
5.0 Water Supply and Treatment Facilities 

This chapter presents an evaluation of improvement alternatives to meet the projected 
quantity and quality needs for the planning period. 

5.1 Water Production Needs 

Water supply and treatment facilities are typically designed to supply the maximum day 
demand. The development of demand projections for this plan is summarized in Chapter 3, 
Water SaIes Projections. Table 5-1 correlates projected demands to service areas and 
existing treatment plant capacities based on the current supply-treatment-transmission 
configuration. 

Notes: 
"'Includes the 750,760,790, 810,940, and 1030 Pressure Planes within the 660 Plane, as well as Bullitt 

"'Includes the 770,820,860,940, and proposed 900 and 950 Pressure Planes in eastern Jeffman 

(3)Whoolesale demands assigned to 660 PP and Elevated Service Area based on a 40% - 60% allocation. 

[4)Located in the 660 Pressure Plane. 
(')Located in the Elevated Service Area. 

County. 

County and Oldharn County. 

Wholesale demands limited to current maximum contract amounts. 
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Table 5-2 presents an analysis of Crescent Hill Water Treatment Plant (CHWTP) and B. E. 
Payne Water Treatment Plant (BEPWTP) capacities and their ability to supply the projected 
treated water demands. 

Demand Condition 
2000 2000 2020 2020 

Average Day Maximum Day Average Day Maximum Day 

The following conclusions can be drawn from the information in Tables 5-1 and 5.2: 

9 The total current pIant capacity of 240 mgd exceeds the 2020 maximum day 
demand of 232.6 mgd, leaving a reserve capacity of 7.4 mgd. 

9 For the projected 2020 conditions, CHWTP has reserve capacity of 40.5 mgd. 
BEPWTP has a capacity deficit of 33.1 mgd, assuming no transmission system 
transfer of treated water between service areas. 

> The BEPWTP capacity deficit could be addressed by (1) continuing to pump from 
the 660 Pressure Plane to the Elevated Service Area, or (2) building new 
treatment facilities at BEPWTP or elsewhere. 

k LWC’s 660 Pressure Plane-to-Elevated Service k e a  inter-transfer approach 
remains valid. 

5.2 Water Quality Issues 

LWC does not limit its water quality concerns strictly to regulatory compliance matters, but 
focuses instead on the overall quality of water delivered to its customers. One of LWC’s 
goals is to achieve certification in the Partnership for Safe Water program. In doing so, the 
quality of the finished water will be substantially better than that required under the current 
Interim Enhanced Surface Water Treatment Rule and other pending regulations, such as the 
Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR). 
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The impact of the Long Term 2 Enhanced Surface Water Treatment Rule on operations at 
LWC's plants will depend in part on results obtained during required monitoring of the 
source water for Cryptosporidium oocysts. Successful participation in the Partnership for 
Safe Water program would result in plant performance that could enable LWC to earn an 
additional 0.5-log Cryptosporidium removal credit for maintaining the turbidity of the 
finished water at 0.15 NTU or lower for a minimum of 95% of the monthly compliance 
samples collected. (A 1 .O-log credit could potentially be obtained if individual filter effluent 
turbidity levels are maintained at 0.15 NTU or lower for 8 minimum of 95% of the monthly 
compliance samples.) 

Another potential option for responding to the LT2ESWTR would be to take the position that 

the source water for the BEPWTP is riverbank infiltration (RBI) water after this source is 
fully developed and capable of providing all of the supply for that plant. It would be 
necessary to acknowledge that the Ohio River directly influences the quality of the RBI 
supply. (This would likely require concurrence by the Kentucky Division of Water, and 
could potentially have ramifications for other entities withdrawing water from alluvial wells 
along the Ohio River.) If RBI water is considered as the source water being treated by the 
BEPWTP, and it can be demonstrated through monitoring that the source water is essentially 
free of Cryptosporidiurn oocysts, no additional removaVinactivation credit for 
Cryptosporidium would be required under the LT2ESWTR. 

As discussed above, water quality concerns are not limited to regulatory compliance at LWC; 
source water acquisition, treatment, and distribution are carried out with the goal of 
providing safe drinking water that is also aesthetically pleasing. This requires operation to 
ensure that taste and odor problems are avoided or minimized, that the high quality of the 
finished water produced at the treatment plants is maintained throughout the distribution 
system, and that procedures are in place to avoid or mitigate the effects of spills on the Ohio 
River. At BEPWTP, LWC's concerns for water quality will be met in part through use of 
riverbank filtration. At the CHWTP, the combination of source water acquisition technique 
and treatment processes employed will need to be capable of providing finished water of 
equivalent quality to that produced by the BEPWTP following conversion to'full RBI supply. 

5.3 Overview of Advanced Treatment Processes 

As shown in Table 4-3, Microbial Toolbox, Log Credits, and Design/Implementation Criteria 
in Chapter 4.0, there are several advanced treatment processes that LWC could implement to 

achieve overall improvements in finished water quality, and to receive credit for additional 
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removaI/inactivation of microbial pathogens. The technologies that are suitable for large 
plants and are appropriate for consideration in this plan are described below. 

5.3.1 Riverbank Infiltration (RBI) 
Riverbank infiltration (also referred to as riverbank filtration) is a water purification process 
that utilizes the natural sands and gravel of an alluvial aquifer as a filtration mechanism. 
Using a pump and well system, raw water is obtained from a riverbank aquifer, which is 
recharged by the river and by groundwater recharge in the associated alluvial zone. 
Riverbank infiltration provides a high-quality raw water source that can reduce the level of 
treatment required to produce finished water that meets all aesthetic and regulatory 
compliance requirements. 

LWC has had good experience with riverbank infiltration. A 15 mgd demonstration collector 
well has been in operation at the BEPWTP since 1999. LWC has conducted 
Cryptosporidium monitoring for water supplied by the collector well since late 1999. In 
22 samples collected from RBI Lateral 4, no Cryptosporidium oocysts and no Giardia cysts 
were detected in samples collected through March 2001. It is also emphasized that the 
microbial toolbox provisions presented in the preproposal draft of the LT2ESWTR would 
grant riverbank filtration using vertical wells Cryptuspuridium removal credits of 0.5-log and 
I -log for well setbacks of 25 and 50 feet, respectively. (Similar removal credits are specified 
for horizontal collector wells with laterals no closer than 25 feet and 50 feet to the bottom of 
the river channel, respectively.) LWC currently has a project underway to construct an 
additional 45 mgd of RBI supply at BEPWTP. The combined 60 mgd facilities should be 
eligible to receive a 1-log Cryptosporidium removal credit under the LT2ESWTR (if 
promulgated as currently drafted). AIternatively, if RBI water is considered by the Kentucky 
Division of Water (KDOW) as the actual source of water for the BEPWTP, is appears likely 
that no additional log removal credits would be would be required, as the quality of the RBI 
water is outstanding with respect to absence of Cryptosporidium oocysts, and the absence of 
Giardia cysts reinforces the efficacy of RBI for the removal of protozoa. 

Riverbank infiltration has many significant advantages, including: 

3 More uniform raw water quality characteristics 

> Removal of turbidity, organics, microorganisms, and Zebra mussels 

> Protective barrier against river spills 

P Reduced treatment costs 
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The capabilities of riverbank infiltration at Louisville were discussed in a paper by Wang, 
Song, and Hubbs. They compared the quality of Ohio River water and.RBI water for several 
water quality parameters and reported substantial improvements in quality due to riverbank 
infiltration. In 1995, Dooley, Sweazy, and Wang reported on removal of disinfection by- 
product precursors by RBI. Information presented in these papers is summarized in 
Table 5-3. 

Alachlor 
MIB 
Geosmin 
Ammonia 

- - I Atrazine I 1 Below Detection I I 
~ 

- Below Detection - 
- Below Detection 
- Below Detection - 
- Below Detection - 

The efficacy of riverbank fiItration as practiced in Germany was reviewed by Kuehn and 
MulIer (2000). Riverbank filtration can provide spill protection by greatly dampening the 
effect of shock loadings of a single contaminant. By reducing the peak of the organic 
contaminant spill, RBI can provide the opportunity to obtain fbrther contaminant reduction 
through application of moderate dosages of powdered activated carbon (PAC) in the 
treatment process. Without the delay and dampening effect of RBI, a spill could result in a 
very rapid rise in the concentration of an organic contaminant entering the treatment facility, 
and subsequently the distribution system. Effective control of very high organic contaminant 
peak concentrations may require PAC dosages that exceed the capacity of the plant’s feed 
equipment or that would result in excessive carryover of PAC to the filters. 

In Germany, RBI water typicaIly tends to contain about 40% of the assimilable organic 
carbon (AOC) that was present in the river supply prior to infiltration. The removal of AOC 
by RBI results in a more stable water quality in the distribution system. Waters that are less 
supportive of biological growth in distribution mains are less likely to contribute to problems 
related to development and growth of biofilms andor depletion of disinfectant residuals. 
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RBI also results in reductions in dissolved organic carbon (DOC) of about 50%, as compared 
to that of the Rhine River supply. Kuehn and Mueller reported a 99.9% reduction in bacteria 
colony counts in River Elbe water following bank filtration. 

Observations of the efficacy of RBI at Louisville and in Germany indicate that this approach 
to source water extraction provides a more uniform and much improved quality of water for 
treatment. However, an important observation by Kuehn and Mueller is that persistent 
chemicals present in the surface supply that are not biodegradable and are not readily 
adsorbed on the soil/alluvial materials matrix will be able to pass through the aquifer 
materials and appear in the RBI filtrate water. Therefore, like other water treatment 
processes, RBI is not universally effective for removal of all contaminants. 

An area of increasing concern for utilities using groundwater supplies are the presence of 
dense, non-aqueous phase liquids (DNAPLs). These substances are organic compounds 
which are denser than water, and do not dissolve or mix easily in water. They include 
chlorinated solvents, coal tar, creosote, and PCB oils. Because of their nature, DNAPLs have 
unique subsurface migration patterns. When released below ground, DNAPLs migrate 
downward through unsaturated zones and spread laterally through capillary forces and 
fractures. Once in the water table, DNAPLs will continue downward until reaching an 
impermeable layer, such as clay or bedrock. As a result of these Patterns, DNAPLs will be 
present in the alluvial layers as pools and disconnected globules, and are difficult to locate 
and remediate. They can continue slow dissolution into the contact water for a long period of 
time, and thereby be a recurring treatment issue. Although there are no known areas of 
DNAPL contamination within the areas being considered by LWC for installing RBI wells, 
their potential for long-term groundwater contamination should be recognized. DNAPLs 
would have to be addressed on a contaminant-specific basis if they are identified in the 

supply. 

5.3.2 Ultraviolet (vv) Disinfection 
Ultraviolet (W) irradiation, historically used in this country primarily to disinfect 
wastewater effluents, is gaining increased acceptance as a viable disinfectant in the drinking 
water industry. While use of W for this purpose in the United States is currently limited, 
there are reportedly more than 2,000 facilities in Europe utilizing W for disinfection of 
public drinking water supplies. Current research is focused primarily on inactivation of 
Cryptospan'dium and Giardia, and preliminary results suggest that 3-log to 5-log inactivation 
of these microbia1 pathogens can be readily achieved. 
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Benefits of UV disinfection include: (1) significantly lower costs than for comparable 
microbial control processes (ozone, microfiltration); (2) small facility area requirements; (3) 
ability to retrofit existing plant facilities; (4) significant reductions in formation of 
halogenated disinfection by-products (as required free chlorine contact times for disinfection 
are greatly reduced); and ( 5 )  high levels of achievable pathogen inactivation. Potential 
disadvantages include: (1) potential for fouling/plating of the quartz sleeves which house the 
UV lamps; (2) reliability/accuracy of the W sensors used to monitor process effectiveness; 
(3) difficulties in securing State regulatory approval for disinfection of surfsce water suppties 
due to limited full-scale U.S. operating experience; and (4) UV treatment is effective only for 
inactivation of microorganisms. U V  will not remove particulate matter and organic 
compounds, nor is it effective for improving biological stability of finished water in the 
distribution system. By itself, W does not control taste and odor-causing compounds. 

LWC should also be aware that one manufacturer of UV systems (Calgon Carbon 
Corporation) recently obtained a patent for inactivation of Cryptosporidium using UV 
radiation. Calgon will charge water utilities that use W disinfection a licensing fee 
equivalent to $0.015 per thousand gallons of water treated. This licensing fee will apply to 
all utilities that install UV for inactivation of Cryptosporidium, regardless of the supplier 
selected to provide the W equipment. The licensing fee is scheduled to expire in 2018. 

Several states have approved use of UV for disinfection of groundwater supplies, but none 
have approved its use for utilities treating surface water supplies. The U.S. Environmental 
Protection Agency (USEPA) intends to address this potential problem by publishing the 
following concurrent with proposaI of the LTZESWTR: 

> Tables specifjlng required W radiation dosages to achieve up to 3-log 
inactivation of Giardia, up to 3-log inactivation of Cryptosporidium, and up to 
4-log inactivation of viruses. 

> Minimum standards to determine if U V  systems are acceptable for compliance 
with drinking water disinfection requirements. 

> A UV Guidance Manual, the purpose of which is to facilitate design and planning 
of W disinfection system installations by familiarizing StatePrimacy agencies 
and utilities with U V  system design and operational issues. 

W systems currently being designed include provisions for periodic automated cleaning of 
the lamp sleeves. It is expected that as additional experience is acquired, state regulatory 
agencies will be increasingly supportive of the use of UV technology as an alternative to 
conventional disinfection processes. 

~~~ ~- 
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Newer UV system designs typically utilize medium-pressure or low-pressure high-intensity 
lamps enclosed in a stainless steel pipe-type reactor vessel, which facilitates incorporation 
into existing treatment facilities. Multiple units operating in parallel are typically specified to 
provide reliability and to ensure continued plant operation should a single unit require 
servicing. As W disinfection should be applied to the cleanest possible water in order to 
maximize effectiveness and minimize operating costs, it would typically be used to treat the 
filtered water prior to storage/distribution. W disinfection has also been shown to be 
relatively ineffective for inactivation of some enteric viruses at dosages typically considered 
cost-effective for inactivation of Giardia and Cryptosporidium. Therefore, a brief free 
chlorine contact period either prior to or following UV disinfection would be required to 
ensure that conditions for positive inactivation of viruses are provided. 

Evaluation of Cryptosporidium control requirements for other facilities indicates that both 
probable construction and annual operating costs associated with W disinfection would be 
considerably less than for microfiltratiodultrafiItration membrane treatment or ozone 
disinfection. For LWC’s treatment facilities, W disinfection facilities could potentially be 
retrofitted in the existing piping of the South, Old East, and New East filters. 

53.3 Ozonation 
Ozone has been used with increasing frequency for disinfection in U.S. water treatment 
facilities. In addition to disinfection, potential direct benefits associated with the use of 
ozone include the following: 

)z 

)z 

> 

9 
9 

Improvement in fiItered water turbidity when applied immediately preceding 
filtration. 

“Microcoagulation” of dissolved organic contaminants (transformation of soluble 
organic contaminants into insoluble forms that can be removed by conventional 
treatment techniques). 

Reduction of tastes and odors. Studies in natural waters have shown that ozone 
can be effective for treating geosmin and MIB, 
Oxidation of iron and manganese. 

Improved biological stability of water in the distribution system, IF ozone 
treatment is followed by effective biological filtration. This is most effective if 
GAC filter beds are used to provide the surfaces on which biofihn bacteria can 
become established so they can metabolize the smaller organic molecules and 
molecular fragments resulting from ozonation. 

Ozone oxidation must precede filtration to ensure effective removal of the flocculated 
particles resulting fiom the partial oxidation of dissolved organic materials. Ozone is applied 
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to the process stream in gaseous form, and because of its instabihty, is generated onsite. A 
baffled contact chamber with multiple ozone reaction cells is typically required to achieve 
optimum ozone utilization and effectiveness and to satisfy disinfection contact time 
requirements. As ozone treatment does not yield a sustainable disinfectant residual, a 
secondary disinfectant (typically chloramine) must continue to be added to prevent microbial 
regrowth within the distribution system. Because of its highly reactive nature, ozone should 
be applied prior to filtration at a point where water quality is highest (typically immediately 
upstream of filtration.) This results in maximum disinfection efficiency, lower ozone 
demands, and minimum formation of potentially undesirable by-products. 

Disadvantages of ozone include high construction costs for the generation and contact 
equipment, and high operating costs attributable to energy consumption rates. Continuing 
concerns regarding the potential health impacts of bromate (a by-product of ozone oxidation 
of waters containing low levels of bromide) may also limit application of ozone in some 
cases, unless effective bromate control measures can be implemented. Recent research data 
also suggest that inactivation of Cryptosporidium under cold-water conditions may require 
higher ozone dosages and longer ozone contact periods than originally anticipated, which 
could reduce the attractiveness of ozone for inactivation of this microbial contaminant. 
Ozone is generally not a stand-alone process, but must be used in conjunction with other 
processes in a treatment train. By itself, ozone treatment provides no removal of particulate 
matter. Ozone would offer little or no protection in the event of spills on the Ohio River, 
unless the spill consisted of a chemical that could be readily oxidizedldegraded by ozone to 
carbon dioxide and water. Ozone alone increases the assimilable organic carbon 
concentration of the water treated, and biological filtration following ozone is therefore 
typically necessary to attain biological stability within the distribution system. 

Use of ozone as the primary disinfectant at LWC’s treatment facilities would require 
construction of contact chambers between the existing coagulatiodsofiening basins and 
filters in order to minimize required ozone dosages and associated generation costs. As 
ozonation prior to filtration would result in the filters operating in a biologicalIy-active mode, 
provisions for a short period of free chlorine contact following filtration would be required to 
ensure effective inactivation of microbes that would be present in the filter effluent. 
Construction of ozone generation and contact facilities within the confines of the existing 
C W T P  site would be relatively difficult. It is also emphasized that while ozonation would 
provide positive inactivation of microbial pathogens, it would be considerably more 
expensive to implement and operate than newer technologies such as UV disinfection. 
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While ozonation is not considered a cost-effective option for primary disinfection at LWC, it 
could be useful as an effective additional tool for dealing with periodic taste and odor 
episodes. When utilized to control tastes and odors, required ozone dosages and contact 
times are considerably less than would be required for inactivation of microbial pathogens 
such as Giardia and Cryptosporidium. 

5.3.4 Membrane Filtration 
Microfiltration (MF) and ultrafiltration (UF) are physical processes in which colloidal 
particles are removed from the water supply by straining through a porous medium. Both 
processes provide exceptional removal of turbidity (most operating facilities routinely 
produce treated water with turbidities of less than 0.05 NTU). MF membranes typically used 
for treatment of surface water supplies are hollow-fiber with a nominal pore size of 
0.2 microns. UF membranes used in surface water treatment applications typically exhibit a 
nominal pore size of 0.04 microns. As these pore sizes are significantly smaller than 
Cryptosporidiurn oocysts ( 2  to 7 micrans) and Giardia cysts (5  to 15 microns), MF and UF 
provide excellent removal of these microbial contaminants. Removal of Giardia cyst-sized 
particles in excess of 6 to 8 logs (99.9999 to 99.999999 percent) have been demonstrated 
during pilot-scale testing. Therefore, many states grant 3-log, and, in some cases 4-log 
removal credits for MF and UF treatment. It should be noted that the Kentucky Division of 
Water (KDOW) currently does not have a specific position with regard to allowable removal 
credits for MF/UF. 

In its capability to attain very high log removals of particles, including protozoa and bacteria, 
membrane filtration equals or exceeds the capabilities of RBI. Membrane filtration by MF or 
UF, however, is a straining process, and none of the potential biological action associated 
with RBI is expected to occur with membrane filtration. Straining action that is adequate for 
the removal of protozoa and bacteria will not by itself remove MU? or geosmin, so membrane 
filtration would not be effective for taste and odor control without addition of PAC ahead of 
the membranes. MF and UF will not remove dissolved organic carbon or soluble DBP 
precursor compounds. MF and UF would offer no protection against chemical spills 
involving dissolved organic or inorganic chemicals, and a severe spill of a compound such as 
diesel fuel could irreversibly harm the membranes. 

Average feedwater pressures for conventional “encased” membrane configurations are 1 5 to 
20 psi. Backwashing of MF/UF modules is typically initiated every 18 to 20 minutes (up to 
30 minutes for exceptionally clean feedwaters), and the backwash cycle lasts for 2.5 to 
3 minutes. Backwashing typically uses approximately 5 to 7 percent of the feedwater 
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pumped to an MF system; however, recycling of the backwash flow to the plant influent 
following treatment to remove settleable solids can reduce overall losses to I to 2 percent of 
plant production. Periodic cleaning with citric acid, caustic/hypochlorite soIution, andor 
proprietary detergent solutions may be required when conventional backwashing can no 
longer restore differential pressures across the membranes to original levels. Chemical 
cleaning is typically conducted at 4- week to 6-week intervals. 

A relatively new development in MF/UF treatment is the “immersed” membrane 
configuration. Immersed membrane systems consist of “modules” of membrane fibers 
suspended in conventional concrete or steel tanks containing the water to be treated. Unlike 
conventional membrane systems, where the feedwater is pressurized to force it though the 
membranes, immersed membranes operate under a slight vacuum (typically 6 to 8 psig). 
Vacuum is produced by pumps located on the product water side of the membranes. The 
membranes are periodically “backpulsed” using product water to remove deposits on the 
membrane surfaces; this typically occurs every 15 to 20 minutes for a period of 
approximately 30 seconds. Immersed membrane system employs injection of air at the floor 
of the membrane’ chamber to scour the membrane surfaces and to maintain a homogeneous 
concentration of suspended solids within the chamber. Periodic chemical cleaning is 
required to maintain membrane flux rates; this is typically accomplished by backpulsing the 
membranes at a reduced rate with concentrated cleaning sotutions. Cleaning solutions 
typically include sodium hypochlorite and proprietary detergent solutions. The cleaning 
process is typically automated to reduce operator labor required. Most existing immersed 
membrane systems operate at raw-to-product recovery rates of approximately 90 percent. 
However, through recycling of the membrane reject stream and/or use of “secondary” 
membrane treatment systems, overall treatment process losses can typically be reduced to 
1 to 2 percent of the raw water treated. 

As MF and UF treated water exhibits extremely low turbidities, which are difficult to 
monitor consistently, provisions for continuous monitoring of treated water particle counts 
are required to ensure, that the membranes are operating properly. It is also typically 
recommended that an air integrity test be conducted at least once per day to ensure that the 
membranes and associated gasketdseals are functioning properly, and that individual 
membrane fibers have not failed. (At least one state currently requires that membrane 
integrity testing be conducted every 4 hours.) 
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A potential advantage of immersed membranes is their ability to be located in existing plant 
structures, such as filter boxes (the membranes would replace the conventional granular 
media). Minimum required basin depth for the immersed membranes is 10 to 11 feet, and 
membrane production rates at “conservative” hydraulic loading (flux) rates are 
approximately 3 to 6 gpm per square foot of basin plan area. (A new product released this 
year may allow a higher equivalent loading rate.) 

As MF/UF would provide positive removal of Giardia cysts and Cryptosporidium oocysts, 
only a brief contact period (-3 - 6 minutes) with fi-ee chlorine would be required either prior 
to or following membrane treatment to ensure effective inactivation of viruses. (Viruses are 
considerably smaller than Giardia cysts and Crypfosporidium oocysts, and therefore may not 
be effectively removed by MF/UF.) 

5.3.5 Activated Carbon Adsorption 
Activated carbon can be used to adsorb organic chemicals, and thus it is often used to cope 
with spills and to control tastes and odors in drinking water. Activated carbon can also be 
used to reduce the concentrations of TOC and DBP precursors in drinking water, although 
utilization for this purpose can be expensive. Three general approaches for using activated 
carbon are: 

k Addition of powdered activated carbon (PAC) 

P Granular activated carbon (GAC) filtedadsorbers 

9 Post-filter GAC contactors 

These techniques for using activated carbon are discussed in the following paragraphs. 

PAC is used at many water treatment plants, as addtion of powdered carbon can be designed 
and used as a supplemental treatment process. PAC can be used during taste and odor 
episodes, and if the operating staff is aware of a spiII occurrence, PAC can be added as- 
needed to remove organic contaminants associated with the spill. PAC is utilized on a once- 
through basis, so it is less effective than GAC for adsorbing organic contaminants. As the 
concentration of organic adsorbed onto PAC increases, the concentration in the process 
stream, which drives the adsorption process, decreases. Therefore, PAC cannot be loaded 
with organic compounds to the extent that GAC can be. An additional disadvantage of PAC 
is that it is used on an ad-hoc basis due to cost, so utility personnel have to be aware of the 
need to add PAC in order for it to have a chance to work effectively. In spite of these 
disadvantages, PAC can be more economical to use than GAC, if PAC addition is needed 
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only occasionally and required dosages are not excessive. A potential problem could be 
experienced if a major spill or taste and odor episode occurred upstream from Louisville on 
the Ohio River; all of the utilities that rely on PAC for spill andor taste and odor control 
would need to feed PAC, and the demand for PAC couId exceed the available supply. 

GAC filter/adsorbers are commonly used for control of tastes and odors. Typically, GAC is 
used as a replacement for the anthracite in a dual media filter. The life of GAC 
filter/adsorbers for tastdodor control may range fiom 1 to 5 years, depending on the amount 
of organics that are present in the raw water. GAC bed life is shorter when the some water 
contains high concentrations of other organics that compete with tastelodor compounds for 
adsorption sites. GAC filtedadsorbers are not typically used for TOC and DBP precursor 
removal, as the shalIow bed depth and resulting short contact times provided do not favor 
effective removal of these organics over extended periods. On the other hand, if GAC 
filtedadsorbers are operated such that they are biologically active (particularly if ozone is 
used in a pre-filtration mode), the biomass present in the filter/adsorber can effectively 
remove a fiaction of the organic matter and some of the TOC and DBP precursor 
compounds, in addition to improving the biological stability of the finished water. GAC 
filter/adsorbers should be as effective as conventional anthracitehand dual media filters for 
physical removal of bacteria and protozoa, but no more effective. Because GAC filters are 
known to exhibit a chromatographic effect when they adsorb organics at very high 
concentrations, using GAC filterladsorbers at the peak of a spill might also result in gradual 
desorption of the organic chemicals after raw water concentrations return to normal levels. 
Q3e potential for and extent of this desorption would depend on how strongly an organic 
chemical is bound to the GAC.) 

Post-filter GAC adsorbers are currently used by the Greater Cincinnati Water Works. The 
GAC adsorbers were installed at significant cost, but have proven effective for the purposes 
for which they were intended. Cincinnati’s GAC adsorbers reduce the TOC in the filtered 
water, provide 24-hour protection from unknown organics that might be present as a result of 
spills and by removing assimilable organic matter fiom the finished water, improve its 
biological stability. With the relatively long empty bed contact times provided, Cincinnati’s 
GAC adsorbers are also effective for removal of taste and odor compounds. All of this, 
however, was achieved at high cost, as the GAC adsorbers are located in a new, separate 
building, and Cincinnati has its own GAC regeneration hmaces. Cincinnati Water Works 
operating data show that the turbidity of the water following the rapid sand filters is on the 
order of 0.10 NTU, while turbidity following the post-filter GAC adsorbers is approximately 

