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Q.

PLEASE STATE YOUR NAME AND ADDRESS FOR THE RECORD.
My name is Gerald C. Hartman. My business address
is Hartman & Associates, Inc., 201 E. Pine Street,
Suite 1000, Southeast Bank, Orlando, Florida 32801.
ARE YOU THE SAME GERALD C. HARTMAN WHO PREVIOUSLY
FILED DIRECT TESTIMONY?

Yes, I am.

WHAT IS THE PURPOSE OF YOUR REBUTTAL TESTIMONY?
The purpose of my testimony is to rebut certain
statements made by the following witnesses with
regard to used and useful and various other
engineering matters: Mr. Ted Biddy, Mr. Hugh
Larkin and Ms. Donna DeRonne, Mr. Buddy L. Hansen,
Mr. Michael Woelffer, and Mr. Robert F. Dodrill. I
will also address some of the comments made by
staff witnesses Mr. John Starling, Dr. Janice
Beecher, and Mr. Gregory Shafer.

DO ANY OF THESE WITNESSES ADDRESS THE SUBJECT OF
ECONOMIES OF SCALE?

Yes, a number of them do. Mr. Biddy and Mr. Hansen
argue against SSU’s requested margin reserve
allowances. Mr. BRiddy, Mr. Hansen, and Mr.
Woelffer argue in favor of the lot-count method for
determining the 1level of water transmission and
wastewater collection lines which are used and
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useful. Mr. Biddy suggests a variety of used and
useful adjustments, including adjustments to
storage facilities, hydropneumatic tanks, emergency
generators, high service pumps, and the like. Mr.
Larkin and Ms. DeRonne purport to apply Mr. Bidd&'s
proposed used and useful adjustments to the utility
plant balances. These witnesses argue against
SSU’'s requested used and useful percentages and, in
so doing, disregard the economieé of scale I cited
in my direct testimony as supportive of those
percentages.

I also note that beginning on line 22, page
16, of his testimony, Mr. Hansen opines that SSU
should install a larger ground storage tank at
Sugarmill Woods than the one proposed for SSU to
take advantage of economies of scale and to provide
better service. Staff witness Dr. Beecher makes
several comments concerning econcmies of scale on
pages 10 and 20 of her testimony. Staff witness
Mr. Starling has compiled certain comparative cost
information for different types of water treatment
facilities, apparently without considering
economies of scale pertinent to the underlying
data. Staff witness Shafer discusses several
Commission goals which I believe are impacted by
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economies of scale.

MR. HARTMAN, HAS YOUR FIRM PREPARED AN ECONOMY OF
SCALE EVALUATION FOR WATER AND WASTEWATER UTILITY
TREATMENT FACILITIES AND COMPONENTS?

Yes. An Economy of Scale Evaluation report was
completed by my firm in late February of this year
and a copy provided to the parties in this case by
mail on February 23, 1996, in response to QPC
Document Request No. 304. A copy the Economy of
Scale Evaluation is attached to my rebuttal
testimony and identified as Exhibit _____(GCH-4).
WAS THIS ECONOMY OF SCALE EVALUATION PREPARED BY
YOU OR BY PERSONS UNDER YOUR SUPERVISION AND
CONTROL?

Yes, it was.

COULD YOU FIRST EXPLAIN WHAT AN ECONOMY OF SCALE
IS8 AND THEN DISCUSS THE CONTENTS OF YOUR ECONOMY OF
SCALE EVALUATION?

Yes. Generally stated, an economy of scale is the
phenomenon of a decreased per unit cost attained
through the use of larger units. To illustrate, a
10,000 gallon per day (gpd) wastewater treatment
plant may cost $60,000 to build and thus have a per
unit cost of $6.00 per gallon per day, whereas a
100,000 gpd plant may cost $250,000 and have a per
3
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unit cost of $2.50 per gallon per day. In this
example, the per unit cost for building the larger
plant is much less than for building the smaller
plant and reflects an economy of scale. An economy
of scale can likewise be evident for the operation
and maintenance costs for running a larger versus a
smaller plant.

That the economy of scale phenomenon occurs
with water and wastewater facilities and facility
components, I believe, is without guestion. The
purpose of the Economy of Scale Evaluation was to
identify and measure any economies of scale for the
capital costs of water and wastewater treatment
facilities and components.

Briefly stated, the Evaluation examined the
average cost and per unit cost of the following
facilities/components: extended aeration package
wastewater treatment plants; contact stabilization
wastewater treatment plants; blowers, filters, and
chleorination units for wastewater plants; standby
generators for water and wastewater plants;
prestressed concrete ground storage tanks, steel
ground storage tanks; water plant disinfection
(chlorination) equipment; high service pumps;
hydropneumatic tanks; lime softening water
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treatment plants; reverse osmosis water treatment
plants; gravity sewer lines; sewage pump stations;
sewer force mains; and water mains. Unit cost
curves, showing the cost per unit of capacity on
one axis of a graph and capacity on the other, were
created for all facilities/components examined.
These unit cost curves clearly demonstrate the
economy of scale associated with each
facility/component. Furthermore, the unit cost
curves in the evaluation also serve to illustrate
the threshold minimum size which selected
facilities/components must be before the rate of
change in the per unit cost begins to decline.
Exhibit (GCH-5) 1is a one page summary
illustration of water plant component unit cost
curves.
COULD YOU EXPLAIN HOW THE ECONOMIES OF SCALE
REVEALED IN THE EVALUATION SPECIFICALLY RELATE TO
THE TESTIMONY OF THE WITNESSES YOU HAVE MENTIONED?
Yes. Let us take as an example the issue of margin
reserve specifically as it relates to the sort of
concerns Mr. Hansen mentioned and ground storage
tanks.

The economy of scale associated with various
sized steel ground storage tanks is illustrated in
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the series of graphs, charts and tables contained
in Exhibit _ {GCH-6) . Since a written
explanation or summary and conclusion sheet appears
before each of the various graphs, charts and
tables presented in the Exhibit, I will not repeat
the content of those sheets here. However, I would
like to point out a few items in order to better
focus the issue. The first graph included in the
Exhibit shows the cost curve and unit cost curve
for steel ground storage tanks. The unit cost
curve, simply stated, illustrates the economy of
scale. The "inflection point" of the unit cost
curve refers to that point at which the relative
maximum economy of scale is achieved and beyond
which the unit price remains nearly constant. 1In
the case of the steel ground storage tanks, the
inflection point is at the 100,000 gallon tank.
Therefore, to take advantage of the optimal economy
of scale, a 100,000 gallon tank would be the
threshold size necessary. This is not to say,
however, that a tank of that size is appropriate in
all cases -- only that it is the threshold size
required to achieve the optimal economy of scale.
The remaining graphs, charts and tables in the
Exhibit serve to illustrate the cost-effectiveness
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of installing different size tanks over time under
various growth and economic conditions and
considering the Commission’s present form.of used
and useful determinations. The graphs immediately
following the cost curves provide a clear picture
of the following events and conditions for the tank
example over time: demand, tank phasing, total
tank capacity, total investment, investment used
and useful comparison, and wused and useful
percentage. ' The next set of graphs depict: (1)
the investment savings associated with sizing tanks
in larger sizes and (2) the margin reserve period
necessary to promote larger sizing and, hence,
achieve that savings, 15 years in these examples.
The tables appearing next in the Exhibit show the
costs savings per ERC over time under various tank
sizing scenarios. These tables portray the long-
term cost savings to the customer with a larger
tank as compared to a smaller tank. Present value
charts appear last in the Exhibit. These charts
show the present value for installing a tank or
tanks assuming the scenarios described. These
charts are significant in that they invoke the
illogical economic signal the Commission sends
utilities by measuring used and useful as it has in
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recent years. All things being equal, the most
cost effective choice for the utility engineer is
the choice with the lowest present value (both to
the utility and the customer)}, but the Commission’s
used and useful practices act as a disincentive.to
economies of scale and corrupt the decision-making
process. In other words, the Commission’s used and
useful practices encourage a utility to install the
smallest tank necessary so the utility may recover
the greatest portion of its total investment in the
tank, but the present value tables in this Exhibit
reveal that the smallest tank necessary is.not the
most cost-effective choice. It is my testimony
that one of the ways the Commission can correct
this 1illogical economic signal and encourage
economies of scale is through an appropriate
allowance for the margin reserve.

It should be noted that based on the
information and analyses in the Economy of Scale
Evaluation, the storage tank example is
representative of the economy of scale for all of
the components/facilities examined.

Mr. Hansen’s testimony illustrates the irony
of used and useful in recent vyears. Mr. Hansen
opposes a margin reserve, suspects that SSU’'s goai
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is to operate at or near capacity, yet he asks that
SSU install a ground storage tank larger than the
minimum currently needed. He embraces the service
benefits and long-term cost effectiveness of the
margin reserve and the economy of scale, but he
fails to grasp the economic penalty he proposes.
The cause-and-effect relationship at work with
used and useful and economies of scale is simple.
The Commission’s used and useful practices of
recent years, combined with no margin reserve, an
insufficient margin reserve, or a margin réserve
with CIAC imputed thereon -- the various proposals
of the intervenors in this case -- provide
utilities no incentive to take advantage of
economies of scale and instead cause economic harm
to those utilities who do. No utility company can
be asked to make investment of shareholder money
when the recovery of and a return oh a substantial
portion of that money is virtually totally at risk.
This is particularly true here as the rate of
return to the shareholders is set by regulators and
does not increase to the extent which would be
necessary to compensate for that risk. Thus, the
economic message from the Commission in recent
years, and the economic message the intervenors

9
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Q.

would have the Commission send in this case, is to
build plant in small increments, ignore economies
of scale, and bear inordinate risk for even
threshold sizing.

In consideration of the results of the Economy
of Scale Evaluation, I believe that for the utility
and the customers to experience the benefits of
sizing all facilities/components to take advantage
of economies of scale, the minimum margin reserve
period for all facilities/components should be
seven years. The intervenor’s suggestion that
there be no margin reserve at all will only serve
to harm the customers over time. A five-vear
margin reserve period as SSU has suggested is an
initial step to more cost-effective rate setting.
MR. HARTMAN, DOESN’T YOUR ECONOMY OF SCALE
EVALUATION IN FACT SUPPORT USED AND USEFUL
PERCENTAGES HIGHER THAN THOSE REQUESTED BY.SSU IN
ITS MFR’S?

Yes, it does. SSU’s position in this proceeding,
however, is that the Economy of Scale Evaluation
supports the used and useful percentages SSU
reguested in 1its £filing as a minimum. SS8U's
requested used and useful percentages should
therefore not be reduced unless SSU accepts an

10
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error in calculations.

In this case, SSU followed the basic formula
approach to used and useful which the Commission
accepted in S8SU’s last case. Generally, this
approach may .capture economies of scale in the
margin reserve.

YOU MENTIONED THAT STAFF WITNESS MR. SHAFER
REFERENCES ECONOMIES OF SCALE OR MATTERS WEHICH
ECONOM.;EES OF SCALE INFLUENCE. WHAT COMMENTS DO YOU
HAVE REGARDING HIS TESTIMONY?

Mr. Shafer recites several Commission goals which I
believe should be influenced by economies of scale,
specifically the following: providing safe,
efficient service at an affordable price; resource
protection; and a financially  Thealthy and
independent ut:ilityf As I stated in my direct
testimony, I do not believe the Commission can
promote resource protection and reliable service
unless used and useful considerations parallel
design and regulatory regquirements. Efficient
service, moreover, must be considered on a long-
term basis. The economy of scale to be realized in
utility facilities, as well as in the operations
and administration functions, provides for long-
term, efficient, and cost-effective service. Thus,

11
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if, as Mr. Shafer says, the Commission is to make
decisions which will give utilities an incentive to
be more efficient, economies of scale must be given
greater weight in used and useful considerations
than it has in recent years.

I note that applying the used and useful
formulae I have referred to has not always been the
Commission practice. Several vyears ago, the
Commission considered economies of scale in
evaluating wused and useful because it was
recognized that economies of scale promoted safe
and efficient service and minimized 1long term
capital investment. Attached hereto as Exhibit

(GCH-7) are copies of Commission staff
memoranda which served as a guide to used and
useful and wherein economies of scale are
emphasized criteria. In recent years, with only
occasional exceptions, the Commission came to
ignore ignoring economies of scale in favor of a
rigid formula approach to used and useful. This was
also about the time capital investment requirements
for water and wastewater utilities were heightened
due to increased regulatory requirements such as
those imposed by the Clean Water Act. In my view,
periods of increased capital investment

12
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Q.

requirements are precisely the wrong time to
forsake economies of scale, especially where growth
is present to support the economies.

DO YOU HAVE ANY OTHER COMMENTS REGARDING THE
ECONOMY OF SCALE AS IT RELATES TO USED AND UBEFUL?

Yes, but I will make those comments as I address
specific areas of the intervenor'’s rebuttal. Also,
later on in my testimony, I will briefly address
economies of scale insofar as they relate to Mr.
Starling’s cost comparisons and Dr. Beecher’'s
testimony on single-tariff pricing.

DO YOU HAVE ANY OTHER COMMENTS ON THE INTERVENCR’S
TESTIMONY ON MARGIN RESERVE NOTWITHSTANDING ECONOMY
OF SCALE?

Yes. I believe I have already adequately addressed
Mr. Hansen’s margin reserve comments. On page 3 of
Mr. Biddy’s testimony, he characterizes Rule 62-
600.405 as establishing the intervals for
submitting a capacity analysis report ("CAR") and
not a 5 year reserve capacity reguirement. I
disagree with Mr. Biddy’s interpretation for the
reasons stated in my direct testimony and as
explained further by SSU witness Harvey in
rebuttal. The rule is applied by DEP to assure
that at least a 5 year margin reserve of capacity

13
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exists or that the expansion process is underway.
To interpret the rule as Mr. Biddy suggests is to
separate the words of the rule, which on the
surface address reporting requirements, from the
rule’s meaning, which focuses on performing ;che
acts one must report. Further, a shorter margin
reserve period would place ut?lities in a position
where the expansion activities for one interval and
the next interval overlap, which makes no economic
or regulatory sense whatsoever.

DO YOU AGREE WITH MR. BIDDY'S COMMENT ON PAGE 4
REGARDING THE WATER PLANT MARGIN RESERVE PERIOD?

I agree that DEP does not presently have in place a
rule for water facilities similar to Rule 62.600-
405. Yet, on recent submittals I have made to the
DEP, adequate capacity has been an issue in the
permit application process. Those reviewing these
applications have with increased regularity asked
if 5 years of water plant capacity is available or
planned.

My direct testimony 1lists the multitude of
activities necessary for an expansion project. It
is simply wrong to restrict the water treatment
plant margin reserve to less than 3 years on the
basis of Mr. Biddy‘'s paltry claim, "Sometimes iﬁ

14
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does not take a long time to increase capacity for
water treatment, such as adding a new well and
filters." Further, as stated in DEP‘s letter of
June 29, 1995, attached to the testimony of SSU
witness Harvey, "[DEP] strongly recommend[s] that
the Commission recognize at least a five-year
reserve capacity when calculating the "used and
useful” percentage of water and wastewater
treatment facilities."

MR. BIDDY SUGGESTS A MARGIN RESERVE IS NOT
NECESSARY. DO YOU DISAGREE WITH HIM?

Yes. Of course a margin reserve 1s necessary.
There are three basic reasons which support margin
reserve: (1) economic benef_it to the customers and
the utility, (2) public health and environmental
protection, and (3) reduced regulatory costs.
First, a margin reserve permits the utility an
opportunity to achieve at least somé portion of the
economy of scale benefit I have already described.
Second, if no margin reserve 1is permitted,
utilities will be forced into a situation where
they would constantly be butting up against the
capacity limitations of their facilities. The
dangers to the public health and the environment
which result from this are obvious: insufficient
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water pressure, connection moratoria, insufficient
chlorine contact time, lack of sufficient disposal
facilities, improper discharge of wastewater, and
insufficient wastewater treatment to name a few.
And all of these problems can occur due simply to
the variability of demand if a margin reserve is
not present. Third, if utilities cannot earn a
return on economically sized plant, forcing the
utilities to constantly operate facilities on the
edge of their capacity limitations, all  of the
activities associated with needed improvements and
expansions will likewise be in constant motion. A
perpetual permit and construction apparatus on the
part of utilities requires the perpetual attention
of the regulatory authorities’ engineers,
inspectors, analysts, etc. -- all at an increased
cost to the utility, the customers and the state.
Each of these adverse consequences result from the
intervenors’ no margin reserve position and should
be scrupulously avoided.

IS8 MARGIN RESERVE "SOLELY FOR NEW CUSTOMERS" AS MR.
BIDDY STATES?

No. In fact, OPC witness Ms. Kim Dismukes suggests
that the current customers will consume more water
in the future. Therefore, OPC’s witnesses are
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inconsistent on this point. The Commission should
recognize that different OPC witnesses have made
directly conflicting assertions to support the
results OPC desires on different issues. Of
course, OPC cannot have it both ways -- customers
cannot consume more water to suit Ms. Dismukes’
proposed consumption adjustment while at the same
time not consume such additional quantities to
support Mr. Biddy’s assertion that the margin
reserve is exclusively for future customers. I
would also note that it is not absolutely certain
what effect SSU’'s conservation efforts would have
on peak demands, as opposed to total consumption.
S8U’s plants must meet the peak demands of the
existing customers and many components are designed
to meet that level of demand.

The exiséing customers benefit £from the
capacity to serve their needs, to attenuate the
impacts of growth in connections, and from the
long-term economies of scale.

The variability of demand over the useful life
of an asset (30-50 years) can be great, and only
the existing customers create this wvariability.
Smaller facilities demonstrate higher wvariability
in demand than do larger facilities. SSU is
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comprised mostly of small facilities; therefore,
all of the small SSU facilities require a margin of
reserve due to this factor alone.

Further, margin reserve is an accepted
regulatory allowance for growth in the need for
service from both existing and new customers. The
margin reserve cannot be sequestered for, or
dedicated exclusively to, future customers. If one
were to apply Mr. Biddy's premise to its logical
end, whenever test year customers use any water or
produce any wastewater in excess of test year
levels, the wutility should disconnect those
customers because they have used all the capacity
they have paid for. Needless to say,
disconnections of this sort are impossible as a
practical matter, but it illustrates the point that
Mr. Biddy expects the customers to receive all the
benefits of the margin reserve but with the costs
therefor borne exclusively by the utility. If no
margin reserve is allowed as Mr. Biddy proposes,
the existing customers will not receive any of the
service benefits Mr. Biddy must expect them to
experience.

Generally, growth for SSU statewide is about
3% per year. In 3 years only 9% to 10% growth on

18
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the average would occur. As indicated in the
Economies of Scale Evaluation, economical sizing is
typically in increments greater than 10%. For most
water plants, the wvariability of the maximum day

demand from existing customers can easily be 10%

~ from year to year. Thus, Mr. Biddy fails to

recognize the public health, safety and welfare
requirements of proper facility sizing which would
necessitate a margin reserve without growth and
which would hecessitate a greater one with growth.
Mr. Biddy's suggestion that the utility could
recover its costs through "prepaid fees from future
customers" and "in other ways" is without
foundation. Prepayments from future customers or
developers would be a disincentive to growth and,
if imposed, may not ever occur, much less in an
orderly and economic fashion. To make the utility
entirely dependent on Mr. Biddy's nebulous
suggestion is inappropriate.
CONTINUING ON WITH MR. BIDDY’'S TESTIMONY, DO YOU
BELIEVE FIREFLOW SHOULD BE APPLIED IN USED AND
USEFUL CALCULATIONS?
Yes, if facilities are designed to and sized to
provide fireflow service, fireflow should be
included in used and useful. Mr. Biddy excluded
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fireflow from his used and useful calculations
because SSU did not provide fireflow test records
with the original filing. It should first be noted
that fireflow test results are not a £iling
requirement -- I would suggest for very practical
reasons. SSU has several thousand hydrants, and it
is unreasonable and uneconomical to test every last
one of them for a used and useful analysis,
especially when those tests are not always
conclusive. In this and in SSU’'s previous rate
case, the PSC staff and OPC had ample opportunity
to inspect all of 8SU’'s facilities if there were
any concerns with fireflow. To arbitrarily delete
fire flow from the used and useful calculation is
wrong when the fireflow service needs to be
provided and facilities are sized to provide the
service as shown in the MFR’s.

Even if the level of fireflow to a few
hydrants is unsatisfactory, fire fighting
requirements may still be met. Normal water
distribution pressures may be in the 40 to 60 psi
range. Fireflow requirements are at the 20 psi
level. As the pressure decreases, the flow rate
from the high service pumps increases and more flow
is available at lower pressures. Pumper trucks;
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commonly used in the rural areas which SSU serves,
have the ability to pull water from the system and
can readily operate in the lower pressure ranges
and even at no pressure at a specific location.

Moreover, the appropriate action in response
to conclusive and unsatisfactory test results for
one or more hydrants, without any consideration to
the nature or extent of the cause, is certainly not
to exclude fireflow from used and useful. Such
action does not improve the security of the
customers and provides no incentive for a utility
to correct potential problem situations in service
areas where the utility should provide fireflow.
After evaluation, an operational change or capital
improvement should be designated to correct the
condition, a reasonable time allowed therefor, and,
if a capital improvement is required, an allowance
for the improvement made in rates.

Fire service requirements are shown in the
MFR‘'s and reflected in the used and useful analysis
appropriately.

I8 IT COST EFFECTIVE TO USE SOURCE OF SUPPLY TO
MEET INSTANTANEOUS DEMANDS?

It depends on the water resource availability. In
productive and high vield agquifer areas, ves, it is
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quite cost effective and common practice in
Florida. Mr. Biddy suggests that it is not cost
effective, while the majority of small plants in
Florida are designed, built, and function in this
fashion. Where the water resources are not
available, it is not cost effective due to higher
treatment, storage and pumping costs.

DO SMALL WATER FACILITIES WITHOUT STORAGE TANKS
PROVIDE FIRE PROTECTION?

Yes, many do. Again, Mr. Biddy ignores the
majority of small facilities in Florida including
SsU’s. If fire fighting service is needed, there
usually is a fire well pump or two or more wells
which together provide for fire service.

MR. BIDDY OPPOSES USE OF A SINGLE MAXIMUM DAY TO
DETERMINE USED AND USEFUL FOR WATER PLANT
COMPONENTS. SHOULD A SINGLE MAXIMUM DAY BE USED?
Yes, the single maximum day water demand is the
minimum design requirement as I stated in my direct
testimony. The single maximum day demand is in
accordance with design standards, FDEP rules and
regulations and utility construction practice. The
average "of the five highest maximum daily flows in
the maximum month" is not in accordance with design
standards, DEP rules, the Florida Statutes, or
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water utility construction practice in Florida. as
I explained at length in my direct testimony, used
and useful requirements must parallel design and
regulatory requirements. Mr. Biddy does not
directly address the many reasons I offered to
support this conclusion. Yet, interestingly
enough, throughout his testimony, Mr. Biddy
acknowledges that a single maximum day is the
design‘standard, for example on page 10, line 9 of
his testimony.

Mr. Biddy argues that a single maximum day is
not reliable for used and useful purpose because
precise records of line breaks, leaks, and other
water losses are difficult to keep. I think Mr.
Biddy’'s argument is completely unpersuasive. As
stated in SSU’s direct testimony and in responses
to discovery requests, SSU has excluded known
unusual events such as line breaks from the maximum
days used in the analysis. Besides, even if one
accepts that leaks and various other water
measurements are difficult to keep track of with
precision, there is still no legitimate basis for
wholesale rejection of the maximum day. The
Commission should recognize the requirements of the
State of Florida. To suggest that the drafters of
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the design manuals, engineering publications, and
Florida regulations somehow failed to recognize
these water measurement considerations is
illogical. If the maximum day data is reliable for
design purposes, it is reliable for used and useful
purposes. The utility should not be placed in a
position of having to explain to the permitting
authority that its design to construct a well or
pump did not use historic maximum day data because
the Public Service Commission thinks a lower number
is more appropriate.

MR. BIDDY ARGUES THAT THE CONSTRUCTION PERMIT
CAPACITY OF A WASTEWATER PLANT SHOULD BE USED TO
DETERMINE USED AND USEFUL RATHER THAN OPERATING
PERMIT CAPACITY. DO YOU THINK HIS SUGGESTION IS
APPROPRIATE?

As a matter of principle, no. It is improper to
assume a change to the ongoing and permitted
process of an extended aeration plant to that of a
contact stabilization plant. Many plants have the
dual ratings Mr. Biddy discusses on page 8 of his
testimony. With a change in the treatment method
which Mr. Biddy presupposes, water quality,
performance, sludge handling, operator staffing,
electric usage, chemical usage and the sludge
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stabilization costs all dramatically change.
Depending on the situation, additional investment
of significant sums may be required to make the
necessary alterations and the reliability of
treatment and level of environmental protection
could also be reduced by the conversion. These
facilities have operating permits from DEP
designating the treatment process to be used. It
is wrong to presuppose a change in the treatment
process for the sole purpose of lowering the used
and useful percentage as Mr. Biddy advocates.

DO ¥YOU AGREE WITH MR. BIDDY’S FIRM RELIABLE
CAPACITY ADJUSTMENTS?

No. Beginning on page 9 of his testimony, Mr.
Biddy argues that firm reliable capacity should not
be considered separately for wells, high service
pumps, and treatment units. It appears from Mr.
Biddy'’'s explanation on page 9 that he discounts the
probability that one of the components he refers to
may be off-line for scheduled repairs while another
may be off-line due to an emergency. Mr. Biddy
states only that it is unlikely two components will
be "scheduled for service at the same time." Based
on my experience, I think Mr. Biddy errs by
ignoring a confluence of scheduled and emergency
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events. Further, I would point out that Mr.
Biddy's notion of excluding certain components from
firm reliable capacity consideration is
inconsistent with the Commission’s order in SSU's
last rate case in Docket No. 920199-WS. SéU's
proposed firm reliable capacity formula is
consistent with that decision.

SSU's method is also consistent with analogous
requirements for wastewater plant compenent
reliability as stated in the U.S. Environmental
Protection Agency’s MCD-05 publication. To
illustrate, Provision 2.2.1.2 of that publication
states,

A backup pump shall be provided for each set

of pumps which performs the same function.

The capacity of the pumps shall be such that

with any one pump out of service, the

remaining pumps will have capacity to handle
the peak flow. It is permissible for one pump
to serve as a backup to more than one set of

pumps .

DO YOU AGREE WITH MR. BIDDY’'S ASSESSMENT OF FIRM
RELIABLE CAPACITY FOR WELLS?

No. Mr. Biddy on 1line 5, page 10, that when
"storage or high service pumping facilities aré
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available" SSU’'s firm reliable capacity methods
should not be applicable. It should be pointed out
that Mr. Biddy’s statement is correct only 1f the
storage he refers to is elevated distribution
storage and the "or" in the statement is an "and."
As thus restated, the single largest pumping unit
could be out of service, assuming the elevated
storage volume 1is adequate and on site, and
elevated storage could be substituted for high
service pumbing firm reliable capacity. However,
this alone does not justify accepting Mr. Biddy‘s
proposal for all SSU plants.

Further support for SSU’'s firm reliable
capacity calculations for wglls can be found in the
results of the 1989/1990 consumptive use permit
case of the Corporation of the President of Jesus
Christ of Latter Day Saints ("COP") v. the City of
Cocoa. The final order of St. Johns River Water
Management District (the "District") in that case
accepted the findings of fact and conclusions of
law of the Division of Administrative Hearings’
Hearing Officer that reserve well capacity of
twenty percent in excess of projected maximum day
withdrawals is reasonable in order for the utility
to meet demands during either routine maintenance
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or emergency well shutdowns. This ruling was made
without consideration for storage, elevated or
otherwise.

SSU’s method for determining well firm
reliable capacity 1is consistent with design
standards, reliability design, and permitting
practice.

MR. BIDDY ARGUEES THAT THE PEAK HOUR FACTOR SHOULD
BE 1.3 TIMES THE MAXIMOM DAY DEMAND. DO YOU AGREE
WITH HIS PROPOSED PEAKING FACTOR?

No. Mr. Biddy quotes AWWA M32 for a suggested
range of 1.3 to 2.0. This manual applies to all
water systems in the United States. It is
recognized and accepted engineering practice that
as a system becomes larger, the peaking factor is
less. Large water systems such as those operated
by 1) the CCity o¢f Tampa, 2) the City of
Jacksonville, 3) Miami-Dade Water and Sewer
Authority, 4) the City of St. Petersburg, 5) the
Orlando Utilities Commission, and 6) Pinellas
County Water have all reported peaking factors
between 1.3 to 1.6. The SSU water plants are quite
small in comparison to these. Indeed, all of the
SSU water plants combined do not serve as many
customers as large metropolitan systems. The 2.0
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factor reflects sound engineering practice for
plants which are the size of the majority of SSU’'s
plants. One should not just arbitrarily say, "I
believe 1.3 should be used because it 1is the
minimum requirement,"” as Mr. Biddy does. Mr.
Biddy’s proposed factor is insupportable and also
inconsistent with the Commission’s order in SSU’s
last rate case in Docket No. 920199-WS. SSU’'s
proposed peaking factor is consistent with that
decision, and consistent with the available and
relevant facts and the design, construction and
building practices for small water facilities in
Florida.

COULD YOU COMMENT ON MR. BIDDY’'S USE OF EMERGENCY
STORAGE?

Yes. Emergency storage does not have a specific
design criterie;:l in AwWWA M32, yet it is standard
practice in Florida to provide an amount for
emergency storage. The amount of emergency storage
built depends upon an assessment of risk and degree
of system dependability. To eliminate emergency
storage 1s to eliminate the degree of system
reliability and maximize risk. Water plants are
designed, constructed, and operated to protect the
public’s health, safety and welfare. I cannot
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agree with Mr. Biddy’'s elimination of all emergency
storage in all SSU plants notwithstanding whether
emergency storage was a specifically stated design
consideration. Marco Island residents were well
served by the emergency storage available during
the last hurricane and when the 30" raw water
supply line under the Marco River ruptured last
vear. The Deltona Lakes plant’s emergency storage
was crucial in saving lives during the huge forest
fire in Deltona several years back.

MR. BIDDY NEXT DISCUSSES "DEAD STORAGE." IS THERE
DEAD STORAGE IN AN ELEVATED STORAGE TANK?

No.

IS THERE DEAD STORAGE IN SSU’S GROUND STORAGE
TANKS?

Yes. The vortex situation is rare if you can place
the pumps at a grade low enough. Since the SSU
ground storage tanks are typically built on flat
ground, the centerline of the pumping units are
above the bottom of the tanks. "Dead storage" is
commonly encountered in Florida storage facilities
and has been approved for used and useful storage
calculations by the Commission {in the last Lehigh
rate case) and by Sarasota County. FDEP also
recognizes this situation in permitting.
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Q.

DO YOU AGREE WITH THE COMMENTS MR. BIDDY MAKES
REGARDING HIGH SERVICE PUMPING BEGINNING ON LINE
12, PAGE 12, OF HIS TESTIMONY?

No. High service pumps at the source in many
instances are the only pumping units for the SSU
plants. High service pumps must meet all service
conditions as are typical for the SSU service
areas. Mr. Biddy assumes multiple high service

pumping locations throughout the service area.

Such situations exist only in a few of the large

SSU service areas, and even there the hydraulics
are such that the units are necessary as SSU
reflected in the MFRs. In the two lcocations where
elevated storage exists, Lehigh Acres and Keystone
Heights, the elevated storage can offset the high
service pumping needs to some extent, but that fact
alone does not justify Mr. Biddy's proposed result.
Besides, while Mr. Biddy espouses the virtues of
distribution storage and asserts that it is more
cost effective than sizing up high service pumps,
he never provided or calculated the additional
theoretical storage and additional plant costs
required if such a convention is to be used.

IS IT CORRECT TO USE HIGH SERVICE PUMPS TO HANDLE
PEAK BHOURLY FLOWS AND FIRE FLOWS, CONTRARY TO WHAT
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MR. BIDDY ARGUES?

It should first be understood that when
distribution storage is not available and fire flow
service is available, the standard design condition
according to the Insurance Services Office (“IQO“)
in Jacksonville, many of the county codes, city
codes and related standards, is the single maximum
day plus fire flows or peak hourly demand whichever
is greater, not the average of the five highest
maximum days of the maximum month. All storage
facilities would be undersized if an average of the
five maximum days were used. In small service
areas, a couple of "jockey" pumps (50-250 gpm) may
be used to meet the peak hour flows but are
inadequate for fireflow demands. In such cases, a
single fire rated pump of 750 gpm or 1500 gpm may
be used to provide fireflow. Customer demands and
pressures versus fireflow requirements' must be
recognized when providing pumping units for such
plants. In large plants without dedicated fire
pumps, the single maximum day plus the service area
fireflow is used.

WHAT COMMENTS DO YOU HAVE REGARDING MR. BIDDY'’S
PROPOSALS TO ADJUST USED AND USEFUL FOR AUXILIARY
POWER AND HYDRO TANKS? |
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Both of these components should be 100% used and
useful as indicated by my direct testimony and as
supported by the Commission’s order in Docket No.
920199-WS. Moreover, the existing customers would
pay significantly more if auxiliary generators and
hydro tanks were built in multiple phases, which is
the result Mr. Biddy encourages by his suggestidn
for used and useful adjustments. Exhibit
(GCH-4) shows that with respect to auxiliary
generators and hydro tanks.

MR. BIDDY ARGUES IN FAVOR OF THE LOT-COUNT METHOD
AS A MEANS FOR DETERMINE PIPELINE USED AND USEFUL.
IS THE LOT COUNT METHOD APPROPRIATE FOR SUCH AN
AMNALYSIS?

No, for several reasons: (1) the lot count method
only measures developed versus undeveloped lots or,
in other words, the status of land development over
which the utility has no control, énd not utility
service; (2) one home can cccupy two or more lots;
(3) a lot could be unbuildable due to a number of
factors; (4) redevelopment can occur; (5) many lots
are served by wells and/or septic tanks and will
never be customers; (6) no less of a system is
needed to serve six of ten lots as opposed to all
ten lots on a street and, since the Commission
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requires the utility to provide service, the entire
system is necessary; (7) in many instances the
development code requires the water and sewer pipes
to be built before the subdivision phase can get
ite first certificate of occupancy; (8) in most SSU
service areas, pipeline installations are
regulatory requirements for the protection of the
public health, safety, sanitation and welfare: (9)
the lot count method provides no considerationlfor
the economy of scale and cost-effective
construction practices for transmission and
distribution facilities as are identified in
Exhibit (GCH-4) and which should be
considered as FPSC policy:; (10) the 1lot count
method does not consider sizing lines to provide
fireflow or consider system looping, both of which
the utility is required to consider in design; (11)
the lot count method does not consider sound
engineering design and practice and State of
Florida, county and city rules and regulations
which also must be complied with as a FPSC
requirement; and (12) the lot count method
encourages the proliferation of septic tanks and
individual well construction which increases the
long-term cost to existing customers by creating
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internal competition and by decreasing the economy
of scale.
The Commission staff policy memos identified

as Exhibit (GCH-7) reveal that the Commission

did not strictly apply the 1lot count method
historically; but rather, the method was considered
as a base. and appropriate adjustments made
increasing the used and useful percentages to take
into éccount the economy of scale which I have
demonstrated for transmission and distribution
facilities in Exhibit (GCH-4) .

IS A HYDRAULIC ANALYSIS APPROPRIATE TO EVALUATE
USED AND USEFUL?

Yes. Hydraulic analyses of water distribution
facilities assists utilities and engineers
formulate the most economic and reliable design and
construction of those facilities. There is no
rational reason to reject a hydraulic analysis in
favor of a lot-count analysis for determining used
and useful. The hydraulic modeling used and useful
analysis (1) more accurately reflects the demands
placed on the transmission and distribution
facilities than the lot-count method, (2) parallels
design considerations, and (3) provides an
incentive to the utility to take advantage of the
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significant economies of scale which can be
realized by reducing the installation costs
associated with water distribution facilities.

MR. BIDDY QUESTIONS WHETHER SSU‘S PENDING RAW WATER
SUPPLY SITE FOR MARCO ISLAND SHOULD BE ELIMINATED
FROM RATE BASE IN THIS CASE. HAS AN EVALUATION OF
THE TOTAL WATER SUPPLY CAPACITY OF MARCO ISLAND AND
MARCO SHORES BEEN ACCOMPLISHED?

Yes, on many occasions, and the results have
previously been submitted to the FPSC. Collier
County’s most recent version of the planning
document for Marco Island shows the complete
utilization of the Marco Island and Marco Shores
raw water supply. In fact, this document, prepared
with the participation of 8SU Marco 1Island
customers, recommends the expansion of the Marco
R.0. facilities from 4 MGD to 6 MGD in the near
future, the development of the new l60-acre site,
significant new increases in reuse to curtail fresh
water demand, new agquifer storage and recovery
facilities to meet peaking needs and a new strict
water conservation program on the island to allow
present sources to meet just the short-term demand.
All of the water supply facilities at Marco Island
have previocusly been found to be 100% used and
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useful. The lé60-acre site is needed to develop an
adequate supply to meet current and short-term
need. SSU witness Mr. Terrero will elaborate on
the permitting required. The water supply capacity
of the system is 9 MGD and the present demand has
reached over 10 MGD. At present, the level of
additional supply required is approaching 4 MGD,
referring again to the District’s decision in the
COP v. City of Cocoa consumptive use permit case
where adeqguacy of resource supply is addressed.
Only by the efficient implementation of a
combination of the supply sources stated above --
first securing the land and the permits, then the
design, then the construction to eventually attain
operations -- will permit SSU to meet the critical
water supply needs of Marco Island in the coming
five (5) years. Removing the 160 acre site from
rate base has the effect of penalizing SSU for
planning ahead and discourages SSU from meeting the
water supply needs of Marco Island.

MR. BIDDY AND MR. WOELFFER ASSERT THAT REUSE
FACILITIES SHOULD NOT BE 100% USED AND USEFUL. IN
PARTICULAR, MR. BIDDY STATES REUSE FACILITIES
SHOULD NOT BE CONSIDERED 100% USED AND USEFUL
"WITHOUT EVALUATION." HAVE ALL OF THE EFFLUENT
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REUSE FACILITIES BEEN EVALUATED?

Yes, all effluent reuse facilities were evaluated
by professional consultants, SSU staff, and DEP
through the required reuse feasibility reports for
each of the facilities having reuse. These repofts
are a matter of record and have been approved by
each entity and regulatory agency.

DO YOU MAINTAIN THAT REUSE FACILITIES SHOULD BE THE
100% USED AND USEFUL AS REQUESTED BY 8SU?

Yes, I believe it 1is quite clear why reuse
facilities should be 100% used and useful in my
direct testimony and exhibits. The financial
disincentive posed by a used and useful adjustment
to reuse facilities would be very direct because
the amount of investment required to provide reuse
is often substantial. Staff witness Shafer’s
testimony speaks to this issue as well in that Mr.
Shafer mentions resource protection as one of the
Commission’s goals. Reuse, as the Legislature has
recognized, is a means of resource protection. If
the Commission is to fulfill its resource
protection goal, it should provide utilities the
incentive to provide reuse which the Legislature
directed and DEP has repeatedly recommended through
a 100% wused and useful percentage for reusé
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facilities.

MR. BIDDY NEXT SUGG!STS A USED AND USEFUL
ADJUSTMENT TO THE DEEP INJECTION WELL ON MARCO
ISLAND. DO YOU THINK AN ADJUSTMENT SHOULD BE MADE
TO TEE INJECTION WELL ON MARCO?

No. 100% of the injection well’s capacity is
required for the reverse osmosis water plant, and
the well also serves as back-up disposal source for
effluent reuse. Moreover, no less of a facility
could have been constructed to meet the present
functions. |

DO YOU HAVE ANY GENERAL COMMENTS REGARDING THE
ADJUSTMENTS MR. BIDDY RECOMMENDS AS THEY APPEAR IN
THE EXHIBITS HE HAS ATTACEE) TO HIS8 TESTIMONY?
Yés, I would 1like to note the following
observations. In his exhibits, Mr. Biddy has not
accepted any prior Commission decisions on used and
useful. He makes no attempt -to prove the
Commission was unaware of or misunderstood the
circumstances of its prior determination and
therefore erred in establishing used and useful. A
utility should not be penalized due to a witness's
lack of research, review and prudent consideration
of prior rate cases which were subjected to full
disclosure, public hearings and a full rate case
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proceeding. Mr. Biddy completely ignored the
authority I cited in my direct testimony for the
proposition that used and useful should not
decrease from one case to the next where capacity
is unaffected, including Order No. PSC-93-1113-FOF-~
WS, issued July 30, 1993, in General Development
Utilities, 1Inc.’'s consolidated rate cases for
Silver Springs Shores and Port Labelle and Order
No. PSC-94-0739-FOF-WS, issued June 16, 1994, in
Utilities, Inc.’‘s rate case for Marion and Pinellas
Counties.

A practice of routinely readjusting used and
useful such as Mr. Biddy and Mr. Woelffer urge
would undermine the ability of the utility to
continue operations. Decisions to invest in plant
are made before plant is constructed. The prudence
of management in deciding to build plant must be
examined based on the facts and circumstances which
existed when that decision was made. For instance,
if a plant component is 100% used and useful at
time T!, that alone is fair justification showing
the utility’s decision to build the plant was
prudent. The utility must be given the opportunity
to recover its investment as well as a return on
that plant. It is simply absurd to suggest that
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when the demand placed on the plant at time T? is
10% or 20% less than at time T' (whether due to
conservation, price elasticity, rainfall, loss of
customers or any reason), the utility should be
denied recovery of and a return on a portion of
investment which the Commission already held was
prudent and needed when made. Putting it into
focus this way, only math is required to subtract
from rate base a dollar amount associated with a
reduction in demand; however, it is impossible for
the utility to similarly extract from plant-in-
service a portion of the prudent investment it
already made. Thus, a reduced used and useful
percentage in such situations is quite simply
punitive to the utility. Were the Commission to
adopt the practice of used and useful readjustments
as the intefvenors suggest, investor owned
utilities, at a minimum, would face higher capital
costs caused by the pervasive risk of diminishing
returns which readjustment poses. Utilities would
be placed into financial crisis. Needless to say,
utilities would also have no motivation whatsoever
to promote conservation, for they would suffer used
and useful readjustment and greater revenue losses
if they did. Utilities would also have even less
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of an incentive than they do now to take advantage
of economies of scale.

Mr. Biddy also errs in his recommendations by:
1) eliminating fire flows, 2) applying an
inappropriate peaking factor of 1.3 versus 2.0, 3)
lacking an understanding of SSU’'s ground tank
construction as related to its high service
pumping, 4) misapplying firm capacity to facilities
in direct conflict with State of Florida rules,
regulations, and determinations of law, 5)
advocating minimal‘ facilities contrary to sound
engineering practice and the protection of the
environment, public health, safety and welfare, 6)
ignoring used and useful analyses as delineated in
prior Commission actions, and 7) contrary to DEP’s
written recommendations, advocating removal of the
margins of reserve without consideration of the
resulting adverse impacts to sound. long-term
economic stability for the rate payer and the
Company‘s ability to pay for prudently sized
facilities to protect the public health and the
environment an provide adequate service.

Mr. Biddy‘s testimony serves only to increase
costs to the customer in the long run; to expose
customers to minimal facilities, contrary to the
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interests of the public health, the environment and
resource protection; and to increase the cost of
regulation.

MR. HARTMAN, HAVE YOU REVIEWED MR. LARKIN’S AND MS.
DERONNE’S DIRECT TESTIMONY?

Yes.

DO YOU AGREE WITH THE ADJUSTMENTS REGARDING NON-
USED AND USEFUL WHICH THEY CALCULATE?

No. Previously, I have commented on Mr. Biddy's
proposals. - These witnesses adopt Mr. Biddy’'s
erroneous work and therefore they ‘and the
calculations they propose are in error also. I
will not at this time address the specific
calculations Mr. Larkin and Ms. Deronne propose;
therefore, my comments are more general in nature.
DO YOU AGREE WITH TOTAL INCREASE TO NON-USED AND
USEFUL OF §51,552,603 IDENTIFIED IN MR. LARKIN AND
MS. DERONNE’S TESTIMONY?

No. Again, that wvalue is based upon the erroneocus
work I previously identified.

MR. HARTMAN, HAVE YOU REVIEWED STAFF AUDIT
EXCEPTION NUMBER 2, WHICH CONCERNS 88U’S
CONDEMNATION OF THE PROPERTY REFERRED TO AS THE
COLLIER PITS, AS WELL AS THE TESTIMONY OF STAFF
AUDITOR ROBERT F. DODRILL AS IT RELATES TO THAT
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AUDIT EXCEPTION?

Yes, I have. I would also note that Mr. Larkin and
Ms. DeRonne testify in support of Mr. Dodrill’s
audit exception number 2, making no arguments other
than those made in the audit report. l
ARE ALL OF THE 212.5 ACRES OF THE COLLIER PITS USED
AS A WATER SUPPLY SOURCE?

Yes. I recommended SSU purchase that amount of
property as a minimum. First, the drawdown impacts
of pumping from this facility impact the entire
acreage condemned and more, as can be seen on
Exhibit (GCH-8). This Exhibit displays the
drawdowns resulting from a 3.9 MGD withdraw during
wet and dry months and the subsurface capture zones
at various maturation stages. The South Florida
Water Management District has permitted these
impacts on the canal system which is hydraulically
connected by porous lime rock to the adjacent pits.
The Colliers’ experts, my firm, and others all
demonstrated that the pits/lake system use not only
all 212.5 acres, but also water resources beneath
the other remaining Collier property to the east of
the canal. The wetlands clearly serve as
additional storage as reported by all the experts
involved in the case. It should also be noted tha£
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DEP requires the control of a setback distance of a
minimum of 500 feet from the wetted perimeter.
This sanitary setback is necessary for pollution
mitigation and source integrity.

