage in terms of number of 
ARVs. 

Depths greater than 15 feet: This alignment has multiple locations where the sewer would be 
buried deeper than 15 feet, with approximately 6,700 feet of sewer exceeding this depth. 

General Constructability: Unlike other alternatives, Alternative B.2 has more challenging 
construction with very little access by existing roads to the proposed alignment. This 
alignment includes large steep slopes, deep excavation with increased potential for rock, 
extensive tree removal, and many creek crossings which make construction more difficult. 
Hauling material in, as well as hauling rock and trees out, would add to the difficulty. The 
higher unit cost for the gravity sewer reflects these challenging conditions.  

Development impacts: The new gravity sewer associated with Alternative B.2 would open up 
a large amount of undeveloped land for development. Approximately 2.5 square miles of 
developable land that is not currently projected to develop by 2050 could be served by the 
proposed gravity sewer.  

Scheduling / Phasing: If the Initial Bullittsville PS upgrades are completed as recommended in 
this BCE, the upgraded PS would remain in service for roughly seven years before being 
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eliminated by construction of the gravity sewer and redirection of flow to new Allen Fork PS. 
The initial improvements at Bullittsville PS would become obsolete upon elimination of 
Bullittsville PS by gravity sewer. Taylorsport PS would not need to be upgraded for nearly 20 
years. Appendix 04 Project Sheet also shows proposed schedules. 

3.3.3 Alternative B.3 

Alternative B.3 includes a new Bullittsville PS (7.0 mgd firm capacity), approximately 3,700 feet of new 
20-inch FM, and approximately 14,700 feet of new 24-inch gravity sewer to convey 2050 projected peak 
flow to the new Allen Fork PS. Although some components of the initial Bullittsville PS upgrade could 
potentially be used for the new PS, this option was evaluated under the assumption that a completely new 
pump station would be built. The proposed FM location is in Bullittsville Road until it turns into a farm 
field west of Brents Way where it reaches its high point. 
24-inch gravity sewer that would continue south through mostly open farmland and along private 
driveways until it reached Woolper Creek. The sewer alignment follows Woolper Creek and includes a 
few creek crossings and construction in a forested area until it reaches the proposed site for the new Allen 
Fork PS. The proposed alignment and associated profile are presented in Appendices 01 and 02, 
respectively. During detail design, it may be possible for smaller sewers (18-inch and 21-inch) to convey 
the target flow due to steeper slopes. However, for the purpose of this BCE, 24-inch was assumed to be 
constant. 

Advantages of Alternative B.3 are related to the alignment of the FM and gravity sewer and result in 
considerable reduction in the number of necessary easements, less risky and more accessible construction, 
and a significant reduction in creek crossings and clearing of heavily wooded areas, which results in less 
environmental impacts. The primary disadvantage of Alternative B.3 vs. B.2 is that Bullittsville PS 
remains in operation along with increased O&M and odor control costs.  

Some of the key features of Alternative B.3 are listed below. 

Capital cost: The capital expenditure for Alternative B.2 is shown in Table 3-1 and in detail in 
Appendix 05. This includes the initial upgrades to Bullittsville PS and Allen Fork PS, Tanner 
Road sewer replacement, the gravity sewer elimination of Allen Fork PS, construction of a 
new 12.23 mgd Allen Fork PS and FM, drop shaft facility to WRCT, and a new 7.0 mgd 
Bullittsville PS and FM. The capital costs are provided in Table 3-1. 

Sewer O&M costs: It was assumed that the new sewers would be CCTV inspected and 
cleaned every ten years, as is common for new sewers. Most of the new gravity sewer can be 
reached by road, but roughly 3,500 feet would be difficult to access.  

Odor control costs:  

o Roughly $20,000 is spent annually on odor control chemical at Bullittsville PS. For this 
BCE, it was assumed that the odor control cost would be increased due to the larger FM, 
longer retention time, and discharge near a residence.  

o With the elimination of the existing Allen Fork PS, it is assumed that the cost of odor 
control at that station would be transferred to the new Allen Fork PS. 
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o Approximately $315,000 is spent annually on odor control chemical at Taylorsport PS. 
Odor control costs at Taylorsport PS may also be impacted; but for this BCE, it was 
assumed that those costs would remain constant. 

Net Present Value: The NPV is shown in Table 3-1 and provided in detail in Appendix 05.  

Utility Crossing: There are several locations where potable water lines and over-head power 
lines would be crossed. The FM would also be about 600 700 feet away from an electrical 
substation. However, nothing was identified that appears to be of major consequence.  

Creek crossing and footage within 50 feet of a creek: Although part of this sewer alignment 
follows Woolper Creek and includes a few creek crossings, it is not frequently near a stream 
or forested area as with Alternative B.2.  

Easements: For Alternative B.3, there are only 3 private property owners where an easement 
would be needed. For the entirety of Alternative B.3, a total of 7 easements are required 
totaling 8.5 acres of land (assuming a 20-ft easement width). Most of these easement areas 
appears to be areas of wooded lots or far from homes However, there are also a working farm 
and about 10,000 feet of easement (4.6 acre at 20-foot width). 

Distance through farmland: About 2,300 feet of this sewer alignment runs through a farm. The 
new Allen Fork FM would also pass through a farm as noted under Alternative B.2.  

Permitting needs: 

o Fewer creek crossings exist with B.3, but a permitting effort with the USACE would still 
be required as with B.2.  

o Although to a lesser extent than Alternative B.2, clearing of trees would be required, thus 
US and KY Fish and Wildlife would likely be involved as for Alternative B.2. Similar to 
Alternative B.2, SD1 could pay the per acre fee to the Imperiled Bat Conservation Fund in 
lieu of an impact study.  

o If this project were to be funded with federal funds, SHPO would be involved for 
permitting. The USACE permit may also require SHPO compliance. Within the scope of 
this BCE, nothing suggests that there are historical sites along this alignment.  

o KYTC road encroachment permits would be required (one for crossing Petersburg Road 
and another for Idlewild Road), but nothing was identified that appears to be of major 
consequence.  

Required ARVs: Alternative B.3 would have one or two ARVs on the Bullittsville FM, 
making it have one or two more than Alternative B.2. This alternative would still eliminate all 
the ARVs on the existing Bullittsville FM. 

Depths greater than 15 feet: Approximately 3,100 feet of sewer would be buried at depths 
greater than 15 feet. 

General Constructability: Construction of Alternative B.3 is more favorable than B.2 due to a 
much more accessible alignment with paved roads and open fields. Additionally, 

SD1-Pille000034SD1-Pille000034



Sanitation District No. 1 March 2017 
Bullittsville PS Flow Routing BCE 
Final Report 

            |    Alternatives Analysis 3-21

environmental impacts associated with creek crossings and tree removal are reduced with 
Alternative B.3.  

Development impacts: The new gravity sewer associated with Alternative B.3 would open up 
some undeveloped land for ar that much future 
development could flow by gravity into the Bullittsville gravity sewer as it could with 
Alternative B.2. Small PSs or perhaps aerial sewers over creeks would be needed to allow for 
much more development in areas not currently projected to develop by 2050.  

Scheduling / Phasing: If the Initial Upgrades at Bullittsville PS are completed as 
recommended in this BCE, the EQ storage tank and additional land acquisition could be 
utilized with the new PS. However, the pumps associated with the Initial Upgrade could not 
be utilized with the new Bullittsville PS. Taylorsport PS would not need to be upgraded for 
nearly 20 years. Appendix 04 Project Sheet also shows proposed schedules. 

3.3.4 Tanner Road Gravity Sewer 

Similar to Scenario A, Tanner Road sewer would need upsizing to convey additional flow for Scenario B. 
As part of the North Hebron / Sand Run PS Improvements, it is anticipated that 2,880 feet of this sewer 
will be upsized by the end of 2018. With the flow from Bullittsville PS removed from the Tanner Road 
sewer, the 2050 projected peak flow to the sewer is 8.5 mgd (as opposed to 15.4 mgd in Scenario A). This 
would require only one additional span of pipe (in addition to those already planned for replacement by 
2018) be upgraded from 15-inch to 30-inch to convey projected 2050 flows; increasing the total length to 
be upsized to approximately 3,300 feet, as shown in Table 3-4. If Scenario B is selected, it may be most 
cost-effective to construct the additional 420 feet from segment 2360005 2360004 along with the North 
Hebron / Sand Run PS Improvements in 2018 rather than as a separate project in the future. Thus, this 
scenario includes that additional cost with the initial Tanner Road sewer improvements. 
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Table 3-4: Tanner Road Sewer Upsizing (Scenarios B and C) 

U/S MH D/S MH Length 
(feet)

Existing 
Size (inch)

Proposed 
Size (inch)

2360022 2360021 167 15 30
2360021 2360965 91 15 30
2360965 2360987 7 15 30
2360987 2360020 260 15 30
2360020 2360019 136 15 30
2360019 2360018 412 15 30
2360018 2360017 296 15 30
2360017 2360016 419 15 30
2360016 2360015 326 15 30
2360005 2360004 420 15 30
2360004 2360003 383 15 30
2360003 2360002 383 15 30

Notes:  
1. The orange-shaded rows represent sewers being replaced with North Hebron / Sand Run 

PS Improvements. The blue-gray-shaded rows represent the additional sewer needing to 
be replaced in the future to convey the 2050 peak flow (15.4 mgd) with Bullittsville PS. 

2. The proposed size of 30-inch assumes sewer slopes are adjusted as needed and is based 
on the anticipated 2050 flows. This sewer is currently being designed by others as 36-
inch.

3.3.5 Taylorsport PS and FM 

Once Bullittsville PS flow is removed from Taylorsport PS, the 2050 projected peak flow to Taylorsport 
PS is 10.8 mgd. The existing 24-inch Taylorsport FM has capacity to upgrade Taylorsport PS from its 

electrical upgrades would be needed to achieve this capacity. Linear interpolation between existing flow 
and projected 2050 flow suggests that the current 9.0 mgd capacity will be sufficient until year 2035, 
meaning Scenario B would delay any upgrades to Taylorsport PS for nearly 20 years.  

3.4 Scenario C - Bullittsville PS to WRCT (via New Tunnel) 
Scenario C would reroute all flow from Bullittsville PS and Allen Fork PS to the WRCT via a new 27,580 
ft. tunnel sewer, which would connect into the existing WRCT. Identical to Scenario B, this would free up 
capacity in the Tanner Road sewer and Taylorsport PS, reducing, but not eliminating, those upgrade 
needs. Since there is only one alternative under this scenario, Scenario C and Alternative C are used 
interchangeably in this report. The tunnel included in Scenario C is referred to as either the Bullittsville 
Tunnel or simply Tunnel (whereas, WRCT refers to the existing tunnel). Alternative C also includes the 
elimination of the existing Allen Fork PS with a proposed gravity sewer. 