~~~ 
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0.05 NTU. Some small additional filtration benefit is therefore being derived fiom the post- 
filter GAC adsorbers. 

Use of activated carbon is a relatively expensive but proven technology for coping with taste 
and odor and chemical spill problems. Use of biologically active carbon filters to remove 
biodegradable organic matter fiom drinking water and improve its biological stability is 
becoming more common in this country. 

5.4 Preliminary Considerations 
5.4.1 General Guidance 
Based on interviews with LWC staff, steering committee meetings, and technical review 
workshops, the following general guidance is set forth to guide the development of 
infrastructure alternatives for this plan: 

P Economy 

Capital funds must be used wisely and efficiently. 
0 No more infrastructure will be built than is required to meet LWC’s goals. 

New treatment alternatives will be considered if large increments of capacity 
are required or if economically justified to replace aging infrastructure. 

I+ Water Quality 
Treated water quality will exceed that required by reguIations. 

0 MuItiple treatment barriers will be provided. 
Finished water quality produced at all plants will be essentially equivalent. 
Conventional treatment processes will be optimized to achieve Phase IV 
Partnership for Safe Water goals. 

0 Provisions for effective controI of tastes and odors will be included for all 
alternatives considered. 

P Facilities 

60 mgd of riverbank infiltration supply will be constructed for BEPWTP. 
Plate settlers will be evaluated as an alternative to in-kind replacement of 
coagulation equipment at both plants. 
Pellet reactors will be considered as an alternative technology for softening. 
Biologically active up-flow filters ahead of conventional dual media filters 
will be considered for removal of taste and odors and organics. 

5.4.2 Aging Infrastructure at Zorn Pumping Station and CHWTP 
Many Zorn Pumping Station and CHWTP facilities are of considerable age, as shown in 
Table 5-4. (Table 5-4 addresses only major structures, and does not include equipment 
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replacements and upgrades completed on schedule to maintain facilities in reliable operating 
condition.) 

Based on experience and observations from the 2001 and 2002 Annual Inspections, 
structures that will exceed 100 years of age during the 2002-2021 planning period should be 
considered for retirement. Facilities in this category are highlighted in Table 5-4, and their 
recommended disposition is as follows: 

The North and South Reservoirs and Gatehouse structures are in serviceable 
condition and play a key role in providing emergency raw water storage. Both 
reservoirs were cleaned and relined in recent years. A number of gates and valves 
are inoperable and shouId be replaced. 

Zorn Pump Station No. 2 has a cypress timber foundation. The foundation cannot 
be visually inspected. According to construction drawings, the entire foundation 
is at elevations where it is always submerged. Timber structures submerged in 
water generally perform well unless subjected to cyclic wetting and drymg. Thus, 
with no visual evidence of extensive cracking or settlement, it appears that the 
foundation and building continue to be sound. Pump piping systems have been 
well maintained and are in good operating condition. It appears that this pump 
station can continue in service. 

Equipment and control/monitoring systems for the North filters are outdated and 
in need of replacement in order to reliably produce finished water meeting LWC’s 
goals. LWC’s 2002 capital prograrn includes a budget item of $3,250,000 to 
upgrade these filters. Because of the structure age and constricted physical 
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configuration, it is recommended that these filters not be upgraded, but instead 
considered for retirement or use for other purposes. Capital fimds allocated for 
this upgrade should instead be allocated toward upgrading the Old East, New 
East, and South filters to perform at higher filtration rates and to improve finished 
water turbidity levels at the plant design capacity of 180 rngd. 
The South filters are in serviceable condition and should continue to be used. 
These filters were upgraded with new underdrains, support gravel, dual media, 
and aidwater backwash systems in the early 1990s. These filters should be kept 
in service and the gravel replaced with a porous media support cap on the 
underdrain. This will allow for installation of an additional 10 to 12 inches of 
dual media, thereby providing a fiIter configuration more capable of meeting the 
Phase IV Partnership frnished water turbidity goal. 

The Clearwell is in serviceable condition and should continue to be used. In the 
early 199Os, the structure above the floor was rehabilitated. LWC investigations 
indicate that treated water may be seeping fkom cracks in the clearwell rock 
bottom into the Crescent Hill Pump Station. The 2002 capital program includes a 
budget item to line the floor in Clearwell Chamber No. 4 to address this concern. 
The Zom Intake Tower remains in serviceable condition and should continue to 
be used. The current screens were installed during the I930s, and although the 
moving equipment has been well maintained, submerged structural steel 
components have deteriorated to the point that replacement is needed. It is 
recommended that all four screens be removed and replaced with new equipment. 

Zorn Pump Station No. 3 appears to be in serviceable condition. The structure 
shows no significant evidence of failure. Pump Nos. 6 and 7 are well maintained; 
however, the pump suction and discharge valves do not operate or seal well, and 
should be replaced. 

An outside consultant completed a physical condition survey of the CHWTP buildings in 
1999. The results and recommendations derived from this survey are presented in the report 
Physical Condition Survey and Maintenance Analysis: Louisville Water Company, dated 
November 1 1,1999, The report recommends that structural repairs be made at a cost totaling 
approximately $2 billion. This item should be included in the budget for improvements to 
CHWTP. 

..... 

5.4.3 Feasibility of Riverbank Filtration Supply for CHWTP 
LWC has committed to utilizing riverbank infiltration for 60 mgd of water supply at the 
BEPWTP. RBI supply is also being considered for CHWTP. For this plan, existing 
technical reports and information were reviewed; based on this review, an opinion regarding 
the technical feasibility of RBI supply for CHWTP is presented in this section. 
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Operational experience gained at the collector well at the BEPWTP indicates that riverbank 
infiltration is a feasible alternative for LWC where geologic conditions are suitable. The 
initial collector well specific capacity was 505 g p d f t ,  but has declined to 363 gpdfi. It 
appears that the capacity may be stabilizing. While the exact causes of the reduction in 
capacity are being investigated, the impacts of the reduced performance must be incorporated 
into the feasibility analysis of riverbank infiltration for the CHWTP. Factors that impact the 
yield of collector wells include hydraulic conductivity and saturated thlckness of the aquifer, 
and the efficiency of infiltration of the surface water into the aquifer. 

5.43.1 Hydraulic Conductivity and Saturated Thickness of the Aquifer 
The hydraulic conductivity of the aquifer is a measure of how quickly water can move 
through it. Factors that impact hydraulic conductivity include the gradation of the aquifer 
materials and water temperature. Fence diagrams of the aquifer between Zorn Avenue and 
BEPWTP were reviewed. In general, the fence diagrams show sand and gravel layer at the 
base of the aquifer. This layer is expected to have a reIatively high hydraulic conductivity. 
However, some data indicate the presence of areas of Low hydraulic conductivity values. In 
general, a hydraulic conductivity value of 750 to 1000 ga&fi or greater indicates a productive 
aquifer zone. Several areas of low permeability are identified in the reports, particularly 
from Zorn Avenue upstream approximately 2 miles. Permeability (hydraulic conductivity) 
less than 500 gad/ft are prevalent in this area. Calibrated modeling results for the Zorn 
Avenue area and two miles upstream indicate that the hydraulic conductivity of the aquifer is 
about 750 gad/f€. 

In general, the available information indicates that the hydraulic conductivity of the aquifer is 
highest in the area of the existing collector well at the BEPWTP, but should be suitable 
in most areas. In the BEPWTP area, the hydraulic conductivity is estimated to be 
2,500 - 3,500 @dit. For most of the other areas of the aquifer, hydraulic conductivity is 
estimated to be 1,000 gpdfl or less. If the collector wells are to be located in the area 
northeast of Zom Avenue to two miles upstream, pumping tests are needed to verify the 
suitability of this area. 

Saturated thickness is also highest in the area of the BEPWTP. The bedrock appears to be 
about 5 feet lower in this area than the rest of the aquifer. Also, fence diagrams indicate an 
area where the aquifer is comprised primarily of very fine sediments near Goose Creek. 

Some contradictory information is presented in the results of a geophysical investigation 
conducted for LWC. This investigation indicated that a prime location for a collector well 
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would be at the confluence of Goose Creek and the Ohio Ever. The geophysicaI 
investigation also showed thicker deposits of coarse-grained material than the fence diagram 
in several areas. 

5.4.3.2 Infiltration of Surface Water 
Infiltration of surface water into the aquifer is influenced by the grain size of the riverbed and 
the temperature of the water. A geophysical survey of the riverbed has been conducted; 
results of this study are a series of cross-sections cut through the river channel through the 
study area that show the thickness of fine and coarse grained sediments in the riverbed. In 
general, the cross-sections show the thickness of the fine-grained sediments to be 5 to 10 feet 
where present. According to the available data, the collector well at BEPWTP is near one of 
the largest areas of coarse-grained riverbed sediments. 

As water temperature decreases, the infiltration rate of water flowing through the riverbed 
also decreases. This is important, because testing of the collector we11 has been conducted 
during periods of relatively high water temperatures. Yields during the late winter and early 
spring will be reduced by as much as 20 percent when water temperatures are lowest. 

5.4.3.3 Collector Well Capacity and Spacing 
Available information indicates that the collector well at the BEPWTP is in one of the most 
productive areas of the aquifer. This site appears to have the best combination of hydraulic 
conductivity, saturated thickness, and riverbed conditions in the area from Zorn Avenue to 
BEPWTP. Collector well capacity is apparently stabilizing at approximately 15 mgd during 
low temperature conditions and 18 to 20 mgd during higher temperature conditions and peak 
demand periods. 

The available information reviewed indicates that collector well capacities of 10 to 15 mgd 
are more likely in the aquifer between Zom Avenue and BEPWTP. For planning purposes, 
an average capacity of 10 to 12 mgd is warranted to ensure that conservative decisions are 
made. This is based on the 5-fOOt reduction in saturated thickness and the variability of the 
riverbed sediments. Additional testing is needed to veri@ this assumption. 

The plot on Figure 5-2 indicates that drawdown was approximately 4 feet at a distance of 
1,500 feet fiom the collector well at the conclusion of the October 2000 test. This indicates 
that a collector well spacing of at least 1,500 feet should be used. Mutual interference of 
5 feet or less between welIs is considered acceptable. 
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The distance between Zorn Avenue and BEPWTP is approximately 28,000 linear feet, which 
provides space for approximately 19 collector wells. At an average capacity of 10 mgd, the 
total yield would be 190 mgd, and at 12 mgd average capacity, the total yield would be 
228 mgd. Firm capacity is defined as 90 percent of the total capacity, which allows for wells 
to be out of service for maintenance, and for some reduction in efficiency. Therefore, the 
firm capacity of the system would be 171 to 205 mgd. This indicates that a riverbank 
infiltration system is viable if locations for the collector wells can be acquired, given the 
aforementioned assumptions and conditions. 

Additional testing and modeling are recommended to evaluate the aquifer conditions between 
Zorn Avenue and BEPWTP and to refine overall yield estimates. 

5.4.4 Softening 
RBI water at BEPWTP has generally exhibited a total hardness between 200 and 230 mg/L 
as CaCO3 (magnesium hardness reportedly averages 20 mgL as CaC03). LWC desires a 
finished water hardness of 150 to 170 m a .  RBI water therefore requires softening to 
achieve the desired finished water hardness goal. The hardness of the Ohio River supply is 
generally at or below the desired goal, and therefore softening is not typically required. 
However, during the fall and winter months, the hardness of the Ohio River supply can 
exceed LWC’s finished water hardness goal for extended periods. Therefore, to ensure the 
ability to provide water of equivdent quality from both treatment facilities, CHWTP 
treatment alternatives utilizing Ohio River supply should also incIude provisions for 
softening as necessary to achieve the finished water hardness goal on a continuous basis. 

LWC has conventional precipitative lime sofiening facilities at both CHWTP and BEPWTP. 
The softening basins at CHWTP are currently used only for pH adjustment. At BEPWTP, 
LWC employs split-stream treatment, where combined Ohio River and RBI water is softened 
in one of three trains and blended with clarified, unsoftened water prior to filtration. The 
blended softened and unsoftened waters yieId a pH that is low enough to preclude the need 
for hrther pH adjustment with carbon dioxide (recarbonation). However, for alternatives 
involving treatment of a 100% RBI supply, a greater percentage of the total plant flow would 
need to be softened, and recarbonation would therefore be required to produce finished water 
with a pH that would yield acceptable calcium carbonate precipitation potential (CCPP) 
concentrations. (Deliver of finished water with high CCPP values can result in excessive 
deposition of calcium carbonate scale within distribution system piping and appurtenances, 
with subsequent reductions in hydraulic capacity.) At both plants, the equipment in the 
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softening basins is at or near the end of its useful life, and should be scheduled for 
replacement if continued use of these basins is envisioned. 

Pellet reactors have been used infrequently for softening in the United States and, to some 
extent, in Europe. Several plants have been constructed in the Netherlands using cylindrical 
pellet reactors and sodium hydroxide (“caustic soda”) addition for softening. Generally these 
installations are at plants with production capacities much lower than that of LWC’s current 
treatment facilities. Pellet reactors employ a crystallization process whereby calcium 
carbonate is plated onto fluidized sand gains, producing hard, round pellets. Reported 
advantages of pellet reactors incIude production of a smaller quantity of dried solids and 
lower capital cost when compared to construction of new conventional precipitative lime 
softening facilities. While the crystallization process can also remove iron and manganese, 
which are anticipated to be present in RBI water, it does not remove magnesium hardness. 
Preliminary assessment of this technology suggests that probable construction costs for new 
peIlet reactors would exceed probable costs for rehabilitation of LWC’s existing softening 
basins by a significant margin. Other considerations are the lack of full-scale U.S. operating 
experience, and the need for construction of multiple reactors to achieve the relatively high 
treatment capacities required. Based on these considerations, use of pellet softening reactors 
is not considered economically viable, and was therefore not developed as an alternative to 
upgrading of LWC’s existing softening facilities. 

5.4.5 Coagulation Basin Equipment Replacement 
Installation of plate settlers in several of the existing CHWTP basins was evaluated as an 
option to replacement of flocculation and sludge collection equipment in essentially aII of the 
existing basins. Plate settlers improve the efficiency of conventional rectangular settling 
basins by taking advantage of the theory that settling efficiency depends primarily on 
available settling area, rather than basin detention time. Typical “effective” plate loading 
rates (based on total projected plate area) range fiom 0.3 to 0.7 gpdsq A, depending on the 
settling characteristics of the solids, water temperature, and desired effluent quality. (Most 
existing installations utilize effective loading rates in the 0.3 to 0.4 gpdsq ft range.) These 
rates yield overall sedimentation basin loading rates of 2 to 6 g p d s q  ft (significantly greater 
than the 0.35 to 0.5 &sq ft rate typically used for conventional sedimentation basins). 
Evaluation of plate settlers at CHWTP in the existing coagulation basins suggest the 
following: .. 

k One CHWTP North coagulation basin at 2 gpdsq ft would have a capacity of 
65 mgd. 
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P One CHWTP South coagulation basin at 2 gpdsq  ft would have a capacity of 
90 mgd. 

While it would be feasible to retrofit a portion of the existing CHWTP coagulation basins 
with plate settling equipment at the loading rates discussed above, available flocculation 
detention time would then become the limiting factor in determining the capacity of the 
retrofitted basins. (Flocculation performance has been demonstrated to be a critical factor 
with respect to efficient operation of high-rate sedimentation facilities.) At the basin 
hydraulic capacities discussed above, available flocculation detention time would be 
substantially less than required to ensure the formation of a dense, readily-settleable floc 
under anticipated raw water quality and temperature conditions. Available flocculation 
detention time for a plate-equipped North coagulation basin operating at 65 rngd would be 
only 6.2 minutes, while detention time for a plate-equipped South coagulation basin 
operating at 90 mgd would be only 12.1 minutes. (For most surface waters, a minimum 
flocculation detention time of 30 minutes is considered acceptable, and current KDOW 
requirements specifL a “minimum” detention time of 40 minutes for conventional 
flocculation facilities.) Therefore, any coagulation basin plate settler retrofit would require 
extensive modifications to and expansion of the preceding flocculation basin to provide the 
required detention time, and to provide for effective distribution of the flocculated water to 
the multiple basin influent channels associated with the plate settling equipment. These 
modifications would also need to be completed while maintaining the remaining coagulation 
basins in service (as flocculation basin volume would need to be increased, simultaneous 
removal of two flocculatiodcoagulation basin trains from service could be required to 
complete these modifications). 

The existing circular sludge collection equipment in basins to be retrofitted with plate settlers 
would need to be removed, and the basin floors modified to facilitate use of new collection 
equipment that would be compatible with the plate settling equipment. The need for these 
extensive modifications would result in probable costs that would exceed those for 
replacement of existing flocculation and coaguIation basin equipment. Therefore, retrofitting 
of a portion of the existing CHWTP coagulation basins with plate settling equipment would 
not be a cost-effective alternative to in-kind replacement of equipment in all of the existing 
basins. 

5.4.6 Upflow GAC Filters 
Granular activated carbon is typically used as a replacement for anthracite in dual media 
filters (filterhdsorbers) or in separate post-filter contactors operating in a downflow mode, 
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Louisville Water Corn 

similar to traditional media filters. In the downflow mode, settled or filtered water is applied 
to the top of the GAC media and flows downward through the media to the underdrain. 
LWC staff has in the past conducted pilot-scale testing of upflow filters, and reports that this 
testing indicated that biologically active upflow filters could be effective in reducing tastes 
and odors and organics associated with continued use of the Ohio River supply. It has been 
further suggested that upflow filters equipped with GAC media would potentially be used as 
an intermediate process between the existing coagulation basins and the conventional 
downflow filtration process by converting a portion of the existing CHWTP softening basins 
to upflow filters. These filters would be operated in a biologically active mode to remove 
taste and odor causing compounds and other organic compounds. 

Upflow GAC filters have not been used to any extent in large water treatment plants in the 
United States. Literature does indicate that fluidized bed biofilm upflow reactors have been 
used in Europe for nitrification in wastewater treatment applications, and that this experience 
could potentially be applied to potable water production applications. LWC staff intends to 
conduct further pilot testing of upflow filters. However, prior to any decision to further 
develop and implement this process on a full-scale basis, available experience should be 
carefully evaluated to assess associated design and operational risks. Carehl attention 
should be directed to factors such as practical maximum filter area, media volume/contact 
time requirements, filter shapekonfiguration, media blinding potential, and media wash 
requirements. Once these factors are better defined, actual feasibility and probable costs of 
upflow GAC filtration can be determined. 