All witnesses who would advocate that only the
lake area is being used as a water supply source
ignore the facts, reality, the experts’ opinions,
the regulatory analyses and such other regquirements
necessary for use of the lakes as a water supply
source, such as access, pipeline easements, pump
station and storage tank property, facility berm
areas and the like. The facts as the experts have
reported and the regulatory agencies have
determined all conclude that the full acreage is
used, as well as the surrounding acreage not
purchased. The premise that the full 212.5 acres
is something less than 100% used and useful as a
water supply source is contrary to all the above
and completely insupportable.

WERE YOU INVOLVED IN THE CONDEMNATION ACTION FILED
BY 85U AGAINST THE COLLIER LAKES PROPERTY?

Yes. SSU retained me as an engineering expert 1in
the matter. I have participated in dozens of
utility condemnation matters on behalf of both
condemnors and condemnees in several states, both

45




8]

L= B - ) e ¥ -

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

in cases where the acquisition concerned only
certain utility assets and entire utilities. On
each of the occasions where I have testified, I
have been accepted as an engineering wvaluation
expert.

DID YOU MAKE ANY RECOMMENDATIONS TO S8U CONCERNING
THE SETTLEMENT OF THE SSU CONDEMNATION ACTION?
Yes. Exhibit {GCH-9) contains a copy of my
recommendation to Southern States to settle the
action for a wrap around cost of $8 millign. The
rationale for my recommendation is fully explained
in the exhibit.

MARCO ISLAND RESIDENTS AND THEIR COUNSEL HAVE
SUGGESTED THAT SSU PAID T0O0O MUCH FOR THE MARCO
LAKES WATER SUPPLY -- DO YOU AGREE?

No. The wrap around price paid by SSU for the
water supply was prudent and reasonable.
Assertions to the contrary have been
unsubstantiated. Based on my knowledge and
experience, I knew that the settlement, which I and
others worked hard to achieve, was prudent and
reasonable.

HAVE YOU REVIEWED THE DIRECT TESTIMONY OF MARCO
ISLAND CIVIC ASSOCIATION WITNESS MR. WOELFFER?
Yes.
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MR. WOELFFER QUESTIONS WHY THE ERC NUMBERS IN THE E
SCHEDULES DO NOT MATCH THOSE IN THE F SCHEDULES.
COULD YOU TELL US WHAT THE ERC‘S8 PRESENTED IN THE F
SCHEDULES REPRESENT?

The ERC’s in the F Schedules represent ERC’s based
on plant flows and/or meter equivalency factors for
used and useful purposes. The figures in the E
Schedules are prepared for rate design purposes and
need nbt match those for the F Schedules.

ON PAGES 15 AND 16 OF HIS TESTIMONY, MR. WOELFFER
ALLEGES YOU AREF INCONSISTENT BY ADVOCATING USE OF A
SINGLE MAXIMUM DAY IN THIS CASE, WHEREAS YOU DID
NOT IN AN EMNGLEWOOD WATER DISTRICT MATTER. DO YOU
HAVE ANY COMMENT REGARDING MR. WORLFFER’S TESTIMONY
AND HIS EXHIBIT __ (MTW-1)?

Yes, Mr. Woelffer makes several errors with respect
to this portio;‘l of his testimony. First of all,
the Exhibit he relies on for the notion that I have
made inconsistent statements pertains to a
wastewater facility, not a water facility. My
testimony in this case is that used and useful for
various water plant components be computed using a
single maximum day; I make no such recommendation
for wastewater plants. If Mr. Woelffer had
selected the Englewood Water District ("EWD")
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Report for water facilities, rather than the report
for wastewater facilities, he would have seen I
used the single maximum day demand for the EWD
water facilities, just as I advocate in this case.
Further, EWD, is a not-for-profit entity. The EWD
report Mr. Woelffer attached to his testimony was a
capital contribution charge study (Impact Fee
Study) and not a used and useful study for a rate
case.

DO YOU HAVE ANY OTHER COMMENTS REGARDING MR.
WOELFFER’S TESTIMONY?

Yes. Mr. Woelffer states that he should be
considered a technical expert. I am personally
knowledgeable that in the (1} West Charlotte
Utilities rate case Mr. Woelffer refers to he was a
customer intervenor; (2) in both the EWD matters he
refers to he provided customer comments; and (3}
his background, experience and training is not in
water and wastewater utilities by his own admission
and previous testimony; and (4) he has demonstrated
on numerous occasions, as well as in this case,
that he simply dces not understand the necessary
fundamentals to testify knowledgeably about water
and wastewater utility matters. He does not know
the appropriate demand condition for a water orxr
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wastewater plant, that an impact fee study for a
publicly owned utility would employ a different
methodology than an investor-owned used and useful
analysis in a rate case woculd, and he otherwise
demonstrates a lack of professional experience and
knowledge relative to the Florida rules,
regulations and statutes which are applied to water

and wastewater facilities. Any opinions Mr.

Woelffer offers in this case should be viewed as

those of a customer (if he 1is one) or as a
concerned citizen of the State.

HAVE YOU REVIEWED THE PREFILED TESTIMONY OF JOHN
STARLING?

Yes.

DO YOU HAVE ANY COMMENTS REGARDING THAT TESTIMONY?
Yes. Mr. Starling has done a fine Jjob in
identifying the types of treatment, the number of
plants, and performing his own theoretical cost
analysis. However, I would <call to the
Commission’s attention that there are many other
costs not shown in Mr. Starling’s analysis and that
the validity of the exact values may vary by their
exclusion, which Mr. Starling concedes. What is
shown 1is that reverse osmosis ("R.0."}) is
significantly more expensive in all categories.
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R.O. treats saline water, not fresh water; yet, all
other conventional treatment techniques treat fresh
or non-saline water. I do not dispute that each
treatment type has different costs. However, it is
quite evident that R.Q. has the distinguisﬁing
characteristic of treating saline water and is
considerably more expensive than conventional
treatment techniques.
DO YOU HAVE ANY OTHER COMMENTS REGARDING MR.
STARLING’S TESTIMONY?
Yes. Mr. Starling calculated an average per unit
cost for each type of treatment which he then
multiplied by a capacity requirement to arrive at a
hypothetical plant cost for each type of treatment.
In calculating the average per unit costs, Mr.
Starling did not account for the economies of scale
which clearly impact the per unit costs of the
various utility plants he examined. Had Mr.
Starling considered the economies of scale, perhaps
through a weighted average to calculate per unit
costs, the values he arrived at would differ.
YOU MENTIONED EARLIER THAT DR. BEECHER’S TESTIMONY
ALSO REFERS TO ECONOMIES OF SCALE. WHAT COMMENTS
WOULD YOU LIKE THE COMMISSION TO CONSIDER REGLRDING
HER TESTIMONY?

50




Qo W o ~1 o U ol W N

S S
N e

13
14
15
16
17
18
19
20
21
22
23
24
25

On page 10 of her testimony, Dr. Beecher correctly
recites the various cost factors impacting the
water and wastewater industry and refers to the
attainment of economies of scale. On page 20 of
her testimony, she seems to indicate that for the
greatest economies of scale of production to result
from single-tariff pricing, a physical
interconnection of plants is reqguired. She also
seems to indicate that some ecénomies of scale are
derived without physical interconnection. I agree
a physical interconnection of plants produces
economies of scale in production. However, I do
not believe economies of scale in production are
entirely dependent upon a physical interconnection
of plants for single-tariff pricing to impact
economies of scale. Single-tariff pricing can
serve to encourage economies of scale in production
notwithstanding the physical interconnection of
plants by virtue of its allowing the utility to
make investment decisions to best accomplish or
attain an economy of scale.

IT HAS BEEN SUGGESTED BY 88U CUSTOMERS TESTIFYING
AT THE MARCO ISLAND SERVICE HEARING THAT SSU SHOULD
HAVE PURSUED OBTAINING WATER FROM THE CITY OF
NAPLES AS OPPOSED TO CONDEMNING THE COLLIER PITS.
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WERE YOU INVOLVED IN THE NEGOTIATIONS BETWEEN SSU
AND THE CITY OF NAPLES CONCERNING THE POTENTIAL OF
8SU’S SECURING WATER SUPPLIES FROM THE CITY?

Yes. As a result of my participation, 1 am aware
that while the City of Naples never withdrew from
the negotiations, the City indicated to SSU that
SSU would be required to compensate the City for
costs associated with building a new wellfield as
demands required more flow in excess of present
capacity to accommodate SSU’s required capacity.
This factor, when combined with the Company’'s cost
for a pipeline, storage, pump stations, metering,
valving, land, professional fees and other costs,
which already exceeded the Collier Pit alternative,
caused SSU to cease negotiations with the City.
COULD YOU EXPLAIN THE CITY’S NEW WELLFIELD SCENARIO
FURTHER?

Yes. During negotiations with the City, SSU
learned that the City’'s coastal wellfield had
experienced a water quality degradation in the
past. Thus, a significant factor which the City
and SSU confronted was whether incremental draws of
water from the wellfield to sell to S8SSU would
result in the loss of the wellfield as a supply
source due to water quality difficulties. The City
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could not provide SSU with the exact cost of the
new wellfield or provide a fixed dollar figure
which SSU would be required to pay to the City. It
was SSU’s assessment of the situation was that
SSU’'s cost of a pipeline, pumping facilities,
capacity contribution costs, potential exposure to
additional capacity contributions for a new
wellfield and other costs of the proiject made the
project less economical than the Collier Pit
alternative. Also, the unknowns associated with
when the City would build a new wellfield and how
much 8SSU’s contribution would be presented an
unknown future liability.

DOES THIS COMPLETE YOUR REBUTTAL TESTIMONY?

Yes, at this time. However, I note that several
witnesses reserved the right to wupdate their
testimony at s;me future date. Of course if and
when such updates occur, I would appreciate the
opportunity to maké such appropriate modifications

to my testimony as would be warranted.
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SECTION 1
INTRODUCTION

1.1  BACKGROUND

Individuals, companies, corporations, and institutions are all consumers. All purchase goods and

_ services of others that are necessary to meet individual needs or supply materials and equipment

necessary to produce a product that will be sold to others at a profit. In the case of the individual,
consider a trip to the grocery store. The objective is to procure maximum food and supplies at
the least cost. The way to optimize the purchasé is by buying in bulk. In this way, a commodity
is purchased for a lower unit price and the time before the next trip to the supermarket is
maximized.

When a profit motive is involved, as is the case of 2 company or corporation, the market necessity
of keeping operating costs low and profits high dictate that materials and goods be purchased at
the lowest price possible. Most often, this is achieved by purchasing in bulk quantity. In this
way, goods are procured at a lower unit price. Costs are thus kept low and/or profits are
maximized, depending on market conditions.

Institutions, which provide services to the public, have an obligation to minimize costs and
maximize services, Purchasing agents are usually astute at maximizing procurement of goods at a
minimum price. This is accomplished through competitive bidding of bulk purchases.

This familiar everyday concept loosely known as "powér buying" or "bulk purchases" is actually
an economy of scale. An economy of scale exists when the unit cost decreases with size or
amount purchased. In consumer products, economies of scale exist primarily due to manufacturer
savings in packaging and handling. In many consumer situations, there exists an optimum point
where the relative maximum economy of scale is achieved and beyond that point, the unit price of
the product remains nearly constant. This would be known as an inflection point and it marks the
range between the areas of increasing economy of scale and decreasing economy of scale.
Provided one could use the commodity in a reasonable period of time, the most cost-effective
purchase of the commodity would be made for the volume or quantity with the lowest unit price.

JYW/dt/mb/R-S-2/secl.rpt
HAI#95-145.00 1-1 020896
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Economies of scale exist in the construction industry. For instance, a contractor who has just
successfully bid two separate projects which utilize the same materials, such as blocks, will obtain
a lower price by purchasing such material in a larger quantity and at a lower unit cost. Perhaps he
made a calculated risk and won the projects with this strategy or will simply maximize his profit
g from the two projects. Economies of scale in construction are also maximized by elimination of
' "soft" costs. There are costs associated with engineering, permitting, contractor mobilization,
building permit costs, etc. In the example above, if the two projects were within close proximity,
the contractor would be able to bid lower mobilization costs for each project as a strategy for
= winning the jol:u!:'.-?-1 If he won both projects, he would be moving men and material to essentially
5 the same location, thus reducing his cost. If both projects were for the same owner, it would be

to the owner's advantage to design, permit, bid, and construct the projects as a single project in

which he would then certainly reap the financial benefits by obtaining an overall lower price for

the same quantity of work performed.

b

i

l The utility industry provides necessary services to the public. In order to meet the public need, it

,- engages in the procurement of equipment, material, and construction services. Water and

; wastewater treatment, collection, and distribution systems consist of discrete components such as
wells, tanks, pumps, etc., which, when combined together in proper proportion, serve the public

! need as a system with an overall reliable capacity. Upon the need for expansion of plant capacity,
the utility must consider savings that would be derived through building fewer larger units rather

l than smaller multiple units. The prudent sizing and phasing of facilities allows the utility to
provide cost-effective service to the public. '

3 1.2  OBIJECTIVE

The primary objective of this report is to demonstrate that economies of scale exist for the unit
components that comprise water and wastewater facilities. In this light, more capacity can be
obtained for a lower unit cost. The second objective is to demonstrate that there exists threshold

. sizes of unit components. This is the point where the increasing economy of scale ends and the
decreasing economy of scale begins. In other words, threshold size is the minimum size
component that should be considered due to its value on a cost per capacity basis. In the
decreasing economy of scale range, the cost per capacity continues to decrease but at a much
lower rate.. Therefore, the minimum economic threshold size is the point at which the rate of
change of the unit cost begins to decline. '

bt 4
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The third objective is to demonstrate that economies of scale are achieved through savings in
costs of engineering, mobilization, and permitting on projects in which there are not significant

economies of scale in the matenals.
1.3 SUMMARY AND CONCLUSIONS

Components and systems reviewed are classified as Wastewater Treatment Facilities, Water
Treatment Facilities, and Wastewater Collection/'Water Distribution. Economies of scale were
found to exist on all unit components and systems. Table 1-1 presents the economic minimum
threshold sizes for each component and system.

Such threshold sizes should not be construed or interpreted to mean that significant savings are
not achieved above or greater than these values. They should be interpreted as the prirnai‘y point
at which the rate of change of the unit 'price begins to decrease. Thus, when considering system
or component expansions, it is prudent to give serious consideration to construct or procure the
component of the threshold size or larger.

The engineering economic considerations of the size of unit to construct are as follows:

. Initial demand of system

. Growth rate of system

. Projected build-out demand

. Useful life of the component

o Rules and Regulations

. Operational Considerations

. Interest rates and rate of inflation

If the initial or current demand of the system is less than the economic minimum threshold size,
the selection of size must consider the build-out capacity of the facility and when it will be
necessary to expand again, which can be computed using the growth rate. If the build-out
demand is beyond the economic threshold size, it follows that phases of construction should be
implemented in sizes to fully take advantage of the economy of scale offered.

JYW/dt/mb/R-8-2/secl.rpt
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TABLE 1-1

SOUTHERN STATES UTILITIES
ECONOMY OF SCALE

Treatment Component Threshold Sizes

Economic Minimum
Component/System Threshold Size
"WASTEWATER TREATMENT FACILITY
1) Extended Aeration WWTP : 0.25 MGD
2) Contact Stabilization WWTP 0.5 MGD
3) Pos. Displacement Blower 500 scfm
4)  Centrifugal Blower ' 2,000 scfm
5) Tertiary Filters 0.25 MGD
6) Generator 300 KW
WATER TREATMENT FACILITY
1) Prestressed Concrete GST 600,000 gal.
2) Steel Ground Storage Tank 100,000 gal.
3) High Service Pumps 1,000 gpm
4) Hydropneumatic Tank 10,000 gal
5} 250 ft. Deep Water Supply Well 1,440,000 gpd
6) 500 ft. Deep Water Supply Well 1,440,000 gpd
JIW/dt/mb/R-8-2/1-1 tab :
HAI #94-145 00 1-4 020896
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If build-out is less than the economic minimum size, it foliows that it does not make sense to
purchase capacity that is not needed. However, in smaller systems and units, there are the factors
of operational flexibility and standard sizes to be considered. With small systems, it is often
impossible to predict peak demands and loadings. In these cases, special consideration should be
given to oversizing to standard sizes to ensure satisfactory service and for environmental

protection.

JTW/dt/mb/R-S-2/sec] .rpt
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SECTION 2
METHODOLOGY

21 GENeRAL

This section details the sources of information for this report; as well as, the method used to
construct the unit cost curves.

22 SOURCES

In order to give a fair and accurate representation of the costs of constructing water and
wastewater systems, information was obtained from many balancing sources. Previous curves
were obtained from the United Stdtes Environmental Protection Agency (USEPA) and
Culp/Wesner/Culp, an engineering firm. Also, quotes were obtained from Florida manufacturers
and suppliers. Rounding out the information were bid tabulations from completed construction
that took place in the State of Florida.

22.1 USEPA

Throughout the years, the United States Environmental Protection Agency (EPA) developed
many reports involving the cost of the different components of water and wastewater collection,
treatment, disposal, and distribution. The figures presented in these technical reports display the
cost of the process versus the capacity (or size) of the component. The curves are typically
accompanied by text which explains the function of the cost component and the assumptions
made in determining the overall cost. The conversion of the overall cost to unit cost is
accomplished by simply dividing the cost by the capacity of the component being studied.

The EPA references used for this study range in years from 1977 to 1984. Therefore, the cost
must be updated in order to allow for a present day comparison. The EPA sources that were used
are as follows:

¢)) "State of the Art of Small Water Treatment Systems." U.S. Environmental
Protection Agency, Gffice of Water Supply. Washington, D.C., August 1977.

JIW/dt/mb/R-S-2/sec2.rpt
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| (2) "The Cost Digest: Cost Summaries of Selected Environmental Control
| Technologies." U.S. Environmental Protection Agency. Washington, D.C,,
“5 October 1984,
i (3) “"Construction Costs for Municipal Wastewater Treatment Plants: 1973-1978.:
U.S. Environmental Protection Agency, Facility Requirements Division.
Washington, D.C., April 1980.
_3 - (4)  “Innovative and Alternative Technology Assessment Manual." U.S. Environmental
- Protection Agency, Office of Water Programs Operations. Washington, D.C,,
February 1980.

(5)  “Costs of Wastewater Treatment by Land Application.: U.S. Environmental
Protection Agency, Office of Water Program Operations. Washington, D.C., June
1975, ' :

(6) “Construction Costs for Municipal Wastewater Conveyance Systems: 1973-1979."
U.S. Environmental Protection Agency, Facility Requirements Division.
Washington, D.C., January 1981.

(7 “Construction Cots for Municipal Wastewater Conveyance Systems: 1973-1977."
U.S. Environmental Protection Agency. May 1978.

(8)  “Report on Initial Investment Costs, Operation and Maintenance Costs, and
i Manpower Requirements for Conventional Wastewater Treatment Plants." U.S.
| Environmental Protection Agency, Water Quality Office. Black & Veatch, 1971.

i 2.2.2 Culp/Wesner/Culp

The engineering firm Culp/Wesner/Culp, based in Santa Ana, California, produced water
treatment, transmission, and distribution cost reports for the United States Environmental
Protection Agency. They also produced an independent water component cost summary. For
each component, the overall cost versus capacity is illustrated along with the operation and
maintenance costs. As with the EPA generated curves, the Culp/Wesner/Culp curves were
adjusted using ENR indexes to the present day cost. Also, a detailed explanation of each

h‘“ FLOEE
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component and the assumptions made to determine the cost are both included in each section.
The Culp/Wesner/Culp sources that were used are as follows:

(1)  "Estimating Water Treatment Costs, Volume 2, Cost Curves Applicable to 1 to
200 MGD Treatment Plants." Gumerman, R.C., et al. (Culp/Wesner/Culp) Santa
Ana, CA, August 1979. (Produced for USEPA).

(2) T"Estimating Water Treatment Costs, Volume 3, Cost Curves Applicable to 2,500
gpd to 1 MGD Treatment Plants.” Hansen, S.P,, et al. (Culp/Wesner/Culp) Santa
Ana, CA, August 1979. (Produced for USEPA).

(3) "Small Water System Treatment Costs." Gumerman, RC., et al
(Culp/Wesner/Culp) Santa Ana, CA, August 1986.

2.2.3 Manufacturers

In order to establish a contemporary cost for the components of water and wastewater systems,
quotations from Florida Manufacturers and sales representatives were obtained for all the
equipment included in this study. At least two manufacturers’ quotes were obtained for each
component and the overall cost for the component was taken as the average of the two. This
allows the high, and low quotes to form a solid representation. The costs are uniform and
comparable due to the usage of state sales representatives. These sales representatives and
manufacturers who provided the information are as follows:

(1)  Package Wastewater Treatment Plants

a. DAVCO, Davis Industries, Inc.
1828 Metcalf Avenue
Thomasville, Georgia

b. Sanitaire, via Moss/Kelley, Inc.
10100 West Sample Road
Coral Springs, Florida

JJW/dt/mb/R-S-2/sec2.mt
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(2) Blowers

a Hoffman, via Jacobs Group
160 Scarlet Blvd.
QOldsmar, Florida 34677

b. Sutorbilt, via Jacobs Group
160 Scarlet Blvd.
Oldsmar, Florida 34677

(3) Wastewater T Filt

a. DAVCO, Davis Industries, Inc.
1828 Metcalf Avenue
Thomasville, Georgia

b. Infilco-Degremont, via Moss/Kelley, Inc.
10100 West Sample Road
Coral Springs, Florida

“4) hlorination Feed Systems

a. Capital Control, via Blankenship & Associates
3004 Konarwood Court
Qviedo, Florida

b. Wallace & Tiernan, via Heywérd, Inc.
1865 North Semoran Boulevard
Winter Park, Florida

(5) Standby Generator Sets

a Ringhaver Equipment Company
9901 Ringhaver Drive
Orlando, Florida 32824

JTW/dt/mb/R-S-2/sec2.rpt
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b. Cummins Southeastern Fower, Inc.
4820 North Orange Blossom Trail
Orlando, Florida 32810

(6) und Storage T t d Pr I

a. The Crom Corporation, Prestressed Composite Tanks
250 S.W. 36th Terrace
Gainesville, Florida

b. PRECON Corporation, Prestressed Concrete Tanks
115 S.W. 140th Terrace
Newberry, Florida

c. Florida Agquastore, Water & Wastewater Technologies
2650 North Military Trail
Boca Raton, Florida

(7)  High Service Pumps

a. Worthington, via Barmey's Pumps, Inc.
- 3907 Highway 98 South
Lakeland, Florida

b. Peerless Pump Company
811 North 50th Street
Tampa, Florida

(8) Hydropneumatic Tanks

a. Hydro-Air Systems, Inc.
P.O. Box 585654
Orlando, Florida

JIW/dt/mb/R-S-2/sec2.rpt
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Modem Welding Company, Inc.
1801 Atlanta Avenue
Orlando, Florida

)  Vertical Turbine Pumps

a Peerless Pump Company
811 50th Street North
Tampa, Florida
b. Peabody-Floway, via Flanagan-Metcalf & Associates, Inc.

6708 Benjamer Road
Tampa, Florida

(10) §§ngg Pump Stations (Precast iterns and Pumps)

a.

Taylor Precast
P.O. Box 369
Deland, Florida 32721

Gorman Rupp Pumps, via Blankenship & associates
3004 Konarwood Court
QOviedo, Florida

Flygt Pumps, via Ellis K. Phelps & Company
2152 Sprint Boulevard
Apopka, Florida

(11) PVC and Ductile Iron Piping

B&H Sales, Inc.

11114 Satellite Boulevard

Orlando, rlonda

PVC force main, water main, and gravity sewer.

JTW/dt/mb/R-S-2/sec2.rpt
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b. CertainTeed
750 T .E. Suedesford Road
Valley Forge, PA., 19482
PVC force main, water main, and gravity sewer.

c. American Cast Iron Pipe Company
2301 Maitland Center Parkway
- Maitland, Florida
DIP force main, water main, and gravity sewer.

d. Mitchell & Stark Construction Co., Inc.
Naples, Florida
Pipe pressure test, T.V. test, and disinfection.

2.2.4 Bid Tabulations

As a final source of information, bid tabulations from existing projects were gathered. The
projects used in this analysis are all located in the State of Florida. The actual bids were obtained
using “The Bid Reporter," which prints monthly Florida listings of projects to be constructed.
Further information was obtained through the Hartman & Associates, Inc. project cost database.
The HAI database contains bid tabulations, schedule of values and summary of work for
numerous utility projects. Both sources contain project data for approximately the past five (5) to
ten (10) years. Therefore, the prices, which are updated using the ENR construction costs index,
present current indices of the cost of water and wastewater system components.

2.3  CURVE DESIGN SUMMARY

This section provides a detailed description of the method used to create the final unit cost curves
for water and wastewater treatment systems. For water, curves are provided for the components
of the collection, treatment, and distribution systems. The collection, treatment and disposal
components were studied for wastewater systems.

JIW/dt/mb/R-S-2/sec2.rpt
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2.3.1 Updating Process

The various sources of data utilized in this study, provided cost information at different time
_ periods over the previous 25 years. In order for these values to be comparable, they were
} indexed. In other words, the costs must be updated to the time of this study, which is June, 1995.
The costs are updated using established cost indexes. The two (2) indexes used during this study
are the Engineering News Record (ENR) and The Handy-Whitman Index of Public Utility
Construction Costs. In order to update the costs, original costs were multiplied by the ratio of the
72 June, 1995 index number to the original index number. This cost updating method is shown
below.

b o

L June 1995 Ind
June 1995 Cost = Original Cost * ((g:l?ginal Ind;::;)

L

2.3.2 Design Considerations

To construct reliable cost curves, more than one (1) set of values were used for each component.
However, these values are not comparable unless they involved the same design considerations.
Therefore, the manufacturers and sales representatives were given the same criteria with which to
evaluate the cost. Also, when the manufacturer's values were used in combination with the
Environmental Protection Agency or Culp/Wesner/Culp curves, the manufacturer's values were
adjusted to include the identical components as found in the source curves.

Some of the commonly added costs were electrical, piping, sitework, and installation. These
components were adjusted by percentage on a case-by-case basis to reflect the different needs of

the various components.

2.3.3 Finalization

Once the cost data was normalized, the values were compared and plotted. By plotting the
values, the relationships of the cost values versus capacity are illustrated. So for a construction
cost curve, which is the total cost for installation, the economy of scale is difficuit to visualize. In
order to see the economy of scale clearly, the cost curves were transformed into unit cost curves.
These curves display the cost per unit on the y-axis and the capacity or other size measurement on
the y-axis. For example, the unit cost curve involves cost in dollars per gallon ($/gal) versus

JIW/dt/mb/R-S-2/sec2.rpt
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gallon capacity for such components as: ireatment plants, storage facilities, chlorine feed facilities,
hydropneumatic tanks, water supply wells, etc. Other unit cost curve components are a follows:

° dollars per gpm ($/gpm) for pumps and pump stations
° dollars per lot (3/lot) for gravity sewers
° doltars per foot (3/Ft) for force and water mains

° dollars per scfm (3/scfm) for blowers

In this format, the graphs show that cost per unit cepacity decreases with increased capacity.

JIW/dt/mb/R-§8-2/sec2.mpt
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SECTION 3
ANALYSIS

3.1 THRESHOLD SIZING

This section discusses the reasons behind the design of water and wastewater systems with
respect to sizing. The factors affecting the size of certain treatment systems are cost, regulations,
and the health and safety of those served. There are plant capacities which are established
minimums.

3.1.1 Inflection Points

In the water and wastewater unit cost curves of this study, the economy of scale was. apparent in
all cases. However, the manner in which the economy of scale is displayed differs between two
styles of graphical representation.

The first case, displayed in Figure 3-1, is best represented by the prestressed ground storage tank
unit cost curve. The curve is basically an exponential type curve where the low capacity yields an
extremely high unit cost and the high capacity has leveled out with a much lower unit cost. The
beginning of the curve displays an increasing economy of scale. In other words, at the smaller
capacities, the economy of scale is very large with each increase in capacity. The change in unit
cost in this range is so significant that it makes it generally undesirable to design in this range to
the left of the point of inflection. The point of inflection occurs when the slope of the curve
begins to level out with respect to the X-axis. This is the point where the component design
becomes economically feasible with respect to smaller and larger capacity options. Following the
point of inflection, the economy of scale begins to decrease. Even though the economy of scale
still exists in this range, the unit cost change between sizes is much less. However, the savings
between capacities in this area of the curve remain very significant. This is a section of the curve
where capacity options are not as obvious and the monetary savings should be balanced together
with other factors.

The other tyﬁe of unit cost curve, Figure 3-2, is well represented by the potable water well curve.
In this curve, the unit cost appears to steadily decline with respect to the capacity plotted on the
X-axis. The relationship, however, is identical to that of Figure 3-1. The diffening factor is that

JJW/dt/R-S-2/sec3.mpt
HAI#95-145.00 3-1 020896




L

Wi dei

[ ——

Notes: 1) Costs include complete tank, concrete floor, prestressed wall, free-
span concrete dome, aluminum interior and exterior ladders, vents,
precast overflows, painting, and instaltlation. These costs were
obtained directly from manufacturers' quotes.

2} Includes 5% piping, 0% electrical, and 5% sitework.
3} Costs are based on the June 1995, ENR Index = 5433.
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the values in this curve are plotted on a logarithmic scale, due to the large capacity range. This
unit cost curve presents the same economy of scale relationship as Figure 3-1 when plotted on a
linear scale; however, determining individual values from the linear plots is more difficult.
Therefore, to facilitate use of the graph, the data was plotted on a log-log axis.

3.12  Economic Minimum Threshold Sizes

The economic minimum threshold sizes were determined mathematically. The second derivatives
of the unit cost curve equations were plotted to determine the domain value at which the rate of
change of the slope of the unit cost curve equals zero, or no change. The majority of curves were
modeled using third order or higher polynomials. The solution of the second derivative is valid
for the range considered and produces an inflection point. An example of the polynomial equation
and the derivatives are as follows:

Polynomial equation:  f{x) = a +arx+ax +ax’ +asx*
First derivative: f(x) = 3, + 223X + 3a,%° + dagx’
Second derivative: fx) = 2a; + 6a,x + 12a5x°

Some cost curves were modeled using power functions in which a plot of the second derivative
does not cross the X-axis. The plot however is more pronounced and clearly indicates the
inflection point. An example of the power function equation and its applicable derivatives are as

follows

Power equation: f{x) = ax”
First derivative: f(x = CHIENE
Second derivative: f'ix) = (a1 by)(by-1) x ™72

As an example, Figure 3-3 is a plot of the second derivative of the function for steel ground
storage tanks. The plot crosses the X-axis at 100,000 gallons which indicates that the inflection
point for rate of change of the unit cost occurs at 100,000 gallons. This point establishes the end

of the domain for increasing economy of scale.
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3.13 Curve Fitting

The curves determined to represent the manufacturers' and EPA cost curve data were generated
with the use of either the Sigma Plot program by ®Jardel Scientific or the Hydrology and Water
Quality Conurol course accompanied programs produced by °J_ohn Wiley & Sons. The Sigma
Plot program was used mainly to determine polynomial fits for the data, while the other program
determined the equations for the data better represented by the power function equation. In all
cases, the equations were determined to be the best fit for the given data.

3.14 Regulatory

For most instances, regulations do not affect the sizing of water and wastewater systems.
Usually, the type of disposal or source of supply determine the stipulations on the plant type or
size. However, there are occurrences where size regulates cost. The water supply wells must be
double (one standby) above 150 connections, and over 150 connections necessitates an Auxiliary
Power Supply.
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SECTION 4
WASTEWATER TREATMENT PLANT FACILITIES

4.1 EXTENDED AERATION PACKAGE WWTP

The extended aeration treatment process is a version of the activated sludge process in which the
detention time is approximately 24 hours. The extended detention time will require a larger
volume than most activated sludge processes, which in turn will raise the costs. The costs do;
however, display an economy of scale over the entire range of capacities. The unit cost of the
extended aeration package plants, Figure 4-1, is a display of dollars per gallon of capacity versus
gallon per day capacity. In this form, the economy of scale will be visible if the unit cost
decreases as the capacity increases. |

The unit cost curve of the package extended aeration plant shows a considerable economy of
scale from the 0.01 MGD to the 1.0 MGD limits of the graph. The unit cost steadily decreases in
a straight line from approximately $7/gallon at 0.01 MGD to $0.7/gallon at 1.0 MGD. The
straight line relationship of the unit cost translates into considerable savings with increased sizing.

The curves in Figure 4-2 represent the construction cost as a function of package extended
aeration treatment plant capacity. By examining the costs as they are related to capacity, the
economy is apparent. For instance, the cost of a 500,000 gallon per day package plant is
approximately $465,000, and the cost of a 1,000,000 gallon per day package plant is
approximately $710,000. Therefore, in order to sxpand a 500,000 gallon per day facility to a
1,000,000 gallon per day plant, the cost would be approximately $930,000. The design of the 1.0
MGD plant originally would have saved approximately $220,000 overall. The savings would be

greater if contractor mobilization, engineering, and permitting costs were considered.

The unit cost and construction cost curves were developed using an Environmental Protection
Agency cost curve and manufacturers' quotations. The quotes from the manufacturers included
the tankage (ring steel with internal clarifier), concrete slabs, sitework, electrical, piping, blowers
and installation. To normalize these quotes with the EPA curve, a chlorination feed system cost
had to be added to the overall cost. The chlorination feed system cost was obtained through
other manufacturers’ quotations. From this point, the two (2) curves are equivalent and can be

compared.

JIW/dt/R-5-2/Secd.rpt
HAI#95-145.00 4-1 - 020796



i g e

ey —O8

_ Y B A il
Package Extended Aeration WWTP

10 I
= I
S sf
- =
7S
o]
w
O
o 2+
= "
c
2 O-....

1 T ,-.,O.-..-
©..0
OST M ; L P S | I 1 [ e |
0.01 0.03 0.1 0.3 1
Plant Capacity (mgd)
EPA Manual MFR, Data
IR =t 0 et

Notes: 1) Costs include materials, electrical, piping, blowers, grading,

installation,. chlorination feed system, and conc. slab.
2) Costs exclude land, engineering, fencing, paving, drainage
lighting, and building facilities.
3) All costs obtained from manufacturers' quotes and EPA cost curve
4) Costs are based on June 1995, ENR Index = 5433,

L-¥
J4NOI4

A g HARTHAN l

=S

ASSOCIATES, INC.

T iTewey EXTENDED AERATION UNIT

;1 ST ree STROT -

T 1500 - OMANDY,
ML (907) LM-MSY - FAX (6OF) AN-3ME

A_ o COST CURvVE

39vd

K%’

l_)g\c 10

11amnivid

{ R



<‘---waa_. Wéq i

-0

Cost (%)

1,000,000

500,000 |-

100,000 |-

50,000
0.003 0.01 = 0.03 0.1 0.3 1

Notes: 1) Costs include materials, electrical, piping, blowers, grading, |

3) All costs obtained from manufacturers' quotes and EPA cost curves.

300,000 -

200,000

Package Extended Aeration WWTP

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

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

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

[P | PR Loros oyl s l Los g aal

’ Plant Capacity (mgd)

EPA Manual MFR. Data

installation, chlorination feed system, and conc. slab.
2) Costs exclude land, engineering, fencing, paving, drainage,
lighting, and building facilities.

4) Costs are based on June 1995, ENR Index = 5433.

Z-r

o

é_. HARTHAN ‘ ASSOCIATES, INC.

=

"y

& monage

ﬂll&ﬂm°

1000 ~ CRANDG, R 37001
TLLMONC (407) AN-2038 - FAX (W07) EN-ITN0

EXTENDED AERATION CONSTRUCTION
COST CURYVE

40 FC 3ovd

AT

(RS

Haniwa




G

p——d

[

b s

ool

LALIILS

AN i S i Y|

PAGE__ 35  oF 2§

The extended aeration package treatment plant costs exclude the costs of land, engineering,
paving, grading, drainage, lighting, fencing, and building facilities.

42 CONTACT STABILIZATION PACKAGE WWTP

The contact stabilization is a version of the activated sludge process that requires an average
detention time of between 4 and 6 hours. When compared with the extended aeration process,
the contact stabilization package plant will require less volume due to the considerable difference
in detention time. Even though the overall cost differs, the economies of scale are still very
evident in the contact stabilization package treatment plants. These costs versus capacity
relationships are displayed on Figures 4-3 and 4-4, which are the unit cost and construction cost
curves, receptively.

The unit cost curve, Figure 4-3, is a presentation of the relationship between the unit cost, doliars
per gallon versus the capacity, gallons per day. From 0.05 MGD, the unit cost curve shows a
solid economy of scale. Even though the values of the Environmental Protection Agency and the
manufacturers are not identical, their relationship is identical. They both show a very similar
economy of scale relationship that stretches from a little over $3/gallon to approximately
$0.5/gallon.

The straight line decreasing aspect of the curve translatés into considerable savings with the
increase in design capacity. This relationship is further solidified when the capacities and -unit
costs are plotted on linear axes.

In Figure 4-4, the considerable savings in the sizing of package contact stabilization plants is
noticeable. For instance, using the manufacturers' cost values, the cost to construct a 500,000
gallon per day contact stabilization plant would be approximately $375,000. On the other hand,
the cost to build a 1,000,000 gallon per day treatment plant would be about $525,000. Therefore,
the cost to build the smaller 500,000 gallon plant and then expand it by another 500,000 gallons
would be $750,000. By comparing this cost to the $525,000 cost for the larger plant, a savings of
$225,000 is realized for the addition of 500,000 gallons of capacity. This same trend is also
represented by the EPA cost curve. '

The unit cost and construction cost curves were created using values obtained from the
Environmental Protection Agency and manufacturers' quotations. The manufacturers’ costs

JTW/dUR-8-2/Secd.rpt _
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included the plant itself, concrete slabs, site work, electrical, piping, blowers, and installation. In
order to be able to compare these values with the EPA cost curve, a chlorination feed system was
added using other manufacturers' quotations.

The package contact stabilization treatment plants costs exclude land, engineering, paving,
grading, drainage, lighting, fencing, and building facilities.

4.3 BLOWERS

Blowers have an important role in supplying air to different parts of a treatment plant for process
purposes and for airlifts in smaller facilities. Two common types of blowers used in the diffused
air systems are centrifugal and positive displacement blowers.

The positive displacement blowers are more common in the lower standard cubic foot per minute
{scfin) range than their centrifugal counterparts. As shown in Figure 4-5, the unit costs of the
positive displacement blowers show an increasing economy of scale up to about 500 scfim. At this
point, the economy of scale is decreasing. So the point of inflection lies at 500 scfm. To illustrate
the benefit of designing a blower at 500 scfin or larger, the blower cost curve, Figure 4-6, will be
used. The 500 scfm positive displacement blower costs approximately $5,500 and a 100 scfm
blower costs about $2,750. Therefore, if the 100 scfm blower will need to be expanded to 500
scfm, the overall cost will easily exceed the original cost of the 500 scfm blower. By expanding
with a 400 scfin blower, the total cost of the two (2) blowers is approximately $7,750, which is
about $2,250 more expensive than one (1) 500 scfm blower.

For the centrifugal blowers, the higher capacity installations are more common. The range of
blowers that are presented in the unit cost curve, Figure 4-7, are between 500 scfm and
4,500 scfm. The curve experiences an increasing economy of scale between 500 scfm and 2,000
scfm, where the point of inflection lies. However, the economy of scale does not decrease at a
very rapid rate thereafier. Therefore, considerable economies of scale are apparent throughout
the entire range. For instance, by using Figure 4-8, the blower cost curve, the economies of scale
are detectable. A 2,000 scfm blower costs about $22,000, and a 4,000 scfm blower costs
approximately $34,000. Therefore, one (1) 4,000 scfm blower is approximately $10,000 less than
two (2) 2,000 scfm blowers.
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The unit cost and blower cost curves were created using manufacturers' cost quotations. The
positive displacement blower includes the blower, TEFC motor, steel base, silencers, relief valve,
pressure gauge, and check valve. The centrifugal blowers include only the blower and TEFC

motor.

44  FILTERS

Filters are typically used for the tertiary treatment of wastewater. These filters help to remove the ’

total suspended solids left in the effluent, and in so doing, allow the effluent to be available for
reuse. The two (2) types of filters that were examined for this study were the standard gravity
filter for flows less than 0.15 MGD, and traveling bridge filters for flows greater than 0.15 MGD.

The unit cost curve, Figure 4-9, shows the unit cost, dollars per gallon, versus the capacity of
wastewater treated, in million gallons per day (MGD). From 0.05 MGD to 1.0 MGD, the gravity
and traveling bridge filters experience a considerable economy of scale. The gravity and traveling
bridge filter combination experiences a threshold at about 0.25 MGD. As can shown from
Figure 4-10, the economic savings with increased capacity are substantial. For $50,000 a gravity
filter will be of the capacity to treat 50,000 gallons per day and $85,000 a gravity filter with
150,000 gallon per day treatment capacity can be purchased.

The unit cost and construction cost curves for the wastewater treatment filters were constructed
using quotations of costs from manufacturers. The costs included the filter, media, 15 percent for
piping, 15 percent for electrical, 5 percent for sitework, 5 percent for the concrete slab, and 20
percent for installation. These percentages were applied to the material subtotal and summed to
determine the total cost.

4.5 CHLORINATION

The chlorination of wastewater is commonly accomplished using gas chlonnators. The gas is fed
to the chlorinators from 150 pound or 1 ton storage cylinders. The size of the storage cylinders is
dependent on the quantity of wastewater 1o be treated. Typically, at a dosage of 10 milligrams
per liter, the 150 pound, storage cylinders are used at treatment plant flows of up to 1 MGD.
This means that the 1 ton cylinders are used for flows above this point. The costs of the feed
system fluctuates with the size of the storage cylirders.

ITW/dt/R-8-2/Secd.rpt
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The unit cost curve, Figure 4-11, displays an economy of scale throughcut the treatment
capacities of 0.01 MGD to 5§ MGD. This relationship is further emphasized when the
components m plotted on linear axes. Where the storage cylinder sizes change, the costs slightly
increase; however, the ton cylinder feed systems resume the continuous economy of scale. The
overall cost, when compared with treatment plant cost, is a very low percentage. The larger
capacity plants will have a much smaller unit cost for chlorine feed systems than the smaller
capacity plants.

The chiorination feed equipment curve was constructed using manufacturers' quotations and EPA
cost curves. Included in the cost of both size systems are dual chlorinators, dual scales, a gas
detector, an alarm panel, a vacuum switch, booster pump, housing, hoists, 20% electrical, 15%
piping, 20% installation, and no sitework.

46 STANDBY GENERATOR SETS

The standby generator sets are used for emergency power situations for water and wastewater
facilities. The generator packages studied for the economy of scale project consisted of a
packaged diesel electric unit with base, control/monitoring panel, and a unit mounted radiator
cooling system. The generator prices do not include cost adjustments for land, engineering,
installation, fencing, building facilities, and design contingencies.

In general, the cost curves of Figure 4-12 and 4-13, present a significant economy of scale
relationship.  Although the relationship is not readily apparent in the construction cost curve,
Figure 4-13, the unit cost curve shows a drastic change in unit prices with increase Kilowatt (kW)
capacity. The unit prices begin with $1,088/KW at 8 KW capacity and reach values ranging
between $124/KW and $153/KW between 300 KW and 1,500 KW capacities. This relationship
places an importance on the overdesign of electrical equipment. The underdesign of a standby
generator is both detrimental to public health and safety and costly to the customer.

The graphical presentations were formulated using manufacturers' quotations for the various

standard sizes of standby generator packages.
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3} Includes 20% electrical, 15% piping, and 20% installation costs.

4) Costs are based on June 1995, ENR Index = 5433.
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SECTION §
WATER TREATMENT PLANT FACILITIES

5-1 PRESTRESSED CONCRETE GROUND STORAGE TANKS

In the State of Florida, prestressed concrete ground storage tanks are most often above-ground.
The ground storage tanks typically store water before pumping to the distribution system. Also,
the storage tank is usually fitted with an aeration unit on top of the tank which is for the removal
of hydrogen sulfide. For this study, the ground storage tanks will be designed as above and will
be represented by a unit cost curve and a construction cost curve.

The unit cost curve, Figure 5-1, consists of a piot of the unit cost, doliars per gallon, of the
ground storage tanks versus the capacity of the tank. The curve displays a strong economy of
scale from the beginning to the end. The economy of scale is increasing between 50,000 galions
and 600,000 gallons. Therefore, if possible, the designer should avoid this area of the curve. The
curve begins to flatten out and decrease after the inflection point, which lies at 600,000 gallons.
Even though the economy of scale is decreasing up to 2,000,000 gallons, there still is a sizable
cost savings between the two (2} design sizes.

To truly appreciate the continued savings even with the decreasing economy of scale, we must
examine the construction cost curve, Figure 5-2. The cost to construct a 2,000,000 gallon facility
is approximately $480,000, and the cost of a 1,000,000 gallon ground storage tank is about
$320,000. Therefore, to build the 1 MG tank and then expand the storage capacity by 1,000,000
gallons, the total cost would be approximately $640,000. By designing for the future with the 2
MG prestressed concrete ground storage tank, the utility and customers would save $160,000
overall. As this shows, the savings are present in both increasing and decreasing states of
economy of scale.

The unit cost and construction cost curves were produced from manufacturers’ quotations. The
prestressed concrete ground storage tanks include a concrete floor, prestressed wall, free-span
concrete dome, aluminum interior and exterior ladders, vents, precast overflows, painting, an
aeration unit, and installation. Then, 5% piping and 5% sitework costs were added to the total
cost.

JIW/{dt/R-8-2/secS.rpt
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Ground Storage Tanks
Prestressed Concrete
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Notes: 1) Prestressed concrete tank, concrete floor, prestressed wall, free-
span concrete dome, aluminum interior and exterior ladders, vents,
precast overflows, painting, aeration unit, and installation costs are
included in the manufacturers’ quotations.