Alternative C would require a new sewer redirecting the flow from Bullittsville PS to an entrance shaft 
for the Tunnel. Based on 2050 flow rates, available slopes, and required creek crossing clearances, the 
carrier pipes would need to be 21-inch and 30-inch as shown in Appendix 02. The Tunnel would head 
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southwest to the same terminus as the other Scenarios, existing Access Shaft 3. A second entrance shaft 
would be included near the proposed location of the new Allen Fork PS in Scenarios A and B in order to 
receive redirected flows from Allen Fork PS. A third shaft would be required near the terminus for the 
retrieval of the tunneling equipment. Due to the large cast-in-place concrete tee at the base of Drop Shaft 
3, the fiberglass reinforced pipe (FRP) used as the vertical shaft pipe, and the liner plates left over from 

l with the existing Drop Shaft 3 will 
involve some complicated construction methods. 

Some of the key features of Alternative C are listed below: 

Capital cost: The capital expenditure for Alternative C is shown in Table 3-1 and in detail in 
Appendix 05. This includes the initial upgrades to Bullittsville PS and Allen Fork PS, Tanner 
Road sewer replacement, the gravity sewer elimination of Allen Fork PS, construction of new 
drop shafts, and the new tunnel sewer eliminating Bullittsville and Allen Fork PS. The capital 
cost for just the tunnel sewer to eliminate Bullittsville PS is estimated at $107 million. In 
addition to the Bullittsville Tunnel, this includes both drop shafts (with screenings, grit 
removal, and odor control facilities) and the equipment retrieval shaft near Drop Shaft 3. 

Sewer O&M costs: It was assumed that O&M costs associated with the tunnel sewer would be 
limited to routine inspections and maintenance of the drop shafts, screening/grit removal 
facilities, and odor control systems. It was assumed that the new sewers (exclusive of the 
tunnel) would be CCTV inspected and cleaned every ten years, as is common for new sewers. 
Due to the difficulty getting the CCTV or Vactor trucks near the sewer alignment, off-road 
costs were used. 

Odor control costs: 

o Over $60,000 is spent annually on odor control chemical at Bullittsville and Allen Fork 
PS. With the elimination of these stations, there would no longer be a need for odor 
control treatment at these locations. 

o Odor control costs for the proposed drop shafts are incorporated into the drop shafts O&M 
costs. 

o Approximately $315,000 is spent annually on odor control chemical at Taylorsport PS. 
Odor control costs at Taylorsport PS may also be impacted; but for this BCE, it was 
assumed that those costs would remain constant.  

Net Present Value: The NPV is shown in Table 3-1 and provided in detail in Appendix 05.  

Utility Crossings: There are utility crossings, but most of these would not impact tunnel 
construction. 

Creek Crossings and Footage within 50 feet of a Creek: The few creek crossings would have 
little impact on construction of a tunnel. 

Easements: Depending on the actual alignment selected, there are approximately 50 separate 
property owners where an easement would be needed. For a deep tunnel, individual easements 
are still needed; but these could be in the form of subterranean easements. Monetary cost and 

SD1-Pille000037SD1-Pille000037



Sanitation District No. 1 March 2017
Bullittsville PS Flow Routing BCE 
Final Report 

            |    Alternatives Analysis 3-24

the effort to negotiate with a property owner are expected to be reduced for subterranean 
easements. 

Distance through farmland: Alternative C passes under the same working farm (although less 
footage) as does the new Allen Fork FM that is common to Scenarios A and B. However, it 
would be 100 to 200 feet below the farm and should have only minimal impact on the farm. 
There would be an additional shaft for the retrieval of the tunneling machine near Drop Shaft 
3, which would be located in the same farm as Drop Shaft 3. 

Permitting needs: All of the same permits will be required as in Scenarios A and B; however, 
due to much less linear footage of open-cut construction and no surface impact associated with 
construction of the tunnel (other than the shafts), the permitting process would likely be less 
complicated for Scenario C than other scenarios. 

Required ARVs: Alternative C would have no ARVs, as there would be no PSs or FMs. Since 
all ARVs on the existing Bullittsville FM would be eliminated, this alternative offers a 
significant advantage in terms of number of ARVs. 

Depths greater than 15 feet: The proposed sewer to transfer flow from the existing Bullittsville 
PS to the proposed entrance shaft would gradually reach a depth of approximately 30 40
feet. In addition, the vertical shaft required for tunneling equipment retrieval would be over 
260 ft. deep. Otherwise, there is not necessarily a correlation between depth of the Tunnel and 
cost or constructability. Refer to Appendix 02 for the depth of the Tunnel and Shafts. 

General Constructability: There will be several unique construction challenges associated with 
the Tunnel and drop shafts, including: 

o The proposed Bullittsville Shaft would be on a wooded hillside, where a construction 
access road would be required for the excavation and spoils removal. 

o The proposed Allen Fork Shaft would be on a wooded flat area near a creek. A
construction access road would also be required here for the excavation and spoils 
removal. 

o The termination of the proposed Tunnel and carrier sewer to the existing Drop Shaft 3 will 
be completed by channeling. As shown in Appendix 06, the base of the shaft is a large 
mass of cast-in-pace concrete forming a vertical tee. To connect the proposed tunnel to the 
existing Drop Shaft 3, a hand excavated tunnel from the retrieval shaft to the vertical shaft 
pipe will be necessary and located at a level above the concrete tee. A field-cut opening in 
the FRP vertical pipe would also be required, which would jeopardize the strength and 
corrosion resistance of FRP. This hand-excavated tunnel and connection will require 
complex engineering and construction care. 

Development impacts: The Bullittsville Tunnel sewer would open up a large amount of 
undeveloped land for development. However, all flows would be required to be routed to the 
proposed entrance shaft or the shaft receiving flow from Allen Fork.  

Scheduling / Phasing: If the Initial Bullittsville PS upgrades are completed as recommended in 
this BCE, the upgraded PS would remain in service for roughly seven years before being 
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eliminated by construction of the Tunnel sewer and redirection of flow to new Allen Fork PS. 
The initial improvements at Bullittsville PS would become obsolete upon elimination of 
Bullittsville PS by the Tunnel. Taylorsport PS would not need to be upgraded for nearly 20 
years. Appendix 04 Project Sheet also shows proposed schedules. 

3.4.1 Tunnel Construction Feasibility 

There are multiple tunneling methods appropriate for the installation of gravity sewer systems. These 
tunneling methods are categorized together in a group commonly referred to as Utility Tunneling due to 
their capabilities to excavate within the range of diameters most commonly required for utility 
infrastructure such as water, wastewater, stormwater, oil and gas. The most common tunneling methods 
used for sanitary and combined sewer tunneling are shown in Figure 3-9.  

Note: Light blue bubble indicates less-commonly used method for 
gravity conveyance. This method is not germane to the Bullittsville 
Tunnel. 

Figure 3-9: Utility Tunneling Methods 

3.4.2 Anticipated Geology 

Assumptions of geotechnical conditions were developed through a desktop analysis of available data 
including USGS mapping and the Western Regional Tunnel Geotechnical Baseline Report and 
Geotechnical Data Report (dated August, 2008). Expectations on the overburden soil behavior, rock 
quality, discontinuities, rock mass features, instability, groundwater inflow, and general expectation of 
strata elevations that were assumed from this analysis formed the basis for the preliminary tunnel 
constructability evaluation and the resulting en
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The regional geology includes bedrock made up of Ordovician geologic units with thinly bedded 
overburden and the majority of rock classified from medium strong to very strong limestone and shale 
with some calcareous siltstone. The higher percentage shale sections such as would be expected in the 
underlying Kope Formation do represent the slowest production areas for mechanical tunneling including 
higher rates of cutter wear, impacts to steering, and cutter tool penetration. However, the Kope Formation 
provides the most consistent and stable strata within the hydraulic profile required and allows for a single 
tunneling machine to be used for the entire corridor. As a recent example, the Western Regional
Conveyance Tunnel (WRCT) was constructed entirely within the Kope Formation with a single TBM.  

Jointing patterns in the Kope Formation are primarily horizontal with low angle or horizontal siltstone or 
limestone lenses, some clay seams or weak layers and/or low angle faults or shears of weathered shale 
exist, with the possibility of horizontal, high flow sand lenses also being a possibility. However, 
groundwater inflow rates and instability risks in general for this area are considered manageable at the 
elevations considered for this tunnel. 

A great deal of understanding regarding the bedrock including Kope Formation from a regional 
perspective is known due to the WRCT tunnel construction and the subsurface studies that were 
undertaken for that project. From a geotechnical perspective, the elevations of the bedrock along Allen 
Fork creek where the tunnel will cross is the most critical unknown factor to the evaluation of the 
Scenario C. Preliminary geotechnical investigation of the proposed tunnel corridor or route options would 
be required to further advance this evaluation to higher level of accuracy and detail. At minimum, 
confirmation of the top elevation of the Kope Formation along the Bullittsville Tunnel Corridor, in 
particular in the area where the tunnel alignment would cross the low lying Allen Fork creek, would be 
required to fully vet this tunnel option as it is currently estimated as confirmation of the bedrock strata 
elevations along Allen Fork being the greatest factor to the current assumptions for tunnel constructability 
and estimated construction cost.  

The assumed geology for this tunnel will require tunneling methods that can excavate efficiently in 
medium strong to very strong rock with manageable inflow rates, be fully shielded (360 degrees), have 
access to the cutting face of the machine to replace worn cutter tooling, and capable of installing Class 4 
or better initial tunnel lining support. 

3.4.3 Tunneling Constructability 

Each tunneling method has specific capability ranges in terms of diameters, maximum drive lengths, and 
subsurface conditions where they are feasible and/or cost productive. Each of these three areas are critical 
factors in the evaluation of tunnel method constructability. However, in many cases tunneling methods 
must upsize in diameter to increase their maximum drive length capability or their ability to excavate in 
complex geologies such as hard rock, high groundwater pressure, problematic soft soils, or mixed face 
conditions. 

However, to make a full determination of tunnel method feasibility all of the following constructability 
elements must be considered: 

1. Tunnel drive length, 
2. Flow conveyance diameter, 
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3. Subsurface/geotechnical conditions, 
4. Line and grade accuracy (based on flow characteristics i.e., pressure or gravity flow), 
5. Space requirements (buried conflict clearance, minimum depth of cover, etc.), 
6. Site constraints (footprint, shaft dimensions, access, etc.), 
7. Environmental constraints (differing permitting requirements due to differing impacts and 

risk), 
8. Capability to access the face of excavation and/or replace cutter tooling, 
9. Tunneling production and internal logistics. 

Table 3-5 shows each tunneling method that was considered and the reason each was included or 
excluded in estimating the cost of this work. 

Table 3-5: Tunneling Methods Evaluated 

Tunneling Method Included Reasoning

TBM Tunneling Yes Capable of high production rates and accomplishing the extended 
drive lengths

Microtunneling No Limited Drive Length Capability
Auger Boring/Pilot Tube 
Auger Boring Methods No Limited Drive Length Capability and difficulty in excavation of Hard 

Rock 
Pipe Jacking with Shield No Limited Drive Length Capability

Utility Hand Tunneling No* Labor intensive method of tunneling making longer drives such as 
considered herein cost prohibitive.

*Hand tunneling would be used for the connection to WRCT Access Shaft 3. 