5.5 BEPWTP with Full RBI Supply 

As previously discussed, LWC has committed to construction of additional RBI supply at 
BEPWTP, which will eliminate the need for direct withdrawal of surface water from the 
Ohio River. LWC has nearly completed contract documents to construct an additional 
45 mgd of RE31 capacity at the BEPWTP. The project is based on providing three 15 mgd 
collector well caissons, or a series of traditional collector welIs spaced 1,000 feet apart with 
interconnecting rock tunnels and a central pumping station on the middle caisson. These new 
collector wells will be connected with the existing collector well to provide a total 60 mgd 
RBI supply capacity. Projected treatment requirements following conversion to full RBI 
supply, and capital improvements needed to meet these requirements and to ensure continued 
reliable service throughout the plan period are discussed below. 
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5.5.1 Pretreatment 
Pretreatment would consist of addition of powdered activated carbon for taste and odor 
control on an “as needed” basis, aeration, and chemical oxidation. Current PAC feed 
capability would be retained, with modifications as necessary to permit addition of PAC 
slurry into the raw water pipeline upstream of the new aeration system in order to maximize 
available contact time with the raw water prior to sofieninghiltration. Provisions for 
increasing the RBI supply’s dissolved oxygen (DO) concentration would be added. (RBI 
water will enter the plant with a DO concentration of essentially zero.) Preliminary costs 
assume construction of diffised aeration basins with fine bubble diffusers at the plant 
influent (15 ft sidewall water depth, approximate total basin volume of 22,500 cubic feet), 
with sufficient capacity to increase dissolved oxygen concentrations to 4-5 mg/L under 
maximum flow and water temperature conditions. (A more detailed evaluation of the need 
for and ahernatives to increase the DO of the RBI supply should be conducted prior to hlI- 
scale implementation of @I supply at the BEPWTP.) Potassium permanganate would be 
fed following aeration to oxidize manganese and any soluble iron remaining after aeration. 

5.5.2 Softening / Filtration 
As discussed above, the existing collector we11 at the BEPWTP provides a supply with an 
average total hardness concentration of approximately 220 mg/L as CaCO3, and softening 
will therefore be required to achieve LWC’s finished water hardness goal of approximately 
160 m a .  The existing precipitative lime softening facilities at the BEPWTP would be 
retained to provide the required level of softening treatment. An evaluation of lime softening 
and subsequent pH adjustment (“recarbonation”) requirements suggests that the most cost- 
effective treatment approach under the anticipated raw water quality conditions would be to 
soften approximately 50% of the total plant flow. However, at plant flows exceeding 45 to 
50 mgd, hydraulic loading rates for a single softening basin would exceed typically- 
recommended levels for acceptable performance with respect to precipitation of floc 
particles. Therefore, it is recommended that two of the three existing softening basin trains 
be retained in service (and associated flocculation and sludge collection systems be upgraded 
as necessary to ensure reliable service over the planning period). Assuming that 
approximately I/2 of the total plant flow is softened, the hardness of the softened water 
would need to be reduced to approximately 100 mg/L to achieve a blended finished water 
total hardness of 160 rng/L. Carbon dioxide would be added at the existing recarbonation 
basins at dosages sufficient to produce a blended finished water with a calcium carbonate 
precipitation potential (CCPP) in the 6 to 10 mg/L range. Preliminary calculations suggest 
that this would require an average carbon dioxide dosage of 8 to 14 mg/L at the 
recarbonation basin influent, and result in a finished water pH of approximately 8.1 to 8.2 
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(following blending with the unsoftened stream). Provisions for addition of femc chloride as 
a flocculant aid at the softening basin influent(s) would be retained to assist in maintaining 
low softened water turbidities. 

LWC staff indicates that the BEPWTP facilities are not currently configured to allow raw 
water ta bypass the existing coagulation basins and Bow directly to the softening basins or to 
the filters. Therefore, it is assumed that all of the raw water could continue to flow through 
the existing coagulation and softening basins following conversion to full RBI supply. 
However, the current practice of adding a coagulant at the basin influent and providing 
flocculation and sedimentation would not be required. Flocculation and sludge collection 
equipment in all of the existing coagulation basins, and in one of the three existing softening 
basins would therefore not need to be replaced to ensure continued reliable service over the 
planning period. The existing coagulation basins would likely need to be removed from 
service periodically and drainedflushed to remove accumulated solids resulting from 
addition of PAC and from oxidatiodprecipitation of iron and manganese. (This evaluation 
assumes that average total organic carbon concentrations for RBI water will continue to be 
less than 2.0 m a ,  and that provisions for TOC reduction though enhanced coagulation will 
therefore not be required.) 

Improvements to the existing filters and associated backwash and control systems would be 
made to provide required treatment capacity and to ensure efficient and reliable operation 
following conversion to full RBI supply. These filter improvements should include 
recommended modifications presented in an engineering report recently completed by Camp, 
Dresser & McKee (CDM) for the BEPWTP (new backwash supply pumps, state-of-the-art 
filtration and backwash systems). 

5.5.3 Disinfection, Post-treatment 
Chlorine would continue to be used as the primary disinfectant, followed by addition of 
ammonia to provide a chloramine residual within the distribution system. A free chlorine 
residual would be maintained across the recarbonation basins and filters to provide the 
contact time required to comply with current KDOW disinfection CT requirements under the 
Surface Water Treatment Rule. (As the current RBI supply exhibits very low disinfection 
by-product formation potential, use of free chlorine for primary disinfection followed by 
chloramines for residual maintenance within the distribution system should not result in any 
difficulties in complying with current and anticipated future disinfection by-product 
regulations.) Following filtration, ammonia (and additional chlorine as necessary) would be 
added to yield the desired finished water chloramine residual. Provisions for future addition 
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of post-filtration U V  disinfection capability should be included in order to address potential 
future Cryptosporidium inactivation requirements under the Long Term 2 Enhanced Surface 
Water Treatment Rule. Provisions for continued addition of fluoride (hydrofluosilicic acid) 
to the filtered water should also be included. 

5.5.4 Miscellaneous Improvements 
Other improvements recommended at BEPWTP to ensure continued reliable service over the 
planning period include the following: 

New high service pumps and primary and secondary power systems, as 
recommended in the recent CDM report on BEPWTP. 

Chemical Feed and Storage Systems: Provide improvements to correct 
deficiencies as noted in Tables 4-4 and 4-5 of Volume 1 of this report. 

Cleanveil: Construct a new 3 million gallon chamber. Total clearwell volume is 
recommended to be 15% of plant capacity, or 9 million gallons. (Current total 
clearwell volume is 6 millions gallom.) 

Solids Handling Facilities: Implement selected improvements as recommended in 
the July 2000 CH2M HILL report Drainage and Solids Management 
Improvements; Crescent Hill Water Treatment Plant, and report supplement dated 
April 20, 2001. The improvements include cleaning and rehabilitation of four 
lagoons and associated piping systems. 

5.6 Supply and Treatment Alternatives for CHWTP 

Based on considerations previously discussed, and on results of a water treatment workshop 
conducted with LWC staff during March 2002, several CHWTP supply and treatment 
alternatives were developed for evaluation. The primary objectives assumed in the 
formulation of these alternatives were; (1) production of a high-quality finished water that 
meets or exceeds all appIicable current and anticipated future regulatory requirements; 
(2) ability to produce and deliver finished water that is essentially identical to that produced 
at the BEPWTP following conversion to full RBI supply; and (3) ability to effectively 
address aesthetic concerns such as periodic taste and odor occurrences associated with the 
current Ohio River supply. CHWTP supply and treatment alternatives evaluated are as 
follows: 

> Alternative C1: Provide for 180 mgd firm capacity with full RBI (collector well) 
supply, aeration, and continuous softening of a portion of the total plant flow. 
With RBI, this alternative provides for advanced treatment and taste and odor 
control through riverbank infiltration, powdered activated carbon addition, and 
ultravioIet (UV) disinfection (if required for future regulatory compliance). 
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P Alternative C2: Provide for 180 mgd firm capacity with Ohio River supply 
through the Zorn intake, improved conventional treatment, softening of a portion 
of the total plant flow, taste and odor control with PAC and ozonation, and 
advanced treatment with biological filtration and ultraviolet ( U V )  disinfection. 

P Alternative C3: Provide for 180 mgd firm capacity with Ohio River supply 
through the Zorn intake, improved conventional treatment, softening of a portion 
of the total plant flow, conventional filtration, taste and odor control with PAC 
and post-filter granuiar activated carbon (GAC), and ultraviolet (vv) disinfection. 

> Alternative C4 Provide for 180 mgd firm capacity with Ohio River supply 
through the Zorn intake, high-rate conventional sedimentation, softening of a 
portion of the total plant flow, and advanced treatment with membrane filtration, 
post-filter granular activated carbon adsorption, and ultraviolet (W) disinfection. 

The primary components that comprise these akernatives are summarized in Table 5-5, and 
operational considerations and projected capital improvements that would be required to 
implement each alternative are discussed in the following sections. 

Table 5-5 

PS -Pump Station 
RBI -Riverbank Infiltration 

MF - Membrane Filtration 

5.6.1 
For CHWTP alternatives invoIving continued use of the current Ohio River supply, 
improvements at the Zorn Avenue Pumping Station would be required to ensure continued 
reliable service over the entire planning period. Based on recent inspection results, 
recommended equipment replacements and facility modifications are as follows: 

> The current screens were installed in the Intake Tower during the 1940s. A contract diver 
inspected the screens on August 29,2001. The inspection report states that the structural 
main frames for Screen Nos. 2 and 3 are severely corroded and should be replaced. 
Given the equipment age and the operational and economic advantages of one-time 

Zorn Avenue Pumping Station Improvements 
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replacement, it is recommended that all four screens be replaced with new equipment. In 
addition, four sluice gates that shut off flow to the 42-inch pipelines to the pump stations 
are in need of replacement. 
The main electrical switchgear in the boiler house is near the end of its useful life and 
should be replaced. Spare parts required to maintain the switchgear are becoming 
increasingly difficult to procure. 
Suction and discharge values on Pumps 6 and 7 are reported to be inoperable or leaking, 
making pump isolation for maintenance difficult. Replacement of these valves is 
recommended. 

To facilitate periodic maintenance of the 24-inch sludge line to BEPWTP, the July 2000 
CH2M HILL report Drainage and Solids Management Improvements; Crescent Hill 
Water Treatment Plant recommends construction of a solids storage lagoon at Zom 
Pumping Station. 

5.6.2 CHWTP Alternative Cl  (Full RBI Supply) 
This alternative assumes that provisions for fill RBI supply would be constructed, utilizing 
the collector well and tunnel concept developed by LWC. A process schematic for this 
alternative is shown on Figure 5-1. 

5.6.2.1 Pretreatment 
Water quality for a new RBI supply serving CHWTP is assumed to be similar to that for the 
existing RBI suppIy at the BEPWTP. (Water quality data obtained from a test well located 
near the Zorn Pumping Station suggests, however, that manganese concentrations for a new 
RBI supply constructed in this area could be as high as 0.70 m a ,  which is considerably 
higher than for the existing collector well supply at BEPWTP.) As provisions for chemical 
coagulation and sedimentation of the RBI supply prior to filtration would not be required, the 
existing coagulation basins at CHWTP would be bypassed, and raw water would be 
conveyed directly to the existing softening basin complex. (This evaluation assumes that 
average total organic carbon concentrations for RBI water will be less than 2.0 mg/L, and 
that provisions for TOC reduction through enhanced coagulation will not be required.) 

Pretreatment would consist of addition of PAC for taste and odor control on an “as needed” 
basis, aeration, and chemical oxidation. PAC would be added into the raw water pipeline 
upstream of the new aeration system in order to maximize available contact time with the 
raw water prior to softening and filtration. The ability to increase the dissolved oxygen 
concentration of the RBI supply by 4-5 mg/L under maximum flow and water temperature 
conditions would be provided by constructing new diffused aeration basins within one of the 
existing softening basins. (A more detailed evaluation of the need for and alternatives to 
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increase the DO of the RBI supply should be conducted prior to any full-scale 
implementation of RBI supply at CHWTP.) Potassium permanganate would be fed 
following aeration to oxidize manganese and any soluble iron remaining after aeration. 

5.6.2.2 Softening / Filtration 
As discussed above, provisions for softening would be required to achieve LWC’s finished 
water hardness goal of 160 mg/L: This evaluation assumes that existing softening basins 5 
and 6 would be retained in service to soften approximately 50% of the total flow treated. 
(For basins 5 and 6, flocculation basin detention time at 90 mgd would be approximately 
40 minutes; sedimentation basin hydraulic loading rate and detention time at 90 mgd would 
be 0.78 gpdsq ft and 2.6 hours, respectively.) The softened water would then be blended 
with raw water to achieve the desired finished water hardness. Based on a projected average 
raw water total hardness of 220 mg/L, a softened water total hardness of approximately 
100 mg/L would be required to achieve a blended finished water total hardness of 160 mg/L. 
Femc chloride would be added as a ffocculant aid at the softening basin inlets to assist in the 
formation of a readily-settleable floc and to reduce the turbidity of the softened water. 

Carbon dioxide would be added as necessary to the blended raw/softened waters to reduce its 
pH to approximately 8.0 to 8.2. Carbon dioxide would be added at the inlet to one or more of 
the existing recarbonationheaction basins. Provisions for addition of chlorine at the 
recarbonation basin inlet would be included to maintain a h e  chlorine residual across the 
basins and filters, thereby providing contact time required to comply with current KDOW 
disinfection CT requirements under the Surface Water Treatment Rule. 

The existing South and East filters would be upgraded to improve reliability and 
performance, and the existing North filters would be removed from service. The filters 
would be equipped with new underdrains, porous media support cap, and sandanthracite 
dual media. All influent and effluent valves in the Old East and New East filter pipe galleries 
would be replaced. Additional valves would be installed to provide additional operational 
flexibility, and an aidwater backwash system would be installed for the Old East and New 
East filters. A new filter aid feed system would be provided to replace the existing 
temporary polyaluminum chloride feed system. The new filter media would be 
preconditioned prior to startup using concentrated potassium permanganate solution to ensure 
effective removal of manganese during initial operation of the upgraded filters. 

~~ - ~ ~~~~ 
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5.6.2.3 Disinfection, Post-Treatment 
Chlorine would continue to be used as the primary disinfection (as discussed above, a free 
chlorine residual would be maintained across the recarbonatiodreaction basins and filters), 
followed by addition of ammonia (and additional chlorine as necessary) at the filter discharge 
to yield the desired finished water chloramine residual concentration. Provisions for addition 
of post-filtration W disinfection capability should be included in order to address potential 
future Cryptosporidium inactivation requirements under the Long Term 2 Enhanced Surface 
Water Treatment Rule. (W disinfection could be installed on the effluent side of the Old 
East, New East, and South filters by making structural, piping, and power system 
improvements.) Provisions for continued addition of fluoride (hydrofluosilicic acid) to the 
filtered water would be included. 

5.6.2.4 Miscellaneous Improvements 
Other improvements recommended at CHWTP to ensure continued reliable operation over 
the planning period in conjunction with implementation of Alternative C1 include the 
following: 

> Filter Backwash System: Implement washwater supply improvements as 
recommended in the October 1993 report Conceptual Design Report for 
Washwater SuppIy System; Crescent Hill Water Treatment Plant prepared by 
Alvord, Burdick and Howson. Recommended improvements include demolition 
of the two existing washwater tanks and installation of a new 1.5 million gallon 
washwater storage tank, and installation of combined air and water backwash 
systems in the Old East and New East filters (as discussed above). In addition, a 
redundant 36-inch backwash water supply line to the Old East and New East 
filters is recommended. 

> Solids HandIing FaciIities: Implement selected improvements as recommended in 
the July 2000 CH2M HILL report Drainage and Solids Management 
Improvements; Crescent Hill Water Treatment Plant, and report supplement dated 
April 20, 2001. As indicated in the LWC 2002 budget, proposed improvements 
include: (1) a second backwash holding tank and dry pit pump station and other 
improvements, (2) a backwash storage basin and pump station on Reservoir 
Avenue, and (3) a second 24-inch pipeline crossing at Harrod’s Creek. 

b Chemical Feed Systems: Provide improvements to correct deficiencies as noted 
in Tables 4-4 and 4-5 of Volume 1 of this report. 

> Clearwell: Install a liner on the floor of Chamber 4 to eliminate leakage into the 
Crescent Hill Pump Station. 

P High Service Pump Station: An inspection was conducted and past reports were 
reviewed regarding the discharge headers in and yard piping around the Crescent 
Hill Pump Station. Based on this review, due to pipeline age and potential risk of 
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failure, the capital project in the budget to replace cast iron 48-inch and 60-inch 
headers and leaking 60-inch yard piping should be completed. 

5.6.3 
Alternatives C2, C3, and C4 assume continued use of the current Ohio River supply. These 
alternatives also assume that the existing North and South reservoirs would be maintained in 
service to provide presedimentation of the river supply and emergency raw water storage. A 
process schematic for Alternative C2 is shown on Figure 5-2. 

CHWTP Alternative C2 (Ohio River Supply w/Ozone & UV) 

5.6.3.1 Pretreatment 
Pretreatment would consist of addition of PAC for taste and odor control on an “as needed” 
basis, and chemical oxidation using potassium permanganate. CHWTP is currently equipped 
with storage and feed facilities for PAC, which has historically been used primarily to 
remove taste and odor-causing compounds from the Ohio River supply. LWC reports that 
taste and odor events of mild to severe nature caused by blue-green algae by-products 
(2-methylisobomeol (MIB) and geosmin) are experienced, with major events occurring 
approximately every 10 years. The odor threshold level for detection of these compounds 
has been reported to be as low as 3 to 5 nanograms per Liter (ng/L). LWC reports mild to 
moderate taste/odor occurrences (20 to 40 nglL of MIB) every year. In 1999, a severe event, 
during which MIB levels reached 122 ng/L, resulted in many customer complaints and heavy 
use of PAC to control the problem. A PAC dosage of 500 pounds per million gallons treated 
(60 mg/L) was reportedly required for adequate taste and odor control during this event. 

PAC is currently stored in slurry form at the CHWTP and fed prior to the coagulation 
process. However, provisions for PAC feed at the Zorn intake would take advantage of 
available mixing and contact time within the pipelines leading to the plant, thereby 
improving PAC utilization and adsorption efficiency. Addition of a new PAC system at Zorn 
mUnping Station is therefore assumed for this evaluation; this would include two 60,000 
gallon PAC slurry storage tanks, two 1,875 gph peristaltic pumps, two 250 gph peristaltic 
pumps, dust collection equipment, PAC off-loading station, and associated 
monitoring/control systems. 

5.6.3.2 Enhanced Coagulation 
Provisions for feeding chlorine dioxide as a preoxidadpredisinfectant at the existing 
coagulation basin compIex would be added. Provisions for feeding sulfuric acid to optimize 
coagulation pH for removal of TOC would also be included. (Preliminary costs presented in 
this document assume addition of sulfiric acid on an “as needed” basis to maintain a 
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coagulation pH of approximately 6.5.) Continued use of ferric chloride as the primary 
coagulant and cationic polymer as a coagulant aid is assumed. 

5.6.3.3 Ozonation 
Ozonation capability for control of tastes and odors would be provided through construction 
of ozone generation and feed facilities, two covered contact basins, contactor off-gas 
treatment facilities, liquid oxygen storage facilities, and chemical storage and feed facilities 
for pH adjustment and removal of residual ozone from the contactor discharge. Considering 
the projected ozone contact time requirement of 5 to 10 minutes for effective taste and odor 
removal, a portion of one of the existing softening basins could be converted to ozone 
contactors in order to reduce overall project costs. A sidestream injection system would be 
utilized to disperse the ozone into the process stream at the contactor inlet. Sodium 
hydroxide would be added near the contactor discharge to increase the pH of the process 
stream to approximately 7.0, and hydrogen peroxide would be added following pH 
adjustment to remove any residual ozone fiom the process stream prior to sof€ening/filtration. 
(Provisions for adjustment of pH prior to addition of hydrogen peroxide are recommended to 
ensure efficient and rapid reaction of the hydrogen peroxide with the ozone residual; this 
reaction is datively slow when pH is less than approximately 7.0.) 

5.6.3.4 Softening I Filtration 
While provisions for precipitative lime softening are in place at CHWTP, softening has not 
been practiced in recent years due to relatively low raw water hardness levels during most of 
the year, and to the desire to reduce chemical treatment costs and residuals production. 
However, a review of recent water quality data for the Ohio River supply indicates that total 
hardness typically exceeds LWC’s current finished water hardness goal of 160 mg/L for 4 to 
5 months each year. (This generally occurs during the Iate fall and winter months.) 
Therefore, provisions for lime softening to achieve the finished water hardness goal on a 
continuous basis are assumed in order to provide water from CHWTP equivalent to that fiom 
BEPWTP following conversion to full RBI supply. 

For cost development purposes, it was assumed that softening wodd typically be required at 

CHWTP four to five months per year to maintain a maximum finished water total hardness 
of 160 m a ,  with raw water total hardness averaging approximately 185 mg/L during this 
period. Approximately one-third of the total plant ff ow (60 mgd max) would be softened, 
using existing softening basin trains 5 and 6. In addition to lime, preliminary calculations 
suggest that addition of sodium carbonate (soda ash) for removal of noncarbonate hardness 
may be required at times to achieve the desired finished water total hardness. Assuming 
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adjustment of ozone contactor effluent pH to approximately 7.0, provisions for recarbonation 
to reduce the pH of the blended softened and unsofiened process streams would not be 
required. During periods when lime softening is not practiced, adjustment of treated water 
pH using sodium hydroxide would be required to provide a stable, non-aggressive finished 
water. 

The existing East filters would be modified to accommodate use of approximately 6 feet of 
GAC media, which would provide an empty-bed GAC contact time of approximately 
10 minutes at the plant design flow of 180 mgd. Maintaining the filters in a biologically- 
active mode would provide for removal of assimilable organic carbon (AOC) and potential 
ozonation by-products, and the GAC media would provide additional removal of taste and 
odor compounds that may not be fully removed during ozonation. Recommended filter 
modifications would consist of raising the existing filter box walls approximately 3 feet, and 
addition of new underdrains equipped with a porous plate-type media support cap and air 
scour capability. The existing North and South filters would be removed fiom service, and 
the resulting hydraulic loading rate for the converted East filters would be approximately 
4.25 gpdsq ft with one filter out of service for backwashing. Provisions for backwashing 
with non-chlorinated filtered water would be included to prevent excessive loss of biomass 
fiom the filters during backwashing. 

Filter modifications to accommodate to deeper GAC media would impact the overall plant 
hydraulic gradient, and the need for intermediate pumping would need to be evaluated prior 
to implementation of Alternative C2. For this evaluation, provisions for low-lift intermediate 
pumping between the existing softeninghecarbonation basins and the modified East filters 
have been assumed. 

