Diameter (in) Length (ft) Unit Cost ($/ft) Total Cost
4 381,000 $23 $8,700,000
6.3 16,000 $30 $500,000
9.5 3,000 $40 $100,000
25.1 40,000 $245 $9,900,000
Total 440,000 $19,100,000
Table 16. Pipe breakdown for Northwest system.
Northwest Design Costs
Pipe Layout $19,100,000
Pump Station $380,000
Table 17. Total present Storage Basin $400.000
value costs th"°U9h 2030. | Chemical Treatment $3,600,000
Contingency Factor $5,900,000
Technical Fees $4,700,000
Total Cost $34,100,000
Table 18. Total present | Northwest Design Income/Revenue
value revenues through | Local Cooperators $930,000
2030. [ SWFWMD $14,100,000
WPSTF $1,800,000
Projected Revenue $9,000,000
Net Present Value $8,300,000
Northwest Design | Specifications
Split Effluent Chlorination
Average Demand 4.3 MGD
. Pipe Network 440,000 | Ft
Table 19. Summary table for design Fipe N
o s ushing System 80 Gpm
specifications of the Northwest design. [ Main pipe 251 | Inch
Laterals 4,6.3,9.5 | Inch
Storage Basin 8.6 MG
Efficiency Ratio 0.0122 | $/gal
Total Cost (NPV) 8.3 Million $

Figure 9. South
& Northwest dis-
tribution system:
STAR Phase |-
Black, Phase II-
Green & Red.
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Continued from page 53

NorthWest Design Option

The Northwest design alternative, like
the South, also contains the modified effluent
chlorination system, which reduces the overall
chemical and O&M costs. The average peak
demand for the Northwest design is 4.3 MGD.
A breakdown of pipe material, diameter, and
cost is detailed in Figure 8 and Table 16.

The storage basin designed for this
demand flow is 8.6 MG. The Northwest system
will have two recirculation points both dis-
charging 15 gpm. Also, it will discharge 50 gpm,
as bulk interruptible flow, to the Rocky Point
Golf Course. The summary of the cost analysis
for the Northwest system is summarized in
Tables 17 and 18. Complete specifications for
the design are summarized in Table 19.

Based on the cost analysis data, the
Northwest system is the most cost-effective
solution with an efficiency ratio of .0122
$/gal. This option also has the lowest overall
project cost, making it the optimal solution.

Combined Design Option

The combined design incorporates a
summation of the characteristics of both the
Northwest and South options; therefore, this
system contains the same effluent chlorina-
tion scheme. The total peak average demand
for the combined system is 7.8 MGD, which
requires a storage basin with a volume of 12.3
MG. The pipe distribution characteristics are
shown in Figure 9 and Table 20, and the cost
analysis breakdown for the combined system
is detailed in Tables 21 and 22.

The flushing system for this design is
designed to be 135 gpm, which is a combina-
tion of the previous designs. The system
would also include the design specifications of
the chlorine booster stations in the South
design. The complete specifications for the
combined design are summarized in Table 23.

The combined design is the second most
cost-efficient design; however, the total cost
of the project is beyond the limits of the pro-
jected budget.

Final Design Evaluation
The three feasible design options can be

rated based on total cost, potable offset, and
their overall efficiency ratios. Using an effi-
ciency ratio of cost per gallon, the Northwest
expansion was determined to be the most
efficient. The second most efficient design
was the combined South and Northwest
expansion design, and the least efficient
design was the South expansion design, but
differences in efficiency ratios among the
three systems were minor.

According to cost calculations, the com-
bined design is nearly double the cost of both
the South and Northwest expansions. The



South design was also significantly more
expensive than the Northwest design. The
Northwest expansion is capable of offsetting
4.3 MGD of potable water, the South expan-
sion can offset 3.5 MGD, and the combined
design offsets 7.8 MGD. When comparing
and analyzing the calculated cost and flow
values in Tables 24 and 25, the Northwest sys-
tem is determined to be the optimal solution.
In addition to the costs of STAR Phase
II, the proposed chlorine effluent modifica-
tions will save money at the Curren Plant by
decreasing the amount of chemicals pur-
chased. Table 26 compares the current 2007
budget for chemicals and the calculated
amounts needed for each design option.