2} Includes 5% piping, 0% electrical, and 5% sitework costs.
3) Costs are based on June 1995, ENR Index = 5433.
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- Ground Storage Tanks
Prestressed Concrete
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Notes: 1) Prestressed concrete tank, concrete floor, prestressed wall, free-
span concrete dome, aluminum interior and exterior ladders, vents,
precast overflows, painting, aeration unit, and installation costs are
included in the manufacturers' quotations.

2} Includes 5% piping, 0% electrical, and 5% sitework costs.

3) Costs are based on June 1995, ENR Index = 5433.
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52  STEEL GROUND STORAGE TANKS

Steel ground storage tanks are typically found in the smalier capacity range (10,000 galion to
250,000 gallon). In this size range they are able to compete with the prestressed concrete ground
storage tanks. The installations of the steel tanks in Florida are commonly above-ground. These
tanks are commonly used for the storage of raw or finished water intended for the distribution
system, but they can also store effluent or reuse flows. In order to study the cost relationships
of these tanks, the design must be uniform throughout. Therefore, the steel tanks are above-
ground and not equipped with an aeration unit.

The unit cost curve, Figure 5-3, is very similar to the prestressed concrete ground storage tank
with cost curve. There is a sharply increasing economy of scale in the small design capacity
range, which lies between 10,000 and 100,000 gallons. The inflection point occurs at 50,000
gallons and thereafter the economy of scale begins to decrease. The decreasing economy of scale
occurs between the 100,000 gallon and maximum 250,000 gallon capacity range. Since the unit
cost is decreasing throughout the entire curve, the economy of scale is present through all sizes.
This means that even though the economy of scale is decreasing in the lafger sizes, there are still
savings in the larger designs. The construction cost curve, Figure 5-4, shows these savings by
plotting the total cost of the storage tank versus the capacity of the tank. For example, by taking
the average of the two curves, the cost to construct a 250,000 gallon tank is approximately
$145,000. The cost to construct a 150,000 gallon tank is about $108,000. Therefore, there is a
savings of $50,000 by designing the tank for the larger capacity as opposed to expanding the steel

~ ground storage tanks capacity by adding another 100,000 gallons of capacity.

The cost curves for steel ground storage tanks were prepared with values obtained from EPA cost
curves and manufacturers' quotes. In order to compare the two sources of costs, the quotes were
modified to meet the same criteria as the Environmental Protection Agencies cost curves. The
steel tank costs include the complete tank, concrete foundation, roof, roof manway, gravity vent,
bottom manway hatch, ladder and cage assembly, top manway platform, protective bolt caps,
installation, 5% sitework, and 5% piping.

53  CHLORINATION

The chlorination of raw water is commonly accomplished using gas chlorinators. The gas is fed
to the chlorinators via 150 pound, or | ton storage cylinders. The size of the storage cylinders is

JYW/dt/R-S-2/sec5.rpt _
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dependent on the quantity of raw water to be treated. Typically, at a dosage of 5 milligrams per
liter, the 150 pound storage cylinders are used at treatment plant flows of up to 2 MGD. This
means that the 1 ton cylinders are used for flows above this point. The costs of the feed system
fluctuates with the size of the storage cylinders.

The unit cost curve, Figure 5-5, displays an economy of scale throughout the treatment capacities
of 0.01 MCD to 5 MGD. This relationship is further solidified when the capacities and unit costs
are plotted on linear axes. Where the storage cylinder sizes change, the costs slightly increase;
however, the ton cylinder feed systems resume the continuous economy of scale. The overall
cost, when compared with treatment plant capacity, is not much of a concern. The larger capacity
plants will have a much smaller unit cost for chlorine feed systems than the smaller capacity
plants.

The chlorination feed equipment curve was constructed using manufacturers' quotations and EPA
cost curves. Included in the cost of both size systems are dual chlorinators, dual scales, a gas
detector, an alarm panel, a vacuum switch, booster pump, housing, hoists, 20% electrical, 15%
piping, 20% installation, and no sitework.

5.4  HIGH SERVICE PUMPS

High service pumps are commonly used in the water distribution system. The water is stored in a
ground storage tank and then is distributed to the customers by a series of high-service pumps and
water mains. In this study, the horizontal split-case pump was used to represent the typical high-
service pumps. The pumps were plotted by their cost and unit cost versus capacity between 100
gpm and 5,000 gpm.

The unit cost curve, Figure 5-6, presents the pump cost in terms of dollars per gpm versus the
gpm capacity of the pump. The smaller pumps, 100 gpm to 500 gpm, show an increasing
economy of scale and the larger pumps, 1,000 gpm to 5,000 gpm, display a decreasing economy
of scale. The transition of the unit cost curve is the inflection point which occurs around the
1,000 gpm pump. Therefore, 750 gpm pumps and larger are more economical in design than are
the smaller pumps. For example, Figure 5-7 shows that a 5,000 gpm pump will cost
approximately $30,000 and a 1,000 gpm pump will cost $9,000. The cost to upgrade the pump
capacity by adding additional pumps will bring the total cost for 5,000 gpm of capacity to

JTW/dt/R-8-2/sec5.mpt
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Notes: 1) All costs obtained from manufacturer's quotations include
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2) Horizontal Split Case pumps and motors.

3) Pump head is 175 feet (76 psi).

4) Costs are based on June 1995, ENR Index = 5433.
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between $35,000 and $45,000. The overall saving would then be in the $10,000 range, which is
considerable with horizontal split-case pumps.

The values for the construction cost and unit cost curves were quoted from manufacturers of
horizontal split case pumps. The costs for the pumps include the pump, motor, factory testing,
and freight to the jobsite. The pumps were sized using a head of 175 feet.

5-5 HYDROPNEUMATIC TANKS

Hydropneumatic tanks are an integral component in maintaining the required pressure of the
water entering the distribution system. In this study, the hydropneumatic tanks are designed for a
pressure rating of 100 pounds per square inch, and they are ASME rated. The tanks are the
horizontal type cylinder tanks that are situated on a concrete base. The hydrotank system
estimates are presented as both unit cost versus capacity and construction costs versus capacity.

The unit cost curve, Figure 5-8, is plot of the unit cost, dollars per gallon, versus capacity for
hydropneumatic tanks between 500 gallons and 20,000 gallons. The curve shows an economy of
scale that begins to slightly decrease near 10,000 gallons. Overall, there is considerable savings
between each successive step of the design capacity. The unit cost curve virtually straight, which
leaves the curve without a point of inflection. Without an inflection point, the curve possesses a
strong economy of scale throughout the size range. The construction cost curve, Figure 5-9,
strengthens this point. For example, the cost of a 500 gallon, 5,000 gallon, and 20,000 gallon
hydropneumatic tank system is $11,000, $32,000, and $62,000, respectively. By adding to the
500 galion tank to reach 5,000 gallon capacity, the cost would be considerably more than the
original 5,000 gallon tank, For instance, adding a 500 gallon tank and then a 4,000 gallon tank to
the existing 500 gallon tank, the total cost would be $52,000. This option is approximately
$20,000 more than a 5,000 gallon tank would originally cost. This relationship also exists
between the 5,000 gallon and 20,000 gallon tanks. In this case, the cost would be approximately
$20,000 more to expand to 20,000 gallon capacity from 5,000 gallon capacity.

The unit cost and construction cost curves were formed using quotations from manufacturers.
The quotes included the tank itself, an air volume control compressor, and a control panel. To
these values, 15% piping, 20% electrical, 10% sitework, and 20% installation was added to

determine the total cost of a hydropneumatic tank system.
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Unit Cost ($/Gal)
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Hydropneumatic Tanks
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500 1,000 2,000 5,000 10,000 20,000 50,000

Capacity (Gal)

Notes: 1) Costs of the tank, air volume control compressor, and a control
panel were included in the manufacturers’ quotations.

2) 15% piping, 20% electrical, 20% installation, and 10% sitework
were added to the quoted costs.

3} Costs are based on June 1995, ENR Index = 5433.
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Notes: 1} Costs of the tank, air volume control compressor, and a control
panel were included in the manufacturers’ quotations.

2) 15% piping, 20% electrical, 20% installation, and 10% sitework
were added to the quoted costs.
3} Costs are based on June 1995, ENR Index = 5433.
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56  WELLS

Depending on the site, raw water wells can vary tremendously in the depth required to produce a
functional w:!1. In this case, deep wells of approximately 250 feet and 500 feet in depth were
considered appropriate. The pumps designed for these wells are vertical turbine pumps. The cost
of the well system includes only the well components and is represented in the unit cost and
construction cost curves.

The unit cost curve, Figure 5-10, is based on the daily pumping capacity of the well. In other
words, the unit cost is presented as dollars per gallon and the capacity is in gallons per day. Both
the 250 foot and 500 foot deep wells display considerable economies of scale throughout the
capabity range of the curve. The unit costs begin between $0.4/gal and $0.7/gal at 144,000
gallons per day and ends around $0.04/gal to $0.08/gal at approximately 3,500,000 gallons per
day. The savings are apparent throughout the well sizes when looking at the construction cost
curve, Figure 5-11. A well pumping at 2,800,000 gallons per day costs about $115,000 to
construct, while a 720,000 gallon per day costs about $75,000 to construct. The economy of
scale is primarily due to contractor mobilization and economies of scale in casing pipe and pumps.

The unit cost and construction cost curves were developed with the values received from
manufacturers' quotations, EPA cost curves, and previously completed project bid tabulations.
All curves for supply wells include a vertical turbine purhp, cement grout, black steel well and
surface casing, well screen, well development, 10% for electrical, 15% for well head, and 30% for
labor needed for construction.

5.7 LIME SOFTENING WTP

The Lime Softening WTP cost curves, Figures 5-12 and 5-13, represent the costs associated with
the treatment facilities needed to treat raw water with lime and recarbonate the treated water with
gaseous carbon dioxide. The lime softening plant is characteristically the same as a conventional
filtration plant; however, lime is substituted for other chemicals and the treated water will need to
be recarbonated. The unit cost curve, Figure 5-12, and the construction cost curve, Figure 5-13,
were produced using documented EPA cost information and includes the following cost
considerations: raw water pumping equipment, chemical addition facilities, rapid mix/floccutation
equipment, sedimentation basin, filtration units, disinfection equipment, finished water storage and
pumping equipment, and sludge disposal facilities.
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Potable Water Wells

Unit Cost ($/Gal)
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EPA Curve {250’ deep) Manufacturers {250" deep)

Notes: 1) Vertical turbine pump, cement grout, black stee! well and surface
-casing, well screen, and well development costs from manufacturers’

quotes and bid tabulations.
2} Includes 10% electrical, 15% for well head assembly. and 30% labor costs.

3} EPA cost curves contain all costs.
4) Costs are based on the June 1995, ENR Index = 5433.
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Potable Water Wells
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Notes: 1) "Vertical turbine pump, cement grout, black steel well and surface
casing, well screen, and well development costs from manufacturers'
guotes and bid tabulations,
2) Includes 10% electrical, 15% for well head assembly, and 30% labor costs.
3) EPA cost curves contain all costs,
4) Costs are based on the June 1995, ENR Index = 5433.
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Unit Cost ($/Gal)

Lime Softening WTP

Treatment Capacity (Mgd)

Notes: 1) Values obtained using EPA cost curves.

2) Costs include raw water influent pumping, chemical addition, rapid mix/
flocculation, sedimentation, filtration, disinfection, finished water
storage, finished water pumping, and sludge disposal.

3} Costs are based on June 1995, ENR Index = 5433.
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Notes: 1} Values obtained using EPA cost curves.
2) Costs include raw water influent pumping, chemical addition, rapid mix/

flocculation, sedimentation, filtration, disinfection, finished water
storage, finished water pumping, and sludge disposal.
3) Costs are based on June 1995, ENR Index = 5433.
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The Lime Softening WTP cost curves show a small economy of scale throughout the capacity
ranges. The unit cost begins with approximately $3.5/gal at 1 MGD and ends with approximately
$1.4/gal at 10 MGD. This shows that there is an economy of scale between these ranges of

capacities.

The curves for Lime Sofiening Water Treatment Plants were constructed using information
gathered from EPA cost curves.

5.8 REVERSE OSMOSIS WTP

The curves presented, Figure 5-14 and 5-15, in this Section were constructed using previous EPA
cost curves and information contained in previous EPA reports. The treatment facilities that
make up a Reverse Osmosis treatment plant and consequently, the cost curves contained in this
report gre as follows: reverse osmosis membrane elements and pressure vessels, flow meters,
housing, structural steel, tanks, piping, valves, pumps, cartridge filters, acid and polyphosphate
equipment, and cleaning equipment. The EPA cost curves have also added costs for
contingencies, sitework, engineering and administration, and electrical.

The unit cost curve, Figure 5-14, shows a considerable economy of scale. The ranges of capacity
begin with 0.003 MGD and end with 10 MGD. When plotted on a linear scale, the curve is more
pronounced than the economy of scale curve shown in Figure 2-1. The unit cost is approximately
$14/gal at 0.003 MGD and approximately $0.95/gal at 10 MGD.
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Notes: 1) Values obtained using EPA cost curves.

2) Costs inciude housing, structural steel, tanks, piping, valves, pumps,
reverse osmosis membrane elements and pressure vessels, flow meters,
cartridge filters, acid and polyphosphate equipment, and cleaning equip.

3) The EPA cost curves have aiso added costs for contingencies, sitework,
engineering & administration, and electrical.

4} Costs are based on June 1995, ENR Index =

5433.
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1} Values obtained using EPA cost curves.

2) Costs include housing, structural steel, tanks, piping, valves, pumps,

reverse osmosis membrane elements and pressure vessels, flow meters,

cartridge filters, acid and polyphosphate equipment, and cleaning equip.

3) The EPA cost curves have also added costs for contingencies, sitework,

engineering & administration, and electrical.
4) Costs are based on June 1995, ENR Index = 5433.
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SECTION é
WASTEWATER COLLECTION/WATER DISTRIBUTION

6.1 GRAVITY SEWERS

The gravity sewer collection system consists of a series of PVC-SDR35 pipe, manholes, and

sewage pump station. The cost analysis of this type of system must be done by looking at the .

number of services per section. The sections are defined by 400 foot lengths of pipe, as denoted
in Figure 6-1, Since the lots are assumed to be 100 feet in width, there can only be four (4) lots
on each side of the gravity line. For example, sewer installation A would include & beginning
manhole, 400 feet of 8-inch PVC pipe, and a portion of the cost of the sewage pump station. The
pump station cost for this example would be calculated by multiplying the total cost for the pump
station by the ratio of the number of ]oté, in this case eight (8), over the total numbers of lots that
a 100 gallon per minute pump station can serve, which is approximately 120. The total cost is
attained by summing the costs of the gravity pipe, manholes, sewage pump station, permitting fee,
line testing fee, mobilization, electrical, and installation.

The unit cost curve was produced by dividing the total cost of an installation by the number of
lots that are serviced and then plotting this value versus the total number of lots. The design was
carried all the way out to the 100 gallon per minute pump station capacity of 120 lots. The actual
curve, Figure 6-2, shows that the gravity sewer installations experience an increasing economy of
scale up to the inflection point, which is located at about 32 lots serviced. From this point, the
economy of scale decreases all the way to the 120 lot endpoint. Therefore, the gravity sewer
installations are much more economical on a large scale than they are when individual 400 foot
sections are installed. This occurs due to the extra costs for permitting, mobilization, and

engineering.

The unit cost curve for the gravity sewer installation was formed using the values obtained from
manufacturers' quotations and bid tabulations from previously completed jobs.

6.2  SEWAGE PUMP STATIONS

The pump station configuration that was studied for this report is the submersible duplex pumps
in a wet well with an adjoining valve box. The costs of these wastewater collection ana
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Gravity Sewer Installations

1,800

1,700

____________________________________

T

1,600

1600 - ----t--N-}----- I T ] R

I Y e el It S S F-----

1 '300 L A L. J 1l A L
0 20 40 60 80 100 120 140

Lots Serviced

Notes: 1) Assumed 100 foot lots, 12 foot maximum pipe depth, and

120 lots served by a 100 gpm pump station.

2} Manufacturers’ quotes and bid tabulations provided costs for precast
manholes, pipe material, and the $1/ft line testing cost for low
pressure air exfiltration.

3) Includes a $500 permitting fee, electrical, instaltation, and 10%
for mobilization.

4) Costs are based on June 1995, ENR Index = 5433.
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transmission components is directly related to the amount of wastewater that is entering the wet
well. The range of capacities of the pump stations are from 100 gallons per minute to 1,000

gallons per minute.

The unit cost curve, Figure 6-3, was produced by dividing the total cost of a submersible pump
station by the capacity of the main pump and plotting this value, versus the capacity of the pump,
in gallons per minute. This curve shows an increasing economy of scale between 100 gpm and
400 gpm. The inflection point lies around 400 gpm, and from 400 gpm to 1,000 gpm the
economy of scale is slightly decreasing. Due to the unit cost relationship, the design of 2 pump
station under 400 gpm should be avoided, if there are any possibilities for further expansion.
After 400 gpm, there is still an economy of scale; however, it is not as significant. To show that
there is still considerable savings after 400 gpm, we must study the construction cost curve,
Figure 6-4. The cost of a 1,000 gpm duplex pump station is approximately $63,000, and the cost
of a 500 gpm pump station is $46,000. Therefore, there is a $29,000 savings to build the 1,000
gpm pump station when compared to two (2) 500 gpm pump stations.

The unit cost and construction cost curves were produced using the quotations obtained from
manufacturers. The cost includes two (2) equivalent submersible pumps, the precast wet well,
precast valve box, piping, fittings, 20% for electrical, and installation, which includes excavating,
backfilling, and dewatering. The pumps were designed to run on a 6-minute cycle time, which
minimized wet well sizing.

6.3  FORCE MAINS

In the transmission of wastewater, force mains are used to convey wastewater from a sewage
pump station directly to the treatment plant, another pump station, or 2 manhole. The force main
materials that were studied in this project were the PVC (C900-DR25) and the Class 50 DIP with
epoxy coating. These pipes are presented on unit cost curves as illustrated in Figure 6-5 and
Figure 6-6.

The PVC force main unit cost curve, Figure 6-5, was produced for pipe sizes between 4-inches
and 12-inches in diameter. The unit cost of the pipe is in dollars per linear foot and this is based
on different lengths of pipe. In other words, there are three (3) different total lengths of pipe:
25,000 feet (large project), 2,500 feet (medium project) and 250 feet (small project). For these
different lengths, manufacturers quoted the actual material prices per foot that would apply to
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Notes: 1) Pump station design was based on a 6 minute cycle time, a peak

factor of 3 to 4 respective of average flow, and a 3 ft high effective volume.

2) Costs include two {2} equal size pumps, precast wetwell, precast valve
box, installation (excavating, backfilling, dewatering), piping,
fittings, and 20% electrical.
3) Wet well sizes: 100-400 gpm = > 6' diam., 500-60C gpm =>
8' diam., 700-900 gpm = > 10' diam., 1000 gpm =
4} Costs are based on June 1995, ENR Index = 5433,
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Notes: 1} Pump station design was based on a 6 minute cycle time, peak factor

of 3 to 4 respective of average flow, and a 3 ft high effective volume.

2) Costs include two (2) equal size pumps, precast wetwell, precast valve
box, installation (excavating, backfilling, dewatering), piping,
fittings, and 20% electrical.

3) Costs are based on June 1995, ENR Index = 5433,
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PVC (C900 - DR25) Force Main
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Unit Cost ($/ft)
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Project Size (If)
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Notes: 1) Material cost obtained from manufacturers’ guotes.

2) Costs include $500 permitting, 10%-15% mobilization,
$.25-%.75/ft for pressure testing, and $7/ft for excavating,
backfilling, and compacting.

3) Costs exclude vaives, fittings, and restoration work.
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: ; 4) Costs are based on June 1995, ENR Index = 5438.
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Notes: 1) Material cost obtained from manufacturers' quotes.

2) Costs include $500 permitting, 10%-15% mobilization, $.25-$.75/ft

pressure testing, and $7/ft for excavating, backfilling, and compacting.

3} Costs exclude valves, fittings, and restoration work.
4) Costs are based on June 1995, ENR Index = 5433.
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each case. As the graph shows, it is apparent that the larger guantities of pipe receive the most
economical unit costs for each of the pipe sizes that were examined.

The Class 50 DIP force main unit cost curve is very similar to the PVC force main unit cost curve.
The DIP sizes range from 4-inches to 16-inches and the pipes are lined with an epoxy coating.
The graph shows that on a dollar per linear foot basis, the DIP force main is the most economical
when the project is of a large magnitude. This relationship is in agreement with the PVC force
main unit costs. Therefore, regardless of the pipe material, one should consider the full design of
a force main as a stronger option to the smaller separate installations.

Both the PVC and DIP unit cost curves are formed using values obtained from manufacturers'
quotations, In order to present the costs as final installed costs, a permitting fee, mobilization,
installation, and pressure testing values were added to the unit costs based on the size of the
project.

64  WATER MAINS

Typically, water mains will be made of either C900-DR18 PVC or Class 50 - cement lined DIP.
In order to insure the safety and welfare of the customers, the water mains must be pressure
tested and disinfected before they are put into use. For this study, PVC water mains from 4-
inches to 12-inches in diameter and DIP water mains from-6-inches to 16-inches in diameter were
studied to determine if an economy of scale existed. |

The PVC C900-DR18 water main unit cost curve, Figure 6-7, shows the unit cost for three (3)
different sized projects. The manufacturers were asked to give $/Ft prices for the pipe based on a
small (250 ft), medium (2,500 &), or large (25,000 ft) project. This footage represents the linear
amount of certain diameter pipe to be installed in a certain project. As can be seen from the
figure, the unit cost drops between $4/Ft and $5/Ft between the small and large projects for all the
pipe sizes. Therefore, it is more economical to construct a single large scale project at one time
than to construct many smaller projects.

In the other unit cost curve, Figure 6-8, the Class 50 - cement lined DIP also shows a significant
economy of scale. For the DIP water main, the sizes ranged from 6-inches to 16-inches in
diameter. For the 6-inch diameter water main, the unit cost dropped about $6.50/Ft between the
small and large projects. For the 16-inch diameter water main, the unit cost declined by $12/Ft
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PVC (CO00 - DR18) Water Main

Unit Cost ($/ft)

10 1 | 1
small {250') medium (2,500') large (25,000')
Project Size (if})
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Pips pipe pipe pipe pipe

Notes: 1) Material cost obtained from manufacturers' quotes.

2} Costs include $500 permitting, 10%-15% mobilization,
$1-$2/ft disinfection, $.25-$.75/ft for pressure testing,
and $7/ft for excavating, backfilling, and compacting.

3) Costs exclude valves, fittings, and restoration work.

4) Costs are based on June 1995, ENR Index = 5433.
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10
small {250')

medium (2,500} large (25,000')
Project Size (If)

6ll 8“
pipe pipe

Oll 1 2" 14" 16"
pipe plpe plpe plpe

Notes: 1) Material cost obtained from manufacturer's quotes.
2) Costs include $500 permitting, 10%-15% mobilization,

$1-$2/ft disinfec

tion, §.25-$.75/ft for pressure testing,

$7/ft for excavating, backfilling, and compacting.
3) Costs exclude valves, fittings, and restoration work.
4) Costs are based on June 1995, ENR Index = 5433,
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between the small and large projects. Once again, the unit costs prove the existence of a strong
economy of scale in the water mains. Therefore, to capture the economy of scale it is desirable to
construct as much water main as possible.

The unit cost curves for the PVC and DIP water mains were constructed from values obtained
from manufacturers’ quotes. The unit cost includes the material cost, a $7/foot trenching cost, a
permitting fee, mobilization, disinfection of water mains, and the pressure testing on the water
mains.

JIW/dt/R-8-2/sec6.rpt
HAI#95-145.00 6-12 020896
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Capacity
{MGD}

0.01
0.025
0.05
0.075
0.1
.15
0.25
0.5
0.75

1

Notes: 1)

Package Wastewater Treatment Plants
Unit Costs

Davco
Ext. Aer.
($)

50000

78000
135000
185000
217000
210000
260000
375000
450000
533000

Sanitaire

" Ext. Aer.

{$)

125495
159630

184948,

233535
309045
479368
622920
758860

Ext. Aeration
Const. Cost

50000
78000
130247.5
172315
200974
221767.5
284522.5
427184
536460
645930

EXHIBIT

PAGE

.2
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oF 24

Overall
E.A. Cost
w/ Chlor.

77500
105500
160248
202315
235974
256768
319523
462184
571460
680930

Unit
Cost
($/Gal)

Values include materials, electrical, piping, installation, blowers, grading,
chlorination feed sys., and conc. slab; but exclude land, engineering,
fencing, paving, drainage, lighting, and building facilities.

All costs obtained from manufacturer's quotes and EPA cost curves.

Costs are based on June 1995, ENR Index = 5433.

7.75
4.22
3.205
2.6975
2.3597
1.7118
1.2781
0.9244
0.7619
0.6809
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CURVE FORMULA _ {For any

ity on the curve)

Y = (0.6621692)*X"(-0.5290282)

*ett Bes Example Beiow
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Mt
Unit Cost Unit Cost
IMGD) | $/Gan (#:Gal
0.0100 7.45447 7.75
0.0250 4.59087 422
0.0400 3.58022
0.0800 3,18157 3.20496
0.0650 2.76925
0.0750 2.56735 2.69753
0.0800 2.33128
Q1000 2.2049 2.35974
0.1150 2.04775
0.1300 1.91815
0.1500 1.77822 1.71178
0.1650 1.89174
0.1800 1.81563
0.195%0 1.54B65
0.2100 1.48811
0.2250 1.43873
0.2400 1.28754
0.2500 1.3579 1.27809
0.2650 1.31668
0.2800 1.27888
0.2850 1.24405
0.3100 1.21184
0.3250 1.18182
0.3400 1.15404
0.3560 1.12738
0.3700 1,1035%
Q.3850 1.0806
0.4000 1.05887
0.4150 1.03854
0.4300 1.01822
0.4450 1.00089
0.4800 0.98348
04750 0.96694
0.4800 0.95116
0.5000 0.94105 0.92437
a.5150 0.92645
0.5300 0.91248
0.5450 0.89911
Q.5600 0.88629
0.5750 0.87398
0.5900 0.86216
0.6050 0.85078
0.8200 0.83983
0.6350 0.82927
0.6500 o0.81:
0.6850 0.80827
0.8800 0.79977
0.6950 0.7906
0.7100 a.78172
0.7250 0.77312
0.7400 0.76479
0.7500 0.75538 0.7618%
0.7650 0.75146
0.7800 0.74378
0.7950 0.73632
0.8100 0.72908
0.8250 0.72204
0.8400 0.71519
0.B550 0.70852
0.8700 070203
0.8850 0.63571
0.8000 0.6895%
0.8150 0.68355
0.9300 0.6776%
0.9450 0.67198
0.8600 0.66641
Q.89750 uv.66096
1 0.65217 0.68003

Unit Cost {$100))

Extended Avzation WWTP Unk Cost

LS
r I
e |l
)
-

!
3 q
2

e
\ T e B o
[+] 0o
©.0000 o
Capacity (MGD)
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m AERATION WWT# INFLECTION POINT

Capacity

{MGD) F{x]
0.01 1286.7
0.025 1107.93
0.05 B847.924
0.075 631,193
0.1 453,15
0.1% 195.964
0.175 108.824
0.2 44.38
0.225 -0.7796
0.25 -29.831
0.5 34,7526
0.75 -39.895
1 445.206

Fin}

1400
1200
1000
800
800
400
200

-200

Extended Aeration WWTP Inflaction Point

Capacity {(MGD)
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EXTENDED AERATION. MECHANICAL AND DIFFUSED AERATION FACT SHEET 2.1.10 .

Description = Extended seration is the "low rate” modification of the activated studge process. The /M loading
is in the ramge of 0.05 to 0.15 1b msidllb MLVSS, and the detention time is about 24 hourx. Primasy clarifi-
cation is ravely used. The nxtended adration system operates Ia Hwe endogemous raspiration phase of the bacterial
growth cycle, because of the lov 300, loading. The organisms are starved and forced to underye partial auvo-
oxidation. Volatile compounds are diiven off to a certain eutent ia \:h. seration process. Hetals will also be
partially removed, with accusulatcion in the sludge.

In the complete mix version of the dhad nnuu P + all pestions of the acration basin ara essentially
homogensous, xesulting ia & unifors oxyy d through t.'lu asvation task. This condirion can be accom-
plished falrly sisply in a sysmetrical {square or clmhz) basin wvith a singls sachanical aerator or by diffused
agration. The rav vastevater and return sludge enter At a point (v.9., under a mechanical asrator) where they are
quickly dispersed throwghout the basin, In rectangular basias with mechanical aerators or diffused ajr. the
incoming wasts and return sludge are distril-ted along coe zide of the basin and the mixed liguer is withdrawn
from tha oppoaite side.

Cosmon Modifications - Step asration, contact stabllization, and plug flow regimes. Alwm or ferric chloride ix
scuetinmes added to tha asratios tank for phosphorus resoval,

Technology Status - dad agration phnu have evolved since the latter part of the 1%40°s. I’r:—enginee:ad.
package § plants ‘hiva been widaly utilized for thix process.

Typical Equirment/Wo. of Mfrs. - Mnmmo; package trmatment phnufth alr diffusars/19; compressors/4d.

Applica -~ Commonly flows of len than 50 000 gqal/e;
mtlnmf-

Limitations - Migh power costs, operation costs, and capital costs (for large permanent installations where the
Pre-enginesred plants would not be appropriate).

gency OF temp Y tIcAtaent Deeds) and biod.egndab}.c

Performance
—--—--ms 2l R 85-9%4
llll‘ = N pemoved (Hivrification) . SOROL

Residualy Generated - Because of the low F/M loadings and long hydraulic detention times employed, excess sludge
production foxr the extended aeration process (and the closely related oxidation ditch process) is the lowest of
any of the activated sludge process alternatives, generally in the rangs of 0.15 to 0.3 ib- total pendad

solids/1b BODS Lomowad,

Design Critexia 09 -~ a partial 1isting of design eriteria for the extendsd aeration modification of the acti-
vated sludge process iz summarized as follows:

Volumetzic losding, 1b BODG//1,000 £ s w20
NLSS, mg/) 3,000 to 6,000
F/H, 15 BOD_/8/1b MLVSS 0.05 to .15

Agration detention time, hours (based on 18 to M
average d,.uy flow)

Standard fx° alr/lb noo applied 3,000 to 4,000

l.bo,/:l.blOD applied I.BWZ.SMNL.SLbozﬂbm Temoved + 4.6 1b O,
b ﬂl‘-l Temoved) = 2/

Sludge retention time, days : 20 w 40

Recycle ratio {x} 0.75 o 1.5

Volatlie fxactiom of MLSS 0.6 to 0.7

Procesa Raliability - Cood
Envirormental Impact - See Fact Sheet 2.1.1

References - 23, 26, 31, 39

N

A-60

_:_!/
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EXTENDED AERATEON, MECHAHICAL AND BIFFUSED AERATION

FACT

SHEET 2.1.10

FLOW DIAGRAM -

Degritied Raw
Hastewater

Wacer Quality:
BOD,

Snsgﬂ\ded Solids
HH -}

4

Screened and ¥

"ENERGY NOTES - Assumptions:
agration tank is negligible,
pumping anergy are included.

Diffused Aeration

Oxygen Raquirement:

1.5 1» Ozflh BOD, removed plus 4.6 1b Oz/].b of
NH =N removed

5

bebtween 0.0l and 0.1 Mgal/d.
Annual power costs based on coarse bubble diffuser.

petention time: 24 hours

REFERENCES - 1, 4

Hastewater Flow, Mgal/d

!
o #5 [2::.0
- pe——
) ool Woe
00> Sepw
CONSTRUCTION COST 0.05 15,0
o
1.0 I o.v7 9,
Ho.1 W50
0
=
] .
2 v Extended Actation Package P
% 0.1 |
= +
& > i 1
3
.
K I
6.01 J I
0.00 v ¥ 3201

*Te convert construction cost to capital cost see Table A-2.,

o Annual Cose, Mililons of Dollare

Mastevater Tlow,

Mgal/d

COSTS* - Assumptions: Constiuction cost includes comalnutor, aeration basin, clarifier, chlorine contact
chanmber, aercbic digester, chlorine feed facilicy, bullding, fencing for extended aeration package plants
(based on average daily flow). ENK Index = 2475

OPERATION AND MAINTENANCE COST

0.1

s

it

0.0% z

0,001 a
==
A1l
Fu
0001 |
0.02 0.1

Wastevater Flov, ngal/d

Complece nix .\ . Tffluent
Acration Tank Clarifier Chlorination
_sludge
Return Sludge Excess Aerobic To Disposal
Sludge Digestion
s
S
=
F103
< E"':-"'u Bubble Diffusion
The hydraulic_head loss through the s Hechanical Aecation
Sludge recycle and sludge wasting = ye Fine lul?hl.e Diffusion
o ° o H 1
Influent{ng/l) Effiuentimg/l) 2 AT T
210 20 » o | YAA :
HIH
230 20 ol == =53
20 1 0 g -
Oxygen Transfer Rate {wire to vater) in wastewater for: = o o H
Hechanical Aeration = 1.8 Ib 0 /hph 2 ¥ LES I H
3 L)
. i
Coarse Bubble Diffusion - 1.5 ib O E ] :..... :
Fine Bubble Diffusion = 2.5 b O, /Aph 8_d L;
oo
0.0} 0.1

5433
475
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| MOSS
- KELLEY

INCORPORMATED

P 3
s

,‘..
[SEST

FACSIMILE TRANSMISSION

IF TRANSMISSION WAS NOT PROPERLY RECEIVED, CALL (305) 755-2092

DATE: 2_ é - 5\5/

FROM:

FAX NUMBER: (305 341-9370

TO: FAX NUMBER:

COMPANY: /7141,7/,47//“- NUMBER OF PAGES:

REFERENCE: /M%L&L@&é@?
| 9 foyre 72 oHlaclid > pogfffoert:
\f[,/,jw doton ma/(.‘ﬂ M/é}”{

9 £

b

i .o,'Q

10100 W. SAMPLE RD_, SUITE 408, CORAL SPRINGS, FL 23065 {305) 755-2092 FAX {303) 341.0370
- 2180 WEST S.R. 434, SUITE 1178, LONGWOOQOD. FL 32779 (4CT) 774-7200 FAX (407) T74.720%
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:] 2,09 4 a -4
1 95,000 ssz,bob $119,000 a78,000 860,000
gj %oX $(00, 000 "jawo SQ,000 8 {a9,000
; 1Mo (IS, 000 1£154,000 4 9,000 € 130,000
: w.me &142,000 ‘j.lqn.ooo 8 0% 000 P 148 00b
1 m $185,000 ¢ 24000 g ygoed  ® 200,000
l ' mpo ¢ 268,000 A;:lswaooo $ 215000  ®290,000
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M_{n@& c.bn\ce«‘\pn..! :.M-,‘e -l'mm -.sIM\lf 4""”5

___"BERANG THE WATER SOUSTIT SANCE 1~
;1828 Matcalf Ave,
Thomasvills, Georgia 31732
Phone 912-236-5733
Telefax No.,
MEETHIE THE QROWING DEWAND POR CLEAN WATER T e32228-0312

PACSIHILE TRANSMITTAL SHEET

From: Tommy Tyson
Phone 94)~646~7694
Fax. 941-644-6319

ro: HAL - Jomie (Lallace Re: &J%é«j&hﬂwl%

Fax. number: 457- 831-3N90

pate:_ 1"¢°9S

Total number of pages including this page is: c
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Package Wastewater Treatment Plants
Unit Costs
Total Overall
Davco Sanitaire Con. Stab. Con. Stab. Unit
Capacity Con. Stab. Con. Stab. Const. Cost w/f Chlor. Cost
(MGD} ($) {$) (%) ($) {$/Mgd)
0.010 -- - - -
0.025 -- - - -
0.050 83,000 112,350 97,675 127,675 2.5535
0.075 122,000 127,226 124,613 154,613 2.0615
0.100 152,000 152,321 152,161 187,161 1.8716
0.150 180,000 177,950’ 178,975 213,975 1.4265
0.250 230,000 244,320 237,160 272,160 1.0886
0.500 320,000 356,540 338,270 373,270 0.7465
0.760 375,000 466,160 420,580 455,580 0.6074
1.000 © 420,000 560,430 490,215 525,215 0.5252
Notes: 1) Values include materials, electrical, piping, installation, blowers, grading,

chlorination feed sys., and conc. slab; but exclude land, engineering,
fencing, paving, drainage, lighting, and building facilities.
All costs obtained from manufacturer's quotes and EPA cost curves,
Costs based on June 1995, ENR Index = 5433.
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Manuf,
Capacity Cost Cost
{MGD} ) ($}
Contact Stabllization WWTP Unit Costs
0.05 2.58522 2,554
0.085 2.24832 a2
0.075 2.08345 2.062
0.08 1.8907% I
0.1 178789 1872 d
0.115 1.65955 4
013 1.55472 § 2 *\o
0.15 1.44072 t.427 g t
©.1885 1.38946 2 o N
0.18 1.30749 ¥ .
0.19% 1.26287 i S
0.21 1.20451 1
0.226 1.16109 S
0.24 1.12188 es 4TI e o
0.28 1.09778 1.089
0.265 1.08426 o =
0.28 1.03353 . o )
0.295 1.00522 . ;
0.31 0.97903 Capacity {(MGD
0.325 0.95472 !
0.34 0.93207
0.356 0.9109
0.37 0.89105
0.386 0.87241
0.4 0.85484
0.415 ¢-.83e2s
043 0.82256
0.445 0.50769
0.46 0.79356
0.475 0.78013
0.49 0.76733
0.6 0.759%2 0.747 p
0.515 0.74127
0.53 0.73584
0.545 0.72509
0.56 0.71469
0.575 0.70471
0.59 0.69511
0.605 0.68589
0.62 0.67701
0.635 0.86845
0.65 0.66019
0.665 0.65223
0.68 0.64453
0.695 0.63709
o 0.62989
0.725 0.62292
0.74 0.61617
0.75 0.61178 0.607
0.766 0.60537
0.78 0.59914
0.795 0.5931
0.81 0.58723
0.825 0.58152
.84 0.57597
0.B55 0.57057
o.ar 0,56532
©.885 0.5602
0.3 0.55%521
0.915 0.550385
0.93 0.54561
0.545 0.54098
0.96 0.53646
0.975 0.53206

1 0.52454 0.525
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CONTACT STABILIZATION WWTP INFLECTION POINT

Capacity

{GPD) - F ' {x)
0.05 65.9752
0.075 60.0467
0.1 54.3818
0.15 43.8428
0.25 25.9278
0.5 -0.4082
0.75 -0.3852
1 25.997

F*{x)

70

50

30

20

10 -

Contact Stabilization WWTP Inflection Point

0.2 0.4 0.6 0.8

Capacity {(MGD)




o20]]

kews o

B

EXHIBIT

L

<

1-49)

PAGE__ 99

oF Y

T

CONTACT STABILIZATION, JTFFUSED AERATION FACT SHEET 2.1.8

Descriprion - Concact stabilizacion is & modification of the activated sludge process {described more completely
in Facy Sheet 2.1.1)}. In this modification, the adsorptive capacity of the floc is utilized in the contact tank
to adsorb suspended, colloidal, and some dissolved organics. The hydraulic detantion time in the contact tank is
only X0 to 60 misutes (based on average daily flow). Alter the biological sludge is separated from the waste-
wvater in the setomdary clarifier, the concestrated sludye is separatwly asrated in the stabilization tamk with a
datention time 0f 2 to & hours (based on sludge recycie flow). The adsorbed organics undergo oxidation in the
stapilization tank and are synthezized into microbial cells. If the detention time is long enough in the scabili-
zacion tank, sndogenous respiration will occur, along with 2 concomitsnt decrease in excess biological sludge
production. Following stabilization, the reserated sludge ls mized with Incoming wvastewater in the contact tank
and the £€ycle starts angw, Volatile coupounds are arives off to a certajin sxtent by aeratlon in the contact and
stabilization tanks. Hetals will also be partially removed, vith acomulation in the sludge.

This process requires imaller total asration volume than the tonvesticnal activated zludge process. It alse can
handle greater organic zhock and toxie loadings because of the biological buffering capacity of the stahilization
cank and the fact that at any given time the majerity of the activated sludge is isolated from the main stream of
the plant [low. Generally, tha total urlunn basin voluse (contact plus stabilization basins} iz only 50 - 7%
percent of that required in the 1 i d slodge sy A description of diffused seration tech-
niques is presanted in Fact Sheet 2.1.1.

Common Hodificatlions — Used in & package treatment plant wvith clarification and chlorination facilitiss in ‘one
vassel. Othear modificarions include raw t fesd to seratiom tank; flow squalization: integcal aerobic

digester.

Tachnology Status = Contact stabilization has svolwved as an cutgrovth of activatsd sludge technology since 1950
and sesh usage in package plants and some usage for on-sits constructed plants.

Typical Equipment/No. of Mfrs. — Aixr diffusers/19%; D 3/44; packag plants/21.

Applications - Wastewaters that have an appreclable smount of BOD_ in the form of suspended and colloidal solids;
upgrading of an sxizcing, hydraulically overloadsd conventional attivated zludge plant; hev Lnscallations, to
take advantage of lov aeration volume requirsments: where the plant might be subject to shock organic or toxic
loadings; vhere larger, more wniform flow conditions are snticipated [or Lf the flows Lo the phn: bave been
equa.‘l.l.ud).

Limitations - It is unlikely that effluent standards can be a¢t using contact stabilization in plants smaller
chan 50,000 gal/d without some prior flow squalization. Other limftarions include operational complexicy, high
operating costs. high snergy contumption and high diffuser miintenamncs. As the fraction of soluble BOD_ in the

influent wvastevater increases, the required total ssration voluma of the contact stabilization process ipproaches
chat o! the conventfonal ProceEs.

Performance - N

BOD, Removal " "

a 50 to 95 percent
ll!l‘-!l Remova) o

10 to 20 percent

Rasiduals Cenecated - Ses Fact Sheet 2.1.1.

Design Criteria (3% - A partial listing of design criteria for the contact stabilization procass is sussarired
as follows:

Process Raiiabilicy -

Environmental Impact - See Fact Sheet 2.1.1

References - 23, 26, 31,

»

T/M, 1b D00, /4/1b MLVES y 0-2to 0.6
Volumetric ioadxng 1b »OD, /d/l. 000 £t~ 30 to 50 {based om coatact and stabilizacion volume)
MLSS, m»g/l . 1,000 to 2,500, coutact tank; 4,000 to 10,000, stabilizstion tank
Maration tims, h 0.5 to 1.0, contact tank (based on average dally flow)
. . 2 to 6, stabilization basin (based on sludge recycls Llow)
Sludge retention time, days % to 10
Recycle_ratio {®) 0.25 o 1.0 -
Std. £t air/lb BOD, removed 800 to 2,100
b O_/ib BOD_ removed 0.7 o 1.0 .
Volatile !rlgti.nn of m..ss 0.6 to 0.8 kN

Requires close operator attention.
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2180 WEST S.R. 434, SUITE 1178, LONGWOOD, FL 32779 (407) 774-7200 FAX (407) T774-720%
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., 1828 Metcall Ave,

Thomasville, Georgia 31782
Phope 912.226-5733

Telefax No.
MEETING THE QROWING DEMSAMD FOR CLEAN WATER 812-228-0312

PACSIMILE TRANSMITTAL SREET

From: Tommy Tyson
Phone 941-646-7694
Fax. 941-644-6319

ro: HAL - Tomie Wallace re:_Budack Esdimades

Fax. number: 451- 33ﬂ-31‘7lt?

pate: 1°¢°98
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Sutorbilt

Positive Displacement Blowers
Construction Costs

Capacity Motor P.D. Blower Blower
@ 7 psig Size Cost Unit Cost
{scfm) (HP) ($) {$/scfm)
50 5 2,450 49
100 5 2,625 26.25
250 18 3,950 15.8
500 25 5,625 11.25
750 40 9,600 12.8
1,000 50 10,000 10
1,250 60 13,850 11.08
1,500 75 16,225 10.81666667
1,750 75 17,675 10.1
2,000 100 21,000 10.5
2,500 125 25,000 10
3,000 150 32,500 10.83333333
3,500 200 40,000 11.42857143
4,000 200 48,000 12
4,500 200 52,000 11.55555556
NOTES: 1} All costs obtained from manufacturer's quotes.

2} Costs include blower, TEFC motor, steel base, silencers,

relief valve, pressure gauge, and check valve.