5.6.3.5 Disinfection, Post-Treatment 
Provisions for using W as the primary disinfectant are assumed for this evaluation, based on 
anticipated future regulatory requirements and the desire to provide “multiple treatment 
barriers” to minimize the potential for presence of viable Giardia cysts and/or 
Cryptosporidium oocysts in the finished water produced at the CHWTP. UV disinfection 
would be provided following the modified East filters, and a design UV dosage of 40 mJ/cm2 
is assumed for cost development purposes. (W disinfection could be installed on the 
effluent side of the modified East filters by making structural, piping, and power system 
improvements,) Provisions for a brief period of free chlorine contact (3 to 5 minutes) 
following fiItration would be included to ensure positive inactivation of microbes that may be 
present in the biofilter discharge. Ammonia would then be added to convert the free chlorine 
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residual to the chloramine form prior to distribution of the finished water. Provisions for 
continued addition of fluoride (hydrofluosilicic acid) to the filtered water would be included. 

5.6.3.6 Miscellaneous Improvements 
In addition to the miscellaneous plant improvements listed under Alternative C1 (section 
5.6.2.4), the following improvements should be made to ensure reliable service over the 
planning period 

> North, South Reservoirs: Replace influent and effluent gates and valves at the 
Gatehouse. 

> Coagulation Basins: For a11 basins, replace existing sludge collection equipment 
and miscellaneous metals and influent and effluent gates. In the South basins, 
complete repairs on the two remaining flocculators, and re-grout the floors. 

> Towers: Replace flow control valves. 

5.6.4 CHWTP Alternative C3 (Ohio River Supply wlGAC & UV) 
This alternative would be identical in most respects to alternative C2. However, control of 
taste and odors would be accomplished thou& a combination of powdered activated carbon 
addition and post-filter GAC adsorption contactors, and provisions for ozonation would not 
be included. (As ozonation for taste and odor control would not be included, biologically- 
active fihation would not be required.) A process schematic for Alternative C3 is shown on 
Figure 5-3. 

As for alternative C1, the existing South and East filters would be upgraded to improve 
reliability and performance, and the existing North filters would be removed from service. 
The filters would be equipped with new underdrains, porous media support cap, and 
s d a n h c i t e  dual media. All influent and effluent valves in the Old East and New East 
filter pipe galleries would be replaced. Additional valves would be installed to provide 
additional operational flexibility, and an aidwater backwash system would be installed for 
the Old East and New East filters. A new filter aid feed system would be provided to replace 
the existing temporary polyaluminum chloride feed system. The new filter media would be 
preconditioned prior to startup using concentrated potassium permanganate solution to ensure 
effective removal of manganese during initial operation of the upgraded filters. 

Provisions for intermediate pumping to convey the filtered water to the new GAC contactors 
would be required. GAC adsorption would provide positive control of tastes and odors, in 
addition to protection against organic spills on the Ohio River. Provisions for onsite thermal 
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regeneration of the GAC would be included. Preliminary design parameters assumed in 
evaluating probabie costs for post-filter GAC adsorption are summarized in Table 5-4 below. 

GAC Empty Bed Contact Time, minutes @ 180 mgd 

Number of GAC Contactors 
Contact Hydraulic Loading Rate, gpdsq A @ 180 rngd 

Online 
Standby 

GAC Bed De&. feet 

15 
5.5 

11 
1 

-1 1 
- Projected GAC regeneration interval, months 6 

No. of furnaces 2 
Regeneration capacity per furnace, pounds GAC per day 

GAC Regeneration 

45,000 

5.6.5 CHWTP Alternative C4 (Ohio River w/Membranes, GAC, & UV) 
This alternative would be similar in most respects to alternative C3. However, a portion of 
the existing coagulation basins would be equipped with inclined plates to provide high-rate 
conventional sedimentation, and granular media filtration would be replaced by an immersed 
membrane fittration process to provide enhanced particle removal. A process schematic for 
Alternative C4 is shown on Figure 5-4. 

Retrofitting of all of the existing South coagulation basins with inclined plates is assumed for 
this evaluation. (As continued use of the existing North flocculatiodcoagulation basins 
would not be required for Alternative C4, replacement of the sludge collection and 
flocculation equipment in these basins would also not be required.) A portion of the inlet 
zone of the existing coagulation basins would be modified to ensure equal distribution of 
flocculated water to the multiple influent flow channels associated with the inclined plate 
system. HydrauIic detention time for the four existing South flocculation basins would be 
approximately 24 minutes at the plant design capacity of 180 mgd. This is considerably less 
than the current KDOW requirement of 40 minutes for conventional flocculation basins, and 
could therefore require pilot-scale demonstration testing to obtain KDOW approval. 
However, as the high-rate flocculatiodsedimentation system would be followed by highly- 
efficient membrane filtration rather than conventional granular media filters, the ability to 
consistently maintain very low settled water turbidities would not be as critical for this 
alternative as for alternatives C1, C2, and C3. W O W  may therefore be more amenable to 
approving a flocculation system that does not meet the minimum 40 minutes detention time 
requirement. Continued use of ferric chloride as the primary coagulant and cationic polymer 
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as a flocculant aid, and an effective plate hydraulic loading of 0.30 to 0.35 g p d s q  ft were 
assumed in developing probable construction and operating cost data for this alternative. 

Far this evaluation, it is assumed that all of the existing Old East and New East filters and a 
portion of the existing South filters would be retrofitted with immersed ultrafiltration (UF) 
membranes; the North filters would be removed fiom service. (Media and underdrains 
would be removed from the existing filter boxes to provide the depth required for efficient 
operation of immersion-type UF membranes.) Feasibility of this approach has been 
confirmed on a preliminary basis by one of the primary manufacturers of submerged UF 
membrane systems. 

5.6.6 Present Worth Evaluation for CHWTP Alternatives 
The total costs associated with constructing and operating each of the CHWTP treatment 
alternatives discussed above can be compared by adding the probable project capital costs for 
the treatment facilities (less the present worth of their remaining value at the end of the 
planning period) to the present worth of their respective annual operation and maintenance 
costs over an extended period of time. For the comparison presented below, a planning 
period of 20 years and an interest rate of 7.5 percent was assumed. Present worth costs for 
each alternative are summarized in Table 5-7. 

Annual O&M costs presented in Table 5-7 do not include projected costs for raw and treated 
water pumping. (As these costs would be simiIar for all of the alternatives evaluated, their 
inclusion in the present worth comparison would not impact the relative alternative ranking 
with respect to overaIl cost.) O&M costs assume operation of the CHWTP at an annual 
average production rate of 95 mgd. Water quality assumptions for determination of softening 
requirements are summarized in Table 5-8. 
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I Table 5-8 I 
Water Quality Assumptions for Determination of Softening Requirements I 

Cost analysis results summarized in Table 5-7 indicate that Alternatives C1A and ClB (RBI 
supply without and with U V  disinfection, respectively) would be the most desirable options 
strictly from an overall project cost perspective. 

5.6.7 Comparison of Relative Benefits for CHWTP Alternatives 
A comparison of the relative benefits of the various alternatives with respect to several 
performance- and operations-related criteria is summarized in Table 5-9. (This summary was 
developed based on input from both Black & Veatch and LWC staff during a March 2002 
water treatment workshop.) For the Comparison summarized in Table 5-9, alternatives that 
exhibit no clear advantage or benefit with respect to a given criterion were assigned a value 
of 0, while alternatives that exhibit a clear benefit or advantage were assigned values of +1 
(beneficial) or +2 (cleaxly superior). If an alternative was determined to be clearly inferior or 
less desirable than other alternatives with respect to a given criterion, it was assigned a value 
of -1. 

Results of the relative benefits comparison summarized in Table 5-9 suggest that Alternative 
C 1 would be the most desirable, but by a relatively small margin. 
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Criteria 
Particle Removal 
Microbial Pathogen Removal 

Relative Rating of Alternative 
c1 c2  c3 c4 

RBIwRJV Ozone+W GAC+W UF+GAC+W 
+1 +1 +l +I 
+1 +1 +1 +I  

IroniManganese Removal I -1 +1 I +1 0 
SOC Removal +I +1 +1 +l  

DBP Precursor Removal 
Taste 8z Odor Removal 
Spill Mitigation 

I I 1 Residuals Manaeement I 0 I 0 I 0 1 + 1  I 

~ ~~ ~ 

+1 +1 +l +1 
+1 +1 +1 +I 
+2 +I +2 +1 

" 
Multiple Treatment Barriers 
Reduced Chemical Addition 

Totals: 

5.6.8 Risks / Unknowns 
A number of relative risks were identified during the development and evaluation of the 
various CHWTP treatment alternatives. Relative risks associated with each of the CHWTP 
treatment alternatives are summarized in Table 5-1 0. 

+2 +2 +2 +2 
0 0 0 +l 

+14 +I 0 +12 +13 

5.6.9 Conclusions 
The following conclusions can be drawn from the information presented above: 

P Alternative CI (RBI supply with or without UV disinfection) is the least-cost 
alternative when both probable initial capital and projected annual operating costs 
over the planning period are considered. 

> Alternative C2 (Ohio River supply with ozone and W disinfection) is the least- 
cost alternative strictly &om a probable initial construction cost perspective. 

P An evaluation of overall performance- and operations-related factors indicates 
that Alt. C1 would be preferable to AIternatives C2, C3, and C4 by a slight 
margin. However, additional evaluation is recommended to address sustainable 
capacity and related costhsk concerns prior to any large-scale commitment to 
R B I  supply at CHWTP. 
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I Table 5-10 
Risks Identifiec 

Treatment Alternative 

ClA, C1B: RBI Supply 

~ ~~ ~~~ ~ 

C2: Ohio River w/ozone, W 

C3: Ohio River w/GAC, UV 
C4: Ohio River wlmembranes, 

GAC, U V  

for CHWTP Treatment Alternatives 

(1) Sustainable Well Capacity 
(2) Uncertain Geological Conditions 
(3) Right of Way Issues (Cost Impacts) 
(4) Well Contamination (short vs. long term impact 

(1) Bromate Production 
(2) Chlorite / Chlorate Production 
(3) Possible Need for Intermediate Pumping 
(1) Increased GAC Regeneration Freauencv 

Of spills) 

(1) Membrane Replacement Frequency 
(2) Membrane Biofouling Potential . 

5.7 Recommended Supply and Treatment Approach 

As previously discussed in this section of the report, LWC’s goveming objective is to 
continue providing its customers the highest quality of water at an economical cost. 
Consistent with this objective, LWC also strives to maintain comparable or equivalent water 
quality throughout its distribution system, so that consumers essentially receive the same 
product regardless of location. This philosophy was key in developing the recommended 
approach to treatment for the Crescent Hill and B. E. Payne plants. 

LWC has already committed to converting the BEPWTP to a full RBI supply within the 
foreseeable future. Therefore, it is incumbent that the recommended treatment plan 
incorpomte that decision, and be designed to achieve a similar level of water quality from the 
Crescent Hill plant to that which will be produced at B. E. Payne. Fortunately, LWC can 
meet this goal with the CHWTP treatment alternative that proved to be most advantageous 
and least costly from the analysis; Alternative Cl.  That alternative, as described in this 
chapter is the basis for the recommended approach. 

The resulting recommended supply and treatment recommendation for LWC is summarized 
below. Key points are highlighted along with relevant elements associated with those points. 
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Louisville Water Company 5.0 Water Supply and Treatment Facilities 

P Adopt Alternative C1A as the treatment improvement plan for CHWTP. 

0 Investigate and confirm the sustainable RBI capacity for CINVTP. Using RBI 
as the supply source for Crescent Hill will be dependant upon ensuring that 
adequate volumes of water are avaiIabIe. 

0 Verify that LWC’s assumptions regarding geology and property acquisition 
are correct for the areas where collector wells are proposed. These aspects of 
the RBI plan are important for assessing the scope, limitations, and cost of this 
approach. 

0 Confirm process design assumptions for CHWTP through pilot testing. 
Although LWC has some operational experience with RBI supply at 
BEPWTP, it would be useful to determine more accurately the effects and 
operational adjustments associated with changing the plant’s source of supply. 

’ 9 Coordinate installation of UV at CHWTP with conversion of BEPWTP to full RBI 
supply. 

0 In order to satisfy LWC’s goal of avoiding any disparity in finished water quality 
between the two plants, it is recommended that ultraviolet disinfection systems be 
incorporated into Crescent Hill simultaneously with B. E. Payne switching to total 
RBI supply. Current projections are that the additional RBI wells will be operational 
about 2007. Although installing UV at CHWTP will not make the resulting treated 
water a duplicate of that from BEPWTP, it will represent a considerable improvement 
and provide some of the same benefits as RBI. 

k Plan completion of the RBI supply source for CHWTP to coincide with installing 
UV systems at BEPWTP. 

0 When RBI is ready for CHWTP, install W at BEPWTP. When this step is 
’ completed, the two plants will effectively produce identical quality finished water. 
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6.0 Delivery and Storage Facilities 

This chapter covers the review, evaluation, and recornendations for pumping, storage, and 
transmission improvements to meet water system demands for the 2002-2021 planning period. 

The review considered the current transmission system facilities, existing and projected water 
demands, supply and treatment capacities, prior planning reports, and additional plans and concepts 
suggested by the Infrastructure Planning Business System. Prior planning reports included the 
1995-2015 Facilities Plan, the 1996 Distribution System Hydraulic Master Plan, the year 2000 
Billtown and Long Run Hydraulic Update, and the 2001 Creation of a New 900.1 Pressure Plane 
Repo~t. The currently planned capital improvements were based on the 2002-2006 proposed capital 
expenditures for Budget Item BI 14 - Booster Pressure System, Item BI 15 - Storage Facilities, and 
Item BI 65 - Transmission Mains. 

During the course of the 2002-2021 Facilities Plan review, meetings with LWC staff and with the 
Technical Review Committee were heId to present recommendations, secure LWC input, and 
achieve consensus. Potential improvements that were considered, including alternatives, are shown 
on Figure 6- 1. The Figure also indicates whether each potential improvement was proposed for the 
recornmended Capital Improvements Program, was not proposed, or is a Wure main dependent on 
implementation of a regionalization scenario. 

Proposed capital improvements should be confmed by computerized hydraulic modeling prior to 
final design and construction, to ensure they are adequately sized and located for LWC’s system. 

6.1 Delivery and Storage Unit Costs 

Table 6-1 provides planning level unit construction costs far storage, pumping and transmission 
facilities. Costs are used to compare alternatives and to prepare the recommended capital 
improvements program. All costs represent fourth quarter 2001 price levels. Probable capital costs 
are estimated as the construction costs plus a 30 percent total allowance for contingencies and 
engineering, legal, and administrative costs. Costs for land, rock excavation, or rights of way are 
not included. Some cost variations for certain storage tanks, as appear elsewhere in this section, are 
due to the style of construction anticipated for the particular’geographic area (pedestal, column, etc.) 
or anticipated unique geological engineering concerns. 

~~ 
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6.0 Delivery and Storage Facilities 

6.2 Delivery Needs 

As previously discussed, the nominal production capacity from CHWTP is up to 180 mgd and h m  
BEPWTP is up to 60 mgd once the current project underway is completed in 2003. The total 
treated water supply of 240 mgd satisfies the projected year 2020 maximum daily demand of 239.5 
rngd, including an allowance for potential new regional wholesale customers. 

Figure 6-2A, 6-2B, and 6-2C provide a simplified flow schematic of the existing and proposed 
transmission systems for years 2000, 2005, and 2020, respectiveIy. The schematics show the 
maximum day water demands in each service area, the required flow transfers between areas to 
meet these demands, and the required production fiom the water treaiment plants. 

6.3 Storage Needs 

Storage facilities in a transmission system serve multiple purposes. Without water storage, the LWC 
supply, pumping, and transmission facilities would need to deliver instantaneous peak demands 
(maximum hour). The availability of sufficient water storage at appropriate locations reduces the 
maximum demand on the supply, pumping and transmission facilities to the maximum day rate. 

Storage needs are determined for each service area as the total of the volume needs for equahzation, 
fire reserve and emergency supply. The available storage in each area should also be not less than 
twice the equalization volume, to avoid drafting reservoirs by more than one-half during normal 
demands. These criteria have been utilized in prior LWC planning work and are consistent with 
h e n c a n  Water Works Association (AWWA) Manual M32. 

6.3.1 Equalization Storage 
Equalization storage should be adequate to supply the maximum hour rate in excess of the 
rnaxinrum day rate for at least a 6-hour peak period. For the LWC demand ratios, this equates to 
11 2 5  percent of the maxhum day use in the areas supplied by the CHWTP (660 Pressure Plane) 
and 13.25 percent of the maximum day use in the Elevated Service Area The 6-hour peak period 
criterion was confirmed by reviewing the hourly demand patterns for the historical maximum use 

day. On a maximum demand day, storage facilities will generally contribute water when demands 
are greater than the instantaneous average daily rate and will refill when demands are less than the 
instantaneous average daily rate. 

63.2 Fire Storage 
Fire storage is based on supplying fire flow for the required duration. The Insurance Services 
Office (ISO) grades municipal fm defense cagabilities for insurance ratmg Dumoses. Part of the 
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IS0 evaluation consists of determining needed and available fire flows at various locations 
throughout a water utility’s system. The needed fire flow is calculated based on the size, 
construction, occupancy, and exposure of each building or complex. Needed fire Bows can range 
from 500 to 12,000 gpm. A flow of 1,000 gpm is generally sufficient for fighting fires in residential 
structures no higher than two stories if they are more than 10 feet apart. The fire flow is required 
for a specified duration, generally 2 to 3 hours, at a residual pressure of 20 psi. The system should 
be capable of supplying the required fire flow during maximum day demand conditions. 

Fire Storage Volume Criteria 
Fire Flow Rate Duration Volume 
igpm) (h ours) C M )  G 
3,500 3 0.63 

2,500 2 0.30 
1,500 2 0.18 

For insurance rating purposes, 3,500 gprn for a 3-hour duration is the maximm fire flow required 
to be supplied by a municipal water system in accordance with IS0 Schedde and A W A  M31. 
This rate would require fire storage of 0.63 MG. Fire flow requirements in excess of 3,500 gprn 
that cannot be met by the water system may affect the rating of an individual buiIding; however, the 
overall municipal rating will not be affected. 

Each pressure ptane was assigned a fire flow volume for the storage evaluation, corresponding to 
Table 6-2 and an assessment of the typical development. Generally, a 3,500 ani rate was assigned 
to pressure planes that include industrial or heavy commercial areas; 2,500 gprn to areas with 
commercid land use; and 1,500 gpm to all other areas. 

Table 6-2 1 

6.3.3 Emergency Storage 
Emergency storage provides a reserve supply in the event that the water supply is disrupted for any 
reason. These may include major water main breaks, equipment faihres, power outages, or natural 
disasters. Providing emergency storage is a LWC policy issue, which should consider the risk of 
supply disruption and the desired degree of reliability. The volume required to meet demands 
during an outage depends on the system demand and the duration of the outage. The 1995-2015 
Facilities Plan evaluated a range of emergency storage criteria, and concluded emergency storage 
volumes would be sufficient for LWC’s system if they could supply the average annual day demand 
rate for a &hour period. This criterion remains appropriate for LWC given the redundancy 
available in the system and the types of emergency events that have occurred. 
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Since emergency storage is not an absolute requirement of a water utility, some flexibility in 
applying the criteria is appropriate. As stated in AWWA M32, “Unlike equalization and fire 
storage, which should be available at aI1 system storage sites, emergency storage may be included at 
only one or a few of the storage sites.” 

63.4 Total Storage Requirements 
In general, the storage assigned to each purpose shodd be allocated in terms of its position in the 
storage reservoir. Equalization storage represents the top portion of a reservoir, since this portion 
fills and drains during a typical day and the fire and emergency volumes are held in reserve. Also, 
equalization storage should not be less than about one half of the total storage volume. The middle 
portion of the reservoir is the fire volume, and emergency storage is the bottom section. The 
importance of designating levels for the different types of storage allocation is to ensure that the 
storage volume has the correct hydraulic grade line for the intended purpose. For example, fire 
storage may be required at a time when the equalization storage has been depleted. System analysis 
should ensure that fire storage is available at the hydraulic grade line equal to the “bottom” of fire 
storage volume allocation. Storage levels would vary fiom full to depletion-of-equalization volume 
(or half full) as demand varies throughout the day. 

Table 6-3 presents the calculation of storage requirements for the pressure planes served by each 
reservoir and for the total system, based on year 2005 demands. Table 6-4 presents the storage 
reqyirements for year 2020 demands. The tables indicate that additional storage of 7.56 MG by 
year 2005 and 13.73 MG by year 2020 would be needed to €idly satisfy the storage criteria in all 
pressure planes. 
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Pressure Existing 
Plane Volume 

(MG) 

6-hr AD Total Additional 

Volume Volume Requirement 
Emergency Required Volume MD Equalization Fire 

Volume Volume 

(MG) (MG) (MG) 
(mgd) (MG) IMG) 

680.0 
770.1 
770.2 
770.3 
770.4 

0.00 0.02 0.00 0.18 0.00 0.19 0.19 
0.00 0.18 0.02 0.18 0.03 0.23 0.23 
1.00 9.76 I .34 0.63 1.43 3.41 2.4 1 
0.00 7.2 1 0.8 I 0.30 1.06 2.17 2.17 
0.00 5.95 0.82 0.30 0.87 1.99 1.99 

820.0 
860. I 

I I I I I I 950.1 I 0.50 { 1.25 I 0.17 I 0.30 I 0.18 I 0.66 I 0.16 

7 ~ 

0.00 0.1 1 0.02 0.18 0.02 0.2 1 0.21- ~ 

10.80 . 19.32 2.66 0.63 2.84 6.13 -4.67 

Subtotal 1 20.80 I 75.18 1 10.16 I 4.74 I 10.87 I 25.95 I 5.15 
660 Pressure Plane and Dependent Planes 

860.2 
860.3 

5.00 13.75 1.89 0.63 2.02 4.54 -0.46 ~ ~ 

0.00 1.20 0.17 0.30 0.18 0.64 0.64 
900.1 
900.2 
940.1 

I I 790. I 1 0.60 I 0.49 1 0.06 I 0.18 I 0.09 ' I 0.32 I -0.28 
I i 

2.00 10.43 1.43 0.63 133 3.60 1.60 
0.00 0.20 ' 0.03 0.18 0.03 0.24 0.24 
I S O  5.81 0.80 0.30 0.85 1.95 0.45 
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770.6 
1030.0 
660.0 

6-6 

0.00 0.17 0.02 0.18 0.03 0.23 0.23 
0.15 0.38 0.04 0.18 0.07 0.29 0.14 
35.25 124.39 13.99 0.63 22.2 1 36.84 1.59 

2002 - 2021 Facilities Plan 
Volume 2 

Capital Program 

690.0 
750.0 
760. I 
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770.5 
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0.50 0.72 0.08 0.30 0.13 0.5 1 0.01 
0.10 0.25 0.03 0.18 0.05 0.25 0.15 ' 

0.35 0.07 0.01 0.18 0.01 0.20 -0.15 
0.15 0.39 0.04 0.18 0.07 0.29 0.14 
0.23 0.82 0.09 0.30 0.15 0.54 0.31 



Subtotal 38.13 136.13 I 1531 3.03 2431 42.65 452 

Total I 58.93 I 225.74 I 27.64 I 7.77 I 3736 I 72.66 I 13.73 
Total Existing Retail Service Area 
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very and Storage Facilities 

6.4 Water Quality Considerations 

Chloramines are presently employed by LWC as a secondary disinfectant for maintaining a residual 
in the distribution system. Chloramine is a more stable, longer lasting disinfectant than chlorine, 
and it has limited reactions with organic compounds that form disinfection byproducts. It is also 
effective in controlling the growth of existing biofilms on the pipe walls. These benefits will better 
enable the LWC to expand the transmission and distribution systems and remain in compliance with 
regulatory requirements. However, as experienced by LWC, use of chloramines as a disinfectant 
residual poses some risks associated with nitrification in the distribution system. 