For projects with longer reaches such as the Bullittsville Tunnel, a constructability evaluation is required 
beginning with length capability of each method and type of equipment to determine if and how many 
intermediate shafts are necessary along the route. With the majority of the proposed tunnel alignment 
being extremely deep (>150 ft. below ground surface), the costs of additional intermediate deep shafts 
that would be required for tunneling methods with limited drive length capability make those methods 
cost-prohibitive. This makes methods such as microtunnel boring machines (MTBM), auger boring 
methods, and smaller diameter tunnel boring machines (TBM) impractical. In addition, the requirement 
for longer tunnel drives typically makes mechanized tunneling in general the most cost-conscious choice 
over utility hand tunneling (UHT), as higher labor rates, slower production (e.g., including use of 
pneumatic hand tools, drilling and blasting, etc.), and often higher risks to worker safety, can drive up 
costs compared to mechanical methods. Therefore as the tunnel drives get longer, larger diameter TBMs 
become the most promising choice. 

For the tunnel alignments considered for this study, TBM tunneling is the method most likely to be 
selected and is in agreement with recent evaluations and construction for longer drive length tunnel 
construction in the area. 

3.4.4 Minimum Tunnel Diameter 

Tunneling longer distances (greater than 1,000 ft.) for municipal water and sewer service can often mean 
that the tunnel constructability elements rather than the minimum internal clearance requirements 
attributable to the purpose of the tunnel will dictate the tunnel diameter. One of the key issues with 
regard to the application of TBMs is the practical construction considerations for the effective installation 
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of initial and final tunnel support linings, ventilation, power transmission, spoil removal, carrier pipe 
installation, and annular backfill grouting. This means that to achieve higher productivity, and ultimately 
the lowest-cost tunnel construction, the tunnel diameter may be significantly larger than the carrier pipe 
diameter required to meet the projected flow requirements for conveyance.  

B
the length of drives, depth, potential shaft access, and expected geology to be encountered, the minimum 
TBM diameter considered for estimation of costs is 108-inches (9 feet). Determinations can be made to 
decide whether to upsize the carrier pipe for additional storage or additional future flows as the minimum 
tunnel excavation diameter will be considerably larger than is currently anticipated for the hydraulic 
conveyance. However, for purposes of comparison to the other alternatives in this BCE, the smallest 
feasible carrier pipe size was used. 

3.4.5 Tanner Road Gravity Sewer 

Tanner Road sewer improvements for Scenario C would be identical to Scenario B. As with that scenario, 
it is anticipated that all of these improvements, including segment 2360005  2360004 (approximately 
3,300 feet altogether see Table 3-4) would be completed as part of the North Hebron / Sand Run PS 
Improvements by the end of 2018. 

3.4.6 Taylorsport PS and FM 

As with Scenario B, once Bullittsville PS flow is removed from Taylorsport PS, the 2050 projected peak 
flow to Taylorsport PS is 10.8 mgd. The existing 24-inch Taylorsport FM has capacity to upgrade 
Taylorsport PS from its current firm capacity of 9.0 mgd to 10.8 mgd, and only pump 
replacement and minor electrical upgrades would be needed to achieve this capacity. Linear interpolation 
between existing flow and projected 2050 flow suggests that the current 9.0 mgd capacity will be 
sufficient until year 2035, meaning Scenario C would delay any upgrades to Taylorsport PS for nearly 20 
years. 

3.5 Allen Fork PS Relocation and Alignment(s) to WRCT 
All three scenarios include rerouting the flow from the existing Allen Fork PS to either a new Allen Fork 
PS or a drop shaft (Scenario C) as shown in Figures 3-10 through 3-12. The size of the station is different 
for Scenarios A and B but both would be in the same location. The new PS would convey flow to a new 
grit removal and screening facility and enter into a new drop shaft facility into the WRCT, whereas the 
Scenario C drop shaft would have a grit removal and screening facility at this entrance to the tunnel 
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Figure 3-10: Existing and Proposed New Allen Fork PS and Drop Shaft Vicinity Map 

Figure 3-11: Proposed Allen Fork PS Site 
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Figure 3-12: Proposed Allen Fork Drop Shaft Site 

3.5.1 Gravity Sewer (eliminating existing Allen Fork PS) 

The existing Allen Fork pump station would be eliminated with a new 24-inch gravity sewer that is either
approximately 10,200-feet (Scenarios A and B) or 7,900-feet in length (Scenario C). A new Allen Fork 
PS would be located along Woolper Creek adjacent to Easton Lane or a new Allen Fork Drop Shaft 
would be located approximately 1,500 ft. to the east in a level clearing as shown in Figure 3-12. The 
capacity of this 24-inch sewer would meet 2050 projected peak flow and allow flexibility for flow from 
the southern Burlington Reroute project to be routed back to Allen Fork PS. A profile of the new Allen 
Fork sewer is provided in Appendix 02. Specific details of this sewer are shown in Appendix 04.  

As discussed with the Scenario B alignment alternatives, similar constructability issues exist related to 
creek crossings, tree removal, access constraints, and trench excavation in rock and along steep slopes 
along this alignment. Similar permit requirements by USACE and USFW would be necessary as well. 
The lithology along the proposed alignment appears to include clay as well as rock which would make 
excavation easier along portions of the alignment.  

In addition to the proposed gravity sewer to eliminate the PS, the existing trunk sewer tributary to the 
existing Allen Fork PS will need to be upsized in approximately 10 years, regardless of the work done at 
Bullittsville PS and/or south Burlington sewer reroute. This is listed in the Watershed Plan as shown in 
Figure 3-13.  
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Figure 3-13: Allen Fork Trunk Sewer Improvements from Watershed Plan  

3.5.2 New/Relocated Allen Fork PS and FM 

3.5.2.1 Pump Station 

To meet the projected peak flow in 2050 the new Allen Fork PS requires a 5.2 mgd firm capacity for 
Scenario A and a 12.2 mgd firm capacity for Scenario B. No pump station is required for Scenario C. 
These capacities assume that the southern Burlington Reroute project is completed, and the rerouted flow 
continues to go to Burlington PS. If the southern Burlington Reroute sewer project is never completed or 
flow is later redirected back to Allen Fork, peak flows to the new Allen Fork PS would be 6.6 mgd. With 
Scenario C, which eliminates Allen Fork PS, it would be advantageous to maximize flows directly to the 

area would be redirected to the Allen Fork sewer. 
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3.5.2.2 Force Main 

The force main from the new Allen Fork PS would be routed to one of the shafts on the WRCT. There are 
five shafts along the WRCT, but only Shaft 1 has a drop facility to allow flow entry into the tunnel. For 
comparison of the alternatives, the connection point to the WRCT was assumed to be Shaft 3, which 
appears to be the easiest additional location to connect flow to the WRCT, as it is due south of the new 
Allen Fork PS and there are roads (public and private), along which a FM could follow, leading directly 
to Shaft 3.  

Due to the topography, a FM from new Allen Fork PS would be required the entire distance to Shaft 3. It 
would be 20-inch for Scenario A or 30-inch for Scenario B. The FM would be 15,300 feet in length and 
essentially follow Burlington Pike to the site of WRCT Shaft 3. Construction is not anticipated to be 
difficult along this alignment and limited easement acquisition is anticipated if the force main is installed 
in public right-of-way. Due to the topography, approximately 9 ARVs are required with the FM but the 
alignment locates them all with easy access from existing roads. The features of the FM are listed in 
Appendix 04 Project Sheets, and the profile are presented in Appendix 02.  

3.6 Drop Shaft Facilities 
In order to prevent grit and debris from entering the drop shaft system and accumulating in the WRCT, a 
grit removal and screening facility is recommended at the location where the future Allen Fork FM 
connects to the WRCT. Odor control could also be incorporated into this facility as with Drop Shaft 1. 
The facility would be designed to allow for additional flow from future development that could be 
pumped or conveyed by gravity to the drop shaft. Costs for these facilities have been incorporated into 
both Scenarios A and B, with sizing as appropriate for each Scenario. 

3.6.1 WRCT Drop Shaft Options 

Hazen reviewed the February 2016 memorandum from AECOM regarding tunnel connections. The 
4.

These vertical shafts are 96-inches diameter and tie directly into the WRCT and appear to be intended 
solely for access to the tunnel. Profiles of Shaft 3 and 4 are shown in Appendix 06. The memorandum 
lists the possible methods for flow entry including an external plunge drop shaft, a vortex drop assembly 
(similar to Drop Shaft 1), an external helicoidal drop shaft, and a baffle/cascade drop shaft system. Any 
method requiring excavation (down to the depth of the tunnel) to tie into the WRCT can be eliminated as
the tunnel is too deep to feasibly excavate for access. This leaves a vortex system and a baffle/cascade 
system as potentially feasible options.  

Either of these drop shaft systems would leave nearly half of the access shaft open for access to the 
tunnel. This would provide ample room for sample collection, manned entry, or lowering devices for 
CCTV, sonar, or laser inspection. Access for cleaning equipment may not be possible in the remaining 

cess, anyway.  
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3.6.1.1 Vortex 

The concept of a vortex system is to direct the flow in an approach channel toward a drop shaft that 
dissipates the energy through contact with the shaft walls as the flow is traveling downward in a spiral 
motion. Drop Shaft 1 on the WRCT uses this system with a 64-inch diameter drop shaft. Figure 3-14 
shows an excerpt from the Shaft 1 construction plans.  

Figure 3-14: Vortex and Approach Channel on Drop Shaft 1 (from drawings by HDR/Quest) 

One proprietary vortex drop shaft design is the IPEX Vortex Flow Insert, which creates a vortex flow 
within a smaller vertical shaft than installed at Shaft 1. This has a formed inlet slide at the top, to direct 
flow at the design approach velocity to the vertical shaft pipe, which typically ends in a dissipation pool at 
the bottom. In the conceptual installation at WRCT Shaft 3, which is presented in Figures 3-15 and 3-16, 
the dissipation pool could not be used, as it would obstruct the flow path within the WRCT. However, the 
dissipation pool could likely be omitted in the WRCT Shaft 3 installation, particularly since the flow 
would likely lose contact with the inner wall of the drop shaft and free-fall (likely resembling rain) for the 
last 100 feet or more into the WRCT. Thus, a dissipation pool at the bottom of this drop shaft likely 
would , anyway. It is anticipated that the 
drop pipe would terminate about 10 feet above the normal, dry-weather flow surface in the WRCT. 

An IPEX unit is currently in service in the old Gunpowder PS wet well near Shaft 1, and SD1 also has 
several others installed, including at other force main discharges (e.g. Riley Road and Alex-Licking), 
which operate successfully. The AECOM memorandum advises that 100 feet is the upper limit for IPEX 
units. However, this seems to be more a limit of how long the flow will maintain enough momentum to 
stay in contact with the inner wall of the drop pipe rather than a constructability limit. There is a 175-foot-
deep unit installed in Georgia; and IPEX is currently bidding for a 180-foot-deep unit to tie into a tunnel 
in Fort Wayne, Indiana.  
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Figure 3-15: Conceptual IPEX Vortex Section View for WRCT Shaft 3 (provided by IPEX) 
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Figure 3-16: Conceptual IPEX Vortex Plan View for WRCT Shaft 3 (provided by IPEX) 

In lieu of an IPEX Vortex unit, it may be possible to construct an approach channel outside the existing 
access shaft, similar to Shaft 1, and utilize flanged pipe or fused HDPE pipe as the drop shaft within the 
existing access shaft. This would likely reduce the footprint of the drop assembly within the access shaft 
and preserve space for access to the tunnel. 