3} Costs are based on June 1995, ENR index = 5433.
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CURVE EQUATION:

*** For Linit costs, just divide the output by the blower capacity.

EXHIBIT
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Y = (2150.968) + (7.348993)X + {1.133403E-03)X"2 +

[-5.4948E-08)X"“3

Capacity P.D. Blower Manuf,
@ 7 psig Cost Blower
{scfm) ($) Cost
50 50.42489 45
100 2B.97146 28
250 16.23278 16
350 13.88458
500 12.20389 11
800 11.5942
750 11.036009 13
850 10.80324
950 10.64031
1000 10.57842 10
1100 10.48467
1260 10.40066 1"
1350 1037225
1500 10.35944 11
1800 10.36813
1760 10.39329 10
1850 10.42041
1950 10.45325
2000 10.471489 1
2100 10.51109
2200 10.56424
2300 10.60035
2400 10.6489
2500 10.69946 0
2600 10.75169
2700 10.80626
2800 10.85993
2900 10.91646
3000 10.97166 10.83333
3100 11.02835
3200 11.08539
3300 11.14265
3400 11.2
3500 11.25735 11.42857
3800 1131461
3700 11.37169
3800 11.42852
3900 11.48504
4000 11.54118 12
4100 11.5969
4200 11.65214
4300 11.70686
4400 11.76103
4500 11.8146 11.55556

Unit Cost {0/scim)

Pasitive Displacament Blower Unit Cost

5000
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Capacity
(scfm) F*{x}

50 0.00236

100 0.001796
250 0.000857
500 -4 4E-05
750 -4.2E-05
1000 6.29E-05
1250 1.64E-05
1500 -8.9E-05
1750 0.000184
2000 0.001623

POSITIVE DISPLACEMENT BLOWER INFLECTION POINT

EXHIBIT

pace 103

Fix)

0.0025 -

0.002 +

0.0015

0.001

©.0005 -

0.0005 L

P.D. Blowsr Inflection Point

2000

(LH-1)
OF Qzﬂ '
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Capacity
@ 7 psig
(scfm)

50
100
250
500
750

1,000
1,250
1,500
1,750
2.000
2,500
3,000
3,500
4,000
4,500

Sutorbilt
Positive Displacement Blowers
Construction Costs

Motor
Size

_(HP)

15
25
40
50
60
75
75
100
125
150
200
200
200 -

EXHIBIT

(x0H-Y)

PAGE__ |1
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P.D. Blower
Complete Parkage

Cost
($)

2,450
2,625
3,950
5,625
9,600
10,000
13,850
16,225
17,675
21,000
25,000
32,500
40,000
48,000
52,000
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NOTES:

Hoffman
Centrifugal Blowers
Construction Costs

Capacity Motor Cent. Blower Cent. Blower
@ 7 psig Size Cost Unit Cost
{scfm) (HP) ($) {$/scfm)
500 40 14,500 29
750 50 16,500 22
1,000 60 17,500 17.5
1,250 75 18,500 14.8
1,500 100 19,500 13
1,750 100 26,000 14.857143
2,000 100 26,000 13
2,500 125 27,000 10.8
3,000 150 32,000 10.666667
3,500 150 32,000 9.1428571
4,000 200 37.000 9.25
4,500 200 37.000 8.2222222

1) All costs obtained from manufacturer's quotes.

2) Costs include blower and TEFC motor.

3} Costs are based on June 1995, ENR Index = 5433.
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CURVE EQUATION:

*** For Unit costs, just divide the output by the blower capscity.

Y = (12737.73) +{1.53442)X + (4.6806822E-03)X" 2 +

[-1.435128E-06)X"3 +(1.319283E-10)X"4

Capacity Cent. Blower Manuf.
@ 7 psig Unit Cost Blowaer
{scfm) {$/3cfm)) Unit Cost
500 25.0009 29
600 25.07578
750 21.26643 22
B850 19.53076
960 18.19376
1000 17.63557 18
1100 16.68655
1250 15.57317 15
1350 14,97879
1500 14.2424 13
1600 13.82855
17560 13.28169 15
1850 12.97653
1950 12.68767
2000 12.551456 13
2100 12.29279
2200 12.04963
2300 11.81915
2400 11.69915
2500 11.38791 11
2600 11.18408
2700 10.98665
2800 10.79485
2900 10.60813
3000 10.42813 10.66667
3100 10.24881
3200 10.07549
3300 9.9067786
3400 9.742579
3500 9.583081 9.142857
3600 9.4285M1
3aroo 9.27924
3800 9.135568
3900 8.987919
4000 B.B66736 9.25
4100 8.7424596
4200 8.625707
4300 8.516901
4400 8.416636
4500 8.32549 B8.222222

EXHIBIT

PAGE

i

Unit Coat ($/aatm)

Centrifugal Blower Unit Costs

2000 3000
Capacity (sctm)

4000

5000
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Capacity
{scfm) F={x)

50 0.00013

100 0.000123
250 0.000102
500 7.18E-05
750 4.82E-05
1000 3.01E-05
1250 1.69E-05
1500 7.77E-06
1750 2.13E-086
2000 -7E-07
2500 -6.4E-07
3000 2.58E-06
3500 3.58E-06
4000 -3E-06
4500 -2.3E-05

EXHIBIT (>LH-Y)

pace 12 oF 2@

CENTRIFUGAL BLOWER INFLECTION POINYT

Fix)

0.00014
0.00012
0.00071 +
0.00008 T

0.00006 +

0.00004 +

0.00002 -

Cencrifugal Blower Inflection Point

Q
-0.00002 +

-0.00004 -+

Capacity (scfm}
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Capacuty
@7 psig
(scfm)

50
100
250
500
750

1,000
1,250
1,500
1,750
2,000
2,500
3,000
3,500
4,000
4,500

Hoffman

Centrifugal Blowers
Construction Costs

Motor
Size

_(Hp)

40

60

75
100
100
100
125
150
150
200
200

EXHIBIT

(el H-4)
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Centrifugal Blower
Complete Package
Cost

(%)

14,500

16,500
17,500
18,500
19,500
26,000
26,000
27,000
32,000
32,000
37,000
37,000
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) Universal Blower Pag, inc,

“EXPRESS BLOWER PAC

"For more than a decade, you've counted on UNIVERSAL BLOWER PAC, mc for quahty

" and economy. With the EXP package, EXPRESS delivery Is added to the same high

_ standards without EXPRESS-related charges. This standard, pre-engineered EXPunit has

an EXPRESSdelivery time of ten to twenty days with drawings avaiable for EXPRESSING

on the same day as purchase. EXP units feature EXPRESS lnstallatlon since all parts are
assembled as a complete package.

sTANDARD EXPFeaTuRES -

‘® Featuring Sutorbilt Blowers » Spring-loaded relief valve seot
: * Heavy duty steel base - at maximum blower pressure
¢ * Dual take-up motor ralls- * Pressure gauge w/ snubber &
 High efficiency electric motor petcock protection
* Premium absorptive & chamber/ * Check vaive w/ EPDM seal &
absorptive silencers stainless stesl spring '
* Dual silencer supports * Rugged flex joints
i w/ holding straps * Iniet fliter w/ weatharhood
i) * V-beit drive 1.5 S.F. * EZ access belt guard
* Tool gray machinery enamel paint * Completely assembled units

UNIVERSAL BLOWER PAC, INC. + 440 PARK 32 WEST DRIVE «» NOBLESVILLE, IN 48060-8252 + 317-773-7258 = FAX 317-776-8088
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A
BLOWER| A, | A, | B Ci{D|E|F| G| H I J K* | WEIGHT]
2ML “ [335) 35| 24 |175| 40 [335({10 |10 8 1.5} 1.25) 300
2LL “ | 465 34 | 24 |175| 40 [335] 85 |10 8 2 |2 300
3HL |- | 38 60 | 24-|17.5| 40 }335( 85 |10 8 2 1.5 | 400
3ML *« 1485| 62 | 24 175 40 |335| 85 {105 8 25| 2 400
aLL » lgg5| 73| 24 {175 40 |335/ 8512 | 8 | 3 | 25| 450
4HL *“ |475| 64 | 34 {28 | S0 [41 9 |14 | 9 25| 2 £50
4ML | * |575| 75 | 34 |25 50 {41 (10 |14 9 3 2.5 650
411 ~ |815| 82| 34 |28 | 50 {41 | 85|15 9 35| 3 750
SHL * | 59 76 | 34 |28 | 50 (41 [10 |14 [1051 3 | 25§ 900
5ML ~ |82 84 | 34 |28 | 50 |41 (8 |15 |[105] 35| 3 1000
5LL 80 |[705] 80 | 34 |26 | 50 |41 [135 {17 [105| 5 | 4 1200
sHL - |e45] 87 | 34 |28 | 50 {41 |9 |14 |12 35| 3 1350
ML 81 |72 61 | 34 |26 | 50 {41 |12 {15 |12 5 | 4 1600
6LL 75 | 65 85| 38 |28 | 60 {48 |135 |19 |15 8 | 6 1900
7HL 70 | 77 64 | 38 |28 | 60 |48 |13 |18 | 15 4 | 4 1850
7ML | 75 |e55| 82 | 38 |28 | e0 |48 [17 |18 |15 6 |5 2300
7LL 96 |79 99 | 44 |2385] 72 |625(|135 22 |15 8 8 2200
8HL 84 {75 70| 44 {365 72 |825{14 |20 |15 5§ | 4 2450
8ML 96 |65 {102 | 44 |365| 72 [625[145 |20 |15 8 6 3400
8LL 97 |79 |110 | 44 |365| 72 (625175 |22 |15 |10 | 8 4150
T 15" are MPT, 810" arw 1251150 Ib, ANSI flangs.
" leet shoncer o by varten pocen. _ UNIVERSAL BLLOWER PAC, INC.
Dirmsnsionsl tole:anos lo mounting holes be +/- 1/4°, 440 PARK 32 WEST DRIVE
Other dimensions are nominal, request certified drawing. NOBLESVILLE, IN 48080-9252

Phone: 317/773-7266
Fax: 317/778-5086
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Wastewater Treatment Filters
Construction & Unit Costs
Filter (1) Unit
Capacity Type of Filter Cost Construction Cost Cost

{GPD) Filter {$) ($) {$/gal)

50,000 Gravity 29,000 46,400 0.928
100,000 Gravity 41,500 66,400 0.664
150,000 Gravity 54,000 86,400 0.576
250,000 Traveling Bridge 76,500 122,400 0.4896
500,000 Traveling Bridge 91,000 145,600 0.2912
750,000 Traveling Bridge 105,500 168,800 0.22506667

1,000,000 Traveling Bridge 119,000 190,400 0.1904
NOTES: - {1} Filter and media costs obtained from manufacturer's quotes.

{2) Costs include filter, media, 15% piping, 15% electrical, 5% sitework,
20% installation, and 5% for the concrete slab.
(3} Costs are based on June 1995, ENR Index = 5433.
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Y = {0.194093B)X"(-0_5751405)
Unit Manuf.
Cape ity Cost Unit Cost
{MGD} {$/GaY) {$/Gal}
Teortiary Fliver Unit Cost Curve
0.050 1.087 ©.928
0.100 0.730 0.664 1200
0.150 0.578 0.576
0.200 0.490 1.000
0.250 0.431 0.490 .
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1.000 0.1%4 0.1920 Trastmant Capacity {MGD)
TERTIARY FILTER INFLECTION POINT
Capacity .
{MGD} Foix) | . "
Tertiary Fiter Inflection Point
0.025 232.944256 {
0.05  253.868194 o 30
0.1 134.067582 l 100
0.15 56.3672339 i
0.25 -10.894528 © 250
0.5 11369556 |
0.75 -12.063528 200
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Davce
Wastewater Treatment Filters
Construction Costs
Filter (1)
Capacity Type of Filter Cost Construction Cost
(GPD) Filter ($) %

50,000 Gravity 29,000 46,400
100,000 Gravity 41,500 66,400
150,000 Gravity 54,000 86,400
250,000 Traveling Bridge 76,500 122,400
500,000 Traveling Bridge 91,000 ‘ 145,600

) 750,000  Traveling Bridge 105,500 168,800
1,000,000  Traveling Bridge 119,000 190,400

NOTES: (1) Values obtained from manufacturer’s quotes.
(2) Costs inciude filter, media, 15% piping, 15% electrical, 5% sitework,
20% installation, and 5% for the concrete slab.
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ROJECT NAME: SEU- Econamy of Scalb.  PROJKCT NO: 7515 00

rTRTY CALLING: fm«f (Dadlace COMPANY: _ HAT
PARTY CONTACTED: Shon Velley ( M‘,) COMPANY: Mass—Ka?/ey

jUBjECT: Ferditvy  Sreavest filler coSts

4

—§TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments)

T /PO-»C»Ka.g,b szw{i? F Hes 57;090 6D -‘:'#30,000 {

109,060 o > ¥ 43,000 Q R

} ]-@’,ooo R Yed # 58,000 § ‘)”Qrfi

) ABW (fmdf':? Br:d-@bj

Govrl

bl O.26mop < (Sheed) #7?,080

3320 0.5 rer > (¥ 112,000 (aael) ¥ a2 o0

9x30 018 mop 7 () ¥ 120,000 (-ED‘ 1ot ,000

x40 1o men @ (D) PUoon () #ii0,000

Guhad | vowe

ACTION REQUIRED

HARTMAN & ASSOCIATES, INC.

engineers, hydrogeologists, scientists & management consultants
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Wastewater Treatment Systems
Chlorine Feed Systems

Unit Costs
Overall
Chlorine . Package Treatment Construction Unit
Feed Rate System Type Cost Capacity . . Cost Cost
(lb/day) {150# or 1 ton) ($) {(Mgd) {$) $

100 150 Ib. (1} 16,400 0.01 25,420 2.54
200 150 ib. 17.600 0.50 27,280 1 0.05
500 1 Ton (2) 52,200 1.00 80,910 0.08
1,000 1 Ton 63,900 2.00 99,045 0.05
2,000 1 Ton 71,1456 ‘ 5.00 110,275 0.02

NOTES:

(1) The 150 Ib facilities are equipped with a 2E square foot shelter.:

(2) The Ton systems are equipped with a 400 square. foot shelter which
consists of & concrete base, steel supports, a fiberglass panel roof,
and an overhead crane.

{3} Costs include dua! chlorinators w/ switchover, dual scales, gas detector,
alarm panel, vacuum switch, booster pump, housing, and hoists all are

included in the manufacturer's quotes.

(4) Includes 20% electrical, 15% piping, and 20% installation costs.

(5) Costs are vased on June 1995, ENR Index = 5433.
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1865 N. SEMORAN BOULEVARD

: SUITE NO. 240
e ar WINTER PARIC, FLORIOA 32752
PHONE: (407) 8791333
INCORPORATED FAX: (407) 8576809

July 5, 1935

Hartman & Associates, Inc.
201 East Pine St.

Suite 1000

Orlando, FL 32801

Attention: Jamey Wallace

Subiject: Wallace & Tiernan
Chlorination System

Dear Jamey:

In response to your regquest for an estimate for Wallace &
Tiernan Chlorine Gas Vacuum Systems with manual chleorinators,
injectors, gas handling fixtures, cylinder scales, booster pump,
gas detector and miscellaneous safety items, pricing is as

follows:

. Fsed Rate Estimated
Chlorinator Model |Per Day Gas Supply Cost
vV-500 100 1504 Cylinder $§ 22,300
v-500 200 150¥ Cylinder $ 23,200
v-500 500 Ten Cylinder $ 25,600
v=2000 1000 Ton Cylinder $ 41,800
V-2000 2000 Ton Cylinder $ 44,900

For the 150% cylinder systems, I have included a standard 4xé
FRP building with appropriate fixtures and safety devices. For
the ton eylinder units, a facility for handling ton cylinders
will be required. Also, you will find the scales required for
the 150§ systems are included along with the ton cylinder scales
to be mounted in your handling facality.

OSSP AR LT e s e may e mman
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Jamey Wallace
July 5, 1995

1 Page 2
51 The above are basic equipment costa and can be utilized for
: basic estimates. Please advise if any additional peripheral

equipment ie¢ required, such as chlorine analyzers or pH
recorders.

oo

I have included the two (2) basic chlorinator sales information
bulletins and can elaborate on other equipment if you require.
Thank you very much.

Kindest regards,

HEYWARD INCORPORATED - FOR.

CE & TIE + INC.
%% 2\5 Qf; £ f’

Richard E. Neal
} Winter Park Office

REN/gl

Enclosure

L
u.uL-r
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Chlorine Feed Systems
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Chlorination Feed System
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¥ 200,000
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Wastewater Flow (mgd)

Note: Source E, Figure 10, pp. 19-21.
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Water Treatment Systems
Chlorine Feed Systems
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Unit Costs .
Overall
Chlorine Package Treatment Construction Unit
Feed Rate System Type Cost Capacity Cost Cost
(Ib/day) (150# or 1 ton) ($) {Mgd) ($) $
100 150 Ib. (1) 16,400 0.01 25,420 2.54
200 150 Ib. 17.600 0.20 27,280 0.14
500 1 Ton (2} 52,200 2.00 80,910 0.04
1,000 1 Ton 63,900 4.00 99,045 0.02
2,000 1 Ton 71,145 5.00 110,275 0.02
NOTES:

{1) The 150 Ib facilities are equipped with a 25 square foot sheiter.
{2) The Ton systems are equipped with a 400 square foot shelter which
consists of a concrete base, steel supports, a fiberglass panel roof,

and an overhead crane.

(3} Costs include dual chlorinators w/ switchover, dual scales, gas detector,
alarm panel, vacuum switch, booster pump, housing, and hoists all are

included in the manufacturer’s quotes.

{4} Includes 20% electrical, 15% piping, and 20% installation costs.

(5) Costs are vased on June 1995, ENR Index = 5433.
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Chlorine Feed Systems
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Standby Generator Set

Construction Costs

Ringhaver Cummins GenSet GenSet
Capacity GenSet GenSet Cost Unit Cost
(KW) Cost ($) Cost ($) (%) ($/KW)
8 $8.800 $7,524 $8,162 - $1,088.27
15 $9.550 . $11,357 $10,454 $696.90
25 $11,000 $12,760 $11,880 $475.20
35 $12,000 $13,629 $12,815 $366.13
50 $13,700 $16,152 $14,926 $298.52
75 $15,400 $19,666 $17,533 $233.77
100 $19,000 $22,378 $20.689 $206.89
150 $22,400 $29,137 $25,769 $171.79
200 $24,400 $35,947 $30,174 $150.87
250 $27,300 $40,773 $34,037 $136.15
300 $33,500 $46,175 $39,838 $132.79
350 $36,000 $51,396 $43,698 $124.85
400 $42,200 $66,818 $54,509 $136.27
500 $60,500 $93.,896 $77,198 $154.40
600 $72,600 $102,521 $87,561 $145.93
750 $95,000 $135,697 $115,349 $153.80
1,000 $130,000 $165,798 $147,899 $147.80
1,250 $168,000 $215,888 $191,944 $153.56
1,500 $192,000 $265,200 $228,600 $152.40
NOTES: 1) All costs obtained from manufacturer's quotes.

2) Costs include a packaged diesel electric set with base, a unit

mounted radiator cooling system, and a control panel.

3) Costs are based on December 1995, ENR index = 5471.



Py

RS B 1

LI

A

-

Uf‘ _,;L-

i i
ke

P g

EXHIBIT j\ Lt H-4)
pace_ 121 oF _o#

PV £y LONDUL ) LHa FPAGE €2
LI/ AT LLLEH () F Latm A - - R cant ¥
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EXHIBIT (50 H-H)
5 51
PAGE__ 14D oF _2¢
GLr LD 1 II0 Lds i mLlIUDU T CML ATl 1 i e rar (30
From: MCK COOPER To: PETE MOANEHELY Date; V3198 Terw: 21:30:70 Pages 1ol
CUMMINS SOUTHEASTERN POWER INC.
4820 North Orange Blossom Trail
Orlando, Fla. 32810
(407) 288-2080 (Rick Cooper) FAX (407) 200-8727
FACSIMILE COVER LETTER
sark ik | ot aNes TN F- [asee> 7
Company Nome: EMIL ), il Hasurhe/S |
- o yL/ENY [ emT
FAX Number: 359-0748 Phone # Pt 354_ 0787
[, Fax #
Aftention: PETE HOANSHELT > 359 -02¢4%
Subject: GENSET PRICING
PER YOUR REQUEST:
KW PRICING KW PRICING
7.5 7.524 15 11,357
20 11,773 o 25 12,780
35 13,829 40 14,640
50 16,152 g - 19,688
100 22,378 150 29,137
200 35,547 250 40,773
300 46,175 350 51,398
ano 66818 500 83,896
800 102,521 750 135,807
1600 165,758 1250 215,888
1500 265,200

USE THIS INFORMATION WITH DISCRETION

IF | CAN BE OF ANY HELP WITH SPEC WRITING OR GENSIZING CALL ME AT YOUR CONVENIENCE

regards,;

Rick G. Cooper
Energy Systemn Sales Manager 813-664-5831

REPLY NEEDED YES NO

AS SOON AS POSSIBLE AT YOUR CONVENIENCE

this fransmission consists of pages, inciuding this cover ietter. If you do not teceive ali of the pages
placse notty our offica ol: 293-2080 OR FAX 2908727
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EXHIBIT Q A H ~LD
PAGE_J45 _ oF _ 2
Prestrassad Concrete Ground Storage Tanks
Construction & Unit Costs
Uninstalied (1) Installed {2) w/ 1000 gpm w/ 4000 gpm Overall Overall
Volume Tank Cost Tank Cost Aerator Aerator Cost Unit Cost
(Gal) (%) ($) 1§} {$) ($} {$/Gal)
50,000 70,900 77,990 96,034 112,188 104,111 2.08221
100,000 82,500 101,750 120,010 136,164 128,087 1.280865
300,000 149,540 164,494 183,324 189,478 191,401 0.638003
750,000 228,000 248,600 268,185 284,349 276,272 . 0.368362
1,000,000 268,200 295,020 315,037 331,191 323,114 0.323114
1,500,000 344,150 378,565 399,341 415,495 407,418 0.271612
2,000,000 412,500 453,750 475,210 491,364 483,287 0.241643
NOTES: {1) Prestressed concrete tank, concrete floor, prestressed wall, free-span

concrete dome, aluminum interior and exterior ladders, vents,
precast overflows, painting, aeration unit, and installation costs

are included in the manufacturer's quotations.

{2) Includes 5% piping, 0% electrical, and 5% sitework costs.
(3} Costs are based on June 1995, ENR Index = 5433,
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CURVE EQUATION:

UNIT COST CURVE & GRAPH

Cnm Cost

Y = (1087.291)X*-0.5848418}

EXHIB
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LeCw-Y )

PAGE 1l

oF _ 284

Capacity Manut. Cost
(MGD) (&} {$)
50000 1.941743 2.08221
76000 1.531815 )
100000 1.294604 1.280865
125000 1.136213
150000 1.021295
175000 0.93325
200000 0.863141
225000 0.805686
250000 0.7575639
275000 0.716468
300000 0.68082 0.638003
325000 0.64978
350000 0.622219
375000 0.5697612
400000 0.575476
425000 0.565429
450000 0.537169
475000 0.520449
500000 0.605068
525000 0.43086
550000 0.477685
575000 0.465427
600000 0.453985
625000 0.443275
650000 0.433223
675000 0.423765
700000 0.414847
725000 0.40642
750000 0.398441 0.368362
775000 0.390873
BOOO0OO 0.383683
825000 0.376839
850000 0.370317
875000 0.364092
900000 0.358143
925000 0.352449
950000 0.346885
975000 0.341763
1000000 0.33674 0.323114
1100000 0.318483
1200000 0.302682
1300000 0.288839
1400000 0.276588
1500000 0.26565 0.271612
1600000 0.25581
1700000 $.246899
1800000 0.238782
1900000 0.231349
2000000 0.224512 0.241643

Unit Coat {$/Gal)

2.5

1.5

0.5 -

Prestressed GST Unit Cost

500000

1000000
Capacity (Gal}

1500000

2000000
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Prestressed Concrete GST's

EXHIBIT

(EcH-4 )

PAGE 477 OF

%4

INFLECTION POINT OF PRESTRESSED GST

Capacity .

{GPD) F"{x)
50000 6.86E-11
100000 5.41E-11
300000 1.64E-11
600000 1.32E-12
600000 -1.09E-12
750000 -1.26E-12
1000000 1.26E-12
1500000 -1.15E-12
2000000 1.68E-11

F i{x] Value

7E-11
6E-11
5E-11
4E-11
3E-11
2E-11
1E-11
o
-1E-11

Prestressed GST Inflection Point

500000 1000000 1500000 2000000
Capacity {Gal)

++ %+ The y-axis values on the graphic are the same as f"(x) listed; however, you must choose
the graphic window to see the values listed on the y-axis.
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EXHIBIT _ (CCH-y)

pacE_ 4§ oF _ 2%
[ [ o
HARTMAN & ASSOCIATES, INC. o oRTE
engineers, hydrogeologists, surveyors & managethcnt consultants %‘Kﬁ\’: {DATE:
T -'—:_(" - S ._.__.__..E;;D-f' Cﬂ) Qoo Cﬂ/éﬂ)
!!j, qu:o oUme 1005 Dor oo Aer 1000 Ax SO0 AR
I 0 30,000 6’4' ¥ qu,034 # Iz, Ie8 # .22, 4 924
‘1 100, OO0 30\ iF‘lzojo{o ‘#tab,uoq : LZo_ : 13
| 200,000 Rl 4 13,324 # 139, 47¢ 0.t ; 0.
750,000 g2l % 208,195 # 284,349 O 2 0.28
. 4 $ o032 ¥ o33
oo 000 sl F misez7 330,141 .
[, S0, 000 sl #qu)54] ﬂxf)g),ﬁ; o ﬁ 0.29/
l,OOO/DOO jal £47;-;2j9 #4«3,}304 20,24 .25
Nolke: ® Al values ‘ncude oAk credenals | silework,

Conerele, ‘oatse./ {,)-’-\\:\\—Rr\ﬁ | oo Hony Com&mmﬁj
e ot cal | i Wnsiaiia b |

@ Volues obleined oy "‘*’%3‘"‘3 Nonufotlarers,
Cosk  eSheroles |
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THE CROM CORPORATION
=HI-=

Prestressed Composite Tanrnks Staphen W, Peviik, Prestdem

Jarmeas A Nolf, :.é
’ Lars Baick, Jr., P.
June 13, 1985 Charies 5. Hansiat, A.E.

fAichard L Bice, P.A
FAX: 407-835-3790 James D. Copley, P.E.

Gerald C. Gevls, P.E
Mr. Jamie Wallace
Hartman & Associates, Inc.

201 East Pine Street, Suijte 1000
Onrando, FL 32801

Subject: Preliminary Prices for Ground Storage Reservoirs

Dear Jamie:

Thank you for your call and interest in prestressed concrete resefvoirs. We are

always pleased to work up an estimate for you. In confirming our telephone conversation
we estimate the following:

300,000-Gallon Domed Reservoir $145000 LW o
50-0" ID x 206" SWD ‘ \. A,

T :\"‘\:
750,000-Gallon Domed Reservoir $218,000 o
65-0" ID x 30-3" SWD \!‘f + }t \'
1.0-MG Domed Reservoir 8255000 5007 My
80'-0" 1D x 26'-8" SWD ' £ 0% P

\ h

The above estimates are based on open shop labor condttion%rmlh construction
beginning in 1995. If construction should take place later, escalate accordingly.

Our estimates are for our standard tank and includes the foliowing:

Complete structural tank with concrete floor, prestressed composite wall
and free-span concrete dome,

Standard accessories: aluminum interior ladder, aluminum exterior ladder,
fiberglass hatch, fiberglass vent and precast concrete overfiows. Painting
the exterior surface with one coat of primer and two coats of fatex paint.

Not included in the above estimates are the costs of site preparation, excavation,
piping, backfilling, landscaping and disinfecting the tank.

)

250 SwW. 36TH TERRACE »GAINESVILLE, FLORIDA 32807-288S8 » (904) 372-3436
FAX [904) 372-6209 '

Z0o/Too iy 4405 Ko¥) FHL 8029 Z.iC t08 TS 9Z:07T $B/CT/80
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Mr. Jamie Wallace

Jupe 13, 1995
Hartman &-Associates, Inc.

Page 2

Also per your request, 1o add a 1300 GPM aerator to the above tanks would be
approximately $11,100 and for a 2600 GPM aerator, $17,300. Also piease note that if
we add aerators to the tanks, we usually paint the underside of the dome and

approximately 2 feet down the wall. The additional cost for this would be approximately
$15,000 per tank.

We hope this information is sufficient for you and if you need any additional
information, please give us a call.

Sincerely,
THE CROM CORPORATION

s 4 AW

(' Richard L. Bice, P.E.
Project Manager

RLB/pd

200/200)) *4¥0D> RO¥D THL 6029 Z.C t08 1L 9Z:01 cg/ET/90
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: i

PRECON PRECON CORPORATION
W

') Prestressed Concrete Tanks 115 5. W. 140th Terrace

Newberry, Florida 32669

{904) 332-1200

Fax 332-1199

TO: LIA™ ALLACE. DATE: &22+93%

_BAMN_%__A&%O‘-_— PAGE 1 OF _3>

332-1200 .
RICK MOORE, PE. (D FAX NO. @Q‘Z \ 229 795

PRESIDENT )
TR s e i FA e T g'sq _30' S-S-

Ly s g

FROM: F B UJ A
-1 e

- o o ,,._.-f’JJ R

CONCORPORATION _ PRESTRESSED CONCRETE TANKS

PNE
- 115 5. W, 140th TERRACE FOR WATER STORAGE
MEWBERNY, FLORIOA 32659 AND TREATMENT

pr—
SUBJECT: I yPicac, = ATES

MESSAGE: \ eaT <

———— .
LA For CANLING.

10° ‘0 : ‘ '
d PI0°ON 60:¢1 €6*ZC ung 00Z1-2¢¢-rN6: 131 NOT LH304d¥0D NOD3Idd
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gEi:ii' RAT ESTIMATE PRICE
= SR CONICORLO ION c1rcuLAR PRESTRESSED TANK
thessed Concrete Tanks - 113 5. W. 140cth Terrace WITH AERATOR
: Newberry, Florida 32669
K (904) 332-1200 (Fax) 332-119%

b

PRLJECT nzscnnﬂou:‘ .

_pme o TTY o By: 215& N\QOQE
i:“tiom | Centem Fiompa.  "%_(22d5
fank Capacity (Gal.): _. S Iy 2IMEG  O3MeSG,

ﬂiameter (Ft.): - Oﬂ a5La" &0 _ﬁﬂ
Water Depth (Ft.): gl R A

L;orhtor {GPM):

Jeruone: 0.05mg OWMG O3MG
Base Tank (incl accessories, ext paint): $ 10,000 SO 1S) O

nop S To \OYa To e :

-
-

I ‘ Aerator <A€ R€Law H
Baf{lewall (concrete block) P4 bispo 2030
I S0 /sa, FT. $aeo)
Interior %h:t (dome, 2’ down wall) :
) ATD { o TG AN, PRCE
I Pipﬂo‘é'?ér%)nut PRA\CEL- )
; Site Work (estimate) -8

ENATHIL PR\ QD :
. oo ch?n‘rt’ % 0,000 TOTAL $

2S00 &P | VT,000
400 eom §F28,000

3 _ G.P.M. AERATOR *
, OVERFLOW
ACCESS HATCH H&"&?ﬁu DOME 4 © 30 (TYP.)
]
EXTERIOR LACOER ' - - l: =3
‘ ' I|
_ t :
INTERIOR 1ADDER ; .k
a WL L g ' '
- WIDE WORK AREA L]
- A?l AROUND e NSIOL CAAMETER !
) EL , noom a. ey

N 57| RERFORCED F{:om::im
_ : :
MEMBRE SECTION ——— ELEVATION

¢0°d PT0°ON 60:¢T CR*77 unr NNZ 1=-7¢C—rNA: 13| NOT EHMNAANNT NAYINA
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FRECON PRECON CORPORATION ESTIMATE PRICE
= : CIRCULAR PRESTRESSED TANK
éaessed Toncrete Tanks 113 S.W. 140th Terrace

Newberry, Florida 32669

o

4. JECT DESCRIPTION:
%”?nmel | Ty By: ° 2‘(_“_(“ng
“Location: C -F'—l-..o 'y  Date: 6232 A&

(904) 332-1200 (Fax) 332-1199

grank Capaoity (Gal-)igsme MG — ZMG

=~

ilauater (Ft.): (o‘S‘—-O“ 2@'—0‘ ‘OO'-ON

Mater Depth (Ft.): M¢L v

“ESTIMATE: onNsNngG, IMGg 2Zm G

Bage Tank (incl acca_ssories, ext palnt): $ ZZ%OOO ZﬂSO&) 472 6060

Pipe (estimate) («:-Ez‘ho'\’e BELow) ' ﬂ

Site Work (egtimatg)
UsubLL 57 To 107 of Tane ek,

W24 P 4o v 040 # 10,000
ol 4
; 14
TOTAL S -1
Y

1,5 me

PO - WM OUT AEEETO. - l/p Of Thwe PRAME. : & €,
- wta  awatoe. - 4% o Tane fROE-

A

FREESPAN CONCRETE
DOME ROCF .

FIBERGLASS VENTILATOR

HATCH

L}
EXTERIOR LADDER

INTERIOR LADDER OVERFLOW J

W 4 0 90 (TYP)

12" WiDC WORK AREA

WATER OFTH

l *—_ " INSIDE DA

ALL AROUND )
A I
] ; ) sﬂﬂ.&ﬂ.
- - ——— - = - N . - -
) e |
2/ REIAFORCED CONCRETE
MEMBRANE FLOOR

SECTION ——— ELEVATION

C. - - - . |
€0°d FI0"ON B0:21 S6°ZZ ung 00C1-C€£-v06: 7131 NUI LH404300 NODHAd
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Stee!l Ground Storage Tanks

Construction & Unit Costs

EXHIBIT __ (&CH-4)

PAGE_|55  oF _2#

Manuf. Manuf. Overall
Steel Tank Steel Tank Steel Tank
Volume Standard Cost Installed Cost Unit Cost
(Gal) (%) (8} {$/Gal)
10,000 23,000 25,300 2.53
20,000 37,000 40,700 2.035
30,000 40,000 44,000 1.4666667
50,000 50,000 55,000 1.1
100,000 70,500 77,550 0.7755
250,000 120,000 132,000 0.528
NOTES: (1) Complete steel tank, concrete foundation, roof, roof manway, gravity

vent, bottom manway hatch, ladder & cage assembly, top manway

platform, protective bolt caps, and installation costs are included

in the manufacturers' gquotations.
(2) Includes 5% piping, 0% electrical, and 5% sitework costs.
(3) Costs are based on June 1995, ENR Index = 5433.
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CURVE EQUATION:

EXHIBIT (CcH-4)

PAGE__ )5 OF 2%

Y = {284.0798)1X*{-0.5089866)

Capacity Cons. Cost Manuf. Cost
{MGD) i#) 18)
Stael GST Unit Cost Curve
10000  2.61513404 2.63
20000  1.83769621 2.035 !
30000  1.49501827 1,46666667 s
40000 1.2913783
50000  1.15272998 11
60000  1.05057087 g ?
70000  0.87129326 g
BOCOO  0.90747204 vy
90000  0.85486772
100000  0.B1004166 0.7755
110000  0.77168318 o :
120000 0.7382529
130000  0.70878042 .
140000 0.6825432 o 0000 00000 o= o0 20000
150000 0.65859066 Capaciy tGaly
160000  0.63769501
170000  0.61831807
180000  0.60058858
190000  0.58428603
200000  0.56922913
210000  0.55526724
220000  0.54227402
230000  0.53014263 .
240000  0.51878203
250000  0.50811407 0.528
STEEL GST INFLECTION POINT
Capacity
(Gal) F {x} | i
| Stecl GSY Inflection Point i
10000 2.1822E-09 ' ;
20000 1.7001E-09 25600 g
30000 1.2808E-09 1 0000000a2 i
50000 6.6926E-10
100000 .7.6E-13 15608
260000  -6.2012E-10 g
' L SE-10
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SH NO: NO.:
HARTMAN & ASSOCIATES, INC. [mses: = BRTE
engineers, hydrogcologists, surveyors & management consultants BY: %E:

el

[ Goud Sty Tonks:) (Steel)

\blbes include : ﬂhwav., Conc., ‘.-hw-l} e,leol—.} Q,anl—irﬁgr__;:es ined-

'woﬁ—\

Copoeiby Cot L Y

¥# \

gocosot cy‘ﬁlq} 9 =7 7 39] ' |
10,000 gl S¥ 33, 31T ’7f 3.33

25,000 gal 57,570 72,29 ;

74 ). 45 i

50, 000 5&1 = 711 700 = . |

100,000 wi B0t 1zs T4 O] /
250,000 gal 78 158,28 =" 0,063 ’//
_’,_":L_:I‘ Coze Rectio (ﬂ/@al) A
5000 g 1920! OO0 # 4,00
\oyo00 @l # 25,30 b 2.53
25,000 51 ¢ 43,000 ‘ 177
I : 77,530 #0,770
3 | Jo0 ;000 % '5 ;
3, /
250;000331_.15_&{ i
N— e T T el S }
——— . e’

* 7 NDR?'@AN vales inclide Materials 5;4'84.oorlt/ Concrede. base
| é’_lf’c:i-ﬁca\J C.an-\—%r:j&xcies ond. N lladon .

& Values olbotained. Us;r\g Wonutoctores cost deato ande
waler Jreodnant  Commongat Source C) Poges 412-415.

b

s
sl
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. El3 FO1 JUN 2y S 191
MWW”E NARTNAN A$SOC e
“) Floride Atueastore Water Resarvoirs

List Costa
Capaclty "‘ Standard Tuni Mg P ‘ | Stendard Tank w/ GianQ Cont
(Gal) w/ Conerets Ficor — coaggu! Boited Stael Floor Fgo-
(1
10,000 ' ‘23,000 g 45,060
& 8 00
20,000 37,000 414 3%0
30,000 k 40,000 1714 ¥ 42,200
50,000 * £0, 000 d044 H $3,000
100,000 ¥ 70 500 319 ¥ 79 500
' ¥
250,000 * (20, 000 a4 ¥ 136,000

EXHIBIT _ (GcH-4)

PAGE_ |98 oF _2s

= R L PR ¥ )

¥ itk Temeor Jome

Notes: (Any varlatians or extra costs ragqulred)

Must Add 1C;r Any +onl f?ff‘r:j /Nﬂzzfé’f, liguid levcfjauje,l

Color Selection, etc...

_S_‘l’_d_. +dn[. ;AC’uJQS C.o::t-(e'fe. 'l[;andﬁ‘f’fﬂr\/ fad{ rOO'Fmanwa)r/
fovity veat, bolom mamvay hotek, exterior frotective

bol+ cop;, ladder + caje. assemb(y, +a/ mAnvigy fla-H;rr-.
Cobal+ bluve. coler. (ﬂel:um;{ % installed with 'fdx)
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412  Smallv. _ ¢ System Treatment Costs

CLEARWELL STORAGE
Construction Costy

Product filtered water 15 cosmonly stoered in @ clearwell at the plint
site which serves as 2 supplement to distridution system storage before high-
service oumping. In miny cases, filter backwash pusps also draw from the
¢Tearvell, elfminating the need for & separate sump. Cletrwell storage may be
s¢ither below ground {n reinforced concreta .structures, or sbove ground in
steel tanks. Conceptus) desfgns for below and above-ground level clearwells
are shown fa Table 171,

TABLE 171. COMCEPTUAL OESIGMS FOR CLEAAWELL STORAGE

Below-Ground Concrets Clearwells Ground=Level Steel Clearwells
31ze, Ft 312e, ft

Capacity, qal Cength Width Uepth Capacity, gal Olameter Uepth
5,000 ] 8 10 1,000 5.7 5
10,000 1 11 12 5,000 8.5 12
50,000 18 18 20 10,000 12 1
100,000 26 28 20 25,000 15 0
500,000 1] 8 0 100,000 3.5 »
500,000 52 k]
1,000,000 4 32

Construction costs are shown n Table 172 for below-ground reinforced
corcrate clesrvells and 1n Table 171 for ground-level stee) Clearvells. Costs
for ground-level clearwells are based .3" fliald erected welded steq] tanks
designed to neet AWWA 0100 far 18,93 {5,000 gal) and more, and on shop
fabricated walded steel tunks for the 1.79 & (1,000 gal) tank. Steel tamks
tre pafated finstde and out and are (nstalled on 4 concrete ring wall with
of1ed sind cushion. Cathodic protection ts fncluded for tanks with capacitfes
of 94,63 o (25,000 gal) and Targer, A typical ground-lavel storage reservoir
{s shown in Figuke 166. Figure 167 presents the construction costs for both
types of clearwells,

T jramed . +IAN R E—F Wi bl B DD LS eed (D LD e

Co.. wwia 413

TABLE 172, CONSTRUCTION COST SIRMMARY FOR BELOW-GROUND CONCFETE
CLEARWELL STORAGE

tlearwell c;EutEH gsl oo
Cnst Category 5 3y W

$ 5,700 $16,500 3 25,300 3 75,400
T 0. AT P i u.’igg :7.'283 s4.’m 216,400
1 3
E!"e:mm, Instrunentation 2,600 2,600 i,m 2,600 2'500
Subtotal I!,m S.M 0 ¥, 80 ““5 gmoo
2,400 3,800 8,500 13,300 "
oesig?ogn;tingcnchs : . L ST :

_——w
TABLE 173. CONSTRUCTION COST SUMMARY FOR GROUND-LEVEL STEEL CLEARMELLS
1 9 ’ ‘

Cost Category

txcavation and . w15
X $ 1005 1005 100s 100§ 200 3

Cnisl‘cmr 3,100 5,30 6,60 8,400 11,400 5,700 1;:':13:8

Stael Tank 3,000 4,90 12,600 26,600 52,300 121,200 D

Electrical, 2.600 2,600 2,600

{nstrunentation _&% 1%.:% ﬁ-l.-gg% T’;{%’y '“':'SW R TLIW

Subtotal
gt §,700 10,000 22,500 34,700

Contingencies srlﬁ,:% r‘i:'%gg. ﬂ%'%% Flap i $TE SO0 STTZ. 00 ST85, 50

Total '

: L. ¢ cost s included in concrete category.
rotes é g:l;:d::nprettction cost 15 Included {n the steel tank category.

— ——
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10,008,000
]
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1
SKELL MANMOL]
1,994,099
[
4
- 3 I
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x
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H ] ST ] 4 [1] ¥ 31 48018
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' A ou § 70 aneLL gy erow 1000 10,090 100,000 1,000,080
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CLEARWELL CAPACITY - md m
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Figure 167. Construction cost for clearwell storage. S

Figure 166. Typlcal ground-level stuel ¢clearwell.
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High Service Pumps
Standard Horizontal Split Case Pumps
Package Costs

EXHIBIT

(GeH-Y |

PAGE_JLL  oF ¢

Worthing. Paerless Worthing. Peerless Overall Overall
Capacity @ Motor Package Package Const. Const. Package Unit
175* of Head Size Cost - Cost Cost Cost Cost Cost
{gpmy} {HP) ($) {$} ($} {$) {§} ($/gpm})
100 20 4,300 - 4,300 -- 4,300 43
250 25 4,600 4,925 4,600 4,925 4,763 19.05
500 40 5,700 6,185 5,700 6,185 5,943 11.885
750 50 6,000 7,360 6,000 7,350 6,675 8.9
1,000 60 8,000 - 8,000 -- 8,000 8.787%
1,000 75 - 9,575 - 9,575 9,675 8.7875
1,250 75 8,600 10,800 8,600 10,800 9,700 7.76
1,600 100 9,500 11,650 9,500 11,650 10,575 7.05
1,750 125 10,800 13,150 10,800 13,150 11,975 6.8429
2,000 125 10,800 13,150 10,800 13,160 11,976 5.98756
2,500 150 14,700 16,200 14,700 16,200 15,450 6.18
3,000 200 15,600 17,800 156,600 . 17.800 16,700 5.6667
3,500 200 -- 17,800 -- 17,800 17,800 5.8571
3,500 250 23,200 -- 23,200 -- 23,200 5.8571
4,000 250 23,200 30,700 23,200 30,700 26,950 6.7375
5,000 300 24,600 33,200 24,800 33,200 28,900 E.78
Notes: 1} All costs obtained from manufacturers' quotations include

pumps, factory testing, and freight to jobsite.
2) Horizontal Split Case pumps and motors.
3) Pump head is 175 feet {76 psi)
4} Costs are based on June 1995, ENR index = 5433.
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CURVE EQUATION:

Capacity @
178" of Head
lgpm)

100
150
200
250
300
350
400
450
L)
500
750
850
950

1,000

1,260

1,500

1,750

2,000

2,250

2,500

2,750

3,000

3,250

3,500

3,750

4,000

4,250

4,500

4,750

5,000

EXHIBIT

PAGE__I(?

(Gen-4)

oF _ 254

Y = {3818.44)+14.108873)X + {2.26253BE-041X"2

s+* rconst. Cost curve, divide by capacity for unit cost values.

Curve
Unit Cost

($/gem)

42
30
23
19
17

ORI TR OEH N YD

Manuf.
Unit Cost

($/gpm}
43

18.05

11.885
8.9
8.7875
7.76
7.06
6.84286
5.9875
6.18
5.56667
5.85714

6.7375

High Service Pump Unit Cost Curve

Unit Cost {$/gpm)

High Service Pumps Unit Costs

5.000
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HIGH SERVICE PUMP INFLECTION POINT

Capacity
{gpm) F"{x}

100 0.0006

250 0.0004

500 0.0002

750 5E-05
1000 -4E-06
1250 -2E-05
1500 -1E-05
1750 -1E-06
2000 8E-06
2500 8E-06
3000 -5E-06
3500 -8E-06
4000 1E-05
4500 7E-06

F ix)

0.0006
0.0005
0.0004
0.0003
0.0002
0.0001

-0.0001

High Service Pumps Inflection Point

1000

2000 3000
Capacity (gpm}

4000

L |
5000
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Peerless Pump Company Fax Message
811 North 50th Street Number of pages Incuding eover: o
Tampa, FL 33619 ';;"" .
To: - HARTMAN & ASSQCIATES Date: 07/07/95
Fax Number: 407-839-3790
From: JIM GOSSETT Copy to:
Subject: REQUEST FROM JAMEY WALLACE FOR VARIOUS PRICING.

| HAVE ENCLOSED PRICING THAT YOU ASKED FOR, SEE NOTES AS TO
WHAT IS, AND WHAT ISN'T INCLUDED.

LET ME KNOW {F 1 CAN BE OF FURTHER SERVICE TO YOU.
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Type: Standard Horizontal Spiit Case

mm Ty '{g Pﬁgﬂ

_ (opm) I (<. I @
3125 GPM @ 176" (PE-835) 100 0 §  730.00
,“ 260 2AE-11 25 4,925.00
3 500 3AE-14 40 6,185.00
i 750 SAE-14M . 50 7,350.00
| 1000 SAE-14 75 9.575.00
; 1250 6AE-166 75 10,800.00
] ) 1500 SAE-16 100 11,650.00
1750 GAE-146 125 13,150.00
! onp SAE-146 125 13,150.00
: 2500 BAE-156 150 16,200.00
a 3000 BAE-15 200 17.800.00
a500 BRE-15 200 17,800.00
; 4000 8AE-17 250 30,700.00
i 5000 10AE-16 300 33,200.00

: Nota: (Any extra costs needed).
Dk THESE COSTS INCLUDE A NON WITNESSED FACTORY TEST, AND FREIGHT TO JOBSITE, BUT
NO TAXES, ELECTRICAL OR INSTALLATION.

ot ‘.m u»
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bb NEY’ PS INC.
75 BARNEY’S PUM

FT. LAUDERDALE ¢ JACKSONYILLE ¢ LAKELAND

BARNEY'S PUMPS INC. PHONE : {813} 865-8500
3907 HIGHWAY 98 SOUTH
P.Q. BOX 3529 FAX: (813) 868-3858

LAKELAND, FLORIDA 33802
T0: JarMEY WAL ACET
com%mv: HART M AR 2“ #7906'— .