One of the key factors in successfully using chloramines is the proper ratio of chlorine and 
ammonia. If the ratio is not optimal, h e  ammonia conditions can occur and trigger nitrification 
episodes in the distribution system; or the speciation can shift from the desirable mono-chloramine 
to di- and tri-chloramines. The presence of these two compounds can result in taste and odor 
complaints, and, therefore, should be avoided. Given the need to achieve the proper chemical 
balance, boosting the residual at stations in the distribution system is generally not recommended. 

Ten States Standards, Article 4.3.3, states that “MinimUm combined residuals, if appropriate, 
should be 1.0 to 2.0 milligrams per liter at distant points in the distribution system.” For 
comparison, the minimum residual for free chlorine is 0.2 mg/L. As chloramines are not as strong 
an oxidant as free chlorine, a higher combined chlorine concentration is recommended to provide 
protection against microbial regrowth. If the target residual cannot be maintained to the ends of the 
distribution system, then increasing the concentration leaving the plant will be necessary. The 
maximum residual disinfectant level for chloramines is 4.0 m&. The system needs to mutually 
satisfy both the minimum and maximum residual levels permissible, which may be a constraint on 
the amount of system expansion. 

If the residual can be maintained in the system through optimized treatment and distribution system 
operations, then susceptibility to nitrification needs to be considered In addition to maintaining the 
proper chlorine-to-ammonia ratio, other factors important in nitrification susceptibility include 
system residence time, temperature, and pH, as well as the physical conditions in the pipe such as 
sediment, tuberculation, and biofilms. Operation strategies to avoid nitrification problems include 
maximizing water circulation and tank turnover rates. Vigilant monitoring can indicate that 
conditions are conducive for a nitrification episode, allowing a swift response. Having a plan in- 
place for controlling nitrification is needed, which may include flushing to reduce water age in 
localized areas or temporarily feeding free chlorine as a system-wide control measure. Extended 
travel distance within a lengthy transmission and distribution system can result in prolonged 
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residence time, which corresponds to a loss of chlorine residual when high temperature and slow 
circulation conditions exist simultaneousIy. In such instances involving significant geographical 
area coverage, it may be necessary to consider chloramine re-injection to assure a disinfection 
residual, where the balance of the transmission and distribution system can be hct ional ly isolated 
fkom the rest of the system. In such circumstances, tight process cmtrols to assure the proper 
chlorine-to-ammonia ratio must be instituted in addition to providing site safety controls for 
chlorine and ammonia storage at the chloramines re-injection Iocation. 

LWC has established operational criteria to help prevent nitrification in stored water. Nitrification 
can genedly occur at temperatures over 12 degrees Centigrade (54 degrees Fahrenheit). The rule 
of thumb is to turn over one-third of the tank volume each day to avoid nitrification in the stored 
water. This ratio exceeds the allocated ff ow equalization volume. Therefore, in actual operation of 
problematic reservoirs, LWC may chose to cycle a portion of the fire and emergency volumes each 
day to minimize nitrification potential. In addition, after nitrification occurs in a reservoir, 
increased daily cycling is needed to eliminate the problem. 

To avoid nitrification, construction of future reservoirs in developing areas should be delayed until 
development has created a sufficient water demand. Provision of adequate transmission main 
looping, and avoidance of long dead-end mains can help avoid nitrification in pipelines. Chapter 4 
of Volume 1 identifies some recommendations for cycling and main looping for existing storage 
tanks that currently experience nitrification problems. 

6.5 Delivery and Storage Alternatives Evaluation 

This section includes evaluation and recommendations for storage, pumping, and transmission 
facilities. For brevity, all facilities are referred to by reference the facility ID numbers that are 
shown on Figure 6-1. 

6.5.1 Storage Facility Evaluation and Recommendation 
Several existing and new pressure planes will require new storage tanks to meet equalization, fire, 
and emergency storage requirements. Tables 6-3 and 64 presented the calculation of storage 
requirements by pressure plane for year 2005 and 2020 demands. The development of storage 
recommendations is presented in Table 6-5. 
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Table 6-5 recommendations consider the following: 

b A 660.0 PP shortage is avoided using emergency criteria of 5.4 hours. 

P Provide smaIler pressure pIanes with peak pumping capacity instead of storage. These include 
the 680.0,820.2,770.6,750.0,760.2, and 810.2 Pressure Planes. 

b Excess 860.1 PP storage meets 770.2 PP and 860.3 PP deficiencies. 

> The 950.1 PP existing standpipe (currently 860.3 PP) will be retired. The proposed Elevated 
Tank will meet the total requirement. 

P The 770.3 PP and 770.4 PP storage requirements will be supplemented via PRV's from the 24- 
inch Cross County Highway transmission main. 

P Although no additional Bullitt County storage is recommended in PP 690.0 and limited storage 
in PP 770.5, LWC should monitor possible pressure stabilization needs in extended portions of 
the service areas. 

Recommendations for new storage tanks listed below are discussed in the following paragraphs. 
The potential tanks discussed are listed in Table 6-6. 

6.5.1.2 
S-1 (Hillcrest) EIevated Storage Tank is recommended to meet storage requirements in the 820.0 
Pressure Plane. A minimum capacity of 500,000 gallons is required It is recommended to provide 
a capacity of 1.0 MG to provide service to the 820.0 Pressure Plane and the entire Goshen Utilities 
service area demand 

S-I (Allcrresst) Elevated Storage Tank 
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6.5.1.2 
S-3 (Highway 329 - Applepatch) Elevated Storage Tank is recommended to supplement existing 
storage in the 940.1 Pressure Plane. This storage was previously recommended by the PDR 
Facilities Report prepared for the former OCWD No. I.  

S-3 (Highway 329 - Applepatch) Elevated Storage Tank 

6.5.1.3 
The expanded 900.1 Pressure Plane preliminary engineering report recommended either the S-8 or 
S-12 elevated tank be constructed to meet storage requirements for the 900.1 Pressure Plane. 
However, after evaluation of storage requirements for the area, both tanks are recommended to meet 
year 2020 water demands. It is recommended that S-8 be constructed fust. LWC staff have 
determined that when the S-8 storage facility is in service, there will be sufficient elevated storage 
in the vicinity to permit the English Station Standpipe to he removed from service for needed 
maintenance. S-8 and S-12 storage tanks should each have a storage volume of 1.0 MG with an 
overflow at elevation 900 feet. 

S-8 (Old Henry Road) and S-12 (English Station) 

. 

6.5.2.4 CS-10 (Long Run) 
Elevated storage is recommended for construction based on a special report (Lung Run Hydraulic 
Update) prepared for LWC. The existing standpipe will be replaced with a 1.0 MG elevated tank 
(CS-10) with an overflow elevation of 950 feetmsI. 

6.5. I .  5 
The previous facilities plan recommended a new 5.0 MG tank be constructed near the Snyder 
Freeway and Taylorsville Road. This facility is superseded with creation of the expanded 900.1 
Pressure Plane; therefore, the S-14 (Tucker Station) facility is not recommended. This location 
could be considered as an alternate site to the recomtnended S-12 (English Station) 1.0 MG elevated 

S-14 (Tucker Station) 

storage tank. 

6.5.1.6 
Elevated tadcs were recommended in the previous facilities plan to meet the storage requirements 
for the newly created 770 Pressure Plane. The modification of the 660 and ,860 Pressure Planes to 
create the new 770 Pressure Plane will improve customer service by eliminating low and high 
pressure areas &om portions of the former 660 and 860 Pressure Planes. The 770.3 and 770.4 
Pressure Plane storage requirements will be supplemented by flows through pressure reducing 
valves from the 24-inch Cross County Highway transmission main. The actual demands and 
corresponding pumping and storage needs for the areas to be converted to these new pressure planes 
should be determined after the f'mal boundaries are defined. In the interim, LWC should plan for 
1.0 MG storage at each site (S-15, S-17, and S-20) 

S-15 (Hikes Point), S-17 (Eigh-Em), and S-20 (Heritage) 
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6.5.1.7 S-I8 (Bardktown Road) 
The previous Facilities Plan recommended a 1.5 MG elevated tank be constructed at an overflow 
elevation of 865 feet msl to improve system flow and pressure in the south-central county area for 
the 860.3 Pressure Plane. The existing 5 MG Bardstown Road Standpipe has an overflow elevation 
of 844 feet msl that will be 21 feet below the overflow of the S-18 Tank. Prior to construction, a re- 
evaluation should be made to study the opportunity to extend the 900.1 Pressure Plane to address 
customer low pressure conce~ls needs by constructing this elevated tank at a 900 msl. With 
increased transmission capacity being recommended along the Snyder Freeway between the English 
Station Standpipe with an oveflow elevation of 864 feet rnsl and the Bardstown Road Standpipe, it 
is beIieved the Snyder Freeway transmission main could be better supported with the existing 
Bardstown Road Standpipe serving in a transmission storage capacity for the 860.2 Pressure Plane. 

6.5.1.8 S-28 (Jeflmon Memorial Forest) 
The previous Facilities Plan recommended a second 150,000 gallon elevated tank be constructed to 
meet storage requirements for the 1030 Pressure Plane. 

6.5. I .  9 
This elevated tank is recommended to provide system storage for the 900.2 Pressure Plane. The 
volume should be 250,000 gallons with an overflow elevation of 900 feet msI. 

CS-30 (Dry Ridge Road) 

6.5.1.10 S-34 (Barralton) 
This elevated tank is recommended to provide system storage for the 940.2 Pressure Plane. The 
volume should be 250,000 gallons. 

6.5. I .  1I 
This elevated tank is recommended to provide system storage for the 770.5 Pressure Plane in 
support of the Bullitt County Extension Program in eastern Bullitt County. The volume should be 
500,000 gallons. 

S-38 (Ridge Road / Highway 480) 

65.1. I2 CS-39 (GospelKingdom) 
This elevated tank is recommended to provide system storage for the southern portion of the 1030 
Pressure Plane. The volume should be 250,000 dlons.  

6.5SJ3 8-44 (Rai?t’~R~a) 
This elevated tank is recommended to supplement existing storage in the 900.3 Pressure Plane. The 
volume should be 250,000 gallons. 

~ 
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6.5.1.14 
This elevated tank is recommended to provide system storage for the 690.1 Pressure Plane in 
support of the Bullitt County Extension Program in southern Bullitt County. The volume should be 
1.0 million gallons. 

S-45 (3-65 Transmission Corridor: Undesignated) 

L 
B-6 B-28 B-7 . 

CB-10 RB-3 1 B-8 
E-13 RB-3 1A B-9 

6.5.1.15 S-46 (Sugar Tree) 
This elevated tank is recommended to provide system storage for the 810.2 Pressure Plane in 
support of the Bullitt County Extension Program in western Bullitt County. The volume should be 
250,000 gallons. 

.E-17 
CB-18 
E-2 1 
B-26 

6.5.1.1 6 
This elevated tank serves as a placeholder to provide system storage for the 860.1 Pressure Plane if 
deficient capacity is determined, given the backup backflow fi-om the 900.1 Pressure Plane storage 
through the interconnect design with check valves and pressure sustaining valves. 

S-47 (860 Pressure Plane: Undesignated) 

E-32 
REI-33 
B-34 
B-35 

6.5.l.I 7 S-48 (Cardinal Hill Reservoir Improvements) 
This 30.0 MG reservoir is in need of significant improvements and recoating of certain structures to 
extend their useful life. These improvements include, but are not limited to piping, structure 
renovation, and security related items. 

6.5.2 Booster Pumping Facility Evaluation and Recommendation 
Several of the potential transmission main improvements will require booster pumping to deliver 
water supply to higher pressure planes. New booster pumping stations are listed in Table 6-7 along 
with existing stations to be modified. The new and modified stations listed below are discussed in 
the following paragraphs. 

I Table 6-7 I 
Booster Pumping Facility Identification Numbers 

New I Modified 

6.5.2.1 23-7 (Shelbyville Road BPS) 
B-7 (Shelbyville Road BPS) pumps will be modified by changing impellers to allow pumping to the 
950.1 Pressure Plane from the newly created 900.1 Pressure Plane. The total firm capacity from 
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Shelbyville Road BPS and the existing Aiken Road BPS should be equal to 2400 gpm. It was 
previously recommended to provide 2100 gpm at &en Road BPS and 1000 gpm at Shelbyville 
Road BPS. 

6.5.2.2 B-8 (Hikes Point BPS) 
B-8 pumps will be modified by changing impellers to allow pumping to the expanded 770.3 
Pressure Plane and a new elevated tank (Hikes Point S-15). This station has totd and f m  
capacities of 7.5 and 5.0 mgd, respectively. 

6.5.2.3 B-9 (Blankenbaker Crossing BPS) 
The two existing B-9 pumping units provide firm and total capacities of 1.15 rngd and 2.30 mgd, 
respectively. To meet the expanded and new 900.1 Pressure Plane water demands, a third unit 
should be installed to provide firm capacity of 1.82 mgd, and a total capacity of 3.30 mgd. 

6.5.2.4 
RB-3 1 or B-3 1A is to meet increased demand should Regionalization Scenario B or Regionalization 
Scenario C come to fnrition. Though its capacity would not be used to solely supply those 
regionalization scenarios, it would supply areas in the 770.3 Pressure Plane and a new elevated tank 
Wghview S-17) as well as the Snyder 860 Pressure Plane Transmission System. Funding is not 
included for either of these stations, as the Regionalization Scenario business cases will provide for 
the required funding. If' B-31 Station is not constructed, then pressure reducing valves off the 24- 
inch Cross County Highway main could supplement the water demands in the 770.3 Pressure Plane. 
Also, the 770 pumps installed in the Smyrna BPS could serve the 770.3 and 770.4 Pressure Planes 
and the High-View Tank (S-17). As shown on Figure 6-1, B-31A BPS is not recommended. 

RB-31 BPS or B-31A BPS 

6.5.2.5 
This station will provide water supply to the new 900.1 Pressure Plane. This station should have a 

firm capacity of 2.0 mgd to meet the projected year 2020 water demands. The location for this BPS 
will match the 990 PP tank locations of either S-12 (English Station) or S-I4 (Tucker Station). This 
station will meet residential and commercial demand in this area as well as address low pressure 
complaints along Taylorsville Road near 1-265 and Tucker Station Road. 

B-6 (Tucker Station Road BPS) 

6.5.2.6 
CB-10 (Shady Acres BPS) and B-17 (Billtown Road BPS) are new or pending booster pumping 
stations that will discharge to the new 900.1 Pressure Plane. 'It was previously recommended that 
each station should have a capacity of 1400 gprn for a total of 2800 gpm. The Shady Acres BPS 
should have an extra pumping unit, to provide firm capacity with one pumping unit out of service. 

CB-IO (Shady Acres BPS) and B-I 7 (BiUtown Road BPS) 
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6.5.2.7 
B-13 (Pleasure Ridge Park II BPS) is recommended to provide a redundant supply to the 810.1 
Pressure Plane in the area of the Cardinal Hill Reservoir for reliability purposes. The firm capacity 
of the station is recommended to be 2.0 mgd. 

B-13 (?Yeasure Ridge Park II BPS) 

6.5.2.8 CB-I8 (Dry Ridge BPS) 
CB-18 (Dryridge BPS) is recommended to provide supply to the 900.2 Pressure Plane and the new 
elevated tank (S-30). The total and firm capacity of the station should be 300 gpm and 200 gpm, 
respectively. 

6.5.2.9 B-21 (Zoneton BPS) 
B-21 (Zoneton EPS) is planned as a new station that will repIace the existing station with two 300 
gpm units. However, with the expanded 770 Pressure Plane as shown on Figure 6-1, it is 
recommended that B-21 not be constructed and instead a new 12 inch main (T-35) be extended 
fiom the 770.4 Pressure Plane to the existing Zoneton elevated tank. This raises the hydraulic 
gradient elevation from 760 to 770 feet. 

6.5.2.10 
B-26 (Ridge Road BPS) is a new station to provide water supply to the 770.5 Pressure Plane and an 
elevated tank (S-38). The firm capacity of this station is recommended to be 2.84 mgd. 

B-26 (Ridge Road/Highway 480 BPS) 

6.5.2.11 B-28 (Ram’s Run BPS) 
B-28 (Ram’s Run BPS) is a new station to provide water supply to the 900.3 Pressure Plane and an 
elevated tank (S-44). The firm capacity of this station is recommended to be 1 .O mgd. 

4.5.2.12 
To fully utilize the 10 MG stored in the standpipe, a 20 mgd booster station should be constructed 
near the base of the standpipe to discharge to the English Station Elevated Tank and the 60 inch 
transmission main. The top 20 feet of the standpipe would float with the existing elevated tank. 
When the water revel falls below 20 feet, then the booster pumping statim would take suction fiom 
the remaining volume. It is assumed that about 5 MG or 45 feet would be available for pumping at 

a rate of 20 mgd for 6 hours. Replenishment of the standpipe would be through a pressure reducing 
valve at a controlled rate of about 10 rngd over a period of 12 hours. 

B-32 (English Station Standpipe BPS) 

6.5.2.13 
E-33 (Knob Creek Road EPS) is a new 1.0 mgd station to supply Sugar Tree Tank in western 
Bullitt County along Knob Creek Road (Hwy. 1526) and the lower portion of Martin Hill Road due 
to hydraulic constraints. It will serve the 8 10.2 Pressue Plane created by the tank. 

B-33 s n o b  Creek Road BPS) 
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6.5.2.14 
One of these new stations will be needed to meet the projected increased water demands in the 
940.1 Pressure Plane and regionalization demand for Scenario D should this regionalization 
scenario come to fruition. Because the T-5 Alternative is not recommended, the B-34 station would 
not be required. 

RB-33 (T-4 Alternative) and RB-34 (T-5 Alternative) 

6.5.3 Transmission Main Evaluation and Recommendations 
Several of the proposed improvements shown on Figure 6-1 are alternatives to one another. The 
alternatives wefe evaluated based on implementation, staging potential, and capital costs. The 
alternatives are listed below and discussed in the following p ~ ~ ~ i p p h ~ .  

9 B. E. Payne 60-inch Pipeline Reliability Connection; Pipelines T-2 versus T-3. 

> Regionalization Scenario D Supply; Pipelines T-4 versus T-5. Pipelines T-4 or T-5 will require 
a booster pumping station B-33 or B-34, respectively. 

P Crescent Hill to ESA ReIiability Connection; Pipelines T-9 Segment 1 , T4A, T-9A1 and T-9A2 

> Southern 860 Pressure Plane Supply; Pipelines T-29A, T-1 lA, T-13A, 12431 and 12432 versus 
T-29B, T-11B, T-13B, and T-32. T-12 and T-l2B, or T-12A will require a booster pumping 
station B-3 1 and E-3 1 A, respectively. 

> Scenario C/Bluegrass Pipeline, T-1 OA versus T-1 OB. 

P Scenarios A and I3 Supplies; Pipelines T-34 and T-17. 

V~IYALS T-12A1, T-12A2, T-12A3, and T-12A4. 

6.5.3.1 
Pipelines T-2 and T-3 are alternative improvements that provide a parallel redundant main to the B. 
E. Payne 60-inch transmission main, between the plant and Westport Road. Both routes were 
reviewed based on implementation and costs. The existing main has a history of leaks as discussed 
previously, with the majority of Ieaks located west of Highway 71. 

B. E, Payne 60-inch Pipeline Reliability Connection 

The required flow through the parallel pipelme was determined to be 30 mgd based on the 11 2 mgd 
year 2020 maximum day demand for the elevated service area plus wholesale and regionalization 
scenario demands, less 72 mgd supply fiom the Westport, Smyma, and a future B-31 pumping 
station discussed later. 

The current high service pump operation is limited to 60 rngd and about 209 psi discharge pressure 
to avoid over-pressurizing the 60-inch pipeline. LWC indicated that the pumps could be operated at 
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Lou isvi I le Water Company 6.0 Delivery and Storage Facilities 

about 10 psi additional head when pumping to the parallel main with the 60-inch main out of 
service. 

The T-2 alignment offers a first connection to the 60-inch main at 12,500 feet from the B. E. Payne 
plant. This connection would provide redundancy for the most problematic portion of the 60-inch 
main. A 36-inch pipe is required to convey 30 mgd to this location with the available pump 
discharge head. The 36-inch pipe could deliver up to 42 mgd. 

The T-3 alignment would connect to the 60-inch main at 21,900 feet fiom the plant. This pipeline 
would aIso be 36-inchY but would deliver up to 31 mgd with the available head 

T-2 has the higher capital cost for the total project, at about $9,600,000 compared to about 
$7,540,000 for T-3. T-3 is the recommended alternative, based on lower costs for the project. 

6.5.3.2 
T-4 and T-5 are alternative improvements that provide water supply to the 940.1 Pressure Plane and 
Scenario D. Both improvements require a new pumping station to booster the hydraulic gradient 
from the 860 Pressure Plane to the 940 Pressure Plane. T-4 has the lowest capital cost of about 
$10,800,000 compared to about $13,000,000 for T-5. T-4 is recommended based on cost. (Note: 
T-4 is not included in Table 6-10 because it is a Regiunalization transmission main and does not 
have capital fimding.) 