Recommendations

Proposed Design
All three designs are potentially viable,

but budget limitations have eliminated the
possibility of implementing a combined pipe
layout including both the South and
Northwest systems. After the remaining two
designs were evaluated, considering the avail-
able budget for STAR Phase II, the design
team recommends that the city of Tampa
implement a Northwest expansion to the cur-
rent STAR Phase I distribution system.

This design expansion will offset 4.29
MGD in addition to the current offset of
STAR Phase I. The expansion will require a
total net present value cost of $8.3 million,
which is feasible under the projected budget
for STAR Phase II. The addition of a
Northwest expansion will also help reduce
stress on the Tampa area water resources, and
will allow the city to maintain a reputation of
environmental innovation and stewardship.

Future Considerations
Adjusting water-billing rates to change
customer usage habits is a common practice
among water supply districts. If a water
source is under-priced, customers will use
their resource inefficiently. If the supply is
over-priced, the water supply district risks
losing customers or facing public protest.
Reclaimed water adds a new dimension to
assigning water rates because of its auxiliary
nature. A careful balance has to be found
between charging too much or too little for
reclaimed water use, especially for large users.
In a comparison of water districts in
areas surrounding the city of Tampa, the city
was found to charge about 50 percent less
than its neighboring districts for residential
users. The average potable water rate for each
district was found by averaging their current
potable water tier scales.
It is recommended that Tampa raise its
residential potable water rates to 1.35 times
Continued on page 56

Diameter (in) Length  (ft) Unit Cost ($/ft) Total Cost
4 893,000 $23 $20,300,000

6.3 16,000 $30 $500,000

9.5 3,000 $40 $100,000
25.1 96,000 $245 $23,600,000
Total 1,008,000 $44,500,000

Table 20. Pipe breakdown for combined system.

Combined System Costs
Pipe Layout $44,500,000
Pump Station $380,000
]SBtooster Etat}on ) $$52706000000 Table 21. Total present value
orage Basin ,
Chemical Treatment $3,800,000 costs fhrough 2030.
Contingency Factor $12,300,000
Technical Fees $9,800,000
Total Cost $71,400,000
Combined System Income/Revenue
Local Cooperators $930,000
SWEWMD $29.500,000 Table 22. Total present value
WPSTF $1,800,000 revenues fhl’OUgh 2030.
Projected Revenue $17,000,000
Net Present Value $22,100,000
Combined System Specifications
Split Effluent Chlorination
Average Demand 7.8 MGD
Pipe Network 1,008,000 | Ft .
Flushing System 135 | Gpm Table 23. Summary table for design
Chlorine Booster (2) | 4.5,2.0 | mgCL/L | specifications of the combined design.
Main Pipe 25.1 Inch
Laterals 4,6.3,9.5 | Inch
Storage Basin 12.3 MG
Efficiency Ratio 0.0157 | $/gal
Total Cost (NPV) 22.1 Million $
Flow (MGD) Cost Ratio ($/gal)
South 3.5 $14,100,000 0.0199
Northwest 4.3 $8,300,000 0.0122
Combined 7.8 $22,100,000 0.0157

Table 24. Comparison of three optimal design solutions: potable water offset, total

cost, efficiency ratio.