FROM:: DAVID THOMPSON

SUBJECT : @RTH‘IMG\T'DM HER ZAWJTAL SPUT:C)Q'%_ O ¥

S S ECTIONS ATTACHED /

Qﬁ'@ﬁﬂpf

FAX NUMBER : C‘fo_?) RZS 3795

COVER PAGE PLUs [ PAGES FOR A TOTAL OF PAGE(S)

t
SIGNED : M W

b (o7
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06/27/85 16:11 =407 839 3730 usaiMAN ASS0C léum

3
ﬂz) Worthington High Service Pumps
L |
1 Type: Standard Horizontal Spiit Case
'! Cagacity@ N . Motor Package
: 175" of Head = To p5- Size Cost rone
- __f(gom) —(HP) &
i 100 20 4, 300 2.5LRIO
i 250 % 4,600 2.5LR |3

500 40 5,700 YLR 14
3 750 50 £, 000 YLRIH
1 1000 £o 8,800 SLRIS

) 1250 2 8, 600 SLRIS

I 1500 108 9,500 SLRIS
,] 1750 125" 16,800 CLR I
] 2000 125 (0,800 (LRI
“ 2500 150 14, 700 CLRIE

3000 200 15,6060 CLRIB
i 3500 250 23,200  SLRIBS
: et 250 23,200 &LRISS
: 5000 JOO 24,600 SLRIBS

Note: (Any exira costs needed).
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EXHIBIT
pace_ 10
Hydropneumatic Tank
Construction & Unit Costs
System Manufacturer Manufacturer
Capacity Estimate Cost Unit Cost
{Gal) ($) {$) ($)

500 16,594 10,880 22
1,000 9,751 16,089 16
2,000 12,786 21,097 11
5,000 19,241 31,748 6

15,000 30,344 50,068 3
20,000 37.241 61,448 3

Notes: (1} Costs of the tank, air volume control compressor, and a control
panel were included in the manufacturers' quotations.
(2) 15% piping, 20% electrical, 20% installation, and 10% sitework

were added to the guoted costs.

{3} Costs are based on June 1995, ENR Index = 5433.
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Capacity
{Gal)

CURVE EQUATION:

Y = {680.14921X"(-0.5484723)

Manuf.
Unit Cost
($/Gal)

WWHWWKEELELAMANOAODD DO

21.7602

16.089156

10.54845

6.34853

3.33784

3.072383

EXHIBIT

pace 1
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Unit Cost ($/Gel)

- -
& = 8 8

HydroTank Unit Cast

5000 10000 15000 20000
Capacity {Gal}
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HYDROTANK INFLECTION POINT

Capacity
tgpm) F"{x)

500 6.38E-06
1000 5.02E.06
2000 2.93E-06
5000 1.3E-07
15000 -1.2E-07
20000 1.74E-06

F*(x)

0.000008
.000006
0.000004
0.000002

-0.000002

HydroTank Inflection Point

[, = -

5000 10000 16000 20000
Capacity (Gal)
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AHYDRO—AIR SYSTEMS, INC.

SV

P.0. Box 585654
- Orlando, Fl1 32858-5654
‘ Phone or Fax (407)-352-1531

x
[Fa—

Wk N FAX TRANSMISSITON A - A

This transmisslon consists of 1 pages Including this page, If you do not receive
all pages please notify this office ;‘mnsdjately.

DATE: June 27, 1995

T0: Hartman & Associates, Inc. REF: Hydropneumatic Tank

Systeir Estimate
ATIN: Jamey Wailace

FROM: Ken Miller

FPursuant to your reguest we are pleased to offer the following for your
consideration and approval. All systems include the Hydro-Tank, Alr volume control
compressor control panel and 4ll accessories to provide an operable system. All
systems are based on & maximum pressure of 100ps!, potable water and do not include
installation cost or applicable taxes. We will be happy to provide a detailed
propasal on any of the six systems upon request. If we can be of further assistance
please feel free to call me at any time.

CAPACITY GALLONS SYSTEM ESTIMATE
500 $5,387.00
j 1,000 $9,102.00
T 2,000 812,872.00
5,000 ‘ §21,982.00
15,000 $28,688.00
20,000 536,482.00
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RECORD OF TELEPHONE COMMUNICATION
'I;A)TE: M_nME; 9.50

| ROJECT NAME: SSlL- ECm~u7 oF Scale. pROJECT NO.: 95457 00
iARTY CALLING: __Bdo Black COMPANY: Modarn Tancs
PARTY con:%cno: Some s Usellace. COMPANY: _ WAL
gJBJECT: Costs_ for  Hydnpraumalic. TaukKs

i Modamn U.Eldl‘n@ Co(y..o@,uf ;&mrpom-f-rsob

- RE

3 TELEPHONE COMMUNICATION SUMMARY (including Decisions & Commitments)

+ entms (167 pirie , 20% eledk.  B% il V% Ghe )

SO0 Gal 4’4:@%«”( 780 () = 12,570
1000 caf > F bAm + Fhom “W""‘ = 1040 (146D * 17{w0

* B
2000 Gag 7 * § \x0 + &40 , vaves = 1200 (1.u) = 20,790

rnnm:

) 500 amt 5 F12500 + Mo | * loBo(1.> « 27225
16000 60 5 ¥ 27,00 + b5 | 2 R0 (ud = 5Z 500
20,000 6] -7 a3 0m ~ Sho ( = 30 (FeD = (2, 700

Gl | v | -

ACTION REQUIRED

HARTMAN & ASSOCIATES, INC.
engineers, hydrogeologists, scientsts & manzgement consultants

|
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Potable Water Supply Wells

Construction Costs

~ Manuf, Manuf. Manuf. Manuf.
. 260’ deep 250" deep 500" deep 500" deep
Capacity Const. Cost Unit Cost Const. Cost Unit Cost
(Gpd) (5) {$/Gal) ($) {$/Gal)
144,000 50,794 0.353 95,573 ' 0.664
288,000 61,582 0.214 118,753 0.412
576,000 72,416 0.126 143,026 0.248
720,000 72,494 0.101 144,731 0.201
1,080,000 81,468 0.075 165,253 0.153
1,440,000 84,413 0.059 175,948 0.122
2,160,000 107,648 0.050 218,108 0.101
2,880,000 113,638 0.039 236,174 0.082
3,600,000 143,298 0.040 278,682 0.077
NOTES: {1} Vertical turbine pump, cement grout, black steel well and surface

casing, well screen, and well development costs from

manufacturers’ quotes and bid tabulations.
{2} Includes 10% electrical, 15% for well head assembly, and 30% labor costs.
(3) Costs are based on June 1995, ENR Index = 5433,
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CURVE EQUATION:

Y = {1780.326]X"(-0.7180454}

Y = {2064.79)X"(-0.6817897)

EXHIBIT
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PAGE_17)  oF

Unit Cost {3/Gpd)
o o O«

- N W
© f————t—fi

250" Desp Water Supply win Unit Costs

2000000 3000000
Capacity (Gpd}

1000000 4000000

{250' deep)
{500' deep)
250° 250"
Curve Manuf,
Capacity Cost Cost
{GPD} {$/Gal) {$/Gal)
144000 0.352014923 0.35
200000 0.278047715
288000 0.213987092 o
400000 0.165030808
576000 0.130093221 0.13
600000 0.126335269
720000 0.110832946 0.10
850000 0.0983B0166
1080000 0.082837572 c.08
1200000 0.078801801
1440000 0.067377621 0.086
1750000 O©0.058B575335
2160000 0.050358659 0.05
2500000 0.045340692
2880000 0.040960238 0.04
3000000 0.039777035
3600000 0.034B886083 0.04
500 500’
Curve Manuf.
Capacity Cost Cost
{GPD) {$/Gal) ($/Gal)
144000 0.62799686 0.66
200000 ° 0.501982108
288000 0.39148788 0.41
400000 0.31293136
576000 0.244050202 0.25
600000 0.237351446
720000 0.20960755 0.20
850000 0.187179868
1080000 0.158982644 0.15
1200000 0.147962864
1440000 O0.130667557 0.12
1760000 0.114402852
2160000 0.099108423 0.10
2500000 0.0B9706991
2880000 0.081457039 0.08
3000000 0.079221184
3600000 0.069961059 0.08

Unit Cost ($/Gpd)

0.7
0.6
0.5
0.4
0.3

0.2 -

0.1

500' Deep Water Supply Well Unit Cost i

.
-
" \\

\
i %
. \\

-
~—
- - . -
o 1000000 2000000 3000000 4000000
Capacity (Gpd}
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Potable Water Wells (250" deep)

Capacity .
{gpd} Fix)
144000 1.9547E-12
288000 1.50714E-12
576000 B.13696E-13
720000 5.56933E-13
1080000 1.35295E-13
1440000 -3.8732E-14
2160000 2.25217E-14
2880000 7.38539E-14
3600000 -5.6238E-13

Potable Water Wells {500 deep)

Capacity
{gpd} F*{x)
144000 3.52E-12
288000 2.72E-12
576000 1.49E-12
720000 1.03E-12
1080000 2.73E-13
1440000 -5.2E-14
2160000 3.11E-14
2880000 1.29E-13
3600000 -9.1E-13

EXHIBIT

L H

g

pacE 1 oF ¥

=)

WATER SUPPLY WELL !NFLECTION POINTS {260 & 500°}

250' Desp Supply Well Inflection Point

2E-12
e :} k\-‘\“
o + ; - -

=
v
w .
AEB12 500000 16406 2E+06 26+06 3E+06 3E+06 AEST6 4€+06
Capacity (Gpd) '
500" Deep Supply Well Inflection Point
|
i aE-12 1I- 1
' S o 4 " -— - a + y ‘
-25-124 500000 1E+06 2E+06 ZE+06 JE+06 36406 4E+05 4£408 |

Capacity (Gpd}

**** The y-axis values are the same as those listen‘ in the table; however, they are too small to
show up on this graph. Just click on the graph to see a larger version with the values.
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Capacity
(Gpd)

144,000
288,000

576,00C

720,000
1,080,000
1,440,000
2,160,000
2,880,000
3,600,000

144,000
288,000
576,000
720,000
1,080,000
1,440,000

2,160,000 .

2,880,000
3,600,000

—

Design
Cost

32,770
- 39,730
.48,720
46,770
52,560
54,460
69,450
73,250
92,450

61,660
76,615
92,275
93,375
106,615
113,515
141,360
152,370
179,730

{15%)
Well Head

4,916
5,960
7,008
7,016
7,884
8,169
10,418
10,988
13,868

9,249
11,492
13,841
14,006
15,992
17,027
21,204
22,856
26,960

Fino

(30%)
Labor

9,831
11,919
14,016
14,031
15,768
16,338
20,835
21,975
27,735

18,498
22,985
27,583
28,013
31,885
34,055
42,408
45,711
53,919

woel!

CLos5t=

(10%)
Electrical

3,277
3,973
4,672
4,677
5,256
5,448
6.945
7.325
9,245

6,166
7,662
9,228
9,338
10,662
11,352
14,136
15,237
17,973

EXHIBIT
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PAGE_ M
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Total

$50,794
$61,582
$72.416
$72,484
$81,468
$84,413
$107.648
$113,538
$143,298

$95,573
$118,753
$143,026
$144,731
$165,253
$175,948
$219,108

$236,174
$278,582

Unit Cost \
($/Gal)

0.35
0.21
0.13
0.10
0.08
0.06

0.05
0.04
0.04

0.66
0.41
0.25
0.20
0.15
0.12
0.10
0.08
0.08

e
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Tole)
2.00
400
S0

750
[slsle]
|80
2.0c0

250

oo
200
400

750

|oo0
I5to
2600
2500
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1, 000 4370 o 310 " Luso 4yt Z,000

lz,sv0 5,480 lo” 4950 y,* 2,300 b yd* B,000

14, w0 (,0L0 i ,000 12" 2, svo |0 yd? 5,000

14,700 4,020 Iz” G000 13" 2.500 10 y4 &,000

18, 100 7,200 fe o, COO 18" 2,800 o yar 5,000

20,600 7, %10 12* 000 (8" 2,500 |oyd' 5,000

29,60 10,150 lb” 900 20" 3300 |L yo> ©,090
33,300 0,150 " 900 26" 3,300 12 yA> 000
g0 13AF g 500 240 4750 )5 ydP 7500

W 400 caluma,

14,300 i * 95 10" 4115 joys> 5,000
1, 300 le, 440 lo“ 12,378 " 5,750 18y 7,500
25, 200 14, S0 L 15,000 B 280 - 25 W> 180
21,20 14,590 (t" 15,000 18" w260 25 yib SO
29,900  25;i0 " 5 oo 184 G280 2§ yd® 135D
35, 500 15,140 FA js:‘DOo 28" (5250 26 >  j3500
4%, oo 31,0l0 Ho 17,260 20" 8,250 s0 yd* |5, 000
57,000 34,520 WY 17,50 2" g,2s0 30 ¥4 5,000
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FLANAGAN-METCALF & ASSOCIATES, INC,

WATER AND WASTEWATER EQUIFMENT

6708 BENJAMIN RD. SUITE 3¢ TAMPA, FL 33634
PHONE (313) 834 - 2663 TFAX (313) 534 - 1398
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_— Peerless Pump Company

‘ Q . @11 508 Steset No. - Tampa, AL 23819
i : Tamps Sales OMfice

Phone {(813) 247-1521 « Fax {813) 247-4342

—

i

HARTMAN & ASSOCIATES, INC.
201 FAST PINE STREET--SUITE 1000
ORLANDO, FL., 32301

ATTEN: JAMEY WAIACE

F‘ RE: PRICING ON VERTICAL TURBINE PUMPS:
_j GPM . TOH HP. REQ, $
_. 100 . 130 7.50 1.225.00
3 200 130 10 8,500.00
! 400 130 "2 9,400.00
500 " 130 25 : 9,100,00
’ 750 © 130 40 11,000,00
) 1000 . 130 4 11,000.00
l 1500 130 75 14,000.00
; 2000 130 100 17,0000
‘ 2500 130 100 21,500.00

JAMEY, 1 HAVE INCLUDED FREIGHT TO JOBSITE, BUT NO ELECTRICAL, OR
INSTALLATION, OR FITTINGS OTHER THAN THE PUMP ARE INCLUDED.

SINCERELY,
H . J
GOSSETT

- SALES ENGINEER
. . PEERLESS PUMP CO.
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374 Small &r System Treatment Costs

WATER WELLS
Intreduction

¥iter vells are drilled by the cable tool, hydraulic rotary or reverss
rotary methods, with hydrsvlfc rotary currently the most coemon method. Cons
struction of these tpes of water wells f3s covered by “American Water VWort;
Association Stindard for Deep Mells, AWWA ALOO-86° and by *Manval of Water
Yel} Construction Practices, EPA-570/9-75-001,°F 3

Construction of wvatar wells by the hydraulfc rotary methed takes plice In
Jthe f9llowing sequence:

L. Install protactive ¢asing ind grout fa place for sanitary sal.

. 0ri11 15,2 t5 30.5 o (6§ to 12 n) diasetar pilot hole. 9
] g'l«:tr}c Tog pilot hole to help detarming location of water beiring
ormations.

4 Resm hole to required diametar and depth.

§. Install blank dad perforated casing or well scraen,

6. Place gravel pack and grout sals.

T, Develop well by pumping and bafling.-

8, ?onduf: dpu:ping tast t verify capacity bafore permanent pusp |y
astalled,

9. In3tall pusp and construct enclesure.

Conceptual design criteria for walls &re shown in Table 154 and 1 cross-
saction for a typlcal well {3 shown fn Figure 144,

TABLE 154, CONCEPTUAL OESIGHS FOR WATER WELLS

Casing Pusp Motor
Well Capacit 01 amatar, Vell Qepth, $ix1e, Enclosyre,

AL qa“ﬂn in ft hp 59 ft

144,000 vy L] 50 10 L)
$00 20

413,000 Jo0 10 50 143 &0
500 50

720,000 500 12 280 40 80
500 75

© 1,008,000 100 1§ 50 50 100
500 100

Notas: Nufmum pumping depth $0-100 ft Jess then well depth,
Enclosurs has a 10 ft hafght.

Gonstruction Costs

Construction costs were developed for water well construction by ta
hydravlic rotary method, a3 cutlined in the previous section, The protective
cusing and grout was Instalied to & depth of 7.62 m (25 ft). Casing 15 blan;

I B R

-
~Oata 375

t seals,

er bearing stesl, with gravel packing end grov

Jl.::lr’ e:::’r::::“gmp the well i‘s #v‘l::;!‘i.:zd t:“hﬂ mgnp:::n:mndrzzz:;
d fine sand. The ¢ |

:;:luurn;:'s 'siu‘fgi‘c';ent elarity for potable use. This often requires pumping

for up to 60 hoyrs.

i d the
s the ol lubricated, de -pewell turbine type an
e T A S e S L et
J00e CASES '
::::sfog\}:p b:nt:'“sil:s and euiug' fanater used {n the cost development dre

thown in Table 154,

t
1 cost Includes all work required at the vell but does na
m\um‘p:]o;imt?un{ce to the sfte. Costs include 2 uln;‘nd u_::::"i.:ir[\g
fiow petar on the discharge, but no other piping or equipment. enc
provided over the motor, tots)izing metsr, and valve.

d in Figure
Construction costs are swmarized in Tadbla 155 and presente RPALEA
Bdue 545, 1,638, 2,725, and 3,815 [ ,000,
13;.535.“1"23'.035”&‘4' 1% ;.ooo':;?a) fron wells 76.7 and 152.4 = {zso and 500

) deep. )
Operation and Haintenance Requirsments and Costs

uirements are based on continvous cperation of the -motor,
14 .E:::m‘ﬂa? 5,26 m (50 f£) Yess than the well depth. o ‘eneiry .::
fncluded for the housing, u1 it "'"1'1.'33 tlhra.t :1.;1‘::19 uagn;c:t.ina’t :: ire
unnecassary, and that 1ighting requir 0 Ly 111 do, ot

tinvously and In these casas the emargy o equirtmen

:::;:::l lc:c';rding tny the actyal load fagtor. Materfal raquirements :::n‘ug:
on necsssary ubricants and other routine: maintangpce {tems and u:v <! %my
purp and motor ence in five years. Labor re {raments are lu‘u 1 LW
visits for inspection and routine maintemance. Laber ind rateria ;-:q\‘: red to
remove and service the pump and motor once avery five years are inglude
the average annual vluss. .

Operatfon and maintenince requirements ind cogts dre summarized 1A Tadle

155 and presented in Figures 148 and 149,

References
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Lime Softening WTP

Construction & Unit Costs

Treatment Const. June 1995 Current Current
Capacity Cost ENR ENR Cons. Cost  Unit Cost
(Mgd) () Index Index % ($/Gal)

1 2,000,000 3,150 5,433 3,449,524 3.45
2 3,225,000 3,150 5,433 5,562,357 2.78
5 5,500,000 3,150 5,433 9,486,190 1.90
7  7.000,000 3,150 5433 12,073,333 1.72
i0 8,000,000 3,150 ‘ 5,433 13,798,095 1.38

NOTES: (1) Values obtained using EPA cost curves.

{2) Costs include raw water influent pumping, chemical addition, rapid mix/
flocculation, sedimentation, filtration, disinfection, finished water.
storage, finished water pumping, and sludge disposal.

(3) Costs are based on June 1995, ENR Index = 5433.
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GRAPH #4

Lime Softening & Packaged Conventional Treatment

20,000,000
4 10,000,000
5,000,000
2,000,000 [
et
w .
}E 500’000:"/ | N ' P | 1 L [ I | | n [ T
= 0.1 0.2 05 1 2 5 10 20 50 100
42
O

L. S. (Haan__Whitman) P. C. {HaE@_YVhitman)

Note: Source B, Figure 2-2, pp. 11-12.
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GRAPH #3 .
Hydrated Lime Chemical Feed (Fig. 23)
Treatmant Const. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
{Mgd) (%) index Index Cost {$) Whitman Whitman Cost (§)
200 mgft
0.3 24,000 2494 5433 52,282 158 319 48,456
0.5 24,000 2494 5433 52,282 158 319 48,456
0.7 25,000 2494 5433 54,461 158 318 50,475
1.0 29,000 2494 5433 63,174 158 319 58,551
13 35,000 2484 5433 76,245 158 319 70,665
100mgAh
0.3 15,000 2484 5433 32,676 168 319 30,285
0.5 15,000 2494 5433 32,676 158 319 30,285
0.7 16,000 2494 5433 34,855 158 319 32,304
1.0 22,000 2494 5433 47,925 158 319 44,418
i3 24,000 2494 5433 52,282 158 319 48,456
50 mgf
0.3 15,000 2484 " 5433 32,676 158 319 30,285
0.5 15,000 2494 5433 32,676 158 319 30,285
0.7 15,000 2494 5433 32,676 158 319 30,285
1.0 15,000 2494 5433 32,676 158 318 30,285
1.3 15,000 2494 5433 32,676 158 319 30,285
- GRAPH #4
2 Lime Softening & Packaged Conventional (Fig. 2—2)
Treatment Const. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
{Mcd) {$) Index Index Cost ($) Whitman Whitman Cost ($)
-~ — Lime Softening — ——
0.1 0 3150 5433 0 205 319 0
0.5 0 3150 5433 0 205 319 [t}
1.0 2,000,000 3150 5433 3,448,524 205 319 3,112,195
5.0 5,500,000 3150 5433 9,486,190 205 319 8,558,537
10.0 8,000,000 3150 5433 13,798,095 205 39 12,448,780
- —— Packaged Conventionat Plant — — ~
0.1 300,000 3150 5433 517,429 205 319 456,829
05 800,000 3150 5433 1,379,810 205 319 1,244,878
1.0 1,100,000 3150 5433 1,897,238 205 N9 1,711,707
5.0 0 3150 5433 0 205 3189 0
10.0 1] 3150 5433 0 205 319 (44
.




Lt

.

[}
U

biiid

s

e T

L

EXHIBIT

™

CLIOTERY

pace_ 9 oF

ViR

discharge 1o a municipal sewer or hauled 10 a landfil
for disposal. Clarificd water then flows to the filter
unit.

The filters consist of one or more steel or concrete
vessels containing granular materials such as graded
sands. anthracite, and garnet. Solids are strained
{rom the water as it passes through the filters. When
the pressure drop through the filters becomes great
enough due 1 accumulated solids, a backwash
stream of filtersél water passes through the units in
reverse flow to ciean the solids from the filter bed. The
spent backwash stream is sent to a sewaer.
Backwashing is intermittent; the backwash cycle

depends on the character and concentration of solids

in the water, as well as on filter design parameters
such as application rate and filter medium particle
.Size.

Filtered water is disinfected with chlorine and stored,
From storage it is pumped to the water supply
distribution system,

Direct Filtration [2.4.5)

A direct filtration plant is essentially the same as the
conventional filtration plant shown in Figure 2-1
except the sedimentation step is deleted.

Direct filtration is applicable to any drinking water
supply where suspended solids levels are sufficiently
low to result in 8 reasonable backwash cycle on the
filter units. Unlike conventional filtration plants, there
is an upper limit to the influent suspended solids
concentration that can be tolerated, This upper limit
must be determined by testing. Above such a level,
conventional treatment procedures or sedimentafion
prior 10 fiftration are required.

Lime Softening {2,4,5)

The major features of a lime softening plant are also
essentially the same as these for a conventional
filtration plant, except that lime is substitvted for
other chemicals and a recarbonation step is added
after sedimentation. A lime softening plant is typically
used to treat raw water with a higher concentration of
dissolved minerals, such as calcium and magnesium,
than can be treated in a conventional or direct
filtration plant. In the context of the Safe Drinking
Water Act, a lime softening plant can also be expected
to achieve a greater removal of toxic mineral
substances. For example, a lime scfiening plant
operating in a pH range of B.5 to 11 can reduce
cadmium concentrations from 0.5 mg/1100.01 mg/I.
To achieve the same cadmium concentration in the
treated effluent, a conventional filtration plant using
alum or iron salts can only accommodz*g a cadmium
concentration up to 0.1 mg/} of cadmium in the raw
water (2). The choice o! overail treatment process
therefore depends on individual raw water character-
istics.

Ea

Lt e e

Lirne can be added directly to the influent raw water
as a solid, or as a pre-rnixed watei slurry. If a slurry is
used, the solid lime is usually purchased and the
slurry prepared on-site. Details of lime feed systems
are described eisewhere (6, 7).

Recarbonation i5 the addition of gaseous carbon
dioxide {CO2) to the lime-treated water to neutralize
excess alkalinity resulting from lime addition.
Gaseous CO; may be obtained from liquid CO2 stored
onsite, submerged burners, or stack gas compressed
through a sparger sysiem. The choice of carbonation
method depends on site specific considerations.

2.1.2 Design Basis and Costs (2.4.5)

The design basis in this report for conventional
fitration plant costs inciudes the following major
process modules and design parameters:

® Raw water pumping.

® Chemical addition.

® Rapid mix/Flocculation.
® Sedimentation,

® Filtration.

® Disinfection.

® Finished water storage.
@ Finished water pumping.
® Shudge disposal.

As stated inthe process descriptions, thereis no sedi-
mentation step in direct filtration. The filtration
directly follows the rapid mix atid flocculation step.
The chemical feed system consists of chemical
storage and metering pumyp facilities. The rapid mix
tank and flocculation vessel is one vessel partitioned
into separate sections. Filtration units are gravity flow
steel or concrete vessels, The clear weli is a concrete
storage basin. System design parameters depend on
raw water quality and the finished water quality
required.

The major process modules for the lime softening
plant are very similar to those for conventional
tiftration, except for medificatichs to the chemical
{eed system and addition of recarbonation equipment,
Recarbonation basins are reinforced concrete, and
submerged natural gas burners are used for the CO;
source in the systern considered here based on the
configuration and costs in Reference 2.

The plant cases represented here include chlorine
disinfection, the usval procedure in conventional
plants. Alternative disinfectants such as chlorine
dioxide, ozone, or ammoenia added with chlorine can
also be used. The disinfection systems for each of
these alternatives are discussed in Settion 2.2

Totwal capital investment for conventional filtration,
direct filtration, and lime sofiening is presented in
Figure 2-2. Netannual aperating expenses are shown
in Figure 2-3. Figure 2-4 shows corresponding unit
annualized cosis.

I
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Figure 2-2. “Filtration plants lor drinking waler treatment
- “- Total capital investment (March, 1980 dollars).
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Figure 2-3. Filiratlon plants for drinking water treatment

- Net annual operating expenses {March, 1980
dollars).
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Also provided in the figures are costs for packaged
conventional filtration plants which can be used for
small reatment systems (5). These plants would have
the same unit processes as their larger field-
construtied counterparts but would be primarily

shop fabricated and brought to the field for fina!
installation.

2.1.3 Major Variables Affecting Costs

For any of the filration plants discussed here, the
large number of process steps and associated
variables result in many possible combinations of
equipment sizes and specifications. These factors
largely depend on site specific requirements with raw
water quality the primary variable. A complele
analysis of the cost impacis of changes in design is
beyond the scope of this report. However, examination
of the cost profile for capital investment reveals that
the greztest portion of the invesiment is in the filter
portion of the plant. Therefore, changes in design
requirements for the filters have a very targe impact
on total plant capital costs. For lime softening plants
lime dosage is an important variable. Also, as can be
seen from the figures, costs for shop fabricated
packaged plants are less than for field constructed
plants of similar size. Operating expenses, specifically
electricity costs for pumping, are aflected by
frequency of backwashing in the filtration unit which




EXHIBIT [\ 00 H-y
PAGE_ 9L oF %

APPENDIX M



P

B

[

EXHIBIT A J:L*’—//

pace 197 oF oy

Reverse Osmosis WTP

Construction & Unit Costs
Graph #1 Graph #8 Graph #11 Graph #4 Overall Overall
Treatment Const. Const. Const. Const. Const. Unit
Capacity Cost Cost Cost Cost Cost Cost
__(Mgd) ©) (s) ©) () ©) ($/Gal)
0.003 51,333 25,731 38,532 12.844
0.005 58,667 29,961 44,314 8.863
0.01 73,333 44,061 58,697 5.870
0.03 105,111 91,647 98,379 3279
0.05 140,963 139,232 140,098 2802
0.07 174,167 7 182,235 178,201 2.546
0.10 282,658 220,000 246,740 249,799 2.498
0.20 423,987 366,667 396,547 385,734 1.979
0.50 1,055,968 794,444 793,094 .882,502 1.765
1 ‘.00 1,588,889 1,382,105 .1,339,448 1,436,814 1.437
2.00 2,303,509 2,303,509 1.152
5.00 4,961,404 4,961,404 0.862
10.00 9,568,421. 9,568,421 0.957

NOTES: (1) Vaives obtained using EPA cost curves.

{2) Costs include housing, structural steel, tanks, piping, valves, pumps, revese
osmosis membrane elements and pressure vessels, flow meters, cartridge
filters, acid and polyphosphate equipment, and cleaning equipment.

{3) The EPA cost curves have also added costs for contingencies, sitework,
engineering & administration, and electrical.

(4) Costs are based on June 1995, ENR Index = 5433.
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GRAPH #1

Reverse Osmaosis
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Note: Source A,
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Figure 19, page VI-11.
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GRAPH #1
Reverse Osmosis (Fig. 19)
Const. | June 1995 Current
Cost ENR ENR Current Handy Handy Current
($} Index Index Cost ($) Whitman Whitman Cost (§)
125,000 2494 5433 272,304 168 319 252,373
140,000 2494 5433 304,980 158 319 282,658
280,000 2494 5433 609,960 158 319 565,316
525,000 2494 5433 1,143,675 158 319 1,059,958
1,500,000 2494 5433 3,267,642 1568 319 3,028,481
3,250,000 2494 5433 7,079,892 158 319 6,561,709
GRAPH #2
Reverse Osmosis Enclosure (Fig. 20)
Const. June 1985 Current )
Cost ENR ENR Current Handy Handy Current
($) Index Index Cost ($) Whitman Whitman Cost (§)
7,000 2494 5433 15,249 168 318 14,133
8,000 2494 5433 17,427 158 319 16,152
19,000 2494 5433 41,390 158 319 38,361
29,000 2494 5433 63,174 158 319 58,551
40,000 2494 5433 87,137 158 319 80,759
58,000 2494 5433 126,349 158 319 117,101 2
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A. CAPITAL COSTS

Cost urves were developed for treatment processes judged applicable to
small water treatment systems. Thess curves relate capital costs to quantities of
water treated and to population served. Estimates of complete water treatment
plants or additions to existing plants may be developed on the basis of these
relationships.

Yard piping, fencing (where applicable), and sitework have been included in
the curve for each unit process. When adding unit process costs together some
of these items may overlap; this may cause the total cost to exceed actual plant
costs by 10 to 25 per cent.

Cost data, developed specifically for this report, are based on information
from various manufacturers and on the experience and judgment of the
investigators. Preliminary designs and engineering cost estimates were developed

for each unit process at various low rates. Estimates of construction costs are’

representative of average price levels as of January, 1977. The Engineering News
Record Building Cost index of that date had a value of 1489.

Included in the capital costs “are necessary construction <osts, a
contingency amount and engineering, legal and administration fees. A cost for
fencing is provided for mechanical aeration, diffused aeration, rapid mix,

flocculation, sedimentation, ozone contact chamber and waste disposal’

(lagoons). For each of the other treatment methods an enclosure is
recommended and separate cost curves are provided.

Capital costs for unit proceses, package plants and enclosures are
developed as follows:

(1) Construction cost —included are necessary costs for equipment,

materials, installation, freight and start-up.
2} Sitework — estimated as 10 per cent of the construction cost.

(3} Electrical ~ estimated as 20 per cent of the construction cost.

P
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m. Electrodialysis. The electrodialysis capital cost curve was developed
for a complete multiple-stage electrodialysis system. Cosis were obtained for
standard units as rated by the manufacturer for operation with a raw water

TDS concentration of 1500 to 4000 mg/l. For these electrodiaiysis units, -

predicted per cent water recovery ranges from 65 to 85 and predicted per cent
TDS removal ranges from 82 to 96. Local water quality may change the rated
capacity of these units.

Electrodialysis capital costs include costs for the following equipment and
materials: skid-mounted reverse polarity electrodialysis unit with membrane
stacks, rectifiers, low pressure feed pump, brine recirculation pump, chemical
clearing equipment, cartridge filters, necessary valves, piping and automatic
controls. Refer to Figure 17 for the electrodialysis capital cost curve. The
enclosure capital cost curve for elect‘fodia]ysis is shown on Figure 18.

n. Reverse Osmosis. The reverse osmosis capital cost curve was
developed for a complete reverse osmosis treatment system. Costs obtained
were for standard units as rated by the manufacturer for operation with a feed
of 1500 mg/l NaCl at 400 psi, 25°C (77°F), and 75 per cent conversion. Local
water quality may change the rated capacity of these units,

Capital costs for reverse osmosis include costs for, the following equipment
and materials: skid-mounted, membrane-type reverse osmosis unit with hollow
fine fiber membranes, high pressure pumps, cartridge filters, acid and
polyphosphate feeding equipment, necessary valves, piping and automatic
controls. Refer to Figure 19 for the reverse osmosis capital cost curve.

Presented on Figure 20 is a capital cost curve for an enclosure for this unit
process.

©0. Chemical Feed. Capital costs have been determined for the following
chemical feed systems:

(1) powdered activated carbon.
{2) coagulants.

(3) hydrated lime.

VI-i}]
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Graph #8

Reverse Osmosis
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GRAPH #7
Package Lime Softening Plants (Fig. 12)
Treatment Const. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
(gpd) ($) Index Index Cost ($) Whitman Whitman Cost (8 -
20,000 86,000 4110 5433 113,683 261 319 105,111
40,000 95,000 4110 5433 125,580 261 319 116,111
70,000 100,000 4110 5433 132,190 261 319 122,222
100,000 115,000 4110 5433 152,018 261 319 140,556
200,000 140,000 4110 5433 185,066 261 319 171,111
500,000 190,000 4110 5433 251,161 261 319 232,222
1,000,000 290,000 4110 5433 383,350 261 319 354,444
GRAPH #8
Reverse Osmosis {Fig. 37)
Treatment Const. June 1985 Current
Capacity Cost ENR ENR Current Handy Handy Current
{gpd) $ Index Index Cost ($) Whitman Whitman Cost ($)
3.000 42,000 4110 5433 55,520 261 319 51,333
5,000 48,000 4110 5433 63,451 261 318 58,667
10,000 60,000 4110 5433 79,314 261 319 73,333
30,000 86,000 4110 5433 113,683 261 319 105,111
60,000 130,000 4110 5433 171,847 261 319 158,889
100,000 180,000 4110 5433 237,942 261 319 220,000
200,000 300,000 4110 5433 396,569 261 319 366,667
500,000 650,000 4110 5433 859,234 261 319 794,444
1,000,000 1,300,000 4110 5433 1,718,467 261 318 1,588,889
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REVERSE OSHOSIS

Introduction

Reverse osmosis utilizes seai-permeable membranes to remave 1 high per-
centige of dlmast all inerganic fons, turdidity, bacteria, and viryses. HMost
organic matter 1s slso removed, with the exception of many halogenated and

low-nclecular-welght compounds.

There ire differences between different membrane types 1a thelr ability
to handle varfaticns n pH, turbidity, mné chlorine, The cellulose dcetate
mesbranes generally require the feedwater pi to be batween $ and § to sinimize
hydrolysis of the mebrans, Folysside type mesbrines are dansged by exposure
to chlorine. The two most commonly used membrant configurations are hollow
fine fiber and spiral wound., The spiral wound element has 3 higher tolerance
for suspended solids and fs less suscaptible to fouling than the hollow fine

{iber element,

The efficiency of the membrane elssents in reverse osmosis systems miy be
trpaired by scaling (becavss of slightly soluble or insoluble compoynds} or by
fouling (because of the deposition of collofdal or suspended materials).
Secause of the possibility of scaling wnd/or fouling, a very {mportant consid-
eration -in the design of raverss osmosis systems s the provision of ddequite
pratreatment to protect the smsbrine fros excessive scaling and fouling and te
wvold frequent cleaning requivesents, In the development of cost dita for
reverse osmosis, adequite pretrestaent was assumed to precede the reverse
asmasis pracess, but casts for pretreatment facilities such & chemical clari-
fication and f11tration are not fncluded, )

~ Brine disposal can also be & major cost congideration, Potential disposd)

mtthads include sewer discharge, evaporation ponds, ocesn disposal Ang well
tnjection. Brine disposal fagilities and costs are not Included In the reverse
osmosis systems presented in this section. A sepsrite section 13 Inclyged in
this report for brina disposal.

Advances 1n pesbrane tcchnolof,y have led to the development pf mumbranes
which are capable of opersting 4t low pressures, about 14,06 kg/ow (200 psi),
in centrast te Nigh prassure wembranes which gperate at 28.12 kgfewd (A00 p1i)
or more. Advantageously, Vow pressure membranes resuit in 3 substintial sav-
ings in process electrical u\crga. There may de disadventages to the use of
You prassurt mambranes howsver. Olsadvantiges relative to high pressure mem-
branes include lower percentage removil of many contaminants!, lower ailovible
feed water TOS or lower percent water recovery, and mesbrane technalogy which

s st1i1 develeping, 1

In the fullou1n1 discussion, low pressure refers te systems operated 3!
}:ogﬁ kf{d (200 ps1) and high pressure to systems opersted at 28,12 ig/cm
psi). :
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112 Small\__ - System Treatment Costs

Impact of Raw Water Quality on Treatment Cost

Pratreat=ent Cost™~

Pretreatment chenfcals customarily utitized ars sodium hexametaphosphate
and sulfuric a1cid, with quantities required being highly varfable, depending
upon rav water quality. Another {mportint paraseter {s sflica, which may
necessitate pretrextment for {ts removal. Costs for pratreatment chemfcals
tnd for s(1{ca pretreatzent are not (ncluded fn the following cost data,

Reverse ommosis units may be used for TDS removal, as wall as the removal
of Indfvidual contaminints addressed fn the Interim Primary Orinking Water
Regqulations. The following parigriphs discuss the impact of raw water 0§, a3
well as individval contaminants 1n the raw water, vpon treatment cost.

Total Dissolved Solidse.

Feed vater concentritfons sbove 5,000 wg/L cin lead to excessively high
brine concentrations (220,000 og/L), which will generally result fn a decrease
in preduct water qualfty, To prevent this brine cencentratien buildup, it {s
necessary. to lowar the percestige of product water recovery., Lower product
viter recovery does not recuire & mejor chings in the raverse osmosis unit,
but does necessitate puming Yarger quantities of fead water to the reverss
osmosis unit. A revision in piping betwetn the pressurs vessels may also be
required to change vessals to parallel eperation, rither than operating some
{a serfes. This ircreuses capital gost oni :lfglmy. due to the need for
Targer feed wvitar puaps, but cin creats & large neradss in electricd! con-
smption ind pretruatmant chemicals, dur to the Verger quanti of water
pissed through the reverse osmosfs units,
have 3 rejection of over 85T of feed water TDS. If & hgher salt rejection 1s
required, 4 hgh refection mesbrans caen be used, or the systen can be opersted
1% lower water recavery.

Individua) Contaminanty--

Little work hes been conductad %o determine the impact of varying feud
concentritions of individuz]l contamfnants upon thelr percantage removal gr the
¢ost of resoval. A recent publfcation by Huxstepd on work at Charlotts Harbor,
Florida, indfcated that arzenic (111}, arsenic (Y}, flyoride, and nitrate
percentage rejections were 111 indspandeat of the fesd concentraitions. Thase
:::g::mm:!hun tich |¢¢|: by spiking : I'll"ll.ll"llfii groundwater of known concen-

» pressure membrines removed significantly higher
these four components than dfd Tow pressure l’lﬂbfll'lll.y ¢ RIS 6

Construction Costs

Construction cost data was daveloped for single stage {only one oa
through the membrane) trestnent systems which |n"culb1g of tr’ut‘lnq p‘l';;
concentrations up to about 2,000 mg/L for low prassure membranes and 10,000
mg/L for high pressure meabranes. An operating pressure of 14,06 kg/cw’
{200 p31) was utilized for low pressure mesbranes, &nd 28.12 kg/omt (400 psi}
for high pressure rembranes. Construction cests are comparable fer high and
low pressure systess.

A single pass unit will normaily i

R
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¢ temperature of the fesdwater was assumed to be bitwaen 18.3° and
zs.l'zh{ﬂ‘m:nd 85°F), and the ph of the feedwater vas assumed to be adjustec
using acid injection to about 5.5 to 5.0 before the reverse aszosis proce;s:
The 2cid injection will prolong the 1ifs of 4 caliulose scetate besbrane, :
the primary function {3 tb prevent calcim carbonate scale formatfesn in U :
systen. A degasiffer following reverse osmosis will remove 411s0lved gl::1
svch as carbon dfoxtide and hydrogen sulfide from ¥he product water, and vilil

reduce neutralization requirements. :

At TDS concentrations up to 5,000 mg/L, the assumed water recoveries for
different flow ranges are a5 follows:

Fesd Mater

Flow Range Viter Recovery (%)
2,500 - 10,000 gpd 0
16,000 - 50,000 qpd 50
50,000 ~ 100,000 gpd N1
100,000 gpd = 1,0 mgd 11s

n {fons above 5,000 mg/L, the garcent recovery should be
decn‘::cdcoin:.o:;:: %o‘lllnuin 2 !irh:'lg conclutrc%‘inn Tess than 20,000 my/L,
which {5 necessary to 1imit esmotic pressure on the brine side of the membranc
ts well as to maintain quality of the product water. Salt rejections of over
85 should be achiaved under these cperating ceaditiens. To uinuin_zo.ooo
sg/l. in the brine, the following percent watsar recoveries ire nscessiry:

Water Recovery (%)

T0S Concantration

5,000 75
i :
8,000 og/1. 80
9,000 mg/L

10,000 mg/t 50

It may be assumed that uuthu 'In: cost of nurlsa O%B-osflt tr::hmen'.
1 unchanged as the nereases up to 10, mg/L, aithoug”
:h‘:“wh:“r‘etgv‘c‘v}y i3 c.d:g:gcu«l. This does in:ruup the capicity (and there-
fore the capital cost] of the facdwater pumps, but this would faciedse the
overa]l reverss omosis system cost less than § percent. Thys, no separate
cost data 1s presanted for systems treating TUS concentratiens greater then
5,000 wg/L. The Targest effect 1s on OLM costs since the energy and pratresa:-
rent costs would Increase In proportion to the incresse in flow rate.

Commercial revarse omosis systems are available from numercys manufac-
turers as either Tete skid-mounted units or custom systems. For sizes
ringing from 9,47 W /d (2,500 gpd) up to batween 378.5-945.3 w* /d (100,000-
250,000 gpd), ckid-mounted systeas are generally used. Above 946,13 of /¢
{250,000 gpd), either skid-mounted or custom systems are used. An advantage of
using mltiple standard systems sbove 945.3 o fd (250,000 gpd), 15 the rella-
bility provided by having several systems {n case one unit needs to be shu:

40 T Ag7, 39vd
£ 9

-

11 IIYW3

hY

ST

T



. 4.,‘1;; l - . B | 'ﬁ,.;u,,.

114 Small V. - System Treatment Costs

down for l:'tplirs. This cost analysis used skid-mounted units, or muitiples of
such unfts, for all sfze ranges. .

Components taken fnto sccount {n the construcilon cost estimates include
housing, structural steel and miscellanecus metalwork, tanks, piping, valves,
high pressure feed water pumpt, reverss osmosls membrane elements and pressure
vessels, Mowmeters, cartridge filters, acid and polyphosphate feed equip
sent, cleaning equipment, caustic feed equipment, and o degasifier. The cost
dats are bised on the use of either 1piral-wound or hollow fine~fider revarse
o5posis meobranes. Membrane saterials can de cellulose acutate, polyimide, or
thin file composite. A layout of & typical suall system reverse osmos{s system
1s shown in Fiqure 34.

Brine, disposa) costs and product water puming costs are not included in
the estfmates. Construction cost estimates ire presented {n Table 46 and also
in Figure 37.

Ogtruliou and Hafntenance Requirements and Costs

I

Process alectrical energr s required for the feed water pumps, pre- and
post-treatment chemical feed puwps, and the degasfifiar, The combined feed
witar pump/eator efficfency fncreases &3 flow {ncreases. The feed water pump/
uotor afficiencies which were used {n the calculations were: 403 yp to 37,85
o /4 {10,000 gpd) plant capaeity, 50T vp to 378.5 o /d (100,000 god) plant
cipaefty, and 60% over 378.% ATy (100,000 gpd} plant capacity. Energy
requiresents used for the chesical feed pumps and degasifier were 105 of the
high pressire pump energy for plant capacities less than 189.3 of /4 (50,000
gpd), 1nd 53 for plant capecities over 189.3 o’ /4 (50,000 gpd).

Process energy varies with the percent water recevery. As discussed under
Construction Costy, higher percant wiater recoverfes &re typfcally used as
Systast 512e increases, resulting in lewsr process energy requirements per unit
of witer produced. However, s TDS 1increases above 5,000 mg/L, lower percent
vater recoveries are necessiry to waintain o reasonable brine concentration
ind to prevent deteriorition of product water quality. Process slectrical data
has bdeen developed for feed watar TDS concentrations of 2,000 /L for low
pressure systess and 5,000, 8,000, .4nd 10,000 mg/L for high pressure systems.