Regionalization Scenario D Supply, T-4 Versus T-5 

6.5.3.3 Crescent Hill to ESA Reliability Connection; Pipelines T-9 Segment I ,  T-9A, T-9AI 
and T-9A2 versus T-12A1, T-12A2, T-1243, and T-12A4 

The first alternative improvement (T-9 series) consists of a 42-inch transmission main fiom the 
Westport Booster Pumping Station to the existing 36-inch main in Linn Station Road at 
,Hurstbourne Parkway (Cross County Header). A second section of the fist alternative would 
consist of a new 36-inch main across Interstate 64 along the Cross County Header to Taylorsville 
Road, then along Taylorsville Road to the Snyder Freeway. The second alternative improvement 
(T-I 2A series) consists of a 48-inch transmission main fiom the 60-inch main at Ban Air Avenue to 
Hikes Lane, then a 42-inch main along Hikes Lane to Taylorsville Road, then in Taylorsville to the 

Cross County Header, then a new 36-inch to the existing 36-inch main in Linn Station Road. The 
second part of this alternative would be a 36-inch main fiom the Cross County Header along 
Taylorsville Road to the Snyder Freeway. These two alternatives provide a reliability connection to 
the 60-inch transmission main in English Station Road from the BEPWTP. 
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Based on 2001 capital costs, the first alternative (T-9 series) would be about $20,000,000, whereas 
the second alternative (T-12A series) would be about $20,800,000. It should be recognized the 
second alternative would require a booster pumping station (E3-31A) at a cost of $3,78Oy0O0 for a 
total $23,780,000 capital cost. The first alternative is recommended since it allows for staged 
improvements and provides for an initial connection to the Cross County Header 24-inch and 
36-inch mains at Linn Station Road. The second parts of both alternatives are future improvements, 

T-12 was the improvement initially developed to provide a reliability connection to the 60-inch 
main in English Station Road as a 30-inch transmission main. As shown in Figure 6-3, T-12 
represents realignment of the T-12B segment that would direct flows to Snyder Freeway and 
Taylorsville Road, rather than to Snyder Freeway and Bardstown Road. To provide equivalent 
hydraulic capability as T-12B, segment T-I2 would need to be the same diameter (36-inch), and T- 
13 and T-32 on Snyder Freeway would need to be 42-inch. Therefore, any altemative utilizing the 
T-12 alignment is less efficient at meeting the projected southern 860 Pressure Plane demands. T- 
12 is not recommended. T-12 could be reconsidered if Scenario C demands are significantly 
increased or if the Bluegrass Pipeline project is reactivated. 

6.5.3.4 Southmn 860 Pressure Plane Supply, Pipelines T-29AY T-llA, T-l3A, T-l2BI, and 
T-12E2 versus T-29B, T-IIB, T-13B, and T-32 

T-29A, T-ltA, T-l3A, T-12B-I, and T-12B-2 versus T-29B, T-11B, T-l3B, and T-32 are 
alternative improvements to provide water supply to Regionalization By Regionalization C and the 
860.2 Pressure Plane. The first alternative improvements provide water supply fiom both the 
BEPWTP and CHWTP, whereas, the second alternative improvement provides water supply only 
from the BEPWTP. The first alternative improvements allow staging whereas the transmission 
along Snyder Freeway would be constructed first. The transmission main along Bardstown Road 
would be constructed when increased transmission capacity is required to meet additional water 
demands in the 860.2 Pressure Plane and the Taylorsville and Mount Washington Water Works 
wholesale water customers. 

Based on 2001 capital costs, the first alternative would be about $24,700,000 plus $3,780,000 for a 
booster pump station (E3 1) a total $28,580,000 capital cost. The second alternative along Snyder 
Freeway has a cost opinion of $20,300,000. However, the first alternative is recommended since it 
provides two sources of supply and allows for staging. 

6.5.3.5 
T-lOA is an improvement to provide water supply to the 860.3 h-essure Plane and Regionalization 
Scenario C wholesale customers. T-1OB is an alternative improvement to provide a future supply to 

Scenario Wluegmss Pbeline; T-10A and T-IOB 
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the Kentucky-American Water Company service area in addition to the T-1OA demand. T-1OA is a 
16-inch main and T-1OB is a 36-inch transmission main with probable capital costs of about 
$4,008,960 and about $8,700,000, respectively. 

All other mains shown on Figure 6-1 and Table 6-7A are recommended to meet projected water 
demands for the planning period. 

6.5.3.6 
Alternative locations for supply connections to Regionalization Scenarios A and B were considered, 
as shown on Figure 6-1. Scenario A could be provided water either on Dixie Highway and the 
Jefferson County Line, or M e r  south at Highway 65 at the southern Bullitt County Line. Pipeline 
T-17 would supply the Dixie Highway connection. A comparable pipeline though Bullitt County 
Pressure Plane 690.0 plus increased capacity for mains in southern Pressure Plane 660.0 would be 
needed for the southern connection. The T-17 improvement requires significantly less pipeline 
length and is recommended. (Note: T-17 is not included in Table 6-10 because it is a 
Regionalization transmission main and does not have capital funding.) 

Scenarios A and B Supplies; Pipelines T-34 and T-1% 

Similarly, Scenario B could be supplied from either near the Nelson and Spencer County Lines, or 
Highway 65 at the southem Bullitt County line. Pipeline T-34 supplies the northern connection. 
For Scenario A, using the southern connection would require a comparable main through the 690.0 
Pressure Plane plus increased capacities within southern 660.0. The T-34 improvement is 
recommended 

6.6 Recommended Delivery and Storage Capital Improvements Plan 

Figure 6-3 shows the Capital Improvements Plan for the recommended delivery and storage 
facilities. The prdposed system fIow schematic with 2020 paximum day demands and 
regionalization flows was provided in Figure 6-2C. Tables 6-8,6-9, and 6-10 list the recommended 
storage, pumping, and transmission mains, respectively, along with the capital costs. 
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Storage Facility Name 

* = These facilities have atready been h d e d  and costs should not be included in future budget calculations. 

~- ~ ~~~ 

December 2002 6-2 1 2002 - 2021 Facilities Plan 
010803 Volume 2 

Capital Program 

LWC 2792 



Pumping Station Name 
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I Table 6-10 I 
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~ 

Louisville Water Corn 

I Table 6-10 I 

Bardstown Rd Area 
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Louisville Water Corn 

I 

CIP 
Project 
No. 

T45 

I Table 6-10 I 
2020MD h g t h  unitcost ‘o*~Y Capitalcosts Pressure Diameter 

(s) ($1 (9 (aft) Flow Desa$tion 

900 PP Expansion & 
Interconnect - Billtown, 
Jeffersontown & 
Blankenbaker Area 
900 PP Expansion & 

‘lane (mgd) 

900.0 245,000 350,000 

6.7 Regional Distribution Center 

As discussed in Chapter 2, distribution system operations and maintenance activities are mostly all 

based out of the Allmond Avenue Distribution Center. LWC staff reports that the current facility 
has reached or exceeded its capacity to support the operations housed there. The Center is located 
just west of the Louisville Auport and, Eom 1967 to 1972, was built and located based on serving 
customers mainly in the 660 Pressure Plane. Since that time LWC has constructed the B. E. Payne 
plant and expanded service regionally to eastern Jefferson County and to the south in BulIitt 
County. Travel times to work sites for distribution O&M staff have increased steadily over the 
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years. This Facilities Plan shows that LWC will continue to expand regionally and, thus the 
Allmond Avenue Center will continue to become more pressed. Therefore, it is recommended that 
LWC evduate and develop a plan for its long-term operations and maintenance support needs. To 
this end, provisions for implementation of a plan are included in the Recommended Capital 
Improvements Program. A preliminary capitd cost of $15,200,000 for a regional distniution 
center. This cost assumes a concept of providing a facility half the size of the Allmond Avenue 
Center at another site, such as on the LWC’s 10-acre property at the Middletown Service Center. 
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7.0 Capital Improvements Program 

This chapter presents a recommended Capital Improvements Program (CIF') for the 2002- 
2021 Facilities Plan. Annually in the third quarter LWC prepares a coming year budget for 
review and approval by the Board of Water Works and the City of Louisville. The 
preliminary budget for 2002 was published in October 2001. Each annual budget document 
presents capital and operating budgets for the next 20 years. For this plan, a proposed capital 
program will be presented in terms of terms of modifications to the most recent (2002) 
budget. Projected impacts on annual operating and maintenance expenses will also be 
discussed. 

7.1 2002-2021 Annual Capital Budget 
7.1.1 Capital Budget Items 
Based on the findings for this 2002-2021 Facilities Plan, recommended improvements and 
associated costs are shown as revisions to the 2002-2021 capital budget recently completed 
by LWC staff and reviewed by Black & Veatch. To incorporate this plan into the budgeting 
process, it is anticipated that the following Budget Items will be modified 

B1:ll 
BI: 12 
BI: 13 
BI: 14 
BI: 15 
BI:16 
BI:18 
BI:22 
BI:63 
BI:65 

SOURCE OF SUPPLY (ZPS) 
ZORN PUMPING STATION (ZPS) 
CRESCENT HILL PUMP STATION 
BOOSTED PRESSURE SYSTEM 
STORAGE FACILITIES 
CRESCENT HILL FILTRATION PLANT (CHFP) 
E. E. PAYNE WTP 
DISTRIBUTION BUILDINGSEACILITIES IMPROVEMENTS 
MAIN REHABILSTATION AND REPLACEMENT PROGRAM 
TRANSMISSION IMPROVEMENTS 

7.1.2 Capital Budget Summary Table 
The modified 2002-2021 Capital Budget is summarized in Table 7-1. This table includes the 
following: 

> The first page shows the overall Total Capital Budgets (Gross and Net) and individual 
selected Budget Item (as Iisted in 7.1.1 above) Subtotals, as duplicated from the 2020- 
2021 budget document. It also shows the Budget Item Totals as modified by 
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Louisville Water Company 6.0 Delivery and Storage Facilities 

recommendations in this report, and the associated variances from the 2002-2021 Capital 
Budget. 

k Subsequent Tables 7-2 through 7-11 show the recommended capital programs and 
budgets for each of the modified Budget Items listed in 7.1.1 above. 

It is important to note that for. simplicity and clarity, Budget Items that are not explicitly 
impacted by this plan’s recommendations are listed separately as a combined subtotal. 
Variances are shown only for the modified Budget Items and the Overall Total Budget. 

7.13 Recommended Capital Improvements Program 
Recommended capital improvements were descriied in Chapter 5, Supply and Treatment 
Facilities and Chapter 6, Delivery and Storage Facilities. Project description summaries are 
included under the respective Budget Items in Table 7-1. The more notable projects 
(construction cost $2 million or greater) are also listed in Table 7-12 below. 

To facilitate implementation and project management, recommended capital projects in this 
plan have been compiled, prioritized, and scheduled based on the following: 

> Reliability related improvements are generally are set aside as separate capital projects 
and are assigned an early schedule. 

> Regulatory related improvements are bundled by plant and scheduled to achieve start-up 
well ahead of required compliance dates. 

> Supply and treatment improvements are bundled by such factors as plant location, 
common process area, economy of scale, anticipated design entity (LWC or consultant), 
work sharing, 

> Delivery and storage projects are compiled based on design, construction and operational 
dependencies and scheduled on a “when needed” basis. 

> Capital projects already in progress are maintained as separate budget items. 
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I Source of Supply Capital Improvements Program (BIAI) I 

I Table 7-3 I 
Zom Pumping Station Capital Improvemen@ Program (Bk12) 

2002 -2021 Facilities Plan 

I . Table 7 4  I 
j Crescent Hill Pumping Station Capital Improvementa Program (Bk13) 

2002 - 2021 Facilities Plan 

2002 -2021 Fadlpbs Plan 
VDLrmS 2 

CapaSl Roaram 

Oeczmbr2002 
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Table 7-5 
Booster Pressure System Capital Jmprovemeota Program (BI:l4) 

2002 - 2021 Facilities Plan 
2oM-2006 I 2007-201 1 2012-202.1 2002-2021 1 IDNo. I CaDaciN I 2w2 I 2003 I 2004 I 2005 I 2006 I 

I I I I $35o,ooo 
ClF' Title 

SO 1 S350.000 
I I $lSO.wa I I sI50.000 I s I50.000 

Tucker Station Rd. PS [ B-6 I Zmgd I 
, ShelbVvllle Rd. BPS I B-7 I lmsd I 

Table 7-6 I 
Storage Faellltics Capital Improvements Program (Bk15) 

2002 - 2021 Faellitiea Phn 

2 

7-5 2002 - 2021 FadRBs Plan 
Volume 2 

cspltal Program 

Deoemberm 
01W3 

h) 
Q) 
0 
h) 



Creocent Hi1 I 

CIP Title I IDNa I Description 
CHFP Reservoir 

Water QluJi i  Equipmmt 
Taali and Safsty 
Equipment 

02-427 

02-426 

h u d  allawsnce to replace miscellaneous laboraton wuipment 
Annual allowance to replace and update tools and saw 
equipment for all pmductim facilities 

-tohcatiao ativc Disinfection 

I I equipment for distribution system facilities 
Fhulation rind 
Sedimentation BaPin 

Renovate South Flocculation Basins 6 and 7, South Coagulation 
B a s h  5 -8. with Plate Settlers; Slow Mig Basins 5 and 6, 02625 - .~ ~ 

Renovation I I Softening Basins I - 6 
Furchase portable pump to supply mdaracrvcd mas, ta be usod 
in emcrgcncy supply SiNotlOas, and for dcmDtwiy auumkian Purchase Portable Pump 02-63 1 

Aeration fw lron and 
ManganwRwnaval b m  

Filter and Backwash 
system nenovalion 

Chemical Fecd System 
hnmvemeab 

Facilitim Plan: replace ammonia Jtaakc system; install 
coagulation mi- fluoride s t o m  tanks; ppWumiaum 
chl6rida feed system; lime feed system U P ~ W  
Install caustic soda fecd system for PH control Caustic Soda Feed System 

Contingency Projects 
I I 

ltration Plant Capital Improvements Program (Bk16) 
2002 - 2021 Facilities Plan 

2002 I 2003 I 2004 I 2005 1 2006 
I I I I 

E17S.W Ez00,OoO 

$lsa,ow Fl.ODO,WO $l,000,0aw, 

SZS,WO Ez5,W 85.000 s25.000 Ez5.W 

slop00 Sl0.WO SI0,Gim $10.000 SI 0,W 

' I  
I I 

I I I I 
SZ,IIS.OW I $5215,000 I S3.865.000 I S7.865.000 I $ 1 1 6 4 5 , ~  

2002-2006 I zm-2011 I 2012-1021 I 2Mn-2Ml 
I I I 



Contingency Funding I 18.10 
CoaguMon and SoRwing 
BM~O Renovation Pmgrun 02.6,6 

Chemical Peed System 
UP&@= I Alternative Disinfection 
process I 
Expand Cleanvell 
Toblls I 

Table 7-8 
B. E. Payne Water Treatment Plant Capital Improvements Program (Bk18) 

2002 - 2021 Facilili~s Plan 
Derxiption I 2wz I 2003 I 2004 I 2005 I 2w6 I 2002-2006 I 2W7-2011 I 2012-2021 1 2002-2021 

Removal oftrrarmsnt plant miduals, wnseuetion of new 
divarsioo struchurr mnovatisa o f  Danhan bwmr and $50,000 $3M),wO QJO0,WO E3.6SO.M)O El4.300,M)O $1 7,950,wO 
inflow and outflow s t r u c m  I I I I I I I I I 
Incrcase firm high s r ~ ~ ~ I c e  pumping capacity to 60 mgd, 
renovate filtem and backwash, and provide primary and S2,OSO.W S12,770,000 $5.680,000 $20,500,000 S20,500,000 

Distribution Buildings lFacUi I Improvements Program (Bk22) 

..1 . 

Main Replacement and Rehabilitation Program Capital Improvements Prcgram @I&) 

7-7 2002 - 2021 Fadlk Pian 
vohlm 2 

 capita^ Program 

h) 
Q) 
0 
P 



7.0 Capital Improvements Program 

Table 7-11 
Transmission Improvemenls Capital Improvements Program (sr:69 i 



7-9 
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Recommended Capital Projects over $2,000,000 
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Table 7-12 
Recommended Capital Projects over $2,000,000 

Years 2002-2021 Costs 
Project Description 

T-40 US Highway 31 W: Gagel to St. Andrews Church Road 
01-744 Kentucb I Glenmary I Oak 48” Transmission Main Rehabilitation and Replacement 

$ 
3,393,000 

15,270,000 
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Economic, Demographic, and Water Sales Forecasts 
2001 to 2025 

for the Louisville Region 
November 30,200 1 

Executive Summary 

he first national recession in a decade has just 
been declared. Analysts point to March of 2001 T as the beginning date, but also claim that with- 

out the terrorist attacks of September 11 the economy 
would likely to have recovered in the third and fourth 
quarter of this year, thus avoiding a recession. Certainly, 
the manufacturing sector has been in decline for over 
a year and is only’now showing signs ofbottoming out. 
Nearly all factors point to a short downturn and a solid 
recovery next year. Monetary and fiscal policy are stimu- 
lative. Fuel and commodity prices are low. Inventories 
of many goods have been depleted, and fresh orders 
for manufacturing operations are in the pipeline. Stock 
prices are headed back up, and consumer confidence 
seems to have recovered as the war in Afganistan has 
gone well, and security measures are taken around the 
us. 

The Louisville area economy has felt the national down- 
turn, with a net loss of about 4,000 manufacturing jobs 
in the last year. Modest growth in other sectors has 
kept the local economy growing, if not at the rate ofthe 
past few years. Indeed, the last decade was a particu- 
larly strong one for the Louisville economy. The metro 
economy out-performed the US economy during the 
first half the 199Os, and grew in stride during the sec- 
ond half. Manufacturing expansions led to employment 
increases at area factories, even as the US economy 
was shedding workers in that key industry. UPS’S in- 
ternational air freight hub in Louisville has added over 
10,000 workers in the last ten years. While the lack of a 
strong local presence in the tech sector hurt our ability 
to generate wealth during the dot com boom, it also 
insulated us from the current tech bust that has tripped 
up economies such as Austin, Seattle and Portland. 

The relatively strong economic growth has caused a 
turnaround in the demographic outlook for the Louis- 
ville area. The Louisville Metropolitan Statistical Area 

(MSA) addedaround 75,000 persons between the 1990 
and 2000 Census, after posting zero net growth during 
the 1980s. Jefferson County, the central county and the 
prime customer base for the Louisville Water Company 
and LGE, added 28,000 residents during the last de- 
cade, just offsetting the two previous decades of popu- 
lation decline. The steady economic and demographic 
growth, combined with low interest rates, has led to a 
strong market for new housing in Louisville - our area 
has added more new homes every year this decade 
than any year last decade. 

Finally, this solid economic and demographic growth has 
enlarged the geographic footprint of the areaeconomy. 
Wenow consider the labormarket to include the twenty- 
three counties in the Louisville Economic Area, as de- 
fined by the US Bureau of Economic Analysis. This 
larger area contains over 1.4 million residents, and is 
essentially cotenninus with the the regional labor, hous- 
ing, retail, entertainment, and media markets. Indeed, it 
is only by zooming out to a larger geographical area 
that one can reasonably explain how jobs have been 
filled in the economic core. Thousands of new house- 
holds have been set up in the metro core, but also in the 
exurban counties as low interest rates, low gasoline 
prices, better fuel economy, higher highway speed lim- 
its, and the opening of several new interstate inter- 
changes in the region have made it economically fea- 
sible to buy a new home and commute within a fifty 
mile radius ofdowntown Louisville 

This is the general backdrop for the current long-term 
forecasts for the Louisville area. This forecast updates 
the one published in November 1999*. In this report, 
we take account of two more years of data and a new 
national outlook to produce a fresh forecast of eco- 
nomic and demographic activity in the region. We use 
the fourth quarter 2000 national forecast produced by 
the WEFA Group. 

.” Economic, Demographic, and Water Sales Forecasts 1999 to 2020 for the Louisville Region,” by Nan-Ting Chou, Paul Coornes, 
and Barry Komstein. November 1999. 
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The analysis also covers the sixteen Kentucky and In- 
diana counties surrounding the seven-county Louisville 
MSA. In percentage terms, the greatest demographic 
growth is occurring in the ring, or exurban, counties. 
The counties outside of Jefferson, and within a com- 
muting distance of the Louisville core, offer the great- 
est sales growth potential for Louisville-based utilities. 
For the most important variables - population, jobs, in- 
come - we provide forecasts for each of the twenty- 
three counties of interest to the research sponsors. 

Finally, we have updated and revised our previous model 
of water usage by LWC customers, and used it to fore- 
cast annual water sales through the year 2025. We ex- 
amined 30 years of water usage for four customer 
classes - residential, commercial, industrial, and whole- 
sale. For each customer class we attempted to explain 
usage by demographic and economic variables. A set 
of regression models accounts for all but a few per- 
centage points of annual water sales by customer class 
over the last thiny years. 

Among the most important and interesting forecast re- 
sults are: 

)) Assuming good economic conditions,we forecast that 
the Louisville area will add 290,OOO jobs between 
2000 and 2025. This will spur the net attraction of 
291,000 residents and 141,000 households. 

)> We forecast that Jefferson County. the core service 
area for the Louisville Water Company, will gain 
26,000 households over the next quarter century. 

)> Other counties expected to add a large number of 
households are: Bullitt (1 3,000), Oldham (1 O,OOO), 
Clark (9,000), and Nelson (7,000). The fastest 
growing counties in percentage terms are expected 
to be Spencer, Shelby, Bullia, andTrimble. 

)) Total annual water sales are likely to grow from the 
current level of about 38.5 billion gallons to about 
41.3 billion gallons over the next two and one-half 
decades, assuming no net declines in residential 
and cornrnerical customer usage due to federally- 
mandated water-conserving appliances. 

)) The largest increase in water sales is expected to be 
from commercial customers. In percentage terms, 
LWC is likely to see the fastest growth from whole- 
sale customers. Their share oftotal water sales is 
expected to rise from the current 4.3 percent to 
5.5 percent by the year 2025. 

Water Sales by Type (000 gallons) 
Louisville Water Company 
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he Louisville Water Company (LWC) serves ap 
proximately 245,000 customers in Jefferson T County, Kentucky. Total water sales have grown 

modestly during the past thirty years. Total annual wa- 
ter sales have averaged 35.7 billion gallons of water 
during this time, with I low of 32.6 billion gallons in 
1971 and a high of 40.1 billion gallons in 1999. LWC 
sold 39.5 billion gallons ofwater in 2000, which repre- 
sents a four percent increase over the average of the 
previous five years. Gains in the number of residential 
and commercial water customers have offset declines 
in industrial usage per customer. The number of indus- 
trial customers continues to decline, however at a slower 
pace. Water usage per residential customer have been 
steady for last few years. Sales to customers outside 
Jefferson County, while still a small fraction of total 
sales, have been the fastest growing component for the 
Company'. 

The charts below summarize important trends in the 
number of water customers and their usage, by cus- 
tomer class. 

We have constructed a simple model that relates LWC 
water sales to economic and demographic developments 
in the Louisville area. We then used the model to pre- 
pare forecasts of annual water sales by customer class. 
Our forecasts for Louisville area economic and derno- 
graphic variables were prepared using a model linked 
to national economic conditions. The regional economic 
model, its structure and forecast results, are described 
later in this report. A summary forecast of water sales 
by class is provided in the chart on the facing page. See 
Appendix A for water forecast values. 