3.6.1.2 Baffle/Cascade  

As shown in Figure 3-17 and discussed in the AECOM memorandum, the baffle/cascade system uses a
series of baffle platforms that allow flow to drop in controlled increments to limit velocity head/energy. A
baffle/cascade type system could allow for multiple inlet pipes and can accommodate a greater inlet flow 
range. However, it would likely be extremely challenging and costly to incorporate this type of system 
into the existing WRCT access shaft design. This type of drop system would require construction of a 
dividing wall to split the access shaft in half, and this wall would likely need to support the baffles 
(estimated to be approximately 70) and the weight of the falling water with a cantilever design due to 
presumed limitations of the existing access shaft pipe to support additional structural loads (see below 
discussion regarding support within the existing access shaft). For example, at 12.2 mgd of flow, each 
baffle would need to support itself and over 500 pounds of water (static load) plus dynamic loads.  
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Figure 3-17: Baffle/Cascade Drop Shaft (from AECOM 2016 memo) 

3.6.2 Drop Shaft Structural Support Considerations 

One of the key concerns with installing a drop system into the existing access shaft is how to support the 
new drop assembly within the existing fiberglass reinforced polymer mortar (FRPM) pipe access shaft 
without obstructing flow through the tunnel pipe, especially considering the depth of the structure. The 
FRPM pipe may not have adequate compressive strength (axially) to support the weight of the new drop 
assembly, especially if the baffle/cascade system were used. It has not been determined if the FRPM pipe 
was designed to support this much additional weight, but it seems unlikely. A more detailed evaluation 
would have to be conducted to confirm this. 

The connection of the access shaft to the tunnel pipe consists of an 8.5-ft. X 8.0-ft. vertical tee encased in 
concrete (see Appendix 06). Any supports that extended to the bottom of the tee would impede the 
WRCT flow path, which might be problematic. For the baffle/cascade design, the dividing wall would 
likely need to extend to the bottom of the tee due to weight of the wall and its supported loads. However, 
it appears feasible to support the weight of a vortex drop assembly (within the larger access shaft) by 
anchoring into the concrete that surrounds the tee and lower portion of the access shaft i.e. without 
impeding flow in the tunnel. Also with the vortex design, non-abrasive compression bands that expand 
outward against the access shaft walls could potentially be used to stabilize the drop shaft within the 
access shaft without actually drilling holes or supporting the weight of the drop shaft from the FRPM 
pipe. Drilling holes into/through the FRPM pipe could provide a source of infiltration and may present 
some risk of corrosion to the polymer mortar core of the pipe. 
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3.7 WRCT Alternative Tie-in Locations 

3.7.1 Connection at Shaft 3 

Connecting the new Allen Fork FM into Shaft 3 would be the simplest and shortest route. There would 
need to be more land acquisition, but Shaft 3 is located on a farm with plenty of space for a screening and 
grit removal facility, as shown in Figure 3-18. The largest concern with using Shaft 3 as the tie-in location 
is the great depth. As shown in Appendix 06, the existing grade and invert are approximately 844 and 
559. This 285 feet drop is troublesome because these exceed the upper limit of any existing IPEX vortex 
flow insert by over 100 feet. Thus, brief consideration was also given to routing the new Allen Fork FM 
to either Shaft 2 or 4 on the WRCT, which are not as deep.  

Figure 3-18: Shaft 3 (Map) 

3.7.2 Allen Fork Force Main Connection at Shaft 2 

Shaft 2 is approximately 4,800 feet upstream of Shaft 3. The distance a FM would have to travel to reach 
Shaft 2 (in lieu of Shaft 3) is comparable to the Shaft 3 alignment but would require over a mile of FM 
construction through private lots, trees, and farms. Therefore, no more consideration was given to using 
Shaft 2 for discharging Allen Fork PS flow into the WRCT. 

3.7.3 Allen Fork Force Main Connection at Shaft 4 

The Allen Fork FM alignment could be extended an additional 8,200 feet to Shaft 4. This would require 
5,000 feet of FM (20-inch for Scenario A or 30-inch for Scenario B) and 3,200 feet of gravity sewer (18-
inch for Scenario A or 30-inch for Scenario B) from the common point shown in Figure 3-19. The 
additional force main and sewer would continue west in the right-of-way of Burlington Pike requiring 
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more traffic control, pavement restoration, and occasional utility crossings; but the entrance of flow into 
Shaft 4 would be easier than Shaft 3 (as is discussed later in Section 3.5). The estimated capital cost of the 
force main and sewers would be $3.5 million for Scenario A and $5.8 million for Scenario B. There 
would also be additional costs for O&M, sewer cleaning, CCTV, and energy from the additional head loss 
on the PS. However, evaluation of this alternative in more detail is beyond the scope of this BCE.  

Figure 3-19: Additional Sewer to Shaft 4 

Shaft 4 is located on 0.25 acres of SD1-owned land. There appears to be enough space for a screening and 
grit removal facility as shown in Figure 3-20. The largest benefit with using Shaft 4 as the tie-in location 
is depth. As shown in Appendix 06, the existing grade and invert are approximately 655 and 550. This 
105 feet drop is less than Drop Shaft 1, where a working vortex system is being used, and is within the 
known capabilities of an IPEX vortex flow insert. 
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Figure 3-20: Shaft 4 (Map) 

3.8 Ethans Glen WWTP Alternatives 
Ethans Glen is a small WWTP that currently only serves a few customers. It is located at the rear of a
subdivision where most of the original homes were purchased and demolished when the new east-west 
runway was constructed at CVG Airport. Based on Owen Electric bills from 2015 and 2016, the energy 
costs are approximately $1,100 per year. No work order or O&M costs were provided for Ethans Glen 
WWTP; however, it is assumed to be no more than a few thousand dollars per year. The projected 2050 
peak flow within the Ethans Glen drainage basin is 0.28 mgd.  

3.8.1 Eliminate by Gravity to Alignment Option B.1 

As discussed in Section 3.3.1, under Alternative B.1, Ethans Glen WWTP could be eliminated with 6,200 
feet of 10-inch gravity sewer from the WWTP west through forested area along Woolper Creek to the 
Alternative B.1 gravity sewer. This elimination sewer would be located on steep terrain, through mature 
trees, and have several major creek crossings. For reasons stated above and mentioned in Appendix 03, it 
was determined to be too costly to eliminate this WWTP using Alternative B.1.  

3.8.2 Eliminate with a Pump Station or Grinder Pumps  

3.8.2.1 Small Pump Station 

An access road to the WWTP exists and the site is already cleared, as shown in Figure 3-21. The existing 
WWTP can be eliminated by replacing it with a small duplex PS and new force main. A FM could be 
constructed from the new PS to MH 2391321, requiring approximately 4,900 linear feet with 65 feet of 
elevation gain. The majority of the FM would be located in the right-of-way, and easement acquisition 
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should be limited. The nearly one-mile distance with only a few homes would likely be a problem due to 
long retention times and long periods with no flow in the pipe, which could lead to solids settling out in 
the line. Periodic flushing with supplemental water would likely be necessary to keep the line cleaned out. 
Odor control would also most likely be required. 

Figure 3-21: Ethans Glen WWTP 

3.8.2.2 Grinder Pumps and Low Pressure Sewers 

Another alternative would be to install individual grinder pumps for the existing customers and 
approximately 5,000 linear feet of low pressure sewer that discharges approximate to MH 2391321. The 
nearly one-mile distance with only a few homes would likely be a problem due to long retention times 
and long periods with no flow in the pipe, which could lead to solids settling out in the line. With only a 
few grinder pumps, adequate velocity to flush the line may rarely or never occur; since the low pressure 
sewer would need to be sized to avoid excessive friction losses due to the long length. Flushing 
connections would be needed, and periodic flushing would be necessary to keep the line cleaned out. 
Odor control would also most likely be required. Presumably, SD1 would be responsible for operation 
and replacement of the grinder pumps as well as the low pressure sewer. 

3.8.3 Keep Existing WWTP 

The last alternative is continuing to operate the existing Ethans Glen WWTP and do nothing. There may 
be other non-economic factors that make elimination seem prudent, but given the records for energy and 
O&M cost for the existing WWTP, it does not appear to be cost-effective to eliminate the WWTP.  
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3.9 Brentwood PS Elimination  

3.9.1 Eliminate by Gravity to Alternative B.1 

As discussed in Section 3.3.1, under Alternative B.1, Brentwood PS could have been eliminated with a 
short section of gravity sewer that would route flow from the site of the existing Brentwood PS to the 
Alternative B.1 gravity sewer. However, for reasons stated above and mentioned in Appendix 03, it was 
determined not worth the investment for Alternative B.1 to eliminate this PS. Brentwood PS is a small 
duplex station built in the 1990s. The energy and O&M costs are approximately $2,000 per year and the 
PS looks to be in good shape. Thus, the recommendation is to continue operating Brentwood PS as is.  
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4. Recommendations 

4.1 Feasible Alternatives 
Table 4-1 shows the estimated capital costs and net present value (NPV) of each feasible alternative 
considered. Alternative C has the highest capital costs and NPV of these. Relative to the three lowest-cost 
alternatives, NPV of Alternative C is approximately $40 million higher; and NPV of Alternatives A.1 and 
A.2 are approximately $15 million higher. Alternative C costs are high due to capital costs of the Tunnel 
and related shafts. The primary reason for the higher cost of Alternatives A.1 and A.2 is the cost of a new 
or parallel Taylorsport FM, which is five miles long. Thus, Alternatives A.3, B.2, and B.3 remain as 
feasible, cost-effective options. The estimated capital and NPV costs of these three alternatives are within 
5% of each other, which is too close to rule out any of these alternatives based solely on costs without a 
more detailed evaluation. This is especially true considering the high-level assumptions used in estimating 
future odor control costs, which account for approximately 20% of the NPV of each alternative. Thus, the 
relative costs of the three cost-effective alternatives could change with different assumptions regarding 
future odor control costs.  

Table 4-1: Costs of All Feasible Alternatives 

Scenario Alternative
Estimated

Capital Cost
(2016 Dollars)

Approximate
35-year NPV

A

A.1 $97,100,000 $87,300,000

A.2 $94,200,000 $85,400,000

A.3 $69,600,000 $71,500,000

B

B.1 N/A N/A

B.2 $73,200,000 $72,600,000

B.3 $75,700,000 $75,000,000

C C $127,900,000 $110,700,000

Thus, although Alternatives A.1 and A.2 are most consistent with the Watershed Plans, these are not cost-
effective and are not recommended. On the other extreme, Alternative C, which deviates most from the 
Watershed Plans, is also not cost effective or recommended. Selection of any one of Alternatives A.3, 
B.2, or B.3 is defensible. A comparison of various quantities and values for each of these cost-effective 
alternatives and the favorability of each is presented in Table 4-2. While this table is presented to help 
better compare the alternatives, it should be noted that all these factors have been considered and 

 Thus, the relative favorability of each alternative as
presented in the table is not independent of the costs for these alternatives. As mentioned previously, 
Appendix 04 presents these and various other non-economic advantages and disadvantages of each 
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alternative. The key advantages and disadvantages for the cost-effective alternatives are summarized in 
Table 4-3. 