Max Phase II Max Phase I Table 25. Maximum
Design Flow Flow Total peak conditions for
South 6.2 7.2 13.4 STAR Phase | and
Northwest 7.7 7.2 14.9 Phase II.
Combined 13.9 7.2 21.1
Costs SO, ClL, 0&M Total E:r:iazlé'
Current $82,000 $407,000 $121,000 $610,000 chemical and
South $66,000 $178,000 $98,000 $243,000 O%M sqvings
Northwest $65,000 $181,000 $100,000 $246,000 at the Curren
Combined $61,000 $196,000 $107,000 $257,000 Plant
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$4.50

Residential Potable Water Rates ($/ccf)

$4.00
$3.50

$3.00
$2.50
$2.00
$1.50 -
$1.00
$0.50
$0.00 -

New Port
Richey

$3.89 $3.41 $3.21

Hillsborough

Manatee

Pinellas

$3.02 $2.08

Current Tampa

Proposed
Tampa

$2.80

Figure 10. Proposed and current residential potable water rates in cost per ccf (2007).

City of Tampa Potable Water Rates

Current Rate

Proposed Rate

$1.07 per ccf
($1.43 per TG)

$1.44 per ccf
($1.93 per TG)

$1.24 per ccf
($1.66 per TG)

$1.67 per ccf
($2.24 per TG)

$2.08 per ccf
($2.78 per TG)

$2.81 per ccf
($3.75 per TG)

$2.78 per ccf
($3.72 per TG)

$3.75 per ccf
($5.02 per TG)

Residential Class
Tier 0 0 to 5 ccf per month
Tier 1 6 to 13 ccf per month
Tier 2 14 to 26 ccf per month
Tier 3 27 to 45 ccf per month
Tier 4 Over 46 ccf per month

$3.21 per ccf
($4.29 per TG)

$4.33 per ccf
($5.79 per TG)

Table 27. Comparison of current and proposed potable water rates (2007).

Table 28 STAR Residential Reclaimed Water Rates
aple £0. Tier 1 0-15 ccf per month $0.94 per ccf
Proposed ($1.26 per TG)
Tier System Tier 2 15-20 ccf per month $1.34 per ccf
for STAR. ($1.79 per TG)
Tier 3 Over 20 ccf per month $1.74 per ccf
($2.33 per TG)
lqble 29& STAR Residential Irrigation Schedule
rzlpos;fa | Addresses ending in 1-3 Water between 1-3 a.m.
r4:=,5|' er}lo Addresses ending in 4-6 Water between 4-6 a.m.
hl I’I;glc IFO " Addresses ending in 7-9 Water between 7-9 a.m.
scheduie for Do NOT water on Wednesdays.
STAR.
Continued from page 55 tomers would value both sources of water

the current rate in order to be in the same
range as surrounding districts, but not to
exceed the other districts. This would bring
the city’s average rate from $2.08 per ccf of
potable water up to $2.80 per ccf. Figure 10
below shows the average proposed rate along-
side other district averages.

Raising the potable water rates and
maintaining the average reclaimed rate for
residential users should facilitate more effi-
cient offset of potable water. Residential cus-

more and therefore use the reclaimed water
instead of potable water for irrigation. Table
27 details the recommended rate increase
within the potable water tier scale.

In order to ensure efficient use of
reclaimed water among residential customers
and maximum potable water offset, a
reclaimed tier rating scale is recommended.
Scaling of the reclaimed rates is important for
the long-term success of STAR as more cus-
tomers join the network and the use of efflu-
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ent from the Curren Plant for reclamation
approaches full capacity.

Tampa currently charges a flat rate of
$1.34 per 100 cubic feet ($1.79 per 1,000 gal-
lons) for unlimited use of reclaimed water.
The new reclaimed tier scale should include
three tier levels with an average rate of $1.34,
as seen in Table 28. A residential customer
using potable water for irrigation averages
11.2 ccf (8,400 gallons). If that same cus-
tomer used reclaimed water without tier
rates, the monthly average would be 16.8 ccf
(12,600 gallons) (Andrade, 2007). The tier
system, seen in Table 4-2, follows these aver-
ages by encouraging customers to maintain
the same amount of irrigation usage for
reclaimed water as that of potable water.