Eiectrical nergy for building tighting, hesting, and ventitating was
caleulatad bised on an estimated floor ares raquirsd for comp)ete housing of
the reverse omosfs equipoent, with the exceptfon of the degasifier, which is
located oytside. A buflding energy requirement of 209.9 kwh/wt /y (19.5 kwh/sq
ft/yr) wis used for lighting, heating, and vent{lation. This requirement f{s
based upen » lighting use factor of three hours per day.

The largest maintenance material requirement 13 for memdrane replacement;
¢ meabraae 1ife of three years was used In the cost estimates. Othar mainte-
nance -atar{al requiremants are for replacement of cartridge f{1ters, for
ombrine cleaning chemicals, and for materis)s needsd for periodic repair of
punps, motors, and electrical control equipment. Costs for pretrestment chemi-
cals, sueh as acid and polyphosphite, &nd post-treatment chemicals, such as
caustic, are not included fn the maintenance materfal estimates, but they

COHSTRUCTION COST SUMMARY FOR REVERSE 0SHOSIS SYSTEMS

TABLE 46.

Cost Category
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116  Small Wa_-System Treatment Costs

are discussed fn the following section, Malntenance miterial costs fncrease

slfghtly a5 the percent recovery drops, due %o incressed pumping to the
reverse omosis unfe,

Labor requfrements are for cleantng and replacing menbranes, rep.acing
cartridge flltars, ma{ntaintng the high sressure and other pumps, prepariag
treatment chesicals and deteraining proper dosages, maintaining chemical feed
squipgent, and sonitoring performance of the reverss ommosis membranes. Mem-
brane clesning was issumed to occur ronthly, In estimating Jador requirements.,
s sinfoa of tbout one hr/diy of labor vas 23suned for the smallest plant,

Operation and cafntenance requiresents are summarized in Table 47 for Tow

Pressure systess and ’in Table &8 for high pressure systems, and are {1lys- .

tratad for both high and low pressure systems in Figures 38 and 39,

. TABLE 47. OPERATION AND MAINTEMAMCE SUMMARY FOR LoV PRESSURE REVERSE
OSHISTS SYSTEMS

%

Average Plant

Fiov Mt g K/ ";:m;"? o Cont,
o e, ner wh/yr terta Labor Cost
pd__ YOUTaTET S —rmr sfer ' hefye’  Csper
1,500 2,800 9,900 12,700 500 M0 5,100

10,000 3,300 26,300 29,400 1,700 s 7,800

. 50,000 ° 4100 100,100  104.200 8,000 480 20,600
100,000 4,900 180,400 185,300 14,600 810 34,300
00,000 - 15.600 853,200 868,800  67.100 870 137.%00
1,000,000 29,300 1,606,000 1,635,300 117,900 1,130 244,300

Kote: Tf"'rl cost 3 based on $0/07/kwh of slectrical enargy and $11.00/haur
of labor,

——ﬁ-
Typical Chiemical Requirezents and Costs

The princips) cheafeals required in small reverse osmo
sodiu hexumetiphosphats for control of scaling and
for pH sdjustment prior to treatment, and sodium hydroxide to increase the pH
following treatment, The required cast for each chemica) {5 & function of the
do3age, ta unlt cost of the cheafca) and the percent water recovery. Using
the percentage of vatar recovery discussaed previcusly in the taxt, and ths

following dosages and unait chemfcql €o3ts, the annusl chemical COsSts in
Table 49 wvere calcylated.

$13 systems are
fouling, sulfurtc scid

Chemical Dosage Unit Cost
Sodfuz Hexametaphosphate . § gL $1.10/1b
Sulfuric Acid 75 /L 30.08/%
Sodium Hydroxide 15 mg/L $0.17/10

GPERATION AND MAINTEMANCE SUMMARY FOR REVEASE OSHOSIS SYSTENS

TABLE 48.

Total

Cost,

Matntenance

Material,

»

Average Plant

Labar,
hrlyr $lyr

$/yr

Flow Rate,
gpd

Feed Water TOS Concentratfons Up to 5,000 mg/t

EEFEES]
-y

> s & a2 w =
ey =iy o

-y

CEELEL]
VeRggs

Feed Hater TDS Concemtratioas = 8,000 mg/L

EEEEE

u
N™M -'lr_g

Feed Water YOS Concentrations = 10,000 mgAL

388888

838888
2
S A T
O -
nMUZREE
[ X 4
888228
- & = .".g‘
o W e P
-1}
~-

§888asg

SEEEEE
-

Total cﬁst 1s Iuvsed tu: .td.o'."lh.l\ of electrical energy and $11.00/hour of 1aber.
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TABLE 49. TYPICAL CHEMICAL COSTS FOR REVERSE QSKOSIS SYSTEKS
—"__"_'—_‘"'_'———_-——-".____u———_____—ﬁ-———*-_.________

Average Plant Sodfum
eis Sod
“u:u. Hexm::;;:osphlu. Sulf:l;ic Acid, J{y:r:;li'de. Ch:::::l
', bisd 3/yr Cost, §/yr
Feed Yater TDS Concentritions W to £,000 mo, ;
2,500 136 2
10,000 ]
10,000 . ggg 160 zgg 1 ?5
00 2,000 1,830 180 1,610
100,000 Nt 2,800 1,200 7,100
|, So0u000 1. 12,200 5,200 10,
,800 24,300 10,300 Gl:g
Feed Yater TOS Concentratfons » 8,000 ng/L
2,500 130
10,000 ]
10.000 . ggg 459 zgg ! :g
(33000 , 1,820 780 )
190,000 13"00 1,000 1,300 B
: 10,400 12,900 EHE
Feed Water Concentrations = 10,000 o9/l .
2,500 130
10,000 ‘o
50,000 2 gc?g 85 zgg ] §°°
s 2,000 1,830 780 4'sf°
500,000 20,100 oS oo 2 :
), 520,000 - e 18, 300 7,800 200
: 18,500 15,500 92500
e e ——f. -

"Hote: Chewfeal dosages and cos
costs used in thi H
Sodius Hexumetzphosphate - & iL'3 :;b{l;/;:"'
Svlfuric Actd - 78 mg/L; 10.0:715' )
Sodium Hydroxfde « 1? »g/L; 50.17/1p

= e
The required chemical 4
e B osages will vary widel
e s S e, e S vt e, YL
. res
Teal ared tnd the quintity of chuicﬂc::l:c;:ud“ e 9eo:r|p;-

fleld Datz Cotlection

Operating dita on rev
o . arse osmosis treathent
v‘:::og:w:!:;bo;'?ot.;:':sh:or;_i!ui'odn. Harbor Height.:’,r,;le::iz:"a::]l;::;d lt_mthe
N » Florfda. The Charl ] S
nuft modules which operate at 27,4 xg/cnt o(?l?t) H::?l)” .’#":.31’ lh:o;;:“‘
aed

38 o' /d (0.3 mgd) and one low pressure
J A mdl trestment capicity of S68 o /d

N ] o.! both the high and low pressure

treatment capicity o
ation in the raw witer supply

operates #t 16.5 %g/
(0.15 mgd). The_ total cperating Mow rate

nits 13 1,120 & /d (0,296 mgd). The TOS concentr
vis not obtained during the field sampling. ‘
The Bryn Mawr plant at Yere Ssach has an ing! Yed capacity of $54 o /d
{0.12 vgd) and an operating flow rate of 183 P /4 10.04) mod). The operating
105 in the raw water supply wis nol

pressure s 28.1 kg/ow {400 ‘psn. The
noted during collection of field data.

A comparison of field operating data and {nformation from Figures
39 13 shown following:

38 and

Yero Beach

Charlotte Harber
r Data From
Figures 38 Figures 18
Field Data _ and 39 Fleld Data  ind 39
tiectrical Energy, kwh/hr .
Procass = - 750,000 - 160,000
fuilding - 14, . 4,000
Total 788,200 764,000 218,000 164,000
Haintenaznce Mater{al, $/yr 10,40 38,000 830 §,000
5,140 400 540 40

Laber, hrfyr
both plants because replice-

Hatntenance material raquiremsnts are lov &
ment of membranes hes not been necessary t aither plant. Howaver, Figure 38
dita include 1 cost for membrane replacement qvery three years. The large
difference in labor requiremant at Chirlotte Harbor {s belfeved to be the
result of an inappropriste division of laber between the treataent plant and
the water distribution systam. 0

References

1. Huxstep, M.R., “lnorganfc
feverse Osmasis,” EPA Report

Contaminant Remeval From Orinking viter 8y
§00/52-81-115, October, 1981. .
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Figure 36. Typlcal-skid mounted reverse csmosls installation
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Graph #11

Reverse Osmosis

20,000,000
10,000,000

3,000,000
2,000,000

Construction Cost ($)

1,000,000 ' ) ) R L n_n

Plant Capacity (mgd)

ENR Index Handy Whitman

Note: Source D, Figure 113, pp. 246-250.
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GRAPH #11
Reverse Osmosis (Fig. 113)
|
Treatment Const. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
{mgd) (%) Index Index Cost ($) Whitman Whitman Cost ($)
1 780,000 2851 5433 1,486,405 171 303 1,382,105
2 1,300,000 2851 5433 2,477,341 171 303 2,303,509
5 2,800,000 2851 5433 5,335,812 171 303 4,961,404
i0 5,400,000 2851 5433 10,280,495 171 303 9,568,421
GRAPH #12
Raw Water Pumping Facilitles {Fig. 201)
Treatment Const. June 1995 ~ Current
Capacity Cost ENR ENR Current Handy ~  Handy Current
~ {maqd) (%) Index Index Cost ($) Whitman Whitman Cost ($)
30 Feet TOH
1 20,000 2851 5433 38,113 171 303 35,439
2 25,000 2851 5433 ., 47,641 171 303 44,298
5 37,000 2851 5433 70,509 171 303 65,561
10 - 55,000 2851 5433 104,811 171 303 97,456
20 86,000 2851 5433 163,886 1N 303 152,385
50 180,000 2851 5433 343,016 171 303 318,947
100 325,000 . 2851 5433 619,335 171 303 575,877
100 Feet TOH
1 26,000 2851 5433 49,547 171 a03 . 46,070
2 31,000 2851 5433 59,075 171 303 54,930
5 49,000 2851 5433 93,377 171 303 86,825
10 74,000 2851 5433 141,018 171 303 131,123
20 125,000 2851 5433 238,206 171 303 221,491
50 250,000 2851 5433 476,412 171 303 442,982
100 490,000 2851 5433 933,767 171 303 868,246
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]‘ SECTION &4 i
i ' COST CURVES
' _ CONSTROCTION COST CURVES L,
ﬂ! The construction cost curves were developed using equipment cost data
i _. supplied by manufacturers, cost data from actual plant comstruction, unit

takeoffs from actual and ¢dhceptual designs, and published data.  When unit

cost takeoffs were nsed to determine costs from actual and conceptual designs,

escinnting techniques from Richardson Engineering Services Process Plant

-Construction Estipating Standards,!? Mean's Building Construction Cost Da:a,2°

and the Dodge Guide for Estimating Publiec Werks Conatruction Costs”! were often

utilized. Ar exsmple illustrating how costs were determined using unit cost

takeoffs from an actual design for a reinforced concrete wall (similar to a

wvall for a clarifier or a filter structure) is presented in Appendix C.

The cost curves that were developed were then checked and verified by a

second engineering consulting firm, Zurheide-Herrmann, Inc., using an

approach similar to that a general contractor would utilize in determining

his construction bid. Every atteapt has been made ro present the conceptual

designs and assumptions that were incorporated imto the curves, Adjustment

of the curves may be necessary to reflect site~specific conditions, geograpnic

Y or local conditions, or the need for standby power. The curves should be

' . : particularly useful for estimatinz the relative economics of alternative

’ _treatment systems and in the preliminary evaluation of general cost level . _
' to be expected for a proposed project, -.The curves contained in this report,

* ‘are based on October 1978 costs. £

iwdd LT

The construction cost was developed by determining and them aggregating
the cost of the following eight principal componeats: (1) Excavation and
site work; (2) manufactured equipment; (3) concrete; (4) steel, (5} labor;
(6} pipe and valves; (7) electrical equipment and Inscrumentacion; and
(8) housing, These eight categories were utilized primarily to facilitate
accurate cost updating, which 1s discussed in a subsequent section of this
chapter, The division vill also be helpful where costs are being adjusted
for site-~specific, geographic and other special conditions. The eight
categories include the following gemeral items:

vinow bt Lane

“Excavation and Site Work. This category includes.work reiated only
To the applicable process and does not include any general site work
such as sidewalks, roads, driveways, or landacaping.

Manufactured Equipment, This category includes estimated purchase cost
of pumps, drives, proceas equipment, specific purpose controls, and
other items that are factory made and sold with equipment.

34
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Concrete. This category includces the delivered cost of ready mix
coocrete and concrete-forming materials.

Steel. This category includes reinforced steel for concrete and
migcellaneous steel not included under manufactured equipment.

Labor. The labor associated wvith installing manvfactured equipment,
and pipimng and valves, constructing concrere forms, and placing
concrete and reinforcing steel are included here.

—— Pipe and Valves. Cast iron pipe, steel pipe, valves, and fittings
952 have been combined into a single catagory. The purchase price of

pipe, valves, firtings, and associated support devices are included
within this category.

Electrical Equipment and Instrumentation. The cost of process’ electrical’
equipment, wiring, and genera) instrumentation associated with the
process equipment 1s-incleded in this category.

Bousing. In lieu of segregating building costs into several components,
this category represents all material and labor costs associated with

the building, including heating, ventilating, air conditioning, lighting,
normal coovenience outlets, and the slab and foundation. .

The subtotal of the costs of these eight categories includes the cost
of materlal and equipwent purchase and installation. and subcontractor's
overhead and profit. To this subtotal, a 15-percent allowance has been
added to cover miscellsneous items not inciuded in the cost takeoff as well
as continpency items. Experience at many water treatment facilities has

" indicated thatr this l5-percent allowance is reasonable. Although blanket
application of this 15-percent allowance may result in some minor inequity
betwveen processes, these are generally balanced out during the combination
of costs for individual processes into a treatment svystem.

Y

The coustriction cost for each unit process is presented as a functiecn
of the wost applicable desien varameter for the process. For example, con-
atruction costs for package gravity filter plants are plotted versus capacilty
in gallons per minute, vhereas ozone generation system costs are presented
versus pounds per day of feed capacity. Use of such key design parameters
allovs the curves té be utilized with greater flexibility chan if all costs
were plotted versus flow. )

. The construction costs shown in the curves are not the final capital
cost for the unit process, The construction cost curves do not include coasts
for speclal site work, general ccntractor overhead and profit, engineering,
or land, legal, fiscal, and administrative work and interest during construc-
tion. These cost items are all wore directly related to the total cost of

a project rather than the cost of the individual unit processes. They are
"therefore moat appropriately added following cost summation of the individual
unit processes, if more than one unit process is required. The examples
presented in a subsequent section of this volume fllustrate the recommended
method for the addition of these costs to the construction cost,

35
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Fi) . Construction costs ure presented [or wash water sworane tanks in Talk e
3 -g3 91 and Figure 112

- o REVERSE “SMOSIS

Y : Congceuction st

Raverse osmosis vtilizes membrancs to remove a high percentapye ofF gl
all tnorzanic lons, turhidity, bacteria, and viruses. Mosg erganic mapger
{s alsn removed, with the exceprlon of several materlils, including moxt
halogenated and low molecular welght compounds. |

Sl

Commerciatl units are available in sizes up to akomt 5,000 gpd fur rhe
membranc clements and up to 10,000 gpd for the reverse vsmosis nodules
{prossure vessels). Therefore, large-scale plants wonld be compescd w1 many
s small, parallel modules. Compcnents takuem {nte account ia the conxtrucy fon
I? cost egtimates include housing, strucrural steel and miscellancous mta._wnrk.

tanks, piping, valves, pumps, teverse vsmosis mcmbranc clements and pressurc
vessels, [lov neters, cartridge filters, acid and polyphosphate feed equlipment,
and cleaning equipmeat. The cost curves are based on the use of efther
spiral-wound or hollow fine-fiber revurse osmosis membranes.

=

The efficiency of the membtane elements in reverse oxmosir sysl -ms may
he impaired by scaling because of slightly soluble or insoluble compcunds,.
or by fouling as a result of the deposition of cvlloidal or suspended
materials. 3mcause of this, a very important conside "ation in the design of
a reverse osmosis system 1s the provision of adequate pretreatment tu procect
the membrane from excessive scaling and fouling and to avoid frequent cleaning
tequirements. Tn the development of the cost curves, adecuate prétreatment ’
‘s assumed to precede the reverse osmosis process, and costs for precrentment
are not irrluded in th: 2stimates.

Bt

T

The construction cost curve applics to waters with a total dissolv.ed
solids (TDS) concentration ranging up to about 10,000 my/i. ther considera-
tions, such as calc.ur sulfate and silica concentrations and also the dusired
water recoverv, affest costs more than the influcnt TDS cencentration,

The temperature +f the feedwater is assumed to be hetwean 85% and 957F, anad
the pH ¢. the feedwater is adjusted to abeut 5.5 to 6.0 befare the reverse
osmosis process. A single-pass treatment system (only ane pass througn the
membrane) is assumed, with an operating pressure of 400 to 450 psi. The
assumed water recoveries for different [low ranges are as follows:

}

 { . ) Flov Range (mgd): Water Recovervy (%)
[ U T - ... .BO :
"' 10 -200. - - - « . - - . .85
Y Brine disposal costs are not inrluded in the estimates.
lﬁ Construrtion costs are presented ir Table 92 and also in Figure 113,
| |
246
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Table 92

Conntruction Cost for

Cost Categnry

HManufactuved Equipment

A}

Labor
Electricsl and Inscrumentation

Housirg "’
SUBTOTAL
Miscellaneous and Cnntingeancy
TOTAL

Roeverse Osmonis

Plant Capacity (mgd)
100

1.0 10 700
$474,210  § 3,456,480 §29,174,260 $56,438,930
70,420 346,850 2,312,349 2,837,870
65,740 486,270 3,635,690 6,947,480
64,263 462,650 2,409,660 4,176,740
674,630 4,754,250 37,531,950 70,401,02
101,190 713,140 _5,629,790 10,560,150
775,820 5,467,390 ' 43,161,740 80,961,170
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GRAPH #15

Reverse Osmosis
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0.001 0.002 0.005 0.01 0.02 005 0.1

Plant Capacity (mgd)

ENR Index Handy Whitman

Note: Source E, Figure 35, pp. 88, 92-95.

Cobinaliyy Ul et Costs -3

/



UV R

oL e Rid ovw ol ol e Ll — e L
— S
GRAPH #15
Reverse Osmaosis (Fig. 35}
Treatment Canst. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
{gpd) (%) Index Index Cost ($) Whitman Whitman Cost {$)
2,500 14,000 2851 5433 26,679 181 319 24,674
5,000 17,000 2851 5433 32,396 181 319 29,861
7.000 20,000 2851 5433 38,113 181 319 35,249
10,000 25,000 2851 5433 47,641 181 319 44,061
50,000 79,000 2851 5433 150,546 181 319 139,232
100,000 140,000 2851 5433 266,791 181 319 246,740
200,000 225,000 2851 5433 428,771 181 319 396,547
500,000 450,000 2851 5433 857,541 181 319 793,094
1,000,000 760,000 2851 5433 1,448,292 181 319 1,339,448
GRAPH #16
Package High— Service Pump Stations (Fig. 53)
Treatment Const. June 1995 Current
Capacity Cost ENR ENR Current Handy Handy Current
(gpm) (3) Index Index Cost ($) Whitman Whitman Cost ($)
30 12,500 2851 5433 23,821 155 259 20,887
50 13,000 2851 5433 ' 24,773 155 259 21,723
70 14,000 2851 5433 26,679 155 259 23,394
100 14,500 2851 5433 27,632 1556 259 24,229
200 16,000 2851 5433 30,490 155 259 26,735
500 18,000 2851 5433 34,302 155 259 30,077
1,000 20,000 2851 5433 38,113 165 259 33.419
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- was assumed,
matraviolet lamps.
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wvith only occasiunal shutduwnm to clean cells and veplace weak

Maintenance matevrials are related to the replacement cost of the ulrra-

violet lamps, which are generally replaced arter operatino ccmtinuously for
about 3,000 hr.

Labo~ regquirements are related ro occasional cleaning of the quarrz
sleeves znd pericdic replacement of the uvlrraviolet lights.

Operation and maintenance requirements are smarized in Table 38 and

‘ alsoc presented :ln Figures 33 snd 34,

- REVERSE OSHOSIS

Ccmstrnction Cost

Reverse oswosis utilizes membranes to remove a high percentage of
"almost all inorganic ions, turbidity, bactéria, and viruses. MHost organic
matter is also Temoved, with the exception of several materials, intluding
wost halogenated and low-molecular—weight cowpounds. :

Construction costs were developed for complete revarse osmosis plants
in the sizec ranges from 2,500 gpd to 1 mgd. Commercizl wmits ire zvailable
in sizes up to about 5,000 gpd for the membrane elements and up te 30,300 gpd
for the teverse osmogis modules (pressure vessels). Therefore, large~scale
plants are composed ‘of many smaller, parallel modules. Components taken if.to
account in the construction cost estimates include housing, - scructural steel
and miscellaneous metalwork, tanks, piping, valves, pumps, revers~ osmo»is
mezbrane elements and pressure vessels, flov meters, cartridge filters, acid
and polyphosphate feed equipment, and also cleaning equipment. The cost

curves are based on the use of either spiral-wound or hollow fine~fiber
Teverse osmosls membranes.

The efficiency of the membrane elements in reverse osmosis syutems way
be impaired by acaling (vecavse of slightle goluble or insoluble compounds)
or by fouling (because of the depositiin of colloldal or suspended materials).
Bécause of this possibility, a very iwportunt consideration in the design
of a reverse oswosis system {c the provision of adequate pretreatmecnt to
protect the wembrane from excessie scaling and fouling and Lo avoid fre-
quent cleaning requirewments. In the deavelopment of the cost curvesa, adequate
pretreatment was assumed to precede the reverse osmosis process, but costs
for pretreatment cre not included in the estimates.

The corstruction cost curve applies to waters wvith a total dissolved
solids (IDS)} comcentration vanging vp to sbour 10,000 mg/l. Other consider-
ations, such as calcium sulfate and silica concentrstions and also the
desired water recovery, affect cost mere than the influent TDS concentration
The temperature of the [eedwater is assumed to be between 65° and 952 F, and
the pH of the feedwarer 1s adjustzd to about 5.3 to €.0 before the reverse
osmosls process. A single-pass treatment system {only one pass through the
wembrang) 1s assumed, with on operating pressure of 400 to 450 psi. The

88

Bulldirs energy is for heating, lightirg, and ventilation.
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l assumed water recoveries for different flov zanges are as follows:

B l : ' Flov Range Water Recovery (X}
L 2,500 - 10,000 gpd 60

'I' | 10,000 - 100,000 gpd 70

2 100,000 gpd - 1.0 mgd - 15 I
\

’}* Brine disposal costs are not included in the estimates. Construccicn cost

Ji estimates are presented in Table 39 and also in Pigure 35. _
; o . ) ]
3 | Operation and Maintenance Cost

I

3t

Electrical energy usage is included for the high-pressure feedvater i
pumps, based oo an operating pressure of 450 psf and om the water recoveries l
ligted in che constructicn cost write—up. Per other pumps and chemical
feed equipment, an energy usage of 10 yercenw of the usage for the high-
preasure pumps vas assumed . Electrical energy for 1ighting, heating, and . l

»2atilaring was calculated, based on an eacimated floor area required for
} ’ couplete Yousing of the Tevers: omsia equipm\:.
!

1

" The largest maintensnce material raquirment is’ for mwembrane replacement: -
a membrane life of 3 years was used in the cost estimatea. Other mainten—
ance materiai requirements are for replacement of carrridge filrycs, for
) wembrane cleaning chemicrls, and for materials aeeded for periodic repair
Ea of pumps, motors, and electrical comtrol equipment. Costs for pretreatment
i chemicals, such as acid and poiyphosphate, sTe not included im the esrimates.
The checlcals ovtilized and the désages required will rhow g-eat variabiliry

between different weter supplies and should dSe determined fruom pilot plant l

l o testing.

Iabor requlrements are for cleaning and replacing membranes, replacing
- cartridge filters, saintaining the high-pressure axd other pumps, preparing
treatment chemicaln and detarmining proper dosages, maintaining chemical
feed equipment, and munitoring perfurmance of the reverse oswosis wembranes
Hembrane clesuing wos aseumed to occur monthly. In sstimaring labor require-

ments, a minimum of about 1.5 hr/day of lsbor wna asaumed for the smallest
plant.

——

i}

. Opexation and maintensnce requirements are smrized {n Table 40 and
. _ :!.IJ.Mtrs:ed in Figures 36 'and 37. o @ =

"

mzssunz ION EXCEANGE SOFTENING

Constyuction oat . ’

Cation exchange resins can be utilired for the removal of hardness,
" barium, trivalent chromium, lead, manganese, mercury, and radjum. Construc-
- tion costs vere developed [or pressure ion exchange softening systems using
the conceptual informatiom presented in Teble 41. The cont~ct vessels were
fabricated steel, with s baked phenolic liring mdded after fabrication and
constructed for 100 pel working pressure. The depth of resin wos 6 ft,

. . P . 5 92
TN . . . -

voiindl bt ey e
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Coh Table 39
% Conatruction Cost for
Reverse Ogmosid -
T . . Plant CapleiéL_ {gpd )

Cost Category 2,500 10,000 100,000 1,000,000
.Hanufacfured Equipment $ 3,710 $11,140 §81,050 § 474,210
Labor 770 2,2100 16,080 70,420
Electrical and Insirumentation 4,190 §.710 10,680 £5,740
Housing’ S 2,680 - 4,070 6,430 64,260

: SUBTQTAL 11,350 : 22,130 114,240 674,630
Miscellanecus and Contingency 1,700 -3,320 17,140 101,190
TOTAL . 13,050 25,450 131,380 775,820

B¢ 40 T (0T 3Jovd
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0 .

400 ¥ 8° PVC—SDR 35 (10'—12'deep)

1 2 3 4 /Manhote

8 7 6 ]

Cd

sawage pump %ﬁon

[

it

** Al pipe is 8° PVC (400’ sections)

b

Cose A ®2 B
o - LS MH wH MH M MH
= S = > — - — —
} (12-1072)  (10.62-934) (@24-7H6} (B65-6.56) (648'-52)
-‘ ' case C,
(. Cooe D
]
} Lo Q L q»“
Whole Installation (120 units) Depth Manholes
FRL
i _ 10'—12' 1.2,3
e 8" Gravity Sewer 47 | 8'—10' 456
- 6'—8' 7-12
] 10'—12' deep => 1782 f i 0'~6' 13,14,15
b 8'—10" deep => 1782 f
6'—8 deep => 1689 If LS ¢t
0'—6" deep => 750 f 2 5 BN W
45
- L 13
L I
%12

~ (case £ |

bams
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Dl 8" Grayly gower ($0R35—Prc )
D- o ¥925/%
-2’ > ¥ lzoo/ e+ -
g-10" = ¥ fp.00/

-1z’ 2 % 18.50/F+

et Vmesd

__. @ %% Full Jostallakicn Adders
& __Mobllizadien o= 0%
b).v T&.S-}:lrg‘__ = B{/A
<) Per.:ma'}ting-' = #5800

@ Makoles  * ( Tnskled. Cost.using. B Tabs o .precast
,  umanfactues valves) )
o7 ,ﬁ i3co /e“
e 2 %50 /fen.

R ‘ 8w ® R imo e
_1p-12t. 2 *zo fea

Soos ol sl Wiew Uyolg Lo
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(A o)

thoe 2 95~ 145, €0

(_ CAsSE A )

moahole D

= #Z.IDD

oo Shotion ®  (34,4.0( Y

=# 329407 -

40" R sper o (doo)( i8.5)

= $7,-'&:3:::

420" fasting > (4o (A

- #4400

= *spo

1
1]
!
H

96!?1:"51\3. Z
obili gabon 3 (2691 D(0.1)

=% 1269, 4)

\.i}

ToTAL

* )3, 93, so

4 Uﬂf“J"‘S/lo%

_8 Jots

ONTT Cbsf >

e
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N e — ~
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pace__ 20 oF &

SH. NO. B NO.: ?5-__ ~2
HARTMAN & ASSOCIATES, INC.  foorr=——— Lot
cagineers, hydrogeologists, surveyors & management consultants BY: :
‘C»Q-}- Caloulaions \
(Case B Cost- (#)
Manholes 2 (io-r? & #zico :
(3-16"> # | oo > #5900
P“-’WP Station = (34/4“.2-7(|?/120> — $4,58'8, 1
¢ Irarity Sewer S (ioma’ . # 10,989 4 <
(%‘-:o')) $3,290 14,28
B0’ Testig > (000 #1/5D = # 300
omittieg = = ¥ sto
Nobiligation > (Z4p130 (o) =  Fz407.32
ToTAL ¥20, 4.5
#* wi'ts / lots = {6 fot=

pvTT  cosT > ot =( 155203 \
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SH NO: W O
HARTMAN & ASSOCIATES, INC. fomer 5 ’*"‘,o;,‘}g.
engineers, hydrogeologists, surveyors & management consultants  [GHEGKED BY: Iﬁﬁ

( Cost CQ‘QJJQHMQ

(ase C
Maaholes = (p-in’) ¥ 2100
(e-o'd ¥ /900
(o-8 4,580

Coxt (B

> = s lsj 452

Purp Stadton B (94412 (24/2s) - #u,v32.24
7 acaunily Swe > (lo-tz') "10‘?‘3‘7 '
ey (g-10") 4q 24 > = * 20,637
(o-8"D #1144
2o’ Testm > (wdCHAES = TLEe0
FUMH'HN} - - £ sTo
Mobili zmaten 2 (34, A.24) (0.1) = #3469
TOTAL ’?3‘3',134./(0
# wlts / lots - 2.4 lots

onET CosT 5 4ot

(Fomar
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HARTMAN & ASSOCIATES, INC.

SAW0: 5 PO 95 /45, 00

enginecrs, hydrogeologists, surveyors & management consultants

MADEEY: G310 MR /4t
ay: DATE:

Do

e 2
o g

CC06+ Caleudatons ]

[Cze B)

onholes =  (-12’D #5100
(z-1/) # Ifo0
(o-87) ¥ 3100

| pump Stabn = CM/{H.ZD)(R/T&D

Blgm.m'h{ Hue= 5 (lo-127) /0,957

(e-10") & 9,504

(-2 . % 4/444

Je00” Teshing > (o> ( 148D =
%MH‘Hn? =

Mobili zaton >  (43,73.3D (00D =

ToTAL.
+# ID{S/U/\""S =

ONTT CosT =

ot (B

> o

$‘?) 17%. 32

> = 4‘2.5; 427

#leoo
# 510

#4,3n,3

2/ (ot

# 43,085

3z lols
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HARTMAN & ASSOCIATES, INC. gﬁ_“’ i "jf/,";s,

engincers, hydrogeologists, surveyors & management consultaots

(Case £ Cost )
Cost (&>
Marholes < (Io-:z’) ($210>(3) » * e300
(g-r0") B )2 & s100 &
lo-2’) (M@ #3300 - 24 ,%c0
(D-67) (Ko@) #2900
Rirp Stablon = HA4f20 # 34, 4Il.20

T grawily seuer > (o) (1780 (15.3) ¢ ‘
(§-10/ 00) =
JI) (l?fz) (lb ) - # 8?) 68450
oD () (12) =
Co-w’) (73D (3.25D°

boon” Zesting 7 (Loosd(HI/FD - #eoo
.Per‘m!{'h'na =) = .ﬁSDD |
Mooili zatien ¥ (154,445, 7) (6.0 - 3)5,449.57
# 2
# foks fualts = 20 fots

i

ONTZT CosT

0 oits > { Pass

40 witts > (47005 |
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. RECORD OF TELEPHONE COMMUNICATION

'A'i'TE: ‘M'ﬂ'—ff Time: _7-30

ROJECT NAME: S - Elonony of Stale  PROJECT NO:_ 25 =/45.00

/}TY CAi.LINC: _\S—QMM(J Loallace COMPANY: HAT

TY CONTACTED: _ Scot Eduwards company: Towlor  Recast

GﬁJECT: Mm'lule. COE’+5 4ld('a.4.deL Suson  fhge.
' Todg,  Phillips

-'.;EEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments)

I_.QEM ¥ ge " wall _JHickges X
3 0L #57% ‘

2 =% #0,5%

# g0  ¥g3,
10 -1z # 450 * No Economice of Scale e
le-14 %1070 :

1

5

ACTION REQUIRED

HARTMAN & ASSOCIATES, INC.

engineérs, hydrogeologists, scientists & management consultants

ll
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4§  RECORD OF TELEPHONE COMMUNICATION- -

S _W Time: 3290

“YOJECT NAME: 39U Emom;, of Scale  pROJECT NO. _95-/45. 00
]

"\RTY CAWING: S S W COMPANY: AT
ajecT: __Ppe loshl, Costs (813 597- 2i65~

-

§TELEPHONE COMMUNICATION SUMMARY (Including Decisions & Commitments)

»Fﬂﬁéure. Jeshng (‘“*F-‘"’D Avag. SOt /f sl > 7545
T & v —

gt oo 3 254 /64

3

% ~ignfeetion (wm)  #hu. #l/m smal_ b > $2 /o
| I #).50 = loge 500 > % 4 /ey
e Grvily Sewer — TV et #L0O/FF

i1 ACTION REQUIRED

'

—— HARTMAN & ASSOCIATES, INC.

——

_—_ engineers, hydrogeologists, scientises & manmgement coasultants
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SANITARY SEWER 9/19/94
SIZE DESCRIPTION PROJECT QUANTITY UNIT UNIT PRICE BIDDER YEAR
8" 90 DEG. BEND 2 I EA $205.00 MEYER 1994
8° X 22 \/Z BEND 2 1 EA $275.00 MEYER 1994
" 0.1, IMISC. ATTINGS) 1 20.5 ™ $5,000.00 MEYER 1988
© FITTINGS (OFF SITE) 2 1 LS $1,300.00 BRIAR 1994
z {16 X 6" b.I. CROSS HJWINGS 1 2 EA $1,080.00 MEYER 1988
— {20 x & DA CROSS 1 2 EA $1,400.00 METER 1988
+ |24° X 6~ D.I. CROSS ATTINGS 1 3 EA $1,710.00 MEYER 1988
~ |30" X 8" D.L CADSS FITTINGS 1 2 EA $2,110.00 MEYER 1938
— { 8" X 6 WYE WITH 45 DEG. BEND 2 58 EA $37.00 MEYEK 1984
w }10" X 6° WYE WITH 45 DEG. BEND 2 19 EA £80.00 MEYER 1994
6 X 4 DOUBLE WYE 2 58 €A, $28.00 MEYER 1994
4= PG 2 112 EA $2.80 MEYER 1954
6 PUG 2 83 EA $4.20 MEYER 1994
8°  DIF {RESTRAINED) 2 120 LF $48.00 MEYER 1954
10 DWP{12-14° CUT) 2 20 LF $38.00 BRIAR 1894
10" DiP (10-12' CUT} 2 20 LF $35.75 MEYER 1954
8 DPFM 3 B0 LF $37.00 JHC 1884
10 DIPFM 150 LF $24.15 ESTERSON 1986
w| 10° DWFM 3 40 LF $49.50 JVHC 1994
a| 12 DIPFM 455 LF $28.26 ESTERSON' 1986
- B DIFFM 180 LF $20.89 ESTERSON 1936
o 8" DIPFM (0-6' CUT) 18 LF 418.00 HUBBARD 1990
B"  DIP FM (06" CUT} 18 r 319,70 GOPHER 1990
z 8*  DIP FM {0°-6" CUT} 18 \F $20.00 WITHERINGTON 1990
o 8" DIF(0-6' CUT) 18 LF $26.80 [ EY] 1990
o« 8~  DIP (6°8" CUT} 20 LF $1,500.00 X-RDS 1968
- 8" DIP(®-10" CUT) 36 LF $23.1% 8&D 1990
8" OIF FM {810 CUT} 36 LF $20.00 HUBBARD 1990
w 8" DIP FM (810° CUT) as LF $21.95 GOPHER 1990
' B DIFFM (8'-10° CUT) 36 LE $22.00 WITHERINGTON 1590
— I & DFfic s 1 3250 LF $31.20 MEYER 1588
16~ DIP FM (L 50) 1 3250 LF $30.00 MEYER 1988
16° _ DIP FM {CL 50} 1 250 LF $43.15 MEYER 1988
> [ 20~ DI FMICL 50 b 250 LF $55.90 MEYER 1988
o] 200 owmcLse 1 3265 LF $27.00 MEYER 1988
20" DIP FM (1 50} 1 3265 LF $40.20 MEYER 1988
24°  DIF FM (CL 50 1 5645 F $48.90 MEYER 1988
24~ DiF P ICL 50 1 5645 LF $45.00 MEYER 1888
24" DIP FM ICL S0} 1 £10 LF $64.30 MEYER 1988
DIP FM (CL 50} 1 425 32 $87.00 MEYER 19828
DIP FM (CL 50) 1 5600 LF $60.00 MEYER 1988
PVC {0'-6" CUT) 338 LF $3.50 X-RDS 1988
PVC {0°-5* CUT) 707 LF $6.80 HUBBARD 1990
PVC {086’ CUTY 707 LF $7.70 GOPHER 1990
PVC (06" CUT) 707 LF $7.00 WITHERINGTON 1990
PVC (06" £UT) 707 LF $11.70 BaD 1990
PVC ".6" CUT) 2 2906 LE $10.00 MEYER 1984
PVC {0'-8" CUT) 2 2950 - LF $8.00 BRIAR 1994
= " PVCIDI 078" CUT) 7 30 LF $13.00 SOUTHWEST 1994 .
o .yi:' PVCIDI (0°-8° CUT) 7 30 LF $13.75 ROCKET 19%¢ Syt
T PVOmLIO-S' CUT) 7 30 LF $14.00 MUSTANG 1994
v 8= PVC (68 CUTy 1055 LF $7.90 HUBBARD 1990
> 8* PVC {68 CUT) 1055 \F $8.75 GOPHMER 1990
a 8"  PVC{G-g'CUM 1055 LF $8.50 WITHERINGTON 1380
8" PVC{6.B" CUT} 643 LF $14.50 X-ROS 1988
8= PVCie-g cUn) 1055 LF $12.35 BaD 1990 -
8  PVC(5-8" CUT) 2 243 LF 49.12 BRIAR 1994
8 PYC 68" CUM 2 700 LF $8.50 BRIAR 1994
8" . PVC (58" CUM 2 601 tF $11.50 MEYER 1994
" PVC/DIEE' CUTY 7 635 LF $15.00 SOUTHWEST 1994
*  PVC/DI (68" CUT} 7 635 LF $21.00 ROCKET 1984
- PVCDI (68" CUT) 7 LF $18.00 MUSTANG 1994

Sawer 1
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SANITARY SEWER 9/19/94
G SIZE DESCRIPTION : PPOJECT QUANTITY UNIT_UNIT PRICE BIDDER YEAR
: T % FcEaoon €75 iF ¥9.37 “HUBBARD 1990
3 8 PVCI8-10°CUT) . 675 W $9.95 GOPHER 1990
8" PVC (810" CUTY 675 W $9.00 WITHERINGTON 1890
8~  PVC (8'-10° CUT) 675 LF $13.05 BLD 1990
H 8- PVC (8- 10°C0F) 2 1480 LF $8.90 BRIAR 1994
i 8 PVC WM 2 800 LF $9.25 JMHE 1994
g~ PVC{8-10° CUT} 2 1513 LF $14.00 MEYER 1994
& *  PVC/DI {810 <UT) 7 390 LF $20.00  SOUTHWESL 1994
’ *  PVC/DI (8°-10° CUT) 7 aso L $24.00 ROCKET 1994
*  PVCM (810" CUT) 7 390 \f $25.00 MUSTANG 1994
& PVC (10412 CUT) 217 LF $11.26 HUSBARD 1580
g8 PVC10%12' cun) 317 LF $12.45 GOPHER 1950
T 8= PVC(10™-12' CUT) 317 F $11.00  WITHERINGTON  19%0
} 8" PVC(10-1Z' CUD) 317 F $14.90 BLD 1990
8" PVC [10-12' CUT) . 2 20 LF $9.75 JMHC 1994
8 PVC(12-14° CUT) 418 F $13.25 HUBBARD 1950
8= PVC(12-14°CUT s LF $15.45 GOPHER 1990
AP : 8" PVC(12-14"CUT) a8 F $13.00 WITHERINGTON 1990
o 8= PVC{12%14'CUT) 418 LF $18.05 sLD 1950
" PVC/DI (1214 CUT 7 183 LF $30.00  SOUTHWEST 1994
IpL' PYC/MDI (12'-14° CUT) 7 183 LF $31.00 SOCKET 1994
™ PVCIDA 112°-14° CUT) 7 183 LF $45.00 MUSTANG 1994
g & PVC (14-16 CUN 166 F $16.35 HUBBARD 1930
8" PVC{14-16" CUT] 166 wF $16.35 HUBBARD 1990
‘ocav) 8" PVC (14%18° CUT) } 168 W $15.00 WITHERINGTON 1990
: 8~ PVC (14%-18' CUT) ? 166 i $17.50 840 1900 Gm.
1 8- PVC (1&-18 CUT) 357 LF $21.80 HUBBARD 1890
§ 8- PVC(18-18° CUT) 3s7y W $19.95 GOPHER 1990
8"  PVC(16-18° CUTY | as? tF $17.00  WITHERINGTON 1990
PVC {16"-18" CUT) sz LF $19.35 8&D 1990
PVC FM 20 LF $10.0C HENSON 1986
PVC FM 7 675 Lf $6.00  SOUTHWEST 1984
PVC FM 7 67s \F $7.50 ROCKET 1994
PVC FM 7 675 LF $10.00 MUSTANG 15954
FVC FM 20 LF 310.00 ESTERSON 1988
PVC FM 5 188 iF 310,00 JENKING 1993
PVC FM 1 1128 ¥ $17.60 MEYER 1988
PVC FM 3425 LF $9.00 HENSON 1986
PVC FM 2 7050 LF $6.50 MEYER 1994
PVC FM 3 1360 LF $8.00 JMHC 1984 -
PVC FM (ON SITE} 2 EYETS W $7.40 BRIAR 1994 F
—-| & »vcPm OnsTE z 3720 LF $8.00 JMHC 1994 L,
5 ol & PVCFM OFF SITE 2 3060 ¥ 37.84 BAAR 1954 %
g 8*  PVCFM (OFF SITE) 2 80 LF $8.00 JMHC 1994 -
> o| 10 PVCFM ; 1950 F 410,56 HENSON 1986 .
>] 107 FVCFM 3 248 LF $15.00 JMHC 1994
al 12 PVCFM 2975 LF $12.00 ESTERSON 1986
4 PVC SERVICE LATERAL 350 LF $5.30 X-RDS 1988
6"  PVC SERVICE LATERAL 1988 LF $12.48 BLD 1990
& PVC SERVICE LATERAL 1988 W 410,18 GOPHER 1980
6" PVC SERVICE LATERAL 1986 tF $5.00 WITHERINGTON 1950
£ & PVC SERVICE LATERAL 1986 LF $7.80 HUDBARD 195C
i 6 __ PVC SERVICE LATERAL 535 LF $8.10 VANNICE 1950 -
¥ 6" DOUBLE SERVICE LATERALS 2 77 EA $328.62 BRIAR 1994
6" DOUBLE SERVICE LATERALS 2 &0 EA $275.00 JMHC 1994
2 &= DOUBLE SERVICE LATERALS 3 50 iF $265.00 JMHC 1954
; 6  DOUBLE SERVICE LATERALS ?. 18 EA $275.00  SOUTHWEST 1994
6" - DOUBLE SERVICE LATERALS 7 13 EA $310.00 ROCKET 1894
6~ DOUBLE SERVICE LATERALS -7 18 EA $450.00 MUSTANG 1994
6%  SINGLE SERVICE LATERALS Fl 3 EA $301.67 BRIAR 1954
- SINGLE SERVICE LATERALS 2 1 EA $245.00 JMHC 1994
6" SINGLE SERVICE LATEAALS 3 14 €A $245.00 JMHC 1994
6" SINGLE SERVICE LATERALS 7 5 £A $225.00 SOUTHWEST 1984
6" SINGLE SERVICE LATERALS 7 5 EA, $280.00 AOCKET 1994
B a” SINGLE SERVICE LATERALS 7 5 EA $350.00 MUSTANG 1954

(Y
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HARTMAN & ASSOCIATES, INC. ‘xlfw ?‘5]'_” St

cngineers, hydrogeologists, surveyors & management coasultants

_Coladadions (t.s. Flow)

® 1o gpm 2 144,000 gpd. G4 = 36,000 gpa (ADF)

36000 W/ s, optfinrt @

@ 200 P 5> Z¥T,000 gpd C"-. 4‘_\) = 72,000 apd. (ADF)

72,000 308/ 300 gpt fuutt: = [ 240 _waits)
@ Zoapm D 435,00 g ($35) = 123,427 gph (ADF)
3, 420 6/ sc0 . fuit -

@ 40D gpn D 57,000 apd (3.8 = 164,57 3pd (AOP
lod, STl o/ 300 gp funtt- = [ AT _wits |

D 50 gom 720000 gpd (38D = 208, 7/6 gpol (ADF>
2‘“5/7’53"‘*/.5005,:&@:# = Ewp 't ]

Y] GO0 gpm 5 i OCC gpa (=3.8> =~ 246, 57 apd  (ADED
/3T 500 /o St -

@ wosm > 1,008,000 (=8) = 336000 gk (ADFD
330, 000 9%/ 300 808 furit = [Hz0 oaits |

® o 9pm 7 1,152,000 apd (23> = 384,000 (AP

354,000 %2 /300 g faut- = [ 1280 an'ts )