Table 4-2: Comparison of Cost-Effective Alternatives 

A.3 12 13 11,100 2,600 16,100 10 24,100 12,500 5** 7,500 2

B.2 15 34 26,800 9,300 20,100 31 11,500 8,100 5 7,500 10

B.3 12 19 10,400 5,700 13,900 16 11,000 10,900 7 10,100 6

Notes:
Green shading = favorable; yellow shading = moderate; red shading = unfavorable. 
* Installation within road right of way has pros and cons, so favorability of installation in ROW is debatable. 
** Alternative A.3 major road crossings include I-275 and North Bend Road. 
*** Installation within farmland has pros and cons (e.g. when compared to installation in road ROW), so favorability of 
shorter lengths in farmland is debatable. 

Table 4-3: Key Non-economic Advantages and Disadvantages of Cost-Effective Alternatives 

Alternative Key Advantages Key Disadvantages

A.3

Less environmental impact
More straightforward pipeline design and 
construction
Lower risk from unknowns (e.g. rock 
excavation, easement acquisition, etc.)

More traffic disruption and public 
disturbance
Requires EQ storage and EQ PS at 
Taylorsport PS
Flow continues to Dry Creek WWTP
Most air valves (ARVs)

B.2

Eliminates Bullittsville PS
Avoids major upgrades at Taylorsport PS
(incl. EQ)
Allows for most additional development 
along gravity sewer alignment in Boone 
County south of I-275
Redirects Bullittsville flow to Western 
Regional WRF

High environmental impact, including 
extensive construction along creeks
Deep excavation in rock
Most easements
Difficult access for O&M
Overall highest risk and potential for 
cost overruns
Initial improvements at Bullittsville PS 
are a lost investment

B.3

Least environmental impact, incl. major 
creeks
Avoids major upgrades at Taylorsport PS
(incl. EQ)
Allows for some additional development 
along gravity sewer alignment in Boone 
County south of I-275
Gravity sewer alignment is flexible and 
could be constructed as descending 
force main to reduce cost
Redirects Bullittsville flow to Western 
Regional WRF

Heavily reliant on cooperation of 2 
property owners to obtain easements
Expensive gravity sewer construction 
with limited future service area
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4.2 Preferred Alternatives 
Alternatives A.3 and B.2 appear to be slightly less expensive than the other cost-effective alternative. 
Also, Alternative B.2  net costs through cost-sharing, due 
to the ability to serve additional areas in Boone County south of I-275 that currently are not expected to 
develop by 2050. However, it should be noted that, for this BCE, this sewer and its receiving 
infrastructure (e.g. Allen Fork PS) have not been sized to serve these additional areas (neither have the 
improvements for Alternative B.3). Thus, the cost of these alternatives would likely be even higher if the 
infrastructure were sized for additional development not anticipated (by 2050) in the Watershed Plans.  

Alternative A.3 is an entirely reasonable alternative if SD1 is amenable to installing a 0.55-Mgal EQ
storage facility and EQ pump station at Taylorsport PS. However, 

, Alternative B.3 may be the preferred alternative, as it seems to offer the most 
advantages and fewest disadvantages at a comparable cost. Also, as noted in Table 4-3, this alternative 
offers the flexibility to construct a force main most of the way from Bullittsville PS to the future Allen 
Fork PS, thereby reducing the length of gravity sewer required, reducing the depth of the pipe (and 
associated rock excavation), and allowing much more flexibility in the pipeline alignment. Thus, this 
alternative seems to offer the most opportunity to reduce the overall costs and avoid cost overruns. 

A couple key components of overall cost to SD1, which were not evaluated in this BCE, are current and 
future wastewater treatment costs at Dry Creek WWTP and Western Regional WRF and treatment 
capacities at these facilities. Based on the ages, conditions, rated capacities, complexity of 
future expansions, and other noneconomic factors, the cost associated with treating wastewater from 
Bullittsville PS could be significantly different at these facilities. Thus, treatment costs and related 
considerations may be important factors in making the final decision of whether to proceed with 
Alternative A.3 or one of the Scenario B alternatives (i.e., B.2 or B.3). Based on preliminary information 
regarding electrical costs at these facilities, it appears that electrical costs to treat flow at Western 
Regional WRF are significantly higher per MGD treated than at Dry Creek WWTP. However, it appears 
that this cost differential is likely not enough to rule out either Alternative B.2 or B.3. 

The final decision of which of these alternatives to select should be made by SD1 after fully vetting the 
advantages and disadvantages of each, discussing the project with Boone County and other stakeholders, 
considering treatment costs, and more-detailed evaluation of future odor control costs for the preferred 
alternatives. 

4.3 Drop Shaft Design 
recommendation for the drop shaft design at access Shaft 3 is to plan on the vortex drop shaft 

system, but this decision should be further evaluated during design based on a more thorough structural 
evaluation of the access shaft and the state of the different technologies at that time (especially the vortex 
and baffle/cascade systems). According to the AECOM memorandum, a tunnel project (Blacklick Creek 
Sanitary Interceptor) with two vortex drop systems and one baffle/cascade system was bid in 2015. Once 
that is constructed, SD1 could consult with the City of Columbus, Ohio, on their design criteria, 
engineering, construction costs, and experience with each system. If the 285-foot depth of Shaft 3 is 
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determined to be infeasible or much more expensive than currently anticipated, it may be preferred or 
even necessary to discharge the flow from the new Allen Fork PS into Shaft 4 (105 feet deep).  

4.4 Phasing, Schedule and Budgetary Outlay 
Tables 4-4 and 4-5 show the preliminary schedule and cost/budgetary outlay for Alternatives A.3 and B.3, 
including consideration of likely design and construction schedules. The schedule and budget outlay for 
Alternative B.2 would be very similar to B.3. Design costs are assumed to be 13% of total capital cost and 
include the engineering, legal, finance, easements, and administrative costs. Construction costs are 
approximately 86% of total capital cost and include construction, field engineering, and a contingency. 
Some of these costs span multiple years and were split accordingly. The schedule corresponds to the 
Project Phases chart on the Project Sheets in Appendix 04. As stated earlier in this report, the timeline for 
improvements is based on a linear interpolation of projected flows between 2016 and 2050. 

Table 4-6 presents a summary of the total capital costs of Alternatives A.3, B.2, and B.3, including all 
years used in developing the LCC. These total costs are split into design, easement acquisition, 
construction administration and inspection, and construction. 
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Table 4-4: Alternative A.3 Schedule and Cost/Budget Outlay 

Fiscal 
Year

Approximate CIP 
Cost Outlay A.3 Activity

2016

2017 $490,000 Allen Fork PS Upgrades (design)

2018 $4,370,000 Allen Fork PS Upgrades (construction), Bullittsville, Tanner Rd. Sewer (design)

2019 $7,160,000 Initial Bullittsville PS & Tanner Rd. Sewer (construction)

2020

2021

2022 $1,870,000 Drop Shaft, Allen Fork PS, FM, and Gravity Sewer (design)

2023 $4,090,000 Drop Shaft, Allen Fork, Bullittsville PS, FMs, and Taylorsport Upgrade (design)

2024 $21,320,000 Drop Shaft, Allen Fork, Taylorsport Upgrade (construction), Bullittsville (design)

2025 $19,610,000 Drop Shaft, Allen Fork PS, Taylorsport Upgrades, and Bullittsville (construction)

2026 $7,090,000 Bullittsville PS and FM (construction)

2027

2028

2029

2030

2031

2032

2033 $160,000 Taylorsport EQ (design)

2034 $460,000 10-YR Taylorsport PS Improvements, and Taylorsport EQ (design)

2035 $2,200,000 Taylorsport EQ (construction)

2036

2037

2038

2039

2040 $300,000 15-YR Allen Fork PS and Screening Improvements

2041

2042 $200,000 15-YR Bullittsville PS Improvements

2043

2044 $300,000 10-YR YR Taylorsport PS Improvements

2045

2046

2047

2048

2049

2050
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Table 4-5: Alternative B.3 Schedule and Cost/Budget Outlay 

Fiscal 
Year

Approximate 
CIP Cost 
Outlay

B.3 Activity

2016

2017 $490,000 Allen Fork PS Upgrades (design)

2018 $4,430,000 Allen Fork PS Upgrades (construction), Bullittsville & Tanner Rd. (design)

2019 $7,570,000 Initial Bullittsville PS and Tanner Rd. Sewer (construction)

2020

2021

2022 $2,710,000 Drop Shaft, Allen Fork PS, FM, and Gravity Sewer (design)

2023 $3,990,000 Drop Shaft, Allen Fork PS, Bullittsville PS, FMs, and Gravity Sewers (design)

2024 $19,400,000 Drop Shaft, Allen Fork (construction), Bullittsville (design)

2025 $26,710,000 Drop Shaft, Allen Fork (construction), Bullittsville (construction)

2026 $8,590,000 Bullittsville PS, FM and Gravity Sewer (construction)

2027

2028

2029

2030

2031

2032

2033 $70,000 

2034 $70,000 Taylorsport PS Improvements (design)

2035 $870,000 Taylorsport PS Improvements (construction)

2036

2037

2038

2039

2040 $400,000 15-YR Allen Fork PS and Screening Improvements

2041 $200,000 15-YR Bullittsville PS Improvements

2042

2043

2044

2045

2046

2047

2048

2049

2050 $200,000 15-YR Taylorsport PS Improvements
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Table 4-6: Categorical Costs of Preferred Alternatives 

Alt. A.3 Alt. B.2 Alt. B.3

Design (Preliminary and Final) $9,051,000 $9,514,000 $9,839,000

Easement Acquisition $357,000 $542,000 $508,000

Construction Administration & Inspection $6,022,000 $6,313,000 $6,534,000

Construction $54,194,000 $56,814,000 $58,802,000

TOTAL CAPITAL COST (2016 DOLLARS) $69,600,000 $73,200,000 $75,700,000

4.5 Next Steps 
The most immediate improvement needs for the study area are the initial Bullittsville improvements 
(including Bullittsville PS upgrades, FM pigging, additional air valves on the Bullittsville FM, and EQ 
storage at Bullittsville PS) and Allen Fork improvements (including Allen Fork PS upgrades, southern 
Burlington sewer reroute, and Burlington PS and FM improvements). It is recommended that SD1 begin 
design and commence construction of these improvements as soon as practicable to alleviate existing 
SSOs and provide capacity for immediate planned development. The initial Allen Fork PS improvements 
are described in more detail in Appendix 07 Burlington and Allen Fork PS Improvements, but would 
generally consist of the following: 

Upgrade Allen Fork PS pumps to 4 mgd capacity 

Construct southern Burlington sewer re-route 

Upsize remaining 12-inch Burlington FM along KY18 to 24-inch 

Replace Burlington PS pumps.  

Initial improvements at Bullittsville PS cannot be placed into operation until the Tanner Road sewer 
improvements currently under design have been completed, which is scheduled for 2018. In conjunction 
with that project, and to be completed at approximately the same time, the initial Bullittsville PS upgrades 
would be as follows: 

Construct approximately 220,000 gallons of above-ground EQ storage and additional pumping 
capacity to pump into the EQ storage. 