Another recommendation for STAR res-
idential customers is an irrigation schedule.
Currently there are irrigation restrictions for
potable water but none for reclaimed water.
An irrigation schedule for STAR would be
another component to maintain efficiency of
reclaimed water use, attenuate the peaks in
daily flow, and allow for a maintenance day.
The flow in STAR usually peaks around 3
a.m.-4 a.m., which causes problems with
chlorination and hydraulic delivery. Also, a
maintenance day built into the weekly sched-
ule would provide time for flushing the sys-
tem and repairing any broken or damaged
pipes and meters. The recommended irriga-
tion schedule for residential STAR customers
is detailed in Table 29.

In addition to the suggested STAR Phase
IT design, other projects should be considered
for using reclaimed water from the Curren
Plant. First, it is recommended to increase
demands within the existing pipe network by
targeting additional large users. New con-
struction and urban revitalization should be
pursued as potential new users. Pipes can be
installed during construction or renovation
and applied to both irrigation and air condi-
tioning. Also, potential industrial, commer-
cial, and institutional (ICI) customers who
currently use potable water for cooling tow-
ers should be persuaded to connect.

There are many benefits to adding cus-
tomers with cooling towers or other large air
conditioning units. Customers with cooling
towers would provide a steady base flow
throughout the day and have less variation in
demand during the year, compared to wet and
dry season irrigation. They are also a consis-
tent revenue source and would bring more
profit per connection than residential users.
ICI customers with cooling towers maximize
potable water offset by using the same
amount of reclaimed water as potable water
in their cooling towers as opposed to irriga-
tion customers who tend to use more water
when they irrigate with reclaimed water.

Continued on page 58



STAR Commercial, Industrial, and Institutional
Reclaimed Water Rates

Priority customer $0.60 per ccf
Tcl?|e 30. Proposed ($0.80 per TG)
reclaimed water rates Interruptible customer without $0.40 per ccf
for ICI customers. storage (80.53 per TG)
Interruptible customer with $0.20 per ccf
storage ($0.27 per TG)

Continued from page 56

It is recommended that a series of strate-
gies be implemented in order to influence ICI
customers with cooling towers to join the
program. The two major factors hindering
the use of reclaimed water in cooling towers
are its cost and the presence of higher total
dissolved solids (TDS) in reclaimed water. It
is recommended that the reclaimed water
rate for ICI customers be significantly below
their potable water rates and tiered to include
rates for interruptible customers. Currently,
the average potable water rate for ICI cus-
tomers is $2.33 per ccf. The proposed average
cost of the reclaimed tier for these customers
is $0.40. The recommended rates are listing
in Table 30.

With the proposed reclaimed water rates
in place for ICI customers, STAR connections
with cooling towers should increase signifi-
cantly because of the sharp increase in sav-
ings. Also, the added cost of TDS-reducing
chemicals needed for cooling towers using
reclaimed water would be more than recov-
ered with the proposed rates.

It is recommended that an educational
campaign be pursued in order to advertise
the lower rates to ICI customers and provide
them with information about the new chem-
icals they would need to purchase. This cam-
paign should include pamphlets, seminars,
and a city representative to guide the transi-
tion from potable to reclaimed water for
these valued customers.

Another large potential user that should
be considered is Pinellas County’s reclaim
system. A main extending from the
Northwest system could easily reach the
county border. Once these large users con-
nect to STAR, the need for seasonal storage
should be evaluated. Types of storage could
include surface impoundments on golf
courses and elevated storage tanks.

Finally, the phosphorous and nitrogen
loading rate into the Tampa Bay can not be
ignored. Currently, 0.8 metric tons of phos-
phorus is being added to the bay daily. A plan
of action for reducing this loading rate must
be devised. Also, reduction of N and P and
other pollutants such as endocrine disrupting
compounds and metals is required before
introduction into the reuse system. Much of
the reuse becomes irrigation water and nutri-

ent pollutant becomes part of the urban
hydrologic cycle.
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