@ 900 pm > 1,276,000 96 (33> = 432,000 spt ( ADF)

432,000 374/ 300 3pd, funt = l 1440 wi'k _]

D) 1000 gpm 7 1,440,000 gpd (23> = 4¥O,000 gpck (ADP

43’9/000%/50(:3,-4/“4,3- = DC"DO wnits |
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 P—_— Lob No.  95-145.00
. _ - Jaw Date: 8/14/95
Station No. 1 Submersible  f— wte:
Installed “ 1895  Depth (ft}: 5 Diameter {ft): 3]
Precast Well -
wet Wellift ) 15.00 $125/FT : COST= $1,875
Top Slab{cy) 0.70 $450/cy COST= $314
Base Slab{cy) 3.11 $450/cy COST= $1,398
Excavation
Surface Diameter (ft} {2*Depth) + 10ft + Dia. = *SD" = 46
Surface Area {ft ) { (3.143 5)'('SD"-1“2)I4= "SA" = 1662
Base Diameter (ft) Dia+10ft= "BD" = 16
Base Area (ft) { {3.1415)*{"BD"}"2)/4= *BA" = 20%.1
Volume (cy) (1/3*("SA"}*(Depth + "BD")-1 13*({"BA"W"BD" )27 =
o "Vol" = 596

$1.25/cy COST= $745
Backfill{cy) "vol™-{ {3.1415)(Dia.)*2({Depth}}/27= ~8K"= 533

$1.25/cy COST= $667
Dewatering
Circumference 2* (3. 1415){("SDO™ + 2)/2t 150.8

$75/LF COST= $11,310
Valve Box: Length(ft} 5

Widthift) 5
Walls 8"
Base Slab (ft ) 25
Top Siab Aluminum Hatch COST= $1,440

TOTAL STRUCTURAL COST= $17,748.87
Pumps: 2 Motors: 2
Horsepower 5 5
GPM 100
Manufacturer Flyght/ABS
Model No. TOTAL PUMP COST = $11,200.00
Controls/Elactrical: Estiméted at 20% of Total Package Cost

TOTAL CONTROL COST= $2,800.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST= $2,662.33
4" Plug Valve (2}
4" Check Valve (2} TOTAL LIFT STATION COST= $34,411.20

47 connector
Emergency pump out
4" Dl piping
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P— Jdob Mo, 95-145.00
. hande By JJW |Date: 8r14s95
Station No. 2 Submersible Checked By Joete:
instalied 1855  Cepth (ft): 16 Diameter (ft): 6
Precast Well
Wet Well{ft ) 16.00 $125/FT cosT=  $2,000
Top Slablcy: 0.70 $450/cy COST= $314
Base Slab{cy) 3.11 $450/cy COST= $1,398
Excavation
Surface Diameter {ft) {2*Depth) + 10ft+ Dia. = "SD" = 48
Surface Area (ft ) { (3.1415)*("SD"}1"2)/4 = "SA"= 1810
Base Diameter (f1) Dia+ 10ft= "BD" = 16
Base Area (ft) [ {3.1415)%("BD")"2}/4 = "BA" = 201 .1
Volume {cy} (1/3*("SA™) '(Deqth +"BD"}-1/3*{"BA"N"BD™")}/27 =
"Vol™ = 675
$1.25/cy COST= $844
Backfill{cy) "VoI®-{ (3.1415}(Dia.)"2(Depth}}/27= “BK = 608
. $1.25/cy COST= $760
Dewatering
Circumference 2* {3.1415H{"SD" + 2)/2f 157.1
$75/LF COST= $11,781
Valve Box: Length(ft) 5 ’
Width{ft) 5
Walls 8"
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $18,537.00
Pumps: 2 Motors: 2
Horsepower 6 5
GPM 200
Manufacturer Flyght/ABS
Model No. TOTAL PUMP COST= $11,600.00
Controls/Electrical: Estimated at 20% of Total Package Cost
TOTAL CONTROL COST= $2,900.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST = $2,780.55
4" Plug Valve (2)
4" Check Valve {2} $35,817.55

4" connector
Ermergency pump out
4" DI piping

TOTAL LIFT STATION COST =
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6" connector
Emergency pump out
6" DI piping

 M—y. Jaob No.  95-145.00
. : Made By JIW |Date: 8/14/95
Station No. 3 Submersible E—re loate:
Installed 31995  Depth (ft): 18 Diameter (ft): 6
Precast Well ~ =:
Wet Well(ft } 18.00 $125/E7 COST~  $2,250
Top Slabicy) 0.70 $450/cy COST= $314
Base Slablcy) 3.11 $450/cy COST= $1,398
Excavation ‘
Surface Diameter (ft} {2*Depth} + 10ft + Dia. = "8SD" = 52
Surface Area (ft ) { (3.1415)*{"SD"}"2}/4 = "SA" = 2124
Base Diameter (ft) Dia+ 10ft= "8D" = 16
Base Area (ft) { (3.1415)*("BD"}"2)/4 = "BA" = 201.1
Volume (cy) {1/3*{"SA")*{Depth+ "BD"}-1/3*("BA™){"BD")}/27 =
. “Vol* = 852
$1.25/cy COST= $1,065
Backfill{cy} "Vol"-{ {3.1415){Dia.)*2{Depth}}/27= "BK"= 776
$1.25/cy COST= $970
Dewatering .
Circumference 2* {3.1415){{"SD" + 2)/2f 169.6
$75/LF COST= $12,723
Vatve Box: Lengthift} 5
Width{ft) 5
Walls 8"
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST=~ $1.440
TOTAL STRUCTURAL COST= $20,160.38
Pumps: 2 Motors: 2
Horsepower 9 5
GPM 300
Manufacturer Flyght/ABS
Maodel No. TOTAL PUMP COST = $12,800.00
Controls/Electrical: Estimated at 20% of Total Package Cost
TOTAL CONTROL COST= $3,200.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST » $4,032.08
6" Plug Valve {2)
6" Check Valve {2} TOTAL LIFT STATION COST = $40,192.46
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I;mut No. lJob No. 96-145.00
. —y JIW [oate: Br14/05
Station No. . 4 Submersible | E— Joas:
Installed 1895 Depth (ft): 20 Diameter {f1): 6
Pracast Well
Wet Well(ft ) 20.00 $125/FT COST= $2,500 *
Top Sisblcy} 0.70 $450/cy COST= $314
Base Slab(cy) 3.11 $450/cy COSTw= $1,398
Excavation
Surface Diameter {ft) (2*Depth} + 10ft + Dia. = “SD" = 56
Surface Area (ft ) ( (3.1415)°("SD")"2)/4 = "SA" = 2463
Base Diameter {ft) Dia+ 10ft= *BD" = 16
Base Area (ft} { (3.1415)*("BD")"2}/4= "BA" = 201.1
Volume (cy) {1/3*{*SA")*(Depth + "BD")-1/3*{"BA~H{"BD")}/27 =
' “Vol" = 1055
$1.25/cy COST = $1,319
Backfill{cy) "Vol™-{ {3.1415)(Dia.}*2(Depth}}/27= "BK'= 971
$1.25/cy COSTm= $1,214
Dewatering
Circumference 2* (3.14150("SD" + 2)/2t 182.2
$75/LF COST= $13,666
Valve Box: Length{ft} 5
Width{ft} 5
Walis B
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $21,850.47
Pumps: 2 Motors: 2
Horsepower 12 L
GPM 400
Manufacturer Flyght/ABS
Model No. TOTAL PUMP COST = $14,200.00
Controls/Electrical: Estimated at 20% of Total Package Cost
TOTAL CONTROL COST = $3,650.00
Piping/Fittings/Equipment: TCTAL EQUIPMENT COST = $4,370.09
6" Plug Valve (2)
6° Check Valve (2) TOTAL LIFT STATION COST= $43,970.57

6" connector
Emergency pump out
6" DI piping
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fnaet wo. lJob No.  95-145.00
. Made by JIW Date: 8/14/95
Station No. 5 Submersible [ Chacked By Date:
Installed - - 1995 Depth (ft): 18 Diameter {ft): 8
Precast Well
Wet Well{ft } 18.00 $125/FT COST= $2,250
Top Slablcy) 1.24 $450/cy COST= $559
Base Slabicy) 4.42 $450/cy COST= $1,991
Excavation
Surface Diameter (ft) {2*Depth) + 10ft + Dia. = "“SD" = 54
Surface Area (ft) { [3.1415)'("50"')“2).!4 = "SA" = 2290
Base Diameter (ﬂ:) Dia+ 10ft= "BD" = 18
Base Area (ft) { {3.1415)*("BD")*2}/4= "BA" = 254.5
Volume (cy) {1/3*("SA")*(Depth+ "BD")-1/3*{"BA"N"BD"))/27 =
' "Vol" = 961
$1.25/cy COST= $1,202
Backfill{cy} *Voi"-{ {3.1415}Dia.)"2(Depth}}/27= "BK"= 827
$1.25/cy COST= $1.,034
Dewatering
Circumference 2* {3.1415)(("SD" + 2}/2f 175.9
g $75/LF COST= $13,195
Valve Box: Length(ft} 5
Widthi{ft) <]
Walls 8"
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $21,670.09
Pumps: 2 Motors: 2
Horsepower 13.5 5
GPM 500
Manufacturer Flyght/ABS
Maodel No. TOTAL PUMP COST = $14,800.00
Controls/Electrical: Estimated at 20% of Total Package Cost
TOTAL CONTROL COST= $3,700.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST = $5,417.52
8" Piug Valve {2}
8" Check Valve (2) TOTAL LIFT STATION COST = $45,587.61

8" connector
Emergency pump out
8" DI piping
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shea 4o Jaob No.  95-145.00
. Mads By JJW ]Dna: 814495
Station No. 6 Submersible | — Joase:
installed 1995  Depth {ft): 20 Diameter (ft}: 8
Precast Well
Wet Well{ft } 20.00 $126/FT COST= $2,500
Top Slablcy) 1.24 $450/cy COST= 4559
Base Stabicy)} 4.42 $450/cy COST= $1,991
Excavation
Surface Diameter {ft} {2*Depth) + 10ft + Dia. = "SD" = 58
Surface Area [ft) { {3.1415)*("SD")"2)/4= "SA” = 2642
Base Diameter {ft) Dia+10ft= "BD" = 18
Base Area (ft) { (3.1415)*("BD")*2)/4A = "BA" = 254.5
Volume {cy) (1!3'("5A'}‘(Degth + "BD")-1/3*("BA")("BD"W/27 =
*Vol" = 1183
$1.25/cy COST= $1,479
Backfill{cy) "vol"-{ ({3.1415}{Dia.)*2{Depth}}/27= ~8K"= 1034
$1.25/cy COST= $1,293
Dewatering
Circumference 2* (3.1415){{"SD" + 2)/2¢f 188.5
$75/LF COST= $14,137
Valve Box: Lengthift) 5
Width{ft) <]
Walls 8"
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $23,398.00
Pumps: 2 Motors: 2
Horsepower 17.5 5
GPM 600
Manufacturer Flyght/ABS
Model No. TOTAL PUMP COST = $16,640.00
Coﬁtrollela'ctricnI: Estimated at 20% of Total Package Cost
TOTAL CONTROL COST= $4,160.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST = $5,849.50
8" Plug Valve {2)
8" Check Valve {2} TOTAL LIFT ETATION COST = $50,047.50

8" connector
Emergency pump out
8" D1 piping
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F—— Juob No.  95-145.00
. ads By JIW Joste: 8134735
Station No. 7 Submersible cnecked 8y Jows:
Installed #8895 _ Depth {f1): 20  Diameter (f): 10
Precast Well -
Wet Well(ft } 20.00 $125/FT COST= $2,500
Top Slablcy) 1.94 $450/cy COST= $873
Base Slab{cy) 5.98 $4560/cy COST= $2,689
Excavation
Surface Diameter (ft} {2*Depth) + 10ft + Dia. = "SD" = 60
Surface Area (ft } { 13.1415)*("SD")*2)/4 = "SA"= 2827
Base Diameter (f1) Dia+10ft= "BD" = 20
Base Area (ft) { (3.1415)*{"BD")"2)/4= "BA" = 314.2
Volume {cy) (1/3*("SA™}*{Depth+ "BD"}-1/3*("BA™M"BD")}/27 =
"Vol" = 1319

$1.25/cy COS$T= $1,648
Backfillicy) "Vol"-{ {3.1415}Dia.)"2(Depth}}/27= "BK"= 1086

$1.25/cy COST= $1,357
Dewatering
Circumference 2+* {3.1415}){("SD" + 2}/2¢ 194.8

$75/LF COST= $14,608
Valve Box: Length{ft} 5

Width{ft) 5
Walls g
Base Slab (ft } 25
Top Slab Aluminum Hatch COoST= $1,440

TOTAL STRUCTURAL COST= $25,116.18
Pumps: 2 Motors: 2
Horsepower 20.5 5
GPM 700
Meanufacturer Flyght/ABS
Model No. TOTAL PUMP COST= $17,600.00
Controls/Electrical: Estimated at 20% of Total Package Cost

TOTAL CONTROL COST= $4,400.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST = $6,279.04
8" Plug Vaive (2)
8" Check Valve {2} TOTAL LIFT STATION COST = $53,295.22

8" connector

Emergency pump out

8" DI piping
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| — |Job No.  95-145.00
. Mocs By JIW [Date: Br14/96
Station No. 8 Submersible | — Jome:
installed 1995  Depth {ft): 20 Diamater (ft): 10
Precast Well
Wet Well(ft ) 20.00 $125/FT COST= $2,500
Top Slablcy) 1.94 $450/cy COST= $873
Base Slab{cy) 5.98 $450/cy COST= §2,689
Excavation
Surface Diameter (ft) {2 *Depth} + 10ft + Dia. = "Sp" = 60
Surface Area {ft ) { (3.141 5)'("SD"]“2)I4= "SA" = 2827
Base Diameter (ft) Dia+ 10ft= "BD" = 20
Base Area {ft) [ (3.1415)*{"BD")"2)/4 = "BA" = 314.2
Volume (cy) {1/3*("SA"™)* (Depth + "BD"})-1/3*{"BA")("BD"N/27 =
) "Vol" = 1319
$1.25/cy COST= $1,648
Backfill{cy} "Vol"-{ (3.1415}{Diza.)*2{Depth}}/27= "BK"= 1086
. $1.25/cy COST= $1,367
Dewatering
Circumference 2* (3.14184("SD™ + 2}/2f 194.8
$75MF COST= $14,608
Valve Box: Length(ft) 5 o '
Width{ft) 5
Walls 8"
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $25,116.18
Pumps: 2 Motors: 2
Horsepower 21 5
GPM 800
Manufacturer Flyght/ABS
Model No. TGTAL PUMP COST = $18,400.00
Controls/Electrical: Estimated at 20% of Total Package Cost
’ TOTAL CONTROL COST= $4,600.00
Piping/Fittings/Equipment: TCTAL EQUIPMENT COST = $10,046.47
10" Plug Valve {2)
10" Check Vaive (2) TOTAL LIFT STATICN COST= $58,162.65

10" connector
Emergency pump out
10" DI piping
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PAGE_ 250
 — lyob Mo, 85-145.00
. [ncte By JIW Joawe: 8/14/95
Station No. 9 Submersible |enackea my Toss:
Installed ;23995  Depth (ft): 20 Diameter {ft): 10
Precast Well *°
Wet Well{ft } 20.00 $125FT COST= $2,500
Top Slablcy) 1.94 $460/cy COST= $873
Base Siab{cy) 5.98 $450/cy COST= $2,689
Excavation
Surface Diameter {ft) {2*Depth) + 10ft + Dia. = “SD" = 60
Surface Area {ft) [ {3.1416)*("SD")*2)/4= “SA"= 2827
Base Diameter {ft) Dia+10ft= "BD" = 20
Base Area {ft) { (3.1415)*("BD")*2}/4 = "BA"= 314.2
Volume (cy) {1/3*{"SA™) *{Depth+ "BD")-1/3*("BA")("BD /27 =
"Vol" = 1319
$1.25/cy COST = $1,648
Backfill{cy} "Vol"-{ (3.1415)(Dia.)*2{Depth}}/27= “BK™= 1086
$1.25/cy COST= $1,357
Dewatering )
Circumference 2% (3.1415){("SD" + 2}/2f 194.8
. $75/LF COST= $14,608
Valve Box: Length(ft} 5
Width(ft} )
Walls 8"
Base Slab (ft ) 25
Top Slab Aluminum Hatch COST= $1.440
TOTAL STRUCTURAL COST= $25,116.18
Pumps: 2 Motors: 2
Horsepower 27.5b 5
GPM 800
Manufacturer Flyght/ABS
Model No. TOTAL PUMP COST= $19,600.00
Controls/Electrical: Estimated at 20% of Total Package Cost
TOTAL CONTROL COST = $4,900.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST= $10,046.47
10" Plug Valve (2}
10" Check Valve (2) TOTAL LIFT STATION COST = $59,662.65

10" connector
Emergency pump out
10" DI piping
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™ Jsab Mo,  95-145.00
Made By JJw |Date: 814195
Submersible |Croecied By

10" connector
Emergency pump out
10" DI piping

Installed 1995 Depth (ft}: 20 Diameter {ft): 12
Precast Well  -*
Wet Weli(ft ) 20.00 $125/FT $2,500
Top Slabicy) 2.79 $450/cy $1,267
Base Slab{cy) 7.76 $450/cy $3,492
Excavation -
Surface Diameter (ft) {2 *Depth) + 10ft 4+ Dia. = "5D" = 62
Surface Area (ft ) { (3.1415)*%("SD"Y"2)/4= "SA"= 3019
Base Diameter (ft) Dia+10ft= "BD" = 22
Base Area (ft) { (3.1415)*("BD")"2}/4 = "BA" = 380.1
Volume (cy) {1/3*{"SA")*{Depth + "BD"}-1/3*("BA"}{"BD"))/27 =
’ "Vol" = 1462
$1.25/cy COST= $1,828
Backfill{cy) "Vol"-{ (3.1415}{Dia.}"2{Depth)}/27= "BK‘= 1127
$1.25/cy COST= $1,408
Dewatering
Circumference 2* (3.1415){{*SD" + 2)/2f 201.1
$75/LF COST= $156,080
Valve Box: Lengthift) 5
Width{ft) 5
Walls 8"
Base Slab (ft )} 25
Top Slab Aluminum Hatch COST= $1,440
TOTAL STRUCTURAL COST= $27,005.01
Pumps: 2 Motors: 2
Horsepower 30 5
GPM 1000
_ Manufacturer Flyght/ABS
Model No. TOTAL PUMP COST = $20,400.00
Controis/Electrical: Estimated at 20% of Total Package Cost
i TOTAL CONTROL COST » $5,100.00
Piping/Fittings/Equipment: TOTAL EQUIPMENT COST = $10,802.00
10" Plug Valve (2)
10" Check Valve {2} TOTAL LIFT STATION COST= $63,307.02
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CMAUS
PRECAST WG
30-Mas—-95
10:02 AM
PRECAST WETWELL INSTALLED COST SUMMARY
Diameter Materiat Cost
{feet)
4 - 6 8 10 12
[Cost (Wi of depth] $65 35 375 300 XY
‘Base 45 31,045 31,85 3 3,
Top 3B 325 3500 31,000 31,300
Dianeter Instaltation Adder @ 0%
fleet)
4 6 8 10 12
[Cost [ of depth) 30 $53 $113
Base 31 3313 ) 3T OR?
Top ] %8 3150 00 $420
Diameter Total Installed Cost
(feet)
4 6 8 10 12
e
[ Top 3] i) %ﬁf ; J
. i - o llem@Cos!
Nomina Actuad Thickness Achsz QLHMy Quanhty
Diamneter Diameter Area Concrete Concrete 8275 cuyd
{0 ) (sq.ft) feuft) fcuyd) 8
g 753 150 L. ) $645
3 2] 150 o8 103 3 1,045
3 2% 150 i) 179 7 b1,
10 5.3 150 185 277 10 s
2 1753 150 e 13 3505
ltem Cost
Nominal Achsal Thickness Actual Cuartity of  Craantity of @
Diameter Diameter Area Concrete  Concrete $275  cuyd
) (W} 1) {sgft) fcudt) {euyd) 8
4 533 s1:74 pr) T $I52
5 75 057 2 1
3] 9.3 0.7 - pJ $455
10 i) 100 107 101 3 31,027
17 13,33 1.00 140 130 5 $ 42
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ELLIS K. PHELPS & COMPANY

2152 Sprint Boulcvard
Apopka, Florida 32703

To: Hartman & Associates
407-838-3790 (Fax)

From: Juan Citarella

Bobby Wyalt

Reference # Reference HP Package Estimate Current Flygt Pump
38251 24 $21,000 CP 3127
3825-1 5 $18,000 CP 3102

7 5 $18.000 CP 3102
5443A 75 $21,000 CP 3127

80-200/3085 25 $16,000 CP 3085
C-3082 3 $16,000 CP 3085
c-310 25 $16,000 CP 3085

3085 3 $16,000 CP 3085
3085 1.5 $16,000 CP 3085
c-310 5 $18.000 CP 3102
c-a101 10 $21,000 cP 3127
3126 9.4 $21,000 CP 3127
7 2 $16,000 CP 3085
CP 3127 9.4 $21.000 CP 3127
CP 3127 10 321,000 CP 3127
CP 3127 9.5 $21,000 CP 3127
CP 3152 20 $26,000 CP 3152
3085.181 23 $16,000 CP 3085
085 2 $16,000 CP 3085

Note: Package estimates inciude (2) Flygt submeisitle pumps,

Thank you for your inquiry!

accessories, controf panel, and access covers.

Phone: (407} 830-2900

FAX:

(407) 880-2962
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T0: HARTMAN & ASSOCIATES DATE: 3/18/85

ATTN: BOBBY WYATT

is g

FROM: COLIN MARTIN

SUBJECT: YOUR FAX INQUIRY 3/2/85
CITY OF PORT ST LUCIE REPLACEMENT COSTS

LY
————-

1
revin el

Mr. Wyatt,

In response to your subject ingquiry I would like to offer tha

following pricinp for ths pump models you regquested. I have

indicated the o0id pump model number as well as the new current

model number. Please note that the pricing is per pump with

accessories. For a typical duplex station multiply price by two.
~ Controls are priced seperately.

The CP3127 model no. is a Filygt, equal to the 8 HP ABS modsl.

£

PRICE EACH UNIT

Sovii fil) Geed e el

‘ OLD MODEL HP NEW MODEL _ WITH ACCESSORIES
AF16-4-4 2 AFP104OMIE/4-11.60-4" $2.380.00
AF22-4—4: 3 AFP1040M22/4~11,.8D0~-4" : 2,550.00
AF40-4-4 & AFP1042M46/4-21 .60~4" 2.990.00
AFB0-4-4 a8 AFP1048MT0/4-22 80—4“ .3,300.00
AFS0-4—4 12 AFP1046MI0/4-22. so-v 3,400.00
DUPLEX CONTROLS PER ST.LUCIE SPECS PRICE EACH DUPLEX
HP CONTROL W/FLOATS
2 or 3 $4,700.00
6 4.800.00
§ 8 or 10 ° 5.000.00
12 or 15 5 300 00

Pricing is for budgetary usage only. Taxes are not included. Freight
and startup are included.

Should you have any questicns or reauire additional information,
please do not hesitate to contact ma.

[ R

Repards,

-

iy
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To: fnsf'y Mhelsar Pageof2

From: M W)ﬁ# . Date: June 2, 1985

GGorman Rapp

Lift station purnp padkage (pump, guide rails, controls, Soats, etc.)

MODEL HP ACKAGE
T4A3-Bipdey) 20 hp CS g0
T4A3-B (Depleg) _15hp 6s r1s2 —
T4A3-B (My)' : Shp L4,756 —
TAA3-B (Dupler) 7.5 hp P g 3L T
T4A3-B (Doglex) 10bp L&, 577 —
. TBA3-B (Dopley) 75bp L3, 024
T6A3-B{Dupler) 15hp 6%, 467 —

- Au. THESE.  GeTlenls A AR Groung A7 rrr
DES/zs) £ GuipE  £BelS 4aE AoT USEL,  THRSE
Parces (NcwpZ  BUSSEL LEVEC OTAMS |, F FeesTS
gz, szp , PonE  PEACT T/ 763 Fron e oF
TYE POovE  PucES, . o
STBmay  ArE  faccgo A 4 Leergge SO0 T )
4(Uﬁ IMNDIVI Qs Cem PONENST PecES. %w‘zm’ -E»t-.: '
A (e ST7=p Al rekanaTE  CaTan.  fNEC PUES cvirectl
AN (NcwsZs )N TYE ARIVE FriceS,

Ao Shereasf
AsonmES T BE 46D Voo,

S yr - 7 S, ¢#05 —

7S H - 5, 64087
(O HP - 5, 408 —

/S H# = S, 686~
L Cs HE - 5 702 —

Fiiasz  Coul  (F 70 HAVE  QUESTrosd,

BWW/atMS/pumps borw %Jﬁ_{/

ﬁ VT AJECSOn)
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EXHIBIT
PAGE_250_
J ,
5 DATE: MS 1ime é’ﬂpn_
A PROJCT NamE: _City of fort St Lo PROJECT O _ 943541t
Py o /-300-342- 7099
|1 +<TY CALUNG: Scoft €dwads - SRR
i PARTY CONTACFED: _ Robby Wl COMPANY: __HAT

‘i SUBJECT: __TBahacerants cocts hll coty of BrbSh duese, . ard hictesl)

4 Feplaconent costs

[_ ,
17 TELEPHONE COMMUNICATION SUMMARY (Inclyding Decisions & Commitments)

- i A T Diamaer T4 Beses/jop (1)
o-¢ | 50 47 §¢s  wipmt 1as
¢-8 | qas % 125 ans
8-/0 | 925 8’ s S0
10-12 | 8715 M 300 /000
2-15 | 995 - -3 1375 900
)S + H2AS

ACTION REQUIRED

c.C.

——— HARTMAN & ASSOCIATES, INC.

-y —

e .

cogineers, hydrogeologists, saenuss & management consultanis
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EXHIBIT
PAGE__258 _ OF
Piping Costs
PVC (C900 — DR 25) Force Main
Size Smalt Job (250) Med. Job (2,500') | 'Large Job (25,000)
(in) (S/1) ($/m) (/)
4" 12.25 8.80 9.10
[ 13.51 . 10.97 10.22
g" 15.28 12.68 11.82
10 17.42 @ 14.68 13.74
2t 20.23 17.29 16.19
——— PVC(C905—- DR25) ———
16" 27.08 23_.76 22.26

Notes: 1) Values obtained using manufacturer’s quotes.
2) Costs include $500 permitting, 10%—15% mobilization, $7/ft instaliation,
and $.25—8%.75 per foot pressure testing.
3) Costs exclude valves, fittings, and restoration work.
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EXHIBIT (G- )

PAGE 2599  oF %4

Piping Costs

DIP (Class 50 — Epoxy Lined) Force Main

Size Small Job (250°) Med. Job (2,500%) Largc Job (25,000%)
(in) {$/t) ($/1) (sm)

4* 24,39 g 20.57 19.39

6" 27.58 | 23.13 21.71

8" 35 .58 26.44 '24.75

10" 36.41 - 30.49 28.50

i2* 42.76 | 3583 33.59

16" 47.75 40.13 37.47

Notes: 1) Values obtained using manufacturer’; quotes.

2) Costs include $500 permiting, 10%— 15% mobilization, $7/ft installation,
and $.25-3%.75 per foot pressure testing.
3) Costs exclude valves, fittings, and restoration work.
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)" “HARTMAN & ASSOCIATES, INC. oo ol
F‘. engincers, hydrogeologists, surveyors & managemens consultants BY: DATE:
.- . M‘p‘*‘a\\

V\" 3 ¥ Tholudes eressure  Heshn -2

+ Dainf. (for w.mD 35?66)
@®=pye *( (C-%D-DR?.S) - Force  Mala 7 ,,-n{‘\\'
157 127 oA M .
Srall , Med. Moo longe dole H 41
2 ng fEmse 250 v £5,000 7 M
' 8 /5 Y TVESS . -
i v . ¢
4 /Y 191 k.25 1.s79.80 [.28 Ql6
3 6" 30085 2.021097 2.2710.22
l ' - 4.55 1528 4 14 1268 3. 713 1.¥2 M"O/
Io” .41 .92 593 1048 547 13.7447 /ﬁx
i p?
3 12 ¢ \i'-“- LY. S 2023 B.26 1729 1.70 l(a{gw/l
} * (Cq0s5™- DR2S) 4¥° o ,\\r'
T s e 04z 1 2 M},f o
3 - = Kl
oW
?3 @ _O¥C (a0~ DRIE) Waler Main -
i Svall oo - .
. ,_..2‘_’._/5_0:*\2:5. ‘joo _lorge) yoo .
Y 4.3 S 1,97 2.9 1068
i 4 L = |
. L7 5. 744,05 4.8413.4, 4.00 1Z.1Z
g7 798 19.23 (,.99 /587 .04 4.3
ol 10.85222,15 9.47 135 3.4] i,.97
. 12 & 13.71 2582 )z2.53 22.07 .42 720.2%
C @ o -(sop 35) Geiky &R e |
smalf pva dlumn lme. ‘&}l P{’(cﬁ‘r
N

Vs o
- 3] 2.3 2.2, 222 -



(S5

EARUDN

R ok O o B O
) 7

PAGE QQI OF 22'_-‘

SH. NO- 2 IJOBNO- Q5 - Hs'oo

HARTMAN & ASSOCIATES, INC.  [wew 5505

englneers, hydrogeologists, surveyors & management consultants |G'EGKED BY:

DATE:

@ DIEP (Rehte Cored Lined  Clase D) Force. Maln -

&” %
3

10" i
12,7

14¢

[P

20"

24"

50"

Snall oo rad. ipha brae oo
29% 29947599-‘1 25 000"
s/ __t(uﬁ-)

“7.6918.9 (o 2% 15.07 '5' Ll 13,39
‘lo 40 22.01 % SO 7 S b, 14
13, Sozsse ll 0720.44 IO 03 18.75
.05 29.6b 14.02.25. 74 12.7521.75
o 2 7038.01 17.9828.1% |(o 47 25.%4
25 34239 75721 . O 31,63 M 32.75.97

Fig

(.00

.75
7.75
.50

35 \745.20 % 7. 553390‘25 34 35.59 9,25

¢41- s VW 31,90
55.57 %502 43. 23

G oz P ((Leshoiras ek Clazs 0. e Matas

L
g
%
12*
14"
lo"
20"
24"
307

A R

M mad. e 1&& Joe
N.9423,7 10.53 19.83 4.9, 1857
J]5.2% 22,6213 |38 25.03 l2.52 21. 49
19.5L,38549 7, :;42.1 24 .09 25.42
24.20%% ) 273\ W 20.p00 2A.7C

Fo. % € 37.1¢

37.01% %3 a2 26.7

29 2_‘55‘?‘133 ,874547 27,13 43,00

s0. 17 44 5% 4z. 34
&4_}5 57"2 54.40
73. 72>

85.857 Tb. (S

-—

‘&l/ﬂ, A0 boks moin s oo b&a« JFo.

ﬁ"@/ﬂ' Ao umlts gain ba oo M2Alum oo
gzm/ﬁ, B Upder waln dao. SVl odb,

e

I1. 40
Is. 850

Epoxy
h‘nr‘n:

5.50D
5.57

(.00
6. 78
7.75
B.50
q.28
H.40
15, 50

oL
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EXHIBIT

(L )

PAGE_2{(7. _OF ‘gﬂ

RECORD OF TELEPHONE COMMUNICATION

_MTIME. 3:4p

'ROJECT NAME: 55“-" Ecwamﬁ Scale.  PROJECT NO.. 25 -/45. 00

]RTY CALLING: ey W COMPANY: ___HAT

FJRTY CONTACTED: Rrion Yeaner COMPANY: _Mitchell & Stark
usleCT: __Pipe laekal, Costs (813) 597- zl6S~

s

-

E |

“TELEPHONE COMMUNICATION SUMMARY (including Decisions & Commitments)

1 Ressure Jesting (““’F-“’D A\fl?- SOt /fr nall yob > 75 ¥/

e
L e oo > 254/64

T Yisnfecton (w.m) #au. #l/m swall b > TR /o

#}.5({') = lorge  jobo > # i /6

; Gavily_Swer — TV, fzet ¥ LOO/Fr

ACTION REQUIRED

et 1 e

<
T ——— HARTMAN & ASSOCIATES, INC.

—

—— engineers, hydrogeologists, scientists & management consultanes
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. 1101 WESY 177H STRERT, AIvins, SEAGK. b (sa7y &
S7E7 ZATH OOURT. BAKT. SARASOTA, Fi Pamad (®13) 756-u7es
IAdrA PACGEPECT AVENUE, NAFLES, L. $3Bas (P w) a34-0E8E&

COVER SHEET

TO: " sy Woklane - /%M/’/“W s

FROM: { p /0{

DATE: 9

4 OF PAGES SENT ( INC. COVER SHEET)__ S _

IF YOU DID NOT RECEIVE TOTAL # OF PAGES PLEASE
CALL 407-855-8510/ 800-531-6998 / FAX # 407-240-1901
AND NOTIFY US IMMEDIATELY.

MESSAGES: P eaJ—m«k; £
Vc?vf @Za'vw‘w o 904’{‘€
WJ’WLIWUS- )4

7
=z

rd

SENDING FAX TO #

The Utility Supply Group, Inc.
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Ry

3P IR T —"\‘:l-d_l.. el
09/01/95 11:20 E?

—

!!‘; ey

v

6" 9/39 919, ;,// ' |

g 3.99 3.%6 3.71

10° 5. ?? 517{ 5,53

r  2.59  gac 799
——C905DR 25 -~

e /422 /32.89 }3.39
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EXHIBIT s H -H)

PAGE_ 205 OF ‘25}1

O WA @M R T Y AVl Que JioV —_— e B AIS VY ' L N
.

FRom O

A BB HARTMAN. & ASSOCIATES, INC.
sngineers, hydrogeclogists, er & manggement consulionts
lhiﬁ 261 EAST. PINE STAEET - SUITE 1000 - ORLANDO, M. 12807

TELEPHONE (4071 838-3385 = FAX (407 830~3700
FAX (ADMDLATIITY ENO/HYDROJ - 40T 8393700

rummmm-mm
Tipy G Q2Agp, et
( 'FACSIMILE TRANSMITTAL

w—@luﬁs WMUQL

YAX_ORL

: : DQTE:_M
rE; _Costs o Wc__,&&?_—_ﬂmmy of- Scale

¥E ARE SENDINC YOU ( PACES, INCLUDING THIS COVER SHEET.
THESE PAGES ARE BEINC TRANSMITTED AS INDICATED BELOW:
O A4S REQUESTED
O FOR YOUR USE
OR YOUR COMMENTS

0 FOR YOUR APPROVAL

HARD COPY:
O WILL BE SENT VIA RECULAR MAIL
O WILL BE SENT VIA OVERNIGHT MAIL
R WILL BE SENT BY FACSIMILE ONLY
MESSAGE:
/ .
:wm; what T o lqak‘g for are _costs ‘vased. on

linear ;&gg(",, of Jhe Db, As we Yodn Yoago Yaere
fypicaly b o, consldymbe Savings for o puuch loger
g0b Yo b o seailer o hased on He cirumslonces.
as Hree (3D dcfleert joos  one w/ (S0 lnsgths, oe-

4 /

LD0, o, 260007, That way we could see Ha
fz_aua_«. Your help & pofessicoal ophion ar wou i

e gopally agpreciied. Tk STW

IF THERE ARE QUESTIONS OR PROBLEMS WITH THIS TRANSMITTAL,
PLEASE CALL (407) 835-395§
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- Size
gm.[

10"

12"

16"

EARIDIE (L=l h-H)

PAGE 6 oF %4
PVC — C900 DR 25
Force Mains
150 1t 1,600 ft. 25,000 ft.

(/408 g1
087 e B3

| 2.28
917 3.4

g S FTC

7” 7'l.)_)" C» 2’ 2

~= C905DR25 ——

12,50 | [3,[? | _{'1.5')/
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AMERICAN CAST IRON PIPE COMPANY

2301 MAITLAND CENTER PARKWAY, SUITE 430
MAITLAND, FLORIDA 32751
PHONE (407) 660-8786 FAX (407) 660-1851

DATE: 3 1/65 NQ. OF PAGES 4’
B, et

TO: \NAmey bAL e — /{ﬂﬂﬂﬂ’}:-ﬂSSda

FROM: %,74“___,, ..

e FZBHT!HAT!% Freces

SecTHife SPAES  UTernes

ATINCHs Ave 3 PRIRE LISTS ek Seke A0l t LA Dofs . MR
THe FPrice Desretirees in CEASS SO |, for ACse ~vtice Tits SAwGS

i a Il .,
n JALssAs Censs PIPE [Sp, 200 f 2D I~ Simes (4 +#4av 3o .

/2\5 T RUsTaA e denT P.re

P AN Acc PrcES Stewr

77

Loy bonb ot CTE =
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107
9.64
12.58
1599
2034
13.63
2120
048
.53
5520
1581
.58
12997
1159

K]

Amevican Cust Jrom Pips Company
e ron Fpe Price Shent
Pricing Caloulations

¥1.63
.17

92.63

123
16139
174,62

18N
4T
111
nr
10091
13544
176.67
19334

43

1743 -

0.20
1.9
JL48
45.30
€316
80.2%
110.39
14t.49
19108
217.00

1491
1805
.49
1509
nx
44.06
€170
1690
119.24
1€1.5)
209,23
0,56

—

R1LSI R).350 RJL300 R1L250 RJ 20 R)150
NA, N/A

.17
10.00
nn
1579

.10
942
1.4
13.03
nm
135359
wn
1.0
4123
5004
n
(1A%
(L3N )
1.5
248,07

54

Ma2
4053
5393
73.80
104.20
z Lo
17007
U999

uso

. g

s51.2
nn

12210
161.19
2069
2417

&4
5 ¢
114.37
15231
1980
268.89
27.12

-

1Leo
1550
1200
nso

M00°

e’

AT vews

e 40 T TJT 39vd

F-FE)

1181HX3




omo - '»!'dl b
gD
—— e
3" %
< NA
[» in
L .00
10° 10.57
12 13.52
14" 7.0
18" T0.56
e NN
10" 7.0
14" 3402
k1
36"
“a
as
34
Py
ar

EASTITE CEMENT LINRD PER FT EETIMATING PRICES
Chn$t Claw$2 Clam 53 Clawr 130 Class 200 Clagy 238 Clomsd00 Chim 330 R.].30

340
(A}

101

2.6)

12.60
3N
2032

§.01

.67

T.63
10.42
1).6%
171
.84

2530

19.33
13.26
41.54
49.27
L
104.7%
179.03
13916

40,39

0,77
L1 45
1N
15139
174.62

American Cosl Irem Pipe Company
Ductile Iron Pipe Price Sheet.
Priciog Caloslui

1339
13.71
.7
1331
3.8
19.16
a.n
25,12
1.6
15192
9L
2.00

1407

19.4)

.09

11n

nn

3143

7136
na

127.40
171.91
0913
130.36

494
pA ]
M
T.51
9.6%
12,43
16.45
2042
24.19
nn
329
35.76
T34
102,59
136.92
111,90
114.3%
246,79

NA
WA
t0.03
12.3¢
16.64
0T
n»
nar
s
“.08
34.82
76.13
104.4)
12634
163,34
1

RL5S1
NIA
9.45
1088
1.7
1767
ey
2948
3.0
4022
“12
AT
£0.532
110.42
131t
176,40
128.06

R.J.350 R3O0 RJ.250 R).200 RJI1%0

WA

938

199
2.0
15.%
15,70
W
nn
s
4.3
0.7
8676
119.47
150.%0
196.62
131.40

Y
1224
nn
.01
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1350
14099
117.09
4341

BN
alss

amn

™6

108.70
13443
17752
942

32450

7.7
1mn
13743
16791
nsd
w7

97.90
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13832
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" 12.73
" 1630
" 2093
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18" 043
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Amarican Cvat lrea Fips Company
Ductile lren Fipe Prics Fheat
Pricing Calcnlations

famr

TASTITE CEMENT LINED PELFY £STIMATING PRICEY
a3} Claw$l Clam §) Clax 130 Clam200 Clam 230 Clus300 Clams 330 R.J. 50
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[¥¢)
168
10.61
[B R
17.75
1169
16.63
.68
0
4347
60.01
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7.m
L4l
1161
13.20
19.19
4.4
.61
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1138
4515
6.2
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123
1640
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26.16
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1190
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14148
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17047
ety

9146

A

35.09
4719
8837
1568
1.5
a7

3758

. B

»nn
LN
1963
14456
a7
988

7796

nun
a1
19258
nsse

15272

16

OLT 39vd

R37 40

119113

(-5



EXHIBIT f\f L H-4)
pace_g1l _ oF 294

APPENDIX Q




e il

{ i
[ S

[

vl

PVC (C900 — DR 18) Water Main

Size Smali Job (250')

Piping Costs

EXHIBIT (G Y-

PAGE__ 212 _ oF _ 284

Med. Job (2,5007) Large Job {25,000")
(in) (3/f) ($m) ($/1t)
4* 15.04 11.97 10.68
6" 16.65 13.46 12.12
g" 19.23 15.87 14.36
10° 22.15 18.65 16.97
12¢ 25.82 22.07 20.28
Notes: 1) Values obtained using manufacturer's quotes.

2) Costs include $500 permitting, 10%—15% mobilization, $7/ft installation,
$1-8$2 per foot disinfectzn and $.25-$.75 per foot pressure testing.

3) Costs exclude valves, fittings, and restoration work.
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DIP (Class 50 — Cement Linad) Water Main

Piping Costs

EADNUDT

PAGE 275

™y

OFQBL\

Size Small Job {250%) Med. Job (2,500) Large Job (25,000')
(in) (sm) _(Sm) ($/1t)

&" 20.89 16.57 14.89

g 24.01 19.06 17.14

10 27.58 21.94 19.75

12" 31.66 25.24 22.75

14" 37.01 29.68 26.84

16" 41.25 33.13 29.97

Notes: 1) Values obtained using manufacturer’s quotes.

2) Costs include $500 permitting, 10%—15% mobilization, $7/it installation,
$1--$2 per foot disinfection and $.25-$.75 per foot prassure testing.
3) Costs exclude valives, fittings, and restoration work.
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_ | THARTMAN & ASSOCIATES, INC. '\.)';u R
7 mmwmwon&mmmwm 4“'5
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HARTMAN & ASSOCIATES, INC.  [wmes 5505 ‘

englneers, hydrogeologists, surveyors & management consultants CHECKED BY:
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. = 9185 1 _3:90

ROIECT NAME: _2 55“-"’ EConmw of Stale  pROJECT NO.: 95 -/45. 0O
leY CALLING: S W COMPANY: ___ HAT

rz‘n' CONTACTED: _Brion Yeaner company: Mitdell & Stark
usgECT: _ Pipe lnghal, Costs (813 597- 265~
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-

——

'iﬁemons COMMUNICATION SUMMARY (Including Decisions & Commitments)
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- ACTION REQUIRED

——— HBARTMAN & ASSOCIATES, INC.

enginocrs, hydrogeologists, scientists & management consulrants
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AE HARTMAN- & ASSOCIATES, INC.

15% 201 EAST. PME STREET - SUTE 1000 = ORLANDO, F. 32801
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O FOR YOUR USE
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HARD COPY:
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AMERICAN CAST IRON PIPE COMPANY

2301 MAITLAND CENTER PARKWAY, SUITE 430
MAITLAND, FLORIDA 32751
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UNIT COST RELATIONSHIP OF FACILITY
EQUALS THE SUM OF ITS COMPONENTS

WATER TREATMENT PLANT FACILITY COMPONENTS

WATER TREATMENT FACILITY

GROUND CHLORINATION HIGH HYDRO- EMERGENCY
WELL  + STORAGE +°' 0o llON + SERVICE + PNEUMATIC + POWER =  COMPOSITE UNIT COST CURVE
TANK PUMP . TANK GENERATOR
&
L} o
2 Z e ZH 2 A 8
SHI &k § SH g < Il
GALLONS, / DAY GAL PPD GPM GAL KILOWATT ; \\
UNIT COST CURVES g
§ N
GALLONS PER DAY {GPD) CAPACITY
é%ég_
=\
WATER TREATMENT FACILITY COMPOSITE UNIT COST CURVE
EXHIBIT (CCHs)
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EXHIBIT ___ (GCH-6)
SPONSORED BY GERALD C. HARTMAN, P.E.
DESCRIPTION:

ECONOMY OF SCALE COMPENDIUM
ILLUSTRATIONS: STEEL GROUND

STORAGE TANK USED AND USEFUL,
MARGIN RESERVE
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SUMMARY ON STEEL GROUND STORAGE TANK
' COST AND UNIT CURVE

. THE COST CURVE ON THE ATTACHED PAGE
ILLUSTRATES THE RELATIVE COST FOR
VARIOUS SIZE STORAGE TANKS

« THE UNIT COST CURVE ON THE ATTACHED PAGE
ILLUSTRATES THE ECONOMY OF SCALE

. THESE COST CURVES ARE USED IN ALL
FOLLOWING CHARTS, TABLES AND GRAPHS

MAR/ch
Misc,12.SSU. sum -1-




1) Complete stesl tenk, concrats

In the manufectursrs’ quotations.

vent, bottom manway hateh, ladder & cage sssembly, top manway
platform, protective bolt caps, and Iinstsliation costs are Included

TR AAANKNGRA A ANVAN KRS
ST g
RN \\\(\\//\\///\\/\\ AN
=4 Ty
COST
140,000
F 1S
120,000 //
100,000 ,/
® 49388 —
3egamer
58,000 |-
%5300
20,000
e 80000 100,000 10,000 200,000 250,000
25,000 75,000
Capaclty (Gal)
CAPACITY UNIT COST
5
3 44
: L
H 3
|1
AN
F 4
7o \
foul
Su
-y
* 50,000 100,000 180,000 200,000 250,000
25,000 78,000

Capacity (Gal)

2) includes 5% piping, 0% slsctrical, and 5% sitework costs.

foundation, roof, roof manway, gravity
3) Costs are besed on June 1905, ENR Index = 5433.