Upgrade the pump station to achieve 3.0 mgd firm capacity.  

Pig the existing FM to reduce the head loss. 

Install additional air valves (ARVs) on the FM at high points with trapped air pockets as 
identified by the previous Sahara inspection. 

Once Allen Fork PS and Bullittsville PS initial upgrades are complete, there would be around five years 
before the new Allen Fork PS would be needed (by circa 2026). However, due to the number of 
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easements needed and construction difficulty of the Allen Fork gravity sewer elimination, it is 
recommended that SD1 begin preliminary engineering by 2022, including evaluating specific alignment 
routes, land acquisition negotiations, and USACE and Fish and Wildlife discussions.  

Since Western Regional WRF and Dry Creek WWTP capacities and treatment costs were not considered 
in this BCE, SD1 should consider the potential impact they would have on overall costs associated with 
each of the preferred alternatives. If the 7 mgd peak flow (or the corresponding average flow) from 
Bullittsville PS would be enough to require additional future treatment upgrades at one facility but not the 
other, that could clarify which alternative is truly most cost-effective. Also, a more careful evaluation of 
relative treatment costs at the two facilities may influence the final decision of which alternative to 
implement. 

SD1 may also want to coordinate with its contracted odor-control provider to further refine the future 
odor control cost estimates for Alternatives A.3, B.2, and B.3, which might help to select the best 
alternative. Another option that SD1 might want to investigate before making a final alternative selection 
is installation of force main, rather than gravity sewer, under Alternative B.3 for the first ~9,500 feet of 

offer 
significant cost savings. 

We understand that SD1 will be meeting with Boone County to discuss this BCE and implications of each 
of the preferred alternatives on future development. These discussions will be important in making a final 
decision about these improvements. 

If Alternative B.2 or B.3 is selected, it is also recommended that SD1 begin land acquisition negotiations 
for the gravity sewer from Bullittsville PS to the new Allen Fork PS (e.g. with the owners of the farm at 
3439 Bullittsville Road and the ky for Alternative B.3) at 
approximately the same time or shortly thereafter (e.g. not later than 2023), as easements will be critical 
to these alternatives.  
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Appendix 01: Scenario B Maps 
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Appendix 03: Elimination Alternative B.1
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APPENDIX 03
Removal of Alternative B.1

The following document was transmitted to SD1 during the evaluation as justification for
removal of Alternatives B.1 and B.2 (new Bullittsville PS and FM on east, and gravity sewer on
west). After discussions with SD1 and realizing the savings on O&M and energy cost, as well
as other benefits, it was decided to continue evaluating the gravity sewer elimination option, B.2
with the BCE. The justification for elimination of B.1 is still valid.
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Alternative B.3 and Taylorsport PS Upgrade options.

APPENDIX 03

WRCT Alternative B.1
Alternative B.1 would be a new 7.0 MGD Bullittsville PS, new 20-inch FM, followed by 14,200’ of

gravity sewer that roughly follows an unnamed creek. There is plenty of fall along the proposed gravity
sewer alignment (~260 feet or 1.5%), so an 18” or 21” would be adequate.

What makes Alterative 1 less desirable is it proximity to an unnamed creek and amount of tress to be
cleared. It would be possible to stay mostly on the western side of the creek and only make a dozen
minor creek crossings. However, the excavation would frequently be on rocky slopes and in heavily
wooded areas.

1. In addition to difficult construction, a sewer this close to a creek and trees will likely have inflow
and infiltration problems, root issues, and be difficult to CCTV and clean frequently.

2. There is one particular Oxbow section of the creek that would require ~1,500’ of extra sewer and
many MHs to get around the meandering bend. It may possible to HDD under the ridge to avoid
the oxbow, but access would be difficult and the ridge is most likely hard bedrock. See Figure 1.

3. Clearing trees is always undesirable, but it is particularly troublesome for Alternative B.1.
o Over 60% of the alignment goes through mature trees.
o The presence of the Indiana Bat - this is an USFWS endangered species known to live in

Boone County and according to KY FWD, “floodplain and riparian forests are important
habitats.” This could add to the cost of design and construction of this alternative.

o It would difficult to remove the fallen trees from the excavation. Getting all the equipment and
materials to the excavation site would be difficult so hauling out large trees and root systems
would add to that.

4. Alternative B.1 is the only Option that allows the gravity elimination of both Brentwood PS and
Ethans Glen WWTP. However, this advantage really isn’t as good as it seems.
o Brentwood PS could be easily eliminated by ~100’ of 8” sewer. However, this PS does not

appear to be problematic. It is a small 4” duplex PS built in ~1995 and still has a good
appearance. Owen Electric bills showing it costing ~$1,000 / YR and Lucity shows O&M to
cost ~$900 / YR. Eliminating this PS would save ~$2,000 / YR in energy and O&M.

o Ethans Glen WWTP could be eliminated by ~6,200’ of 10” sewer, but it would be a difficult
endeavor. The sewer would have ~45’ of fall (0.7%). Virtually, the entire alignment would be
in mature trees, follow the creek, and cross the creek and drainage swales many times. The
WWTP only serves a few homes due the Airport demolishing all the homes in that
subdivisions. The same reasons for difficult sewer construction listed in #3 would apply here.
If the goal were to remove this WWTP, a PS in the same location (perhaps even reusing the
ex. structure) seems to be a better approach. See Figure 2. Owen Electric bills showing it
costing ~$1,100 / YR and no O&M costs were found in Lucity. Eliminating this WWTP would
save < $2,000 / YR in energy and O&M.

5. An advantage of Alternative B.1 is, although the alignment is on private property and would
require easements, most of the land is not very usable as it is most wooded, sloped, and near a
creek.

6. The entire alignment runs through limestone and shale according to the KY Geological Survey.
However, this is the case for all 3 alignments, so it is matter of minimizing the distance and depth
of excavation. Alt B.1 has the most line work. See table 1
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WRCT Alternative B.2
Alternative B.2 would be a new 19,000’ of gravity sewer that mostly parallels an unnamed, but decent

sized creek (~25’ wide). See Figure 4. There would be positive fall (~155 feet or 0.7%), but some spots
are flatter so the sewer would likely be 30”, or perhaps 24” in steeper places.

What makes Alterative 2 less desirable is it proximity to a major creek, the amount of minor creek
crossings, and trees to be cleared. It would be possible to mostly stay on the western side of the creek
and make ~24 minor creek crossings, but the excavation would frequently be on rocky slopes and in
heavily wooded areas.

1. In addition to difficult construction, a sewer this close to a creek and trees will likely have inflow
and infiltration problems and root issues. CCTVing and cleaning would still be an issue, but
perhaps not as bad as Alt B.1 because the alignment is often within 1,000’ – 2,000’ from a road.

2. Clearing trees is always undesirable, but it is particularly troublesome for Alternative B.2.
o Approximately 50% of the alignment goes through mature trees.
o The presence of the Indiana Bat – the same as Alt B.1
o Removal of the fallen trees would still be an issue, but not as much as Alt B.1 because the

alignment is often within 1,000’ – 2,000’ from a road.

3. Alternative B.2 crosses private property and would require both more separate and total
easements. Alt B.2 also appears it might also require more access easements. See table 4

4. The entire alignment runs through limestone. Alt B.1 has the most line work, but Alt B.2 has the
most depths greater than 15’. See Figure 3 and tables 1 & 2.

5. The biggest advantage of Alternative B.2 would be the elimination of Bullittsville PS. Currently
SD1 records show Bullittsville costing annually ~$20k in odor control, $10k in O&M, and $15k in
energy. Eliminating this PS would save ~$45,000 / YR in energy, odor chemical, and O&M under
current conditions. However, a newly designed 7.0 MGD PS with new FM would likely reduce
that annual cost with a properly designed pumps, wet well, and FM.

WRCT Alternative B.3
Alternative B.3 would be a new 7.0 MGD Bullittsville PS, new 20-inch FM, followed by 11,700’ of

gravity sewer that cuts through a farm/open field and follows a 2-lane road. There is sufficient fall along
the proposed gravity sewer alignment, with some flatter sections, so likely the sewer would be 21”, 24”
and maybe ~2,000’ of 15” due to a very steep section.

What makes Alterative 3 more desirable is it goes through a farm field and open fields and then a
road. The amount of creek crossing is less, the amount of tress cleared is less, the amount of
easements is less, and the total distance is less. See tables 1-4.

The caveat of Alternative B.3 is the same as Alternative B.1. There are 2 property owners that the
majority of the both alignments goes through (a total of 3 separate properties – 2 each with 1 shared). If
these owners were not agreeable to easements, it would require a 4th alignment. It would be possible,
but add difficulty.
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Table 1 – Length of Line work

Table 2 – Length of Line work > 15’

Table 3 – Creek Crossings

Table 4 – Easements Needed

Figure 1 – Alt B.1 Sewer

Figure 2 – Ethans Glenn WWTP Sewer
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Figure 3 – Lithology of all 3 Alternatives.

Yellow = Alluvium (clay | silt | sand | gravel)

Figure 4 – Creek on Alt B.2
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Bullittsville PS Flow Routing BCE 
Final Report 

            |   Appendix 05: Life Cycle Costs (LCC) 

Appendix 05: Life Cycle Costs (LCC) 
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Sanitation District No. 1 March 2017 
Bullittsville PS Flow Routing BCE 
Final Report 

          |   Appendix 06: WRCT Shafts 

Appendix 06: WRCT Shafts 
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Sanitation District No. 1 March 2017 
Bullittsville PS Flow Routing BCE 
Final Report 

            |   Appendix 07: Burlington and Allen Fork PS Improvements 

Appendix 07: Burlington and Allen Fork PS
Improvements 
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PROJECT CHARTER

Project Charter (V1.0) Page 1 of 5

PROJECT: Western Boone County Conveyance

PROJECT PLANNER: Mario Sebastiani PROJECT 
SPONSOR: Ralph Johnstone

DEPARTMENT: Infrastructure and Capital 
Planning

START DATE: 3/24/2021
END DATE: FY 2026

Problem Statement, Probability of Failure, and Project Purpose:

Boone County continues to experience rapid growth and is constrained due to existing sewer service 
limitations.

The purpose of this project is to extend sanitary sewer service to western Boone County to facilitate growth 
prioritized by Boone County and to meet Consent Decree milestones by eliminating SSOs.

Consequences of Failure or Benefit of Improvement:

This project will promote growth prioritized by the County and will help SD1 achieve Consent Decree 
milestones by eliminating SSOs. 

Probability of Failure or Schedule to be Met:

Boone County has prioritized the northern and western portions of the county for growth as stated in their 
letter to SD1 dated 2/9/2021. Existing and projected SSOs just upstream of the Bullittsville need to be 
eliminated as well to meet Consent Decree requirements. 

Alignment with Organizational Goals and Objectives:

This project is directly aligned with
wastewater and storm water services to protect public health, property and the environment, and to support 
the economic vitality of our community.