Residential Customers & Water Usage: 1971-2000 
Louisville Water Company 
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'Dataon sales to wholesale customers would be higher, anddata on sales to Jefferson County customers would be lower, ifhistorical data 
were adjured to more accurately account for customers in leased districts in Oldham and Bullitt counties. The Water Company 
believes that around 6,000 residential customers in the Crestwood (Oldham) and Kentucky Turnpike (Eullitt) water districts have 
been counted as Jefferson County residential customers. Sales and customers in these districts have been growing at a faster rate than 
in  Jcfferson County. 
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Commercial Customers & Water Usage: 19.71-2000 
Louisville Water Company 

Industrial Customers & Water Usage: 1971-2000 
Louisville Water Company 
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Water Usage per Customer 
by Customer Type, 1994 to 2000 
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In a departure from our previous forecasting exercises 
for LWC, we have dropped the simulation of various 
conservation assumptions on the forecasts. These as- 
sumptions were developed from engineering studies that 
measure the decreased water usage from new feder- 
ally-mandated appliances. All new construction was as- 
sumed to use the water-conserving fixtures and appli- 
ances; and existing structures would slowly change out 
their old fixtures to modem water-saving devices. 

Despite the change in federal law, water usage per resi- 
dential and commercial customer has remained roughly 
constant, suggesting that the conservation requirements 
are being skirted or that an increasing amount of water 
is being used for irrigation and other purposes that do 
not go through the affected appliances. The accompa- 
nying chart shows that water usage per commercial 
customer has actually risen since 1994, while residen- 
tial usage has fallen slightly. We do not have end use 
survey information, or other research, to determine why 
the federal conservation laws have had so little effect 
in Louisville. So, in this forecasting exercise, we have 
held residential and commercial water usage per cus- 
tomer constant at their 2000 levels. For industrial cus- 
tomers, we have allowed usage per customer to fall 

annually at the compound annual growth rate (-1.7%) 
observed during the previous decade. 

Water Sales Model 

The forecasts presented here have been developed us- 
ing regression models. Some ofthe details are discussed 
further in subsequent sections of this report. The fore- 
cast steps include: 
1. We used linear regression to explain the number of 

residential water customers from 1971 through 
2000 by the number of households in Jefferson 
County. 

2. We used linear regression to explain the number of 
commercial water customers from 1971 through 
2000 by the growth in service sector jobs in 
Jefferson County. The service sector as defined 
here includes the following industries: transporta- 
tion, communications, public utilities, wholesale and 
retail trade, finance, insurance, real estate, services, 
and government. These industries accounted for 
close toeighty-percent ofall jobs in Jefferson County 
in 1999 (the latest available data). 
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3. 

4. 

5.  

We used linear regression to explain the number of 
industrial water customers from 1975 through 2000 
by the growth in manufacturing jobs in Jefferson 

Projections of households and jobs in Jefferson 
County are described elsewhwere in this report. 
These were used to generate trend projections of 
water customers by category. 
Although we have done some research about the 
wholesale customers, the exact mix of ultimate cus- 
tomers among the seven wholesale customers is 
not known. LWC officials believe that 90 percent 
or more of the ultimate customers in the wholesale 
category are residential. Usage per customer by 
type is assumed to be the same as for incounty 
customers by type. 

county. 

A dummy variable was used to model the reclassifica- 
tions which occurred in 1979 to 1986 (see historical 
points in above chart of commercial water customers). 

Industrial. The number of industrial water customers 
(C‘) is related to manufacturing jobs (J‘) in Jefferson 
County over the period 1975 to 2000. (Data for indus- 
trial water customers for 1971 through 1974 show a 
large drop, presumably due to a major reclassification; 
hence we omit these years from the regression). 

C’ = 8514 + .00037 JM - 4.09 YEAR 
R2 = .97 

Wholesale Water Customers and Usage 

Regressions 
We have used data on annual water sales by type, and 
on economic and demographic variables to fit  relation- 
ships used in the forecasts. A time trend variable 
(YEAR) was also included to model the long-term de- 
clines in jobs per establishment for commercial and in- 
dustrial customers. All regression coefficips are 
significant at the 95% confidence level; all R are ad- 
justed for degrees of freedom. 

Residential. The number of residential water custom- 
ers (CR) in Jefferson County is closely related to the 
number of households over the period 1971 to 2000. 
The coefficient on YEAR is not statistically significant 
in the regression. There appears to be a very stable 
relationship between the number of households and the 
number of residential meters in Jefferson County. 

CR = 5,800.5 + .764 HH 
RZ = .96 

Commercial. The number of commercial water cus- 
tomers (e) is related to service sector jobs (Js) in 
Jefferson County over the period 1971 to 2000. 

Cc = 462,602 + .074 Js - 236.7 YEAR 
-2,324DUMMY RZ = .94 

In 2000, the Company sold approximately 1.7 billion 
gallons of water to ”wholesale” customers in surround- 
ing counties, 4.3 percent of total water sales by LWC. 
The wholesale category is the fastest growing compo- 
nent of LWC sales, and is likely to remain so. We pre- 
dict that the surrounding Kentucky counties will all grow 
at a faster rate than Jefferson County in terms of popu- 
lation, households, service sectorjobs and manufactur- 
ing jobs. (See Economic and Demographic Forecast 
section of this report). For example, the number of 
households in Spencer, Oldham, Shelby, Bullitt, and 
Trimble nties are each projected to grow by at least 2.0 
percent per year, compared to only 0.4 percent per year 
in Jefferson County. 

Variously denoted “wholesale” or “utility,” the category 
includes customers in Bullitt, Oldham, Shelby and Spen- 
cer counties. The historical data include six wholesale 
customers’ : North Shelby Water Company, West 
Shelby Water District, City ofTaylorsville, City ofMount 
Washington, Shepherdsville Water District, and Ken- 
tucky Turnpike Water Company District #2. TheNorth 
Shelby district also purchases water from Frankfort, 
but about 30 percent of its water is purchased from 
LWC. The West Shelby district purchases about 40 
percent of its water from LWC. The City ofTaylorsville 
supplies much of its own water. The Kentucky Tum- 
pike Water Company District #2 (Salt River Water Dis- 
trict) historically has purchased almost all its water from 
LWC. 

‘In 2000, the Louisville Water Company acquired the Kentucky Turnpike Divisions I and I1 customers. Another customers in a 
surrounding county i s  the Oldham Water District #I, a so-called “leased” districts. LWC reads the individual customers’ meters and 
handles billing. These customers and their sales are actually counted in Jefferson County sales. Around 6,000 customers are 
involved, but the residential/commercial mix is unknown -they are all counted as residential customers. 
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Customer M i x  Cornoarison: All Customers vs. Four Wholesale Customers. 1997 

Water Sales (000 gallons) 
Residential 
Commercial 
Industrial 

All KY Turnpike City o f  
Customers North Shelby West Shelby Water District Shepherdsville 

15,641,715 264,243 69,9 I3 89J IS 3.697 
14,528,729 40,537 24,720 I05.024 6.784 

631 8.5 17 185 7 4 3  14 0 N h  

Number of Customers 
Residential 
Commercial 
Industrial 

207,352 
19,770 

3 64 

3,356 944 1,607 845 
57 94 242 222 

I 12 0 N .4 

Sales per Customer (gallons) 
Residential 
Commercial 
Industrial 

The ultimate usage of the water sold to wholesale cus- 
tomers is not completely known. That is, LWC does not 
know how much of the wholesale water is used by in- 
dustrial, commercial, or residential customers. However, 
based on public records and survey information, it ap- 
pears that the ultimate customer mix and usage pat- 
terns of wholesale customers is not very different than 
that for LWC's Jefferson County customers. 

We know from survey information that the City of 
Sheperdsville sells 65 percent of its water to commer- 
cial customers, compared to only 41 percent for LWC's 
Jefferson County customers. Hence, based on infor- 
mation on four of the six wholesale customers, it ap- 
pears that the mix of ultimate usage is not dramatically 
different from that of LWC's traditional customers. 

75,435 78,737 74,060 55,5 I6 4,369 
134,883 71 1,175 262,979 429,85 1 30.556 

17,369,872 185,000 6,209,500 N A  N A  

The North Shelby, West Shelby, and Salt River districts 
are regulated by the Kentucky Public Service Commis- 
sion, and their sales records are available to the public. 
These three districts account for about 37 percent of all 
LWC wholesale water ~ a l e s ~ ' ~ .  About 63 percent of 
their ultimate water sales are to residential customers, 
compared to only 43 percent for LWC's Jefferson 
County customers. They have a particularly low water 
usage by industrial customers. On the other hand, the 
municipal customers (Mt. Washington, Shepherdsville, 
and Taylorsville) are likely to have a much higher usage 
by commercial customers - they serve a more urban- 
ized geography. 

The municipal water districts owned by the cities of Mt. Washington, Shepherdsville, and Taylorsville are not regulated by the Public 
Service Commission, and hence do not file annual reports ofsales. 

Jefferson County. LWC acquired the Jeffersontown district in 1990 and the one wholesale customer was converted to 3,588 
residential, 606 commercial and 39 fire service customers. 

'Included in the historical data through 1990 for the wholesale category are sales to the Jeffersontown water district - a district in 

Economic, Demographic, and Water Sales Forecasts: 2001-2025 7 

LWC 2817 



8 Economic, Demographic, and Water Sales Forecasts: 2001-2025 

LWC 2818 



Economic and Demographic Forecasts 
Methodology, and Detailed Results 

he economic and demographic forecasts have 
been prepared using simple techniques and T straightforward assumptions. The methods used 

are dictated largely by data constraints. Unlike at the 
national level, there are no regular detailed county or 
MSA-level estimates of industrial output, wage rates, 
product prices, household formation, labor force par- 
ticipation, or commuting patterns. Regional analysts must 
try to use what clean data they can obtain to produce 
useful and consistent forecasts, given a national sce- 
nario and their knowledge of the local economy. 

The steps used in this forecast are outlined below. We 
perform a shift-share analysis of Louisville metro area 
wage and salary job growth over the last forty years. 
We use this information, along with forecasts of the 
number of wage and salary jobs by industry for the 

United States provided by the WEFA Group, io pro- 
duce a forecast of Louisville's growth rate for wage 
and salary jobs by industry. We then use historical rela- 
tionships to construct a forecast of all jobs, including 
the self-employed. Next we model and forecast carn- 
ings perjob in each industry, based upon trend relation- 
ships between Louisville area and national earnings. This 
becomes the foundation for a forecast of the personal 
income - wages, salaries, dividends, interest, rent, trans- 
fer payments - of Louisville area residents. Finally, we 
examine the historical relationship between MSA ac- 
tivity and that in the twenty-three counties of the re- 
gional economy. We examine trends in jobs, population 
and households over the past thirty years, and forecast 
these key variables for each of the twenty-three coun- 
ties. 

Louisville Economic Region 
Total 
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Most of LWC's customers are in Jefferson County. 
However, it is important to understand economic and 
demographic trends throughout the region. We learned 
during the last decade that the Louisville economy ex- 
tends well beyond the seven county metropolitan statis- 
tical area (MSA). The MSA includes Bullitt, Jefferson, 
and Oldham counties in Kentucky; and Clark, Floyd, 
Hamson, and Scott counties in Indiana. The geography 
most coterminus with the f i l l  economic market is the 

Water 
Forecosts 

by Customer 
Type 

Louisville Economic Area as defined by the US Bureau 
of Economic Analysis. The LEAis defined by commut- 
ing patterns of workers and as such is closely aligned 
with labor, housing, media, retail, and transportation mar- 
kets. Because more detailed data is available at the 
MSA level, we perform much ofour economic analysis 
first in terms of the MSA, and then in terms of the other 
county's shares of, or ratios to, that economic activity. 

io 
~~ ~~~~ 
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Labor and Proprietors Jobs by Industry, Louisville MSA 
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Several of the exurban counties have had strong popu- 
lation growth during the last decade and are the source 
of many of the long-distance commuters who are filling 
jobs in the central county. Hence, we have also devel- 
oped forecasts of population and jobs for the sixteen 
Kentucky and Indiana counties outside the MSA. 

Moreover, we take advmtage of the recent release of 
demographic and housing data from the 2000 Census. 
Block and census-tract level data on persons and house- 
holds were released in the summer of 2001. We have 
examined the demographic developments for each of 
the 330 Census tracts in the twenty-three county area, 
and have prepared basic forecasts at the tract level for 
the next two decades. The tract-level forecasts were 
controlled to county-level forecasts linked to our eco- 
nomic forecasts, but take into account small area infor- 
mation about land availablility and recent growth trends. 
We now examine the forecast steps in more detail. 

Wage and salayiobs bv industq for the Louisville MSA 
were forecast using the results of a shift-share analysis 
over the last fortyyears of data on Louisville and US 
job growth. We used 24 industrial categories. The growth 
in jobs in each Louisville industry was decomposed into 
three components: national growth, industry mix, and 
local competitiveness. 

The national component quantifies the extent to which 
the growth of the region may be attributed simply to the 
fact that the nation is growing. The industry mix com- 
ponent can be attributed to the mix of industries in the 
region. If the region happens to have more than its share 
offast or slow growth industries, its growth rate will be 
greater than or less than that of the nation. The com- 
petitive component recognizes that local firms may grow 
faster or slower than other firms in their industries lo- 
cated outside the region. WEFA forecasts of national 
job growth by industry were used to forecast the first 
two components. We then applied our subjective esti- 
mates of future local competitiveness per industry to 
arrive at our final forecasts of wage and salary job 
growth in the Louisville MSA. See Appendix B, Table 
1, for our estimate of the competitive components, as 
well as the forecasted distribution of jobs by industry. 
Excel spreadsheet name: Shifi-Share W&S Job Fore- 
cast. 
The Competitive components for manufacturing sec- 
tors derived from the shift-share analysis indicate that 
Louisville is most competitive in the other nondurables, 
transportation &public utilities, transportation equipment, 
furniture and fixtures, and printing & publishing indus- 
tries. Consistent with strong national trends, Louisville's 
manufacturing industries are expected to account for 
only 12.8 percent of area wage and salary jobs in twenty 
years, down from 14.9 percent today. 
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Appendix E, Table 2, provides 
our forecast ofjob levels by in- 
dustry for the Louisville MSA. 
Keep in mind that the job esti- 
mates are on a place-of-work 
basis, and may be filled by non- 
resident commuters as well as 
the MSA resident workforce. 
Also, multiple job holders are 
double (and triple) counted; this 
is a job forecast, not a forecast 
of employed persons. 

Labor and proprietors iobs bv 
industry for the Louisville MSA 
were forecast using ratios of 
total jobs to wage and salary 
jobs for each industry. This al- 
lows us to account for all jobs, 
including the roughly 84,OOO pro- 
prietors in the MSA, and to 
make our forecast definitionally 
equivalent to the comprehensive 
database produced by the US 
Bureau of Economic Analysis 
for all counties. The ratios of 
labor and proprietors jobs to 
wage and salary jobs by indus- 
try are fairly constant and pre- 
dictable over time. Appendix B, 
Table 3, provides forecast data 
at the major industry level, as 
portrayed in the accompanying 
chart . Excel sprea ds h eet 
name: Jabs 
Labor&Proprietors. 

Growth in Population, 1990 to 2000 
Counties in Louisville Economic Area 
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Finally, we forecast the total number of jobs in the 
twenty-three county economic area as a ratio to the 
forecast for the seven county MSA, as the relationship 
has held steady over time. For each county, we fore- 
cast its share of manufacturing and nonrnanufacturing 
jobs in the region using an extrapolation of historical 
trends computed over the past decade Excel spread- 
sheet name: BEA County Jobs 2 3 . ~ 1 ~ .  

Population and household forecasts. We use the na- 
tional forecasted ratio of people to jobs to forecast the 
total population of the Louisville twenty-three county 
labormarket. The regional ratio of people to jobs nicely 

tracks the national ratio. The job forecast was multi- 
plied by the forecasted ratio of people to jobs to amve 
at a total regional population farecast. Excel spread- 
sheer name: Census 2000. 

The population of each of the twenty-three counties 
was forecast as a share of the total, using an extrapola- 
tion of trends from 1970 to 2000. Similarly, we forecast 
the number of households in each county, using the 
county population forecasts and trend forecasts of the 
number of people per household. Tables showing county 
population, households, and household size for the last 
four decennial censuses are provided in Appendix C, 
Tables 1 to 3. Excel spreadsheet name: Census 2000. 
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Finally, we prepared forecasts of 
population and households by cen- 
sus tract forthe twenty-three coun- 

?4 Growth in Population, 1990 to 2000 
Counties in Louisville Economic Area 
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change from 1990 to 2000 to the 
period 2000 to 201 0. We then hold 

Brerkinridg County. KS , 
Gr~yson Cwnry. KY 1 4 . q  

IU.I%, 1 

1 O.iI'%, ; 

9.9% ; 
I 

1 .  

f9.4'% I 

E:! i ' ;  

hl.""" Cwnw, KY 

constant the 2010 share through 
2020. We multiply these shares 

Fluyd Cuum. IN 

Click County. IN 

Scott Cwnry. IN g' : times the forecasted county house- 

each tract's household population, 

ber of households in each tract by 
dividing each tract's forecasted 

hold population to obtain a forecast CIINll t,wnry. KY p . s .  ; I 

i I 

Me.& CU""N, KY F p "  : I 

2001 to 2020. We forecast the nun- c,awf"rdc"""v,lNF "/" 

Jcffcrwn Cuun?. IN 

household population by the fore- Hardin Cuunry. KY 5 3 4  , I 

tasted number of persons per ~ a s ~ ~ n g t o n  Cuunty. KY 4 . ~ 1 1  

Jefferson County. KY h 4 . 3 " / 1  j .. . I . -. ,. -. - . _,._ . . .._ -. . 1 . .-:. .. household in each tract. The fore- 

lated from 2000, using the damped 
change in household size between 
the 1990 to 2000 censuses*. Excel spreadsheet name: 
Census Tracts.xls. 

0 casts of household size are extrapo- 11.1 11.2 11 .l 114 I IS (I b ,I I n 1 

households over the last decade, plus OUT forecast of 
net household growth by census tract. 

We provide some summary census and forecast infor- 
mation in the exhibits on the next two pages. The chart 
of persons per household per census tract shows both 
the wide range ofhousehold size around the region and 
also the reduction in household size between the last 
two censuses. A table identifies the tracts we believe 
will attract the most new households over the next 
twenty years. Finally, two maps show the change in 

Earnings per labor and proprietors-iob by industry in the 
Louisville MSA were forecast using relationships to 
national compensation measures. WEFA forecasts 
hourly earnings in a number of important industrial cat- 
egories. For other industries, such as Trade and Gov- 
ernment, we used WEFA's forecast of a national index 
of labor compensation per hour. Earnings per job were 
multiplied by jobs to arrive at a forecast of total labor 
and proprietors earnings in the Louisville MSA on a 

*Adjustments were made to  the methodology as follows. For Hardin County, the Census Bureau split tow 1990 tracts for 2000 
(9.01 and 9.02, 10.01 and 10.02); we held their household population shares constant at 2000 levels in forecast. FtirJeCferson 
County tract 14 (Russell), we kept the tract's share of County household pcipulation constant at 2000 share. FurJefferson 
County tract 11 9.01 (Airpon), we reduce the household population by 100 per year in forecast. ForJefferson County tract 
1 17.03, we add 100 persons per year to share forecast; MSD and LWC new facilities will raise density. For Meade County 
tracts 97.02 and 97.03 (Ft. Knox), we kept tracts' shares o f  County household population constant at 2000 share. 
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place of work basis. Excel 
spreadsheet name: Earnings 
and Income. 

Crawford Cuuny. IN 

Brcckindgc Cuunry, KY 

The components of oersonal in- 
- come for Louisville MSA residents 
were forecast using historical re- 
lationships between Louisville and 
national measures. For example, 
employee contributions to social 
insurance programs (primarily 
Social Security) in Louisville are 
tightly related to the comparable 
national measure. Similarly, in- 
come per Louisville resident de- 
rived from transfer payments, 
dividends, interest, and rent are 
closely related to the national mea- 
sures. WEFA forecasts these 
components and we apply these 
to the Louisville forecast on a per 
capita or per dollar basis. The re- 
sult is a total personal income fore- 
cast for Louisville MSA residents. 
The accompanying table provides 
the forecast details for personal in- 
come and its components. Excel 
spreadsheet name: Earnings 
and Income. 

2.57 

2.55 

Persons per Household, 2000 
Counties in Louisville Economic Area 

Jcffccron Gwny. KY 2.42 

Persons per Household, 1990 and 2000 Census 
330 Census Tracts in 23-County Louisville Area Economy 

3.50 
. 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . .  $ 

v scattered dots: 1990 tract data, average = 2.59 persons pcr houschold ... 
...... 3 .00 . -  . . . . . . . .  - .. _ _ _ _ _ ^  

.... - - . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.50 

0.00 

. . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . . . . .  

. . . . .  . .  . 