EXHIBIT GCH-6

STEEL GROUND STORAGE TANK COST CURVES
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COMMENTARY ON EXAMPLE PHASING
PLANS/ANALYSIS

SUMMARY

THE FOLLOWING THREE PAGES ILLUSTRATE BY
GRAPH/DIAGRAM THE FOLLOWING AS TO STORAGE
TANK: PHASING SCHEDULES, CASH FLOW, FACILITY
CAPACITY, CUMULATIVE INVESTMENT/DOLLARS IN
USED AND USEFUL AND PERCENT USED AND USEFUL.
THE FIGURES REFLECT A 3% GROWTH RATE
WHEREBY DEMAND INCREASES FROM 25,000 GPD TO
100,000 GPD. THE ANALYSIS ASSUMES 0% INFLATION
AND A 0% DISCOUNT RATE. USED AND USEFUL IS
ASSUMED TO EQUAL EXISTING NEED DIVIDED BY
TOTAL CAPACITY.

CONCLUSION

THE FIGURES ILLUSTRATE THAT EXPANSION WITH
THE SMALLER UNITS PRODUCES A SIGNIFICANTLY
HIGHER VALUE IN USED AND USEFUL AND THUS,
RATE BASE, THAN EXPANSION WITH LARGER UNITS.

MAR/ch
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FACILITY DEMAND (25,000 TO 100,000 GPD) 3% GROWTH
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EXHIBIT GCH-6

EXPANSION USING 50,000 GAL. TANKS
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FACILITY DEMAND (25,000 TO 100,000 GPD) 3% GROWTH
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COMMENTARY ON CUMULATIVE DOLLAR AND
USED AND USEFUL COMPARISON BETWEEN UNIT
SIZES

SUMMARY

THE TWO FIGURES ON THE FOLLOWING PAGES PLOT
CUMULATIVE INVESTMENT MADE OVER TIME FOR
VARYING TANK SIZES. THE FIRST FIGURE SHOWS
INVESTMENT IN 25,000 AND 50,000 GPD TANKS AND
USED AND USEFUL VALUES, ASSUMING 0%
INFLATION AND 3% GROWTH. THE SECOND SHOWS
INVESTMENTS IN 25,000 AND 50,000 GPD TANKS AND
USED AND USEFUL VALUES, ASSUMING 0%
INFLATION AND 10% GROWTH.

THE SHADED REGIONS ILLUSTRATE THE SAVINGS
WHICH COULD BE REALIZED WITH THE USE OF

LARGER TANKS.

ON THE FIRST FIGURE, THE INITIAL COST OF THE
25,000 GALLON TANK IS $42,000. IF A LINE WERE
EXTENDED TO THE RIGHT ALONG THE $42,000 VALUE,
IT WOULD INTERSECT THE 50,000 GALLON USED AND
USEFUL PLOT AT YEAR 15. SIMILARLY, IF THE $84,000
LINE WERE EXTENDED, IT WOULD INTERSECT THE
50,000 GALLON USED AND USEFUL PLOT AT
APPROXIMATELY YEAR 35. THIS WOULD JUSTIFY

MAR/ch
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ESTABLISHING A 15-YEAR MARGIN RESERVE IN THIS
EXAMPLE.

THE SECOND FIGURE ILLUSTRATES THE COST EFFECT
OF BUILDING 25,000 GPD TANKS OVER TWO- AND
FIVE-YEAR INCREMENTS VERSUS BUILDING A 100,000
GPD TANK AND UTILIZING A 15-YEAR MARGIN
RESERVE. AS THE GRAPH ILLUSTRATES, BUILDING IN
25,000 GPD INCREMENTS RESULTS IN OVER TWICE
THE COST AS BUILDING THE 100,000 GPD TANK OVER
A 15-YEAR MARGIN RESERVE PHASE, WITH SAVINGS
BEGINNING AS EARLY AS YEAR SEVEN.

CONCLUSION

THE FIGURES ILLUSTRATE THAT SIGNIFICANTLY
HIGHER COST IS ATTRIBUTED TO EXPANSION WITH
SMALLER TANKS UNDER BOTH SCENARIOS. WITH
HIGHER GROWTH RATES, LARGER CAPACITY UNIT
PHASING IS MORE ECONOMICAL.

MAR/ch
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CUMULATIVE
INVESTMENT
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COMMENTARY ON COMPARISON OF COST PER ERC
TABLES

SUMMARY

THE FOLLOWING TWO TABLES SHOW THE CUSTOMER
COST SAVINGS ON AN ERC BASIS RESULTING FROM
EXPANSIONS MADE WITH LARGER, RATHER THAN
SMALLER TANKS WHEN USED AND USEFUL EQUALS
NEEDED CAPACITY DIVIDED BY TOTAL CAPACITY.
THE FIRST TABLE SHOWS SAVINGS FROM 50,000 GPD
TANK VERSUS 25,000 GPD TANK  EXPANSIONS,
ASSUMING 3% GROWTH AND 0% INFLATION. THE
SECOND SHOWS SAVINGS FROM 25,000 GPD TANK
VERSUS 100,000 GPD TANK EXPANSIONS, ASSUMING
10% GROWTH AND 0% INFLATION.

CONCLUSION

THE LARGE TANK ALTERNATIVES PRODUCE ANNUAL
SAVINGS PER ERC OF 53% AND 117%, RESPECTIVELY.
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Comparison of Cost per ERC Based On

25,000 Gallon vs. 50,000 Gallon Tank Phasing Schedules — 0 % Inflation

25,000 —gal Tank Phasing 50,000—pal Tank Phasing Annut
Demand Number of Cumulative Percent Dallars Annual Cost Cumulative Percent Dollars Anvval Cost Savings Percent
Year (gpd) ERCs (1) [ovestment Used and Uscful  Used and Usclul  per ERC(2) Iovesbment Used and Useful  Usedand Useful  per ERC (2)]|  per ERC Savings
0 25,000 95| $42,000 100.0%  $42,000.00 $53.05 $55,000 50.0%  $27,500.00 $34.741 $1832 53%
1 25,750 98{ $42,000 103.0%  $43,260.00 $52.97 $55,000 51.5%  $28325.00 $3468] $1829 53%
2 26,523 100 $84,000 53.0%  $44,557.80 $5347 $55,000 53.0%  $29,174.75 $35.01| 351846 53%
3 27318 103] 384,000 54.6%  $45894.53 $53.47 555,000 54.6%  $30,049.99 $3501| $1846 53%
4 28,138 107 384,000 56.3%  $47271.37 $53.01 $55,000 56.3%  $30951.49 $3471( $1830 53%
5 28982 110| $84,000 58.0%  $48,689.51 $53.12 $55,000 58.0%  $31,880.04 $34.78( $18.34 53%
6 29,851 113| $84,000 59.7%  $50,150.20 $5326 $55,000 59.7%  $32,836.44 $3487| $1839 53%
7 30,747 116| 384,000 61.5% $51,654.70 $53.44 $55,000 61.5%  $33,821.53 $34.99| $1845 53%
8 31,669 120| $84,000 ) 633%  $53204.34 $5320 $55,000 63.3%  $34.836.18 $3484| $1837 53%
9 32,619 124| $84,000 65.2%  $54,800.47 $53.03 $55,000 65.2% $35881.26 $34.72| $1831 53%
10 33,598 127| $84,000 67.2% $56,444.49 $5333 $55,000 67.2%  $36,957.70 $3492| $1841 . 53%
11 34,606 131| $84,000 69.2%  $58,137.82 $53.26 $55,000 69.2%  $38,066.43 $34.87| $1839 53%
12 35,644 135 584,000 71.3%  $59.881.96 $53.23 $55,000 71.3%  $39,208.42 $3485| $1838 53%
13 36,713 139 $84,000 73.4% $61,678.42 $53.25 $55,000 73.4%  $40384.68 $3486| $1838 53%
14 37,815 143} $84,000 75.6%  $63,528.77 $53.31 $55,000 75.6%  $41,596.22 $3491| $18.40 53%
15 38,949 148 $84,000 77.9%  $65434.63 $53.06 $55,000 77.9%  $42.844.10 $34.74) $1832 53%
16 40,118 152| $§84,000 80.2%  $67,397.67 $53.21 $55,000 80.2%  $44,129.43 $34.84| $1837 53%
17 41,321 157| 384,000 82.6% $69419.60 $53.06 $55,000 82.6%  $45453.31 $34.74] $1832 53%
18 42,561 161| $84,000 85.1% $71,502.19 $53.29 $55,000 85.1% $46,816.91 53489 51840 53%
19 43,838 166| $84,000 87.7%  $73,647.25 $5324 $55,000 87.7%  $48221.42 $3486| $1838 53%
20 45153 171| $126,000 60.2%  $75856.67 $53.23 $110,000 45.2%  $49,668.06 $3485( 51838 53%
21 46,507 176 | $126,000 62.0%  $78,132.37 $5327 $110,000 46.5%  $51,158.10 $34.88( %1839 53%
22 47,903 181 | $126,000 63.9% $80,476.34 $5335| $110,000 479%  $52,692.84 $3493| 51842 53%
23 49,340 187 | $126,000 65.8%  $82,890.63 $53.19 $110,000 49.3%  $54,273.63 $3483| $18.36 53%
24 50,820 1921 $126,000 67.8%  $85377.35 $5336 $110,000 50.8%  $55901.84 $3494| 51842 33%
25 52,344 198] $126,000 69.8%  $87,938.67 $53.30 $110,000 52.3%  $57,578.89 $3490| 31840 53%
26 53915 204} $126,000 71.9%  $90,576.83 $53.28 $110,000 53.9%  $59,306.26 $3489| $1839 53%
27 55,532 210| $126,000 74.0%  $93,294.14 $5331 $110,000 55.5%  $61,085.45 $3491| $1840 53%
28 57,198 217 $126,000 763%  $96,092.96 $53.14 $110,000 57.2%  $62918.01 $3479| $1835 53%
29 58,914 223] $126,000 78.6%  $98,975.75 $5326 $110,000 58.9%  $64,805.55 $3487| $18.39 53%
30 60,682 230| $126,000 80.9% $101,945.02 $53.19{ $110,000 60.77%  $66,749.72 $3483| $1836 53%
31 62,502 237| $126,000 83.3% $105,003.37 $53.17 $110,000 62.5%  $68,752.21 $3481( $1836 53%
32 64,377 244 $126,000 858% $108,153.48 $53.19 $110,000 64.4%  $70814.78 $34.83| $1836 53%
33 66,308 251| $126,000 88.4% $111,398.08 $53.26 $110,000 66.3%  $72,939.22 $3487( $18.39 53%
34 68,298 259 | $168,000 68.3% $114,740.02 $53.16 $110,000 68.3%  $75127.40 $3481| $1835 53%
35 70,347 266 | $168,000 70.3% $118,182.22 $53.32 $110,000 70.3% $77381.22 $34.91! %1841 53%
36 72,457 2741 $168,000 72.5% $121,727.69 $5331 $110,000 72.5%  $79,702.65 $3491;, $1841 53%
37 74,631 283 $168,000 74.6% $125379.52 $53.16 $110,000 74.6%  $82,093.73 $34.81| $1835 53%
38 76,870 291 $168,000 76.9% $129,140.91 $53.25 $110,000 76.9%  $84,556.55 $3487| $1839% 53%
39 79,176 300} $168,000 79.2% $133,015.13 $53.21 $110,000 79.2%  $87,093.24 $3484| $1837 53%
40 81,551 309 $168,000 81.6% $137,005.59 $53.21 $110,000 8l1.6% 389,706.04 $3484| $1837 53%
41 83,997 318| $168,000 84.0% $141,115.75 $53.25 $110,000 84.0%  $92397.22 $3487| %1838 53%
42 86,517 328| $168,000 86.5% $14534923 $53.18 $110,000 86.5%  $95,169.14 $3482| %1836 53%
43 89,113 338| $168,000 89.1% $£149,709.70 $53.15 $110,000 89.1%  $98,024.21 $3480| $1835 3%
44 91,786 348 | $168,000 91.8% $154,201.00 $53.17 $110,000 91.8% $100,964.94 $3482| 351836 53%
45 94,540 358 | $168,000 94.5% $158,827.03 $5324 $110,000 94.5% $103,993.89 $3486| 3$1838 53%
46 97,376 369 | $168,000 97.4% $163,591.84 $5320 $110,000 97.4% $107,113.70 $34.83| 351837 53%
47 100,000 379| $168,000 1003% $168,499.59 $53.35 $110,000 1003% $110,327.11 $34.93| 51842 53%

Notes :

{1) Based on a average day unit demand of 264 gpd.
{2) Calculated as follows : Cost per ERC = [(Dollars Used and Useful) * 0.12]/ Number of ERC's.
{Assuming a 12 % rate of return with no adjustments made for taxes, elc.)




Comparison of Cost per ERC Based On
25,000 Gallon vs. 100,000 Gallon Tank Phasing Schedules
0 % Inflation
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(ben-¢)

. 25,000—Gallon Tank Phasing 100,000—Gallon Tank Phasing Annual
Demand Number of Cumulstive Percent Dollars  Annusl Cost Cumulative Percent Dollars  Annua! Goat Savings Peresat
Year  (ppd)(1) ERC:(2) Iovested  Used and Uscful  Used and Useful __per ERC(3) lovested _ Used and Useful Usedand Useful _per BRC(3)|  per ERC Savings
0 25000 95| $42,000 100% $42,000.00 $53.05{ $77,550 25% $19,387.50 $24.49 2856 117%
1 27,500 104 | 542,000 110% $46,200.00 $53.31| $77,550 28% $21,326.23 $24.61 $28.70 117%
2 30,250 115| $84,000 61% $50,820.00 $53.03( $77,550 30% $23,458.88 $24.48 $28.55 117%
3 33275 126 $84,000 67% $55,902.00 $53.24( §77,550 33% $25,804.76 $24.58 $28.66 117%
4 36,603 139 512.6,000 49% $61,492.20 $53.09| $77,550 37% $28,385.24 $24.51 $28.58 117%
5 40,263 153 | $126,000 54% $67,641.42 $53.05! $77,550 40% $31,223.76 $24.49 $28.56 117%
6 44,289 168 | $126,000 59% $74,405.56 $53.15| $77,550 44% $34,346.14 $24.53 $2861 117%
7 48,718 185 $126,000 65% $81,846.12 $53.09( $77,550 49% $37,780.75 $24.51 $2858 117%
8 53,590 203 $168,000 54% $90,030.73 $53.22| $77,550 54% $41,558.83 $24.57 $2865 117%
9 58949 223| $168,000 59% $99,033.80 $53.29| $77,550 9% $45,714.71 $24.60 $28.6% 117%
10 64,844 246 $168,000 65%  $108,937.18 $53.14( $77,550 65% $50,286.18 $24.53 $28.61 117%
11 71,328 270 $158,000 1%  $119,830.90 $53.26 §77,550 71% $55,314.80 $24.58 $2867 117%
12 78461 297 $168,000 78%  $131,813.99 $53.26{ $77,550 78% $60,846.28 $24.58 $28.67 117%
13 86,307 327 $168,000 86%  $144,995.39 $53.21) $77,550 B6% $66,930.91 $24.56 $28.65 117%
14 94,937 360 | $168,000 95%  $159,494.93 $53.16( $77,550 95% $73,624.00 $24.54 $28.62 117%
15 100,000 379! $168,000 100%  $168,000.00 $53.19) $77,550 100% $77,550.00 $24.55 $2864 117%

Notes :

(1) Growth Rate = 10%.

(2) Based on a average day unit demand of 264 gpd.
(3} Calculated as follows : Cost per ERC = [(Dollars Used and Useful) * 0.12] / Number of ERC's.
(Assuming a 12 % rate of return with no adjustments made for taxes, et:.)
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COMMENTARY ON PRESENT WORTH COSTS OF
EXPANSIONS UNDER VARYING GROWTH AND
ECONOMIC CONDITIONS

SUMMARY

THE FOLLOWING THREE PAGES OF FIGURES
ILLUSTRATE THE PRESENT WORTH COSTS OF TANK
EXPANSIONS ASSUMING DIFFERENT GROWTH RATES
UNDER VARIOUS ECONOMIC CONDITIONS. EACH
PAGE REFLECTS A DIFFERENT GROWTH RATE, 1%, 3%
AND 5%, RESPECTIVELY. PRESENT WORTH VALUES
ARE LISTED ACROSS THE BOTTOM OF EACH OF THE
THREE FIGURES DISPLAYED ON A PAGE. THE
PRESENT WORTH VALUES REPRESENT THE TOTAL
COST TO THE UTILITY IN TODAY'S DOLLARS FOR
INSTALLING STORAGE TANKS ONLY OF THE SIZE
SHOWN IN THE ROW ABOVE PRESENT WORTH AND
ASSUMING (1) THE ECONOMIC CONDITIONS OF THE
TWO PRECEDING ROWS, AND (2) THE PHASING
PARAMETERS AT THE TOP OF THE FIGURE, SUCH AS
THE PROGRESSION FROM 25,000 GPD TO 100,000 GPD
ON THE TOP FIGURE OF EACH PAGE. PRESENT WORTH
VALUES VARY FROM ONE PAGE TO THE NEXT
BECAUSE THE GROWTH RATES SPECIFIC TO EACH
PAGE DICTATE THE TIMING OF THE TANK
INSTALLATIONS. THE TANK PHASING OPTION WITH
THE LOWEST TOTAL PRESENT WORTH ASSUMING THE
CONDITIONS ABOVE IS ENCLOSED IN A BOX.
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CONCLUSION

IN ALL CASES THE SMALLEST TANK ALTERNATIVE
PRODUCES THE HIGHEST PRESENT WORTH COST.
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EXHIBIT

RE: A METHOD Y0 EYALUATE A WATER UTILITY
BY: MILLIAM A. BECKER AND NILLIAM C. FLOMERS PkGE

(Gey-

OF

17

AUGUST 25, 1975

1.00 linformation from a recent rate cose !s used in Ehfs example.
Most EE:FPf”fﬂ!'P"i"g Informatfon was obtained by onsite fnvesty-
gatton of the‘uelftty. This phase {s very important aslnce tha
fnvestigating engineer can obtaln much informatfon about the
physical plsnt and the operation of tha utility that does not appear
on a cold fact shest.
V.01 A full treatment plant rate 9 1,0 HGO
1.02 Raw Water Source - Thrase 9" wells rated @ ,72 MGD each for
a total of 2,16 MGD ’
1.03 Ground Storzga - 1.0 HGD Prestressed concrete tank
1.24 Clearwell - 10,000 Gallon Capacity
1.05 MHigh Service Pumps -~ 1 @ 700 GPM - 1 @ 1400 GPM 2ad 1 @ 2100 GPW
T.056 Test year - A maximum of 1000 E£RC's an 1ins
1.07 Growth - Aandal report for following year shows J00 ERC's
added. [f thi!s information {s not aveilable, use 103 for
following wear.
1.08 Fire Flows - S5ingle family residence arca 500 GPM - Multf-
family and commercial areas 1250 GPMH - by local ordinance
2.00 Evaluation - from the precsding {nformation, make these
assumptions:
(a} Single family area fire flows four hours sustained {by
ordinance}
{b} Hultt-family and commercia) area fire flows sustained four
heurs' (by ordinance)
{c)Y tClearwell capacity !s Insignificant for resarve
{d) WUse.243 GPM/ERC/Day to estzblish average day pumping(24 hr)
(e} Use .36% GPM/ERC for average 16 hr day (150% x 24 hr. flow)
(f} Use .55 GPM/ERC/Day to establish maximum day pumping
(g) Use 1.1 GPM for maximum hr. {200% maximuz day)
(h) Use 150% average Day gumping far 16 hour demand
{1) WVse it high service capacity for emerdency
(4} Thtnk "ecopamy of size™ fn final znalyslis
2.01 Calculate average day domand for refersnce

1243 x F000 x 1440 = 349,970 gallons
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1.00 Information from a recent rate case Is used in this example.
Mast BSfFFfoSFIF?ing {nfoermatfon was obtained by onsfte fnvesti-
gatton of the utilfty. This phase 13 very important since the
investigating engineer can obtain much 1nformation about the
physical plant and the operatfon of the utiltty that does not appear
on a cold fact sheet.
1.01 A full treatment plant rate @ 1,0 HGD
1.02 Raw Water Source - Three §" wells rated & .72 MGD gach for
a total of 2,16 NGO
1.03 Ground Storaga - 1.0 HGD Prestressed concrete tank
1.04 <Clearwell - 10,000 Galion Capacity
1.05 High Service Puaps - 1 @ 700 GPM - 1 & 1400 GPM and 1 @ 2100 GPM
1.06 Test year - A maximum of 1000 ERC's on 11pne
1.07 d@rowlh = Annual report for following year shows 300 ERC'S
added, If this information is not availahle, use 10%f for
Fallowing year.
1,08 Fire Flows - Single Tamily residance area 500 GPM - Multi-
family and commercial ares 1250 GPM - by local ardinance
2.00 Evatuation - from the preceding informatf{on, make these
assumptions:
(a) Single family area fire flows four hours sustained (by
ordinance}
(b} HMulti_family and commercial area fire flows Sustafned four
haurs (by ordinance)
{c) Clearwell capacity is insignificant for reserve
(d) Use.243 GPM/ERC/Day to establish avérage day pumping(24 hr}
{e) Use .364 GPM/ERC for average 16 hr.day (lsoi X 24 hr. flaw)
(f) VUse .55 GPH/ERC/Day to establish max{mum day pumping
(g) Use 1,1 GPH for maximum hr. (200% maximum day)
(h} Use 150% average Oay pumping far 16 hour demand
(1) Use 4 high szervice capacity for emergency
(J) Think "econaomy of size” tn final analysis
2,01 Caleulate average day demand for reference

.243 x 1000 x 1440 = 349,920 gallons
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“Caleulate maximum day demand far 1 year's growth to datermine
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-2~ EXHIBIT
Calculate averaga 16 hour day for reference, and check on PAGE 3| - OF l!'?
average day - .364 x 100 x 960 = 349,920 gal. f

Calculate maximum day demand to establish a max{mum baseline

far test year - .55 GPM x 1000 ERC's x 960 = 528,000 gal,

nead for axpansifon - ,55 GPM x 1300 ERC's x 960 = 686,400 gal.
Calculata maximum hour demand {200% max. day} -

2.0 x 528,000 = 1,056,000 gal.
Calculate four hour paeak damand -

1.7 GPH x 100G ERC's x 240 min, » 264,000 gal,
Calculate four hour peak demand # 1 year's growth

264,000 x 130% = 343,200 gallons
Caleutate four hour fire flow - Use 1250 GPM overriding 5Q0
GPM - 1250 GPM x 240 Min. = 30Q,000 gal.

bDetermine total! four hour pedk demand
Domestic peak damand - 264.000 gal.
Four hour fire flow - 300,000 gal.
Asgymed Utflity Plant use - 20.000 gal.

Max{mum 4 hour peak demand- 584,000 gal.

Calcutate Maximum high service @ & hour puwpi{ng rate
2100 GPH x 240 Min. » 504,000 gal.

Catcylate & hour plant throughput N
1.0 MGD = 595 GPM x 240 Mtn, = 166,000 Gal.

Determine {f 4 hour maximum fs availaﬁte
Ground Storage - 1,000.000 gal.

Plant throughput - 166,800 gal.

4 hr, tatal avafi-
able water 1,186,800 qat.

Calculate 16 hour plant throughput
6495 GPM x 9260 Min, = 667,200 gal,
Batermine if throughput and ground storage are sufficient
for 16 hour demand - 16 hr plant throughput - 667,200 gai.
. Ground storage = 1.000,000 gal,

16 hr total water avail. - 1,667,200 gai.
Qetermine {f high service pumping {s suffi{cient for 1§ hour
maxi{mum and fire flow - 16 hr max. flow - SZB,000:960 min.=550 GPM

Fire Flow _ =1,250GPM
Total pumping demand im 16 hr nar =1 _ANacoM
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Actual usage from piant records - Max. day-May-finfshed
water 617,000 gai.

eV

Max, Day - Avgust - 168,000 Gal.

Calculata avaraga day

Max. Column Total 4863 § 12 < 405,000 Gal,

Calculate Max. usage/ERC

17,000 + 1000 ERC = 617 dal/Day

Calculate Min. usage/ERC

168,000 + 1000 ERC = 168 Gal/Day

Calculate average usage/ERC

405,000 + 1000 ERC = 405 Gal/Day

Calculate excess X of Max. Day over H/D allowable of 35¢ Gal.
617-350 « 267 &+ 13150 = 76% Mare

Calculatn excess % of avarage

405-350 = 55 + 350 = 16% more

1974 max. day - April - 1,101,000 Gal,.

1974 Max. Day - July - 370,000 Gal.

1975 Max. Day - Feb, - 959,000 @al.

1975 Max. Day - Aprf! - 245,000 Gal.

Calcujate actual demand on system using averags day aof 405,000 Gal,
Max Day 225% x 405,000 = 911,250 Gal.

10% Growth ~ 971,250 + 91125 » 1002375

20% Contingency - Utility use, line Breaks Eﬁ:.

1002375 + 200475 = 1,202,850

Canclusfons and recommendatians

Item 2.03 - Test year - Plant capacity i{s sufficient

.63 MGD + 1.0 MG -~ 53¥ capacity

Item 2,04 - An expansfon program fs {ndicated

300 ERC's brinys plant demand to 686,400 Gallens (Approx. 703}
Ttem 2,09 and 2.12 four hour peak demand is within plant
capabflity using ground sterage - 584,000 gal. required vs
1,166,800 avatlebia

Ttem 2.10 and ftem 2.15 - High service pumping would be deffcient
at worst possible condltion of a 4 hr peak damestic demand and
fire flow, but {3 mere than adequate for 16 hr. max. and fira
flow - 1800 GPM Jemend vs 2100 GPH avélladle - rats is a very
flexible pump combination.

Items 2,10 and 2,12 - Plant throughput and graund starage suffi-

L=
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clent for 16 hour demand by a comfortaple margin -
gal. demand vs 1,667 +200 gal

1,188,000 EXHIgIT (@C,H'Q
4.06 Thare is an epparent excess of ground Storage capacity, however, PAG 5 OF ‘_L[Z_
L With the “econamy of_ siza” goncept

approx!mate]y 25% more cost,

R

+« available,

o .tbe_cnpacity- was doubled for

WAB:kg
$/12/75
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MEMORAKNDUMN N
Xovember 14, 1982

TO DALE A. XNAPP, DIRECTOR, WATER AND SEWER DEPARTHENT

FROM: J. 0. COLLIER, ASSISTANT DIRECYOR, Hf\TER AND SEWER DEPARTHMEAI

RE : USED AND USEFUL DETERMINATIONS - WATER AND SEWER CASES
PROJECT WE-81-11-012

—— - - - - - - ——— ——

Our wost recent research and restudy of the used and useful determinations
made in water and sewer cases is complete.
| ‘The result is a composition of methodology aﬁd standards. This compositio
is jntended to guide each persoﬁ m;king a used and useful determination in a
pr_ofessional and consistent manner. It {s proposed that tﬁe resultants from the
engineer's used arduseful calcyhtions be noted on pre-prepared data sheets and
presented with each docketed case, These data sheets will provide a clear
accountab{l{ty for the key computations and adjustments made as a result of the
computations.

The Florida Katerworks Assocfation has expressed a desire to participate
in discussions of this subje.:ct with the Commissioners whan it {s scheduled for

their consideration.

J0C/w
Attachments
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USED AND USEFUL DETERMINATIONS IN WATER AND SEWER CASES

TNTRODUCTION

The Commissioners, In considering water and sewer cases at agenda conferences,

have voiced concern over the seeming lack of consistency in used and useful computations.
Several attempts were made to clarify individual measurement terms used that were con-
fusing to the Commissioners and the Adminfistrative staff.

A presentation was made by the Water and Sewer staff at the May 3, 1982 Internal
Affairs conference with the Commissfoners. This weeting clearly brought to 1ight the
ambiguities that the Commissfoners were facing in understanding the methodoTogy used
in making used and useful determinations.

This Internal Affairs conference served well to identify those specific concerns
and to pro§ide guidance 1n our efforts to design an understandable working formula
in determining used and useful plant for rate-making purposes.

The Commuissioners have expressed a desire fbr a "formula". HKaturally we 211 visuali
2 formula as a fixed procedure with 1&t£&e or no room for flexibility which is so
necessar} in used and useful determinations.

_¥e have interpreted the need of 2 formula to be a requirement to establish and
identify key standards applied in used and useful determinations. These standards are
expected to be constant and util{zed in a step by step manner so that any necessary
deviatfon can be readily recognizable and properly judged by the Commissfoners.

To solidify these standards and avoid future conflicts we have thoroughly re-
searched those that are proposed to be utilized with the Department of Environmgntai
Regulation and the Florida Waterworks Association., This will assure consistency and
less varfables 4n used and useful determinations.

An {dentifiable basis and Tegal authority'shou1d be established. This we have
provided through research and interpretation of applicable lew and rules and regulations.

' METHODOLOGY '
The engineering {nvestigation develops the neceﬁsary {nformatfon used in making

the used and useful determinations. The steps taken in this process are as follows:
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1) Accomplish a complete evaiuation and inventory of plant and systenm component
nts .

2) Make a study of the service area, numbers and types of customers,

3) HKake a comprehensive review and analysis of plant operational data,

4} Make an evaluation of the capacity of the ex{sting plant and system.

5) Make an economy of scale and prudency determination regarding the design and

construction of the plant and system.

6} Complete a study of the past and future utility customer growth.

Having completed these essentfal actions the Engineer should have all of the
necessary informatfon upon which to base his conclusions and computations. The standarc
used in applying and measuring this information are 1isted later in this document.

A single formula which would be totally usable in all cases is not feasible as
we previously mentioned. However, a very s1mp11f{ed formula is noted here to {1lustrate
the functions of key considerations i{n determining the percentage of a plant or system
to be used and useful,

TREATMENT PLANT FORMULA

Components ‘
1) Capacity of plant in gallons per day
2} Maxinmum daiTy‘fTOH in test year in gallons per day
3) Averaga dafly flow in test year in gallons per day
&) Fire flow requirementsin test year {n gallons per day
5) Margin reserve in gallons per day |

6) Excessive infiltration or excessive unaccounted for Water in gallons per day

Formula - Water Plant - E(Z +5) +4] - 6 = % used and useful
1 ‘-
Formula - Sewage Treatment Plant - _(3 +5) - 6 = % used and useful

Kote: 6allonsper day shall be expressed in thousands

Water Transmissfon or Sewage Collection System Formula
Components
1) Capacity of system in ERCs
2} Numer OF connections during test year fn ERCs

3 Maroin reserve in ERCs



EXHIBIT GCHM

PAGE _ 9 oF _|7

2+ 3 = % used and useful
1

Mote: ERCs = Equivalent Res{dential Connections

It should be noted that in some cases this percentage would not apply to all of
j the NARUC accounts covering plant and systems. Some plant compenents are not capacity
i oriented and therefore would be 100X used and useful. Therefore, the Engineer will de-
signate those accounts that are 100X and justify this reasaning.
Attached are data sheets which would show the final computations for used and usefu
They would be available to be Included with staff recommendations for agendas,
STANDARDS
The standards used must be consistent in use and set in quaiity. Consistency will
facilitate {dentification of varfances when required. Definitive standards insure
faimess and quality of determinations.
A1l of the standards utilized are arranged in an alphabetical glossary for referenc
Selected critical and most readily used;§tandards are mentioned as follows:

1. AVERAGE DAILY FLOW - An average of the daily flows during_Ehe peak usage month

during the test year. Care should be exercised to be sure the flow data is not
influenced by abnormal infiltration due to rainfall periods.

2. CAPACITY 1) 6eneral - The quantity that can be contained exactly, or the rate of
flow that can be carried exactly. The load for which a machine, apparatus, station

or system is rated.

2) Treatment Plants - The hydraulic rated capacity expressed in “thousands gallons

per day".

3) ™Water Distributifon and Sewage Collections Systems™ - The capacity in terms of
abilfty to serve 2 designated number of Equivalent Residential Connections. The -
capacity then can be related to actual connected density in terms of ERCs.

3. EQUIVALENT RES}DEHTIAL COMNECTION - A basic design criteria tool. Based on 100

gallcns per day per person. A single family connection {s considered to serve 3.5

persons B 100 gpdc which makes the ERC equate to 350 gallons per day. Other types
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“" of connections have di{fferent flow characteristics and can be equated tg gRC

Equivalencies. For example:

© ERC_EQUIVALENTS

Single Family 1.0 R 350 GPD
Duplex or Triplex 0.86 8 300 GPD
Townhouse 0.86 g 30Q &PD
Mabile Home 0.86 e 300 GPD
Apartment .71 15 250 GPD

FIRE FLOW CAPARILITY - A recognition of the utilities' ability te furnish fire

protection for their customers' general protection. The standards will be those as
set by the Insurance Service (rganization or by a governmenta] agency ordinance.
The minimum standards to date are 500 gpm in residential areas far a twa hour
period or 1500 gpm for a four hour period when customers are a mix of residential
and sizeable commercial connections. Higher standards can prevail in higher
density canditions. 2

Fire-flow capabilities are usually calculated over and above maximum daily require-
ments. Therefore, any water system that provides fire protection capacity over and
above maximum daily cousumptive needs should be reimbursed for the cost of the ex-
cess capacity, which it cannot use for the sale of revenue producing water. The
excess capacity is determined from the formula; water supply capacity - Maximum
Daily Consumptioﬁ Rate. ‘

Note: The excess capacity for fire capability shall not exceed the needed fire
flow requirements. . ) |

INFILTRATION - The quantity of groundwater that leaks into a pipe through‘join{s.
porous walls or.breaks. This amount is measured above the peak sanitary flows.
Sanitary sewers are designed to carry unavoidable amounts of groundwater infiltra-
tion or see;age in addition to the peak sanitary fiows.' Infiltration specificatior
are generally in the range of 250 to 500 gallons per day/inch diameter/mile.

The standard reference used is Water Pollution Control Federation Manual or Practi
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£ Ho. 9 entitled "Design and Construction of Sanftary and Storm Sewers* This-is
- : a

joint preparation of the WPCF and the American Society of Civil Engineers

MARGIN RESERVE - A proportfionate share of the existing treatment fac{lities or water
distribution system or sewage collection system. This share {s intended to afford
the utility the abflity to accept additional conmpections as noted in 367.111.

Plants cannot be constructed rapidly and economically to always Just have the cﬁpacit
to serve only the test year customers. Tbere will more often always be some excess
capacity avallable. i

Margin reserve {s to recognize an appropriate and fair amount of “readiness to

serve capacity” and not to_unjust]y burden the existing custemers with an unnecessar:
amount of excess plant {n rate base.

To de;erm{ne margin reserve the yearly growth rate {n ERCs {s averaged for the most
vecent 5 year perfod. A construction period necessary to add capacity to the
exist1ﬁg faciiities is established. Then the growth rate in ERCs for the constructi
period is developed as the margin reserve. A representative constructfon peried is
18 months for an average treatment‘bIant and 12 months for collection and distributi
systems but can vary depending on many facets to be considered by the Engineer.
Generally margin réserve should not be permitted to exceed 15-20% of plant serving
existing customers,

MAXIMUM DAILY FLOW - An average of the 5 days with the highest pumpage rate from

the month with tha highest pumpage rate during the test year. These five days
should be verified against fire, l{ne breaks or other unusual occurances that would
effect the pumpage rate.

PRUDENCE - Care, cautfon and good judgment as well as wisdom in looking ahead.
Examples of an {mprudent fnvestrwents in water or sewer facilities would be:

a. Economies of scale were not considered

b. Present customers would be burdened for considerable future perfods

c. Mismanagement of constructton

d. Improper enginesring Input

e. Excessive construction costs
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'rﬁ'uﬁaﬁﬁﬂuﬂlgniﬁgglgglgg_— Water that {s taken from a source into a distributign System

which is not delivered to the customers or otherwise accounted for,

The proper amount of unaccounted-for-water in any given system is a function of that
system alone, A fair average of unaccounted-for-water might be 10-20 percent for fyl
metered systems with good meter maintenance programs and average conditions of
service.

The standard reference used is Amercian Waterworks Association Manual No. 8 entitled
“*Water Distribution Training Course®. |

HNote: AIl technfcal terms used in the used and useful determinations will adhere to the
Glossary, Water and Hasteﬂater' Control Engineering. This Glossary i{s a joint publication
of the Amerfcan Public Health Association, A-ner'fcan Society of Civil Engineers, American
Waterwarks Assocfation and Water Pollutfon Control Federation. This will insure consiste

In termin.ology and dafinition.

" CORSIDERATIOHS IN EVALUATING PLANTS AND SYSTEMS

% Preparing to apply the aforementioned criteria and formula to a used and useful
conclusion will require a considerable amount of technical Judgment and appraisal. The
following are {tems to be considered during the Engineer's evaluation of data and utility
systems.
. 1) Design criteria {mposed by the State, Local and Federal Regulatory Agencies.
2} The requirements of the community to meet the needs of the public for safe,
'Adequate. sufficient, responsive and economic service to serve all those that
apply.
such factors shzll include but not be Timited to peak demands, fire flows,
cennection to regicnal s:ystems, sizes of mains, type of construction, poliutior
control, afr and ground and service waters, availability of service and any
other demand of the comunity affécting the utility. '
3) Regulatory requirements for standby wells, emergency power and other standby
facilities should be considered used and useful.

4) Any facility required to be installed by a regulatory agency other than lines

12
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required by real estate regulatary agencles, should be considered used ang

useful.

5) ActuaT‘operating data shall be ut{i{zed in computations when available and
reiiable. Accepted desfgn criteria shail be used fn the absence of experienced,
histarical data.

6) Marginal reserves should be determined on a case by case basis consfdering all
the factors of commun{ty needs, Tead time for managerial decisfons, engineering,
construction end requlatory approvals.

7) The utility should have capacities sufficient to aliew for down time for

maintenance of portions of its plant.

8) Seasonal variations should be taken into account for population changes,
occupancy rates, 1nf11trat1on or usage variations.

9) Safe withdrawal levels from water wells for prevention of salt water intrusion
and all other safe well levels of operation sha]& be considered.

10) When determining required storage;éapacity consideratian should be given to
peak hour and fire flow requirements.

11) An economy of scaTe cost determination should be made and compared to hydrauvlic
share cost al!oc;tion.

12) A formula for the very small systems is often very difficult or impossible to
apply. It requires a great amount of flexibility to develop reasonable alloca-
tions which will result in reasonable rates to the customers.

_ CONCLUSIONS -

The sole purpose of this presentation is to provide standards and formulization
for an engineering determination. There will no doubt be cases where other rate-makipg
philosophies and concepts will be considered. Hone of these have been considered here

because the variables that would be involved are too numerous.

Application of these foregoing standards and methodology will provide for 2
consistent and equitable engineering evaluation of the plant and system necessary to

render safe and efficient service to the utility's customers.
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USED AND USEFUL paTa

Docket No. Utility Date
1} Capacity of Plant gallons per day
2) Haximum Dafly Flow gallons per d&y
3) Average Daily Flow gallons per d&y
4) Fire Flow Capacity gallens per day
&) Needed Fire Flow gallons per day
5) Margin Reserve gallons per day
*Not to exceed 205 of
present customers
2) TYest Year Customers in ERC's - Begin End Av.
b) Average Yearly Customer Growth im ERC's
For Most Recent § Years Including Test Year ERC's
c) Constructfon Time for Additional Capacity Years
{b) X () X{ZLT%T:] = gallons per Day Margin Reserve
6) Excessive Unaccounted for Water gallons pzr day

a) Total Amount

b} Reasonable Amount

c) Excessive Amount

galions per day of Av. Daily Flow

1 o]

galions per day

L

of Av. Daily Flow
gallons per day . I of Av. Daily Flow

PERCENT USED AND USEFUL FORMULA

[E} + 5} + E}ﬂ - 6 = % Used and Useful

1
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USED AND USEFUL para

Docket Ho. ut{lfity Date
—_—
1) Capacity ERC's (Number of potential customers without
expansion)

2) MNumber of Test Year Connmections ERC's

a)} Begin Test Year ERC's

b) End Test Year ERC's

c¢) Average Test Year ERC's
3) HKargin Reserve ERC's

*Not to exceed 20% of

present customers
a) Average Yearly Customer Growth in ERC's for Most
Recent 5 Years Including Test Year ERC's
b) Construction Time for Additicnal Capacity Years

{a) x (b} =

PERCENT USED AND USEFUL FORMULA

Engineer

ERC's Kargin Reserve

% Used and Useful
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SEWER TREATHENT PLANT USED AND USEFUL DATA
Docket MNo. utflity Date
1) Capacity of Plant gallons per day
2) Maximum Dafly Flow gallons per day
3) Average Dafly Flow gallons per day
4) Fire Flow Requirements NOT_APPLICABLE gellons per day
5} Marglin Reserve gallions per day

*Not to exceed 20% of
present customars

a) Test Year Customers in ERC's - Begin End Av.
b} Average Yearly Customers Growth in ERC's

For Most Recent 5 Years Including Test Year ERC's
c) Construction Time for Additional Capacity Years

(b)Y X {c) X[ET%%Z}E gallons per day

6) Excessive Infiltration gallons per day
2) Totzl Amount | gallons per day _ ¢ % of Av. Daily Flow
b} Reasonzble Amount gallons per day % of Av. Daily Fiow
¢} Excessive Amount gallons per day I of Av. Daily Flow

PERCENT USED AND USEFUL FORHULA

[:ig) + {gﬂ - 6 = 1 Used and Useful
1

Engineer
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SEWAGE COLLECTION SYSTEM USEQ AND USEFUL DATA
UoED AND USEFUL pATA
Docket No. utilfty Date
1) Capacity ERC's (Number of potential customers without expansion)
2) Humber of Test Year Connections ERC's
a) Begin Test Year ERC's
b) End Test Year ERC's
c) Average Test Year ERC's
3) Margin Reserve ERC's

*Not to exceed 20% of
present customers

a) Average Yearly Customer Growth in ERC's for Most

Recent 5 Years Including Test Year ERC's
b) Construction Time for Additional Capacity Years
(a) x (b} = ERC's Margin Reserve

PERCENT USED AND USEFUL FORMULA

2 + 3 = Used and Useful

Engineer
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HARTMAN & ASSOCIATES, INC.

R X - AT,
ot Chrimpras £ cuginecrs, hydrogenloglsts, sutveyars & marugement consnltanrs -
Cesia & peie FE C
ﬂi‘."’.:“.:.";‘};. . Mores M, Recce, WL,
Haria - Soalon i RE © July 20, 1995 . HAI#94-025.00
- gy r=ivy
Brian Armstrong, Esquixe
. Geparal Counsel
Southem States Utilides, Inc.
1000 Color Place
Apopka, Florida 32703
Sahject: - Case No_ 94-0793-CA-01-CTC . ‘;
Engineering Comments Regarding the -
Settlement of Litigation . ‘

Dear Mr. Armstrong:

)
*

Our firm participated in the above-referenced case as tachnical expert witnesses and support on
behalf of Southern States Utilities, Inc. (SSU). This latter addresses the technical meritflof
securing water resowrces for SS1's Marco Island and Marco Shores utility customers.

Previously, the source of water and the property upon which the water supply fadlities,
improvements, storage and pumping station facilities were built was controlled by the Colliers
under 2 lease sgreement. The Collicrs refused to extend or renegotiate the leasc for the exisnng
water supply facilities. For several years, SSU attempted to obtain an appropriatc raw water
supply from the Colliers and others. Company cfforts at the "Dude” property failed. Company
cfforts at the }160-acre lime sludge disposal site continue through the permitting process nd
remain difficult due to environmental concerns with respect to development. Collicr County had
only brackish werer which is unsuitsble for the Marco Shores and Marco Island lime treatment
facilities. The Collicr County cost of potable water sexrvice was prohibitively expénsive. Finally,
Collier County did not commit to serving the present and fiture needs. The only viable option
left to the Collier property was the City of Naples regional facilitics. Negotiations between SSU
and the City of Naples continued until SSU detcimined that the cost and timing were
comparatively less attractive then the comtinuance of the existing supply source.

A few factors influencing this decisions was that SSU would be
1) in perpetual control of its raw water supply source,
2) able to continuously scrve the Company's custormpers, and

3) able to treat the source with existing facilities,

201 EAST PINE STREET - SUTTE 1000 - ORLANDO. FL 32801
TELEPHONE (407} 839-3553 « EAX (407) 835-3790
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In addition, the previous FPSC rate case found that fhie supply Sacilities were 100 percent used
and useful If the same fictdonel use was mainteined, then §t i hiphly prebable that the
acquired property would alsa be 100 pexcent used and usefisl

Th:Companymndxznncdth:pmpcﬂytmdaiymgthcwaiasupplyfamhnes. In the course of
the process, it was leamed that the Colliers were claiming extensive damnapes and costs The
wluanon,mtcmnusc,damagﬁmdcoﬂswemaddmssedbythc Company's special counsel,
apprais::sanda:pm q

-~ Thesaelﬂmrez:hﬁzuamsthe goal of secrrmg the raw water supply for the Company and
h‘b‘nd:s reasonablc trns apd coditions which mzy not otherwise have been obtained

I expect that the appraisers will provide to you the reasonableness of the purchase price and the
sttorneys the reasopeblensss of thc acquisifion costs. Our firm belicves that the terms and
conditions negotizsted are superior to thosc anticipated as a result of litigation, and from an
engineering and viability standing, the source of supply acquired is the optimal long-term source
for SSU's Marco Island customer basc, given the limited alternatives. Moreover, the annnal
resource lease caost is eliminated. '

If you desire any other assistance in this regard, please do not hesitate to call us.

Very truly yours,
Hartman & Associates, Inc.

N irennt

Gerald C. Harmnan, PE.
President

GCH/ch
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