Project Scope & Boundaries:

The scope of this project consists of the following:

Review existing information
o SD1 GIS information
o 2017 Bullittsville Pump Station Flow Routing Business Case Evaluation
o Field reconnaissance
o Contact utility companies to get drawings and locations of existing utilities (gas, electric, 

cable, telephone, water, etc.)
Topographic survey of project area
Geotechnical investigation

o All necessary geotechnical investigation to complete design including, but not limited to,
subsurface conditions groundwater levels, bedrock depth, foundation requirements for pump 
station, etc.

Easement and property acquisition
Acquire all necessary permits including, but not limited to:

o KDOW, USACE, KYTC, SHPO, USFWS, KYFWS, and SD1 Grading Permit

SD1-Pille000159SD1-Pille000159



 

Project Charter (V1.0) Page 2 of 5

Phased design and construction of (from downstream-most extent to upstream):
o IPEX vortex flow insert at Shaft 4 (SD1 structure no. 2530004)
o Screening and grit removal facility located near Shaft 4
o ~7,000 LF of force main from Shaft 4 to new pump station
o Pump station and future EQ Tank located in the vicinity of PIDN 017.00-00-005.02 off Easton 

Lane.
The pump station site must be large enough to accommodate an EQ tank

o ~35,000 LF of gravity sewer 
Sewer will extend to Bullittsville Pump Station

o Decommission Bullittsville Pump Station
Pipe and pump sizing:

o The projected peak 2040 2-year, 6-hour model flows shall be considered when determining 
the pipe and pump sizes. 

o Assume flow from Bullittsville Pump Station, Taylorsport Pump Station, and Allen Fork Pump 
Station will be redirected to the new gravity sewer. 

o The new gravity sewer will open up a large amount of undeveloped land for development. 
Consider additional flows from future growth promoted by this project through 2040. 

o Pump station design should include considerations for maximizing efficiency, flexibility for 
pumping in a wide range of flow requirements, and long-term O&M cost considerations

Bid Advertisement Phase Assistance
Construction Observation and Administration

Project Deliverables: 

1. Design Memo
2. Opinion of Probable Construction Cost
3. Construction Drawings
4. Technical Specifications 
5. Permits
6. As-Built Drawings

Project Milestones: 

1. RFP for design
2. Board approval for design
3. Design Kick-Off Meeting
4. Permitting 
5. 30%, 60%, 90%, and 100% design deliverables
6. Easement/property acquisition
7. Bid advertisement phase
8. Board approval for construction
9. Construction Kick-Off Meeting
10. Substantial Completion
11. Final Completion

Project Risks & Controls: 

Electrical:

Risk: Power availability
Control: Existing Owen Electric overhead electric lines are located near the anticipated pump station site. 
shall coordinate with Owen Electric on suppling power to the pump station site. Backup power shall also be 
provided at the site perhaps through a generator. 
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Mechanical:

Risk: Bypass Pumping
Control: Perform bypass pumping when tying new gravity sewer into existing gravity sewer just upstream of 
Bullittsville PS. 

Geotechnical:

Risk: Excavation within rocky slopes (limestone) and in heavily wooded areas
Control: Avoid deep excavations to the maximum extent practicable. 

Site Considerations:

Risk: Proximity to major creek 
Control: Maintain as much distance from Woolper Creek as practicable. 

Risk: Many major (~6) and minor (~25) creek crossings
Control: .

Risk: Higher potential for I&I and root issues due to proximity to creek
Control: CCTV and clean sewers regularly.

Risk: Extensive tree removal/alignment will be located in heavily wooded areas
Control: Avoid mature trees to the maximum extent practicable.

Risk: Lack of existing roads
Control: Construct temporary access/haul roads as necessary. 

Risk: 4 confirmed landslide locations along Woolper Creek and 2 confirmed landslides potentially located 
within the vicinity of the new force main.  
Control: Perform regular monitoring of pipe and hillside. 

Threatened & Endangered Species:

Risk: Indiana Bat & Running Buffalo Clover
Control: Coordinate with permitting agencies as soon as possible. 

Property Considerations:

Risk: Many separate temporary and permanent easements will be required. Easement footage ~42,000 LF. 
Control: Minimize the total separate easements to the maximum extent practicable. 
support when acquiring easements. 

Risk: Potential property condemnation
Control: Approach property owners as soon as possible. 

Traffic:

Risk: As part of the construction there may be periodic lane closures along various roads during equipment 
delivery and material removal. The engineering consultant will be responsible for obtaining all permits. 
Control: Consultant shall obtain all necessary permits. Require the Contractor to submit a Traffic Control 
Plan, if necessary. The local police department and/or Public Works Department should be consulted to 
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establish the traffic requirements.  These requirements should be incorporated into the contract drawings 
and specifications.

Special Flood Hazard Areas:

Risk: Woolper Creek has a FEMA Zone A Floodplain 
Control: Avoid construction within the floodplain to the maximum extent practicable. 

Misc.:

Risk: The project will involve typical construction activities that are inherently dangerous. 
Control: Require the contractor to provide a site-specific safety plan for review and approval by SD1.

Risk: Extensive material (rock and tree) hauling
Control: Require the contractor to provide a hauling plan detailing the logistics of material hauling. Identify 
nearby sites to dump material. 

Overall Project Approach: 

This project is anticipated to be phased into several stages starting from the downstream-most extent to 
facilitate growth quicker and to prevent new assets from remaining dry until the entire project is complete.  

(Design-Bid-Build Approach)
1. Design Procurement
2. Design/Engineering Services
3. Bid Advertisement/Construction Procurement
4. Construction

Assumptions & Constraints 

The project is anticipated to be funded in FY 2021 - 2026.

Acceptance Criteria 

The Project Sponsor will be responsible for accepting and approving all project deliverables.

Summary Budget from FY21 FY26 

Capital Budget Code C708-002
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Schedule 
 
This project is anticipated to be phased into several stages starting from the downstream-most extent to 
facilitate growth quicker and to prevent new assets from remaining dry until the entire project is complete. It
is anticipated that the entire project is completed by the end of FY 2026. 
 

 
 
 

Team Members: 
Name Role / Responsibility 

Ralph Johnstone Project Sponsor/Budget head, QA/QC
To be assigned by Spencer Stork Project Manager/ Overall Project Schedule, Budget, 

QA/QC
Engineering Consultant Design Engineer/ Design, QA/QC, Submittal Review, 

Management of Sub-consultants
Inspector Inspection/Conformity to drawings and specifications
Contractor Contractor/Installation of new assets

Authorization: 
Name  Title Signature Date 

Ralph Johnstone Chief Engineer

Spencer Stork Director of Design and 
Construction Management
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Sanitation District No. 1 Project Modification Form

The Bullitsville Pump Station currently directs flow to the Taylorsport Pump Station, which then routes it to 
the Dry Creek Treatment Plant. By eliminating the Bullitsville Pump Station and implementing the Central 

Boone County Master Plan, wastewater flow will be redirected to the Western Regional Reclamation 
Facility. The Central Boone County Master Plan eliminates the need for the Taylorsport EQ project, future 
strain on the existing system, and opens up growth opportunites throughout Northern and Central Boone 

County.

JUSTIFICATION

SSOs ELIMINATED

2370003, 2370534

UWSP PROJECT DESCRIPTION
Construction of a 1.3 MG Equalization Tank, 7.7 MGD Wet Weather Pump Station, and Upgrading existing 

Bullitsville Pump Station to 3.0 MGD. 

Elimination of the Bullitsville Pump Station and Construction of 1,504 LF of 21", 138 LF of 24", 24,092 LF of 
30" and 11,925 LF of 36" Gravity Sewer, Two - 10 MGD Pump Stations in Series and, 4,695 LF of 20" Force 

Main. Please see attached map. 

PROPOSED PROJECT DESCRIPTION

Proposed Project Name Central Boone County Master Plan

PROPOSED COMPLETION DATE
January 1, 2029

UWSP PROJECT NAME Bullitsville PS Improvements

UWSP COMPLETION DATE January 1, 2029

SSOs ELIMINATED

2370003, 2370534

11/19/2024 CD Implement / Remedial Measures/RegulatorySD1-Pille000167SD1-Pille000167
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Morgan Wilson

From: Lydia Watkins <lwatkins@sd1.org>
Sent: Tuesday, November 19, 2024 4:31 PM
To: Hurt, Jason M (EEC); Sayre, Dennis
Cc: Adam Chaney; Jason Burlage; Brian Ellerman; Taylor, Melchilecee (she/her/hers)
Subject: RE: Project Modification Request
Attachments: Appendix H - Comprehensive Listing of UWSP Projects Updated 11-19-2024.pdf

Please see attached the revised Appendix H to include a revision date.  
 
Regards,  
 
Lydia Watkins, P.E.  
Senior Director of Engineering 
SD1 of Northern Kentucky 
1045 Eaton Dr 
Ft. Wright, KY 41017 
859-547-1654 
lwatkins@sd1.org 
 
From: Hurt, Jason M (EEC) <JasonM.Hurt@ky.gov>  
Sent: Tuesday, November 19, 2024 3:30 PM 
To: Sayre, Dennis <Sayre.Dennis@epa.gov>; Lydia Watkins <lwatkins@sd1.org> 
Cc: Adam Chaney <achaney@sd1.org>; Jason Burlage <jburlage@sd1.org>; Brian Ellerman <bellerman@sd1.org>; Taylor, 
Melchilecee (she/her/hers) <Taylor.Melchilecee@epa.gov> 
Subject: Re: Project Modification Request 
 
No objections from KDEP. 
 
Thanks, 
 
Jason M. Hurt, PE 
Branch Manager 
Surface Water Permits Branch 
Kentucky Division of Water 
Ph. 502.782.6167 
 

From: Sayre, Dennis <Sayre.Dennis@epa.gov> 
Sent: Tuesday, November 19, 2024 3:26 PM 
To: Lydia Watkins <lwatkins@sd1.org> 
Cc: Hurt, Jason M (EEC) <JasonM.Hurt@ky.gov>; Adam Chaney <achaney@sd1.org>; Jason Burlage <jburlage@sd1.org>; 
Brian Ellerman <bellerman@sd1.org>; Taylor, Melchilecee (she/her/hers) <Taylor.Melchilecee@epa.gov> 
Subject: RE: Project Modification Request  
  

This Message Originated from Outside the Organization 
This Message Is From an External Sender. 
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Report Suspicious
  

Received. I have no objections. Jason, any objections from KDEP? If not I’ll draft an approval letter and send to you for 
concurrence. 

  

Lydia, 

Please resend the App H document to include in the header a revision date. 

  

Dennis Sayre: Inspector 

Wastewater Enforcement Section 

Water Enforcement Branch 

EPA Region 4 

404.562.9756 (office) 

  

  

From: Lydia Watkins <lwatkins@sd1.org> 
Sent: Tuesday, November 19, 2024 3:06 PM 
To: Sayre, Dennis <Sayre.Dennis@epa.gov> 
Cc: Joyner, William <Joyner.William@epa.gov>; jasonm.hurt@ky.gov; Adam Chaney <achaney@sd1.org>; Jason Burlage 
<jburlage@sd1.org>; Brian Ellerman <bellerman@sd1.org> 
Subject: Project Modification Request 

  

  

Dennis, 

  

SD1 is requesting approval of the Central Boone County Masterplan in place of the Bullittsville Pump Station 
Improvements Project in the Updated Watershed Plan. Attached is the completed Project Modification Request 
and Updated Appendix H reflecting this change.   