, 
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1970 1980 1990 2000 

Earnings by Place o f  Work ($000) $3.057.418 $7.301.91 I $13,243,273 $22.678.445 
. Personal Contributions for Social Insurance $ 1  10.437 $338.370 $802,539 61,453,513 
- Adjustment lo Place of Residence Basis $70.757 $227.722 $356,656 $684.162 
= Ne1 Earnings by Place of Residence $2,876,224 $6,735.8 19 $ 12,084,078 $20.540.769 
* Dividends. Interest and Rent Income $449.646 $1,405,722 $3.807.965 $6,159.00 I 
-Transfer Payments $272.903 SI. 133,287 52,263,643 $3.908.096 
= Total Personal Income of Residents ($000) 93,598,773 $9.274.828 $18,155.686 $30,607.866 

Louisville MSA 

Per Capita Income 
Average Compound Growth Rale 

2010 20 

$35.216.456 557,s 10.55 
$2.028.535 $3.2 17.28 

$ I  ,284.261 $2.4 10.7 
$3 1,903.655 $52,182.52 

$ 1  3,227,76 
$ 1  2,108.62 

$46,748, I E6 577.5 18.90 

$8,158,386 
$6,686, I46 

$3,968 $9,723 
9.37% 

$ 19, I O 1  $29.852 
6.99% 4.57% 

$42.624 $67. IO 
3.63% 4.64 

United States 
Earnings by Place of Work ($000) 5666,477,000 $1,729.91 1,000 $3.508.380.000 $6.003.575.000 
- Personal Contributions for Social Insurance $22,345.000 $76,988,000 $202,934,000 $360,700,000 

- Nct Earnings by Place of Rcsidcncc $643,957,000 $ I,652,469,000 $3,304,709,000 $5,642,825,000 
+ Dividends, Interest and Rent Income $ 1  16,085,000 $38 1,662,000 $986,055,000 $ I,570,475,000 
+ Transfer Payments $14,413,000 $279,790,000 5594,761,000 $1,067,700,000 
= Total Personal Income o f  Residents ($000) $834,455,000 $2.313.921.000 $4.885.525.000 $8.281,000,000 

Population 203.79a.722 227.224.719 249,464.396 274.520375 

Per Capita Income $4.095 $10, I83 $19.584 $30. I65 
Average Compound Growth Rate 9.S4% 6.76% 4.41% 

- Adjustment to Place of Residence Basis $175,000 $454,000 $737,000 $50,000 

Forecast &la for the United Stales from WEFA Group "U.S. Long-Term Economic Outlook". Trend Scenario, Firsi Quancr 200 I 

$93 16,040,875 $16,002,925,27 
$509.969.400 $826.404.57 

$75 $ 
$9.006.07 1,400 S 15,176,520.62 
62,108,946,875 $33 l9.393,45 
$1,851,827.300 $3,451.75 1.32 
512,966,845,575 $22,147.665,40 

297.685.450 3 22.744.U 

$43.559 S611.62 
3.74% 4.65 



Change in Households bv Census Tracts - Lsr 
Gin 1 - 199 

Gam 200499 

Gah 500-994 

GanlooO+ 
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Appendix A 

Residential Commercial Industrial Wholesale 
1994 15,505,661 14,122,909 6,496,332 860,947 
1995 15,253,010 14,420,893 6,514,208 964.847 
1956 15,074,752 14,898,875 6,348,264 1,077,452 
I997 15,324,804 15,072,760 6,171,064 1,137,398 
I998 15,120,651 15,457,818 5,927,904 1,174,684 
1999 17,071,857 15,562,681 5,893,433 1,527,158 

Total 
36,985349 
37.152,958 
37,399,343 
37,706.026 
37,681.057 
40,055,129 

2000 15,937,596 16,498,751 5,387,815 1,709.445 I 39,533,607 
2001 15,993,799 16,737,738 5,245,463 1,744,680 I 39.72 1,679 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 I 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
202 I 
2022 
2023 
2024 

16,050.1 99 
16,106,799 
16,163,598 
16,220,597 
16,277,798 
I 6.3 3 5,200 
16,392,805 
16,450,6 12 
16,508,624 
16,529,331 
16,483,235 
16,553,987 
16,619,871 
16,684,474 
16,748,162 
16,809,849 
16,871,986 
I6,93 1,948 
16,989,687 
17,044,007 
I7,096,2 15 
17,146,802 
17,193,922 

16.747, I04 
16,8 16,267 
16,960,727 
17,132, I58 
17,263, I72 
17,399,469 
17,5 19,068 
17,63 1,626 
17,755,527 
17,868,673 
I 7,952,8 1 7 
18,050,54 I 

18,233,161 
18,32594 I 
18,424,089 
18.52 1.0 14 
18,621,298 
18,726,106 
18,833,916 
18,940,096 
19,049,496 
19,164,193 

18,141,387 

5,095,098 
4,950.817 
4,814,526 
4,678,226 
4,543, I23 
4,409,073 
4,278,375 
4, I5 1,047 
4,026,745 
3,905,395 
3,787,083 
3,67 1,765 
3,559,218 
3,449,412 
3,342,390 
3,238,083 
3,136,281 
3,037,069 
2,940,390 
2,846,192 
2,754,267 
2,664,699 
2,577,437 

1,755,364 
1,772,682 
1,798,380 
1,827,293 
1,852,007 
1,877,537 
I ,901,418 
I ,924,71 1 
1,949,502 
1,966,33 1 
1,967,485 
1,99 1.874 
2,014,747 
2,037,656 
2,060,675 
2,084,108 
2,107,646 
2,13 1,324 
2,155,268 
2,l 79,053 
2,202,37 1 
2,225,897 
2.249.51 2 

39,647,766 
39,646,565 
39,737,23 I 

39,936,100 
40,02 1,278 
40.09 1,666 
40,157,997 
40,240,398 
40,269,730 
40,190,620 
40,268,167 
40,335,223 
40,404,704 
40,477,167 
40,556,129 
40,636,927 
40,721,640 
40,8 1 l,45 I 
40,903,169 
40,992,949 
41,086,894 
4 I ,  I 85,064 

39,858,274. 

2025 17,238, I72 19,285,404 2,492,422 2,273,48 I I 4 1,289,479 
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Appendix B 

Table 1 

Estimated "Competitive Component" Used in Shift-Share Forecast 

LOLIISVII.LE us. 
This ZOO0 1999 O h  of Total Jobs % of Total Jobs 

Industy (SIC) Forecast Forecast Forecast 2000 2025 zoo0 2025 
~~ 

Contract Construction ( 1  5 10 17) 
Mining(l0to 14) 

Total Manufacturing 
Nondurable Manufacturing 

Food and Kindred Prcduas (20) 
Tobacco Prducts (2 I )  
Apparel andother Finished Textile Products (23) 
Printing and Publishing (27) 
Chemicals and Allied Products (28) 
Olher Nondurables (22,26,29,30,3 I )  

Durable Manufacturing 
Lumber and Wood Products (24) 
Furniture and Fixtures (25) 
Stone. ClayandGIass (32) 
Fabricated Metal Produck (34) 
Noneledrid Machinery(35) 
Electrical Machinely (36) 
Transportation Equipment (3J) 
Other Durables (33,38,19) 

Transportation and Public Utilities (40 1049) 

Wholesale and Retail Trade (50 to 59) 

Finance, Insurance and Real Estate (60 to 68) 

Services(701089) 
Health Services (80) 
Business Services (73) 
Other Services (70,72.75 to 79.81 to 89) 

Federal Govemmcnt (91) 

0.001 8 
0.0080 

-0.0012 
6.0525 
0.0060 
0.0075 
-0.0202 
0.0255 

-0.0050 
O.Oo90 
0.0032 
-0.0079 
0.0008 

0.0377 
0.0050 

0.0157 

0.0019 

-0.0043 

-0.0376 

-0.0003 
-0.0033 
0.0019 

0.0028 

0.002 I 
O.oo00 

-0.001 I 
-0.0314 
0.0078 
0.0026 
-0.021 6 
0.0205 

-0.0067 
0.0008 
0.0033 
-0.0079 
-0.0003 
-0.0355 
0.03 17 
0.0020 

0.0 I42 

0.0003 

-0.0063 

6.001 1 
-0.0054 
0.0014 

O.OOO9 

0.002 I 5.18% 
o.oooo 0.12% 

14.91% 
6.33% 

-0.0063 1.65% 
-0.0298 0.21% 
o.Ooo0 0.26% 
0.0022 I .66% 
-0.0228 0.94% 
0.0 I55 .]AI% 

8.57% 
-0.0076 0.67% 
0.0007 0.49% 
0.0008 0.40% 
-0.OI50 1.32% 
-0.0006 I .42% 
-0.0325 1.36% 
0.0023 2.32% 
0.0048 0.58% 

0.0139 7.93% 

0.0004 24.03% 

-0.0054 5.89% 

29.20% 
0.0023 7.63% 
4.0008 7.65% 
0.0010 13.92% 

-0.0029 2.23% 

5.4396 
0. I 00'0 

12.76% 
4.69% 
I .OS% 
0.02% 
0.08% 
I .24% 
0.53% 
1.74% 

8.07% 
0.37% 
0.37% 
0.31% 
0.69% 
1.21% 
0.52% 
4.18% 
0.42% 

9.69% 

22.78% 

4.71% 

32.62% 
7.66% 
7.59k 
17.3 7% 

1.85% 

5.07% 
0.4 I"" 

I3.Y7~/0 
5.5  7% 
1.27% 
(1.03% 
0.3Y% 
I .  I 8% 
0.78% 
I ,833,b 

8.40% 
U.62% 
0.42% 
0.43% 
1 . I 6% 
I .6 I %  
I .29YO 
1.40% 
1.47% 

5.30% 

22.877'0 

5.77% 

3 I .04% 
7.68% 
7.38% 
I5 98% 

2. IO% 

5.32% 
0.33% 

10.31% 
3.76% 
0.92% 
0.0 I % 
0. I Ioio 
0.78% 
0.80% 
1.13Yo 

6.55% 
fl.4 1 % 
0.27% 
0.33% 
0.79% 
I .44% 
1.29% 
1.05% 
0.97% 

4.72% 

22.04% 

5.50% 

3 6.62% 
8.29% 
8.43% 

19.w% 

I .7a% 
State and k a l  Governments (92.93) 0001 I 0.00 I 2 0.0009 10.52% IO.OS% 13.47% 13.38% 

20 Economic, Demographic, and Water Sales Forecasts: 2001-2025 

LWC 2830 



Table 2 

Wage and Salary Jobs by Industry, Louisville MSA (Baseline) 

Major Industries (SIC Code) 1970 I980 19901 20001 2010 202U 2025 
Mining 
Construction 

Total Manufacturing 
Nondurable Manufactunng 
Food and Kindred Produas (20) 
Tobacco Produns (21) 
Apparel and Other Finished Textile Products (23) 
Printing and Publishing (27) 
Chemicals and Allied Products (28) 
Other Nondurables (22,26,29,30,3 I )  

Lumber and W d  Products (24) 
Furniture and Fixtures (25) 
Stone, Clay and Glass (32) 
Fabricated Metal Products (34) 
Nonelectrical Machinery (35) 
Electrical Machinery(36) 
Transportation Equipment (37) 
Other Durables (33.38.39) 

Durable Manufacturing 

Transportation and Public Utilities (40 to 49) 
Wholesale and Retail Trade (50 to 59) 
Finance, Insurance and Real Estate (60 to 68) 

Services (70 to 89) 
Health Services (80) 
Business Services (73) 
Other Services (70,72,75 to 79.81 to 89) 

All Government 
Federal Government (9 I )  

594 
15,933 

I 18.658 
47,057 
13,448 
10.292 
2.426 
7,577 
9,609 
3,705 

7 1,602 
3.95 1 
2.615 
2,542 
9,286 

12,904 
16.260 
7.842 

16,200 

22,750 
'- 69,008 

16,667 

47.666 
12.740 
6.80 I 

28,126 

43,792 
11,861 

545 
17,550 

100,333 
41.742 
10,483 
8.367 
2,3 17 
7,342 
8.825 
4,408 

58.592 
3,983 
1.408 
2,615 
9,408 

11,991 
17,800 
7.425 
3,950 

24,292 
88,975 
23,433 

75.391 
24,459 
I 1,642 
39,290 

61,033 
12,437 

527 
23.836 

87.736 
40,864 
10,200 
4,400 
2,700 
8,400 
7.400 
7.764 

46,873 
3.922 
2.122 
2.1 22 
7.822 
6,822 

12,822 
7.122 
3,522 

30.855 
119,027 
27,664 

125,455 
40.3 I5 
26,2 I5 
58,924 

64,427 
12.464 

683 
30.658 

88.192 
37.475 
9,715 
1,267 
1,533 
9,792 
5,567 
9,542 

50.71 7 
3.992 
2.883 
2,358 
7,825 
8.425 
8,067 

13.717 
3,450 

46,933 
142,133 
34.842 

172,742 
45.158 
45,233 
82,350 

75.375 
13.167 
62.2081 

758 
37.785 

96.723 
40.087 
9,455 

544 
1.216 

11,840 
5.108 

11.925 
56.635 
4,068 
3.320 
2,508 
7,406 
8.977 
6.380 

20.280 
3.6 I6 

59,719 
160.297 
35,181 

2 10,984 
51,264 
52.280 

107,44 I 

83.5 17 
13.145 
70.372 

820 
42.376 

101.931 
39.5 I I 
Y.92b 

221 
8 IO 

11.158 
4.64K 

13,747 
62.422 
3.5 14 

3.228 
2.550 
6,322 
9.699 
4.7% 

28,8 I B 
3,502 

72,52& 
178,431 
37,444 

248,130 
58,032 
59,121 

130.977 

92,840 
14,451 
78.389 

854 
44,729 

105,190 
38.670 
8,930 

I39 
6.54 

10.224 
4,365 

14.358 
66.520 
3.043 
3,022 
2.574 
5.699 
9,954 
4,293 

34,490 
. 3,445 

79,885 
187.753 
38.813 

268,886 
63,169 
62,550 

143,167 

98,093 
1S.253 
82.840 State and Loeal Governments (92.93) 3 I ,93 1 48,597 

Total Nonagriculfural Wage and Salary Jobs 335,067 391,552 479.5271 591,5581 684,965 774,502 824,203 
NOW Hrauncal bra  from l c  US B u m u  of Labor Sorisncs. Estirnatcs cxcluh popnctm and other rll-cmpluynl perwns. 

Jobs arc on a placed wol* basis aaJ arcNOT full-time quivalmnrr; doublc-wunring ocsun for pmuo holding iwu jobs, SCE rhc munthly ELS 
publication. "Employment a d  Earning". for dnails. 
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Table 3 

+ A&. services, forestry, lishinb and other 85 I 1,922 3,644 
+ Farm employment 6,686 7,387 5,632 

=Total Labor and Proprietors Employment (BEA) 422.313 487.127 563.002 

Labor and Proprietors Jobs by Industry. Louisville MSA (Base 

Mining 859 844 73RI 922 
Major industries (SIC Code) 1970 1980 19901 2OOC 

5,014 6,014 7.014 7,514 
4.7JS 4.7S5 4,755 4.755 

689.557 783.772 865.624 909.501 

Construction 
Total Manufacruring 
Transponation and Public Utilities (40 1049) 
Wholaale and Retail Trade (50 to 59) 
Finance, lnsurance and Real Estate (60 to 68) 
Services (70 to 89) 
All Government 

Federal Government (91) 
Stale and Laeal Governments (9?,93) 

Total Nonagricultural Labor and Proprietors Jobs 

22,853 
122.166 
25.326 
85,805 
29.494 
75,554 
48.408 
I 1.603 
36,805 

4 10.465 

25,545 
104.227 
27.223 

105.593 
41.751 

105,813 
62.502 
12.848 
49,654 

473,498 

3 1.439 
89,548 
33.661 

130.836 
40,694 

159.435 
62.100 
12,665 
49,435 

4 1.878 
R9.20-1 
50,758 

160.736 
46.08C 

2 18,058 
72,151 
13,244 
58,908 

679,788 

inel 
2010 2020 2025 
1.017 1.091 1.130 

51.419 
96.956 
63.R63 

I8 1.052 
45.836 

254,140 
78,719 
13,156 
65,563 

773,003 

57.505 
101.273 
76.463 

200.748 

283,402 
85,889 
14.305 
71.5R4 

853,855 

4 7 . 4 ~ 3  

60.623 
I03.9SX 
XXSRU 

2 10.76 I 
4R.486 

298,755 
89.900 
15.004 
74,896 

897.232 
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Appendix C 

Table 1 

Population of Louisville Economic Area 
Census Estimates 

change, % change, 
1990 to 1990 to 

1970 1980 1990 2000 2000 2000 

Breckinridge County, KY 
Bullitt County, KY 
Carroll County, KY 
Clark County, IN 
Crawford County, IN 
Floyd County, IN 
Grayson County, KY 
Hardin County, KY 
Harrison County IN 
Henry County, KY 
Jefferson County, IN 
Jefferson County, KY 
Lame County, KY 
Marion County, KY 
Meade County, KY 
Nelson County, kY 
Oldham County, KY 
Scott Counry, IN 
Shelby County, KY 
Spencer County, KY 
Trimble County, KY 
Washington Counry, IN 

14,789 

26,090 

8,523 

75,876 

8,033 
55,622 

16,M5 

78,421 

20,423 

10,910 

27,006 

695,055 

10,672 

16,714 

18,796 

23,477 

14,687 

17,144 

18,999 

5,349 

5,488 

19,278 

16,861 

43,346 

9,270 

88,838 

9,820 
61,205 

20,854 

88,917 

27,276 

12,740 

30,419 

685,004 

1 1,922 

17,910 

22,854 

27,584 

27,795 

20,422 

23,328 
5,929 

6,253 
21,932 

16,312 

47,567 

9,292 

87,774 

9,914 
64,404 

21,050 

89,240 

29,890 

12,823 

29,797 

665,123 

1 1,679 

16,499 

24,170 

29,710 

33,263 

20,991 

24,824 

6,801 

6,090 

23,717 

18,648 

61,236 

10,155 

96,472 

10,743 
70,823 

24,053 

94,174 

34,325 

15,060 

3 I ,705 

693,604 

13,373 

t 8,212 

37,477 
26,349 

46,178 

22,960 

33,337 
1 1,766 

8,125 

27,223 

2,336 

13,669 

863 

8,638 

829 
6,419 

3,003 

4,934 

4,435 

2,237 

1,908 

28,481 

1,694 

1,713 

2,179 

7,767 

12,915 

1,969 

8 3 1  3 
4,965 

2,035 

3,506 

14.3V" 

28.7% 

9.3% 

9.9% 

8.4"/0 
1 o.oQ/o 

14.3V" 

5SV/o 

14.8'/0 

17.4"/0 

6.4% 

4.3V" 

14.5YO 

10.4"/0 

9.0% 

26.1 YO 
38.8"/0 

9.496 

34.3% 
73.0°/o 

33.4% 

14.B0/u 

WashinBon Counru. KY 10.728 D ,I 10,764 10,441 10,916 475 4.5% 

TOTAL - 23 County 1,198.525 1,291,243 1,291,371 1,416,914 125,543 9.7"/" 

Louisville MSA 904,897 953,886 949,012 1,025,598 76,586 8.1"/0 

Source: US Bureau of the Census 

Economic, Demographic, and Water Sales Forecasts: 2001-202s 23 
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Table 2 

Households in the Louisville Economic Area 
Census Estimates 

change, O/O change, 
1990 to 1990 to 

1970 1980 1990 2000 2000 2000 

Breckinridge County, KY 
Bullitt County, KY 
Carroll County, KY 
Clark County, IN 
Crawford County, IN 
Floyd County, IN 
Grayson County, KY 
Hardin County, KY 
Harrison County IN 
Henry County, KY 
Jefferson County, IN 
Jefferson County, KY 
Larue County, KY 
Marion County, KY 

Meade County, KY 
Nelson County, KY 
Oldham County, KY 
Scott County, IN 
Shelby County, KY 
Spencer County, KY 
Trimble County, KY 
Washington County, IN 
Washineton Counm. KY 

4,617 

7.21 5 

2,755 

23,249 

2,643 

17,571 

5,193 

17,050 

6,208 

3,628 

7,890 

216,160 

3,334 

4,379 

5,335 

6,218 

3,798 

5,954 

5,132 

1,641 

1,696 

6,069 

3.120 

5,881 

12,944 

3,377 

31,021 

3,462 

21,459 

7,228 

24,610 

9,085 

4,564 

10,288 

250,569 

4,268 

5,599 

7,165 

8,650 

8,026 

6,728 

7,859 

2,026 

2,124 

7,556 

3.482 

6,159 

15,965 

3,505 

33,292 

3,660 

24,085 

7,991 

29,358 

10,618 

4,896 

10,897 

264,138 

4,503 

5,688 

8,080 

10,417 

10,673 

7,593 

9,048 

2,45 1 

2,246 

8,664 

3.709 

7,324 

22,171 
3,940 

38,751 

4,181 

27,511 

9,596 

34,497 

12,917 

5,844 

12,148 

287,012 

5,275 

6,613 

9,470 

13,953 

14,856 

8,832 

12,104 

4,251 

3,137 

10,264 

4.121 

1,165 

6,206 

435 

5,459 

521 

3,426 

1,605 

5,139 

2,299 

948 

1,25 1 

22,874 

772 

925 

1,390 

3,536 

4,183 

1,239 

3,056 

1,800 
891 

1,600 

41 2 

18.9''/'~ 

3a.99~ 

12.4"h 

1 6.4% 

14.2% 

1 4.2"/0 

20.1 "/u 

17S0/u 

21.7% 

19.4"/0 

11.5"/0 
8.7% 

17.1% 

16.3"/u 

1 ?.2'/0 

33.9"/" 

39.2% 

16.3"/0 

3 3.8Yo 

73.4% 

39.?/0 

18.5% 

1 l . lo/o v , I  

TOTAL - 23 County 360,855 447,971 487,636 558,768 71,132 14.6'/0 

Louisville MSA 279.333 339,832 366.364 41 2.050 45.686 1 2.S0/o 

Source: US Bureau of the Census 

24 Economic, Demographic, and Water Sules Forecasts: 2001-2025 
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Table 3 

Population per Household in the Louisville Economic Area 
Census Estimates 

change, % change, 
1990 to 1990 to 

1970 1980 1% 2000 2000 2000 
Breckinridge County, KY 
Bullitt County, 10 '  
Carroll County, KY 
Clark County, IN 
Crawford County, IN 
Floyd County, IN 
Grayson County, KY 
Hardin County, KY 
Harrison County IN 
Henry County, KY 
Jefferson County, IN 
Jefferson County, KY 
Lame County, KY 
Marion County, KY 
Meade County, KY 
Nelson County, KY 
Oldham County, KY 
Scott County, IN 
Shelby County, KY 
Spencer County, KY 
Trimble County, KY 
Washington County, IN 
Washinmon Countv. KY 

3.20 
3.62 
3.09 
3.26 
3.04 
3.17 
3.17 
4.60 
3.29 
3.01 
3.42 
3.22 
3.20 
3.82 
3.52 
3.78 
3.87 
3.34 
3.19 
3.34 
3.15 
3.1 8 
3.44 

2.87 
3.35 
2.75 
2.86 
2.84 
2.85 
2.89 
3.61 
3.00 
2.79 
2.96 
2.73 
2.79 
3.20 
3.19 
3.19 
3.46 
3.04 
2.97 
2.93 
2.94 
2.90 
3.09 

2.65 
2.98 
2.65 
2.64 
2.71 
2.67 
2.63 
3.04 
2.82 
2.62 
2.73 
2.52 
2.59 
2.90 
2.99 
2.85 
3.12, 
2.76 
2.74 
2.77 
2.71 
2.74 
2.82 

2.55 
2.76 
2.58 
2.49 
2.57 
2.57 
2.51 
2.73 
2.66 
2.58 
2.61 
2.42 
2.54 
2.75 
2.78 
2.69 
3.1 1 
2.60 
2.75 
2.77 
2.59 
2.65 
2.65 

-0.102 
-0.21 7 
-0.074 
-0.147 
-0.139 
-0.100 
-0.128 
-0.310 
-0.158 
-0.042 
-0.125 
-0.101 
-0.058 
-0.147 
-0.209 
-0.166 
-0.008 
-0.1 65 
0.01 1 
-0.007 
-0.121 
-0.085 
-0.166 

-3.w" 
-7.3% 
-2.8% 
-5.6%1 
-5.1% 
-3.7%1 
-4.8*!~ 
- 10.2%1 
-5.6"/0 

-1.69'0 

-4.6% 

-4.0"/~ 
-2.3% 
-5.1 "/LI 
-7.0% 

-5.8% 
-0.3'/0 

-6.0'/0 
0.4% 

-0.3% 
-4.5% 
-3.1% 
-5.9% - / I  

TOTAL - 23 County 3.32 2.88 2.65 2.54 -0.112 -4.2% 

Louisville MSA 3.24 2.81 2.59 2.49 -0.101 -3.9%1 

Source: US Bureau of the Census 

Economic, Demographic, and U'arer Sales Forecasts: 2001-2025 2s 
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