  

 Caution: This email originated from outside EPA, please exercise additional caution when deciding whether to open 
attachments or click on provided links. 
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Please let me know if you have any questions. 

  

Regards, 

  

Lydia Watkins, P.E. 

Senior Director of Engineering 

SD1 of Northern Kentucky 

1045 Eaton Dr 

Ft. Wright, KY 41017 

859-547-1654 

lwatkins@sd1.org 

  

Public Records Notice: I am not the Official Custodian of Public Records at SD1. All requests for 
public records must be sent to SD1’s Official Custodian of Records at: 1045 Eaton Dr. Ft. Wright, KY 
41017, Attention: Official Custodian of Records; facsimile at (859) 331-2436 or via email to 
records@sd1.org. Your request will not be forwarded. 

  

SD1-Pille000171



Lydia M. Watkins, PE 

Professional Summary 
Graduate Biosystems Engineer with over eleven years of practical experience in design, engineering, 

problem solving, engineering management, and project mangaement. Outstanding communication and 
interpersonal skills, including technical writing, verbal communication, presentation delivery, and public 

speaking. Comfortable working autonomously or as part of a team. 

Key Skills 
Proficient with an array of engineering tools and courses including: 

Microsoft Office HydroCAD Wastewater Collection GIS 
HEC-HMS AutoCAD Hydrology Stormwater Management 

Education 
2009 to 2013 Bachelor of Science, Biosystems Engineering, University of Kentucky. 

December 2013   
Engineering GPA: 3.0, while working 35 + hours a week  

2005 to 2009 Randall K. Cooper High School 
Union, Kentucky 
Salutatorian, Selected as Outstanding Science Student 2008-2009 

Certifications and Licenses 
Professional Engineer License – State of Kentucky 

NSPE-KY New Professional Engineer of the Year - 2024 

Work Experience 

Sanitation District #1 Senior Director of Engineering 
Fort Wright, KY February 2023-Present 

✓ Manage the planning, design, and construction execution of projects within a large capital improvement
program.

✓ Direct the implementation of the Amended Federal Consent Decree and Updated Watershed Plan list
of projects to ensure compliance with all regulatory requirements.

✓ Provide strategic direction for the appropriate use of resources such as people, technology, money and
equipment to accomplish goals and support key objectives of the individual departments. Approve
resource needs based on organizational goals, priorities, cost benefit analysis, competing demands and
budget.

✓ Establish work priorities and help direct reports achieve their departmental management initiatives by
coaching, mentoring, training, and motivating them to optimal performance.

Sanitation District #1 
Fort Wright, KY 

Director of Infrastructure and Capital Planning 
May 2021-February 2023 

✓ Lead development of the annual, five, and ten-year Capital Improvement Program budgets by providing
all relevant planning-level scope, estimated cost, and schedule information.

✓ Periodically evaluate project benefits verses costs to recommend whether a project should continue to
proceed in design and ultimately construction.

✓ Direct preliminary project alternative designs and budgets.  Alternatives analyses shall include present
worth comparisons to determine the most feasible and cost-effective approaches for completing projects.

✓ Supervise and manage subordinate staff responsible for the development, planning, initial budgeting,
and scheduling of projects within SD1’s Capital Improvement Program.
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Sanitation District #1 Project Manager 
Fort Wright, KY July 2019-May 2021 

✓ Manage the design and construction of storm and sanitary capital improvement projects.
✓ Manage professional services and construction contracts, including costs, quality, schedule, and field

activities.
✓ Prepare and submit budget estimates, schedules, progress reports, or cost tracking reports. Manage

schedule and budgets for assigned projects so that budgets are not exceeded, and schedule milestones
are met.

✓ Interact with outside agencies, organizations, stakeholders, customers, and other individuals that have
a role in the ongoing and planned activities.

Sanitation District #1 Plan Review Engineer 
Fort Wright, KY July 2018-July 2019 

✓ Review engineering drawings, specifications, and other project deliverables for accuracy, completeness
and compliance with the governing rules and regulations for both sanitary and storm water projects.

✓ Conduct Storm water modeling to check accuracy of permit application module outputs and to identify
alternative design scenarios when necessary.

✓ Perform assessments of sewer system capacity, using GIS tools and hydraulic modeling software.
✓ Review pump station drawings and specifications for compliance with SD1’s Small Pump Station Design

Guide.
✓ Manage sanitary and storm water design and relocation associated with Kentucky Transportation

Cabinet.

Sanitation District #1 Asset Management Engineer 
Fort Wright, KY July 2017-July 2018 

✓ Assists with the inventory, condition assessment and, asset remaining useful life of assets located in
wastewater treatment plants, pump stations, collection systems, and other operations related facilities.

✓ Develop requests for proposals, procure professional services, and manage professional service
contracts to ensure adherence to project budget, schedule, and quality requirements as assets are
rehabilitated or replaced.

✓ Procure and manage engineering consultants and other design professionals in the planning and design
of sanitary and storm sewer asset rehabilitation and replacements.

Sanitation District #1 Plan Review Engineer 
Fort Wright, KY February 2015-July 2017 

✓ Review engineering drawings, specifications, and other project deliverables for accuracy, completeness
and compliance with the governing rules and regulations for storm water projects.

✓ Conduct Storm water modeling to check accuracy of permit application module outputs and to identify
alternative design scenarios when necessary.

✓ Complete the notice of termination process by acquiring record drawings, site inspections, and
communicating with local engineers and project owners.

✓ Compiling Correction Notices and Notices of Violation for project sites that are not in compliance.

Sanitation District #1 Stormwater Co-op 
Fort Wright, KY October 2013-February 2015 

✓ Assist in stormwater and post-construction best management practice plan review.
✓ Complete notice of termination process by acquiring record drawings, site inspections, and

communicating with local engineers and project owners.
✓ Compiling Correction Notices and Notices of Violation for project sites that are not in compliance.
✓ Completed site inspection of water quality BMPs and compiled notices of deficiencies when applicable. 
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AFTER RECORDING 
PLEASE RETURN TO: 
SANITATION DISTRICT NO. 1 
ATTN: PROPERTY ACQUISITION ADMINISTRATOR 
1045 EATON DRIVE 
FT. WRIGHT, KY 41017 
(859) 578-7467

 

TEMPORARY CONSTRUCTION EASEMENT FOR SANITARY AND/OR STORM SEWER 

IN CONSIDERATION of _______________________________________________________ ($_________) 
and/or the value and the benefits that Grantor or Grantors will receive by the construction or maintenance of sanitary 
and/or storm sewer available to serve the property described herein, and other good and valuable consideration, the 
receipt and sufficiency which is hereby acknowledged, Gayle M. Pille , (hereinafter referred to, jointly if more than 
one, as “Grantor”), does hereby GRANT AND CONVEY to Sanitation District No. 1, (“SD1”), a sanitation district 
organized pursuant to Kentucky Revised Statute, Chapter 220, whose address is 1045 Eaton Drive, Ft. Wright, 
Kenton County, Kentucky 41017, its successors and assigns, a right of way and temporary construction easement for 
sanitary and/or storm sewer construction purposes upon the following described real estate:   

Group No.:  2018 

Deed Book/Page Number:  1099/9 

PIDN:  026.00-00-013.03 

Address: Feeley Road, Burlington, KY 41005 

For SD1 Use Only 
Project No.:  ___________________________________________ 
Cost Code:  ____________________________________________ 
SD1 Contact for Easement: ________________________________ 
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Legal Description: 
DESCRIPTION OF 0.021 ACRES 

 
Located in Boone County, Kentucky, lying on the east side of Idlewild Road, approximately 0.4 miles east of 
Idlewild Road (Kentucky Highway 338), and being a part of the same property conveyed to Gayle M. Pille by deed 
recorded in Deed Book 1099, page 9, in the office of the Boone County Clerk at Burlington, Kentucky and is 
more particularly described as follows: 
 
COMMENCING at the common corner of Pille, another parcel conveyed to Gayle Pille (Deed Book 517, page 
261), and Robert E. & Sandra J. King (Deed Book 987, page 688); 
 
THENCE with the common line of the two parcels conveyed to Pille for the following two (2) courses: 

1. N02°50'13"W a distance of 310.00 feet to a point; 
2. N33°43'07"E a distance of 115.23 feet to the POINT OF BEGINNING for this description; 

 
THENCE through the grantor’s property N12°27'54"E a distance of 67.62 feet to a point in the common line of the 
two parcels conveyed to Pille; 
 
THENCE with said common line for the following two (2) courses: 

1. S81°52'56"E a distance of 27.18 feet to a point; 
2. S33°43'07"W a distance of 74.77 feet to the POINT OF BEGINNING, containing 0.021 acres, more or 

less. 
 
All bearings referred to herein are based upon the Kentucky State Plane Coordinate System, North Zone, NAD83 
(2011). 
 
 
A MAP SHOWING THE TEMPORARY EASEMENT AREA IS ATTACHED AS EXHIBIT A AND MADE A 
PART HEREOF. 
 
This Temporary Easement is granted solely for the purpose of SD1’s Central Boone County Conveyance C708-
ENG-020 Project (“Project”) and will be in effect from the start of the Project, as determined by the beginning of 
onsite construction for the duration of three (3) years or until the completion of the Project, whichever occurs first. 
 
Subject to any and all zoning, easements, rights-of-way, restrictions, encumbrances, reservations and exceptions of 
record.   
 
Grantor warrants that it is the Owner of the Temporary Easement in fee simple, subject to matters of record, and that 
Grantor has all requisite power and authority to grant the Temporary Easement and bind itself to the terms and 
conditions hereof, which grant is made with general warranty of title. 
 
The grant of the Temporary Easement is binding upon Grantor, SD1 and their respective heirs, successors and 
assigns, and same shall run with the land. 
 
TO HAVE AND TO HOLD, the Easement and right of way herein granted unto the said SD1, its successors and 
assigns, until the completion of the Project or three (3) years, whichever occurs first. 
 
Grantor herein hereby releases all right, title and interest in and to the Temporary Easement, and covenants that the 
title to the Temporary Easement is free, clear and unencumbered, and WARRANTS GENERALLY the said title 
subject to taxes, assessments, and matters of record. 
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IN WITNESS WHEREOF, the Grantors have hereunto set their hands this ____ day of ________________, 
20______. 
 

GRANTOR(S): 
 

___________________________________ 
 Printed Name:  Gayle M. Pille 
     

 
STATE OF KENTUCKY, COUNTY OF ________________:   
 
 
The foregoing instrument was acknowledged before me this _____day of__________, 20______ by Gayle M. Pille. 
  
 
 
        _____________________________  

NOTARY PUBLIC 
        Commission expires: _________   
        Identification No.:  ______________ 
 
 
 
 
This instrument prepared by: 
 
 
______________________________ 
Brian M. Ellerman 
General Counsel 
Sanitation District No. 1 
1045 Eaton Drive 
Ft. Wright, KY  41017 
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